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ABSTRACT

The Minnesota Department of Transportation (Mn/DOT) began building high performance
concrete pavements (HPCP) under the FHWA TE-30 program in 2000. Since that time,
Mn/DOT has adopted HPCP as the standard design for most high volume urban highways
in Minnesota. This study describes the design features incorporated into high performance
concrete pavements in Minnesota, and provides a history of changes that have evolved
since 2000. A list of recent high performance concrete pavement projects and their unique
design features are provided. Performance monitoring results, including ride quality, joint
load transfer efficiency, and surface texture, are given for recent HPCP projects. While it
is too early to predict the future performance of recently constructed HPCP projects in
Minnesota, potential causes for reductions in the serviceability of 60-year design HPCP
projects are discussed.

BACKGROUND

The economic vitality of a state, as well as the nation, is inherently tied to the condition
and capacity of its highway systems. Recently the demands on those systems have begun
to surpass the necessary funds to maintain them. Since this situation will likely continue
for some time, this problem necessitates improving the performance of new highway
systems being constructed today.

Higher capacity highway systems have a strong performance history when constructed
with concrete pavement surfaces. In the past, particularly in Minnesota, concrete
pavements were designed to provide service for 35 years. While some concrete pavements
in Minnesota have had shortened service lives due to materials problems, the majority of
them have provided good service far longer than they were designed for. This is
encouraging, since many lessons have been learned on what makes concrete pavements
durable when placed in an extreme climate, like that of Minnesota.

Minnesota’s current concrete pavement designs for urban highways are attempting to
address the increased demands of the future. These demands include increasing traffic
congestion, scarcity of virgin construction materials, and escalating construction costs.
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The use of high performance concrete pavement (HPCP) plays a strong role in this effort.
It has been demonstrated that for an increased construction cost as little as 5 percent, the
estimated life of the pavement can be nearly doubled.

While 35-year service lives were difficult enough to design for before, the new threshold in
Minnesota has been raised to 60 years. Minnesota worked under the FHWA TE-30
Testing and Evaluation Program to construct its first 60-year design high performance
concrete pavement in 2000 (FHWA, 2002). Since that time, more than twelve HPCP
projects have been constructed both in the Minneapolis-St. Paul metropolitan area and the
city of Rochester, Minnesota. HPCP has essentially become the standard for concrete
pavement projects on high volume urban highways in the state of Minnesota.

Mn/DOT currently uses what they consider to be the best-known practices for the design
and construction of HPCP in extreme climates. This study intends to describe the design
features incorporated into high performance concrete pavements in Minnesota, and provide
a history of changes that have evolved since the first project in 2000. It also reexamines
the limits for design variables that are deemed to contribute to more durable concrete
materials that are used in these pavements. Finally, some preliminary results from
performance monitoring of high performance concrete pavements in Minnesota will be
presented.

MINNESOTA HPCP DESIGN METHOD

High performance concrete pavements in Minnesota are currently designed using the
Minnesota Department of Transportation (Mn/DOT) rigid pavement design method.
Mn/DOT’s rigid pavement design procedure is “an empirical method which is based on a
combination of the modified 1981 AASHTO pavement design procedure and the
knowledge gained from performance of rigid pavements in Minnesota (Mn/DOT, 1994).”
Using as an example the first HPCP project in Minnesota, located on Interstate 35W near
the city of Minneapolis, the projected traffic for this site was 100,000,000 equivalent single
axle loads (ESALS) over 60 years. The projected traffic volume was the designer’s best
estimate, since Mn/DOT typically only projects traffic volume over 35 years. This project
was designed and constructed with a concrete pavement surface thickness of 13.5 inches
(340 mm). For comparison, a 35-year design for this project was determined to have a
surface thickness of 12.5 inches (315 mm). Therefore, it was assumed that a 1 inch (25
mm) increase in slab thickness essentially doubles the service life of the pavement.

