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EXECUTIVE SUMMARY 

There are a large number of full depth asphalt pavements that are in need of repair within 

Minnesota. Only two alternatives for repair are often used either overlaying these surfaces with 

limited success or high cost reconstruction. In the spring of 2000 cell 26, a 6” full depth hot mix 

asphalt (HMA) over clay loam subgrade, at the Minnesota Road Research Project (MnROAD) 

began to debond at the centerline cold joint. This report documents the deterioration, repairs, and 

the data that has been collected on cell 26 during 2000 and 2001. 

The original full depth asphalt on cell 26 had been performing well until the spring of 2000 when it 

began to develop debonding of the centerline cold joint. Dynamic Cone Penetrometer (DCP) 

testing was performed on the clay loam subgrade and was found to be generally consistent both 

transversally and longitudinally throughout the section and not any weaker then would be expected 

for that time of year. A change in the traffic pattern from the MnROAD semi tractor/trailer over 

the centerline cold joint and incomplete compaction of the asphalt surface layers contributed to the 

failure. The continued deterioration of the asphalt along with the fact that cell 27 was in need of 

reconstruction and time and money could be saved by reconstructing both cells at the same time it 

was decided to reconstruct cell 26. After consideration by the MnROAD rehabilitation committee 

it was decided to reclaim the existing 6” asphalt and compact it in place as a reclaimed asphalt base 

material. A 2” oil gravel material was placed as the surface at the end of August 2000. 

“Failure” of the rehabilitated cell 26 began to occur within hours of opening the roadway to the 

MnROAD 18-wheel, 5-axle, semi tractor/trailer. The oil gravel surface began to show signs of 

shoving immediately after 38 laps of the MnROAD truck during the first day of travel. By the 

spring thaw of 2001 the oil gravel surface and reclaimed base had deteriorated to such a degree that 

the pavement had to be regraded and compacted to provide a drivable surface. 

Two trenches were subsequently excavated in which unbound samples were collected of both the 

base and subgrade layers for laboratory testing. Along with the laboratory testing several different 

in situ strength tests were performed on both the base and subgrade layers. 
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Cross-section measurements taken during the forensic investigation revealed deformation of both 

the reclaimed base and the oil gravel pavement. The majority of rutting was in the reclaimed base 

with little or no observed deformation in the subgrade. 

Following the excavation, resilient modulus tests were performed on the reclaimed base for use in 

analytical and numerical analysis methods. Laboratory experiments illustrated that the resilient 

modulus values were not unusually low, but the results of shear tests showed that the shear strength 

of the reclaimed base material was lower then other MnROAD base materials and much too low to 

allow the use of a 2” oil gravel surface. 

The stresses induced in the reclaimed base by the MnROAD truck exceeded the shear strength of 

the material. This resulted in permanent deformation within the reclaimed base. Further, the oil 

gravel did not contribute to the strength carrying capabilities and surface-initiated cracking in the 

oil gravel allowed moisture to flow into the reclaimed base and subgrade during the spring of 2001. 

The additional moisture further weakened the reclaimed base resulting in structural failure that 

prompted the second forensic investigation. 

The purpose of this report is to document the forensic investigations and to record observations and 

conclusions as to the historical performance and subsequent deterioration of Cell 26. 
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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 51 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 4500 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 Roadways 

Located 40 miles northwest of Minneapolis/St. Paul, the 3½-mile Mainline Test Roadway 

(Mainline) is part of westbound Interstate 94. The two-lane facility contains 31 test cells and 

carries an average of 20,000 vehicles daily. 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 MnROAD operated vehicle, which is a typical 18-wheel, 5-

axle, semi 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 typically 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 delivered to both lanes. 
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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 

Objective of Forensic Investigation 

One of the primary research objectives of MnROAD 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. In the summer of 2000 debonding of 

the top lift of the original full depth asphalt, as can be seen in figure 1.2, near the centerline cold 

joint and other localized failures initiated the reconstruction. Cell 27 was also in need of 

reconstruction so both cells were reconstructed at the same time, saving both time and money. In 

the fall of 2000 both cells were reconstructed and reopened to the low volume road traffic. By the 

spring of 2001 dramatic rutting and fatigue cracking were present throughout cell 26 as can be seen 

in figure1.3. The continued deterioration of the pavement prompted another investigation. 

The purpose of this report is to document the deterioration of cell 26. This report details the 

trenching process and the data collected during the forensic investigations. This paper also records 

the observations and conclusions related to the historical performance and subsequent deterioration 

of Cell 26. The evaluation of this cell is based on data collected before and during the forensic 
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excavation. The history of Cell 26 is summarized in this report; however, detailed information can 

be found in the MnROAD database and various MnROAD publications. 

Figure 1.2 – Debonding of the full depth asphalt in the summer of 2000 


Figure 1.3 - Oil Gravel in the spring of 2001 
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CELL 26 HISTORY 

Materials 

Cell 26 extends from Station 170 + 75 to Station 174 + 65 on the LVR. The cell, one of eleven 

LVR HMA test cells, was originally designed to be a 6” full depth hot mix asphalt cell. The HMA 

has a Marshall Hammer design of 50 blows and uses an AC 120/150 penetration grade asphalt 

binder. Laboratory testing has shown that the 120/150 asphalt binder used at MnROAD has a 

Performance Grade (PG) of 58-28. 

