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FORWARD 

The purpose of this document is to report on the performance and various distresses on the 

Mn/ROAD Mainline HMA sections. Other than simple observations and conclusions, this report 

will not delve into the causations of the distresses.  It is expected that future reports will do so. 

One observation though is clear; unlike some other test tracks and accelerated test facilities, 

Mn/ROAD, now eight years old, in a harsh environment, shows that performance is governed as 

much by the interaction of environment, traffic and material properties as by the interaction of 

traffic and structural design. It is clear that any proper pavement design must integrate not only 

structural design but also material properties appropriate to the environment, for all elements of 

the pavement are under attack, not only by traffic but also the environment, and the environment 

coupled with traffic. 

George R. Cochran, P.E. 

Mn/DOT 

7/30/2002 
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EXECUTIVE SUMMARY 

This report reviews the condition of the original 14 hot-mix asphalt (HMA) mainline test cells at 

Mn/ROAD (Minnesota Road Research Project). Five factors that affect HMA pavement 

performance have been reviewed and each cell’s performance after 8 years (1994-2002) of 

service has been recorded. The report will touch on Mn/ROAD’s background, review the major 

distress types at Mn/ROAD and report on the observations that have been noted by researchers. 

A graphical summary chart depicting the physical condition of the hot-mix asphalt test cells was 

created to show how well the cells have performed after 8 years. The cell’s performance is made 

up of its ride quality, rutting resistance, thermal (transverse) and top-down cracking resistance 

and its crack sealing effectiveness. A rating system was established for each of these 

performance factors. A ‘good’ rating earns 5 points, an ‘above average’ rating, 4 points; an 

‘average’ rating, 3 points; a ‘below average’ rating, 2 points and a ‘poor’ rating earned 1 point. 

The cell’s performance was determined for each lane of traffic. 

An average score of the five performance factors was calculated for each lane of each cell, and 

the cell was given an overall rating based on this average. Because this report is intended to be 

general, no effort was made to weigh the various factors when calculating an average score for 

each cell. 

It should be pointed out that two test cells (#20 and #23) have been modified since the test 

facility opened to traffic in 1994. Both of these cells were micro-surfaced because rutting had 

approached levels Mn/DOT felt were nearing unsafe conditions for interstate pavements. 

Therefore, these two cells are rated before and after micro-surfacing, and are shown as ‘A’ and 

‘B’ on the summary chart. All of the other test cells are still their original construction. 

Following the summary chart, this report looks at each distress and design factor individually. 

The information contained within the body of the report was used to create the summary chart. 

Supporting documents are included in the appendixes. Appendix A is Mn/ROAD’s test cell 

layout. Appendix B contains numerical data each year since 1994 for the fourteen hot-mix 

asphalt cells. This appendix contains the values used to establish the rating system for the 

summary chart. 
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CHAPTER ONE 


HOT-MIX ASPHALT CELL PERFORMANCE 
Mn/ROAD MAINLINE TEST ROAD 

1994 - 2002 

MAINLINE  TEST RO AD 
(w estbound I-94)  LO W VO LUM E TEST LINE 

(closed loop track) 
INTERSTATE 94 
(original w estbound I-94)
(existing eastbound I-94) 

Aerial view of MnROAD 
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INTRODUCTION 

Purpose 

This report reviews the condition of the original 14 hot-mix asphalt (HMA) mainline test cells 
at MnROAD (Minnesota Road Research Project). Listed below in table 1 are the various 
factors that affect HMA pavement performance. Each factor will be reviewed to determine 
how well the cells have performed after 8 years (1994-2002) of service. The report will 
touch on MnROAD’s background, review the major distress types at MnROAD and report on 
the observations that have been noted by researchers. 

TABLE 1: Factors Affecting Mainline HMA Test Cell Performance 
Factors Variables 
Asphalt Binder* Two asphalt cements, AC 120/150 (PG58-28) and AC20 (PG64-22) 
Marshall Design 4 HMA Mix Designs (35,50,75 Blow Marshall and Gyratory) 
Structural Design 5 and 10-year design lives. 

Aggregate Base 5 base materials with varying thickness of each (Class 3sp, 4sp, 5sp, 
6sp, PSAB); drained and undrained sub-base. 

Traffic Driving lane and passing lane – traffic volume differences. 
Environmental Seasonal – temperature and moisture. 

* Asphalt binder grades will refer to their 1993 original properties throughout this report. 

Table 2 shows the in-place aging effects on the binders 5 years after construction. It should 
be noted that the changes to the PG grade binder changes for both the high and low 
temperature ranges. 

TABLE 2: PG Binder Aging 
Test AC 20 AC 120/150 

1993 Original 
Asphalt 

PG Grade (Lab) 66.1-25.9 60.7-29.9 
PG Grade (SHRP) 64-22 58-28 

1998 Extracted 
Asphalt 

PG Grade (Lab) 71.4-23.9 68.5-25.7 
PG Grade (SHRP) 70-22 64-22 

Test Section Monitoring 

MnROAD monitors each test cell by collecting distress surveys, rutting and ride data.  HMA 
forensics have been completed to investigate cracking and rutting and to determine the 
asphalt material properties. Table 3 shows the current pavement condition data collection 
schedule used at MnROAD. (Note: The table shows typical annual activities and does not 
include forensics or any additional data collection required by the cell’s condition or as 
requested by researchers.) 
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TABLE 3: MnROAD Current Data Collection Summary 
Mn/ROAD 
Monitoring Activity 

Collection 
Frequency Comment 

Distress Survey 2 x per year Modified LTPP Survey in April and October. 
Rutting 3 x per year 6 ft. straightedge in April, August and October. 
Friction Summer months. 
Ride 
Measurements Multiple Pavement Management methods to collect ride, 

PSR, SR, PQI, rutting and video log 
GPR Ground Penetrating Radar testing as required. 
Forensics Trenches & Cores, as required. 
FWD Testing Set schedule for the two FWDs at MnROAD. 
Traffic – LVR Daily Count MnROAD driver records number of laps per day. 

Traffic – Mainline Continuous 
MnROAD Hydraulic Single Load Cell (SLC) from 
(1994-2002) and Quartz Crystal (KWIM) from 
(2000 to date). 

yearly 

Sensors are placed in the roadway to record various parameters including moisture, 
temperature, pressure, strain, deflection, displacement, acceleration, soil pressure, pore 
pressure and edge drain flow. Environmental data is collected by two on-site weather 
stations. All data is collected and saved in MnROAD’s database for later review and 
analysis. 

MnROAD BACKGROUND 

MnROAD is a pavement technology test facility constructed by the Minnesota Department of 
Transportation (Mn/DOT). Open to traffic in June 1994, it is located parallel to I-94 in Wright 
County, approximately 60 km [40 miles] northwest of the Twin Cities. The major research 
objectives of this project include verifying existing pavement design models, analyzing 
factors that affect pavement performance, developing new design models and intensively 
analyzing instrumentation. 

The MnROAD test facility is divided into a Mainline Test Road and a Low Volume Test Road 
(LVR). The Mainline Test Road consists of a 4.8 km [3 miles] two-lane, westbound 
Interstate Highway 94 and the LVR consists of a 4 km [2.5 miles] closed-loop test track 
located off the highway just to the north of the Mainline Test Road. 

This report focuses only on the pavement’s performance of the Mainline HMA test cells. 

Mainline Test Road Background 

The mainline consists of 5-year and 10-year pavement designs. The 5-year cells were 
constructed in 1992 and the 10-year cells in 1993. Originally, a total of 23 cells were 
constructed, consisting of 14 HMA test cells and nine Portland Cement Concrete (PCC) test 
cells. Each test cell is 500 feet [150 m] in length with transitions separating the cells. Each 
test cell has a different pavement design. Design variables include: HMA thickness, binder 
type, base type, base thickness, compaction effort and subgrade materials. 
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-- 

In 1997, two superpave hot-mix asphalt test cells and six ultra-thin whitetopping concrete 
test cells were added. To date, the superpave test cells have resisted rutting and no cracks 
have developed within the cells with the exception of a single reflective thermal crack in one 
of the cells. A separate report has been prepared by Mn/DOT on the performance of the 
ultra-thin whitetopping concrete cells and can be found on the MnROAD website. 

Refer to Appendix A, “MnROAD Cell Layout”, which identifies each of the test cells along the 
mainline and LVR. Appendix A graphically shows the HMA cells with pavement thickness, 
sub-base material(s), binder, Marshall design, sub-grade “R” value and construction date. It 
would be beneficial to review the mainline test road layout to become familiar with the cells 
and to use it as a reference as this report goes into detail regarding HMA test cell 
performance. 

Traffic 

The mainline test road is loaded using actual public transportation going westbound on I-94. 
Typically, the mainline test road is closed once a month and the traffic is rerouted back to 
the original interstate highway to allow MnROAD researchers time to collect data and record 
test cell performance. The aerial view of MnROAD shows the mainline test road in relation 
to the original I-94 westbound lanes. Since opening to traffic in 1994, MnROAD has seen a 
40% increase in traffic volume as shown in table 4. 

TABLE 4: Annual Average Daily Traffic – Mainline Test Road, 1994 - 2002 

July 1994 December 2001 Left Lane 
ESALs 

Right Lane 
ESALs 

AADT 18,900 26,400 
HCAADT (Trucks) 12.5% 14.0% 
Total Flexible ESALs 900,000 3,600,000 3,600,000 

The Equivalent Single Axle Loads (ESALs) have been determined from two weigh-in-motion 
(WIM) devices located at MnROAD and shows an average for the flexible HMA cells. An 
IRD hydraulic load scale was installed in 1989, east of the mainline test cells. In 2000, a 
Kistler Quartz WIM was installed between cell #10 and cell #11. This interstate highway 
currently has a posted speed limit of 70 miles per hour. 

Maintenance Activities 

A crack sealing study was initiated in 1998. The purpose of the study was to evaluate a new 
hot-poured, extra low modulus, elastic sealant meeting Mn/DOT specification 3725.  The 
effectiveness of the sealant on pavement performance was examined by routing and sealing 
two HMA cells (#1 and #16) and leaving two cells (#3 and #17) unsealed. 

In 1999, two cells (#20 and #23) were micro-surfaced to fill ruts that had approached ¾” in 
the driving lane. MnROAD also studied the effects of sealing cracks with micro-surfacing 
and compared the moisture infiltration before and after rain events of similar intensity. The 
effectiveness of the micro-surfacing is discussed later in the report. 

In 2000, all of the remaining HMA cells, except #3 and #17, were sealed with a combination 
of crumb rubber elastic sealant (Mn/DOT 3719) and a polymerized sealant (Mn/DOT 3723). 
The cells were sealed using the ‘clean and seal’ (not routed) crack sealing technique, while 
the previously routed and sealed joints were re-sealed with one of the two sealants used for 
the other cells. Each lane received a different type of sealant in each cell. This effort is 
covered in more detail later in this report. 
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(Note: Other minor maintenance activities, unrelated to the cell’s performance, have 
occurred at MnROAD and are not included in this report). 