Given the fact that the 1981 AASHTO pavement design procedure is actually based on two
years of performance at the original AASHO Road Test in the 1960’s, using Minnesota’s
current method for the 60-year design of HPCP is truly a bold leap of faith. Hopefully in
the near future, new mechanistic-empirical design methods will increase the accuracy of
design projections over such long service periods.



HPCP DESIGN FEATURES

Pavement Cross Section

The physical aspects of high performance concrete pavements in Minnesota are not
remarkably different than standard jointed plain concrete pavement designs. Table 1 lists
thirteen HPCP projects constructed in Minnesota since 2000. Common design elements
are shown in Table 2 and include the following: slab thickness near 13 inches (330 mm); a
4 inch (100 mm) base course of densely graded, partially crushed, granular material; and a
minimum of 36 inches (900 mm) of select granular (frost resistant) subbase. The
transverse joints are perpendicular to the direction of traffic, spaced at 15 feet (4.6 m)
apart, and contain corrosion resistant 1.5 inch (38 mm) diameter by 15 inches (380 mm)
long dowel bars, spaced laterally apart 12 inches (305 mm) on center.

Table 1 High performance concrete pavement projects built in Minnesota since 2000.

PCC Base Base Subbase
Years(s) Thickness Thickness Material Thickness Subbase Material Dowel Dia
Roadway Nearest City Built (inches) (inches) Type (inches) Type (inches) Dowel Type
Stainless Steel-
Solid, Stainless
Steel Clad, Plastic
135W Richfield 2000 13.5 4 CL-5 12 Select Granular 1.5-1.75* Coated Steel
TH 100 D-B Golden Valley 2003 115 4 CL-5 48 Select Granular 1.5 Stainless Steel
TH 81 Brooklyn Park 2003 13 4 CL-5 12-48 Select Granular 1.75 Stainless Steel
TH 52 Rosemount 2003-2004 13 4 CL-5 48 Select Granular 15 Stainless Steel
TH 100 Brooklyn Center 2003-2004 12 4 CL-5 36 Select Granular 15 Stainless Steel Clad
Stainless Steel-
Solid, Stainless
TH 94 Brooklyn Park 2003-2004 13 4 CL-5 12 Select Granular 1.5 Steel Clad
TH 61/ Glen Rd Newport 2003-2004 125 5 OGAB 4 CL-5 15 Stainless Steel
TH 52 D-B Rochester 2003-2005 12.5 6 CL-5 36 Select Granular 1.5* Stainless Steel Clad
TH 494 Bloomington 2003-2005 13-13.5 4 CL-5 12-48 Select Granular 1.5 Stainless Steel Clad
TH 494 Newport 2003-2005 12.5 8 CL-5 36 Select Granular 1.5 Stainless Steel
TH 494 Woodbury 2003-2005 13 4 CL-5 36 Select Granular 15 Stainless Steel Clad
Stainless Steel
TH 494 D-B Minnetonka 2005 12 3 CL-5 36 Select Granular 15 Tubes
TH 61 St. Paul Park 2005 12.5 5 CL-5 48 Select Granular 1.5 Stainless Steel

*Dowel bars were 18 inches (450 mm) long.
1inch=25.4 mm



Table 2 Typical design features for HPCP in Minnesota

Design Feature | Material Typical Dimension

Slab thickness HPCP mix 13 inches (330 mm)

Base course Mn/DOT Class 5 material® 4 inches (100 mm)

Subbase Mn/DOT select granular” Minimum 36 inches (900 mm)

Transverse joints | Preformed Elastomeric 15 feet (4.6 m) joint spacing, perpendicular

Compression Seal to direction of traffic

Dowel bars Corrosion resistant 1.5 inch (38 mm) dia, 15 inches (380 mm)
long, spaced 12 inches (305 mm) apart on
center

Texture Astro-Turf or broom drag 1/25 inch (1 mm) average depth using
ASTM E965

a) Mn/DOT Class 5 is a dense graded granular material containing a minimum of 10% crushed particles
(Mn/DOT Spec. 3138) (Mn/DOT Construction Specs., 2005).

b) See specification 3149 (Mn/DOT Construction Specs., 2005), for information on the gradation of
Mn/DOT select granular material.

