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EXECUTIVE SUMMARY

The original National Center for Asphalt Technology (NCABvementest Track was

built in 2000 inOpelika, Alabama where it has served as a-sthtke-art, full-scale, closed

loop accelerated loading facility. The constructioperationand research at the Test Track
arefunded through a cooperative effort of agency and industry sponsors witial irad

pavement research objectives. The Test Track was designed to test 46 pavement sections
(200 feet in length) with 10 million equivalent single axle loads (ESALS) of traffic over two
years. The test sections allow pavement engineers and resetvdtady pavement

responses and distresses to make pavement design more economical and efficient. The Test
Track underwent its first reconstruction phase in the summer of 2003.

After the second phase of testing (i.e., the second 10 million ESALSs) bactbmpleted,
twenty-two test sections at the Test Track were either milled or removed down to the
subgrade to prepare for the third phase of testing at the Test Track. Reconstruction for Phase
lIl occurred in the summer and fall of 2006. Traffickinglué pavement began on

November 10, 2006 and ran until December 4, 2008. At this point, the Phase IIl test sections
had received 10 million ESALSs of traffic, whereas the remaining Phase Il test sections had
accumulated 20 million ESALs, and eight test isast remaining from the original

construction had accumulated 30 million ESALSs.

During the experimental phase of the 2006 Test Track, two distinctdagde studies were
performed that encompassed many smaller sectional analyses: the mixture perfstathnce
and the structural study. The mix performance study encompassed sections that were
originally built in 2000 and left in place through three cycles of traffic to quantify mixture
rutting potential in addition to newly placed mill and inlay sectioorgtaining high
percentages of reclaimed asphalt pavement (RAP).

A RAP experiment was conducted using mill and inlay sections at the 2006 Track. This
study was designed to evaluate the practicality of producing high percentade)(R2\P
surface mixturs. Six sections containing RAP at either 20 or 45% were compared to a
control section of virgin mix. The sections were found to perform favorably in both the
laboratory and field in terms of rutting and cracking.

The Florida Department dfransportation (FDOT) has been developing a methodology for
predicting topdown cracking potential in a mixture based on an energy ratio (ER). To
validate this methodology, two sections were sponsored by FDOT with varying energy ratios.
The section witlta lower energy ratio (N1) was expected to crack first. While the section

with a lower energy ratio did crack first, a forensic investigation was completed to ensure
other potential sources were not the cause of this early cracking. The forensic analysis
validated the difference in cracking between the two sections was not caused by differences
in mechanistic properties or bond strength.

The Georgia Department of Transportation (GDOT) funded construction and testing in
sections N11, N12 and N13 to compare the construction and performance of permeable
surface mixes containing two different aggregate sources that were placed with conventiona
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and dual layer paving equipment. While all the sections were constructed well, the section
placed by the dual layer paver seemed to be the most effective in terms of drainage and noise
reduction.

One of the objectives of the NCAT Pavement Test Tsaigly was to evaluate correlations
between laboratory permanent deformation measurementsthsiAgphalt Pavement

Analyzer APA) andFlow Number E,) tests and field rutting performance for a variety of
mixtures APA andF, tests were conducted on thexes placed at the Test Traed they

were correlated to rut measurements taken from the field. Based on these correlations, rut
depth criteria were determined and proposed for future implementation.

The structural study actually began during Phas20082005), part of which was continued

in the 2006 Test Track. This specific study was designed to aid in the calibration and
verification of mechanistiempirical (M-E) design concepts by embedding instrumentation

in the pavement structure to measurehaaistic responses in the pavement under dynamic
loading. The 2006 Test Track had eleven test sections as part of this study. Four sections
(N3, N4, N6, and N7) were leftiplace from Phase Il while six test sections (N1, N2, N8,

N9, N10, and S11) wemeconstructed from the subgrade up. Section N5 received a mill and
inlay, to mitigate topdown cracking, so it could endure an extra cycle of trafficking.

Four studies in the structural section were developed to verify or challenge diffeEent M
designprinciples. The first study compared the load durations of strain measurements at the
base of thénotmix asphalt IMA) in a 14 inch pavement section to the predicted load
durations from the mechanistnpirical pavement design guide (MEPDG). This study

found that the MEPDG ovéredicted the load duration of the pavement by about 80%. This
could lead to a pavement structure being alesigned.

