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EXECUTIVE SUMMARY

The Minnesota Department of Transportation (Mn/DOT) constructed awhitetopping project
consisting of six test sections on 1-94 at the Mn/ROAD research facility and three test sections at
intersections on US-169 at Elk River to gain more experience in both the design and performance
of thin and ultra-thin whitetopping. A brief description of the Mn/DOT’ s history in the area of
whitetopping is presented below followed by a detailed description of the construction of the
heavily instrumented whitetopping test sections on 1-94 and US-169. All concrete mixes
contained either polypropylene and polyolefin fibers. The compressive strength, flexural strength,

Poisson’ s ratio and elastic modulus were measured for these mixes and the results are provided.
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| ntroduction
Whitetopping refers to placing a thin concrete overlay directly on top of an existing distressed

asphalt pavement. For long-term performance, the overlay must bond to the underlying asphalt
so that the two layers respond in a monolithic manner, thereby reducing load-related stress. A
short joint spacing is aso used to help reduce curling and warping stresses. A concrete overlay
ranging between 100 to 200 mm (4 to 6 in) thick is commonly referred to as thin whitetopping
and an overlay between 50 to 100 mm (2 to 4 in) thick is referred to as ultra-thin whitetopping
(UTW). Typica applications would include low to medium volume pavements where rutting,
washboarding or shoving are present; such as airport aprons, taxiways, parking lots or

intersections.

Minnesota has constructed only a few whitetoppings to date. To gain more experience in both the
design and performance of thin and ultrathin whitetopping, the Minnesota Department of
Transportation (Mn/DOT) constructed awhitetopping project consisting of six test sections on |-
94 at the Mn/ROAD research facility and three test sections at intersections on US-169 at Elk
River. A brief description of the Mn/DOT’s history in the area of whitetopping is presented
below followed by a detalled description of the construction of the heavily instrumented

whitetopping test sections on 1-94 and US-169.

Background

Two UTW projects have been constructed by the Mn/DOT prior to this project. The first was
congtructed on May 30, 1995 in North Mankato at the southeast quadrant of the TH-169 and
Webster St. intersection. The project is 31 m (102 ft) long and is located on the two northbound
lanes of TH-169, which is a 4-lane divided highway. The original pavement consisted of 300 mm
(12 in) of asphalt placed on 500 mm (20 in) of aggregate base over aloamy clay subgrade. The

whitetopping is a 75 mm (3 in) overlay constructed using polyolefin fiber reinforced concrete in



the outside lane. Three inches of asphalt was milled to maintain existing road elevations. On
June 5-6, 1995, an ultra-thin overlay was constructed adjacent to this section on the inside lane.
The concrete used in the first 30 m (100 ft) of the southern portion of the project contained
polypropylene fibers while the concrete in the remaining portion did not contain fibers. The
overlay was sawed into 1.8-m x 3.0-m (6-ft x 10-ft) and 1.8-m x 3.7-m (6-ft x 12-ft) panels. This
section of highway carries approximately 390,000 equivaent single axle loads (ESALS) per year.
Today, many corner cracks exist in both the plain and fiber reinforced sections but most of the
cracks are tight. The cracks in the fiber reinforced concrete tended to be tighter than the cracksin
the plain concrete section. A 2.1-m x 3.7-m (7-ft x 12-ft) repair had to be made on October 1,
1996 because of excessive cracking. During the repair, it was determined that the cracking most
likely occurred as a result of the overlay debonding from the existing asphalt since the areas

which showed less cracking had maintained a higher degree of bonding.(1)(2)

In 1996, a second project was constructed on Lor Ray Drive at the intersection of TH-14 in North
Mankato. The existing pavement consisted of 290 mm (11.5 in) of asphalt on 915 mm (3 ft) of
select backfill material. Polyolefin fiber reinforced concrete was used. The overlay was 152 mm
(6 in) thick on the south end of the project and 75 mm (3 in) on the north end with a 114 mm (4.5
in) section separating them. Panel sizes varied between 1.5mx 1.8 m (5ft x 6 ft) and 1.4 mx 1.8
m (4.5 ft x 6 ft) so that every other joint matched the exiting joints in the curb. This project is
currently in good condition. Only a few corner cracks are present and most of these cracks are

still very tight.