Dowel Bars

The dowel bars used in Minnesota HPCP projects are specified to be corrosion resistant.
Previous experience with standard epoxy-coated steel dowel bars in Minnesota has shown
life spans as low as 15 years. Achieving service lives up to 60 years requires much more
durable dowel bar systems. At the current time (2006), Mn/DOT approves of six types of
dowel bars to be used in HPCP projects. Table 3 lists the types and properties of the
approved dowel bars (Mn/DOT Special Provisions, 2006). All dowel bars are 15 inches
(380 mm) long, are required to have a finished (smooth) surface, and are typically mounted
on dowel baskets.

High Performance Concrete Mixture Design

The development of high performance concrete material specifications for the first HPCP
project in Minnesota was outlined by Rangaraju in 2003. A brief summary of some of the
important features of Mn/DOT’s current HPCP mixture design is presented below.

Aggregate Quality

The aggregates used in HPCP projects are subject to preliminary testing to verify specific
gravity and absorption. Fine aggregates are further tested for alkali-silica reaction
potential based on an accelerated mortar bar test method (ASTM C 1260). Test results
showing greater than or equal to 0.15% expansion require mitigation through the use of
supplementary cementitious materials, such as ground granulated blast furnace slag
(GGBFS) or Class C fly ash. See Table 4 for more details on mitigation techniques
suggested in Mn/DOT’s HPCP specifications.

Aggregate Gradation

The aggregate gradation specified for HPCP projects is based on an “8-to-18" specification
for the combined aggregate. According to this specification, the percent retained on all the
specified sieves should be between 8% and 18%, except for sieves finer than No. 30 and
the coarsest sieve, on which the percent retained can be lower than 8%. Figure 1 shows




Table 3 Approved dowel bar types for HPCP projects in Minnesota

Carbon Steel

Minimum
Outside

Design Feature Material(s) Diameter Additional Details

Stainless Steel Clad | 316L stainless 1.5 inches | 0.06 inch (1.5 mm) cladding thickness over
steel/ carbon Steel | (38 mm) Grade 60 (minimum) carbon steel
Stainless Steel Tube | 316L stainless 1.5 inches | 0.06 inch (1.5 mm) wall thickness, press-
— Steel Insert steel/ carbon Steel | (38 mm) filled with Grade 60 (minimum) carbon
steel

. 316L stainless 1.5 inches | 0.12 inch (3.0 mm) wall thickness, filled
Stainless Steel Tube - : . . V.
_ Resin/Grout Eill steel/ Resin or (38 mm) with resin or grout W!th minimum

Grout compressive strength 5000 psi (34 MPa)
1.25 inches | Pipe must conform to ASTM A312, have
Stainless Steel Pipe 316L stainless steel (32 mm) wall thickness of 0.14 inches (3.5 mm), be
— Schedule 40 filled or capped to prevent intrusion of
concrete or other materials

Stainless Steel 316L stainless steel | 1.5 inches | Solid stainless steel bar
- Solid (38 mm)
Rolled Zinc Alloy Zinc Alloy 1.5 inches | 0.04 inch (1.0 mm) cladding thickness over
Clad (U.N.S. Z41121)/ (38 mm) Grade 60 (minimum) carbon steel

Table 4 Mn/DOT HPCP ASR mitigation specifications

ASTM C1260 Expansion

(percent) Mitigation Techniques

<0150 Fi_ne aggregate is acceptable with or without a mitigator in the concrete

- mix.

0.151 - 0.250 Fine aggregate shall be mitigated with 35% GGBFS or 20% fly ash.
Fine aggregate shall be mitigated with 35% GGBFS or 30% fly ash
0.251-.300 meeting 3115 specification modified_ with a mi_ni_mum Si_Oz + Fe,05 +

’ ’ Al,O; of 66.0% on a dry weight basis and a minimum SiO, content of
38.0%.