A second study examined a common laboratory concept, fatigue thresholds, and developed a
field-based perpetl pavement strain threshold. This concept was developed by creating
cumulative strain distributions for test sections at the Test Track. The test sections that were
part of the 2003 and 2006 structural studies were chosen to be a part of this stallyass w

six sections from the 2000 Test Track which survived for at least 20 million ESALs. This
study found that the cumulative strain distributions of test sections that experienced fatigue
cracking were different from those sections that performed Wék findings support a
field-based strain criteyn (a strain distribution) for flexible perpetual pavement design based
on data from sections that survived 20 million ESALSs without fatigue cracking. These strain
distributions were also related to tladbratory measured fatigue endurance limit by the
development of a fatigue ratio.

The comparison of laboratory and field characterizations for granular materials was the focus
of a third ME design study. Falling weight deflectometer (FWD) testing wadwtied to
characterize the granular materials in the structural sections of the 2006 Test Track, and these
backcalculated moduli were compared with popular recommended models. The results of
this study showed that either the MEPDG model or the universdél provide the best fit to
laboratory resilient modulus data, and the universal model provided the best model fit to
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backcalculated resilient moduli. Therefore, the medtiiable constitutive models are
recommended over the singlariable models.

A final M-E study compared laboratory measured dynamic modulus (E*) values to predicted
E* values from the three recommended models. At the current state of the MEPDG, Witczak
E* predictive equations,-40D and 137A, are employed to determine dynamicdulois

given volumetric, gradation and binder properties of a mixtures. In applying these models to
ten mixtures included in the 2006 Test Track structural study, neither model consistently
estimated laboratory dynamic moduli values to a high degree afaagciBecause both the

1-37A and 140D models were found to be unreliable and ##®D model largely over

predicts dynamic modulus, it is recommended that the Hirsch E* model be used. It should be
used with caution however, as discrepancies at lower ramopes and/or higher frequencies
were found.

One of the greatest benefits the Test Track has to offer its spandwesability to test new
pavement design concepts and technologies in a controlled environment. States such as
Florida, Alabama, MissoyrMississippiand Georgia have used research at the Track to
develop or change construction practices, alter design specifications, or validate new crack
prediction concepts.

The 2009 NCAT Pavement Test Track plans to expand the current structurddystudy
devel oping a six section AGroup wdgeMEI ment .
concepts as well as study the durability and mechanistic properties ot MiarAsphalt
(WMA). A seconRAP study will be conducted to investigate the affectduding high
percentages of RAP in base mixtures. Trafficking should begin for Phase IV of the Test
Track in the summer of 2009 and conclude in the fall of 2011.
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CHAPTER 1 - INTRODUCTION

As new asphalt technologies and design framewortage from the laboratory and computer
modeling towardmplementationthee is aneed to validatéhe new materials, processes,
and design method§Vhile some organizations consider fsdlale testing on actual-service
roads, completing such research b& limited by the following factors: (figld

performance evaluatiortgtentake many year€l5-20) to complete, (2) it is often difficult
and unsafe to close lanes orservice roads for inspecti@md testing(3) Departmerstof
Transportatiorarereluctant to leave roads in service until failure occurs, (4) the public can
be intolerant to traffic delays due to road closuaesi(5) changes in personnel and political
climates can compromise loitgrm experimentslj.

Because of these difficultieaccelerated pavement testing (APT) facilities have become
more popular.Today,severalAPT facilities are scattered across the globe developing and
testing cutting edge materials and paving techniques to build longer lasting and more cost
efficient pavemets. One sucAPT facility, the NCAT Pavement Test Track located in
Opelika, Alabama, just finished its ninth yearHWIA researchunder controlled, but live,
traffic.

The Test Track was constructed in 2000 as a 1.7 mile closed loop fath#yTestTrack

was developed as a partnership between Auburn University (who purchased the land) and the
Alabama Department of TransportatidkLDOT) who built the original research
infrastructure.The cosbf site developmentonstruction of th& est Track pavaent

foundation andbuildings,anddata infrastructurgvasfundedby ALDOT. Thismade it

possible for other states to conduct esfé¢ctive pavement research without startup cost.

The pooled fund research cooperative wityedr sponsorship commitments that was chosen

as the original funding model for Track construction and opermi®still in use today.

