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TECHNICAL SUMMARY

A cooperative research study was carried out by the Florida Department of
Transportation (FDOT) and the University of Florida to evaluate the long-term rutting
performance of Superpave mixtures and SBS-modified Superpave mixtures using the
Heavy Vehicle Simulator (HVS) at FDOT’s Accelerated Pavement Testing (APT)
facility. This report presents the work performed in the planning, design and
construction phase of this study.

Three different pavement designs were incorporated in the test pavements
constructed for this study. They were (1) two 2-inch lifts of unmodified Superpave
mixture, (2) two 2-inch lifts of SBS-modified Superpave mixture, and (3) a 2-inch lift of
SBS-modified Superpave mixture placed over a 2-inch lift of unmodified Superpave
mixture. All the mixtures were to be compacted to 93+1% of maximum theoretical
density.

The test track consisted of seven test lanes. Each test lane was divided into 3 test
sections. One test lane was to be used for trial runs to evaluate the performance
characteristics of the HVS and to determine the most effective test configuration to be
used in the testing program. Another test lane was set aside for additional testing deemed
necessary or desirable at the end of the main testing program. The main testing program
was to be run on five test lanes with a total of fifteen test sections. Three different testing
temperatures will be incorporated in the testing program.

Type K thermocouples were installed at various locations in the test pavements to
monitor the temperature distribution in the test pavements. For each test section, three

thermocouples were placed on top of the base course, three were placed on top of the first



lift of asphalt mixture, and two were placed on the surface. These thermocouples were
connected to a PC data acquisition system. Temperature readings are to be taken every
15 minutes and recorded in the PC during each test.

The placement of the asphalt mixtures on the test track was started on October 17,
2000 and completed on October 18, 2000. Density measurements from nuclear density
gauges and cores taken from the completed test pavements indicated that the density of

the compacted mixture was within the target range for all lanes and lifts.
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CHAPTER 1
INTRODUCTION

1.1 Background

FDOT started the use of Superpave mixtures on its highway pavements in 1996.
Modified binders have also been used in some of the Superpave mixtures in an effort to
increase the cracking and rutting resistance of these mixtures. Due to the short history of
these mixtures, it is still too early to assess the long-term performance of these Superpave
mixtures and the benefits from the use of the modified binders. There is a need to
evaluate the long-term performance of these mixtures and the benefits obtained from the
use of modified binders, so that the Superpave technology and the selection of modified
binders to be used could be effectively applied.

The FDOT Materials Office has recently acquired a Heavy Vehicle Simulator
(HVS) and constructed an Accelerated Pavement Testing (APT) facility which uses this
Heavy Vehicle Simulator. The HVS can simulate 20 years of interstate traffic on a test
pavement within a short period of time. Thus, a research study was started to evaluate
the long-term performance of Superpave mixtures and modified Superpave mixtures
using the APT facility. This research work is being carried out by a cooperative effort
between the FDOT and the University of Florida. The main objectives of this study are
as follows:

1. To evaluate the operational performance of the Heavy Vehicle Simulator, and to
determine its most effective test configurations for use in evaluating the long term
performance of pavement materials and/or designs under typical Florida traffic
and climate conditions.

2. To evaluate the rutting performance of a typical Superpave mixture used in



Florida and that of the same Superpave mixture modified with a SBS polymer.

3. To evaluate the relationship between mixture properties and the rutting
performance.

4. To evaluate the difference in rutting performance of a pavement using two lifts of
modified mixture versus a pavement using one lift of modified mixture on top of
one lift of unmodified mixture.

1.2 Scope of Report
This report presents the work which was performed in the planning, design and
construction phases of this study. It includes description of (1) the aggregates, binders
and mix designs used for the test pavements, (2) the design of experiment, (3) the
instrumentation and data acquisition system, and (4) the monitoring of the construction of

the test pavements.



CHAPTER 2
MATERIALS
The two asphalt mixtures which were placed in the test pavements were (1) a
Superpave mixture using a PG67-22 asphalt and (2) a Superpave mixture using a PG67-
22 asphalt modified with a SBS polymer which had an equivalent grading of PG76-22.
Both mixtures were made with the same aggregate blend having the same gradation, and
had the same effective asphalt content. The types and gradation of the aggregate blend
used were similar to those of an actual Superpave mixture which had recently been
placed down in Florida. The properties of the aggregates used are shown in Table 2.1.
These mixtures can be classified as 12.5 mm fine Superpave mixes, with a nominal
maximum aggregate size of 12.5 mm and the gradation plotted above the restricted zone.
Designs for these two mixtures were done by the personnel of the Bituminous
Section of the FDOT Materials Office. The optimum binder content was determined
according to the Superpave mix design procedure and criteria using a design traffic level
of 10 to 30 X 10° ESALs. The mix design data for these two mixtures are given in
Tables A1l and A2 in the Appendix A. The binder contents and volumetric properties for

these two mixtures are shown in Table 2.2.