> 0.300 Fine aggregate is rejected.

the acceptable gradation band for aggregates in HPCP mixes. Contractors often utilize five
fractions of aggregate to meet the requirements.

Supplementary Cementitious Materials

A reduction in the permeability of HPCP mixes (over standard PCC mixes) is deemed to
be a key reason for their potential longevity in extreme climates. Permeability reduction in
concrete can often be accomplished through the use of supplementary cementitious
materials as a replacement for portland cement.

The concrete mixture design for Mn/DOT’s first HPCP project included 35% mass-
replacement of portland cement with ground granulated blast furnace slag (GGBFS). Slag
was required primarily to address durability issues such as protection against alkali-
aggregate reactivity (ASR) and reducing the permeability of concrete, while not sacrificing
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Figure 1 “8-18” aggregate gradation acceptance band for Minnesota HPCP mixes

early age strength. ASR expansion tests (ASTM C441) found slag to be more effective
than two local fly ashes (Class C) at mitigating ASR tendencies. Rapid chloride ion
permeability tests (ASTM C 1202) on those same materials found slag to be effective at
reducing permeability beginning at early ages (< 7 days), while fly ashes were more
effective at later ages (> 56 days) (Rangaraju, 2003). Based on the results obtained during
the testing, it was decided that a rapid chloride ion permeability value of 2500 coulombs or
less at 28 days could be specified and reasonably achieved in the field. Contractors are
now meeting those specifications using Class C fly ashes.

Air Content

Recent investigations by Rangaraju (2002) into premature deterioration of some concrete
pavements in Minnesota indicated that the air-void systems in the concrete had been
compromised in several ways. In some pavements, the air-void system was severely
marginalized along vibrator trails, possibly due to over-vibration of the concrete during the
initial consolidation. In other prematurely deteriorated pavements, the air-void system was
partially-to-completely in-filled with secondary products such as ettringite during the
service life of the pavement. This rendered the air-void system ineffective in protecting
concrete under conditions of freeze-thaw cycling.



Due to concerns arising from loss of entrained air content during consolidation (vibration)
in the fresh state, as well as possible in-filling of air voids with secondary minerals at later
ages, the design total air content for Mn/DOT’s first HPCP was increased from the
standard 6.5 + 1.5%, to 8.5 £ 1.5%. Also, a minimum of 75% of the measured hardened
air content (according to ASTM C 457 procedure) was required to be entrained air. For the
purpose of this specification, all air-voids less than 1 mm (1000 microns) were considered
as entrained air. Any loss in strength due to the higher air content was easily overcome
with the low water-to-cementitious (w/cm) ratio specification required for this project.

Mn/DOT currently specifies a total air content of 7.0 + 1.5% for HPCP projects, a change
that will be described later in this paper.

Water-to-Cementitious Materials Ratio (w/cm)

To insure more durable concrete mixes (reduced susceptibility to shrinkage and
freeze/thaw), Minnesota has developed an incentive/disincentive pay program to urge
contractors to keep the water-to-cementitious ratio (w/cm) of mixes to a value less than
0.40. The water to cementitious ratio on Minnesota projects is determined by a microwave
oven test (AASHTO TP23-93).

While Minnesota’s first HPCP project specified a w/cm of 0.37, current projects (including
non-HPCP projects) continue to provide incentive pay for levels of w/cm below 0.40.

Chemical Admixtures
Type A water reducing concrete admixtures and air-entraining agents may be used in
HPCP mixes upon approval of Mn/DOT.

Additional Details on Minnesota’s First HCPC Project Mix

The source of materials and actual concrete mixture proportions used in Minnesota’s first
HPCP project (I-35W) are shown in Tables 5 and 6, respectively. Northbound lanes of this
project were paved in spring 2000 and the southbound lanes were paved in fall 2000.
Other than the source of portland cement, all other materials and the mix design essentially
remained identical in both sections of this project.