Construction of the inaugurafrdck (Figure 1.1)was completed in the summer of 2000 and
thensubjected to 10 million ESALs of truck traffic through December of 2002. Built as a
perpetual pavement, the first cycle of testing wasudy of surface mix performance for
forty-six 200 boat test sectiongFigure 1.2) Many of the test sections werebuilt in the
summer of 2003, this time with a combination of mill/inlay surface mixes and variable
thickness structuraections.10 million ESALs wereapplied to the new sections and

sections which remained in place from the original track accumulated 20 million ESAL
loadings.Likewise, the 2006 flack was a combination of varied thickness structural sections
and mill/inlay surface mixesThe 2006 NCAT Pavement Test Track represents the third 3
year research cycle.
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FIGURE 1.1 The NCAT Test Track.
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FIGURE 1.2 Layout of Test Track (1).
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CHAPTER 2 - OVERVIEW OF THE 2006 TEST TRACK (PHASE 11 I)

Upon the completion of the 2003 NCAT Pavement Test Track experiment, the sponsoring
agencies were consulted in preparation of the 2006 Test Track experiment. While the 2003
Test Track had twentiwo test sectiongFigure 2.1yemaning in place from the original

2000 Test Track, only eight of original test secti@t®own in whitevere chosen to receive

a third cycle of 10 million ESALs. Sixteen sections built during the 28@&rimen{shown

in yellow) were left inrplace, andwenty-two sectiongin blue)were either reconstructed or

A

rehabilitated based upon the sponsoro6s resea
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FIGURE 2.1 2006 NCAT Test Track.

Six sections (N1, N2, N8, N9, N10, and S11) were fully reconstructed from the subgrade up.
Pavement raterials wereexcavated to the desired depth from these sections so new
subgrade, base and HMA materials could be co
requested design thickness. These six sections, along with one mill and fill rehabilitation

(N5), comprised the new structural study for the 2006 Test Track. These seven sections,

along with four remaining from the 2003 experiment, brought the total of fully instrumented
pavement sections at the Test Track to eleven.

The remaining fifteen sectionseve milled and inlaid. These treatments ranged in milled
thickness from 1.25 to 4 inches. These sections were located in the outside (i.e. trafficked)
wheelpath. These fifteen sections were designed by state agencies to validate the effects of
air voids RAP percentages, permeable surface treatments, andgoangeles (LA)

abrasive aggregate on the field performance of the mix.

The 2006 Test Track was designed to perpetuate many of the same research objectives as the
2003 Test Track. Its main objective was to evaluate the field performance of experimental
pavement mixes and structures in the field. The structural test seggomslesigned to



Willis, Timm West, Powell, Robbins, Taylor, Smit, Tran, Heitzman and Bianchini

validate and calibrate new transfer functions feEMesign, develop recommendations for
mechanisticbased material characterization, characterize pavement responses in rehabilitated
flexible pavement structures, and determine fleddedatigue thresholds for perpetual
pavementsd).

EXPERIMENTAL DESIGN

The pooled fund research cooperative that funded the 2006 Test Track was supported by a
total of 13 states, the Federal Highway Administration (FHWA), and Oldcastkriklat

Group. Experimental design, construction, trucking operations, laboratory performance
testing, field performance testing, and forensics were funded by sponso€taapletion of

all project tasks wathe responsibility of NCAT under the directiohthe sponsor oversight
group. Sponsors could either provide their own mix designs, or mix designs could be
developed by NCAT. Individual experiments were designed by each sponsor to best meet
their specific needs. NCAT also evalualegstTrack secthns as a large pool of data in

order to draw conclusions that could be broadly applied to the industry.

ALDOT funded research in sections N3, N4, N6, N7, S11 and joined with other sponsors in
the six section RAP experiment. Traffic was extended fron2@8 research cycle on

sections N3, N4, N6 and N7 to encompass perpetual pavement design concepts. A new
structural buildup was constructed in section S11 as part of the broad focus on geBeral M
analysis and design. All ALDOT structural sections appsted by the stiff, low plasticity
metamorphic quartzite soil indigenous to the Track under 6 inches of dense crushed granite
base.

FDOT funded construction and testing in sections N1 and N2. Both sections were
constructed with fully instrumented sttucal buildups that were intended to complement

general work in ME analysis and desighlowever, the primary objective of the experiment

was to validate FDOTG6s ener gy r atisireseantteis h o d
presentedn greater dedil in Chapter 3.

GDOT funded construction and testing of sections N11, N12 and N13. The objective of the
GDOT study was to compare the construction and performance of permeable surface mixes
containing two different aggregate sources that were plaithaonventional and dual layer
paving equipment. All three sections were placed on perpetual foundations to ensure that
distresses would be isolated to the experimental surface mixes. This research is also
presented in greater detail in Chapter 3.