Table 2.1 Properties of Aggregates used in the Asphalt Mixture

Type Material Fg) Ei)g Producer Pit No Date Sampled
1. S-1-A Stone 41 Rinker Mat. Corp TM-489 87-089 9/11/00
2. S-1-B Stone 51 Rinker Mat. Corp TM-489 87-089 9/11/00
3. Screenings 20 Anderson Mining Corp 29-361 9/11/00
4. Local Sand V.E.Whitehurst & Sons, Inc | Starvation Hill 9/11/00
Percentage by Weight Total Aggregate Passing Sieves
Blend 12% 25% 48% 15% | JMF | Control || Restricted
Number 1 2 3 4 Points | Zone
S|3/4" 19.0mm| 99 100 100 100 100 100
[12" 12.5mm| 45 100 100 100 93  [90-100
E|3/8" 9.5mm| 13 99 100 100 89 -90
V|[No.4 475mm| 5 49 90 100 71
ENo.8 236mm| 4 10 72 100 53 28-58 [[39.1-39.1
No. 16 1.18mm| 4 4 54 100 42 25.6-31.6
S|[No.30 600um| 4 3 41 96 35 19.1-23.1
I [No.50 300um| 4 3 28 52 22
Z [ No. 100 150um| 3 2 14 10 9
E [No.200 75um| 2.7 1.9 59 22 4.5 2-10
Gy 2.327 2.337 2.299 2.546 | 2.346
Table 2.2 Volumetric Properties of the Asphalt Mixtures
wre | ot | smte] i [ o5 | 7o | o
Superpave Mix | PG67-22 8.2 4.0 14.5 72 4.97 2.276
Susgr‘;‘lif:iﬁx PG76-22 | 7.9 | 38 | 142 | 73 | 490 | 2273




CHAPTER 3
EXPERIMENTAL DESIGN

3.1 Test Track Layout

The layout of the test track, which was constructed at the FDOT APT facility for
this study, is shown in Figure 3.1. The test track consisted of seven test lanes. The
locations for these test lanes were selected such that they could fit around the two
existing concrete conduit boxes. Their widths varied from 12 to 13.5 feet. Each test lane
was divided into three test sections. Each test section was to be 30 feet long, with 20 feet
of test area and 5 feet at each end for acceleration and deceleration of the test wheel.
Adjacent to the test lanes was a 94 feet long area, which was to be used for maneuvering
of the HVS.

The test track had a 10.5-inch limerock base placed on top of a 12-inch limerock
stabilized subgrade. Lanes 1 and 2 were paved with two 2-inch lifts of the SBS-modified
Superpave mixture. Lane 3 had a 2-inch lift of the modified Superpave mix over a 2-inch
lift of unmodified Superpave mix. Lanes 4 through 7 were paved with two 2-inch lifts of
the unmodified Superpave mix.

3.2 Testing Parameters and Sequence

The main testing program was to be run on Test Lanes 1 through 5, which had a

total of 15 test sections. Test Lane 6 was set aside for additional testing deemed

necessary or desirable at the end of the main testing program. Test Lane 7 was to be used
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for trial runs to evaluate the performance characteristics of the HVS and to determine the
most effective test configuration to be used in the testing program.

The testing parameters and sequence to be used for the main testing program are
shown in Figure 3.2. Three testing temperatures will be used. Two replicate tests per
testing temperature will be used for Lanes 1 and 2, which have two 2-inch lifts of SBS-
modified Superpave mixture, and for Lanes 4 and 5, which have two 2-inch lifts of
unmodified Superpave mixture. Only one test per testing temperature will be run on
Lane 3, which has one lift of SBS-modified mixture on top of one lift of unmodified
mixture. The testing sequence is arranged such that the effects of time on each lane can
be averaged out. It is also arranged such that the HVS vehicle would not have to drive
over a test section which has not been tested in order to minimize damage to the test
sections.

The wheel load to be used is a 9-kip super single tire. The number of load
applications, the type and amount of wheel wander, and the three testing temperatures to
be used will be determined after all the trial tests on Lane 7 are completed and evaluated.

3.3 Temperature Monitoring System

The temperature distributions in the test pavements are to be monitored by means
of Type K thermocouples installed at various depths and locations in the test pavements.
Type K thermocouple was selected to be used in consideration of its relatively high
sensitivity (40 pV/°C), high range of operation (-200 to 1250 °C), reliability and low
cost. Figure 3.3 shows the locations of the thermocouples on the test track. Figure 3.4
shows the plan and cross section views of the thermocouples for each test section. A

total
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of eight thermocouples were installed for each test section. For each test section, three
thermocouples were placed on top of the base course, three were placed on top of the first
lift of asphalt mixture, and two were placed on the surface. These thermocouples were
connected to a PC data acquisition system. Temperature readings are to be taken every

15 minutes and recorded in the PC during each test.
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CHAPTER 4
CONSTRUCTION OF THE TEST TRACK

4. 1 Construction of Control Strip

Before the Superpave and the SBS-modified Superpave mixtures were placed on
the test track, a control strip was constructed using the Superpave mixture. This was
done in order to determine the appropriate rolling pattern needed to achieve the desired
density and to calibrate the two nuclear density gauges to be used for checking the
density of the test pavements. The target density for the compacted mixture was 93+1%
of Gmm (maximum theoretical density). The density of the compacted mixture was
measured by means of the two nuclear density gauges using a reading time of one
minute, and cores taken from the compacted pavement. The density measurements from
the cores were used to calibrate the two nuclear density gauges.