Project Description

Ultra-thin whitetopping appeared to be a viable rehab aternative based on the early performance
of the first two projects just described. A research project was then proposed, which included the

construction of nine thin and ultrathin  whitetopping test sections. The purpose of the test



sections was to further evaluate how whitetopping performs in Minnesota and to determine what
design features are desirable to optimize the life of the pavement. These heavily instrumented
sections alow the static and dynamic response of the pavement under various applied and
environmental loading conditions to be measured. In doing this, a better understanding will be
obtained on how to more accurately model whitetoppings so that a more efficient design method

and performance prediction model can be developed.

This study included two projects; one constructed on US-169, in Elk River and the other on 1-94,
a the Minnesota Road Research (MN/ROAD) test facility. A map with the location of both
projects is provided in Appendix A. The US-169 site represents a typical application for ultra-
thin whitetopping. Most of the loads are static and the traffic is constantly starting and stopping.
This section of US-169 carries approximately 400,000 ESALS per year. The few cracks that
were present in the existing asphalt pavement were in good condition, the asphalt itself was not,
especialy along the outer edge. A large amount of rutting (greater than 25 mm (1 in)) was aso
present before milling. The section of 1-94 whitetopped was in good condition. Very few cracks
were present and al were of low severity. 1-94 is a heavily trafficed roadway with over 1 million
ESALS per year. Although thisis not atypical application, it provided the opportunity to monitor
the performance of the overlay under accelerated loading conditions and to evauate ultra-thin
whitetoppings as an overlay alternative for high volume roads. The construction of both projects
cost gpproximately $230,000. An additional $55,000 was spent on environmental and strain

instrumentation for the two projects.

US-169:
The first project was located on the outer southbound lane of US-169 in Elk River a the
intersections of Jackson, School, and Main Streets. The first 240 m (788 ft) north of each

intersection was overlaid with 75 mm (3 in) of fiber reinforced concrete and the following 3.7m



(12 ft) was paved 200 mm (8 in) thick. The origina asphalt pavement was constructed in 1961
on asandy subgrade and consisted of a 100 mm (4 in) asphalt surface on 125 mm (5 in) of Class
5 aggregate base and 150 mm (6 in) of Class 4 aggregate base. In 1991, 50 mm (2 in) of asphalt
was milled and the pavement was overlayed with 40 mm (1.5 in) of asphdt. The average asphalt
thickness based on a total of ten cores pulled April 8, 1997 between roadway post 159.080 and

160.367 was 160 mm (6.25 in).

Temperature and dynamic and static strain sensors were installed at the Jackson St. intersection.
The sensor layout is provided in Appendix B. A description of each test section is provided in

table 1.

1-94:

A 340-mm (13.5-in) full-depth asphalt pavement at the MW/ROAD research site was whitetopped
with a fiber reinforced concrete overlay. This section of pavement was originaly constructed in
1993 on a silty-clay subgrade. The existing asphalt pavement was previoudly a transition zone
that separated the 5- and 10 year mainline test cells. The test section was divided up into six
Separate test cells with various thicknesses and joint patterns. These cells were instrumented with
strain, temperature and moisture sensors. The sensor layout is provided in Appendix B. A

description of each test cell and the instrumentation installed is provided in table 2.



Table 1. Summary of US-169 whitetopping test sections.

