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ABSTRACT  
Sustainability in the design of pavements can be accomplished in two different ways.  Either a 
pavement is designed to be more robust, so that it will have a significantly longer service life, or 
a pavement is optimized and designed to use significantly less materials, with the potential for a 
shorter service life.  This paper examines the design concepts and field performance related to 
the latter type of concrete pavement systems in a cold climate.  
 Several thin full-depth concrete and thin unbonded concrete overlay pavements have 
been recently constructed in Minnesota.  These pavements are being intensely studied to examine 
how truly optimized the design can be and still deliver safe, economical, and reliable 
performance.   This paper summarizes the early and long-term performance of several thin 
concrete pavement test sections at the MnROAD test facility, as well as early performance 
observations from a larger scale project in northern Minnesota.  Design concepts and details of 
multilayered concrete pavement test sections utilizing recycled concrete and other low cost 
materials are also discussed. 

Based on the many valuable lessons learned from test sections at the MnROAD facility 
and throughout the state, local engineers are now comfortable designing and constructing thinner 
full-depth concrete pavements, as well as thin bonded and unbonded concrete overlays. 
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INTRODUCTION 
Concrete pavements have a long history of providing long term, low life-cycle cost, 
performance.  A major part of that long term performance stems from conservative pavement 
design procedures and long lived materials.  While these concepts worked well during the 
establishment of the national interstate system, current budget, land use, and climate issues are 
challenging their continued use. 
 The new philosophy now being adopted in the field of civil engineering utilizes the 
concepts of sustainability.    Sustainability in the design of pavements can be accomplished in 
several different ways.  Pavements can be designed to be more robust, so that they will have a 
significantly longer service life, or they can be optimized and designed to use significantly less 
materials, with the expectation of a shorter service life.  Finally, alternative materials, such as 
recycled or waste products, can be incorporated into the design. 
 The choice of whether to design pavements as robust (thick) or optimized (thin) is 
controlled by several significant factors.  Of course number one is the availability of funding for 
the reconstruction or rehabilitation of pavements.  An agency must decide whether to invest in a 
shorter length long-lived project, or a longer length but shorter performance life project.  With 
the increasing urbanization of many metropolitan regions, the availability of materials for 
making durable concrete is declining.  Using higher quality materials may significantly increase 
project costs, due to the increased hauling distances required. 
 Perhaps the largest issue facing pavement designers today is the environmental impact of 
the construction materials and process.  Although controversial as to the origin and presence of 
climate change, often referred to as “global warming”, there is evidence that suggests the global 
increase in greenhouse gases in the earth’s atmosphere can have at least short term effects. 
A large component of concrete is cement, which during the manufacturing process produces a 
considerable amount of carbon dioxide gases.  It is in the best interest of everyone that cement is 
used in the most efficient manner possible.  The partial substitution of the cement in concrete, 
with materials like flyash or ground granulated blast furnace slag, or the use of recycled concrete 
aggregate, can go a long way in reusing byproducts in highways.  Fortunately, the use of these 
materials often adds to the performance of concrete pavements. 
 This paper focuses on how thinner concrete pavements and alternative concrete materials 
might be used to meet sustainability goals in cold climates.  First, the various categories and 
design concepts of thin concrete pavements are discussed.  This is followed by a description of 
thin concrete pavement test sections currently or recently under study in Minnesota.  Finally, the 
performance of several thin concrete pavement test sections in Minnesota will be summarized 
and discussed. 
 