Thelndiana Department of Transportation (INDOT) funded construction and tes$ting

sections S7 and S8. The objective of the INDOT experimastoaquantify the relationship
between air voids measured in quality control (QC) volumetric samples and rutting
performance in migsproduced with unmodified binder. Specifically, it was hoped that

lower boundary (i.e. air void percentage where removal and replacement would be
mandatory) could be identified. Lower levels of air voids were achieved by increasing the
asphalt content and adjusting the gradation in accordance with guidance provided by INDOT.
Because the mix produced in this study contained the same materials mixed in different

f
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proportions, it was decided to double the scope of the experiment byng@ettions S7 and

S8 in half.

The Mississippi Department of Transportation (MDOT) funded construction and tefting
sections S2 and S3. The original section S2 surface mix (the top 1 ¥z inches) from the 2000
Track was milled and stored for use as RARhe new section S2. The 3/8 inbminal
maximum aggregate sizBIMAS) replacement mix was finer than the original ¥z inch

NMAS 2000 mix (33 percent passing the #16 sieve versus 23), with a lower level of design
gyrations (85 versus 100) and higher adiptantent (7.0 versus 4.9). Further, the 2000 mix
contained all virgin materials with 8 percent limestone, while the 2006 mix contained 15
percent RAP and no limestone. Both the old and nevesaere produced usingtyrene
butadiene styrené&SBS-modified PG 7622. Reconstruction in section S3 consisted of the
placement of 1% inches of 75 gyration 3/8 inch NM#A&e matrix asphalSMA) mix
containing 70 percent limestone under 1 inch of 50 gyration permeable surface mix
containing 100 percent gravellix in both S3 lifts was produced with SB8odified PG 76

22.

The Missouri Department of Transportation (MODOT) funded construction and testing of a
fully instrumented ME structural section in N10. The buildup consisted of 8 inches of HMA
over 4 inche of dense crushed stone base over stiff Track subgrade. Although no direct
experimental control is available for this
provide for comparability of N10 to the broaderBVexperiment of which S11 is a part

The North Carolina Department of Transportation (NCDOT) funded continued trafficking on
sections S9 and S10 and also contributed funding for the RAP experiment. Sections S9 and
S10 are two of the original sections from the 2000 construction. Sthisgraded

Superpave mix with PG 622 binder; S10 is a comparison coagsaded section.

The Oklahoma Department of Transportation (ODOT) funded construction and testing in
sections N8 and N9. Both sections were fully instrumented f& &halysishowever, the
HMA thicknesses were selected to investigate perpetual pavement design.

The South Carolina Department of Transportation (SCDOT) funded traffic continuation in
section S1. Originally built for the 2003 research cycle on a perpetual faamdae 13/4

inch thick surface in section S1 was built with a ¥2 inch NMAS SMA using an aggregate
blend with a history of poor LA Abrasion values.

The Tennessee Department of Transportation (TDOT) funded research in sections S4, S5, S6
and E1 on the ZIb Track. Traffic was extended on sections S4, S5 and E1 from 2003.
Sections S4 and E1 represented TDOTO6s very
efforts, respectively. Continuing traffic on the permeable surface for the 2006 research cycle
extended the scope of the study to encompass long term drainability performance while the
focus of traffic continuation on the SMA surface was durability.

The Texas Department of Transportation (TXDOT) funded construction and testing in

section S12. The olgeve of the TXDOT experiment was to evaluate the effectiveness of a
crack attenuating mix (CAM) at preventing reflective cracking on slab concrete pavement.

1C
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Construction of section S12 presented a challenge, since no concrete pavements have been

placeda t he Test Track. To meet TXDOTO6s reseat

section S12 was milled to a depth of 4 inches. This was necessary because the CAM mix
was to be overlaid with a conventional dense surface mix. After milling had been camplete

a |l arge diameter masonry saw was used to cut

both the longitudinal and transverse direction, effectively creating 15 foot (in the longitudinal
direction) by 12 foot (full lane width) free standing slabs.pigximately half of the 200 foot
section was cut in this manner, with the other half uncut to serve as a control. Fine sand was

carefully poured into the saw cuts to preven

selected by TXDOT were placed.

FHWA funded construction and testing in sections N5 and contributed to the RAP
experiment. The foundation for section N5 was the 5 inch thickness of structural section
remaining after the top 2 inches of 2003606s

Oldcagle Materials Group was the only private sector partner to fully support a test section
in the 2006 research cycle. They contributed funding for the construction and testing of the
RAP experiment.