The two rollers used by the paving contractor were 25,000-1b steel-wheel rollers,
which could be used in either a static mode or a vibratory mode. From the results of the
test strip, it was determined that the target density could be achieved by three passes of
the vibratory roller followed by three passes of the static roller. This rolling pattern was
thus used in the compaction of the asphalt mixtures in the test track.

4.2 Placement of Thermocouples

As described in Section 3.3, for each of the 21 test sections, three thermocouples

were to be placed on top the limerock base course, three were to be placed between the

two lifts of asphalt layers, and two were to be placed on the surface of the pavement.
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There were a total of 63 thermocouples to be placed on the limerock base. This task was
completed by October 16, 2000, one day before the placement of the asphalt mixture on
the test track. The end of each thermocouple wire was placed at its designated location
on the limerock base and secured by means of a U-shaped two-ended nail, as shown in
Figure 4.1. Each thermocouple wire was run from its designated location to the nearest
concrete conduit box. These thermocouple wires were secured to the limerock by means
of the U-shaped nails.

There were a total of 63 thermocouples to be placed on top of the first lift of
asphalt mixture. This task was done in the afternoon of October 17, 2000 and in the
morning of October 18, 2000, between the time of the placement of the first lift and the
placement of the second lift. The theromocouples were secured to the asphalt layer by
means of the U-shaped nails in a similar fashion as that for the limerock base. Figure 4.2
shows a picture of the thermocouples placed on top of the first lift of asphalt mixture.

4.3 Placement of the Asphalt Mixtures

The placement of the asphalt mixtures on the test track was started on October 17,
2000 and completed on October 18, 2000. The first 2-inch lift of unmodified Superpave
mixture was placed on Lanes 3 through 7 on the first day. The second lift of unmodified
Superpave mixture was placed on Lanes 4 through 7 on the second day. The bottom lift
of SBS-modified Superpave mixture was placed on Lanes 1 and 2 in the morning of the
second day. The top lift of SBS-modified Superpave Mixture was placed in the afternoon
of the second day.

Each lift of asphalt mixture was compacted by three passes of the vibratory

14



Figure 4.1 Photo of thermocouple installed on the limerock base
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Figure 4.2 Photo of the thermocouples installed on the surface of the first lift of HMA
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followed by three passes of the static roller, as determined from the results of the test
strip. Figure 4.3 shows a picture of the 25,000-Ib steel-wheel roller used. Additional
passes of the static rollers were made to smoothen the surface of the pavement as needed.
Figure 4.4 shows the finished test pavement.
4.4 Density of the Compacted Pavement

The two calibrated nuclear density gauges were used to check the density of the
compacted mixtures after the completion of these six roller passes. After the nuclear
density measurements were taken, core samples were taken from the same locations.

The coring and nuclear density testing plan for the test track is shown in Figure
4.5. A total of four cores and thirteen nuclear density measurements were taken per lift
per lane after each lift was completed. Coring and nuclear density reading were
performed by FDOT personnel. Core and nuclear density data taken at the same
locations for lifts 1 and 2 are given in Tables 4.1 and 4.2, respectively. It can be seen that
the density of each lift was within the target range. Thus, the test track has a fairly
uniform density. Nuclear density at each location was the average of four readings. All
of the nuclear density data are presented in Tables B1 through B14 in the Appendix B.

4.5 Volumetric Properties and Binder Contents

The Superpave and SBS-modified Superpave mixtures placed down on the test
track were sampled at the hot-mix plant and tested for their volumetric properties and
binder contents by FDOT personnel. One set of tests was run for every lift and every
lane. Thus, a total of 14 sets of samples were collected and 14 sets of tests were run.

The asphalt mixture samples were compacted in a Superpave gyratory compactor

using the same test parameters as used in the mix design procedure, and the volumetric

17



Figure 4.3 Photo of Steel-Wheel Roller used for compaction
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Figure 4.4 Photo of the Finished Test Track
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Table 4.1 Core and Nuclear Density Data for Lift 1