On September 6, 2000 cell 26 was reconstructed by reclaiming the entire 6” full depth asphalt 

surface including approximately 1”-2” of the in place clay loam subgrade. The 1”-2” of 

subgrade material was used as a cooling mechanism for the teeth on the reclaimer. The 

material resulted in about a total of 8”of material that was compacted and left in place to serve 

as a base for the new asphalt surface. 

A nonwoven geotextile was used on the eastern half of cell 26 from station 172+75 to174+65. 

The geotextile was not used to provide structural strength but rather used to separate the clay 

loam subgrade from infiltrating into the reclaimed base layer. The geotextile was placed on 

only half of the cell in order to determine the benefits, if any, of using the geotextile. 

The new asphalt surface is a modified version of an emulsified oil-gravel system that was 

developed in Sweden in the early 1950’s. In 1994 the Minnesota Department of Transportation 

formed a partnership with the Finnish Road Administration (FinnRA) to build a demonstration 

project as part of the 6th Annual Low Volume Road Conference held in Minneapolis in 1995. 

The demonstration project was constructed on Jalger Avenue and 77th street. These streets 

were picked because of their rural traffic loading and their location being adjacent to the 

MnROAD facility. Finland began using oil-gravel pavements in the late 1950’s. 54 percent of 

the Finnish public roads are paved with asphalt of which 34 percent are oil-gravel. The 

FinnRA oil gravel process uses softer asphalt, with a lower viscosity and higher penetration 

than conventional hot mix asphalt (HMA). HMA paved surfaces are typically designed to 

distribute and carry much of the load of the traffic loading while oil-gravel surfaced roads are 
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dependant on the bearing capacity of the base for its strength. The benefit of using a softer 

asphalt binder is prolonging the natural aging process of the paved surface. By slowing the 

aging process the pavement keeps from becoming brittle which helps decrease the amount of 

cracking that is produced. In the warmer months, the softer asphalt is flexible and allows for 

movement of the mat and has the potential for the asphalt to repair itself through the kneading 

action of the traffic. 

Due to the potential benefits along with the success of the demonstration project and other 

similar projects throughout the state an oil gravel mix was chosen to replace the deteriorating 

full depth asphalt pavement on cell 26. Koch Materials Company produced the mix locally 

using a slightly different process then the FinnRA typically uses. In Finland the mix is blended 

at ambient air temperature while this mix used a conventional asphalt plant at temperatures 

around 150°F but lower than traditional HMA mix temperatures of about 300°F. The Finnish 

operation uses a plant that emulsifies the asphalt on the job site and has the capabilities to warm 

the aggregates and mix the material. 

Traffic Loading 

In June of 1994, the MnROAD truck began traveling on the LVR. At the time of the initial 

reconstruction in September 2000, the original full depth asphalt had received 111,068 Equivalent 

Single Axle Loads (ESALs) in the 80K lane and 107,332 ESALs in the 102K lane. This 

corresponds to approximately 47,639 passes of the MnROAD truck in the “legal” (80K) load 

configuration and 14,555 passes of the MnROAD truck in the “overload” (102K) configuration 

seen in Figure 1.1. By May 3, 2001 at the time of the oil gravel failure the 80K lane had received 

an additional 14,800 ESALs and the 102K lane had received an additional 15,682 ESALs, which 

corresponds to 6,558 and 2,039 laps respectively. Detailed traffic information can be found in the 

MnROAD database. 

In the spring of 2000 a large pothole had developed in the transition between cell 26 and 27 in the 

80K lane as a result of the failure of the double chip seal on cell 27. In order to avoid this area the 

MnROAD truck began to change its traffic pattern by crossing over the centerline into the 102K 

lane and then crossing back over into the 80K lane once it had avoided the effected area. The 
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original distress developed along the centerline of cell 26 where the MnROAD truck began to cross 

back over into the 80K lane. 

Pavement Condition 

Condition surveys have been conducted on all of the cells at MnROAD from the time of initial 

construction using the Strategic Highway Research Program (SHRP) distress identification manual 

as a guide. The MnROAD database contains additional information pertaining to performance data 

collected with the Pavetech van and the details of individual condition surveys. The database also 

contains various reports and memorandums that contain visual observations and measurements 

made by MnROAD research staff. The pavement condition information that describes the most 

important events relating to Cell 26 is summarized below. 

Full Depth Asphalt Investigation 

From the time of the initial construction in 1994 until April of 1996 no cracking was present in cell 

26. By April of 1996, 3 thermal cracks had formed for a total of 35 feet in the 102K lane. The 

cracking did not increase until April 1999 when one additional crack formed for a total of 40 feet. 

All the cracking was rated as low severity (mean crack width < 0.25 inches) using the SHRP 

definition of thermal cracking. 

A 60 square foot distressed area developed in April of 1998 around a group of sensors in the 

outside wheel path of the 102K lane around station 172+00. This area was patched on several 

occasions, but the continued loading and the inability to compact the base around the sensors lead 

to its continual deterioration. 