Low Volume Road (LVR) Background 

The LVR was originally constructed in 1994 and contained 17 test cells consisting of a 
variety of PCC, HMA and aggregate pavements. Designed to duplicate typical Minnesota 
city and county roads, the LVR is loaded by a single 5-axle semi-trailer in a controlled 
pattern. The inside lane is driven four days a week with an 80,000 pound load (80K), while 
the outside lane is driven one day a week, in the opposite direction, with an 102,000 pound 
load (102K). The semi travels at approximately 40 mph, averaging 80 to 85 laps per day 
depending on the driver’s availability.  Using current AASHTO design procedures, this 
should result in approximately the same number of ESALs to both the inside and outside 
lanes. 

TABLE 5: Traffic – Low Volume Road, 1994-2002 
80K - Inside Lane 102K - Outside Lane 

Average Laps Per Week 232 63 
Flexible ESALs 134,000 134,000 

The performances of the LVR test cells are not included in this report. A separate report on 
the LVR test cells should be issued later in 2002. 

Website 

More information on MnROAD is available on-line at: http://www.mnroad.dot.state.mn.us 

5




CHAPTER TWO 

Mn/ROAD MAINLINE TEST ROAD

RUTTING 

Rutting In Cell #21, Mn/ROAD 2001 

Definition 

• 	 A rut is a longitudinal surface depression in the wheelpath. It may have 
associated transverse displacement. 
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RUTTING 


Data Collection Methods


Rut depth has been measured using a variety of methods at MnROAD. Table 6 shows the 
types of equipment used to collect rut related data. 

TABLE 6: Collection of Rut Related Data at MnROAD 
Type of 
Measurement Dates Comment 

6-foot straightedge 1994 -
2002 

Used to determine maximum rut depth, measured at 
50-foot intervals. 

Pavement 
Management Van 

1994 -
2002 

Used to measure average rut depth in each lane along 
the entire length of test cell. 

Dipstick 1994 -
1997 

Used to measure transverse profile of each lane of 
traffic in one-foot intervals. 

Roll-O-Matic 1997 -
1999 

Used to trace a continuous cross-sectional profile of 
each lane of traffic on paper. 

The primary method used to determine maximum rut depth is a 6-foot straightedge, which 
has been used throughout the experiment. Drill bits are inserted under the straightedge to 
measure the maximum rut depth at each location. This measurement is made three times 
per year. In the early stages of MnROAD, rutting data was collected at two stations per test 
cell. This was increased to 10 stations per test cell in 1997 in order to study the variation of 
rut depth over the length of cell. 

Rutting has also been measured using Mn/DOT’s Pavement Management vehicles. From 
1993 to 1997, we used a PaveTech van equipped with ultrasonic sensors. Rut depths were 
calculated based upon a three-point analysis, left wheelpath, centerline between wheelpaths 
and right wheelpath. The recording interval was every 6 inches. In 1997, the PaveTech 
van was replaced with new equipment purchased from Pathways Inc. The Pathway’s 
vehicle uses laser sensors that record approximately 48 readings every 3 inches. The data 
is processed into 3-inch intervals. Rut depth calculation is determined using the same 3-
point analysis used in the PaveTech equipment. MnDOT also has a newer Pathway’s 
vehicle that employs a 5-point sensor system, extending two points beyond the outer the 
wheelpaths, but to date at MnROAD we have primarily used the 3-point system. Rut depth 
data determined by this equipment can be examined to study the variation in rut depth over 
the length of the cell. It also calculates an average rut depth for the entire cell. Initially these 
measurements were recorded four times per year, but have now been increased to once a 
month to more closely monitor the seasonal effects on ride quality and rut depth. 

MnROAD has also used a dipstick and paper traces to collect additional rut data. A FACE 
Construction Technologies Dipstick was used to collect data from two stations per cell over 
a 3-year period. The dipstick provided transverse elevations at one-foot intervals across the 
two lanes of traffic (or 4 wheel paths). The dipstick was replaced with a rolling wheel graph 
paper trace (Roll-O-Matic), which provided a continuous trace of the transverse profile. This 
technique provided a complete view of the rutted pavement for each 12 foot lane. 
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Rutting Observations 
Best / Worst Performer: 

• 	 Cell #16 has the least amount of rutting, while cells #20 and #23 have rutted the most on 
average. Cells #20 and #23 were micro-surfaced in 1999 due to excessive rutting. 
Adding the amount of rutting before micro-surfacing to the incremental changes of rut 
after micro-surfacing gives the total accumulation of rutting experienced for these cells. 
This is based on the assumption that the micro-surfacing is infinitely rigid and is not 
expected to rut, and therefore all of the rutting that occurred after the micro-surfacing is 
still taking place in the HMA surface. The data shown in table 7 uses the mean rut 
values for each cell as recorded during the spring of 2002. 

• Mn/DOT considers ½” of rutting a threshold value. 

TABLE 7: Rutting and Cell Performance 

Cell # 
Passing Lane 

Mean Rut Depth 
(in) 

Driving Lane Mean 
Rut Depth (in) 

Mean Rut Depth 
Both Lanes (in) 

Rut 
Depth 
Rating 

16 .16 
17 .18 
3 .18 

18 .17 
22 .11 
1 .16 

15 .18 
14 .18 
2 .22 

19 .24 
4 .25 

21 .29 
23 .38 
20 .30 

.18 .20 

.20 .23 

.22 .26 

.22 .27 

.22 .33 

.23 .30 

.24 .30 

.28 .37 

.32 .42 

.32 .41 

.34 .44 

.40 .52 

.53 .68 

.57 .83 
AVG .21 .31 .40 

General Comments: 
• 	 MnROAD test cells have experienced the following yearly maximum air and over 90°F 

temperatures since the original construction as shown in table 8. The table also shows 
that the PG grade high pavement temperature ranges have not been recorded. (Note: 
Even though MnROAD was not open to traffic until 1994, the HMA cells were 
constructed in 1992 and1993 and subject to the environment without traffic loads.) 
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TABLE 8: Temperature Data: MnROAD (1993 – 2001) 

Year 
Highest Temperatures No. of Days Air 

Temp. over 
90˚F (32˚C) 

Number of Days Pavement 
Temperature OverAir Pavement 

(˚F) (˚C)* (˚F)* 136˚F (58˚C) 147˚F (64˚C) 
1993 97 9 0 0 
1994 98 50 121 5 0 0 
1995 98 55 131 8 0 0 
1996 93 54 129 3 0 0 
1997 92 54 129 4 0 0 
1998 91 52 126 4 0 0 
1999 95 53 127 8 0 0 
2000 91 53 127 2 0 0 
2001 97 53 127 13 0 0 

* HMA pavement temperature from cell #1 at 1 inch below the HMA surface. 

• 	 For the majority of the cells, more than 50% of the rutting occurred during the first two 
years MnROAD was opened to traffic, see graphs RUT-1a and RUT-1b. 

• 	 As the asphalt ages (see table 2), it becomes stiffer and less prone to rutting, which may 
explain why the rutting has decreased with time. 

• 	 Variation in construction techniques seems to have a significant effect on rutting 
development. This may be a result of the quarter-crown construction method that was 
used in the 5-year test cells and the first two 10-year test cells. These test cells have 
deeper ruts in the right wheel paths, while all other HMA cells have deeper rutting in the 
left wheel paths which were constructed using a centerline crown method, see table 9 
below and graph RUT-2. 

TABLE 9: Rutting and Test Cell Construction Method 

Construction Method Lane Cell No. 
Deeper RWP Ruts 

Cell No. 
Deeper LWP Ruts 

Quarter Crown, Cells # 
1-4, 14-15 

Driving 1,2,4,14 &15 3 
Passing 1-4, 14 & 15 

Centerline Crown, 
Cells # 16-23 

Driving 16-23 
Passing 16-23 

• 	 Table 10 shows the percent change in air void content from 1994 – 2002. It ranks the 
cells from greatest change in air voids to least change in air voids and then compares 
these results to the previous cell ranking based upon total rut depth. This table shows a 
fairly good comparison between air void change and rutting. 
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TABLE 10: Percent Change In Air-Voids, 1994 - 2001 
1993 – 1994 

Air Voids 
2001 

Air Voids Both Lanes Both LanesCell # 
Avg. std Avg. std 

% 
change 

Rut rank Rut Avg (in) 
23 7.9% 4.7% -3.2% 1 .56 
19 6.5% 4.6% -1.8% 5 .32 
20 6.3% 4.6% -1.7% 2 .53 
3 .7 4.6% 1.6 -1.6% 10 .22 

17 .6 6.4% 1.0 -1.3% 7 .28 
4 .7 6.0% 1.7 -1.2% 4 .34 
1 .8 5.7% 1.3 -1.1% 13 .20 

21 .6 4.4% 1.5 -1.0% 3 .40 
2 4.5% 4.0% -0.5% 6 .32 

18 .2 5.3% 1.8 -0.5% 11 .22 
22 6.4% 6.1% -0.3% 14 .18 
15 .6 7.1% 1.6 -0.2% 8 .24 
16 7.8% 7.6% -0.2% 12 .22 
14 6.0% 6.1% +0.1% 9 .23 

1.5 1.1 
1.0 1.1 
1.0 1.2 

7.2% 
7.7% 
7.2% 
6.8% 
5.4% 

1.1 1.5 
5.8% 

1.1 1.6 
7.3% 

1.1 1.5 
1.0 1.7 

Asphalt Binder: 
• 	 As shown in table 11, the stiffer AC 20 (PG64-22) cells have rutted an average of 61% 

less than the more flexible AC 120/150 (PG58-28) cells in the driving lane, and 22% less 
in the passing lane, see graph RUT-3. 

TABLE 11: Rutting and Asphalt Binder 
Asphalt 
Binder 

PG 
Grade 

Number 
of Cells 

Passing Lane 
Avg. Rut Depth (in) 

Driving Lane 
Avg. Rut Depth (in) 

AC 20 64-22 5 .18 .28 
120/150 58-28 9 .22 .45 
Average All .21 .40 

• 	 There is no significant difference in air void change between the AC 120/150 (PG58-28) 
and the AC 20 (PG64-22) over the last 8 years, see graph RUT-5. 

Marshall Design: 
• 	 A fairly good correlation has developed between Marshall design and the amount of 

rutting. As expected, the 35 Marshall blow mixes have experienced the most rutting, the 
50 Marshall blow mixes have developed moderate rutting and the 75 Marshall blow 
mixes have shown the most resistance to rutting. The gyratory mixes have had mixed 
results, see table 12 and graph RUT-4. 

• 	 The 35 and 50 Marshall blow mixes have also fallen below the design 4% air voids while 
the 75 Marshall blow and gyratory mixes have not. This also provides a fairly good 
correlation to rutting, see graph RUT-6. 
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TABLE 12: Rutting and Marshall Design 

Marshall Design Number 
of Cells 

Passing Lane 
Avg. Rut Depth (in) 

Driving Lane 
Avg. Rut Depth (in) 

35 3 .25 .55 
50 4 .25 .43 
75 5 .16 .31 

Gyratory 2 .20 .32 
Average All .21 .40 

Structural Design: 
• 	 Based on rutting information in table 13, it appears that HMA pavement thickness plays 

a minor roll in rut depth as the thinner 5-year cells have rutted approximately the same 
as the thicker 10-year cells. As of this date, the 5-year AC 120/150 (PG58-28) cells 
have rutted less than the 10-year AC 120/150 (PG58-28) cells. 

