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Executive Summary 

This paper is a review of the forensic investigations completed on the original14 hot-mix 

asphalt (HMA) mainline test cells at the Minnesota Road Research Project (Mn/ROAD) during 

the summer of 1998 and 2001. These forensics were generated to take an in-depth look at the 

rutting that has taken place to the mainline test cells. The forensic investigations themselves 

have consisted of full forensic trenches of all the pavement layers with complete laboratory 

testing. Rutting observations are also covered in this report and are taken from a report “2002 

MnROAD Hot-Mix Asphalt Mainline Test Cell Condition Report,” Minnesota Department of 

Transportation, 2002. 

Forensic Results 

Results of these forensics have indicated that the majority of rutting is only occurring in the 

upper lifts of the hot mix asphalt (HMA) surface and have not extended down into the granular 

base or subgrade materials. 

Rutting Observations 

More than 50% of the rutting has occurred in the first two years of traffic. 

The crown of the road also seems to play a role in the rutting experienced at MnROAD. Cells 

that were constructed with quarter-crowns have deeper ruts in the right wheel path while cells 

constructed with a centerline crown have deeper ruts in the left wheel path. 

As might be expected, cells constructed with the harder AC-20 (PG 64-22) asphalt binder 

rutted an average of 59% less in the driving lane and 24% less in the passing lane than the 

cells constructed with the softer AC 120/150 (PG 58-28). 

A strong correlation has developed between the Marshall Mix Design method and the amount 

of rutting. The 35 blow mixes have experienced the most amount of rutting, the 50 blow 

mixes are showing moderate rutting, and the leaner 75 blow and Gyratory have developed the 

least amount of rutting. 



At MnROAD pavement thickness doesn’t seem to play a major function in the role of rutting. 

Both the thicker 10-year designs and the thinner 5-year designs are experiencing nearly the 

same amount of rutting when similar asphalt PG grades are compared. 

On the mainline test cells were the asphalt thickness is sufficient to support the traffic loading 

the base materials does not appear to have any effect on the amount of rutting. 

The rutting in the passing lane (left lane) has 51% less rutting than the driving lane (right lane) 

indicating that traffic has an impact on rutting, but is not linear with the amount of traffic 

ESAL’s. 

It should be noted that two cells (#20 and #23) have been modified since MnROAD was first 

opened. Both of these cells were micro-surfaced because the rutting approached levels 

Mn/DOT felt were nearing unsafe conditions for interstate pavement. Initially the micro-

surfacing reduced the amount of rutting from 50% to 70%. Three years after the initial 

application in 1999 the rutting in cell #20 is still down by over 40% and cell #23 by 50%. 

Rutting is one of the primary distresses seen at MnROAD and describing how rutting is 

affecting the pavement structure will help validate models being developed to design better 

pavements and predict pavement performance. 



Chapter 1-Introduction 

MINNESOTA ROAD RESEARCH PROJECT 

Summary 

The Minnesota Department of Transportation (Mn/DOT) constructed the Minnesota Road 

Research Project (Mn/ROAD) between 1990 and 1994. MnROAD is located 40 miles 

northwest of Minneapolis/St.Paul and is an extensive pavement research facility consisting of 

two separate roadway segments containing 51 distinct test cells. Each Mn/ROAD test cell is 

approximately 500 feet long. Subgrade, aggregate base, and surface materials, as well as, 

roadbed structure and drainage methods vary from cell to cell. All data presented herein, as 

well as historical sampling, testing, and construction information, can be found in the 

Mn/ROAD database and in various publications. 

Mainline Test Road 

The 3½-mile Mainline Test Roadway (Mainline) is part of westbound Interstate 94. The two-

lane facility contains 31 test cells. 

The Mainline consists of both 5-year and 10-year pavement designs. The 5-year cells were 

completed in 1992 and the 10-year cells were completed in 1993. Originally, a total of 23 cells 

were constructed consisting of 14 HMA cells and 9 Portland Cement Concrete (PCC) test cells. 

In 1997, two SuperPave HMA test cells and six ultra-thin whitetopping concrete cells were 

added. 