In April of 1999, 12 ft2 of low severity fatigue cracking was recorded in the 80K lane and 34 ft2 

was recorded in the 102K lane. In the spring of 2000 cell 26 developed dramatic debonding of the 

top lift near the centerline cold joint of the HMA after receiving approximately 109,000 ESALs 

from the MnROAD truck. The debonding occurred between stations 173+00 and 174+00. 

An evaluation of rut data beginning in 1994, reveals that rutting began almost immediately after the 

cell was opened to traffic. Cell 26 had 0.2 inches of rutting as early as May of 1995. Rut depths 
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increased gradually then experienced a sharp increase in September of 1995. By mid-August of 

1996, ruts in Cell 26 were as deep as 1/2 inch. 

Oil Gravel Investigation 

Following the reconstruction in the fall of 2000 the new oil gravel began to show signs of shoving 

in 4 areas of the 80K lane immediately after 38 laps of the MnROAD truck as can be seen in Figure 

1.4. These 4 areas of shoving developed into fatigue cracking that was cut out and replaced with 

extra oil gravel that was left over from the initial oil gravel paving operation. These repairs along 

with the colder fall temperatures seemed to stabilize the pavement until it froze that winter. During 

the spring thaw of 2001 the cell was completely destroyed and had to be graded with a motor 

grader to provide a drivable surface for the remainder of the year as can be seen in figure 1.3. 

Because of the rapid deterioration of cell 26 accurate distress surveys were not taken, but 

conservative estimates show fatigue cracking covering 80% of the pavement surface and ruts 

greater than four inches. 

Figure 1.4 - Oil Gravel after 38 Laps of the MnROAD Truck 
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CHAPTER 2 – DATA COLLECTION 

PROCEDURE 

Full Depth Asphalt Investigation 

DCP Layout 

The initial investigation of the full depth pavement consisted of Dynamic Cone Penetrometer 

testing (DCP) on the clay loam subgrade. Initial DCP testing was completed on August 9, 2000 

transversally across both the 80K and 102K lanes at stations 173+12 and 173+89. Additional 

DCP testing was completed on August 26, 2001 in the inside wheelpath of the 80K and 102K 

lanes and the outside wheelpath of the 102K lane at stations 174+15, 173+65, 173+15, and 

172+65. Additional 80k lane inside wheel path testing was completed at stations 171+15, 

170+65, 170+15, and 169+65. 

Oil Gravel Investigation 

Forensic Trenches 

In the spring of 2001, two trenches were excavated in Cell 26. The first trench was dug in the 


eastern half of the cell that contained the geotextile at Station 173 + 15. The second trench was 


excavated in the area with no geotextile at Station 171 + 15. Both trenches were 24 feet by 3 feet. 


The 24-foot dimension encompassed both twelve-foot lanes. The 3-foot dimension was chosen to 


accommodate access into the trench for in situ testing and sample collection. 


Excavation 


Sawing of the pavement commenced at 9:00AM on May 3rd 2001. A cut off saw was used to dry 


saw the pavement across both the 80K and 102K lanes as seen in Figure 2.1. A dry saw was used 


to prevent the introduction of moisture into the reclaimed base that could affect the test results. 
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Figure 2.1 - Dry Sawing of Pavement 

After removal of the oil gravel pavement, the backhoe operator removed the layer of reclaimed 

base. A distinct separation between the subgrade and reclaimed base layers was observed on the 

vertical faces of the trenches. Figure 2.2 shows the removal of the reclaimed base. 

Figure 2.2 - Removal of Reclaimed Base 
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Surveyed Cross-Sections 

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

trenches as seen in figure 2.3. As the trenching progressed, elevations were taken at the top of the 

reclaimed base and at the top of the subgrade. A putty knife was inserted into the interface between 

the HMA pavement and the reclaimed base in order to determine the thickness of the different 

layers. Figure 2.4 illustrates the layer deformation evident in both the oil gravel pavement and the 

reclaimed base at Station 171+15. A surveyed cross-section at Station 173+15 can be found in 

Appendix B. 

Figure 2.3 - Taking Rod and Level Measurements 
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Figure 2.4 - Cross section at “Failed” Trench Location 

SAMPLING 


Full Depth Asphalt Investigation 


Several cores from the original 6” full depth asphalt were the only samples recovered from the 

original construction. No samples of the original clay loam subgrade were taken because of the 

extensive testing that had previously been completed at the time of the original construction on the 

subgrade and the large amount of data that is available related to the properties of the material. 

Oil Gravel Investigation 

Due to the poor condition of the oil gravel surface entire slabs and cores could not be recovered, so 

a 10 lb bag of random pieces of oil gravel were recovered. 

530 lbs of reclaimed base and clay loam subgrade material were recovered form cell 26 in the 

spring of 2001. 50 lbs of the 530lbs was taken in all 4 wheel paths and between the wheel paths for 
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both the reclaimed base and clay loam subgrade layers. This material was used to determine the in 

situ moisture contents. The remaining 480lbs was reclaimed base that was taken from both outside 

wheel paths and along the centerline. This material was used for gradations, Proctor, asphalt 

content, and resilient modulus testing. 

FIELD TESTING 


Full Depth Asphalt Investigation 


Dynamic Cone Penetrometer (DCP) measurements were completed on the clay loam subgrade 

through the core holes in the original 6” full depth asphalt. 

