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EXECUTIVE SUMMARY 
 
Bituminous test cell 4, on the Mainline at MnROAD was constructed in October 2008 as a 
partnership between Mn/DOT and Road Science LLC.  Cores were taken by Road Science 
staff soon after construction and then filled the holes with an open graded Hot Mix Asphalt 
(HMA).   In the spring of 2010 significant heaving was noticed in the pavement surrounding 
the core hole areas.  It was decided that a small scale forensic be conducted to determine what 
caused the heaving in these areas in conjunction of repairing the pavements. 
 
Cell 4 consists of approximately 3” bituminous pavement, placed in 2 lifts with 8” reclaimed 
asphalt stabilized with engineered emulsion (FDR stabilized base).  Beneath that is 
approximately 9” clay stabilized with fly ash.  The subgrade is clay.  When the cores were 
taken, Road Science staff used an open graded HMA to repair the holes.   
 
The plan includes using visual investigation, manual measurements, ALPS-2 measurements, 
and Dynamic Cone Penetrometer (DCP) testing.  The information gained in this investigation 
will lead us to a better understanding of FDR stabilized base and core hole repairs. 
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CHAPTER 1 – INTRODUCTION 
 
MINNESOTA ROAD RESEARCH PROJECT 
Summary 
The Minnesota Department of Transportation (Mn/DOT) constructed the Minnesota Road Research 
Project (MnROAD) between 1990 and 1994.  MnROAD is an extensive pavement research facility 
consisting of two separate roadway segments containing 55 distinct test cells.  Each MnROAD test 
cell is approximately 500 feet long.  Subgrade, aggregate base, and surface materials as well as 
roadbed structure and drainage methods vary from cell to cell.  Daily information is gathered via a 
computerized data collection system that monitors more than 8500 mechanical and environmental 
sensors.  All data presented herein, as well as historical sampling, testing, and construction 
information, can be found in the MnROAD database and in various publications.  Appendix A 
contains a layout of MnROAD test cells and a brief description of each cell. 
 
Test Roadway 
The Mainline Test Roadway (Mainline) is located 40 miles northwest of Minneapolis/St. Paul.  It is 
a 3½-mile stretch that is part of westbound Interstate 94.  The two-lane facility contains 29 test 
cells and carries an average of 28,000 vehicles daily.   
 
Objective of Forensic Investigation 
The objective of the forensic is to determine the source and extent of the base and/or subgrade 
heaving.  The information gained from the investigation will lead to a better understanding of the 
behavior of the reclaimed asphalt stabilized with engineered emulsion (FDR) and the clay 
stabilized with fly ash. 
 
CELL 4 HISTORY 
Materials 
Cell 4 extends from Station 1120+35 to Station 1125+35 on the Mainline.  The cell is one of fifteen 
Mainline bituminous pavement test cells and consists of approximately 3” bituminous pavement, 
placed in 2 lifts with 8” reclaimed asphalt stabilized with engineered emulsion (FDR stabilized 
base).  Beneath that is approximately 9” clay stabilized with fly ash.  The subgrade is clay.  This 
test cell was constructed in October of 2008.  Cores were taken soon after construction by our 
research partner, Road Science, LLC.  The core holes were repaired using an open graded asphalt 
mixture.   Heaving at the core hole locations was first noticed in the spring of 2010. 
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CHAPTER 2 – DATA COLLECTION 
 
PROCEDURE 
Locations of Investigation 
There are two (2) areas between the wheel paths of the driving lane where core holes were taken 
and the heaving was most noticeable.  Please see Figure 2.1 for the areas to be evaluated.  There 
were two other areas in the passing lane where cores were taken by Road Science, LLC.  However, 
no heaving was observed in these areas so no patches were necessary. 
 
 

 
Figure 2.1 – Area Removed  

Plan 
The plan was to conduct a small-scale forensic investigation of cell 4 in the areas that are 
heaved around the core holes.   The plan was to remove the asphalt and the stabilized reclaimed 
layer in the areas around the core holes. The areas of removal were approximately 6’ x 7’ 
centered on each core hole locations. We examined the FDR layer, stabilized with engineered 
emulsion layer to determine if heaving is found in this layer.  Once the bituminous pavement 
and the FDR stabilized layer was removed, measurements were taken to determine if the 
stabilized clay and clay subgrade were heaved using a straight edge and a tape measure and 
using the ALPS-2 machine.  Dynamic Cone Penetrometer (DCP) tests were performed at 
various locations within each area. 
 