• 	 The air void change is not significantly different for the 5 and 10-year test cells, see 
graph RUT-5. 

• 	 Based on forensic tests, most of the mainline rutting is occurring in the upper portions of 
the HMA. This can be seen in the photograph of cell #21’s rutting preceding this section. 

TABLE 13: Rutting and Structural Design 

Design (Binder) Number 
of Cells 

Passing Lane 
Avg. Rut Depth (in) 

Driving Lane 
Avg. Rut Depth (in) 

5-Year (AC 120/150)* 4 .20 .35 
10-Year (AC 20) 5 .18 .28 
10-Year (AC 120/150) 5 .25 .55 
Avg. 10-Year cells 10 .22 .41 
Average All .21 .40 

* All 5-year cells are AC 120/150 (PG58-28) binder. 

Base: 
• 	 To date, base type has had little effect on rutting.  Forensics cores have shown that 

rutting is developing in the top lifts of the HMA, not in the base materials. 
• Drainage of base material does not seem to be a factor in rutting. 

TABLE 14: Rutting and Aggregate Base Material 

Base Type Number 
of Cells* 

Passing Lane 
Rut Depth (in) 

Driving Lane 
Rut Depth (in) 

Class-3 sp 6 .21 .37 
Class-4 sp 3 .25 .47 
Class-5 sp 2 .24 .39 
Class-6 sp 3 .17 .34 
PSAB† 1 .38 .68 
Full Depth (no base) 3 .20 .37 
Average All .21 .40 

* Some cells use more than one base material. 
†	 The PSAB test cell #23 was micro-surfaced in 1999; values shown represent 

cumulative rutting for this cell. 
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Traffic: 
• 	 The average rut depth in the left (passing) lane is 46% less than the average rut depth in 

the right (driving) lane, indicating that traffic volume is a factor to rutting, as shown in 
table 15. However, the amount of rutting is not linear to the number of ESALs. Rutting 
is approximately two times greater in the driving lane, while the number of ESALs is four 
times greater. 

TABLE 15: Rutting and Traffic 
Lane Avg. Rut Depth (in) ESALs (Millions) 
Left (passing) .21 .9 
Right (driving) .40 3.6 

Micro-Surfacing: 
• 	 For safety reasons, cells #20 and #23 were micro-surfaced in July 1999 as rut depths 

approached ¾” within the cells. On average, the micro-surfacing initially reduced the rut 
depths up to 69%, as shown in table 16 below. 

• 	 Micro-surfacing has reduced original rutting over 33% in cell #20 and approximately 60% 
in cell #23 after 3 years. 

• 	 Cells #20 and #23 have continued to rut even after the micro-surfacing, but have rutted 
at a slower rate than Cells #21 and #22, which are also 10-year, AC 120/150 (PG58-28) 
test cells, see table 16 and graphs RUT-1a and RUT-1b. 

TABLE 16: Rutting and Micro-Surfacing Test Cells, 1999-2002 

Cell 
# Lane 

1999 
Before 

Mean Rut 
Depth (in) 

1999 After 
Mean Rut 
Depth (in) 

1999 
Before / 

After 
Reduction 

2001 
Mean Rut 
Depth (in) 

% 
Increase 

1999-
2001 

Passing .11 50% .14 27%20 
Driving .26 56% .41 58% 
Passing .11 69% .12 9.1%23 
Driving .24 59% .27 13% 

.22 

.59 

.35 

.58 
Passing .28 87%21 
Driving .51 70% 
Passing .11 38%22 
Driving .33 22% 

.15 

.30 

.08 

.27 
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CHAPTER THREE 


Mn/ROAD MAINLINE TEST ROAD
RIDE QUALITY 

Mn/DOT Pathway Services, Inc., van 

Definitions 

• 	 Ride: A measure of the ride quality of a pavement as perceived by its users or 
roughness measuring equipment. 

• 	 International Roughness Index (IRI): A measure of a pavement’s longitudinal surface 
profile as measured in the wheelpath by a vehicle traveling at typical operating 
speeds. It is calculated as the ratio of the accumulated suspension motion to the 
distance traveled obtained from a mathematical model of a standard quarter car 
traversing a measured profile at a speed of 80 km/h [50 mph]. The IRI is expressed 
in units of meters per kilometer [inches per mile] and is a representation of pavement 
roughness. 
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RIDE 

Ride Data Collection Methods 
From 1994 to July 1997, ride data was collected using a PaveTech van equipped with 
ultrasonic sensors. The ultrasonic sensors were set to record the longitudinal profile at 6-
inch intervals. 

In July 1997, the PaveTech van was replaced with a van purchased from Pathway Services, 
Inc. The Pathway’s laser sensors record a moving average (approximately 16 readings per 
inch) and the software processes the data into a longitudinal profile at 3-inch intervals. The 
frequency of ride data collection was quarterly through the summer of 2001, and was 
switched to monthly beginning in July 2001. 

In the summer of 2001, a new Pathway’s van was purchased for Mn/DOT’s Pavement 
Management Section to use for data collection throughout the state. This new vehicle has 
collected data at MnROAD, but currently the Road Research Section is collecting its own 
data using the 1997 Pathway van. 

For comparison purposes, correlation equations were determined to relate the PaveTech 
IRIs to the Pathway IRIs.  All IRIs are in this report are in the Pathway’s format. 

The conversions between Pathway’s and PaveTech’s IRIs are: 

PaveTech IRI to Pathway IRI: IRIpathway = (0.8769*(IRIpavetech)
1/2

 – 0.046)
2 

Pathway IRI to PaveTech IRI: IRIpavetech = (1.14*(IRIpathway)
1/2

 + 0.0536)
2 

Ride Observations 
Best / Worst Performer: 

• 	 Cell #21 has the best ride quality (lowest average IRI), while cell #19 has the worst ride 
quality (highest average IRI). See table 17. 

• 	 Mn/DOT considers IRI values over 2.5 as a poor ride quality. Cells #16, #17, #18 and 
#19 all have an average IRI greater than 2.5. All four of these cells are constructed with 
the AC 20 (PG64-22) binder. 
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Table 17: Ride Quality and Cell Performance. 

Cell # Passing Lane 
IRI (m/km) 

Driving Lane 
IRI (m/km) 

Average IRI, both 
lanes (m/km) 

Ride 
Rating 

21 1.04 .99 1.02 
20 1.15 1.10 1.13 
1 1.53 1.26 1.40 

22 1.66 1.53 1.60 
23 1.47 1.74 1.61 
3 1.64 1.63 1.64 
2 1.77 2.26 2.02 

14 1.96 2.35 2.16 
15 2.08 2.43 2.26 
17 2.48 2.48 2.48 
16 2.67 2.83 2.75 
18 2.57 2.94 2.76 
4 2.30 2.48 2.79 

19 3.17 3.27 3.02 
AVG 1.96 2.12 2.05 

General Comments: 
• 	 The change in ride quality over time has varied considerably from one cell to another; 

see graphs RIDE-1, 2, 3 and 4. 
• 	 There is also a strong correlation between ride deterioration and the amount of top-down 

cracking within the cell. This may be due to the method of collecting the data (laser 
sensors) rather than a true reflection of a change in the longitudinal profile. 

• 	 Environmental conditions have been found to create a substantial variation in ride 
quality. Thermal contraction of the HMA cells during cold weather results in an 
expansion of the crack widths, coupled with the corresponding frost heave, increases the 
IRIs in the winter by an average of 0.22 m/km. By mid-summer, when the frost heave 
has vanished and the crack widths have contracted, the IRIs return to a smoother ride, 
see RIDE-5 and RIDE-6.  The frequency of data collection has been increased to further 
study these environmental effects on ride quality. 

Asphalt Binder: 
• 	 There is a strong correlation between number of cracks and ride quality. The stiffer AC 

20 (PG64-22) cells with the most cracks have shown the greatest deterioration in ride 
ranging from 1.5 m/km to 2.5 m/km, see table 18 and graphs RIDE-1, 2, 3 and 4. 

• 	 The more flexible AC 120/150 (PG58-28) cells, while developing more rutting, have 
retained a better ride quality. The change in IRI in the AC 120/150 (PG58-28) cells 
range from 0.5 m/km to 1.5 m/km. The exceptions to this general rule are the two full 
depth AC 120/150 (PG58-28) cells #4 and #14. For cell #4, the increase in IRI has been 
1.5 m/km in the left lane, 2.4 m/km in the right lane and in cell #14, the increase in IRI 
has been 1.3 m/km in the left lane and 1.75 m/km in the right lane, see graphs 
RIDE – 1, 2, 3 and 4. 
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TABLE 18: Ride Quality and Asphalt Binder 
Asphalt 
Binder 

PG 
Grade 

Number 
of Cells 

Passing Lane Avg. 
IRI (m/km) 

Driving Lane 
Avg. IRI (m/km) 

AC 20 64-22 5 2.59 2.71 
120/150 58-28 9 1.61 1.79 
Average All 1.96 2.12 

Marshall Design: 
• 	 At this date, no correlation is apparent related to Marshall design and ride quality, see 

table 19. 

TABLE 19: Ride Quality and Marshall Design 
Marshall 
Design 

Number 
of Cells 

Passing Lane Avg. 
IRI (m/km) 

Driving Lane 
Avg. IRI (m/km) 

35 3 2.03 2.07 
50 4 1.68 1.83 
75 5 1.94 2.01 

Gyratory 2 2.49 3.05 
Average All 1.96 2.12 

Structural Design: 
• 	 On average, the 10-year cells have a slightly higher IRI than the 5-year cells, but little 

correlation is apparent between structural design and ride quality due to the differences 
in AC thickness, see table 20. 

• 	 When asphalt binder is considered, the 10-year AC 120/150 (PG58-28) cells have a 
slightly better ride than the 5-year AC 120/150 (PG58-28) cells. 

TABLE 20: Ride Quality and Structural Design 

Design Number 
of Cells 

Passing Lane 
Avg. IRI (m/km) 

Driving Lane 
Avg. IRI (m/km) 

5-Year* 4 1.81 2.11 
10-Year, All 10 2.03 2.13 
10-Year, AC 20 (PG64-22) 5 2.59 2.71 
10-Year, AC 120/150(PG58-28) 5 1.46 1.54 
Average All 1.96 2.12 

* All 5-year cells are AC 120/150 (PG58-28) 

Base: 
• 	 The full depth and Class-3 base test cells have a rougher ride quality on average, see 

table 21. 
• 	 The full depth, 5-year cell #4 has the worst ride (IRI = 3.27), followed by the full depth 

10-year AC 20 (PG64-22) cell #15 (IRI = 2.43), with the best full depth ride being the 10-
year, AC 120/150 (PG58-28) cell #14 (IRI = 2.35). All IRIs are taken in the left wheel 
path. 

• 	 The full depth cells without a base material have average IRIs over 2.50, Mn/DOT’s 
threshold for poor ride quality. 
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• 	 Both the Class 4 and Class 5 bases are performing better than the average as shown in 
table 21. 