Oil Gravel Investigation 

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

gauge (SSG) gauges were completed on the surface of both the base and subgrade layer. All the 

testing was completed at six locations across the lane including all 4 wheel paths and in-between 

the wheel paths. 

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

determined from the change in force and deflections. 

LABORATORY TESTING 


Full Depth Asphalt Investigation 


Laboratory testing was not completed during the original 6”full depth asphalt investigation 

because of the uniformity of the subgrade that was found during the field DCP testing. 

Oil Gravel Investigation 

During the excavation, moisture content samples were taken at the top of the reclaimed base and 

subgrade layers. The 1000-gram samples were recovered in each trench at the six offsets 

mentioned above immediately after exposing each of the individual layers. 

Bulk samples of reclaimed base were recovered from both trenches at each of the three locations 

described above for Proctor, gradation, and asphalt extraction testing. Two sets of gradations were 

performed on the material. One set was performed prior to the asphalt extraction and the other was 

performed after the extraction. 

Cross-sections were taken on top of the surface, reclaimed base and subgrade layers at 3” intervals 

across the entire width of both trenches. 

Samples of the reclaimed base were prepared at the target moisture content and density for triaxial 

testing. Mn/DOT laboratory personnel performed tests using confining pressures of 4 lb/in2 and 8 

lb/in2. Each specimen was compacted into a split mold in six lifts using a vibratory compactor. 

Moisture content samples were taken during the compaction of each lift to ensure that the target 

moisture contents were achieved. Triaxial tests were then performed on each specimen. Additional 

samples were prepared to determine the resilient modulus of the reclaimed base. 
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CHAPTER 3 – RESULTS 

Full Depth Asphalt Investigation 

DCP Penetration Index (DPI) in the subgrade ranged from 10 to 21 mm/blow in September of 2000 

at the time of the debonding. According to The Minnesota Department of Transportation’s 

MnPAVE pavement design guide dated March 19, 2002 the average reading for a clay loam would 

be 21mm/blow at optimum moisture and maximum standard Proctor density. 

Oil Gravel Investigation 

Supporting data and graphs of the following results can be found in Appendix C of this report. 

Dynamic Cone Penetrometer (DCP), Loadman portable falling weight deflectometer (PFWD), 

and Humboldt soil stiffness gauge (SSG) gauge testing on the clay subgrade again showed that 

it was relatively consistent and uniform and not weaker than expected. Results of the DCP 

testing can be seen in table 3.1 and 3.2. 

Lane 
80K 

OWP 

80K 

ML 

80K 

IWP 

102K 

IWP 

102K 

ML 

102K 

OWP 

AVG. DPI (mm/Blow) 15 17 14 13 16 18 

Depth Range (mm) 0-180 0-190 0-200 0-175 0-180 0-180 

Table 3.1 – DCP data station 173+15 clay subgrade 

Lane 
80K 

OWP 

80K 

ML 

80K 

IWP 

102K 

IWP 

102K 

ML 

102K 

OWP 

AVG. DPI (mm/Blow) 18 22 15 13 20 22 

Depth Range (mm) 0-200 0-180 0-180 0-180 0-180 0-200 

Table 3.2 – DCP data station 171+15 clay subgrade 
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Results of the Proctor testing found that the optimum moisture content and the maximum 

standard dry density for the top of the reclaimed base was 9% and 127.4 lb/ft3 respectively for 

the trench located at station 171+15 and 8.1% and 124.3 lb/ft3 for the trench located at station 

173+15. 

The in situ moisture content in the subgrade ranged from 12.7% to 14.0% for trench 1 and 11.9% to 

14.0% for trench 2. The reclaimed base ranged from 5.7% to 6.9% for trench 1 and from 5.1% to 

6.3% in trench 2. An additional sample was taken in trench 1 when it was noticed that moisture 

was being trapped on top of the geotextile and began to flow out once the trench was excavated 

into the subgrade layer. The moisture content in this area was 16.6%. 

Asphalt extractions performed on samples of the reclaimed base taken at the time of construction 

indicated that the asphalt content ranged from 2.04% to 4.36%. Tests of the samples taken at the 

time of the forensic indicate that the values had not changed much and ranged from 3.31% to 

4.28%. 

Gradations were completed on samples of the original construction material and material gathered 

during the forensic. Results of these gradations were compared to specifications for a class 6 

special material developed for the MnROAD test facility. The results of the gradations show that 

the material exceeded the maximum limits of the Class 6 special at the time of construction, but 

was only slightly greater then the maximum limits at the time of the forensic as seen in figure 3.1. 

A comparison was also completed between samples taken from trench 1 and trench 2. The results 

did not show any significant difference in the gradations between the two trenches. 
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Summary Gradations-Cell 26 
after failure 

Before Extraction After Extraction Class 6 Sp (Stockpile) Class 6 Sp (min) Class 6 Sp (max) 

120.00 

100.00 

80.00 

60.00 

40.00 

20.00 

0.00 
100 10 1 0.1 0.01 

Particle Size (mm) 

Figure 3.1 - Gradation After failure 

Cross sections taken during the forensic suggest that the majority of the rutting/deformation 

observed in Cell 26 was from the reclaimed base layer with minimal rutting in the subgrade. 