Concrete for the paving operations on northbound lanes came from two plants — a central
batching plant and a mobile batching plant, while concrete for southbound lanes came from
one single central batching plant.  In both cases, the contractor used five separate
aggregate bins to meet the “8-t0-18” aggregate gradation specifications required for the
project.

As part of the quality control program for the project, several different properties of
concrete were monitored. Concrete was sampled after it was placed in front of the slip-
form paver for determining the fresh and hardened properties of concrete. In specific
instances, to determine the effect of vibrators on air content in fresh concrete, tests were
conducted on concrete samples retrieved in front of and behind the slip-form paver.



TABLE 5 Source of materials used in the HPCP project on 1-35W

Materials

1-35W Northbound
(Spring 2000)

1-35W Southbound
(Fall 2000)

Cement, ASTM C 150 (Type I)

Lafarge (Davenport)

Holnam (Siam City)

Slag, ASTM C 989 (Grade 120)

Holnam GranCem

Holnam GranCem

Coarse 38mm - (1.5”-) Barton Maplegrove Barton Maplegrove
Aggregate 19 mm- (3/47-) Barton Maplegrove Barton Maplegrove
12.5 mm —4.75 mm (1/2”-#4) CAMAS CAMAS
Fine ASTM C 33 Lakeville East Lakeville East
Aggregate | Safety Grit (2.36mm -9mm) CAMAS CAMAS
WR agent, ASTM C 494 (Type A) EUCON WR91 EUCON WR91

AEA, ASTM C 260 (Non-Vinsol Resin)

Euclid Air Mix 250

Euclid Air Mix 250

TABLE 6 — HPCP mix proportions used for the HPCP project on 1-35W

Materials Quantity/yd’
Cement 384 Ibs
Slag 206 Ibs
38mm - (1.5”-) 575 Ibs
Coarse Aggregate 19 mm- (3/4”-) 800 Ibs
12.5 mm —4.75 mm (1/2”-#4) 350 Ibs
ASTM C 33 950 Ibs
Fine Aggregate

Safety Grit (2.36mm -9mm) 440 Ibs

Water Reducer 30 0z
Water 220 Ibs

w/cm ratio 0.37

Texturing method

In 1998, Minnesota imposed a moratorium on transverse tining of concrete pavements due
to excessive noise levels observed by the public. This invoked the practice of applying
texture to concrete pavements using astro-turf or brooming techniques. The timing of the
change was such that astro-turf drag became (and continues to be) the standard texture
used to construct HPCP projects.

Astro-turf is a synthetic outdoor turf made of synthetic fibers held unto a flexible mat. It is
occasionally characterized by fiber length and fiber density. Turf types used in Minnesota
have a % inch fiber length and a density of 25 fibers per square inch. Mn/DOT specifies
that the contractor achieve an average texture depth of 1mm (before traffic application).
Typical texture measurements in the field range from 0.8mm to 1.8mm. Acceptance testing
is based on volumetric sand patch testing according to ASTM E965.




Curing methods

The curing of HPCP follows the Minnesota specification for conventional concrete
pavement construction. That specification allows for the use of curing membranes in lieu
of curing blankets. A poly-alpha-methylstyrene membrane cure is typically used during
temperate weather conditions. For construction during colder periods, protection with
blankets or extreme service membranes is recommended.

Poly-alpha-methylstyrene membrane cures under Mn/DOT specifications are required to
exceed 42% total solids by weight, and provide minimum reflectance of 65% (as measured
by ASTM E1374) in 72 hours. Extreme service membranes must consist of a white-
pigmented heavy-bodied linseed oil emulsion that acts as membrane and sealer. They are
required to meet AASHTO M-148 and MnDOT Spec 3755(3), which include being spray
able above 40 degrees Fahrenheit.

Minimum strength to open to traffic

Mn/DOT specifies that new concrete pavements be closed to use by construction traffic
and the general public for 7 days, or until a minimum flexural strength is achieved within
the slabs. For most HPCP projects, the minimum flexural strength is 350 psi (2.4 Mpa).