THIN CONCRETE PAVEMENT DESIGN CONCEPTS 
Thin full-depth sections 
Certainly one of the major parameters in concrete pavement design is slab thickness.  Typically, 
concrete pavements are designed for a long performance life (20-60 years), with strong 
expectation that the performance will be reached with minimal rehabilitation.  It is due to this 
philosophy that many concrete pavements have performed far longer than their design traffic 
levels.  While this served the nation well during the initial investment in the interstate system, the 
reconstruction of the system has now reached critical mass.  Agencies must choose how best to 
rebuild their pavement network, with far less funding. 
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 One way to trim costs in a concrete pavement is with thinner slabs.  Empirical 
observation of the performance of concrete pavement has shown that a minimum slab thickness 
of 6 inches performs very well under low volumes of traffic.  But what if the designer accepts the 
possibility of some decrease in the life span of a concrete pavement?  How thin can the slab go, 
and still provide consistent and predictable performance?  Of course a designer must be cautious 
when considering thinner pavements, as they are more susceptible to cracking caused by 
relatively few applications of overloaded vehicles.  
 One of the first well documented cases in which thin full-depth concrete pavements were 
studied was the AASHO road test in the 1960’s.  Sections with a concrete surface layer 3.5 or 5 
inches thick were tested until failure.  Total approximate ESALs (18,000 lb Equivalent Single 
Axle Loads) carried until a ride-based terminal serviceability of 2.5 was reached were on the 
order of 300,000 and 700,000, respectively(1).  The Iowa Department of Transportation reported 
on a 4.5 inch thick concrete pavement that performed well after over 28 years of low volume 
traffic and weather(2).  More recently, several thin fiber and continuously reinforced concrete 
pavement sections (3 to 4 inch thick slabs) were studied in South Africa, with acceptable 
performance for at least 400,000 ESALs(3).  In 2007, it was reported that thin slabs (3.25 inches) 
with small panel sizes have exhibited good performance in Chile after more than 50,000 
ESALs(4).   
 In 2000, the Minnesota Department of Transportation (Mn/DOT) constructed a thin full-
depth concrete test section at the Minnesota Road Research (MnROAD) facility.  Designed to be 
a “low initial cost” concrete pavement for lower volume applications, MnROAD Cell 32 was 
constructed with a slab thickness of 5 inches(5).  See Table 1 for additional design details for 
Cell 32. 
 
TABLE 1.  MnROAD Cells 32 Design Parameters 

Design Parameter Design Specification 
Slab Thickness 

(inches) 5  

Panel Size (feet) 10 long x 12 wide 
Base Type MnDOT Class 1C Special (gravel) 
Joint type 1/8 inch wide single saw cut, hot-pour asphalt sealant 
Dowels None 

Concrete Mix 
Modification 35% ground granulated blast furnace slag cement substitution  

Reinforcement Tie bars across centerline 
 

More recently (2008) a series of thin full-depth sections were also constructed at the 
MnROAD facility.  The concept for these sections was to answer the question: “How Thin Can 
We Go?”   See Table 2 for design details.   These sections were placed on the interstate traffic 
portion of the MnROAD facility to encourage accelerated wear. 
 It is well known that as a concrete slab becomes thinner, it has greater tendencies toward 
warping and curling.  To reduce these tendencies, thinner slabs are often designed with smaller 
panel sizes.  While the common concrete pavement contraction joint spacing is 15 feet in 
Minnesota, an accepted engineering rule of thumb suggests that the slab length in feet should be 
no more than twice the slab thickness in inches(6).  While MnROAD Cell 32 (5” thick slab) was 
designed according to the accepted rules (10 foot long panels), the thin concrete pavement test 
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sections constructed in 2008 have a transverse joint spacing of 15 feet (except a few panels with 
12 feet spacing).  The objective of keeping the joint spacing at 15 feet for the various thicknesses 
was to test the “rule of thumb” when applied to the traffic and environment at MnROAD.  
Longer panels result in fewer joints that have to be sawed, thereby lowering costs and reducing 
environmental impacts (dust and debris).  
 
TABLE 2.  MnROAD Cells 113-513 Design Parameters 

Design Parameter Design Specification 
Slab Thickness 

(inches) Cells 113 & 513 = 5 , Cell 213 = 5.5, Cell 313 = 6, Cell 413 = 6.5   

Panel Size (feet) Cells 113 & 513 = 12x12 or 15Lx12W, Cells 213-413 = 15Lx12W 
Base Type MnDOT Class 5 (gravel) 
Joint type 1/8 inch wide single saw cut, no sealant 
Dowels Cell 513 = Flat plate dowels, Cells 113-413 = 1 inch dia. steel 