Traffic on the mainline comes from the traveling public on westbound I-94. Typically the 

mainline is closed once a month and the traffic is rerouted to the original interstate highway to 

allow MnROAD researchers to collect data and record test cell performance. The Traffic 

volume has increased 40% since the test facility first opened in 1994, as can be seen in table 

1.1. 
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July 1994 December 2001 Left Lane 
ESALs 

Right Lane 
ESALs 

AADT 18,900 26,400 

HCAADT (Trucks) 12.5% 14.0% 

Total Flexible ESALs 3,600,000 900,000 3,600,000 

Table 1.1 Annual Average Daily Traffic-Mainline Test Road, 1994-2002 

The mainline ESALs are determined from two weigh-in-motion (WIM) devices located at 

MnROAD. This data is collected, shared and used to calculate the mainline ESALs, which are 

stored in the MnROAD database. An IRD hydraulic load scale was installed in 1989, East of 

the mainline test cells. In 2000, a Kistler quartz WIM was installed between two PCC cells #10 

and cell #11. 

Low Volume Road 

Parallel and adjacent to the Mainline is the Low Volume Roadway (LVR). The LVR is a 2-

lane, 2½-mile-closed loop that contains 20 test cells. Traffic on the LVR is restricted to a 

Mn/ROAD operated vehicle, which is a typical 18-wheel, 5-axle, tractor/trailer with two 

different loading configurations. The "heavy" load configuration results in a gross vehicle 

weight of 102 kips (102K configuration). The “legal” load configuration has a gross vehicle 

weight of 80 kips (80K configuration). The axle load for each load configuration is illustrated 

in Figure 1.1. On Wednesdays the tractor/trailer operates in the 102K configuration and travels 

in the outside lane of the LVR loop. The tractor/trailer travels on the inside lane of the LVR 

loop in the 80K configuration on all other weekdays. This results in a similar number of 

ESALs being delivered to both lanes as can be seen in table 1.2. ESALs on the LVR are 

determined by the number of laps (80 typical per day) for each day and are entered into the 

MnROAD database. 
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102K Configuration 

12,400 lb22,900 lb22,200 lb21,200 lb23,900 lb 

80K Configuration ( MN "Legal" Load ) 

12,000 lb16,900 lb16,600 lb15,600 lb18,400 lb 

Figure 1.1 MnROAD Truck Layout 

80K - Inside Lane 102K - Outside Lane 

Average Laps Per Week 232 63 

Flexible ESALs 134,000 134,000 

Table 1.2 Traffic-Low Volume Road, 1994-2002 

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. Two 

HMA cells (#1 and #16) were routed and sealed while two other cells (#3 and #17) were left 

unsealed to determine if the sealant has any impact on pavement performance. 

In 1999, two cells (#20 and #23) were micro-surfaced to fill ruts that had approached ¾” in the 

driving lane. 

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 
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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. 

Test Section Monitoring 

MnROAD monitors each test cell by collecting distress surveys, rutting and ride data. HMA 

forensics have been completed to investigate the rutting and to determine the asphalt material 

properties. Table 1.3 shows the current pavement condition data collection schedule used at 

MnROAD. The table shows typical annual activities and does not include any additional data 

collection required by the cell’s condition or as requested by researchers. 

MnROAD 
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 Yearly 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 the number of laps per day. 

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

Table 1.3 MnRoad Data Collection Summary 

More than 4000 sensors are in place at MnROAD to record various parameters including 

moisture, temperature, pressure, strain, deflections, displacement, acceleration, soil pressure, 

pore pressure, and drain flow. The weather conditions are also monitored by two on-site 
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weather stations. All the data collected at MnROAD is saved in a database for future review 

and analysis. 

Test Section Performance 

A graphical performance summary chart depicting the physical condition of the hot-mix asphalt 

test cells per lane 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 and top-down 

cracking resistance and its crack sealing effectiveness. See table 1.4 on the next page. 

Purpose 

One of the primary research objectives of Mn/ROAD is to collect data for use in the 

development of mechanistic-empirical pavement design procedures. The ongoing analysis and 

evaluation of pavement performance is an important part of this process. The purpose of this 

report is to document the forensic excavations that were completed between June of 1998 and 

September of 2001 on the original 14 Hot-Mix Asphalt (HMA) mainline test cells. This report 

documents the in-depth rutting that has developed since July of 1994 when the cells were first 

opened to traffic. This report details the trenching process and the data collected during the 

investigations. Listed below in table 1.5 are the various factors effecting performance including 

rutting. 

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. 