TABLE 21: Ride Quality and Aggregate Base Material 

Base Type Number 
of Cells* 

Passing Lane 
Avg. IRI (m/km) 

Driving Lane Avg. 
IRI (m/km) 

Class-3 sp 6 2.28 2.31 
Class-4 sp 3 1.59 1.75 
Class-5 sp 2 1.34 1.31 
Class-6 sp 3 2.00 2.24 

PSAB 1.47 1.74 
Full Depth no base) 3 2.11 2.68 

1 
(

Average All 1.96 2.12 
*	 Sum of number of cells exceeds 14 because cells with multiple base materials 

are included in each base type. 

Traffic: 
• 	 In general, the ride in the right (driving) lane has deteriorated slightly more than the left 

(passing) lane. The average difference in IRI between the right lane and the left lane is 
0.16 m/km, see graph RIDE-4 for a cell by cell comparison. IRI values shown in table 22 
are for the left wheelpath in each lane. 

TABLE 22: Ride Quality and Traffic 
Lane Avg. IRI (m/km) ESALs (Millions) 
Left (Passing) 1.96 .9 
Right (Driving) 2.12 3.6 

• 	 This appears to hold true for the five-year cells, different asphalt binder cells and 10-year 
cells, although the full depth cells have a 27% higher IRI in the right lane than left lane, 
while the 5-year cells have a 17% higher IRI in the right lane, see table 23. 

TABLE 23: Ride Quality, Traffic and Cell Grouping 

Cell Group No. 
of Cells* 

Left Lane 
Avg. IRI (m/km) 

Right Lane 
Avg. IRI (m/km) 

Difference 
Avg. IRI (m/km) 

5-year cells 4 1.81 2.11 0.30 
AC 120/150 
(PG58-28) 5 1.46 1.54 0.08 

10-year cells 10 2.03 2.13 0.10 
AC 20 
(PG64-22) 5 2.59 2.71 0.12 

Full depth 
cells 3 2.11 2.68 0.57 

Average All 1.96 2.12 0.16 
* 	 Sum of number of cells exceeds 14 because cells within multiple cell groups 

are included in each. 
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Micro-Surfacing: 
• 	 Micro-surfacing had minor effects on ride quality immediately following its application. 

However, micro-surfacing appears to have a positive effect on maintaining the ride 
quality of the HMA cells. Cells #20 and #23 have averaged an increase of 26% in IRI 
after micro-surfacing (1999-2002), while the 5-year cells have averaged an increase of 
47%, the 10-year AC 20 (PG64-22) cells have averaged an increase of 75%, with the 
remaining 10-year, AC 120/150 (PG58-28) cells having an average increase of 46% in 
IRI, during the same time period (1999-2002). 

TABLE 24: Ride Quality and Micro-Surfacing Test Cells, 1999-2002 

Cell # 
(Group) Lane 

1999 IRI 
(m/km) 
before 
Micro 

2000 IRI 
(m/km) 
after 
Micro 

1999 - 2000 
Before/After 

Micro 
%Change 

2002 IRI 
(m/km) 

1999-
2002 

Percent 
Change 

Passing 0.84 -3.5% 1.15 +32%20 
Driving 0.80 +3.9% 1.10 +43% 
Passing 1.23 -6.5% 1.47 +12%23 
Driving 1.67 +13% 1.74 +18% 

0.87 
0.77 
1.31 
1.48 

Passing na na 1.81 +52%5 -year 
Driving na na 2.11 +41% 
Passing na na 2.59 +97%AC 20* 

Driving na na 2.71 +54% 
Passing na na 1.55 +50%10-year 

AC120/150† Driving na na 1.62 +42% 

1.19 
1.49 
1.32 
1.76 
1.04 
1.15 

* All AC 20 (PG64-22) cells are 10-year design mixes. 
† Does not include cells #20 or #23 for the 10-year, AC 120/150 (PG58-28) cells. 
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CHAPTER FOUR 

Mn/ROAD MAINLINE TEST ROAD
THERMAL CRACKING 

Cell #16, Mn/ROAD 1997 

Definition 

• 	 Cracks that extend across the pavement at approximately right angles to the 
pavement centerline. These cracks are created by the thermal contraction of the 
HMA pavement due to cold temperatures. 
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THERMAL CRACKING 

Data Collection Methods 
A modified LTPP Distress Manual method is used at MnROAD to collect thermal cracking 
data. Paper copies of the crack maps are scanned and are available on the MnROAD 
website. The following definitions of severity levels were used for the thermal cracking seen 
at MnROAD. 

• Low level cracks defined as crack width less than ¼” wide. 
• Medium level cracks defined as crack width less than ½”, greater than ¼”. 
• High level cracks defined as crack width equal to or greater than ½” wide. 
• 	 Sealed cracks defined as cracks sealed with an elastic, compressible sealant 

material. 

Thermal Cracking Observations 
Best / Worst Performer: 

• 	 Of the cells not micro-surfaced, test cell #1 is performing the best and cell #15 is 
performing the worst. This is determined by summing the total linear feet of thermal 
cracks present per cell, with medium level cracks equal to twice the value of low level 
cracks. (Note: Mn/DOT’s Pavement Management Section uses a ratio of 1 medium 
transverse crack equal to 10 low severity cracks.) 

• 	 Test cells #20 and #23 were micro-surfaced in 1999, which may be affecting the cell’s 
performance against thermal cracking. Though very few new thermal cracks have 
formed in any of the HMA test cells since the 1996 winter season. 

TABLE 25: Thermal Cracking Cell Performance 

Cell 
# 

Passing Lane 
Thermal Cracks, (ft) 

Driving Lane 
Thermal Cracks, (ft) 

Grand 
Total† 

(ft) 

Thermal 
Cracking 
RatingLow Med Seal Total† Low Med Seal Total† 

20* 28 0 82 110 38 0 144 182 292 
1 2 0 162 164 2 12 177 203 367 

23* 0 0 172 172 2 0 195 197 369 
3 168 0 12 180 194 0 12 206 386 

22 0 0 187 187 20 0 212 232 419 
21 31 0 110 141 233 0 88 321 462 
2 0 0 237 237 42 6 209 263 500 

18 8 0 283 291 14 0 355 369 660 
4 0 132 62 326 12 207 48 474 800 

14 0 204 6 414 6 248 10 512 926 
17 87 200 0 487 61 238 0 537 1024 
19 78 24 400 526 178 120 225 643 1169 
16 41 38 562 679 51 129 347 656 1335 
15 4 131 316 582 70 368 54 860 1442 

Avg. 32 185 185 321 66 95 148 404 725 
* Micro-surfaced in 1999 
† Total equals the sum of low plus sealed cracks plus two times medium cracks. 
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General Comments: 
• 	 Virtually all of the thermal cracking at MnROAD developed during two winter seasons, 

1993-94 and 1995-96. These two winters had the coldest temperatures. 
• 	 The in-place pavement temperature, measured 1” below the HMA surface in cell #1, has 

reached -7° F (-22°C) 18 times at MnROAD and -18° F (-28°C) three times during the 
ten winter seasons at MnROAD, as shown in table 26. These temperatures relate to the 
low, cold-temperature PG grades used at MnROAD. 

TABLE 26: In-Place Pavement Temperature Data 
Coldest Air 

Temperature 
No. of Days Air 

Temperature Below: 
No. of Days Pavement* 

Temperature Below:Winter 
Season (°F) (°C) (-22 °C) (-28 °C) (-22 °C) (-28 °C) 

1992 - 1993 -18 -28 13 0 0 0 
1993 - 1994 -34 -36 25 10 6 1 
1994 - 1995 -16 -27 16 0 0 0 
1995 - 1996 -40 -40 37 11 8 2 
1996 - 1997 -28 -33 22 7 2 0 
1997 - 1998 -19 -28 4 1 1 0 
1998 - 1999 -23 -30 15 1 1 0 
1999 - 2000 -19 -28 6 1 0 0 
2000 - 2001 -22 -30 20 1 0 0 
2001 - 2002 -7 -22 0 0 0 0 

Totals 158 32 18 3 
* Pavement temperature measured from cell #1 at 1 inch below the HMA surface. 

• 	 The first thermal cracks appeared in cells #15, #16, #17, #18 and #19 during the winter 
of 1993-94, before MnROAD was opened to traffic. 

• 	 There is evidence that these initial 1993-94 cracks provided future stress relief in the 
pavement up to 50 feet either side of the crack. This stress relief prevented further 
cracking in these areas. This demonstrated the potential value of saw and seal 
construction methods for controlling the development of thermal cracks. 

• 	 In January / February of 1996, Minnesota experienced record breaking low 
temperatures. Major thermal cracking occurred at MnROAD. In fact, around 94% of the 
thermal cracks that have developed at MnROAD appeared during the first four months of 
1996. There has been very little change in the number or length of these cracks since 
then. 

• 	 The various HMA cells did not crack at the same rate. Some cells cracked immediately 
during the 1996 cold spell, while others developed cracks that appeared slowly over the 
course of the next four months. This occurred despite the increase in pavement 
temperature. 

• 	 Cupping measurements were taken at two random transverse cracks in each test cell in 
the driving lane at the two wheelpaths and center of lane. The cupping was measured 
using a straight edge and wheel mounted, manually operated device to record the 
amount of cupping at approximately three feet either side of the crack. The averages of 
the two measurements are shown in Table 27. 
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Table 27: Cupping and Cell Performance Compared to Ride Quality and Thermal 
Cracking, Driving Lane Only 

Driving Lane – 
Ride Quality 

Driving Lane -
Thermal CracksCell 

Perform. 

Left 
Wheel 
Path 
(in) 

Mid 
Lane 
(in) 

Right 
Wheel 
Path 
(in) 

IRI (m/km) Rating 
Total Lin. 

Ft† 
Rating 

21 .11 .09 .99 321 
20 .19 .22 182 
23 .09 .16 197 
2 .05 .33 2.26 263 

17 .17 .45 537 
1 .30 .32 1.26 203 

22 .11 .34 232 
3 .24 .33 1.63 206 

18 .25 .38 369 
14 .14 .44 512 
19 .48 .44 643 
4 .27 .70 2.48 474 

16 .25 .66 656 
15 .22 .70 860 

.13 

.19 1.26 

.30 1.74 

.28 

.19 2.48 

.34 

.33 1.53 

.35 

.36 2.94 

.48 2.35 

.56 3.27 

.41 

.47 2.83 

.70 2.43 
AVG .21 .38 2.12 404 .37 

† Total equals the sum of low plus sealed cracks plus two times medium cracks. 

• As expected, the cupping was greater in the wheelpaths than in the center of the lane. 
• 	 There appears to be some correlation between cupping depths to the amount of thermal 

cracking per test cell, and to the ride quality of the test cell, as shown in table 27. 
• 	 For the 5-year cells (#1 - #4), the right wheelpath had more cupping on average than the 

left wheelpath, which may be in part due to the cell’s quarter-crown construction. Rutting 
had similar results. 

• 	 The maximum depth of the cupping occurred slightly downstream of the thermal crack, 
indicating a faulting action in the flexible pavements. 