A summary of research within all 46 experimental sectanthe 2006 NCAT Pavement

S

Test Track is provided in Table2.AF° i+ 0 was added by the binder

design with binder greater than optimum.

In addition to the primary sponsors, the Track also received supplemental financial support
from several different sources. Both Nebraska and Wisconsin provided funds that were used
to support general research activities. A portion of the financial endowment from the

Nati onal Asphalt Pavement Associati-&®&BF) S Rese

that is used to partially fund NCATO6s missi

at the Track. Additionally, Auburn University provided funding that was used to design and
deploy the higkspeed wireless data acquisition network affitaek. While the data
infrastructure upgrade was an important step in protecting the safety of the NCAT research
team (enabling them to collect highbeed response data from the safety of the laboratory
rather than from the roadside), the enhanced wselesvork also created muttisciplinary
opportunities for other Auburn University researchers.

The cost for Track reconstruction and operations is minimized through the generous support
of several different equipment manufacturers who donated the eg@ipment and

technical support. During construction, Astec Industries routinely provided equipment that
facilitates plant production as well as mix placement. Compaction and placement equipment
has been provided by Bomag Americas, Dynapac, Ingersot Rad Roadtec. Construction
materials were provided by Boral Material Technologies, the Blaine Companies, Dravo
Lime, Hanson Aggregates, Martin Marietta Aggregates, MeadWestvaco, Oldcastle Materials
Group and Vulcan Materials. Many other material sugplypanies donated materials

directly to state DOT sponsors. Equipment for mix and pavement quality testing has been
provided by CPN International, the Gilson Company, HMA Lab Supply, Instrotek, Transtech
Systems and Troxler Electronic Laboratories.

11
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TABLE 2.1 2006 Research Cycle (Newly Reconstructed Sections Shown in Bold Type)

Sec Test Study
Num Sec HMA (in)
1 E2 4
2 E3 4
3 E4 4
4 E5 2
5 E6 2
6 E7 2
7 E8 4
8 E9 2
9 E10 2
10 N1 7
11 N2 7
12 N3 9
13 N4 9
14 N5 7
15 N6 7
16 N7 7
17 N8 10
18 N9 14
19 N10 8
20 N11 2.75
21 N12 2.75
22 N13 4
23 W1 4
24 W2 4
25 W3 2
26 W4 2
27 W5 2
28 W6 1
29 W7 4
30 w8 1
31 W9 1
32 W10 4
33 s1 4
34 S2 15
35 S3 25
36 S4 4
37 S5 15
38 S6 1.25
39 S7A 2
40 S7B 2
41 S8A 2
42 S8B 2
43  S9 3
44 S10 3
45 sSi11 7
46 S12 4
47 S13 4
48 E1 4

Surface Mix
Stockpile Materials
Calcined Bauxite
Calcined Bauxite
Granite
Grn/Lms/Snd (45% RAP)
Grn/Lms/Snd (45% RAP)
Grn/Lms/Snd (45% RAP)
Granite
Granite/Limestone/Sand
Granite/Limestone/Sand
Granite/Limestone
Granite/Limestone
Granite/Limestone/Sand
Granite/Limestone/Sand
Granite/Limestone/Sand
Granite/Limestone/Sand
Georgia Granite
Oklahoma Granite
Oklahoma Granite
St Louis/Porphyry
Georgia Granite
Georgia Granite
Georgia Granite
Georgia Granite
Porphyry/Limestone
Grn/Lms/Snd (20% RAP)
Grn/Lms/Snd (20% RAP)
Grn/Lms/Snd (45% RAP)
Limestone/Gravel/Sand
Nova Scotia Granite
North Carolina Granite
North Carolina Granite
Gravel/Limestone
South Carolina Granite
Gravel/Sand (15% RAP)
Gravel
Limestone
Gravel/Limestone/Sand
Grv/Lms/Snd (15% RAP)

Granite-/Limestone+/Sand-

Granite/Limestone/Sand
Granite/Limestone/Sand
Granite/Limestone/Sand
North Carolina Granite
North Carolina Granite
Granite/Limestone/Sand
Arkansas Granite
Oklahoma Granite
Tennessee Limestone

CONSTRUCTION

Previous Test Track experiments were developed, let, and administered D& A
However, the 2006 Test Track was let and administered under a contract tAcdnugh
University. A competitive bidding process was used to select the contractor that produced all

the mixes for the project. Although the contract contained a provision to allow any state