Concrete Mix 
Modification Mn/DOT high performance concrete 

Reinforcement Tie bars across centerline 
 
Thin concrete overlays 
Bonded overlays 
Depending on the condition of an existing pavement, one opportunity for optimization concrete 
pavement thickness lies with its application in bonded concrete overlays.  Thin bonded concrete 
overlays have been applied to the full range of distressed pavements including asphalt (also 
known as whitetopping), concrete, and composite pavements (example: overlay of a distressed 
asphalt overlay placed over an older distressed concrete pavement).  Due to their popularity, this 
paper focuses only on whitetopping applications. 
 Thin bonded concrete overlays of asphalt, herein referred to as whitetoppings, are 
typically split into two categories: ultra-thin and thin(7).  Ultra-thin whitetoppings, typically less 
than 4 inches thick, require integral bonding of the thin concrete overlay and the remaining 
(typically milled) asphalt for structural stability.  The system is designed such that the bond 
transfers the flexural strains into the asphalt layer.  Once bond is compromised, the ultra-thin 
concrete panels will quickly crack and fail.  Panel sizes for ultra-thin whitetoppings are smaller, 
to transfer loads vertically down to the asphalt layer, as opposed to the panel taking the load in 
bending.  The effects of panel size on the performance of ultra-thin whitetoppings will be 
discussed later.   
 Thin whitetoppings are generally 4 to 6 inches thick.  It is generally accepted that, 
although the concrete overlay is bonded to the asphalt below, the design of thin whitetoppings 
consider the bond to be temporary. Thus, thin whitetoppings may be better thought of as a thin 
unbonded concrete overlay of an asphalt pavement.  Studies are currently underway to better 
understand the contribution of bond to the design of thin and ultra-thin whitetoppings. 
 Both thin and ultra-thin whitetoppings sections have been (and continue to be) 
extensively studied at the MnROAD facility.  Test sections were installed in 1997, 2004, and 
2008.  Table 3 shows design details for those sections.  Many lessons have been learned from the 
performance of these test sections, which will be discussed in more detail later. 
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TABLE 3.  MnROAD thin and ultra-thin whitetopping section design parameters 
 

Cell 
# 

 
Type 

PCC  
thickness 

(in) 

HMA  
thickness 

(in) 
Panel size 

(ft) 
Sealed 
joints 

Fiber  
reinforcement 

type 
Year  

(Start-End) 
92 TWT 6 7 10L x 12W* Y Polypropylene 1997-2010 
93 UTW 4 9 4 x 4 Y Polypropylene 1997-2004 
94 UTW 3 10 4 x 4 Y Polypropylene 1997-2004 
95 UTW 3 10 5L x 6W Y Polyolefin 1997-2004 
96 TWT 6 7 5L x 6W Y Polypropylene 1997-2010 
97 TWT 6 7 10L x 12W Y Polypropylene 1997-2010 
60 TWT 5 7 5L x 6W Y None 2004-present 
61 TWT 5 7 5L x 6W N None 2004-present 
62 TWT 4 8 5L x 6W Y None 2004-present 
63 TWT 4 8 5L x 6W N None 2004-present 
14 TWT 6 Var. (5-8) 6 x 6** N None 2008-present 

* Transverse joints in Cell 92 contain 1” diameter dowel bars. 
**36 slabs have panel size of 6’x12’ and flat plate dowels across transverse joints.  Other joints also doweled. 
 
Unbonded Overlays  
Typically in Minnesota, unbonded concrete overlays have been thicker (greater than 7 inches) to 
ensure good long term performance.  In some recent cases however, shorter design periods are 
becoming acceptable, which allows for a reduction in thickness of the overlay. 
 Unbonded concrete overlays are designed to bridge over distresses in the concrete layer 
below.  To reduce the tendency toward reflection of the underlying cracks, and to provide some 
cushioning between the stiff panels, an interlayer is placed on the concrete surface before the 
concrete overlay is applied(8).  The interlayer has traditionally been a thin (typically 1 inch 
minimum) asphaltic layer, either dense graded or permeable.  Mn/DOT most often uses a 
permeable interlayer deemed “PASSRC” or Permeable Asphalt Stabilized Stress Relief Course. 
Some agencies are now experimenting with special separation fabrics, to reduce costs and 
achieve the same unbonding and cushioning action between the rigid layers.  
 Minnesota is currently studying several thin unbonded concrete overlay sections.  
Constructed in 2008, four different designs are being studied on the interstate portion of the 
MnROAD facility.  Another design, also constructed in 2008, is being studied on a highway (TH 
53) in northern Minnesota.  Details for each of these sections are shown in Tables 4 and 5.   In a 
similar fashion to the new thin full-depth concrete test sections described previously, the joint 
spacing of the MnROAD thin unbonded concrete test cells exceed the recommendations of 
conventional design.  Defining the acceptable limits of design parameters will go a long way in 
understanding the optimization of these thin unbonded concrete overlays. 
 