Excavation 
On May 19, 2010, removal of the bituminous pavement and FDR stabilized bituminous was 
performed using a wet saw and cutting the pavement into small sections for easy removal.   Please 
see Figure 2.2 for a picture of the pavement removal process. 
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Figure 2.2 - Sawing of Pavement  

 
 
Restoration 
The areas of investigation were restored using a superpave wear mix, SPWEB440F, which was 
onsite during the construction of cell 70.  The material was placed in two lifts; the first lift was 
compacted using a hand vibratory machine.  The second lift was compacted using a small steel 
drum roller.  District 3 maintenance staff arrived to the site 3 weeks after the patch was 
installed to seal the edges of the patch with hot pour crack sealant to prevent similar problems 
occurring in the future. 
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CHAPTER 3 – RESULTS 
 

Visual Inspection 
The FDR layer did not have any visual signs of heaving.  While removing the pavement, visual 
inspection noted that the FDR bituminous stabilized with engineered emulsion was bonded to 
the bituminous pavement in most areas, except those located next to the core hole heaves.  In 
this area, the FDR layer was fractured, please see Figure 3.1 below.  This may be due to the 
heaving in the subgrade causing some weakening of the FDR layer.  It is also to difficult to 
compact the 8” stabilized FDR in one lift; the bottom of this section was likely to be less dense 
than the top of this layer. 
 

 
 

Figure 3.1 FDR Bituminous Stabilized in Area by Core Hole Locations 
 
Subgrade Measurements (Manual and Using ALPS-2) 
 
Manual Measurement 
Using a 6 foot straight edge and a tape measure, measurements were made in each excavation 
to determine the heaving in the subgrade.  Please see Table 3.1 below for the results of these 
measurements. 
 
 
 
 
 
 
 
 

Excavatio Orientation D D D Average 
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n Location edge1, 
in 

center, 
in 

edge2, 
in 

Heave, 
in 

West Longitudina
l 

9.5 9 9.5 
0.5 

West Longitudina
l 

9.5 8.75 9.875 
0.9375 

West Transverse 10.125 9.375 9.75 0.5625 
      
East Longitudina

l 
9.75 9.125 9.625 

0.5625 
East Longitudina

l 
9.75 9.125 9.625 

0.5625 
East Transverse 10.25 9 9.75 1 

 
Table 3.1 Manual Measurements of Heave in Cell 4 

 
ALPS-2 (Automated Laser Profile System) 
Using the ALPS-2 machine, a profile of each excavation was taken every 6 inches in order to 
capture the heave digitally.  Figure 3.2 shows the ALPS-2 testing being conducted in the East 
Excavation. 
 

 
 

Figure 3.2 ALPS-2 Testing the West Excavation 
 

Based on the data obtained from the ALPS-2, Figures 3.3 and 3.4 have been developed.  These 
show a 3-D surface of the fly ash stabilized clay layer.  It is apparent there is a heave in each 
excavation from these Figures. 
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Figure 3.3 ALPS-2 Data for East Excavation in Cell 4  
 
 
 
 

 
 

 
 
 
 
 
 

 
 

 
 

 
 
 

 
 

Figure 3.4 ALPS-2 Data for West Excavation in Cell 4  
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Dynamic Cone Penetrometer 
 
Dynamic Cone Penetrometer Tests (DCP) was performed in 4 locations in each excavation.  In 
general the results show that the areas where the core holes were, the clay stabilized subgrade 
had higher depth per blow (DPB) numbers than the areas away from the core holes.  A higher 
DPB indicates lower shear strength of the material.  Each DCP test also showed higher DPB 
rates once the DCP passed through the stabilized clay layer at approximately 230 mm 
(approximately 9 inches).  Below are Figures 3.5 and 3.6 showing test results for each 
excavation.  Each figure shows a DCP test for both a good area and a bad area within the 
excavations. 

 

 
 

Figure 3.5 DCP Test Results – East Excavation 
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Figure 3.6 DCP Test Results – West Excavation 
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CHAPTER 4 – CONCLUSIONS 

In conclusion, it was determined that the heaving around the core holes was most likely due to 
improper repair of the core holes, which allowed water to seep into the subgrade and heave.  We 
were not able to determine if the heaving was in the clay stabilized with fly ash, the clay layer, or 
both due to difficulty in visually distinguishing the differences in these layers.  We learned from 
this forensic that proper filling of core holes is necessary to prevent this heaving in the future.  
We also learned the FDR bituminous stabilized with engineered emulsion did not heave when 
water was introduced to this layer. 
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MNROAD LAYOUT
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