Asphalt Binder: 
• 	 Table 28 and graph TRANS-1 shows the linear feet of thermal cracking through April 

2002. 
• 	 In January 1994, a total of 10 cracks appeared in cells #15, #16, #17, #18, and #19, all 

AC 20 (PG64-22) cells. No cracks appeared in any of the AC 120/150 (PG58-28) cells. 
• 	 During the 1996 cold spell, the AC 120/150 (PG58-28) cells cracked in a typical 

perpendicular transverse pattern with 30 to 50 foot spacing between adjacent cracks. 
The AC 20 (PG64-22) cells displayed multiple short cracks with a random shattered 
appearance. 

• 	 There was significantly more cracking in the stiffer AC 20 (PG64-22) binder than the AC 
120/150 (PG58-28) binder, see graph TRANS-2. The mean distance between thermal 
cracks are much closer together in the AC 20 (PG64-22) cells as well, see graph 
TRANS-3. 

• 	 Graph TRANS-4 shows how the maximum distance between thermal cracks is much 
less, on average, in the AC 20 (PG64-22) cells than the AC 120/150 (PG58-28) cells. 
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• 	 Four of the five AC 20 (PG64-22) cells, and the two full depth, AC 120/150 (PG58-28) 
cells (#4 and #15) have more medium level severity thermal cracks than average. See 
graph TRANS-1. 

TABLE 28: Thermal Cracking and Asphalt Binder 

Asphalt 
Binder 

PG 
Grade 

Number 
of Cells 

Passing Lane: Avg. 
Thermal Cracks (ft) 

Driving Lane: Avg. 
Thermal Cracks (ft) 

Low Med Sealed Low Med Sealed 
AC 20 64-22 5 44 79 312 75 171 196 

120/150 58-28 9 25 37 114 61 53 122 
Average All 32 52 185 66 95 148 

• 	 The stiffer asphalt binder AC 20 (PG64-22) cells have more cupping than the AC 
120/150 (PG58-28) cells, see table 29. 

TABLE 29: Cupping Depths and Asphalt Binder 
Asphalt 
Binder 

PG 
Grade 

Number 
of Cells 

Cupping at Thermal Cracks (in) 
Left WP Center Lane Right WP 

AC 20 64-22 5 .53 .27 .44 
120/150 58-28 9 .30 .17 .34 
Average All .38 .21 .37 

Marshall Design: 
• 	 The leaner (lower AC content) 75 Marshall blow mixes and gyratory mixes have more 

medium level severity thermal cracks. See table 30 and graph TRANS-3. 

TABLE 30:Thermal Cracking and Marshall Design 

Marshall 
Design 

Number of 
Cells 

Passing Lane: Avg. 
Thermal Cracks (ft) 

Driving Lane: Avg. 
Thermal Cracks, (ft) 

Low Med Sealed Low Med Sealed 
35 3 35 8 240 86 42 193 
50 4 52 0 144 111 0 163 
75 5 19 107 134 32 173 91 

Gyratory 2 21 85 312 32 168 198 
Average All 32 52 185 66 95 148 

• 	 The least amount of rutting is occurring at the 50 Marshall blow mixes, followed by the 
35 Marshall blow mixes. The 75 Marshall blow mixes and the gyratory mixes have more 
than average rutting at their thermal cracks, see table 31. 
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TABLE 31: Rutting Depths and Compactive Effort. 
Marshall 
Design 

Number of 
Cells 

Rutting at Thermal Cracks (in) 
Left WP Center Lane Right WP 

35 3 .31 .24 .36 
50 4 .24 .17 .28 
75 5 .46 .19 .38 

Gyratory 2 .53 .26 .59 
Average All .38 .21 .37 

Structural Design: 
• 	 Since the 5-year test cells do not contain any AC 20 (PG64-22) cells, table 32 may not 

allow for direct comparisons between 5-year and 10-year test cells for thermal cracking. 
• AC type appears to be a major factor in this distress type. 

TABLE 32: Thermal Cracking and Structural Design 

Design Number of 
Cells 

Passing Lane: Avg. 
Thermal Cracks, (ft) 

Driving Lane: Avg. 
Thermal Cracks, (ft) 

Low Med Sealed Low Med Sealed 
5-Year Cells 4 43 33 118 63 56 112 
10-Year Cells 10 28 60 212 67 110 163 
10-yr AC20* 5 44 79 312 75 171 196 
10-yr AC120† 5 12 41 111 60 50 130 
Average All 32 52 185 66 95 148 

* Cells #15 - #19, AC 20 (PG64-22).
† Cells #20 - #23, AC120/150 (PG58-28). 

• 	 Little difference is observed in cupping between the 5-year test cells and the 10-year 
cells, see table 33. However, when the 10-year test cells are broken out between binder 
types, it can be seen that the more flexible AC 120 (PG58-28) binder has less cupping 
than the more rigid AC 20 (PG64-22) binder. 

• 	 For the 5-year cells (#1 - #4), the right wheelpaths had more cupping on average than 
the left wheelpaths, which may be in part due to the cell’s quarter-crown construction. 
Rutting had similar results. 

TABLE 33: Cupping Depths and Structural Design 

Design Number of 
Cells 

Cupping at Thermal Cracks (in) 
Left WP Center Lane Right WP 

5-Year Cells 4 .35 .22 .41 
10-Year Cells 10 .39 .20 .36 
10-yr AC20* 5 .53 .27 .44 
10-yr AC120† 5 .25 .13 .29 
Average All .38 .21 .37 

* Cells #15 - #19, AC 20 (PG64-22).
† Cells #20 - #23, AC120/150 (PG58-28). 

Base: 
• 	 Test cells with the Class 6 base (a very course crushed granite) cracked almost 

immediately when bitter cold temperatures first appeared. This may be the result of 
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increased friction between the base and the bottom of the HMA leading to an increase in 
the amount of thermal tensile forces resulting in early cracking. Another possibility is 
that the Class 6 base was drier than the other base materials, allowing the pavement to 
get colder faster, resulting in earlier thermal cracking. 

• 	 The full depth and Class 3 base test cells currently show more medium severity thermal 
cracks than the other test cells, see table 34 and graphs TRANS-1 and TRANS-3. 

TABLE 34: Thermal Cracking and Aggregate Base Material 

Base Type Number 
of Cells* 

Passing Lane: 
Avg. Thermal Cracks, (ft) 

Driving Lane: Avg. 
Thermal Cracks, (ft) 

Low Med Seal Sum Low Med Seal Sum 
Class-3 sp 6 68 44 223 379 89 81 181 432 
Class-4 sp 3 1 0 190 191 15 6 194 221 
Class-5 sp 2 100 0 61 161 214 0 50 264 
Class-6 sp 3 3 0 236 239 25 2 259 288 

PSAB 1 0 0 172 172 2 0 195 197 
Full Depth 
(no base) 3 1 156 128 441 29 274 37 614 

Average All 32 52 185 321 66 95 148 404 
* Sum of number of cells exceeds 14 because cells with multiple base materials 

are included in each base type. 

• 	 Based on information gathered at MnROAD, the increased friction between base 
material and pavement seems more likely to cause the early-thermal cracking. The 
theory of colder asphalt at the bottom in relation to a drier base material does not match 
the observed temperature data. As shown in table 35, no large differences are seen in 
temperatures recorded in thermal couples placed closest to the HMA surface and base 
material. It appears from this data that the Class 6 base cells pavement experienced no 
greater thermal ‘shock’ than any of the other cells on different base materials. 

TABLE 35: Aggregate Base Material Temperature Data 

Cell # Base Type Base Depth Sensor 
depth 

Min. 
Sensor 

Temp (˚F) 

Delay 
(hrs) 

6AM 
difference 

(˚F) 

14 Full Depth 
/Clay Below 11" -15.4” -15.2 6 -25.2 

15 Full Depth 
/Clay Below 11" -12.1” -17.5 5 -22.9 

4 Full Depth 
/Clay Below 9" -8.8” -20.4 4 -19.9 

3 Class-5sp 6" to 10" -6.6” -21.8 4 -18.7 
16 Class-3sp 8" to 36" -8.4” -22.7 4 -18.1 
17 Class-3sp 8" to 36" -8.5” -22.7 4 -17.7 
2 Class-6sp 6" to 10" -7.3” -23.7 3 -16.9 
1 Class-4sp 6" to 39" -6.2” -24.2 3 -16.3 

Observations from the temperature data summary above: 
• 	 Different types of base materials do not seem to affect the top of the base 

temperature as much as the depth from the surface to the sensor. 
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• 	 The full depth pavements, which are thicker, have a greater difference in 
temperatures compared to the thinner cells, but the distance to the sensors for 
the full depth pavements are further from the surface. 

• 	 All of the cells have about a three to six hour delay until they experience the 
coldest base material temperature. 

• 	 The full depth cells have more cupping on average in the wheelpaths than the 5-year 
and 10-year cells, see table 36. 

TABLE 36: Cupping Depths and Aggregate Base 

Base Type Number of 
Cells 

Cupping at Thermal Cracks (in) 
Left WP Center Lane Right WP 

Full Depth 3 .60 .20 .53 
5-year* 3 .34 .20 .31 
10-year† 8 .34 .21 .32 
Average All .38 .21 .37 

* Excludes full depth cell #4. 
† Excludes full depth cells #14 and #15. 

Traffic: 
• 	 There is ample evidence that increased traffic loads also contributed to an increased 

amount of thermal cracking. The right (driving) lane of the mainline cells has 26% more 
thermal cracking than the left (passing) lane, see table 37 and graph TRANS-2. 

TABLE 37: Thermal Cracking and Traffic Levels 

Lane 
Average Thermal Cracking (ft) 

Low Med Sealed Total* 

Left (Passing) 32 52 185 321 
Right (Driving) 66 95 148 404 

* Medium cracks worth 2 times low cracks. 

Micro-Surfacing: 
• 	 The 1999 micro-surfacing covered the thermal cracks in cells #20 and #23 with a rut 

resistant fine aggregate and emulsion. Some of the cracks reflected through within a 
month. The majority of the cracks reflected though after the first winter as shown in 
table 38. 

• 	 No additional thermal cracking has been seen in cells #21 and #22, the other 10-year, 
AC 120/150 (PG58-28) test cells. This indicates all additional cracking seen in cells #20 
and #23 are reflective in nature, not additional thermal cracking. 
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TABLE 38: Thermal Cracking at 10-Year, AC 120/150 (PG58-28) Test Cells 
Average Thermal Cracking (ft) 

1999 before MSCell # Lane 
low med 

2000 
(low)* 

% of 
1999 

2002 
(low) * 

% of 
1999 

Passing 137 80% 110 80%20 
Driving 298 61% 282 95% 
Passing 147 94% 172 94%23 
Driving 186 89% 197 89% 

110 0 
182 0 
172 36 
197 36 

Passing 141 100% 141 100%21† 

Driving 321 100% 321 100% 
Passing 187 100% 187 100%22† 

Driving 232 100% 232 100% 

141 0 
321 0 
187 0 
232 0 

* (low) indicates the total length of sealed and unsealed cracks. 
†	 Thermal cracking data taken from summer 1999, near the time of the micro-

surfacing of cells #20 and #23. 