Table 1.5 Factors Affecting Mainline HMA Test Cell Performance 

* Asphalt Binder grades will refer to their 1993 original properties throughout the report 
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Table 1.4 Mainline Asphalt Test Cell Condition Summary, 2002 
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Website 
More information on MnROAD is available on-line at: http://www.mnroad.dot.state.mn.us 

FIELD RUTTING 


Data Collection Methods 


Rut depths have been measured using a variety of methods at MnROAD. Table 1.6 shows the 

types of equipment used to collect rut related data. 

Type of Measurement Dates Comment 

6 ft. Straightedge 1994-2002 Used to determine the maximum rutting depth, 
measured at 50-foot intervals. 

Pavement 

Management Van 
1994-2002 Used to measure the average rut depth in each 

wheel path along the entire length of the test cell. 

Dipstick 1994-1997 Used to measure the transverse profiles 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. 

Table 1.6 MnROAD Data Collection Methods 

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, a PaveTech van equipped with ultrasonic sensors was used. 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 
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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. To date the 3-point 

system is still primarily used at MnROAD. The rut depth data determined by this equipment is 

used 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 Face Construction Technologies Dipstick and Roll-O-Matic rolling 

wheel paper trace to collect additional rut data. The Face Dipstick was used to collect data 

from two stations per cell over a 3-year period. The Dipstick provides transverse elevations at 

one-foot intervals across the two lanes of traffic (or 4 wheel paths). The Dipstick was replaced 

with a Roll-O-Matic rolling wheel graph paper trace, which provides a continuous trace of the 

transverse profile. This technique provides a complete view of the rutted pavement for each 12-

foot lane. 

RUTTING OBSERVATIONS 

Performance 

The mainline rutting observations were taken directly from “2002 MnROAD Hot-Mix Asphalt 

Mainline Test Cell Condition report” by David Palmquist, Benjamin Worel, William Zerfas, 

published September 6, 2002. These observations help us understand the rutting relating to 

each MnROAD mainline test cell. 

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 that all 

of the rutting that has occurred after the micro-surfacing is still taking place in the HMA 
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surface. The data shown in table 1.7 uses the mean rut values for each cell recorded during the 

spring of 2002. Mn/DOT considers ½” of rutting a potential problem. 

Cell # 
Passing Lane 

Mean Rut Depth 
(in) 

Driving Lane Mean 
Rut Depth (in) 

Mean Rut Depth 
Both Lanes (in) 

Rut 
Depth 

Rating 

16 .20 .18 

17 .23 .20 

3 .26 .22 

18 .27 .22 

22 .33 .22 

1 .30 .23 

15 .30 .24 

14 .37 .28 

2 .42 .32 

19 .41 .32 

4 .44 .34 

21 .52 .40 

23 .68 .53 

20 .83 .57 

.16 

.18 

.18 

.17 

.11 

.16 

.18 

.18 

.22 

.24 

.25 

.29 

.38 

.30 

AVG .40 .31 .21 

Table 1.7 Rutting Performance 

General 

MnROAD test cells have experienced the following yearly maximum air temperatures and 

number of days over 90°F since the original construction as shown in table 1.8. The table also 

shows that the high temperature PG grade ranges have not been reached. Even though 

MnROAD was not opened to traffic until 1994, the HMA cells were constructed in 1992 and 

1993 and were subject to the environmental conditions without the traffic loading. 
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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 

Table 1.8 HMA Pavement Temperatures From Cell #1 at 1" Depth 

For the majority of the cells, more than 50% of the rutting occurred during the first two years 

MnROAD was opened to traffic. 

As the asphalt ages, it becomes stiffer and less prone to rutting, which may explain why the 

rutting has decreased with time as can be seen in table 3.2. 

Construction 

Variation in construction 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 1.9 below. 
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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 1.9 Rutting vs. Crown Construction 

Air voids 

Table 1.10 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. 

1993 – 1994 
Air Voids 

2001 Both Lanes Both Lanes 
Cell # 

Avg. std Avg. std 

% 

Change Rut rank Rut Avg. (in) 

23 1.5 4.7% 1.1 -3.2% 1 .56 

19 1.0 4.6% 1.1 -1.8% 5 .32 

20 1.0 4.6% 1.2 -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 1.1 4.0% 1.5 -0.5% 6 .32 

18 .2 5.3% 1.8 -0.5% 11 .22 

22 1.1 6.1% 1.6 -0.3% 14 .18 

15 .6 7.1% 1.6 -0.2% 8 .24 

16 1.1 7.6% 1.5 -0.2% 12 .22 

14 1.0 6.1% 1.7 +0.1% 9 .23 

7.9% 

6.5% 

6.3% 

7.2% 

7.7% 

7.2% 

6.8% 

5.4% 

4.5% 

5.8% 

6.4% 

7.3% 

7.8% 

6.0% 

Table 1.10 Percent Change in Air-Voids, 1994-2001 
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Asphalt Binder 

As shown in table 1.11, the stiffer AC 20 (PG64-22) cells have rutted an average 61% less than 

the more flexible AC 120/150 (PG58-28) cells in the driving lane, and 22% less in the passing 

lane. 