Results of DCP testing indicate that the reclaimed base is highly variable in both strength and 

stiffness. This variability can be seen in tables 3.3 and 3.4 and is consistent with the increased 

moisture content that was found near the bottom of the base layer. 
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Lane 
80K 

OWP 

80K 

ML 

80K 

IWP 

102K 

IWP 

102K 

ML 

102K 

OWP 

Depth Range (mm) 0-175 0-125 0-160 0-160 0-175 0-175 

Avg. DPI (mm/Blow) 10 12 8 9 11 10 

Soft Depth Range (mm) 175-230 125-215 160-175 160-180 175-190 175-215 

Avg. DPI (mm/Blow) 16 23 12 11 14 16 

Table 3.3 – DCP data station 173+15 reclaimed base 

Lane 
80K 

OWP 

80K 

ML 

80K 

IWP 

102K 

IWP 

102K 

ML 

102K 

OWP 

Depth Range (mm) 0-100 0-100 0-150 0-180 0-175 0-150 

Avg. DPI (mm/Blow) 15 11 8 8 13 8 

Soft Depth Range (mm) 100-215 100-200 150-185 - 175-210 150-205 

Avg. DPI (mm/Blow) 24 22 12 - 31 22 

Table 3.4 – DCP data station 171+15 reclaimed base 

Results of the resilient modulus testing performed on samples of the reclaimed base ranged from 

54,000 psi to 59,000 psi at 6.8% moisture and 124.6 lbs/ft3 density. Previous testing completing on 

the MnROAD class 6 special material was around 48,000 psi at 6.6% moisture and 130.0 lbs/ft3 

density. Therefore the reclaimed base was about 118% of the class 6 special resilient modulus. 

Shear strength testing was performed on samples of the reclaimed base at confining pressures of 

both 4 psi and 8 psi. Readings between 38,000 psi and 45,000 psi were recorded at 8 psi and a 

single reading of 33,000 psi was recorded at 4 psi. The results from tests previously completed on 

the MnROAD class 6 special material were around 118,000 psi at 8 psi and 110,000 psi at 4 psi. 

Therefore the reclaimed base was about 33% of the class 6 special shear strength. 

Results of both the resilient modulus and shear testing can be found in appendix C. 
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CHAPTER 4 – CONCLUSIONS 

CELL PERFORMANCE 


Full Depth Asphalt Investigation 


Changes in the traffic pattern from the diverting MnROAD truck and incomplete compaction of the 

asphalt resulted in the initial deterioration along the centerline cold joint. Once the deterioration 

started additional moisture was able to strip away parts of the HMA layer and infiltrate into the clay 

loam subgrade. The additional moisture along with continued traffic accelerated the deterioration. 

DCP testing throughout the cell showed that the subgrade was relatively consistent both 

longitudinally and transversally and wasn’t weaker then would be expected. 

Oil Gravel Investigation 

The Dynamic Cone Penetrometer (DCP), Loadman portable falling weight deflectometer (PFWD), 

and Humboldt soil stiffness gauge (SSG) generally show the same trends and seem to be measuring 

the same changes in the characteristics of the material. It should be noted that although they 

measure the same trends they produce different values because each is designed differently. On 

going research is being completed to test the accuracy of each device and develop correlations 

between them. 

The gradations between the trench at station 173+15 that had geotextile and the trench at station 

171+15 that did not have any geotextile did not show any significant difference in the amount of 

fine material from the clay subgrade in the reclaimed base layer. However, it should be noted that 

the geotextile has only been in place for less then one year. The only noticeable effect was the 

additional moisture that seeped out from on top of the geotextile once the trench was excavated into 

the clay subgrade. It appears that the geotextile may have been trapping water in the reclaimed 

base. Comparisons between the geotextile and non-geotextile areas showed little or no effect on 

the performance of the cell. 

Results of the reclaimed base material and the MnROAD class 6 special material show similar 

results of resilient modulus values, but very different shear strength values. Although a direct 
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comparison cannot be completed because of the difference in gradations, moisture content, and 

density it does show that there is a vast difference in the shear strength between the two materials. 

From the analyses, it was also determined that the reclaimed base in Cell 26 failed under traffic 

loading. The stress induced in the reclaimed base was greater than its shear strength, which 

resulted in a shear failure. Failure began in the fall of 2000 shortly after the roadway was re-

opened to traffic. Due to surface-initiated cracking in the pavement, moisture began flowing into 

the reclaimed base and subgrade. The additional moisture in the underlying strata weakened the 

already deformed reclaimed base resulting in the structural failure that prompted the investigation. 

In order to prevent base failures, minimum HMA pavement thicknesses are required. The 

pavement design of Cell 26 was evaluated, based on data collected on the reclaimed base and oil 

gravel pavement. The recommended traditional HMA pavement thickness was in the range of 4 

inches. The pavement surface in Cell 26 was designed to be 2 inches thick, which is less than the 

recommend thickness and a different type of material. 