Test Cell Description Sensor No. of Sensors
Jackson St. inter section: Dynamic Strain 32
75mm—12mx 1.2-m Pands Static Strain 4
(3in—41ft x 4-ft) Thermocouple 14
Polypropylene Fibers
Main St. inter section:
75mm—12mx 1.2-m Panels -None- --
(3in—4ft x 4-ft)
Polypropylene Fibers
School St. inter section:
75 mm—18mx 1.8-m Panels -None- --
(3in—6 ft x 6-ft)
Polyolefin Fibers
Total 50
Table 2. Summary of Mn/ROAD whitetopping test sections.
Test Cell Description Sensor No. of Sensors
Mn/ROAD Cell 93: Dynamic Strain 32
100 mm - 1.2 m x 1.2-m Panels Dynamic Asphalt Foil Strain Gage 2
(4in—4ft x 4-t) Stetic Strain 8
Polypropylene Fibers Thermocouple 14
Moisture 12
Mn/ROAD Cell 94: Dynamic Strain 32
75mm—12mx 1.2-m Pands
(3in—4ft x 4-ft)
Polypropylene Fibers
Mn/ROAD Cell 95: Dynamic Strain 32
75 mm—15mx 1.8-m Panels Dynamic Asphalt Foil Strain Gage 2
(3in—5 ft x 6-ft) Stetic Strain 8
Polyolefin Fibers Thermocouple 12
Moisture 12
Mn/ROAD Cdl 96: Dynamic Strain 32
150 mm — 1.5 m x 1.8-m Pandls
(6 in—5ft x 6-ft)
Polypropylene Fibers
Mn/ROAD Céll 97: Dynamic Strain 32
150 mm — 3 m x 3.7-m Panels Dynamic Asphalt Foil Strain Gage 2
(6in—10 ft x 12-ft) Stetic Strain 8
Polypropylene Fibers Thermocouple 16
Moisture 12
Mn/ROAD Cell 97b:
150 mm —3 m x 3.7-m Pandls -None- _
(6 in—10 ft x 12-ft)
Polypropylene Fibers
Doweled
Total 268




Mix Designs

For both projects, the polyolefin mixes contained 14.8 kg/n® (25 Ibslyd’) of fibers and the
polypropylene mixes contained 1.8 kg/m® (3 Ibslyd®) of fibers. A maximum 0.44 water to
cementitious ratio was specified for the polyolefin mixes and 0.40 for the polypropylene mixes.
A water reducer was also used in both mixes. All concrete was required to have an air content of
6.5 percent + 1.5 percent and a 3-day, 2.8 MPa (400 ps) flexura strength, so that the overlays

could be opened to traffic in three days.

US-169:

The mix designs used on US-169 are provided in table 3. Aggregate gradations and mix material
sources are provided in Appendix C. A central mix plant was used for both the US-169 and 1-94
projects. The concrete was batched in 8 cubic meter (10 yd®) loads were mixed for 5 minutes
before being loaded into a truck. The concrete was agitated in the truck while being transported
to the site, which was approximately 15 minutes from the plant. Plant problems resulted in a
higher than desired water to cementitious ratio for the polypropylene mix. The problem was

rectified by the time the last intersection, which contained the polyol€efin fibers, was paved.

Table 3. Mix designsfor the construction of US-169 whitetopping test sections.

Concrete with Concrete with
Polypropylene Polyolefin
Fibers Fibers
Water/CementitiousRatio 0.43 0.37
Cement, kg/m® (Ibslyd®) 267 (450) 327(550)
Class C Fly Ash, kg/m® (Ibslyd®) 71(120) 59(100)
Fine Aggr egate, kg/m® (Ibslyd®) 761(1287) 761(1287)
CA (19 mm minus), kg/m® (Ibslyd®) 918(1552) 887(1500)
CA (10 mm minus), kg/m® (Ibslyd®) 164(277) 164(277)
Fiber Content, kg/m® (lbslyd®) 1.8(3) 14.8(25)
Measured Air, % 6 6
Measured Slump, mm (in.) 57(2.25) 50(2)




1-94:

The same mix designs used on US-169 were used for the 1-94 test sections, with the exception
that 386 kg/nt (650 Ibslyd®) of cement was used with no fly ash. See table 4. Aggregate
gradations and mix material sources are provided in Appendix C. The weather was unseasonably
cold. Mixing with hot water and replacing the fly ash with additional cement helped to insure
that the concrete would not freeze before sufficient strength had been gained. The concrete plant
was having difficulties mixing 8 cubic meter (10 yd®) batches without the fly ash present to
increase workability, so each truck was filled with two 4 cubic meter (5 yd®) batches. This

resulted in slower paving compared to that achieved on US-169.