Year of Design
Completion Methodology

2003 Superpave
2003 Superpave
2000 Superpave
2006 Superpave
2006 Superpave
2006 Superpave
2000 Superpave
2005 Superpave
2005 Superpave
2006 Superpave
2006 Superpave
2003 Superpave
2003 Superpave
2006 Superpave
2003 Superpave
2003 SMA
2006 SMA
2006 SMA
2006 Superpave
2006 OGFC
2006 OGFC
2006 OGFC
2000 SMA
2000 SMA
2006 Superpave
2006 Superpave
2006 Superpave
2003 Superpave
2002 NovaChip
2003 NovaChip
2003 Superpave
2000 Superpave
2003 SMA
2006 Superpave
2006 OGFC
2003 OGFC
2003 Superpave
2006 Superpave
2006 Superpave
2006 Superpave
2006 Superpave
2006 Superpave
2000 Superpave
2000 Superpave
2006 Superpave
2006 Superpave
2000 Superpave
2003 SMA

Specified
Binder
Epoxy
Epoxy

PG76-22
PG67-22
PG76-22
PG76-22s
PG67-22
PG67-22
PG76-22
PG67-22
PG76-22
PG67-22
PG76-22
PG67-22
PG67-22
PG76-22
PG76-28
PG76-28
PG70-22
PG76-22
PG76-22
PG76-22
PG76-22

PG70-22

PG76-22

PG67-22
RA500

PG76-22

PG76-22

PG70-28

PG76-22

PG76-22

PG76-22

PG76-22

PG76-22

PG76-22

PG76-22

PG76-22

PG64-22

PG64-22++

PG64-22+

PG64-22+++

PG67-22

PG67-22

PG76-22

PG76-22

PG70-28

PG76-22

Total
HMA (in
24
24
24
24
24
24
24
24
24

Base
Material
Granite
Granite
Granite
Granite
Granite
Granite
Granite
Granite
Granite
Limerock
Limerock
Granite
Granite
Granite
Granite
Granite
Stiff Sub
Stiff Sub
Limestone
Granite
Granite
Granite
Granite
Granite
Granite
Granite
Granite
Granite
Granite
Granite
Granite
Granite
Granite
Granite
Granite
Granite
Granite
Granite
Granite
Granite
Granite
Granite
Granite
Granite
Granite
Granite
Granite
Granite

Sub- Research
Grade Objective(s)

Stiff HVS PG67 Validation w/ High Friction Surface
Stiff HVS PG76 Validation w/ High Friction Surface
Stiff Performance of Coarse Gradation

Stiff RAP Mix Design/Construction/Performance
Stiff RAP Mix Design/Construction/Performance
Stiff  RAP Mix Construction/Performance w/ Sasobit
Stiff Performance of Fine Gradation

Stiff Evotherm Warm Mix

Stiff Evotherm Warm Mix w/ Latex

Stiff Fracture Energy & M-E Design

Stiff Fracture Energy & M-E Design

Stiff M-E Design Validation/Calibration

Stiff M-E Design Validation/Calibration

Stiff M-E Design Validation/Calibration

Stiff M-E Design Validation/Calibration

Stiff M-E Design Validation/Calibration

Soft Perpetual Pavement & M-E Design
Soft Perpetual Pavement & M-E Design
Stiff M-E Design Validation/Calibration

Stiff Drainable Mix w/ Cubicle Aggregates
Stiff Drainable Mix w/ F&E Aggregates

Stiff Twin Layer Drainable Mix w/ F&E Aggs
Stiff Columbus Granite SMA

Stiff SMA Aggregate Quality

Stiff RAP Mix Design/Construction/Performance
Stiff RAP Mix Design/Construction/Performance
Stiff RAP Mix Design/Construction/Performance
Stiff Low Volume Road Preservation

Stiff Surface Friction Restoration

Stiff Low Volume Road Preservation

Stiff Low Volume Road Preservation

Stiff Durability of Coarse Gravel Mix

Stiff High LA Abrasion Loss SMA Aggregates
Stiff Lower Gyration Mix Performance

Stiff 100% Gravel OGFC Performance

Stiff 100% Limestone OGFC Performance
Stiff Lower Gyration Mix Performance

Stiff Lower Gyration Mix Performance

Stiff Effect of Low QC Air Voids on Rutting
Stiff Effect of Low QC Air Voids on Rutting
Stiff Effect of Low QC Air Voids on Rutting
Stiff Effect of Low QC Air Voids on Rutting
Stiff Performance of Coarse Gradation

Stiff Performance of Fine Gradation

Stiff M-E Design Validation/Calibration

Stiff Rich Bottom Layer On Slab Pavement
Stiff Performance of Early Superpave Mix

Stiff 100% Limestone SMA Performance

certified contractor to install a portable plant onsite, thekwias ultimately awarded to a
local contractor with only a 10 minute haul distance who submitted the low bid.