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 

Table 1.11 Rutting vs. Asphalt Binder 

Mix Design 

A fairly good correlation has developed between Marshall Design and the amount of rutting. 

As expected, the 35 blow mixes have experienced the most rutting, the 50 blow mixes have 

developed moderate rutting and the 75 blow mixes have shown the most resistance to rutting. 

See table 1.12 below. The 35 and 50 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. 

Mix 
Design 

Number 

of Cells 

Passing Lane 

Avg. Rut Depth (in) 

Driving Lane 

Avg. Rut Depth (in) 

35 .25 .55 

50 .25 .43 

75 .16 .31 

Gyratory .20 .32 

Average .21 .40 

3 

4 

5 

2 

All 

Table 1.12 Rutting vs. Mix Design 
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Design Life 

Based on rutting information in table 1.13, 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. 

Design Life (Binder) 
Number 

of Cells 

Passing Lane 

Avg. Rut Depth (in) 

Driving Lane 

Avg. Rut Depth (in) 

5-Year (AC 120/150)* 4 .35 

10-Year (AC 20) 5 .18 .28 

10-Year (AC 120/150) 5 .25 .55 

Avg. 10-Year cells 10 .22 .41 

Average .21 .40 

.20 

All 

Table 1.13 Rutting vs. Design Life 

Base 

To date, base type and drainage has had little effect on rutting. Forensics has shown that the 

rutting is occurring in the top lifts of the HMA, not in the base. 

Base 

Type 

Number 

of Cells* 

Passing Lane 

Rut Depth (in) 

Driving Lane 

Rut Depth (in) 

Class-3 sp 6 .18 .34 

Class-4 sp 3 .24 .43 

Class-5 sp 2 .20 .39 

Class-6 sp 3 .15 .32 

PSAB† 1 .36 .60 

Full Depth (no base) 3 .19 .35 

Table 1.14 Rutting vs. Base 
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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 1.15. 

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. 

Lane Avg. Rut Depth (in) ESALS (Millions) 

Left (passing) .21 0.9 

Right (driving) .40 3.6 

Table 1.15 Rutting vs. Traffic 

Micro-Surfacing: 

For safety reasons, cells #20 and #23 were micro-surfaced in July 1999 because maximum rut 

depths approached ¾” within the cells. On average, the micro-surfacing initially reduced the 

rut depths up to 69%. Micro-surfacing has been proven to reduce the original rutting over 33% 

in cell #20 and 60% in cell #23 after 3 years. Cells #20 and #23 have continued to rut as can be 

seen in table 1.16. 

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 .22 .11 50% .14 27%20 
Driving .59 .26 56% .41 58% 

Passing .35 .11 69% .12 9.1%23 
Driving .58 .24 59% .27 13% 

Passing .15 .28 87%21 
Driving .30 .51 70% 

Passing .08 .11 38%22 
Driving .27 .33 22% 

Table 1.16 Micro-Surfacing Summary 
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Chapter 2-Forensic Data Collection 

PROCEDURE 

Forensic Trenches 

In the summer of 1998 trenches were cut in 8 (4, 20, 23, 16-19, and 22) of the original 14 HMA 

cells. The trenches were 14 feet by 4 feet wide. The 14-foot dimension was perpendicular to 

the centerline and included 12 feet of the driving lane and 2 feet of the shoulder. The 4-foot 

dimension was chosen to accommodate the width of the backhoe bucket and to allow access 

into the trench for in situ testing and sample collection. The cutting was laid out with a string 

line and spray paint. Each trench was subdivided into 8 individual 2-foot by 2-foot squares. 

The pavement was wet sawn with as little water as possible to keep the saw blade cool and limit 

the amount of moisture entering to the base and subgrade. 