• 	 Micro-surfacing appeared to reduced cupping in cells #20 and #23, but when compared 
to the other two10-year AC120/150 (PG58-28) cells on a base material (#21 & #22), the 
cupping amounts are similar, see below. 

TABLE 39: Cupping Depths and Micro-Surfaced Test Cells 

Cell Type Number 
of Cells 

Cupping at Thermal Cracks (in) 
Left WP Center Lane Right WP 

Micro-surfaced* 2 .19 .14 .25 
10-year AC 120† 3 .29 .12 .31 
10-year AC 120‡ 2 .22 .11 .23 
Average All .38 .21 .37 

* Cells #20 and #23. 
† Cells #14, #21 and #22. 
‡ Excludes full depth cell #14. 

35




TRANS-1: Mn/ROAD Thermal Cracking Severity per Cell (Right Lane) 
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TRANS-2: Mn/ROAD Thermal Cracking per Cell (Both Lanes) 
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TRANS-3: MnROAD Thermal Cracking vs. Marshall Design 

THERMAL CRACKING - April 2002 
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TRANS-4:  MnROAD Air and Base Coldest Temperature Relationship 

Reaction to Cold Temperatures (February 2, 1996) 
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TRANS-5:  MnROAD Thermal Cracking Average Spacing 
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TRANS-6: MnROAD Maximum “Panel” Length between Thermal Cracks 
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CHAPTER FIVE 


Mn/ROAD MAINLINE TEST ROAD 
TOP-DOWN CRACKING 

Left lane, Cell #4, Mn/ROAD 

Definition 

• 	 Surface initiated cracks predominantly parallel to pavement centerline, located in
the wheelpaths. 
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SURFACE INITIATED OR TOP-DOWN CRACKING 

Data Collection Methods 
A modified LTPP Distress Manual method is used at MnROAD to collect surface initiated or 
top-down cracking data.  Paper copies of the crack maps are scanned and are available on 
the MnROAD website. The following definitions of severity levels were used for the top-
down cracking seen at MnROAD. 

• 	 Low level cracks are defined as an area of cracks with no or only a few connecting 
cracks; cracks are not spalled or sealed; pumping is not evident. 

• 	 Medium level cracks are defined as an area of interconnected cracks forming a 
complete pattern; cracks may be slightly spalled; cracks may be sealed; pumping 
is not evident. 

• 	 High level cracks are defined as an area of moderately or severely spalled 
interconnected cracks forming a complete pattern; pieces may move when 
subjected to traffic; cracks may be sealed; pumping may be evident. 

Top-Down Cracking Observations 
Best / Worst Performer: 

• 	 Test cell #21 has preformed the best and cell #18 has performed the worst, see table 40 
and graph TOPDOWN-1. 

TABLE 40: Top-Down Cracking and Test Cell Performance 

Cell # 
Passing Lane 

Top-Down 
Cracking, (ft) 

Driving Lane 
Top-Down 

Cracking, (ft) 

Average 
Both Lanes 

(ft) 

Top-Down 
Rating 

21 0 
20 34 17 
16 41 21 
23 18 
22 18 
14 193 126 
15 114 
17 113 
1 775 
2 711 856 
4 760 

19 785 893 
3 802 

18 936 

6 11 
0 
0 

35 52 
43 68 

58 
341 568 
530 946 
805 834 

1000 
880 1000 

1000 
901 1000 
968 1000 

Average 400 459 517 
* The maximum amount of top-down cracking per cell is 1,000 linear feet, based 

on both wheelpaths at 500 linear feet each. 

General Comments: 
• 	 This pavement distress has the appearance of fatigue cracking in the wheelpaths, but 

unlike fatigue cracking which originates with tensile failure at the bottom of the HMA 
layer, initial forensic core analysis has shown that these cracks are forming from the 
surface and moving downward. None of the forensic cores have shown the cracks to 
reach the bottom of the HMA surface. 
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• 	 The cracks tend to form perpendicular to the edge of the transverse cracks in the wheel 
paths and then propagate away from the transverse cracks until they eventually meet 
and form one continuous longitudinal distress the entire length of the cell. 

• 	 To date, the cracks tend to more closely resemble longitudinal cracks than the classic 
alligator pattern of fatigue cracking. This may change over time as the severity level of 
the cracks are monitored. 

• 	 To date, the severity level of the cracks are rated as low and most often the cracks could 
be described as hairline.  The cracks are most visible in the spring and tend to heal over 
the course of the summer. This seasonal variation indicate that the top-down cracks may 
develop during the winter season; or the increased spring-time visibility may be 
explained by the contraction of the pavement as it becomes colder. 

• 	 Top-down cracking is now developing in all the mainline test cells and likely will continue 
to progress. 

• 	 The test cells at MnROAD were built using an uniform HMA mix for all lifts, including its 
wear course (which is not typical Mn/DOT practice). The absence of a designed surface 
wear course may, in itself, be the reason for the presence of this distress type. 

Asphalt Binder: 
• 	 Top-down cracking first appeared in the fall of 1997 in AC 20 (PG64-22) cells (#18 and 

#19) after three years of traffic, but binder does not seem to be the only factor, see 
graph TOPDOWN-2. 

• 	 To date, the AC 20 (PG64-22) cells average more top-down cracking, but little 
correlation can be made since some of the AC 20 (PG64-22) cells have resisted this 
form of cracking, see table 41. 

TABLE 41: Top-Down Cracking and Asphalt Binder 
Asphalt 
Binder 

PG 
Grade 

Number 
of Cells 

Passing Lane – Avg. 
Top-down cracking, (ft) 

Driving Lane – Avg. 
Top-down cracking, (ft) 

AC 20 64-22 5 433 668 
120/150 58-28 9 381 437 
Average All 400 517 

Marshall Design: 
• 	 Cells that first developed top-down cracking include: cell #18 (AC 20, 50 blow), cell #19 

(AC 20, 35 blow), cell #2 (AC120/150, 35 blow) and cell #4 (AC 120/150, full-depth 
gyratory). The 35 Marshall blow mixes may be a contributing factor. 

• 	 Cells that tended to resist top-down cracking include: cell #1 (AC 120/150, 75 blow), cell 
#14 (AC 120/150, 75 blow), cell 16 (AC 20, Gyratory), cell #21 (AC 120/150, 50 blow) 
and cell #22 (AC 120/150 75 blow). The 75 Marshall blow mixes resisted this top-down 
cracking, but after five years, even these cells are now developing this distress. 

• 	 Currently the Marshall design does not have an influence on the amount of top down 
cracking in the driving lane but does matter in the passing lane as shown in table 41. 
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TABLE 41: Top-Down Cracking and Compactive Effort 
Marshall 
Design 

Number 
of Cells 

Passing Lane: Avg. 
Top-down cracking, (ft) 

Driving Lane: Avg. 
Top-down cracking, (ft) 

35 3 667 510 
50 4 439 516 
75 5 216 522 

Gyratory 2 380 521 
Average All 400 517 

Structural Design: 
• 	 The 5-year test cells are showing more top-down cracking than the 10-year cells, 

although it is believed that the age of the pavement may be affecting this distress more 
than the number of ESALs. (Note: the 5-year cells were built in 1992 and the 10-year 
cells in 1993.) See table 42 and graph TOPDOWN-1. 

• 	 The AC 20 (PG64-22) cells, all 10-year designs, have more top-down cracking than the 
overall average. 

• 	 Of the AC 20 (PG64-22) cells, full depth cell #15 has resisted top-down cracking better 
than the average AC 20 (PG64-22) cells, yet this cell has cracked similar to cell #16 (10-
YR, AC 20, gyratory), giving inconclusive results for the full depth design. 

• 	 The 10-year, AC 120/150 (PG58-28) cells have significantly less top-down cracking than 
average. This result is more evident when the full depth, 10-year cell (#14) is removed 
from the averages. 

TABLE 42: Top-Down Cracking and Structural Design 

Design Number 
of Cells 

Passing Lane: Avg. 
Top-down crack’g, (ft) 

Driving Lane: Avg. 
Top-down crack’g, (ft) 

5-Year 4 834 886 
10-Year 10 226 370 
Full Depth‡ 3 311 587 
10-YR AC 20* 5 433 668 
10-YR AC 120/150† 5 19 72 
10-YR AC120/150+ 4 9 43 
Average All 400 517 

‡ Cells #4, #14 & #15. 
* (PG64-22) 10-yr cells #15 - #19. 
†	 (PG58-28) 10-yr cells #14, #20 - #23, cell #20 & #23 were micro-surfaced in 

1999. 
+ (PG58-28) 10-yr cells #20, 21, 22 and 23. Cells #20 & #23 were micro-

surfaced in 1999. 
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Base: 
• 	 To date, no correlation is apparent between pavement’s base and top-down cracking, 

see table 43. 

TABLE 43: Top-Down Cracking and Base Materials 

Base Type Number 
of Cells 

Passing Lane: Avg. 
Top-down crack’g, (ft) 

Driving Lane: Avg. 
Top-down crack’g, (ft) 

Class-3 sp 6 475 634 
Class-4 sp 3 598 532 
Class-5 sp 2 401 506 
Class-6 sp 3 651 593 
PSAB* 1 18 52 
Full Depth‡ 3 311 587 
Average All 400 517 

* The PSAB test cell (#23) was micro-surfaced in 1999. 
‡ Cells #4, #14 & #15. 

Traffic: 
• 	 Traffic load would seem to be the obvious cause of this distress, yet top-down cracking 

developed just as quickly in the passing lane as the driving lanes, see table 44. 
• 	 On average, the driving lane contains more top-down cracking in all but two cells (#2 

and #19) that contain this distress, see graph TOPDOWN-1. 

TABLE 44: Top-Down Cracking and Driving Lane 

Lane Avg. Top-down Cracking 
(ft/cell) 

Flexible ESAL 
(Millions) 

Left (Passing) 400 0.9 
Right (Driving) 517 3.6 

Micro-Surfacing: 
• 	 Cells #20 and #23 were micro-surfaced in July 1999. While no top-down cracking was 

observed prior to the micro-surfacing, a small amount was first observed in these cells 
during the April 2002 survey. 

• 	 The micro-surfacing may have delayed the development of this distress by rejuvenating 
the aged HMA surface. 

• 	 There is little difference in the amount of top-down cracking between the micro-surfaced 
cells and the similar adjacent 10-year, AC 120/150 (PG58-28) cells, #21 and #22. See 
table 45. 
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TABLE 45: Micro-Surfacing and Top-Down Cracking Development, Cells #20 - #23 

Cell # Lane 1999 
Top-down cracking (ft) 

2002 
Top-down cracking (ft) 

20 Passing 0 0 
Driving 0 34 

23 Passing 0 18 
Driving 0 52 

21 Passing 0 0 
Driving 0 11 

22 Passing 18 18 
Driving 17 68 
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TOPDOWN-1: Mn/ROAD Top Down Cracking per Lane 
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TOPDOWN-2: Mn/ROAD Top Down Cracking Development 
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CHAPTER SIX 


Mn/ROAD MAINLINE TEST ROAD 
LONGITUDINAL CRACKING AT 

CONSTRUCTION JOINTS 

Looking West, Mn/ROAD Mainline 

Definition 

• 	 Cracks predominantly parallel to traffic located at the centerline construction joints 
(between the lanes), and at the shoulder/lane construction joints. 
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LONGITUDINAL CRACKING AT CONSTRUCTION JOINTS 

Data Collection Methods 
Modified LTPP Distress Manual method is used at MnROAD to collect the longitudinal 
construction joint data. Paper copies of the crack maps are scanned and are available on 
the MnROAD website. The following definitions of severity levels were used for the 
longitudinal cracking seen at MnROAD. 