In keeping with the goal of determining more cost effective ways of rehabilitating full depth 

pavements further testing is being completed to determine several possible alternatives for 

increasing the strength properties of the reclaimed material. This testing includes blending the 

original reclaimed base material with different quantities of other aggregate base materials, 

additional asphalt content, and other nontraditional waste materials such as taconite tailings or fly 

ash. 
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APPENDIX A 


MNROAD LAYOUT
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APPENDIX B 

ROD AND LEVEL DATA 




Cell 26 
Trench 1 Station 173+15 

Surface Profile Base Profile Subgrade Profile 

Pr
of

ile
 

- 108" - 96" - 84" - 72" - 60" - 48" - 36" - 24" - 12" 0 + 12" + 24" + 36" + 48" + 60" + 72" + 84" + 96" + 
108" 

Offset (inches) 

B-1




Original Rod and level readings 5/3/2001 


Sta. 173+15-Trench 1 

offset Surface Elevation Elevation Pavement Top Top Depth inches Base 

Elevation vs C.L. vs C.L. Thickness of Base of Fabric to Fabric Thickness 
(Inches) (Feet) (Inches) (Inches) (Feet) (Inches) (Inches) 
- 144" 965.547 -0.201 -2.412 2.875 965.307 
- 141" 965.548 -0.200 -2.400 
- 138" 965.550 -0.198 -2.376 
- 135" 965.554 -0.194 -2.328 
- 132" 965.557 -0.191 -2.292 2.750 965.328 
- 129" 965.565 -0.183 -2.196 
- 126" 965.574 -0.174 -2.088 
- 123" 965.583 -0.165 -1.980 
- 120" 965.578 -0.170 -2.040 2.625 965.359 964.681 10.764 8.139 
- 117" 965.563 -0.185 -2.220 
- 114" 965.560 -0.188 -2.256 964.681 10.548 
- 111" 965.565 -0.183 -2.196 
- 108" 965.550 -0.198 -2.376 3.000 965.300 964.683 10.404 7.404 
- 105" 965.579 -0.169 -2.028 
- 102" 965.570 -0.178 -2.136 964.657 10.956 
- 99" 965.538 -0.210 -2.520 
- 96" 965.512 -0.236 -2.832 2.500 965.304 964.654 10.296 7.796 
- 93" 965.510 -0.238 -2.856 
- 90" 965.540 -0.208 -2.496 964.676 10.368 
- 87" 965.537 -0.211 -2.532 
- 84" 965.539 -0.209 -2.508 2.000 965.372 964.697 10.104 8.104 
- 81" 965.534 -0.214 -2.568 
- 78" 965.552 -0.196 -2.352 964.713 10.068 
- 75" 965.590 -0.158 -1.896 
- 72" 965.620 -0.128 -1.536 2.250 965.433 964.725 10.740 8.490 
- 69" 965.645 -0.103 -1.236 
- 66" 965.672 -0.076 -0.912 964.731 11.292 
- 63" 965.685 -0.063 -0.756 
- 60" 965.695 -0.053 -0.636 2.000 965.528 964.731 11.568 9.568 
- 57" 965.684 -0.064 -0.768 
- 54" 965.688 -0.060 -0.720 964.738 11.400 
- 51" 965.695 -0.053 -0.636 
- 48" 965.697 -0.051 -0.612 2.250 965.510 964.707 11.880 9.630 
- 45" 965.697 -0.051 -0.612 
- 42" 965.676 -0.072 -0.864 964.716 11.520 
- 39" 965.668 -0.080 -0.960 
- 36" 965.669 -0.079 -0.948 2.500 965.461 964.731 11.256 8.756 
- 33" 965.684 -0.064 -0.768 
- 30" 965.682 -0.066 -0.792 964.745 11.244 
- 27" 965.667 -0.081 -0.972 

(Feet) (Feet) 
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- 24" 965.667 -0.081 -0.972 2.250 965.480 964.749 11.016 8.766 
- 21" 965.676 -0.072 -0.864 
- 18" 965.693 -0.055 -0.660 964.749 11.328 
- 15" 965.705 -0.043 -0.516 
- 12" 965.707 -0.041 -0.492 2.750 965.478 964.776 11.172 8.422 
- 9" 965.709 -0.039 -0.468 
- 6" 965.721 -0.027 -0.324 964.768 11.436 
- 3" 	 965.732 -0.016 -0.192 
0 965.748 0.000 0.000 2.875 965.508 964.781 11.604 8.729 