Job mix formulas submitted by research sponsors typically require the use of aggregates that

must be hauled from remote locations. Since th& N@ucking fleet was not being used in
the offtraffic reconstruction cycle, it was temporarily reassigned to the open road to long
haul the necessary stockpiles. Because all the materials specified in the GDOT job mix
formulas for sections N11, N12 aihd 3 could be picked up and delivered within a single
work day, they were hauled with NCAT research tractors driven by staff drivers pulling
leased dump trailers. Stockpiles that required overnight travel were outsourced to local

trucking companies. Aftdhe necessary aggregate materials were stockpiled on the
contractor 6s
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production. In these cases, the contractor was required to then short haul material from the
Track back to the plant in a manner that facilitated the production schedule. A loader with an
operator an@ dump truck were assigned to the Track for this purpose. A detailed mapping
process was utilized at both the track and the asphalt plant to ensure that stockpile confusion
did not lead to bad mix production runs.

Prior to placement on the Track, trralxes were initially produced so that plant

proportioning could be adjusted as necessary and research sponsors could witness the mix
being placed. Trucks containing trial mixes were hauled to the Track and sampled as if they
were production mixes to faitite laboratory testing and evaluation. When all test data
related to the trial mix were compiled, thegrepresented to the research sponsors so

changes to the plant settings could be incorporated into the subsequent production of mix for
placement irest sections.

A special sequence of events was needed at the plant to produce uniform truckloads of mix
that exhibited predictable properties. After calibrating the aggregate flow rate for each
unique stockpile, sufficient quantities of uncoated agdesgaisually less than a truckload)
were initially run through the plant to ensure a uniform gradation. Liquid asphalt was then
turned on, with enough material bypassed from the drag chain to ensure that uncoated
particles were not placed in the storaide sThe bypass chute was then closed, and the
coated material was run into the storage silo until the computer indicated that approximately
one truckload had accumulated. This material was discharged into a waiting truck and
moved away for disposalohe contractorés yard.

At this point in the process, it was assumed that steady state conditions were attained and that
subsequent material run into the silo would be uniform in terms of aggregate gradation or
asphalt content. As soon as a truckload dlena had again accumulated in the storage silo,

it was discharged into a haul truck using standard best loading practices and sent to the Track
laboratory for sampling and testing. If the mix was intended for placement on the Track, the
process was repted until a sufficient quantity of material was available to lay the required

mat. If the mix was run for trial purposes, or if it was the last truckload necessary to lay the
required mat, another truckload of coated material was run into the silo trefdlaw of

liquid asphalt was stopped and the plant was shut down. The cold feed bins were unloaded,
and the plant was readied for the next test mix (calibrating aggregate flow rates, resetting
plant proportioning, etc).

The contractor was responsible for hauling mixed material back to the Track for placement as
either trial mix or production mix. A sufficient work force and equipment resources were

staged at the Track to support both operations which were completednsesnenly

minutes apart. A sample stand located behind the NCAT laboratory adjacent to the Track

was used to obtain representative samples from haul trucks prior to placement of mix on the
Track. These mixes were split down to sample sizes that weablsuibr standard

volumetric analysis, asphalt content testing and gradation analysis. Compiled data were

shared with sponsor representatives who were onsite to oversee production and placement
activities, and mat placements were not accepted untilteeymwi t h t he sponsor

13
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The compaction effort was achieved by at least three passes ofatstettd roller. The
roller had the capability of vibrating during compaction; however, this technique was not
used on every test section. After 8teelwheeled roller was removed from the pavement
mat, the contractor continued compactingmat with a rubber tire roller until the desired
density was achieved.

While many of the construction efforts were inlays into milled sections, the constrattion

six new structural sections required excavations to the subgrade material for new subgrade,
base and HMA materials to be placed. These sections were constructed by creating a ramp at
both ends of the section for machinery entry and exit. The rahopged material to be

excavated to the needed depth below the surface of the pavement. Some excavations were
over five feet in depth. Once the excavations were complete, granular materials were placed
and compacted before the contractor placed the HMA.