Multi-layered concrete pavement systems 
The concept of using different materials in various layers is common in pavement design.  
Asphalt roads are often constructed with a more durable layer on the surface than the lifts below.  
Similar concepts have been applied to concrete pavements.  European countries have a long 
history of using mixes containing recycled concrete in the lower lift of two-lift concrete 
pavement systems(9).  Using recycled or lower quality materials in the lower layer not only 
optimizes the use of valuable materials, but reduces the adverse environmental effects of disposal 
of the materials.   
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TABLE 4.  Design parameters for thin unbonded concrete overlay test sections being 
monitored at MnROAD and on TH53 

 
Cell # 

PCC  
overlay  

thickness 
(in) 

Stress 
relief 
layer 
type 

PCC overlay 
panel size (ft) 

Original 
PCC  

thickness(in)
/ layer type 

Original panel 
size (ft) 

Sealed 
joints 

in 
overlay 

Original PCC 
transverse joint 

condition 
105 4 PASSRC 15(L) x 14(W)* 7.5/JPCP 20(L) x 14(W) N Good** 
205 4 PASSRC 15(L) x 14(W)* 7.5/JPCP 20(L) x 14(W) N Good 
305 5 PASSRC 15(L) x 14(W)* 7.5/JPCP 20(L) x 14(W) N Good 
405 5 PASSRC 15(L) x 14(W)* 7.5/JPCP 20(L) x 14(W) N Good** 

TH53 5 HMA 12(L) x 12(W), 
6 x 6 8.0/JRCP 27(L) x 12(W) N Poor 

* Passing Lane has 13 ft panel width. 
**A pavement breaker was used to further deteriorate the original transverse joints in these sections. 
 
TABLE 5.  Differences in design parameters between the MnROAD and TH53 thin 
unbonded concrete overlay test sections 

 
Design Parameter MnROAD Test Sections TH53 test section 

Overlaid transverse joint 
condition 

2 sections = 14 years traffic and climate 
2 sections = 14 years + artificially distressed 

36 years natural traffic and 
climate 

Panel length(ft) to thickness (in) 
ratio 3.75, 3.0 2.4 

Stress Relief Layer Type PASSRC Dense graded HMA 
Edge drains Transverse wick drains  None 

 
The two lift concrete pavement system is now being studied in earnest in the U.S., via a 

SHRP-2 (Strategic Highway Research Project) study titled:  “Composite Pavement Systems”.  A 
portion of the study involved the construction (in May 2010) of three two lift test sections on the 
interstate portion of the MnROAD facility.  One test section was constructed with a “lower cost” 
concrete in the lower lift of the pavement.  The lower lift in the other two sections included 
concrete aggregate recycled directly from the older MnROAD cells that were being replaced.  
Additional design details of the test sections will be discussed later in this paper. 
 
THIN CONCRETE PAVEMENT TEST SECTION PERFORMANCE IN MINNESOTA 
Thin full-depth sections 
As described previously, a thin full-depth concrete pavement test section was constructed in 
2000 on the low volume portion of the MnROAD facility.  Designated as Cell 32, this test 
section consists of 5 inch thick slabs, placed over 7 inches of lower quality gravel base material 
(Mn/DOT Class 1).  Panel size was 10 feet long by 12 feet wide.  The transverse joints were 
undoweled, but tie bars were installed across the centerline joint.  Multiple environmental 
benefits were realized with a 35% ground granulated blast furnace slag cement substitution. 
 As of fall 2009, Cell 32 has performed very well, given the daily (Monday-Friday) 
average loading of 80 passes of a fully and/or overloaded 5-axle semi-tractor trailer truck.  
Loading on the inside lane (4 days per week) has been the Minnesota legal load limit of 80,000 
pounds.  Loading on the outside lane (1 day per week) has been 102,000 pounds.  Accepted 
theories, at the time of the design of the test section, predicted that four passes of the 80,000lb 
load would cause equivalent (fatigue) damage as one pass of the 102,000lb load.  Observation of 
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the performance of Cell 32 shows different results.  After nine years of truck loading 
(approximately 200,000 CESALs) and the harsh climate of Minnesota, the inside (80k loaded) 
lane has only one panel with a corner crack (the entire test section is 470 feet long).  The outside 
(102K) loaded lane has one panel with a longitudinal crack.  The cracks in both lanes do not 
seem to be deteriorating rapidly.  The 80k loaded lane does have noticeable faulting of the 
transverse joints (average of 0.12 inches), compared to the 102k loaded lane (average of 0.02 
inches).  This is to be expected, since the base material has been observed (for many years) to be 
pumping out along the slab/shoulder edge (gravel shoulders), and the repetitions of the 80k load 
were four times more than in the 102k loaded lane.  Even with the faulting, cores samples taken 
in fall 2009 revealed the joints to be in good overall condition.  See Figure 1. A history of the 
ride quality of cell 32, in terms of the International Roughness Index (IRI), is shown in Figure 2.  
Certainly the amount of increasing joint faulting is contributing to the increasing IRI values. 
 