Paver vibration monitoring

To prevent excess vibration of the mix during slipform construction, Mn/DOT requires that
internal electronic vibrator monitors are present during paving. Recordings of the paver
track speed and vibrator operating frequencies must be provided to the contracting
authority on a daily basis.

Initial Ride Quality

It is well accepted that pavements built with a smooth ride will ultimately remain smoother
longer (Smith et al, 1997). With the goal of 60-year serviceability for HPCP projects in
Minnesota (with minimal maintenance), they must begin their life with as good a ride
quality as possible. Mn/DOT currently has an incentive/disincentive pay schedule for
initial ride quality based on Profile Index (PI). Values of profile index (using a 0.2 inch
blanking band) below 63.13 mm/km receive incentive pay. Profile index values above
94.70 mm/km receive a penalty, and values greater than 126.26 require corrective action
(diamond grinding).

HISTORICAL CHANGES TO DESIGN FEATURES
Since the first HPCP project in Minnesota in 2000, several design feature specifications
have been changed based on local experiences.

Dowel Bar Types and Dimensions

The first HPCP project specified 1.75 inch (44 mm) diameter by 18 inch (450 mm) long
stainless steel clad dowel bars. Through the testing of various dowel bar material types
and dimensions using the University of Minnesota’s Minne-ALF device (Khazanovich et
al, 2005), Mn/DOT gained confidence that it could safely reduce the dimension of dowel



bars to previous standard levels. Mn/DOT now typically specifies 1.5 inch (38 mm)
diameter by 15 inch (380 mm) long corrosion resistant dowels on HPCP projects. This has
resulted in significant cost savings on larger projects.

As described previously, Mn/DOT now allows six alternative dowel bar types for use in
HPCP projects.

Air content

The first HPCP project in Minnesota (135W, Richfield) had a total air content specification
of 8.5% £1.5%. That was a significant increase from the standard Mn/DOT 35-year
concrete pavement design specification of 6.5% +1.5%. The significant increase was
designed to compensate for air content loss due to potential infilling of voids with
enttringite and losses during consolidation (over vibration). Air content values were
measured after placement of the mix on the grade, but before consolidation. Limited
testing was also conducted to study the influence of the paver vibration on the plastic air
contents, by sampling concrete directly in front of and behind the paver. Results from that
study showed an average loss in plastic air content of 1.0%.

By 2002, the air content specification was lowered to the current level of 7.0% +1.5%.
Experience with the first HPCP project demonstrated that higher levels of air content were
difficult to stabilize. Expert opinion became that the air content should be more consistent
and controllable, and that 7.0% would be high enough to achieve the air system desired for
durability.

Water to Cementitious Ratio

Although the incentive/disincentive pay schedule for w/cm ratio has not changed from the
target value of 0.40, it should be noted that most contractors have produced mixes with a
wi/c ratio between 0.36 and 0.40. As a result of such low w/c ratios, concrete strength
values have significantly increased, causing some concern that HPCP concrete mixes may
becoming too stiff and or brittle for their intended use.

Minimum Cement Content and Other Supplementary Cementitious Materials
Mn/DOT continues to specify a minimum cementitious content of 530 pounds per cubic
yard (315 kg/m®). When the first HPCP project was constructed in 2000, there was also an
additional requirement, that of the cementitious fraction of the mix, the minimum portland
cement content had to be 450 Ib/yd® (267 kg/m®). The minimum portland cement content
has since been lowered to 400 Ib/yd® (237 kg/m®), to allow for a higher percentage of
supplementary cementitious material in the mix. Previous maximum levels of
supplementary cementitious materials changed from 25% flyash or 35% ground granulated
blast furnace slag (GGBFS), to current levels of 30% flyash or 35% GGBFS.

As mentioned previously, the permeability requirements for HPCP mixes most often

require some percentage of supplementary cementitious material substitution for portland
cement. Early projects typically used GGBFS as a supplementary cementitious material,
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however in Minnesota, recent projects have favored using Class C flyashes for workability
reasons.