Nuclear
Core Data Density Data
Lane | Location H:il;lg)ht Gmp Gum % Gmm Dels\::i:;ll(il‘:?cﬂ Den(i:)t/);i{)& Ve
1 1 1.92 2.137 | 2.268 94.2 133.4 130.6
1 7 1.96 2.138 | 2.268 94.3 133.4 131.9
1 11 2.04 2.149 | 2.268 94.7 134.1 133.4
1 17 1.88 2.102 | 2.268 92.7 131.2 130.6
1 Average | 1.95 | 2.132 94.0% 133.0 131.6
2 1 1.83 2.128 | 2.263 94 132.8 130.7
2 7 2.04 2.072 | 2.263 91.6 129.3 127.2
2 11 1.75 2.123 | 2.263 93.8 132.5 130.7
2 17 1.83 2.077 | 2.263 91.8 129.6 127.5
2 Average | 1.86 | 2.100 92.8% 131.0 129.0
3 1 1.35 2.115 | 2.271 93.1 132 128.1
3 7 1.71 2.080 | 2.271 91.6 129.8 127.3
3 11 1.27 2.120 | 2.271 93.4 132.3 132.4
3 17 1.38 2.081 | 2.271 91.7 129.9 128.5
3 Average | 1.43 | 2.099 92.4% 131.0 129.1
4 1 1.71 2.132 | 2.280 93.5 133.1 133.3
4 7 1.46 2.089 | 2.280 91.6 130.4 127.7
4 11 1.67 2.141 | 2.280 93.9 133.6 130.3
4 17 1.63 2.086 | 2.280 91.5 130.2 127.3
4 Average | 1.62 | 2.112 92.6% 131.8 129.7
5 1 1.60 2.134 | 2.276 93.7 133.1 131.2
5 7 1.71 2.125 | 2.276 93.4 132.6 132.6
5 11 1.60 2.141 | 2.276 94.1 133.6 134.3
5 17 1.92 2.108 | 2.276 92.6 131.5 130.7
5 Average | 1.71 | 2.127 93.4% 132.7 132.2
6 1 1.81 2.108 | 2.261 93.2 131.5 130.2
6 7 1.77 2.138 | 2.261 94.6 133.4 134.7
6 11 1.90 2.141 | 2.261 94.7 133.6 132.5
6 17 1.54 2.127 | 2.261 94.1 132.7 138.8
6 Average | 1.75 | 2.129 94.1% 132.8 134.0
7 1 1.92 2.145 | 2.264 94.7 133.9 134.6
7 7 1.75 2.168 | 2.264 95.8 135.3 135.5
7 11 1.88 2.176 | 2.264 96.1 135.8 137.0
7 17 1.67 2.134 | 2.264 94.3 133.2 133.6
7 Average | 1.80 | 2.156 95.2% 134.5 135.2
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Table 4.2 Core and Nuclear Density Data for Lift 2

Nuclear
Core Data Density Data
Lane | Location H:ilf)ht Gmp Gum % Gmm Del\::i:;ll(ig?cﬂ Den(::)t/);i{)& Ve
1 2 2.13 | 2.088 | 2.272 | 91.9 130.3 129.1
1 6 1.92 | 2.129 | 2.272 | 93.7 132.9 134.3
1 12 221 | 2.112 | 2.272 92.9 131.8 134.0
1 16 1.75 ] 2.113 | 2.272 93.0 131.8 130.7
1 Average | 2.00 | 2.110 92.9 131.7 132.0
2 2 1.75 | 2.081 | 2.272 | 91.6 129.9 128.8
2 6 1.42 | 2.120 | 2.272 | 93.3 132.3 131.1
2 12 1.25 | 2.102 | 2.272 92.5 131.2 130.4
2 16 1.83 | 2.122 | 2.272 93.4 132.4 130.2
2 | Average | 1.56 | 2.106 92.7 131.4 130.1
3 2 2.13 | 2.096 | 2.278 92.0 130.8 130.1
3 6 1.92 | 2.124 | 2.278 93.3 132.6 132.3
3 12 221 | 2.074 | 2.278 91.0 129.4 128.4
3 16 1.75 ] 2.120 | 2.278 93.0 132.3 130.6
3 | Average | 2.00 | 2.104 92.3 131.3 130.4
4 2 2.04 | 2.125 | 2.276 | 933 132.6 131.1
4 6 1.88 | 2.139 | 2.276 | 94.0 133.5 131.3
4 12 2.00 | 2.132 | 2.276 | 93.7 133.0 131.4
4 16 1.58 | 2.133 | 2.276 | 93.7 133.1 132.4
4 | Average | 1.87 | 2.132 93.7 133.0 131.5
5 2 2.04 | 2.099 | 2.278 92.2 131.0 130.2
5 6 1.88 | 2.117 | 2.278 92.9 132.1 131.1
5 12 1.88 | 2.102 | 2.278 92.3 131.2 129.8
5 16 1.92 | 2.116 | 2.278 92.9 132.0 131.2
5 | Average | 193 | 2.108 92.6 131.6 130.6
6 2 2.13 | 2.103 | 2.267 | 92.8 131.2 128.6
6 6 2.38 | 2.133 | 2.267 | 94.1 133.1 131.9
6 12 225 | 2.131 | 2.267 | 94.0 133.0 132.0
6 16 2.00 | 2.123 | 2.267 | 93.6 132.4 132.0
6 | Average | 2.19 | 2.122 93.6 132.4 131.1
7 2 1.79 | 2.089 | 2.275 91.8 130.4 131.0
7 6 1.50 | 2.129 | 2.275 93.6 132.8 130.4
7 12 1.96 | 2.098 | 2.275 92.2 130.9 130.2
7 16 1.63 | 2.121 | 2.275 93.2 132.3 133.1
7 | Average | 1.72 | 2.109 92.7 131.6 131.2
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properties of the compacted mixtures were determined. Binder contents were determined
by means of the Ignition Oven test. Sieve analyses were performed on the recovered
aggregate after the ignition oven test.

Tables 4.3 and 4.4 show the comparison of the aggregate gradations, volumetric
properties and binder contents of these sampled mixes with those of the job mix design
for lifts 1 and 2, respectively. It can be seen that the recovered aggregates from the
ignition oven tests were finer than the job mix formula. This difference might be caused
by the loss of aggregate materials due to the ignition process.

The binder contents for the mixtures in Lanes 1, 3, 4, and 5 of Lift 1 were very
close to the design binder content. However, the mixtures in Lanes 2, 6 and 7 of Lift 1
had higher binder contents than that of the design. Binder contents for all lanes of Lift 2
were close to the design value.