 
FIGURE 1  Photo of condition of joint in 5 inch thick MnROAD Cell 32 after 9 years of 
traffic and climate. 
 
In 2008, five thin full-depth concrete test sections were constructed on the interstate portion of 
the MnROAD facility.  Designated as test cells 113-513, these test sections were designed to 
examine the performance of thin concrete pavements subject to heavy traffic loading, with the 
only design variable being slab thickness.  As previously described in Table 2, the slab design 
thicknesses were 5, 5.5, 6 and 6.5 inches.   After 1.5 years and approximately 1 million 
CESALS, there have not been any cracks observed in these test cells. 
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FIGURE 2  Ride quality history of MnROAD Cell 32 (80k lane). 
 
 Another parameter tested in Cells 113-513 is joint performance with a fixed dowel size.  
Mn/DOT has guidelines for dowel bar sizes versus slab thickness. See Table 6.  These guidelines 
aim to reduce or prevent excessive bearing stresses between stiff dowel bars and thinner concrete 
slabs.  By keeping the dowel bar size at 1 inch diameter for all the slab thicknesses in MnROAD 
cells 113-413, the guidelines are being exceeded for the thinner slabs.  Long term evaluation 
should show whether dowel bar diameter guidelines need to be adjusted for thinner concrete 
pavements. 
 
TABLE 6.  Mn/DOT recommendations for dowel size 

 
Design Slab Thickness (inches) Recommended Dowel Bar Diameter 

6-6.5 1” 
7-10 1.25 

10.5-14 1.5 
 
Should the 1 inch diameter dowels in the Cells 113 and 213 overstress the concrete and 

cause joint distress, it can be compared to the performance of joints with flat plate dowels.  
Seven transverse joints in the 5 inch thick design section (Cell 513) had flat plate dowels 
installed.   This was the first interstate application of this load transfer technology that is widely 
used in industrial floors.  Should these plate dowels perform well, they might also be used in 
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other thin concrete pavement applications, such as thin concrete overlays.  An added benefit in 
the use of these dowels is the reduced amount of steel needed, which of course results in lower 
costs and a reduced impact on the environment. 
 
Thin concrete overlays 
Bonded overlays 
Very few thin bonded concrete overlays over distressed concrete pavements have been 
constructed in Minnesota.  On the other hand, Minnesota has done extensive studies on thin 
bonded concrete overlays of distressed asphalt pavements (ultra-thin and thin whitetopping).  
Results of these experiments have been widely published (11-16).  This section will summarize 
many of the valuable lessons learned in studying several test sections at the MnROAD facility.   
 As described previously, MnROAD ultra-thin whitetopping test cells 93-95 were 
constructed in 1997 on the interstate trafficked portion of the MnROAD facility.  Although such 
thin (3 and 4 inch thick) slabs are not typically placed under such a high volume and heavy 
traffic stream, the interstate traffic allowed for accelerated loading, thus allowing researchers to 
more quickly discover the upper limits of performance.  Those limits were achieved in 
approximately six years and 6 million CESALs, with some unique distress types being observed. 
 MnROAD Cell 94, a 3 inch thick slab bonded to a 10 inch thick (good condition in 1997) 
asphalt, failed by exhibiting corner cracking of the 4 foot by 4 foot panels.  See Figure 3.  Cause 
of this cracking can be directly attributed to the proximity of the heavily loaded and channelized 
wheelpaths to the corners and edges of the very thin panels.  Cell 93, which had a 4 inch slab 
thickness (9 inches of asphalt), performed slightly better, reaching terminal serviceability after 
approximately 1 million more CESALs than Cell 94.  While the crack type in Cell 93 was similar 
to Cell 94, the amount of cracked panels was significantly less.  Cell 95 had similar slab 
thickness to Cell 94 (3 inches), however the 5 foot long by 6 foot wide panels exhibited a 
different cracking pattern.  See Figure 4. 