Table4. Mix designs used for the construction of 1-94 whitetopping test sections.

Concrete with Concrete with
Polypropylene Polyolefin
Fibers Fibers
Water/CementitiousRatio 0.38 0.41
Cement, kg/m® (Ibslyd®) 386 (650) 386 (650)
Class C Fly Ash, kg/m® (Ibslyd®) 0 0
Fine Aggr egate, kg/m® (Ibslyd®) 704 (1187) 764 (1287)
CA (19 mm minus), kg/m® (Ibslyd®) 949 (1600) 890 (1500)
CA (10 mm minus), kg/m® (Ibslyd®) 164 (277) 164 (277)
Fiber Content, kg/m® (Ibslyd®) 1.8 (3) 14.8 (25)
Measured Air, % 575 7.2
Measured Slump, mm (in.) 65 (2.5) 50 (2)

Construction

US-169:

On September 17, 1997, al three intersections were milled to maintain existing elevations, swept
twice and ar-blasted. After milling, the underlying asphalt at the Jackson St. intersection
appeared to be more severdly raveled than the other two intersections, especialy adong the
longitudinal seams between the roadway and the shoulder. Some of the areas were so severely

raveled that the pressure imposed when air-blasting would flake off pieces of the asphalt concrete



from the pavement structure. The temperature and strain sensors were installed at the Jackson
intersection and the Jackson intersection was paved on September 17. The remaining two
intersections were paved on the following day. Concrete placement was accomplished using a

clary screed.

All finishing and surface texture work was performed by hand. An extra step was added to the
finishing process of the polyolefin concrete on US-169. A specia finishing tool was used to roll
the fibers on the pavement surface down into the fresh concrete. This helped keep the fibers from
risng to the surface when fina finishing with the bull-floats was performed. A curing
compound was applied at the rate of 4.6 nf/L (18 yd*/gal) shortly after tining. Wet burlene was
placed over the whitetopping sections after paving. The cooler nighttime temperatures increased
the concrete set time so the contractor could not begin sawing the joints until the morning after
paving. The burlene blankets were removed during sawing and then placed back on after the
sawing was completed. The joints were sealed with hot pour. On the morning of September 22,
the burlene blankets were removed and the pavement was opened to traffic. Unlike most
Mn/DOT concrete paving projects, this project did not include ride quality requirements. The

resulting ride over these intersections was still relatively smooth.

1-94:

On October 3, 1997, the 1-94 test section was milled to a depth such that the existing elevations
would be maintained. This test section was heavily instrumented. Paving took place on October
23, after dl of the sensors had been installed. The pavement was placed 7.3 m (24 ft) wide in one
pass using a dipform paver. Paving was performed off a double string line so that the final
elevation of the concrete could be maintained more accurately for improved ride quality. The
pavement was textured using astro-turf drag followed by transverse tining. In genera, a smooth

finish was obtained using standard finishing techniques. There were some areas in the polyolefin



concrete that had clumps of fibers lying on the pavement surface, which increased the roughness
of the finish. These clumps eventually broke apart under traffic leaving small imperfections in

the surface.