The air voids of all the compacted samples were lower than the design value of
4%. Particularly low air voids were observed for samples from Lanes 2, 6 and 7 of Lift
1. The low air voids for these mixtures can be explained by the high binder contents of
these mixtures.

4.6 Additional Asphalt Mixture Samples

Additional samples of asphalt mixtures were collected at the hot-mix plant by the
University of Florida investigators for additional laboratory testing. Four sets of samples
were obtained. One set of samples was obtained for each lift of the unmodified
Superpave mixture and each lift of the SBS-modified mixture.

A laboratory testing program will be performed to characterize these mixtures to

evaluate the potential performance of these mixes based on the laboratory results, and to
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Table 4.3 Comparisons of Volumetric Properties of Asphalt Mixtures for Lift 1

PG 76-22 PG 67-22
. Design . Design
Sieve . Sieve .
: Job Mix | Truck 1 | Truck 3 : Job Mix | Truck 7 | Truck 6 | Truck 4 | Truck 3 | Truck 1
Size Size
Formula Formula
Lane 1 | Lane 2 Lane3 | Lane4 | Lane 5 | Lane 6 | Lane 7
1" 100.0 100.0 1" 100.0 100.0 100.0 100.0 100.0
3/4" 100 100.0 100.0 3/4" 100 100.0 100.0 100.0 100.0 100.0
12" 93 97.8 97.4 12" 93 97.6 98.8 96.9 97.8 97.5
3/8" 89 95.8 95.7 3/8" 89 95.1 96.7 93.4 96.0 94.9
#4 71 77.8 75.4 #4 71 74.9 76.8 74.3 76.0 74.1
#8 53 54.6 51.9 #8 53 54.3 54.0 53.9 55.9 53.8
#16 42 44.6 42.4 #16 42 44.6 44.1 45.2 46.0 43.7
#30 35 39.2 36.4 #30 35 38.1 37.8 394 39.3 36.7
#50 22 24.5 23.6 #50 22 24.2 234 24.3 24.5 239
#100 9 8.8 9.4 #100 9 9.4 8.3 8.5 9.1 10.2
#200 4.5 4.0 4.3 #200 4.5 42 3.6 3.7 4.2 5.0
AC 7.9 8.0 8.3 AC 8.2 8.0 8.2 8.0 8.4 8.7
content content
Gum 2.273 2.268 2.263 Gum 2.276 2.271 2.280 2.276 2.261 2.264
GI"\}b @1 2186 | 219 | 2215 GI{']" @1 2185 | 2200 | 2.196 | 2.197 | 2204 | 2220
des des
Air Voids 3.8 32 2.1 |Air Voids 4 3.1 3.7 35 2.5 1.9
VMA 14.2 13.9 13.4 VMA 14.5 13.7 14.0 13.9 14.0 13.6
VFA 73 77.2 84.2 VFA 72.0 77.2 73.6 74.9 81.8 85.7
Pie 4.9 5.1 53 Pye 4.97 5.0 4.9 4.9 5.4 5.4
Dust Dust
Ratio 0.9 0.8 0.8 Ratio 0.9 0.8 0.7 0.7 0.8 0.9
0, (o)
/% (Ii]‘“m @ 89.1 90.6% | 90.8% % ?\Imm @ 88.8 90.2% | 89.8% | 90.5% | 91.0% | 90.8%
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Table 4.4 Comparisons of Volumetric Properties of Asphalt Mixtures for Lift 2

) PG 76-22 ) PG 67-22
. Design . Design
Sieve . Sieve .
. Job Mix | Truck 3 | Truck 2 | Truck 1 . Job Mix | Truck 1 | Truck 3 | Truck 4 | Truck 6
Size Size
Formula Formula
Lane 1 Lane2 | Lane3 Lane4 | Lane5 | Lane 6 | Lane 7
1" 100.0 100.0 100.0 1" 100.0 100.0 100.0 100.0
3/4" 100 100.0 100.0 100.0 3/4" 100 100.0 100.0 100.0 100.0
172" 93 97.5 97.1 98.9 12" 93 98.0 97.9 97.4 97.2
3/8" 89 95.4 94.6 96.9 3/8" 89 96.3 96.1 95.7 95.7
#4 71 76.1 76.5 76.0 #4 71 76.7 76.0 76.3 76.6
#8 53 544 55.2 54.0 #8 53 54.6 53.9 54.2 54.7
#16 42 45.1 45.3 44 .4 #16 42 44 .4 44.2 44.1 44 .4
#30 35 38.5 39.2 38.1 #30 35 37.5 37.9 37.8 37.7
#50 22 23.9 24.0 24.3 #50 22 24.0 23.6 23.7 24.3
#100 9 8.8 8.8 9.3 #100 9 9.7 8.8 8.9 10.2
#200 4.5 3.9 39 4.1 #200 4.5 4.6 3.9 4.2 4.9
AC 7.9 8.0 7.9 78 | AC 8.2 7.9 8.0 79 | 79
content content
Gom 2.273 2.272 2272 2.278 Gum 2.276 2.276 2.278 2.267 2.275
Glrf]b @ 2.186 2.201 2.202 2.200 GI'\“I" @ 2.185 2.199 2.196 2.202 2.214
des des
Air Voids 3.8 3.1 3.1 3.4 |Air Voids 4 34 3.6 2.9 2.7
VMA 14.2 13.7 13.6 13.5 VMA 14.5 13.7 13.9 13.6 13.1
VFA 73 77.0 77.3 74.7 VFA 72 75.1 73.9 78.9 79.3
Pye 4.9 5.0 4.9 4.8 Pie 4.97 4.8 4.8 5.0 4.8
Dust Dust
Ratio 0.9 0.8 0.8 0.9 Ratio 0.9 1.0 0.8 0.8 1.0
0, 0,
% ?\Imm @ 89.1 90.4% 90.5% 90.2% % %“m @ 88.8 89.7% | 89.7% | 90.4% | 90.5%
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evaluate the correlation between the laboratory test results with the performance of the