 It is necessary to mention that while the MnROAD test sections performed remarkably 
well under channelized interstate traffic, the more typical applications of ultra-thin whitetopping 
often included roadway intersections, with much more turning type traffic.  Not as much formal 
study has been done examining the much more variable loading positions experienced in 
intersections.  Therefore, the panel size chosen for each project must be individually based on the 
traffic volume and travel paths. 
 While not commonly discussed in the design of whitetoppings, the frequent transverse 
thermal cracks in Minnesota’s older asphalt pavements present a unique challenge.  During 
periods of very cold temperature, the underlying asphalt becomes stiffer, and the thermal cracks 
open wider.  If the thin concrete overlay bonded to this layer does not have sufficient flexural 
strength, reflective cracking upwards through the concrete overlay occurs.  See Figure 5. This 
has been commonly observed in whitetoppings in Minnesota with surface layers less than, but 
not exclusive to, 6 inches thick. 
 In 1997, MnROAD thin whitetopping test cells 92, 96, and 97 were constructed adjacent 
to the ultra-thin whitetopping cells described previously.  With a slab thickness of 6 inches (over 
7 inches of asphalt), Cells 92 and 97 were designed to explore the performance of thin concrete 
overlays with a large panel size of 10 feet long by 12 feet wide (see Table 3).  Shortly after 
traffic was applied, a high percentage of the large panels in both cells developed a tight 
longitudinal crack down the middle of the panel.    
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FIGURE 3  Photo of corner distress in MnROAD ultra-thin whitetopping Cell 94(11).  
Slab thickness= 3 inches, panel size= 4 feet by 4 feet. 
 

 
FIGURE 4  Photo of corner distress in MnROAD ultra-thin whitetopping Cell 95(11). 
Slab thickness=3 inches, panel size= 5 feet long by 6 feet wide. 
 
This occurrence seems to support the current use, by a number of agencies [Colorado(17)], of a 
design panel width of 6 feet for thin (6 inch thick slab) whitetoppings.  And while it is 
uncommon to install dowel bars in the transverse joints of thin whitetoppings (typically with 
shorter panel lengths), a comparison of the performance of their application in the longer joint 
spacing in Cell 92 and 97 was of interest.   
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FIGURE 5  Photo of reflective cracking in MnROAD ultra-thin whitetopping Cell 63. 
Slab thickness=4 inches, panel size= 5 feet long by 6 feet wide. 
 
Surprisingly, the undoweled Cell 97 developed significant transverse joint faulting within a short 
period of time.  This is shown in Figure 6.  No such faulting has occurred in the doweled joints 
of Cell 92. Some cores were taken recently to determine whether the faulting was occurring in 
the underlying asphalt layer.  The samples showed that it was not.  Therefore, the large panels 
must be rocking on top of the asphalt layer.  For this to occur, the layers had to debond, which 
was confirmed with several core samples taken earlier.  Equally surprising was that similar joint 
faulting occurred in another undoweled thin whitetopping project (constructed in southern 
Minnesota) with a similar large panel size.  
 The performance of MnROAD thin (6 inch) whitetopping cell 96 continues to be very 
good after 12 years.  Constructed with 5 foot long by 6 foot wide panels, Cell 96 was designed 
very similar to the common design being use by many agencies today (6 inch thick, 6 x 6 foot 
panels).  Cell 96 has no cracked panels, and only has minor joint faulting of the transverse 
undoweled joints after approximately 12 million CESALs.   
 When the MnROAD ultra-thin whitetopping cells failed in 2004, their concrete surface 
and 2 inches of underlying asphalt were milled off and replaced with four additional thin 
whitetopping test cells (Cells 60-63). See Table 3 again for design details. With a common panel  
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FIGURE 6  History of joint faulting in driving lane of MnROAD thin whitetopping Cell 97. 
Slab thickness=6 inches, panel size= 10 feet long by 12 feet wide. 
 
size of 5 feet long by 6 feet wide, these cells were constructed to examine several additional 
design parameters.  The first parameter was performance versus slab thickness (4 or 5 inches) for 
a fixed panel size.  The second parameter was whether joint sealing had an effect on 
performance.  Unlike the previous MnROAD whitetopping test cells, cells 60-63 did not utilize 
synthetic shrinkage fibers in their concrete mix. 
 After approximately two years and 2 million CESALS, longitudinal cracks began to 
appear near the wheelpath of the outer panel in the driving lane of cells 60 and 61.  After 5 years 
and approximately 4 Million CESALs, all four cells have several panels with the similar 
longitudinal cracking in the outer panels.  Cell 63 currently exhibits the most cracked panels. See 
Figure 7.  Cell 62, identical in design to cell 63 except for sealed joints, has virtually none of the 
same type of longitudinal panel cracking.  All cells, except 60, have experienced reflective 
cracking through a concrete overlay panel.  Several partial-panel full-depth concrete repairs were  
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FIGURE 7  Photo of longitudinal cracking in MnROAD thin whitetopping Cell 63. 
Slab thickness=4 inches, panel size= 5 feet long by 6 feet wide. 
 