• Low level cracks are defined as crack width less than ¼” wide. 
• Medium level cracks are defined as crack width less than ½”, greater than ¼”. 
• High level cracks are defined as crack width equal to or greater than ½”. 
• 	 Sealed cracks are defined as a crack sealed with an elastic, compressible sealant 

material. 

General Comments: 
• 	 The presence of longitudinal cracks at the construction joints cannot be attributed to any 

one HMA design factor. We have included this information because we observed a wide 
range of performance related to the amounts of cracking in the various cells. This may 
have certain affects on the cell’s performances due to differences in moisture infiltration 
and stress relief. 

• 	 In-place density testing was taken in the wheelpaths and mid-lane during construction of 
the cells. Information gathered from these tests determine incentive and dis-incentive 
pay items for payment to the contractor. Current construction practices do not require 
in-place density testing at construction joints. Because of this, it is common that 
construction joints do not meet specified density requirements. This lack of density at 
the construction joint is usually the primary reason these cracks form. 

Best / Worst Performer: 
• 	 As shown in table 46, cells #20, #23 and #3 all have no construction cracks present 

along the edge joint between the shoulders and the roadway. Each have varying 
amount of centerline cracking, with cell #20 performing the best based on 91 linear feet 
of cracking. Cells #20 and #23 were micro-surfaced in 1999; this may be playing a role 
in the reduced amount of centerline cracking. 

• 	 Cell #17 (AC 20 (PG 64-22), 10-year cell) has 161% more cracking than the average of 
all the cells, with 1091 linear feet present. 

• 	 The edge joint between the driving lane and the shoulder has 9 out of 14 test cells with 
no longitudinal cracking, averaging only 82 linear feet per cell. The edge joint between 
the passing lane and shoulder has 3 out of 14 test cells without longitudinal cracking, 
averaging 247 linear feet per cell. Only one cell (#14) has no centerline longitudinal 
cracking. 
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TABLE 46: Longitudinal Cracking and Cell Performance 

Cell # 
Passing Lane 

Shoulder 
Cracking (ft) 

Center Line 
Longitudinal 
Cracking (ft) 

Driving Lane 
Shoulder 

Cracking (ft) 

Longitudinal 
Cracking 
Rating 

20* 0 91 0 
23* 0 226 0 
3 0 446 0 

14 476 0 0 
21 86 427 0 
15 398 58 177 
1 280 358 21 
2 220 476 0 
4 448 380 0 

19 417 500 0 
16 184 407 344 
18 446 500 0 
22 296 495 230 
17 212 500 379 

Average 247 347 82 
* Micro-surfaced in 1999. 
†	 Maximum length per lane and along center line is 500 ft, worst case of 1,500 ft 

per cell is possible. 

Asphalt Binder: 
• 	 Although the AC 20 (PG64-22) cells show more longitudinal cracks than the AC 120/150 

(PG58-28) cells, no direct correlation is apparent because of the wide scatter between 
cells. For example, in the AC 20 (PG64-22) cells, two of the five cells have no shoulder 
joint cracking in the driving lane, one cell has 177 feet of cracks, and the other two cells 
average 362 feet of cracks. The same holds true for the centerline cracking, one of the 
cells (#15) has 58 feet of cracks, and while the other four average 477 feet of cracks. 
See table 47. 

TABLE 47: Longitudinal Cracking and Asphalt Binder 

Asphalt 
Binder 

PG 
Grade 

Number 
of Cells 

Passing Lane 
Avg. Shoulder 

Joint, (ft) 

Avg. 
Center 

Line, (ft) 

Driving Lane 
Avg. Shoulder 

Joint, (ft) 
AC 20 64-22 5 331 393 180 
120/150 58-28 9 201 322 28 
Average All 247 347 82 
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Marshall Design: 
• 	 Because of the wide scatter of results, no direct correlation is apparent between 

Marshall design and longitudinal cracking at construction joints. All four design 
categories have at least one cell with no shoulder joint cracking in the passing lane, and 
at least one cell with the maximum 500 feet of centerline cracks, see table 48. 

TABLE 48: Longitudinal Cracking and Marshall Design 
Marshall 
Design 

Number 
of Cells 

Passing Lane: Avg. 
Shoulder Joint (in) 

Avg. Center 
Line (ft) 

Driving Lane: Avg. 
Shoulder Joint (ft) 

35 3 212 356 0 
50 4 133 400 0 
75 5 332 282 161 

Gyratory 2 316 394 172 
Average All 247 347 82 

Structural Design: 
• 	 Because of the wide scatter of results, no direct correlation is apparent between 

structural design and longitudinal cracking at construction joints, see table 49. 

TABLE 49: Longitudinal Cracking and Structural Design 

Design Number 
of Cells 

Passing Lane: Avg. 
Shoulder Joint (ft) 

Avg. Center 
Line (ft) 

Driving Lane: Avg. 
Shoulder Joint (ft) 

5-Year 4 237 415 5 
10-Year 10 252 320 113 
Average All 247 347 82 

Base: 
• 	 Because of the wide scatter of results, no direct correlation is apparent between base 

material and longitudinal cracking at construction joints, see table 50. 

TABLE 50: Longitudinal Cracking and Base Material 
Base 
Type 

Number 
of Cells 

Passing Lane: Avg. 
Shoulder Joint (ft) 

Avg. Center 
Line (ft) 

Driving Lane: Avg. 
Shoulder Joint (ft) 

Cls-3sp 6 210 407 121 
Cls-4 sp 3 167 353 7 
Cls-5 sp 2 43 437 0 
Cls-6 sp 3 321 490 77 
PSAB 1 0 226 0 
Full 3 441 146 59 
Average All 247 347 82 

Traffic: 
• 	 No correlation is apparent at this time between traffic volume and longitudinal cracking at 

construction joints, see table 51. 
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TABLE 51: Longitudinal Cracking and Traffic 
Passing Lane 

Shoulder Joint (ft) 
Center 
Line (ft) 

Driving Lane 
Shoulder Joint, (ft) 

Average 247 347 82 
Traffic Levels 0.9 ESALs* NA 3.6 ESALs* 

* ESALs measured in millions. 

Micro-Surfacing: 
• 	 All of the longitudinal cracks in cell #20 and #23 reflected through within the first year of 

micro-surfacing. 
• 	 No additional longitudinal cracking has been seen on the cells since the micro-surfacing, 

see table 52. 

TABLE 52: Longitudinal Cracking and Micro-Surfacing Cells 

Cell # Lane 
Construction Joint Cracking (ft) 

1999 
(Before) 

2000 
(1 Year) 

2002 
(3 Years) 

20 
Passing 0 0 0 
C/L 91 91 91 
Driving 0 0 0 

23 
Passing 0 0 0 
C/L 226 226 226 
Driving 0 0 0 
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CHAPTER SEVEN 


Mn/ROAD MAINLINE TEST ROAD 
SEALANT 

Sealed Transverse Crack 

Definitions 

• 	 Sealant: Compressible material used to minimize water and solid debris infiltration into 
the sealant reservoir and joint. 

• 	 Joint Seal Deterioration: Breakdown of a joint or a crack sealant, such as by adhesion or 
cohesion loss, which contributes to the failure of the sealant system. Joint seal 
deterioration permits incompressible materials or water to infiltrate into the pavement 
system. 
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SEALANT 

Data Collection Methods 
Sealant data is collected manually using a modified LTPP method. Sealed transverse cracks 
are defined as any crack with less than 10% of sealant failure for the length of the crack. 
Longitudinal cracks are measured by the linear foot of sealed and unsealed crack. 

Sealant Application and Methods 
• 	 In 1998, HMA cells #1 and #16 were routed and sealed with an extra low modulus 

sealant per Mn/DOT 3725. These two cells were paired with cells #3 and #17, which are 
similar designs, to make a direct comparison of the cracks in the ‘sealed’ versus 
‘unsealed’ cells. The procedure consisted of routing a ¾” deep by ¾” wide reservoir and 
applying the extra-low modulus sealant meeting Mn/DOT specification 3725. 

• 	 In 2000, another 10 HMA cells were crack sealed. Longitudinal and transverse cracks 
were sealed with a combination of crumb rubber elastic sealant (Mn/DOT 3719) and a 
polymerized sealant (Mn/DOT 3723).  The cracks in cells #1 and #16 were resealed with 
the new materials. Cells #3 and #17 remained unsealed. 

• 	 The 10 cells that were crack sealed in 2000 used a ‘clean and seal’ method of crack 
sealing. This method consists of blowing debris out of the cracks with compressed air 
and filling the joint with sealant. No routing of the cracks was done with this operation. 

• 	 The cells were divided by lane, with the driving lane receiving one type of sealant and 
the passing lane the other type of sealant. Typically, the shoulders and the longitudinal 
crack between the shoulder and the pavement were not sealed, unless the shoulders 
were part of another study on sealant and/ or drainage. The same sealant type was 
placed in the same lane for two consecutive cells and then the sealant types switched 
lanes for the next pair of cells. This resulted in an even number of cells for each sealant 
type and as shown in table 53, approximately the same number of cracks were filled with 
each sealant type. 

Sealant Observations 
• 	 Through April 2002, approximately 25% of the transverse cracks have sealant failure, 

with failure defined as tearing or pullout of more than 10% the length of any one crack. 
As shown in table 53, there is little difference in the performance of the polymerized 
sealant (3723) compared to the crumb rubber sealant (3719). By far, sealant failures are 
most evident in the wheelpaths for both lanes. 

TABLE 53: Sealant Material Performance 
Sealant 3719 – crumb rubber sealant 3723 – polymerized sealant 
Lane Passing Driving Total Passing Driving Total 
# of Cracks 203 163 366 135 208 343 
# of Failed Cracks 35 48 83 16 76 92 
% Failed 17% 29% 23% 12% 37% 27% 

• 	 More than twice as many sealed joints failed in the driving lane than the passing lane, 
indicating traffic volume is related to sealant failure, see table 54. 
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TABLE 54: Sealed Joints and Traffic Lanes 

Sealed Joints Passing Lane Driving Lane 

# of Cracks 338 371 
# of Failed Cracks 51 124 
% Failed 15% 33% 

• 	 The ‘rout and seal’ method of crack sealing appears to be performing better than the 
‘clean and seal’ method of crack sealing, see table 55. 

TABLE 55: Rout and Seal versus Clean and Seal Cells 
Method Rout and Sealed Cells Clean and Sealed Cells 
Number of Cells 2 10 
Lane Passing Driving Passing Driving 
# of Cracks 98 87 240 284 
# of Failed Cracks 3 14 48 110 
% Failed 3.1% 16% 20% 39% 

• 	 The three full depth cells (#4, #14 & #15), as shown in table 56, have significantly more 
sealant failure than the cells constructed on an aggregate base. 