test sections.
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Table A.1 Mix Design Data for the Superpave Mix

Pb Gmb @ Ndes Gmm Va VMA VFA Pbe I:)0.075 / Pbe %Gmm @ Nini % Gmm @ Ndesign %Gmm @ Nmax
7.2 2.159 2.306 6.4 14.6 56 3.94 1.1 86.7 93.6 94.7
7.7 2.168 2.281 5.0 14.7 66 4.66 1.0 88.1 95.0 96.3
8.2 2.185 2.276 4.0 14.5 72 4.97 0.9 88.8 96.0 97.0
8.7 2.193 2.232 1.7 14.7 88 6.09 0.7 91.0 98.3 99.5
956 14.5 =)
g 6 /’ 147 -+ o =4 f
3 s / < N o /
(21 / = N J e
E £ 145 ¥ =
E %8 / = \/ = 70
£ 946 / 14.5 * £a /
936 - T T T 144 T T T T 55 4-/ T T T
g7 72 77 82 87 492 EF 72 77 82 &7 9z E7 72 F7 82 &7 8z
% Asphalt % Asphalt % Asphalt
Optimum Asphalt Content 8.20% FAA 47.00%
. 136.3 1bs/ft% %Gmm @ Ndes 96.00%
Lab Density
=2185 kg/m’ NCAT Oven Calibration Factor -0.07%
VMA 14.50% Mixing Temperature 300°F = 149°C
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Table A.2 Mix Design Data for the SBS-Modified Superpave Mix

Py Ginb @ Naes | Gmm Va VMA VFA Pbe Po.ors / Pre %Gmm @ Nini | %0Gmm @ Ndesign | %0Gmm @ Nmax
7 2.163 2.300 6.0 14.3 58 3.97 1.1 87.1 94.0 94.7
7.5 2177 2.285 4.7 14.2 67 4.48 1.0 88.1 95.3 95.8
7.9 2.186 2.273 3.8 14.2 73 4.90 0.9 89.1 96.2 96.7
8 2.185 2.268 3.7 14.3 74 5.04 0.9 89.3 96.3 96.8
8.5 2.195 2.253 2.6 14.4 82 5.56 0.8 90.4 97.4 98.2
as0 145 85
/ g0 Wad
E 7.0 14.4 / < 7 /#.f
= < < *
i / = 143 1 = 70
E 95.0 = ’ &
§ / # \\ I' &8 ~
950 142 %
= / G0 P
94.0 + T T T 141 T T . 55 T T T
69 74 749 &4 84 9 74 78 84 83 69 74 73 84 83
% Asphalt o, Asphalt " Asphalt
Optimum Asphalt Content 7.90% FAA 47%
. 136.40% %Gmm @ Ndes 96.2%
Lab Density ——
=2186 kg/m’ NCAT Oven Calibration Factor -6.00%
VMA 14.20% Mixing Temperature 340°F = 171°C
Compaction Temperature 325°F = 163°C
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Table B.1 Nuclear Density Data for Lane 1-Lift 1

Density (Ib/cf)

Location 1 2 3 4 Average
1 131.7 129.3 131.3 130.2 130.6
2
3 128.8 129.1 129.4 1311 129.6
4 129.7 133.4 131.7 131.1 131.5
5 130.2 132.1 130.2 130.3 130.7
6
7 130.9 131.2 132.8 132.8 131.9
8 131.0 1314 132.7 132.2 131.8
9 136.8 135.0 134.8 136.3 135.7
10 132.5 132.3 131.6 132.0 132.1
11 134.2 133.0 133.2 133.3 133.4
12
13 131.7 131.7 130.8 131.3 1314
14 130.2 129.7 129.3 130.8 130.0
15 130.7 128.8 129.0 129.5 129.5
16
17 130.6 131.0 130.1 130.7 130.6

Table B.2 Nuclear Density Data for Lane 1-Lift 2

Density (Ib/cf)
Location 1 2 3 4 Average

1

2 129.1 128.9 129.6 128.6 129.1
3 129.3 130.1 129.6 130.6 129.9
4 129.6 129.7 131.1 130.9 130.3
5 131.3 130.2 128.8 130.5 130.2
6 135.5 133.5 132.9 135.1 134.3
7

8 135.1 133.7 132.2 134.5 133.9
9 131.9 131.3 130.2 131.9 131.3
10 132.7 131.8 130.7 131.7 131.7
11