In August and September of 2001 trenches were cut in the remaining 6 (1, 2, 3, 14, 15, and 21) 

original HMA cells. These trenches were 12-feet by 3-feet wide. The 12-foot dimension was 

also perpendicular to the centerline but only included the12-foot driving lane. A smaller 

backhoe bucket was used which allowed the width of the trench to be reduced to 3-feet. Cells 

1, 2, and 3 were subdivided into 12 individual 1.5-foot by 2-foot slabs. In order to decrease the 

weight of the pieces from the thicker asphalt cells of 14, 15, and 21 the trenches were 

subdivided into 18 individual 1-foot by 2-foot slabs. A special dry cut asphalt blade was used 

to complete the sawing in order to eliminate any water from infiltrating into the base and 

subgrade. 

Excavation 

One of the most difficult parts of the excavation is removing the asphalt samples from the 

trenches without damaging the samples or disturbing the base. In 1998 pilot holes were drilled 

into the pavement and lag bolts were put through the end links of a chain and screwed into the 

pavement. The opposite end of the chain was then hooked to the backhoe and the pieces were 

lifted vertically. This method proved to be quite time consuming and although a couple of 

pieces were removed in this manner, most of the lag bolts pulled loose from the asphalt. 

15 




Figure 2.1 Pavement Removal 1998 

The remaining pieces where removed by lifting the edge of the pavement with the backhoe and 

then sliding the forks of the skidsteer underneath the sample and lifting it out. Although this 

method works well for removing the pieces, it causes damage to the samples and disturbs the 

base. 

Figure 2.2 Pavement Removal 1998 
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In 2001 a set of hand held bricklayers brick tongs were used to remove the samples as can be 

seen in figure 2.3. 

Figure 2.3 Brick Layers Tongs 

This method works well for thin pavements and does very little damage to the asphalt samples 

and doesn’t disturb the base. The problem is that as the samples become thicker, the weight of 

the samples increase. The brick tongs were not designed to carry that kind of weight and 

eventually failed. The increased potential for injury to the people doing the lifting also limited 

the use. Using the same principles as the original brick tongs a heavy-duty version was 

designed and built that could handle the additional weight. A clevis and chain were added to 

allow it to be hooked to a skidsteer or backhoe. A picture of the devise can be seen in figure 

2.4. 
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Figure 2.4 Pavement Removal 2001 

Once the pieces of pavement were removed they were loaded onto pallets and taken to the 

storage shed as soon as possible to keep them from deforming or falling apart due to the 

summer sun and heat. 

Surveyed Cross-Sections 

Elevations of the pavement surface were established with a rod and level before excavation of 

the trenches.  Once the trench was excavated the face perpendicular to the roadway centerline 

was cleaned with soap and water and the interfaces of the individual lifts were highlighted with 

black permanent marker. With the individual lifts highlighted rod and level readings were 

made by placing the edge of a putty knife against the face of the trench along the lift interface 

and setting the rod on top of the putty knife. This can be seen in figure 2.5. This procedure was 

completed across the entire length of the trench at 2 to 12 inch intervals for each of the 

individual lifts within the pavement surface. A 3 inches interval is considered the optimum 

interval to provide enough data points without losing any details of the profile and was used in 

all of the 2001 profiles. 
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Figure 2.5 Rod and Level measurements 

SAMPLING AND TESTING 

Cell 4, 20, and 23 (1998) 

Testing on top of the granular base included Dynamic Cone Penetrometer testing (DCP), 


Loadman Portable Falling Weight Deflectometer (PFWD), sand cone density testing, and 


nuclear density testing. Rod and level elevations were taken on top of the granular base, when 


the surface of base was not disturbed too much during the pavement removal process.


. 


In cells 20 and 23 the granular base material was removed within a couple inches of the 


subgrade with the backhoe. The last two inches was removed by hand, so not to disturb the 


subgrade. Testing on the top of the subgrade included DCP testing, Loadman, sand cone 


density testing, and nuclear density testing. Rod and Level elevations were taken on top of the 


subgrade. Cell 4 is a full depth asphalt pavement so testing was completed directly under the 


pavement. 


Samples of both the base and subgrade material were recovered for testing. 


19 




Cell 16-19, and 22 (1998) 

Prior to the trenching, undisturbed samples of the clay subgrade were taken before the sawing 

operation introduced any water into the trench area. To get the samples as desired the 

foundations crew augered through the pavement surface, granular base, and into the subgrade 

with a hollow core auger. A thin wall tube was then used to collect a clay subgrade sample 

from inside the auger hole. This allowed sampling without introducing water into the subgrade. 