+ 3" 965.754 0.006 0.072 
+ 6" 965.756 0.008 0.096 964.783 11.676 
+ 9" 965.751 0.003 0.036 
+ 12" 965.750 0.002 0.024 2.750 965.521 964.785 11.580 8.830 
+ 15" 965.754 0.006 0.072 
+ 18" 965.750 0.002 0.024 964.795 11.460 
+ 21" 965.744 -0.004 -0.048 
+ 24" 965.733 -0.015 -0.180 2.750 965.504 964.786 11.364 8.614 
+ 27" 965.729 -0.019 -0.228 
+ 30" 965.719 -0.029 -0.348 964.789 11.160 
+ 33" 965.721 -0.027 -0.324 
+ 36" 965.711 -0.037 -0.444 3.000 965.461 964.842 10.428 7.428 
+ 39" 965.705 -0.043 -0.516 
+ 42" 965.698 -0.050 -0.600 964.795 10.836 
+ 45" 965.681 -0.067 -0.804 
+ 48" 965.679 -0.069 -0.828 2.750 965.450 964.793 10.632 7.882 
+ 51" 965.670 -0.078 -0.936 
+ 54" 965.660 -0.088 -1.056 964.833 9.924 
+ 57" 965.652 -0.096 -1.152 
+ 60" 965.663 -0.085 -1.020 2.125 965.486 964.825 10.056 7.931 
+ 63" 965.686 -0.062 -0.744 
+ 66" 965.703 -0.045 -0.540 964.823 10.560 
+ 69" 965.670 -0.078 -0.936 
+ 72" 965.656 -0.092 -1.104 1.500 965.531 964.816 10.080 8.580 
+ 75" 965.670 -0.078 -0.936 
+ 78" 965.665 -0.083 -0.996 964.831 10.008 
+ 81" 965.645 -0.103 -1.236 
+ 84" 965.617 -0.131 -1.572 1.500 965.492 964.819 9.576 8.076 
+ 87" 965.578 -0.170 -2.040 
+ 90" 965.579 -0.169 -2.028 964.805 9.288 
+ 93" 965.557 -0.191 -2.292 
+ 96" 965.516 -0.232 -2.784 1.500 965.391 964.793 8.676 7.176 
+ 99" 965.492 -0.256 -3.072 
+ 102" 965.515 -0.233 -2.796 964.779 8.832 
+ 105" 965.509 -0.239 -2.868 
+ 108" 965.503 -0.245 -2.940 1.500 965.378 964.769 8.808 7.308 
+ 111" 965.477 -0.271 -3.252 
+ 114" 965.532 -0.216 -2.592 964.780 9.024 
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+ 117" 965.517 -0.231 -2.772 
+ 120" 965.510 -0.238 -2.856 964.619 10.692 
+ 123" 965.504 -0.244 -2.928 
+ 126" 965.509 -0.239 -2.868 964.681 9.936 
+ 129" 965.471 -0.277 -3.324 
+ 132" 965.481 -0.267 -3.204 964.681 9.600 
+ 135" 965.478 -0.270 -3.240 
+ 138" 965.488 -0.260 -3.120 964.683 9.660 
+ 141" 965.485 -0.263 -3.156 
+ 144" 965.482 -0.266 -3.192 964.750 8.784 

Sta. 171+15-Trench 2 
offset Elevation Elevation Pavement Top Base Top 

Elevation vs C.L. vs C.L. Thickness of Base Thickness of Subgrade 
(Inches) (Feet) (Inches) (Inches) (Feet) (Inches) (Feet) 
- 144" 964.542 -0.165 -1.980 1.60 964.409 7.60 963.775 
- 141" 964.533 -0.174 -2.088 
- 138" 964.521 -0.186 -2.232 1.60 964.388 6.90 963.813 
- 135" 964.506 -0.201 -2.412 
- 132" 964.465 -0.242 -2.904 1.60 964.332 7.20 963.732 
- 129" 964.429 -0.278 -3.336 
- 126" 964.421 -0.286 -3.432 1.80 964.271 6.30 963.746 
- 123" 964.421 -0.286 -3.432 
- 120" 964.419 -0.288 -3.456 2.00 964.252 6.10 963.744 
- 117" 964.407 -0.300 -3.600 
- 114" 964.412 -0.295 -3.540 2.00 964.245 6.50 963.704 
- 111" 964.414 -0.293 -3.516 
- 108" 964.424 -0.283 -3.396 1.90 964.266 6.20 963.749 
- 105" 964.437 -0.270 -3.240 
- 102" 964.445 -0.262 -3.144 2.10 964.270 6.80 963.703 
- 99" 964.433 -0.274 -3.288 
- 96" 964.444 -0.263 -3.156 2.10 964.269 6.40 963.736 
- 93" 964.458 -0.249 -2.988 
- 90" 964.516 -0.191 -2.292 2.40 964.316 6.80 963.749 
- 87" 964.505 -0.202 -2.424 
- 84" 964.513 -0.194 -2.328 2.30 964.321 7.10 963.730 
- 81" 964.515 -0.192 -2.304 
- 78" 964.513 -0.194 -2.328 2.10 964.338 6.50 963.796 
- 75" 964.490 -0.217 -2.604 
- 72" 964.489 -0.218 -2.616 1.80 964.339 6.10 963.831 
- 69" 964.511 -0.196 -2.352 
- 66" 964.531 -0.176 -2.112 1.60 964.398 7.00 963.814 
- 63" 964.545 -0.162 -1.944 
- 60" 964.532 -0.175 -2.100 1.80 964.382 7.70 963.740 
- 57" 964.535 -0.172 -2.064 
- 54" 964.546 -0.161 -1.932 1.90 964.388 7.20 963.788 
- 51" 964.560 -0.147 -1.764 