Surface Texture

At about the same time as HPCP was been implemented, pavement surface generated noise
became a concern for designers. Most HPCP projects are in urban areas specifically
targeted for noise reduction techniques. Therefore, to quiet the ride, while still providing a
safe level of surface friction, a new texture type was specified. The first HPCP project
(135W in 2000) utilized a specification calling for a texture constructed using astro-turf or
broom dragging that resulted in an average texture of 0.8 mm, as measured immediately
after construction by a volumetric sand patch test (ASTM E965). Experience since that time
has shown a drop of approximately 0.2 mm occurs in the first year of traffic exposure.
Therefore, the specified average texture depth has been increased to the current level of 1.0
mm, measured immediately after construction. The drop in texture depth in the first year
has not been shown to significantly affect surface friction. The observed change in texture
depth for the first HPCP project will be described later.

Initial Ride Quality

Mn/DOT instigated modifications to their pavement ride quality specifications in 1999
with a change from Root Mean Square Acceleration (RMSA) to the current Profile Index
(P1).  Minnesota is now working to change the specifications again, this time toward
measurement of ride quality (with pay incentives) based on International Roughness Index
(IRI). Several pilot projects will be constructed in 2006, with the final IRI ride quality
specification in force during the 2007 construction season.

EARLY PERFORMANCE OF HPCP

It is inherent in the design of high performance concrete pavements that the owners and
users should experience a very high level of service early in the life of the pavements.
Since HPCP projects have just recently been built, it is still too early to realize whether the
best practices and materials used to design and construct them, will indeed perform in the
long run. We can, however, begin to monitor the performance of these pavements to
insure that solutions to any problems can be incorporated into future HPCP projects as
soon as possible.

135W Performance

Minnesota’s first HPCP project was on 135W, built in 2000. With nearly six years of
weather and traffic, this project continues to look and perform very well. Despite being
one of the busiest stretches of roadway in the state of Minnesota, a limited number of field
tests were recently completed.

Early in the morning (1 A.M.) of April 12", 20086, joint load transfer efficiency (LTE) and
surface texture depth measurements were carried out on portions of the 135W HPCP
project. Test points for the joint load transfer efficiency testing were chosen to test the
four different types of dowel bars installed in the project. Table 7 shows the results of that
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testing. As one would hope (or expect), nearly all of the tests show an LTE greater than 90
percent. The highest LTE values are found for the 38 mm stainless steel clad bars located
in the right wheelpath of the northbound (right) driving lane. Variations in the LTE could
be a result of dowel bar misalignment, however determining the causes (nondestructively)
can be a problem with the thick 13.5 inch (340 mm) slabs used in this project.

Table 7 2006 joint load transfer efficiency (LTE) values for the 135W HPCP project.
FWD load was 9000 Ibs (40 kN).

Average Joint Load Transfer Efficiency (%0)
Dowel Type Test lane Approach side of joint Leave side of joint
38 mm diameter Northbound, right
Stainless Steel Clad | (driving) lane 96 97
38 mm diameter Northbound, right
Plastic Coated Steel | PCC shoulder 94 92
38 mm diameter Northbound, right
Solid Stainless Steel | (driving) lane 93 92
44 mm diameter Southbound, right
Stainless Steel Clad | PCC shoulder 94 91

During the same time that the Falling Weight Deflectometer (FWD) was testing the joints
for load transfer efficiency, surface texture measurements following ASTM E965 were
taken. There is great interest in monitoring the durability of the astro-turf drag texture
applied to recent Minnesota concrete pavement projects. Table 8 shows the results for the
I35W project after nearly 6 years of traffic.

Table 8 2006 surface texture measurements (ASTM E965) for the 135W HPCP project

Test Location Number(s) Average Texture Depth(s) (mm)
Northbound, right (driving) lane 0.333, 0.440, 0.359, 0.381
Southbound, right (driving) lane 0.509

Ride quality histories

Mn/DOT has a very comprehensive pavement management system for monitoring the
performance of Minnesota’s highway system. As such, there are ride quality histories
available for several of the HPCP projects built since 2000.