12 134.3 135.0 134.8 132.0 134.0
13 129.6 130.5 130.3 131.4 130.5
14 131.9 129.4 129.8 130.4 130.4
15 131.6 131.7 127.7 131.9 130.7
16 128.2 131.3 132.6 130.6 130.7
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Table B.3 Nuclear Density Data for Lane 2-Liftl

Density (Ib/cf)

Location 1 2 3 4 Average
1 130.1 128.8 131.2 132.8 130.7
2
3 130.2 131.2 1324 132.2 131.5
4 129.2 128.5 130.8 1314 130.0
5 132.5 129.7 132.6 133.2 132.0
6
7 126.7 126.7 126.4 129.0 127.2
8 132.9 134.5 132.2 129.5 132.3
9 129.8 129.8 130.4 127.9 129.5
10 132.3 132.4 133.0 130.9 132.2
11 129.9 129.8 1314 131.5 130.7
12
13 135.3 132.2 134.4 133.2 133.8
14 133.8 134.2 135.2 133.7 134.2
15 132.6 131.5 132.2 132.9 132.3

Table B.4 Nuclear Density Data for Lane 2-Lift 2
Density (Ib/cf)

Location 1 2 3 4 Average
1 128.6 128.2 128.4 130.0 128.8
2 132.1 131.9 132.9 131.2 132.0
3 1311 132.0 133.2 132.4 132.2
4 132.3 132.1 133.4 1324 132.6
5 131.8 130.5 130.5 131.5 131.1
6
7 130.1 130.8 130.7 131.0 130.7
8 130.7 132.6 130.8 130.2 131.1
9 133.8 132.9 132.6 133.1 133.1
10
11 130.0 129.7 130.4 1314 130.4
12 132.0 130.7 132.1 130.6 131.4
13 132.6 131.0 132.0 130.3 131.5
14 132.1 130.8 133.1 131.5 131.9
15 130.2 130.7 130.0 129.8 130.2
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Table B.5 Nuclear Density Data for Lane 3-Lift 1

Density (Ib/cf)

Location 1 2 3 4 Average
1 127.6 127.6 129.5 127.7 128.1
2
3 129.8 130.0 128.8 1314 130.0
4 130.5 131.5 130.0 131.3 130.8
5 129.8 130.7 128.5 129.9 129.7
6
7 126.2 126.7 128.1 128.1 127.3
8 133.9 133.9 132.4 136.1 134.1
9 130.8 132.0 131.3 132.7 131.7
10 130.8 132.2 132.0 133.8 132.2
11 133.2 132.7 132.4 131.3 132.4
12
13 130.3 130.9 132.6 132.1 131.5
14 129.5 130.7 130.4 131.6 130.6
15 130.5 129.8 130.8 131.8 130.7
16
17 129.0 129.6 127.6 127.8 128.5

Table B.6 Nuclear Density Data for Lane 3-Lift 2
Density (Ib/cf)

Location 1 2 3 4 Average
1
2 129.2 129.6 131.0 130.7 130.1
3 129.5 130.8 130.4 131.2 130.5
4 132.0 130.1 130.2 131.5 131.0
5 132.4 131.3 129.9 130.0 130.9
6 132.5 132.4 132.0 132.3 132.3
7
8 133.6 133.1 131.2 132.2 132.5
9 131.3 131.1 131.3 132.2 131.5
10 133.1 132.2 129.5 134.4 132.3
11
12 128.5 128.6 127.7 128.7 128.4
13 131.9 129.4 128.9 129.6 130.0
14 131.6 131.1 129.9 130.7 130.8
15 136.7 136.2 135.7 136.6 136.3
16 130.1 130.3 131.5 130.5 130.6
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Table B.7 Nuclear Density Data for Lane 4-Lift 1

Density (Ib/cf)

Location 1 2 3 4 Average
1 133.7 129.7 138.6 131.3 133.3
2
3 130.0 129.0 128.6 130.6 129.6
4 131.3 132.5 131.8 130.9 131.6
5 129.0 129.3 130.0 128.3 129.2
6
7 127.9 127.2 128.1 127.6 127.7
8 132.5 132.4 133.7 132.3 132.7
9 131.2 130.8 131.7 133.4 131.8
10 132.6 130.7 130.0 132.8 131.5
11 129.9 130.8 130.3 130.2 130.3
12
13 132.3 133.3 132.2 131.8 132.4
14 129.1 129.1 129.0 130.8 129.5
15 130.0 130.7 131.3 131.3 130.8
16
17 127.0 125.9 127.2 129.1 127.3

Table B.8 Nuclear Density Data for Lane 4-Lift 2

Density (Ib/cf)

Location 1 2 3 4 Average
1
2 131.5 130.6 131.3 130.9 131.1
3 132.1 133.3 130.9 132.3 132.2
4 1314 133.3 132.7 131.9 132.3
5 130.4 131.5 1314 132.0 131.3
6 131.5 131.2 131.0 131.5 131.3
7
8 131.2 130.4 132.1 131.9 1314
9 131.8 131.7 133.1 132.6 132.3
10 130.8 132.0 132.9 132.8 132.1
11
12 130.7 132.0 130.8 132.0 131.4
13 131.1 132.9 132.3 131.3 131.9
14 131.5 130.6 131.8 132.3 131.6
15 132.0 131.0 131.0 131.8 131.5
16 133.4 132.2 131.8 132.3 132.4
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Table B.9 Nuclear Density Data for Lane 5-Lift 1