The overlay was covered with wet burlene approximately one hour after the last of the concrete
was placed. The contractor began sawing joints at 7:00 AM the following morning. Immediately
after the joints were sawed, the sawing residue was washed off the surface and the concrete was
covered with wet burlene and cold weather blankets. Cell 96, 97 and 97b were washed off and
covered with 2 layers of cloth-lined plastic and cold weather blankets because there was not a
sufficient amount of burlene for the entire project. The overlay was uncovered and the
longitudina joints were sawed on October 27. On the following day, the joints were sealed with
hot pour, and linseed oil was applied to the surface at a rate of 4.6 mi/L (18 yd¥/gadl). The
whitetopped section was opened to traffic on October 30, 1997. The Cdlifornia profilograph was
used to measure ride quality. Using a5 mm (2/10 in) blanking band, a profile of 0.0 mm/km (0.0
infmile) was measured in the truck lane and 4 mm/km (0.15 in/mile) in the passing lane. Theride
quality bonus for this project was twice that typicaly specified by Mn/DOT Specification
2301.3Pic (revised 10.23.96) and included 100 percent of the pavement placed, including the

areas adjacent to the headers.

Hardened Concrete Properties

Beams and cylinders were cast and material property testing was performed. Flexura strengths
were determined for the US-169 project and compressive and flexural strength, elastic moduli and

Poisson’ s ratio values were determined for the concrete placed on 1-94.



US-169:

Six 152-mm x 152-mm x 533-mm (6-in x 6-in x 21-in) beams and thirteen 102-mm x 203-mm (4-
in x 8-in) cylinders were cast, stripped the following day and then cured in an environmental
room according to ASTM C31. The beams were broken after 28 days using a field beam breaker.
The average strengths are provided in table 5. Six cylinders were broke after 14 days and seven

cylinders after 28 days. The average compressive strengths are provided in table 6.

Table5. Flexural strengthsfor US-169 specimens.

Concrete with Concrete with
Polypropylene Fibers Polyolefin Fibers
(Jackson S. intersection) (Main St intersection)
Mpa (psi) Mpa (psi)
28-Day 4.1 (590) 3.9(570)

Table 6. Compressive strengths for US-169 specimens.

Concrete with Concrete with Concrete with
Polypropylene Fibers Polypropylene Fibers Polyolefin Fibers
(Jackson &. intersection) (School S. intersection) (Main S. intersection)
Mpa (psi) Mpa (psi) Mpa (psi)
14-Day 33.8 (4900) 33.8 (4900) 30.3(4400)
28-Day 37.2 (5400) 40.7 (5900) 36.6 (5300)

The flexural strengths for both the polypropylene and polyolefin mixes were similar. The
polypropylene concrete had dightly higher compressive strengths even though the wic ratio for
the polyolefin mix was lower. Increasing the fiber content in the polyolefin mix by eight times
that the polypropylene mix contributed to the lower strength of the polyolefin concrete. Both

mixes met Mn/DOT’ s flexural and compressive strength requirements.

1-94:
The materia properties of the fiber reinforced concrete were looked at more extensively on the |-
94 project. Fifty-four 102-mm x 203-mm (4-in x 8-in) cylinders and twenty-five 152-mm x 152-

mm x 533-mm (6-in x 6-in x 21-in) beams were cast. On the following day, the beams and

10



cylinders were stripped from their molds and all but seven beams were placed in an
environmental chamber and cured according to ASTM C31. The seven remaining beams were
left along the side of the pavement and the same curing techniques used on the whitetopping were
applied to these seven beams. All specimens were tested using a Forney hydraulic load frame.
The seven remaining beams were left aong the side of the pavement. A summary of the
comparisons between the polypropylene concrete and the polyolefin concrete material properties
is provided below. A more thorough breakdown of the materia properties measured for each test

section is provided in Appendix A.

The compressive strengths are given in table 7. The compressive strengths for the polypropylene
concrete were consistently higher than the polyolefin concrete for al five specimen ages. There
are over eight times as many fibers in the polyolefin mix than in the polypropylene mix.
Replacing this much concrete in the mix, with fiber, can be a contributing factor to the lower
compressive strengths, as previoudy described.  Some of the decrease in strength may aso be
atributed to a lower wic ratio (0.38 vs. 0.41). Even though the compressive strengths for the
polyolefin mix were lower, both mixes met Mn/DOT specifications. The increased fiber content
and higher wic ratio also resulted in a lower elastic modulus for the polyolefin mix. This is
shown in table 8. The Poisson’s ratio for both mixes was 0.19, as seen in table 9. It should aso
be noted that the elastic moduli and Poisson’s ratio for fiber reinforced concrete is comparable to

that of conventiona concrete.