made in cell 63 during the fall of 2009.  These were the result of concrete deterioration at the 
intersection of longitudinal (fatigue) and transverse (reflective) cracks. 
 With the growing demand in Minnesota for the application of thin whitetoppings over 
old, highly distressed full-depth asphalt pavements, there was interest to construct representative 
test sections at MnROAD in 2008.  Prior to this, all of the whitetopping test sections at 
MnROAD had been constructed on asphalt in good condition (thermal cracks were tight).  
Original full-depth asphalt MnROAD test cell 14, with over 14 years of traffic loading and cold 
climate distress, was chosen to be overlaid with several thin whitetopping test sections.   
The design parameters examined are listed in Table 7.   One main objective of the nine test cells, 
designated 114-914, was to evaluate the effect on performance of various thicknesses of 
remaining asphalt after milling.  Another objective was to study the effect of doweling the joints 
of smaller panels.  In the cells with doweled joints, a reduced number of dowels (6 bars spaced 2 
feet apart) were used to keep costs down.  Test cell 614 is quite different from the other 8 cells, 
in that it has 6 foot wide by 12 foot long panels, with flat plate dowels across the transverse 
joints.  With only one year of traffic and weather exposure, it is too early to determine any 
differences in performance between the cells. 
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TABLE 7.  2008 MnROAD thin whitetopping section design parameters 
 

Cell 
# 

PCC  
thickness 

(in) 

HMA  
thickness 

(in) 
Panel size 

(ft) 
Sealed 
joints Dowel Type (driving lane only) 

 114 6 5 6 x 6 N 1” dia. epoxy coated steel 
214 6 5 6 x 6 N None 
314 6 6 6 x 6 N 1” dia. epoxy coated steel 
414 6 6 6 x 6 N None 
514 6 7 6 x 6 N 1” dia. epoxy coated steel 
614 6 7 6L x 12W N Flat plate dowels  
714 6 7.5 6 x 6 N 1” dia. epoxy coated steel 
814 6 8 6 x 6 N None 
914 6 8 6 x 6 N 1” dia. epoxy coated steel 

 
Unbonded overlays 
Minnesota has a long history of good performance with thicker unbonded concrete overlays (>7 
inches).  With reduced rehabilitation budgets and rising costs for asphalt materials, agencies are 
beginning to explore the use of thinner concrete overlays, which are now competitive in terms of 
initial cost.  In fact by the end of 2010, Minnesota will have constructed more than six thin 
unbonded concrete overlay projects. 
 Two recently constructed thin unbonded concrete overlay projects (MnROAD and TH 
53), are being heavily monitored for performance.  At the MnROAD facility, test cells 105-405 
were constructed in 2008 to study the performance of thin unbonded concrete overlays under 
interstate traffic, with several design parameters exceeding recommended limits. See Table 4 for 
design details.  These thin (4 and 5 inch) concrete overlays were placed over the original 
MnROAD concrete test cell 5.  The surface and ride quality of cell 5 was still good after 14 years 
of interstate traffic and Minnesota’s harsh climate.  Load transfer efficiency across the old 
skewed transverse joints was about 70% (fair condition), but the joints had little faulting or 
deterioration on the surface.  There were a number of longitudinal cracks emanating from the 
driving lane shoulder, however these were cross-stitched to slow deterioration of the cracks.  
Since the joints were in such good condition at the surface, it was decided to attempt to mimic 
the conditions typically encountered in much more distressed joints.  Therefore, prior to 
application of the overlay, the transverse joints in cells 105 and 405 were artificially distressed 
with a pavement breaker.  Figure 8 shows the results of the joint breaking.  The cracks in the 
pavement were highlighted with white paint for clarity. For comparison, Figure 9 shows the joint 
condition in the TH53 project (36 years old), to be discussed shortly, which more typifies older 
concrete pavements receiving unbonded concrete overlays these days. 
 By exceeding recommended values for the ratio of slab thickness to panel size, it was not 
surprising to see early distress in cells 105 and 205.  Figure 10 shows the typical cracking pattern 
observed in several panels of cell 205.  Early analysis shows no correlation between the location 
of the cracks in the overlay and the underlying joints.  Only two short transverse cracks have 
been observed in the 5 inch thick overlay in cells 305 and 405, after approximately one year of 
weather and 800,000 CESALs. 
 The TH53 project was constructed at nearly the same time as MnROAD cells 105-405.  
This project was constructed with a 5 inch thick slab and 12 foot by 12 foot panels.  As shown in 
Figure 9, the transverse joints were in very poor condition.  Traffic volumes on TH 53 are less  
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FIGURE 8  Photo of cracking induced by pavement breaker prior to application of thin 
unbonded concrete overlay MnROAD Cell 105. 
 