Surface 

(Feet) 
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- 48" 964.559 -0.148 -1.776 1.90 964.401 7.50 963.776 
- 45" 964.581 -0.126 -1.512 
- 42" 964.574 -0.133 -1.596 1.90 964.416 7.30 963.807 
- 39" 964.580 -0.127 -1.524 
- 36" 964.588 -0.119 -1.428 1.90 964.430 7.10 963.838 
- 33" 964.597 -0.110 -1.320 
- 30" 964.613 -0.094 -1.128 2.10 964.438 7.50 963.813 
- 27" 964.604 -0.103 -1.236 
- 24" 964.611 -0.096 -1.152 1.90 964.453 7.30 963.844 
- 21" 964.624 -0.083 -0.996 
- 18" 964.639 -0.068 -0.816 1.90 964.481 7.50 963.856 
- 15" 964.647 -0.060 -0.720 
- 12" 964.662 -0.045 -0.540 2.10 964.487 7.90 963.829 
- 9" 964.671 -0.036 -0.432 
- 6" 964.676 -0.031 -0.372 2.00 964.509 7.90 963.851 
- 3" 	 964.694 -0.013 -0.156 
CL 964.707 0.000 0.000 2.00 964.540 8.20 963.857 
+ 3" 964.707 0.000 0.000 
+ 6" 964.696 -0.011 -0.132 2.10 964.521 7.60 963.888 
+ 9" 964.696 -0.011 -0.132 
+ 12" 964.690 -0.017 -0.204 2.10 964.515 7.20 963.915 
+ 15" 964.680 -0.027 -0.324 
+ 18" 964.664 -0.043 -0.516 2.10 964.489 7.00 963.906 
+ 21" 964.658 -0.049 -0.588 
+ 24" 964.653 -0.054 -0.648 2.10 964.478 7.20 963.878 
+ 27" 964.643 -0.064 -0.768 
+ 30" 964.636 -0.071 -0.852 2.10 964.461 7.70 963.819 
+ 33" 964.634 -0.073 -0.876 
+ 36" 964.636 -0.071 -0.852 2.20 964.453 7.60 963.819 
+ 39" 964.634 -0.073 -0.876 
+ 42" 964.624 -0.083 -0.996 2.00 964.457 7.40 963.841 
+ 45" 964.613 -0.094 -1.128 
+ 48" 964.608 -0.099 -1.188 2.00 964.441 7.90 963.783 
+ 51" 964.615 -0.092 -1.104 
+ 54" 964.607 -0.100 -1.200 2.10 964.432 7.90 963.774 
+ 57" 964.602 -0.105 -1.260 
+ 60" 964.602 -0.105 -1.260 2.10 964.427 7.90 963.769 
+ 63" 964.606 -0.101 -1.212 
+ 66" 964.614 -0.093 -1.116 2.10 964.439 7.20 963.839 
+ 69" 964.597 -0.110 -1.320 
+ 72" 964.576 -0.131 -1.572 2.00 964.409 6.90 963.834 
+ 75" 964.489 -0.218 -2.616 
+ 78" 964.445 -0.262 -3.144 rubble 6.40 
+ 81" 964.411 -0.296 -3.552 
+ 84" 964.425 -0.282 -3.384 rubble 6.00 
+ 87" 964.432 -0.275 -3.300 
+ 90" 964.394 -0.313 -3.756 2.00 964.227 5.80 963.744 
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+ 93" 964.373 -0.334 -4.008 
+ 96" 964.360 -0.347 -4.164 2.20 964.177 6.00 963.677 
+ 99" 964.390 -0.317 -3.804 
+ 102" 964.437 -0.270 -3.240 2.20 964.254 6.40 963.720 
+ 105" 964.468 -0.239 -2.868 
+ 108" 964.453 -0.254 -3.048 2.40 964.253 6.80 963.686 
+ 111" 964.501 -0.206 -2.472 
+ 114" 964.450 -0.257 -3.084 1.90 964.292 7.00 963.708 
+ 117" 964.461 -0.246 -2.952 
+ 120" 964.478 -0.229 -2.748 1.80 964.328 7.30 963.720 
+ 123" 964.509 -0.198 -2.376 
+ 126" 964.492 -0.215 -2.580 1.60 964.359 6.60 963.809 
+ 129" 964.487 -0.220 -2.640 
+ 132" 964.477 -0.230 -2.760 rubble 7.10 
+ 135" 964.500 -0.207 -2.484 
+ 138" 964.504 -0.203 -2.436 1.60 964.371 6.90 963.796 
+ 141" 964.538 -0.169 -2.028 
+ 144" 964.523 -0.184 -2.208 1.60 964.390 6.90 963.815 
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TEST RESULTS 
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Gradation-Sample 2600GR002 Original Construction Station 174+00 
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Gradation-Sample 2600GR008 Original Construction Station 173+50 
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Gradation-Sample 2601GR005 Station 173+15 
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Gradation-Sample 2601GR010 Station 171+15 
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Gradation-Sample 2600GR006 Original Construction Station 174+00 
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Gradation-Sample 2600GR004 Original Construction Station 174+00 
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MnROAD Cell 26, STA 171+15 
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C26030B8
(2601 - GR030)
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Cell 26 ( 2601 - GR031 )

y = 12893x0.3168
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C26031A8S 
 Shear test run on Resilient Modulus specimen ( C26031A )
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C26032A8 
 Shear test run on Resilient Modulus specimen ( C26032A )
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C26032A8 
 Shear test run on Resilient Modulus specimen ( C26032A )
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C26039A8
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