Table 7. Compressive strengths for 1-94 specimens cured according to ASTM C31.

Concrete with Concrete with
Polypropylene Fibers: Polyolefin Fibers
MPa (psi) MPa (psi)
1-Day 13.8 (2000) 11.0 (1600)
3-Day 26.9 (3900) 20.0 (2900)
7-Day 33.1 (4800) 29.0 (4200)
14-Day 37.9 (5500) 33.1 (4800)
28-Day 42.1 (6100) 36.6 (5300)

11



Table 8. Elastic moduli for 1-94 specimens cured according to ASTM C31.

Concrete with Concrete with
Polypropylene Fibers Polyolefin Fibers
MPa (psi) MPa (psi)
7-Day 31,026 (4.5 x 10°) 29,647 (4.3 x 10°)
28-Day 33,094 (4.8 x 10°) 30,337 (4.4 x 10°)

Table 9. Poisson’sratio for 1-94 specimens cured according to ASTM C31.

Concrete with Concrete with
Polypropylene Fibers i  Polyolefin Fibers
7-Day 0.19 0.19
28-Day 0.19 0.19

Table 10 shows the flexurd strengths for the beams cured according to ASTM C31. The two
mixes had comparable flexura strengths. Although the fiber has little strength in compression, it
is much stronger in tension. Therefore, the increase in fiber content for the poylolefin mix does
not have as significant of an affect on the flexura strength, as it did on the compressive strength.
The dight reduction in the flexural strength of the polyolefin mix is most likely due
predominately to the increase in w/c ratio. Both mixes have more than sufficient strength to meet

Mn/DOT’ s strength requirements.

Table 10. Flexural strengths for 1-94 specimens cured according to ASTM C31.

Concrete with Concrete with
Polypropylene Fibers i  Polyolefin Fibers
MPa (psi) MPa (psi)
7-Day 5.2 (750) 4.6 (670)
28-Day 5.9 (850) 5.8 (840)

The flexural strengths for the specimens cured according to ASTM C31 are over 25 percent

greater than the strengths for the specimens cured in the field. It is not clear why the earlier



strengths for the polyolefin concrete are so much lower than the early strengths for the
polypropylene concrete for the field cured specimens. The wind had blown some of the blankets
back on this portion of the whitetopping; thereby, exposing the overlay and possibly some of the
polyolefin concrete beams to the cold air. It is possible that this is the reason why the polyolefin
concrete gained strength more dowly. The flexura strengths for the specimens cured in the field

are provided in table 11.

Table 11. Flexural strengths for 1-94 specimens cured in the field.

Concrete with Concrete with
Polypropylene Fibers i Polyolefin Fibers
MPa (psi) MPa (psi)
4-Day 3.9 (570) 3.0 (440)
7-Day 3.6 (520) 3.2 (460)
28-Day 4.3 (620) 4.3 (630)

The extensive materia property testing on the 1-94 project reveaed that the fiber reinforced
concrete for these mix designs and conventional concrete have similar material property
characteristics. The polypropylene concrete typicaly showed a dightly higher compressive
strength and elastic modulus compared to the polyolefin concrete due to decreased fiber content
and alower wic ratio. The flexura strengths for the two mixes were comparable. The influence
of curing on concrete strength was also emphasized. The specimens continuously moist cured in
the environmental room exhibited significantly higher strengths than those cured in the field. The
strength of the concrete overlay most likely falls somewhere between the strength of the field-
cured beams and the strength of the beams cured according to ASTM C31. The concrete overlay
retains heat and moisture more efficiently since it has a larger volume to surface area ratio than
the beams. The beams in the environmental room, on the other hand, will retain more moisture

and hesat than the concrete overlay because the room maintains a warmer temperature and higher
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relative humidity than the ambient conditions present in the field. The high relative humidity and

warmer temperature provides desirable curing conditions for higher strengths.