• 	 The high failure rate in the full depth cells may be caused by trapped water in or below 
the HMA surface or the saturated clay subgrade material, resulting in hydrostatic 
pressure pushing the sealant out of the cracks. 

• 	 The two cells (#18 & #23) on drained aggregate bases have better performing sealants 
than the other cells with non-drained aggregate bases, see table 56. 

TABLE 56: Sealant Performance and Aggregate Base Materials 

Cell type Passing Lane Driving Lane 
Cracks Failed % Cracks Failed % 

Full-depth 78 42 54% 95 73 77% 
Non-drained base 221 8 3.6% 231 49 21% 
Drained base 39 1 2.6% 45 2 4.4% 

• 	 The quality of ride does not seem to be affected by the presence of sealed cracks, as 
the unsealed cells (#3 and #17) have similar IRI as other cells. See table 57. 

TABLE 57: Unsealed and Sealed Test Cells Ride Data 

Cell # (type) Passing Lane 
IRI (m/km) 

Driving Lane 
IRI (m/km) 

# 3 (5-year, unsealed) 1.64 1.63 
# 17 (10-year, AC 20 (PG64-22), unsealed) 2.48 2.48 
Average IRI of sealed 5-year cells 1.67 2.26 
Average IRI of sealed 10-year cells 1.97 2.09 
Average IRI of sealed AC 20 (PG64-22) 2.62 2.77 

• 	 Cupping in the unsealed test cells is no worse on average than the sealed cells, see 
table 58. 
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TABLE 58: Cupping of Unsealed and Sealed Test Cells 

Cell Type Number of 
Cells 

Cupping at Thermal Cracks (in) 
Left WP Center Lane Right WP 

Unsealed* 2 .40 .20 .26 
Sealed† 12 .38 .21 .40 
Average All .38 .21 .37 

* Cells #3 and #17. 
† All other test cells. 

• 	 Micro-surfacing had dramatic effects on moisture infiltration in test cell #23, with a 90% 
reduction in flow measured after the micro-surfacing in 1999. Cell #23 is instrumented 
with tipping buckets that measure the outflow of moisture from the pavement edge drain. 
The tipping buckets record the number of tips within a 15 minute interval. The results 
from single rain events of similar intensity, both before and after the micro-surfacing, are 
shown in table 59. 

TABLE 59: Moisture and Micro-surfacing 

Date Event Volume 
(mm) 

Event Intensity 
(mm/hr) 

Volume Drained 
(liters) 

July 3, 1999 25.9 9.4 531 
July 7, 1999 RUT FILLING 
July 25, 1999 31.8 14.0 90 
August 13, 1999 SURFACE COURSE 
August 22, 1999 58.4 11.1 119 
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CHAPTER EIGHT 


Mn/ROAD MAINLINE TEST ROAD 
Summary 

Mn/ROAD Test Facility Building 
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SUMMARY 

This paper has been an attempt to describe the pavement condition of MnROAD’s 14 
original mainline HMA test sections after 8 years of traffic. The primary distresses to date 
include rutting, thermal cracking, top-down cracking and joint sealant failure. We have also 
included an analysis of how these distresses contributed to the deterioration in ride quality. 
After 8 years, we have observed a wide range of pavement performance from one cell to 
another. Some cells have performed well, while others are nearing the end of their 
pavement life. These results create a challenge for the researcher to provide an explanation 
as to cause and effect between the design variables and the observed distresses. Bearing in 
mind that the physical limit of only 14 test sections makes a fully factored study impossible, 
this paper reports the current pavement condition of the cells and begins the process of 
relating the existing distress features to the original design factors. It is anticipated that 
additional time and future forensic studies will provide more information for this study and 
ultimately result in a final report. Until then these results should be viewed as preliminary. 

Below are observations of how each factor has affected the HMA pavement’s performance. 

Asphalt Binder Observations: 
• 	 The cells with the softer AC 120/150 (PG58-28) binder, while rutting more, have retained 

a better ride quality than the stiffer AC 20 (PG64-22) binder cells. 
• 	 The cells with the stiffer AC 20 (PG64-22) binder have been subject to more low and 

medium-level severity thermal cracking and a corresponding deterioration in ride quality. 
• 	 The cells with the stiffer AC 20 (PG64-22) binder have deeper cupping depths occurring 

at their thermal cracks than the cells with the softer AC 120/150 (PG58-28) binder. 
• 	 SHRP PG Grading System appears to be valid for the cold temperatures at MnROAD as 

pavement temperatures recorded below the SHRP temperature limits of (-22˚C) and (-
28˚C) have resulted in thermal cracking. The upper limits of the scale (58˚C and 64˚C) 
have yet to be reached for the highest temperatures recorded at MnROAD, thereby 
questioning the validity of these upper limits since rutting has already occurred in these 
test cells. 

Marshall Design Observations: 
• 	 Compactive effort seems to play an important role in resisting rutting and top-down 

cracking. As expected, the 75 Marshall blow mixes have preformed best, followed by 
the 50 Marshall blow mixes and the 35 Marshall blow mixes. Gyratory mixes have had 
mixed results. 

• 	 Cupping measurements recorded at thermal cracks appear to be independent of 
compactive effort. 

Structural Design Observations: 
• 	 Rut deformation has formed in the upper lifts of the HMA, not in the base or subgrade 

material. 
• 	 To date, there has been little benefit in designing thicker HMA. There is not a significant 

difference in pavement performance between the 5-year test sections (6 inches thick) 
versus the 10-year test sections (9.5 inches thick). 

• 	 For the majority of the cells, 50% of the rutting occurred during the first two years after 
construction, indicating that rutting is not linear with time or traffic level. 

• 	 Micro-surfacing has improved rutted cells performance related to rutting, ride quality, 
top-down cracking and water infiltration rates. It appears that micro-surfacing has not 
increased the structural capabilities of the cells, as they have continued to rut with time. 
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Base Observations: 
• 	 The three full depth HMA cells have performed poorly. These cells have deteriorated at 

an accelerated rate of decay for the past two years. 
• 	 The full depth cells have developed a significant amount of medium-level severity 

transverse cracks with significant spalling in the wheelpaths. 
• 	 The materials used in the base have had little effect on pavement performance, although 

there is some evidence that the Class 6 (crushed granite) base may contribute to 
increased friction, resulting in increased tensile stresses, and therefore more thermal 
cracking. 

• 	 The full depth HMA cells have cupped more in their thermal cracks, approximately 75% 
more than the other10-year cells. 

• 	 Sealant is failing significantly more rapidly in the full depth cells, especially in the 
wheelpaths, indicating a possible relationship between retained moisture and sealant 
performance. 

Traffic Observations: 
• 	 Ride quality is mostly dependent upon the amount of thermal cracking and top down 

cracking. The right lane has experienced only a slightly greater deterioration in ride 
quality than the left lane, indicating environment may be more significant than traffic load 
(ESALs). 

• 	 Traffic volume has had an effect on the amount of thermal cracking, with slightly more 
thermal cracks developing in the driving lane than the passing lane. 

• 	 The driving lane, on average, has rutted approximately 1.5 times greater than the 
passing lane, but the amount of rutting is not linear with the amount of ESALs. The 
driving lane has experience four times the amount of ESALs than the passing lane. 

• 	 Sealants are also failing at a much higher rate in the wheelpaths, not at the high point of 
the pavements subject to snowplows. 

Environmental Observations: 
• 	 There is evidence that saw and seal construction methods may be effective in controlling 

the development of thermal cracking in the stiffer HMA cells. This is seen by the lack of 
thermal cracking present around the first ‘active’ cracks recorded at MnROAD. 

• 	 We have also observed a seasonal variation in ride quality. Increased crack width due 
to thermal contraction, coupled with frost heave produces a significant decrease in 
winter ride quality. With the return of warm weather, the smoother summer ride is 
restored. 

• 	 The effectiveness of crack sealing is inconclusive at this time, because the unsealed test 
cells have similar ride quality, cupping, and amount of transverse cracking when 
compared to the sealed test cells More time and data is required to determine if the 
sealant’s ability to limit water and incompressible materials into the joint extends the 
pavement’s life span. 
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Obviously not all of the six factors affect the HMA pavement the same way, nor do they 
contribute to the same level of distress. Table 60 is a summary of the influence of each of 
the six factors discussed and their observed relationships on the HMA test cells to date. 
Categories rated as ‘maybe’ having an influence require additional observation or testing. 

TABLE 60: MnROAD HMA Design Factors and Distress Type Relationship (‘94–‘02) 
Distress Type 

MnROAD FACTOR 
Rutting Ride 

Thermal 
Cracking 

Top-down 
Cracking 

Construction 
Joint 

Asphalt Binder strong strong none none 
Marshall Design strong slight slight none 
Structural Design none none none none 
Base none slight none none 
Traffic strong slight slight none 
Micro-surfacing slight none maybe none 
Environment strong strong maybe none 

strong 
slight 

maybe 
slight 
slight 
slight 
strong 
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EXECUTIVE SUMMARY 

This report reviews the condition of the original 14 hot-mix asphalt (HMA) mainline test cells at 

Mn/ROAD (Minnesota Road Research Project). Five factors that affect HMA pavement 

performance have been reviewed and each cell’s performance after 8 years (1994-2002) of 

service has been recorded. The report will touch on Mn/ROAD’s background, review the major 

distress types at Mn/ROAD and report on the observations that have been noted by researchers. 

A graphical summary chart depicting the physical condition of the hot-mix asphalt test cells was 

created to show how well the cells have performed after 8 years. The cell’s performance is made 

up of its ride quality, rutting resistance, thermal (transverse) and top-down cracking resistance 

and its crack sealing effectiveness. A rating system was established for each of these 

performance factors. A ‘good’ rating earns 5 points, an ‘above average’ rating, 4 points; an 

‘average’ rating, 3 points; a ‘below average’ rating, 2 points and a ‘poor’ rating earned 1 point. 

The cell’s performance was determined for each lane of traffic. 

An average score of the five performance factors was calculated for each lane of each cell, and 

the cell was given an overall rating based on this average. Because this report is intended to be 

general, no effort was made to weigh the various factors when calculating an average score for 

each cell. 

It should be pointed out that two test cells (#20 and #23) have been modified since the test 

facility opened to traffic in 1994. Both of these cells were micro-surfaced because rutting had 

approached levels Mn/DOT felt were nearing unsafe conditions for interstate pavements. 

Therefore, these two cells are rated before and after micro-surfacing, and are shown as ‘A’ and 

‘B’ on the summary chart. All of the other test cells are still their original construction. 

Following the summary chart, this report looks at each distress and design factor individually. 

The information contained within the body of the report was used to create the summary chart. 

Supporting documents are included in the appendixes. Appendix A is Mn/ROAD’s test cell 

layout. Appendix B contains numerical data each year since 1994 for the fourteen hot-mix 

asphalt cells. This appendix contains the values used to establish the rating system for the 

summary chart. 
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