Initially this was started in cell 19. The clay samples were taken by this method from inside the 

trench area for both cells 18 and 19. After these two cells were sampled, it was discovered that 

the auger operation was disturbing the trench area by lifting the base and pavement, so that 

accurate cross-section could not be measured. The remaining cells were sampled outside the 

trench area. Observations of the surface surrounding the augered area indicated that the 

affected area was about 2.5' in radius. The remaining auger samples were taken about 5' from 

the edge of the trench areas to be conservative. 

Because of the problems associated with the augering in cells 18 and 19 new trenches were 

excavated in these two cells the following week and the rut data was collected at that time. 

Testing on top of the base included DCP testing, Loadman and sand cone density testing and 

nuclear density testing. Rod and level elevations were taken on top of the base, when the 

pavement removal process did not disturb the surface of base. 

Cells 1-3, 14, 15, and 21 (2001) 

DCP testing, Loadman portable falling weight deflectometer (PFWD), and Humboldt soil 

stiffness gauge (SSG) gauges were completed on the surface of the base. Rod and level 

measurements were taken on top of the base. 

The base material was removed within a couple inches of the subgrade with the backhoe. The 

last two inches was removed by hand, so not to disturb the subgrade. DCP testing, Loadman 

portable falling weight deflectometer (PFWD), and Humboldt soil stiffness gauge (SSG) gauges 

were completed on the surface the subgrade. 
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Samples of both the base and subgrade material were recovered for lab testing. 

Testing equipment 

The Dynamic Cone Penetrometer (DCP) is used to measure shear strength from which a 

modulus can be estimated. The DCP consists of two steel rods that are connected at the 

midpoint. The lower section contains an anvil and a conical point on the lower end. The point 

is driven into the ground by dropping a 17.6 lb slide hammer contained on the upper rod onto 

the anvil. The strength of the soil is determined by measuring the penetration of the lower rod 

into the soil after each drop of the hammer. 

The Loadman portable falling weight deflectometer (PFWD) is a portable device used to 

estimate the modulus of the soil. The mechanism is a hollow tube about four feet long and 5 

inches in diameter that contains a 22 lb weight that is dropped from a height of 31.5 inches onto 

a loading plate at the bottom of the tube. The modulus of the soil is estimated by measuring the 

deflection of the soil. 

The Humboldt soil stiffness gauge (SSG) is another portable devise for measuring the stiffness 

of the soil. The apparatus is about the size of a 5-gallon bucket that contains a shaker that 

vibrates to create a force and 2 geophones to measure the velocities created. The stiffness can 

then be determined from the change in force and deflections. 
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Chapter 3-Results 

ROD & LEVEL ANALYSIS 

Procedure 

Using the rod and level measurements taken in the field a profile of each layer was created in 

EXCEL to map the profile of each of the individual lifts. A virtual 6-foot straight edge was 

then placed over each wheel path and the measurements between the virtual straight edge and 

the rutted layer were recorded. Because of the variability of the data within the profile it was 

decided to follow the maximum rutting point at the surface all the way down through the lifts of 

the asphalt to determine the maximum field rutting contained in each lift. Results of the data 

can be found in appendix B and C. 
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Results 

Results of the rutting found in the individual lifts of the HMA are shown in table 3.1. 

 

Left Wheel Path Rutting (inches) Right Wheel Path Rutting (inches) 