Sensor Data Collection

Climatic, static strain and dynamic strain data is collected periodicaly throughout the year on
US-169. On 1-94, an attempt was made to continuoudly collect temperature and moisture data
every fifteen minutes, beginning at the time of construction, using CR7 and CR10 Campbell
dataloggers. For the most part, this has been accomplished, but there are some gaps in the data.
Static strain data has been collected every fifteen minutes since construction. Dynamic strain
data was collected for both static and dynamic truck loads and in conjunction with FWD testing.

A more detailed description on the data collection and analysis will be provided in a subsequent

report.
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APPENDI X B: Concrete Material Properties






Table B.1. Compressive strengthsfor the I-94 specimens.

Compressive Strengths
Cell 93 Cell 94 Cell 95 Cell 96 Cell 97
MPa (psi) MPa (psi) MPa (psi) MPa (psi) MPa (psi)
1-Day 138(2000) | 12.4(1800) | 11.0(1600) | 14.5(2100) | 13.1(1900)
3-Day 29.0 (4200) 24.8 (3600) 20.0 (2900) 29.0 (4200) 24.8 (3600)
7-Day 34.5 (5000) 29.0 (4200) 29.0 (4200) 33.1 (4800) 34.5 (5000)
14-Day 37.2 (5400) 53.8 (7800) 33.1 (4800) 37.9 (5500) 40.0 (5800)
28-Day 40.0 (5800) 41.4 (6000) 35.9 (5200) 42.8 (6200) 43.5 (6300)
Table B.2. Elastic moduli for the I-94 specimens.
Elastic Modulus
Cell 93 Cell 94 Cell 95 Cell 96 Cell 97
MPa (psi) MPa (psi) MPa (psi) MPa (psi) MPa (psi)
7-Day 32,400 28,300 29,650 31,000 31,000
(4.7 x 10°) (4.1x 10°) (4.3x 10°) (45 x 10°) (45 x 10°)
28-Day 33,100 33,100 30,300 32,400 32,400
(4.8 x 10°) (4.8 x 10°) (44 x 10°) (4.7 x 10°) (4.7 x 10°)
Table B.3. Poisson’sratio for the 1-94 specimens.
Poisson’s Ratio
Cell 93 Cell 94 Cell 95 Cell 96 Cell 97
7-Day 0.20 0.17 0.19 0.19 0.18
28-Day 0.19 0.18 0.19 0.20 0.20
Table B.4. Flexural strengthsfor the 1-94 specimens.
Flexural Strengths— Cured according to ASTM 31
Cell 93 Cell 94 Cell 95 Cell 96 Cell 97
MPa (psi) MPa (psi) MPa (psi) MPa (psi) MPa (psi)
7-Day 5.4 (780) 4.8 (700) 4.6 (670) 4.8 (700) 5.5 (804)
28-Day 5.9 (860) 5.6 (810) 5.8 (840) 6.1 (890) 5.7 (830)
Table B.5. Flexural strengths for the 1-94 specimens.
Flexural Strengths — Field-Cured
Cell 93 Cell 94 Cell 95 Cell 96 Cell 97
MPa (psi) MPa (psi) MPa (psi) MPa (psi) MPa (psi)
4-Day 3.0 (440) 3.9 (570)
7-Day 3.6 (519) 3.2 (460)
28-Day 4.4 (640) 4.3 (630) 4.1 (602)







APPENDIX C: Material Sourcesand Aggregate Gradations






Table C.1. Concrete material sourcesfor US-169 and 1-94.