 
FIGURE 9  Photo of joint typical joint condition prior to TH 53 thin unbonded concrete 
overlay. 
 
than at MnROAD, but the route still carries appreciable truck loads.  Despite some early random 
transverse cracking, thought to be caused by late joint sawing, this project is performing well 
after 1.5 years of service. 
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FIGURE 10 Early panel cracking in MnROAD cell 205. 
 
Multi-layered Concrete Pavement Systems 
While not yet common in the U.S., multi-layered concrete pavement systems can play an 
important role in implementing sustainable practices.  Through the use of “wet-on-wet” two 
layer paving processes, concrete pavements can be constructed using thinner layers containing a 
variety of materials.  The examples discussed in this paper are the two-lift construction test 
sections constructed at the MnROAD facility in May 2010. 
 As part of the SHRP2 project titled “Composite Pavement Systems”, three two-lift 
construction pavement test sections were constructed at the MnROAD facility.  Two of the 
sections were constructed of “wet on wet” concrete layers, and one consists of a lower concrete 
layer and a bonded asphalt surface layer.  Details of the sections are listed in Table 8.  Of interest 
is the use of concrete recycled from original MnROAD concrete pavement test cells.  The 
recycled concrete material was specified to make up 50% of the coarse aggregate in the new mix. 
One cell was constructed with a “low cost” concrete material in the lower layer.  Both the mix 
containing recycled concrete aggregate and the low cost mix were specified such that up to 60% 
of the cementitious material could be supplementary materials, such as flyash or ground 
granulated blast furnace slag.  The increased use of these materials certainly follows sustainable 
concepts.  As these test sections were just recently constructed, performance data is not yet 
available. 
 
SUMMARY AND CONCLUSIONS 
The design concepts and performance of a variety of thin concrete pavement test sections in 
Minnesota have been presented.  While the long term goal of these sections is to evaluate the 
serviceability of thin concrete pavements in the harsh climate of Minnesota, their role as it relates 
to engineering sustainability was the focus of this paper. 
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TABLE 8.  2010 MnROAD two lift construction test section design parameters. 
 

Cell # Lower layer Upper Layer 
70 6 inch Recycled PCC 3 inch hot mix asphalt 
71 6 inch Recycled PCC 3 inch Exposed Aggregate Surface 
72 6 inch Low Cost 3 inch Exposed Aggregate Surface 

 
Consuming less virgin aggregates and cement (slag substitution), 5 inch thick MnROAD 

cell 32 has demonstrated that full-depth thin concrete pavements can perform successfully in 
cold climates, even with numerous traffic overloads.  And while still fairly new, MnROAD test 
sections 113-513 have also shown good performance with very thin slabs under heavy interstate 
traffic.  Again using much less concrete material, thin bonded concrete overlays of older asphalt 
pavements (whitetoppings) at MnROAD have also performed well.  These sections have also 
revealed their susceptibility to the reflective thermal cracking commonly found in Minnesota.  
The 5 inch thick unbonded concrete overlays of concrete pavement at MnROAD and TH53 have 
both shown good early performance under heavy traffic loads and extreme cold temperatures.   
Finally, multilayered concrete pavements utilizing recycled materials and waste products have 
been successfully constructed recently at MnROAD, and will continue to be evaluated intensely.     

So while sustainability in the design of pavements is often linked to significantly longer 
service life, thinner or multilayered pavements utilizing lower quantities of scarce materials or 
recycled materials can also play a beneficial role.  In fact, based on the many valuable lessons 
learned from test sections at the MnROAD facility and throughout the state, local engineers are 
now comfortable designing and constructing thinner full-depth concrete pavements, as well as 
thin bonded and unbonded concrete overlays. 
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