Figures 2 and 3 demonstrate early ride histories for HPCP projects built in Minnesota. As
shown in the figures, initial IR1 levels are typically about 1.5 m/km.

POTENTIAL CAUSES FOR REDUCED SERVICE LIFE IN HPCP

There are many potential causes for reduced serviceability in high performance concrete
pavements. Some of these include: higher traffic loads and volumes than estimated,
structural design model limitations and assumptions, material durability issues, and

12
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Figure 2 Ride quality history in terms of IRI (m/km) for 135W HPCP project

construction problems or errors. Material durability issues and construction problems will
be discussed in further detail below.

Material durability issues

High performance concrete pavements can only perform well if the material they are made
out of remains intact. If the surface or joints of the pavement begin to deteriorate, this will
have a negative impact on the ride quality. Maintenance, something HPCPs are designed
to minimize, will become necessary. This not only increases the cost of highway
operations, but increases the exposure of maintenance workers to dangerous traffic
conditions during repairs.

The material specifications currently used in the design of HPCP rely heavily on
accelerated laboratory testing. These laboratory tests are often better indicators of
differences in laboratory performance, rather than true indicators of actual field
performance. The important combination of traffic and climate effects often cannot easily
be simulated in the laboratory.

There is still much to learn on whether the permeability and air content systems we are

designing into HPCPs will have the capacity to stand up to 60 years of extreme climate
conditions and deicing chemicals.
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Construction Problems

While there are no problems truly unique to the construction of HPCPs, with such long
expected service lives, any problems can be cause for major concern. Two examples
experienced in Minnesota are provided below.

On the TH 94 HPCP project in 2003, early sawing of transverse joints resulted in
significant movement of aggregate in the semi plastic concrete. This occurred in a large
number of joints, and the distress was so wide spread, that it necessitated evaluation of the
affected joints for residual strength and expected life. An evaluation resulted in the
exclusion of a portion of the project from the 60-year life expectancy. A similar incident,
but of lower scale, was encountered on the TH 61 project in 2002. A paving contractor
continues to be responsible for making the decision on when and how to saw the joints
during construction, however these experiences have caused Mn/DOT to enhance their
efforts on educating contractors about early entry sawing on HPCP projects.

As previously mentioned, most HPCP projects include some type of supplementary
cementitious material to meet permeability requirements for the mix. There were initially
many complaints from the contractors who were not familiar with the workability of
concrete mixes containing slag (GGBFS). There have been improvements in this area
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recently, as contractors have gained experience with these mixes, however more recent
projects have tended to use fly ashes as the supplementary material.

When the specification of corrosion resistant dowel bars in HPCPs first began in
Minnesota, problems were encountered with material supply, quality, and cost. Limited
supplies of stainless steel clad dowel bars often resulted in the necessity to upgrade to more
readily available solid stainless steel dowels. This problem has since been alleviated with
the increase in allowable types of corrosion resistant dowel bars (see Table 3).

CONCLUSIONS

With increasing traffic demands and decreasing highway budgets, there is an urgent need
to improve the performance of concrete pavements in Minnesota. To address that need,
Minnesota used funding from the FHWA TE-30 program in 2000 to build their first high
performance concrete pavement. Success with that project has resulted in the Minnesota
Department of Transportation adopting HPCP as their standard design for high volume
urban highways in Minnesota.

This paper has listed the important aspects of Mn/DOT’s 2006 HPCP specifications, and
described the changes to the specifications as they have evolved over the past six years.
Performance testing results have been given which highlight the excellent service these
pavements are providing in their early years. Examples of materials and construction
problems, and their effect on predicted service life, have been discussed.

Minnesota’s HPCP specifications will continually improve as lessons are learned from
field performance, regional and international technology exchange, and research testing
results from facilities like the Minnesota Road Research (MnROAD) project.
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