US-169 [-94
Cement Holnam-Burnsville, Mn Holnam- Mason City, 1A
ClassC Fly Ash Pleasant Prairie None
Fine Aggregate Barton-Osseo; Pit No. 127003 i Barton-Osseo; Pit No. 127003
Coar se Aggregate Barton-Osseo; Pit No. 127003 | Barton-Osseo; Pit No. 127003
(19 mm (0.75in) minus)
Coarse Aggregate Barton-Osseo; Pit No. 127003 |  Barton-Osseo; Pit No. 127003
(10 mm (0.375 in) minus)
Polypropylene Fibers Fibermesh Fibermesh
Polyolefin Fibers 3M 3M

Air Entrainer

Conchem-Conchem Air

Conchem-Conchem Air

Water Reducer

Master Builders-Polyheed-N

Conchem-Polyheed-N

Table C.2. Concrete coarse aggregate gradations for US-169 and 1-94.

Sieve Size
mm (in.)

US-169

1-94

CA-50 CA-80

CA-50 CA-80

51 mm (2in)

38 mm (1.5in)

32mm (1.25in)

25mm (1in)

100

19 mm (0.75in)

97

16 mm (0.625in)

13 mm (0.5in)

9.5 mm (0.375in)

100

4.75 mm (No. 4)

~RIG (8|8

62

44 100
5

Table C.2. Concrete fine aggregate gradations for US169 and 1-94.

Seve Size
mm (in.) US-169 [-94
9.5mm (0.375in) 100 100
4.75 mm (No. 4) 100 100
2.36 mm (No. 8) 92 92
1.18 mm (No. 16) 70 72
600 nm (No. 30) 44 48
300 nm (No. 50) 18 19
150 nm (No. 100) 4 4
75 mm (No. 200) 1.2
F.M. 2.72 2.65

C1







APPENDI X D: Sensor Locations






US-169 Ultra-Thin Whitetopping
Cel 98 (7.6 cm- 1.2 m x 1.2 m Panels)
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FigureD.1. Srainand environmental sensor layout at the Jackson S. intersection on US-169.



1-94 Ultra-Thin Whitetopping
Cell 93 (102 mm - 1.2 m x 1.2 m Panels)
Climatic and Dynamic Strain Sensor Layout
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Figure D.2. Dynamic strain and environmental sensor layout for Cell 93 on [-94.
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FigureD.3. Dynamic strain and environmental sensor depthsfor Cell 93 on 1-94.



1-94 Ultra-Thin Whitetopping
Cell 93 (102 mm- 1.2 m x 1.2 m panels)
Static Strain Sensor Layout and Depths
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FigureD.4. Satic strain sensor layout for Cell 93 on 1-94.
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FigureD.5. Dynamic strain sensor layout for Cell 94 on 1-94.




1-94 Ultra-Thin Whitetopping
Cell 95 (76 mm - 1.5 m x 1.8 m Panels)
Climatic and Dynamic Strain Sensor Layout
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FigureD.6. Dynamic strain and environmental sensor layout for Cell 95 on 1-94.
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FigureD.7. Dynamic strain and environmental sensor depths for Cell 94 and Cell 95 on 1-94.



[-94 Ultra-Thin Whitetopping
Cell 95 (76 mm - 1.2 m x 1.8 m panels)
Static Strain Sensor Layout and Depths
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FigureD.8. Satic strain sensor layout for Cell 95 on [-94.
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FigureD.9. Dynamic strain sensor layout for Cell 96 on 1-94.



1-94 Thin Whitetopping
Cell 97 (152 mm - 3.0 m x 3.7 m Panels)
Climatic and Dynamic Strain Sensor Layout
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Figure D.10. Dynamic and environmental sensor layout for Cell 97 on 1-94.
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Figure D.11. Dynamic and environmental sensor depths for Cell 96 and Cell 97 on 1-94.



1-94 Thin Whitetopping
Cell 97 (152 mm - 3.0 m x 3.7 m panels)
Static Strain Sensor Layout and Depths

Traffic
K ~ _T
152mm
140mm
pPCC
102cm ~ i
N el N» 9 -
1828cm
203mm
102
C\”_.bv \J_/ AC
Ié— 1200m—>]
N
Sensor Layout

Depth of Sensors
7~ = Static Strain Gages (Geokon 4200 Vibrating Wire strain gage)

Figure D.12. Satic strain sensor layout for Cell 97 on 1-94.