Density (Ib/cf)

Location 1 2 3 4 Average
1 130.3 130.3 132.5 131.6 131.2
2
3 128.6 129.6 129.3 129.5 129.3
4 129.2 130.4 130.3 129.7 129.9
5 130.8 130.7 130.5 129.2 130.3
6
7 132.5 132.4 132.1 133.2 132.6
8 131.0 132.8 132.8 133.0 132.4
9 131.4 131.5 131.6 130.9 131.4
10 132.3 131.8 130.6 132.4 131.8
11 134.2 134.2 133.8 135.0 134.3
12
13 132.0 130.7 131.8 131.5 131.5
14 134.7 134.5 133.3 135.1 134.4
15 132.4 132.0 132.3 132.0 132.2
16
17 131.0 131.0 130.1 130.6 130.7

Table B.10 Nuclear Density Data for Lane 5-Lift 2

Density (Ib/cf)

Location 1 2 3 4 Average

1

2 130.3 130.0 130.4 130.0 130.2
3 131.6 132.0 1324 132.1 132.0
4 132.5 132.6 131.8 132.7 132.4
5 131.0 130.5 133.3 132.0 131.7
6 131.0 130.9 131.5 130.9 131.1
7

8 129.3 131.5 131.9 1314 131.0
9 132.2 131.8 131.5 130.9 131.6
10 132.6 132.4 131.0 132.0 132.0
11

12 130.5 129.2 130.0 129.5 129.8
13 129.8 130.0 130.5 128.9 129.8
14 130.9 131.5 131.5 131.4 131.3
15 131.3 130.5 130.1 1324 131.1
16 129.0 131.1 132.3 132.4 131.2
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Table B.11 Nuclear Density Data for Lane 6-Lift 1

Density (Ib/cf)

Location 1 2 3 4 Average
1 128.9 1314 130.2 1304 130.2
2
3 133.7 1324 131.7 132.9 132.7
4 132.8 132.7 134.6 134.2 133.6
5 129.6 133.4 133.5 133.5 132.5
6
7 132.0 141.8 133.1 131.8 134.7
8 133.2 133.6 1341 1321 133.3
9 1351 132.7 134.1 135.0 134.2
10 133.0 132.6 132.1 133.0 132.7
11 133.2 131.6 132.6 132.5 132.5
12
13 132.7 134.8 134.8 132.6 133.7
14 134.0 134.6 136.8 134.0 134.9
15 133.6 133.9 133.5 132.9 133.5
16
17 135.3 137.0 141.9 141.0 138.8

Table B.12 Nuclear Density Data for Lane 6-Lift 2

Density (Ib/cf)
Location 1 2 3 4 Average

1

2 128.6 127.9 128.9 129.1 128.6
3 131.3 128.7 128.8 130.1 129.7
4 132.0 132.8 131.7 131.3 132.0
5 132.8 132.2 133.6 133.9 133.1
6 132.0 132.0 131.6 132.1 131.9
7

8 132.8 132.6 132.2 131.7 132.3
9 129.7 130.0 130.2 129.3 129.8
10 131.7 130.8 132.6 132.2 131.8
11

12 131.2 133.4 130.8 1324 132.0
13 131.9 131.7 130.9 132.8 131.8
14 130.9 132.2 131.9 131.7 131.7
15 129.8 131.0 129.5 131.7 130.5
16 131.1 132.6 132.5 131.6 132.0
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Table B.13 Nuclear Density Data for Lane 7-Lift 1

Density (Ib/cf)

Location 1 2 3 4 Average
1 1354 1341 133.9 134.8 134.6
2
3 131.9 133.6 132.9 131.9 132.6
4 133.5 134.3 132.7 132.4 133.2
5 134.6 133.7 134.3 134.6 134.3
6
7 136.5 134.7 135.5 135.3 135.5
8 134.9 134.5 135.0 135.5 135.0
9 136.2 135.9 135.5 135.6 135.8
10 134.2 134.3 134.3 133.9 134.2
11 137.0 136.3 136.5 138.0 137.0
12
13 135.6 136.5 134.5 136.1 135.7
14 136.6 134.3 133.0 135.3 134.8
15 132.3 134.7 133.6 133.3 133.5
16
17 134.7 133.8 131.9 134.0 133.6

Table B.14 Nuclear Density Data for Lane 7-Lift 2

Density (Ib/cf)
Location 1 2 3 4 Average

1

2 131.7 130.8 131.1 130.3 131.0
3 128.3 128.6 128.6 128.7 128.6
4 130.2 128.1 128.2 129.2 128.9
5 131.0 130.0 131.3 129.9 130.6
6 130.0 129.6 131.2 130.8 130.4
7

8 131.5 131.7 131.8 131.5 131.6
9 129.4 129.4 131.4 131.0 130.3
10 130.8 130.6 130.5 130.7 130.7
11

12 131.5 130.2 129.1 130.1 130.2
13 127.8 128.5 130.7 130.3 129.3
14 131.3 129.7 128.4 131.4 130.2
15 131.5 130.8 130.9 130.5 130.9
16 133.9 132.7 133.8 131.9 133.1
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