Calculated Rutting 
Contribution per Lift 

Calculated Rutting    
Contribution per Lift 

Bottom   Surface Surface   Bottom 

5 4 3 2 1 
Forensic 
Trench 

Cell 
AVG Cell

Cell 
AVG 

Forensic 
Trench 1 2 3 4 5 

    NR 0.167 0.289 0.229 1 0.210 0.250 0.202 0.128 0.018     

    0.080 0.190 0.363 0.531 2 0.273 0.385 0.447 0.239 0.124     

    0.075 0.082 0.329 0.302 3 0.166 0.302 0.330 0.099 0.088     

  NR NR 0.015 0.123 NMT 4 0.397 NMT 0.384 0.260 NR NR   

NR 0.106 0.208 0.287 0.360 0.328 14 0.260 0.391 0.421 0.372 0.305 0.108 0.169

NR 0.219 0.120 0.066 0.244 0.250 15 0.219 0.266 0.251 0.303 0.087 0.069 NR 

  NR NR 0.104 0.160 NMT 16 0.116 NMT 0.162 0.008 NR NR   

  NR NR 0.124 0.219 NMT 17 0.122 NMT 0.132 0.108 0.104 NR   

  NR NR 0.015 0.084 NMT 18 0.197 NMT 0.220 0.102 0.083 NR   

  NR 0.092 0.259 0.257 NMT 19 0.185 NMT 0.197 0.119 0.083 NR   

  NR 0.111 0.229 0.426 NMT 20 0.394 NMT 0.305 0.171 0.132 0.061   

  0.026 0.211 0.389 0.785 0.719 21 0.270 0.391 0.352 0.114 0.022 0.156   

  NR NR 0.142 0.247 NMT 22 0.238 NMT 0.103 0.048 NR NR   

NMT NMT NMT NMT NMT NMT 0.563 23 0.588 NMT 0.395 0.244 0.163 0.147 0.026

Table 3.1 Individual Lift Rutting 

Cell average-6 foot straight edge measurement of 11 readings 

Forensic trench-6 foot straight edge measurement at the forensic trench 

NR-No Rutting  

NMT-No Measurement Taken 

 

0.232

0.321

0.248

0.228

0.266

0.247

0.153

0.197

0.207

0.235

0.531

0.467

0.263



Lab Testing 

Table 3.2 shows the in-place aging affects of the Performance Grade (PG) asphalt binders five 

years after the initial construction. The data shows that both the high and low temperature 

ranges have changed. The high temperature range has increased, allowing more resistance to 

rutting. The low temperature range has decreased, limiting the ability to resist thermal cracking 

by becoming stiffer. 

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 

Table 3.2 Binder Aging 

Results of the base and subgrade testing were not included in the report because the base 

didn’t seem to have any affect on the rutting, but can be found in the MnROAD database. 
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Chapter 4-Summary 

This paper was created to describe the rutting that has taken place on MnROAD’s original 14 

HMA mainline test sections. Rutting is one of the primary distresses to date at MnROAD and 

if allowed to develop to levels greater than predetermined thresholds they can create a safety 

concern for the traveling public. 

To identify the causes of the rutting several trenches were excavated in the summer of 1998 in 

cells 4, 16-19, 20, 22, and 23. The remaining HMA cells (1, 2, 3, 14, 15, and 21) were 

excavated in the summer of 2001. During the forensic investigations rod and level 

measurements were completed on each of the individual lifts of the pavement surface on all of 

the cells. 

In an attempt to quantify the rutting and determine in which lifts of the asphalt were affected the 

rod and level data was used to create a profile of each layer. A virtual 6-foot straightedge was 

then placed across each wheel path for each of the individual lifts. The rutting was determined 

by measuring the distance between the virtual straightedge and the layer surface. The offset of 

the maximum rutting in the surface was used to determine the location of the rutting in each of 

the subsequent lifts. 

Trying to determine in which lifts of the asphalt surface and the magnitude of this rutting create 

a challenge for the researcher. There are two potential sources of error with using this method. 

The first potential problem with this method is the error that can occur in taking the actual rod 

and level measurements. The second potential source occurs during analysis in trying to 

determine exactly were the rutting is occurring. In an ideal situation we would be able to 

compare profiles of the original construction with the profiles taken at the time of the forensic. 

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

The cells with the softer AC 120/150 (PG58-28) have rutted more then the stiffer AC 20 

(PG64-22) binder cells. 
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Rutting has formed in the upper lifts of the HMA, and not in the base or subgrade. 

50% of the rutting has incurred in the first two years after construction, indicating the rutting is 

not linear with time or traffic level. 

The driving lane has rutted 1.5 times greater than the passing lane. Although the driving lane 

has greater rutting than the passing lane the rutting is not linear with the amount of ESALs. The 

driving lane has experienced 4 times the number of ESALs as the passing lane. 

Micro-surfacing has improved rutted cells performance related to rutting. It appears that micro-

surfacing has not increased the structural capabilities of the cells, as they have continued to rut 

with time. 

Additional research is being generated to investigate how the change in airvoids and the effects 

of top down aging contribute to rutting. A separate report will be generated to expand on this 

report and incorporate the additional research. Describing how rutting is affecting the 

pavement structure will help validate models being developed to design better pavements and 

predict pavement performance. 
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Appendix A 

MnROAD Layout 
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Appendix B 


Rod and Level Data 
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Appendix C 


Individual Lift Rutting Graphs 
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