TRAFFIC

Trafficking at the 2006 Test Track was conducted in a similar manner to previous Test Track
experiments. Four triple fldded trailer trucks and one triple box trailer loaded the pavement
from 5:00 AM until approximately 10:40 PM Tuesday througtutay. Trafficking began

on November 10, 2006, and ended December 4, 2008, after approximately 10 million ESALs
had been applied to the pavement structures.

Table 2.2 provides the axle weights for each of the five trucks under normal loading
conditions. There were occasions when either due to a specialized study or due to
mechanical malfunction trailers were removed from their given tractor. This left the tractor
pulling either a single flabed trailer or a combination of double fla¢ds.

TABLE 2.2 Truck Weights for 2006 Test Track

_ Steer, Ib Tandem, Ib Single, |Ib
Truck ID Axle 1 Axle 2 Axle 3 Axle 4 Axle 5 Axle 6 Axle 7 Axle 8
1 10,150 | 19,200 | 18,550 | 21,650 | 20,300 | 21,850 | 20,100 19,966
2 11,000 | 20,950 | 20,400 | 20,950 | 21,200 | 21,000 | 20,900 | 20,900
3 10,550 | 20,550 | 21,050 | 21,000 | 21,150 | 21,150 | 21,350 | 20,850
4 10,500 | 21,050 | 20,700 | 21,100 | 21,050 | 21,050 | 20,900 | 21,050
5 11,200 | 19,850 | 20,750 | 20,350 | 20,100 | 21,500 | 19,500 | 20,300
Average 10,680 | 20,320 | 20,290 | 20,760 | 20,760 | 21,310 | 20,550 | 20,613
COV, % 3.9 3.9 4.9 2.2 2.5 1.7 3.6 2.2

PERFORMANCE MONITORI NG

Every Monday, trucking operations were suspended on the Track so that surface condition
studies could be conducted to document performance of all experimental sections. Field
performance evaluations focused on the middle 150 feet of eadlo@Q@st seton to

eliminate the effects of transitions near section ends.

Rutting, texture, and roughness were measured by using a high speed Automated Road

Analyzer (ARAN) van. Cracking was determined by manually inspecting the surface of the
test sections. The manually detected cracks are often so fine (low severitygyharhot

14



Willis, Timm West, Powell, Robbins, Taylor, Smit, Tran, Heitzman and Bianchini

be detected with automated systems. Crack maps were generated from these examinations to
guantify the extent of cracking and to monitor the progression of cracking.
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CHAPTER 3 - MIXTURE PERFORMANCE COMPARISONS

For oneto-one comparisons betwearixes, pavement engineers need locations where mixes
can be tested sid®y-side in the same conditions. While there are some limitations that
engineers must be aware of when comparing test sections at the NCAT Test Track, HMA
mixes placed during the samesearch cycle are generally ideal for making mixture
performance comparisons given they are in similar locations.

PastTest Trackresearcttomparegerformance characteristics of modified versus

unmodified asphalt binders, fine versus coarse graded mesxt8MA versus Superpave, and

the effects of other aggregate properties. In 2006, this objective was expanded by
introducing sections that had low air voids, high percentages of RAP, and permeable surface
mixes. The main purpose of these sections was/éstigate rutting resistance and/or early

field durability.

VALIDATION OF THE EN ERGY RATIO CONCEPT

A distresoplaguing themanyhighways is top-down cracking.FDOT haseported that over
90% of crackrelated distresses in the state aredopn in natire 3). The exact mechanism
initiating top-down cracking is a complex interaction of load, thermal, and aging affects on
the roadway, and reseaerh have failed to find a single mix property to help designers
eradicate this problend).

Due to the absence of material properties that caasteech between cracked and non

cracked pavements, Roque et 4).developed the concept of a fracture energy ratio (ER)

which could possibly predi topdown cracking potential. It had been proposed{ 7; 8)

that an indirect tension test could be used to evaluate cracking potergigtyfying an

asphalt mixtureds energy dissipation and ene
dissipated by a pavement reached or surpassed the given threshold, cracking would occur.
Therefore, if one wertd design a pavement with a higher enerajo, the pavement should

be more resistant to tegpwn cracking4).

FDOT sponsoredwo sections (Figure 3.1) at the Test Track during the surafr906 to

help validate the energy ratio design concept. The first section (N1) was built with a PG 67
22 binder while the second section used a P@Z’binder. The PG 7B2 binder was

predicted to increase the ER of the mixture, given the same a¢gtgicture and structural
design 9).

These two sections were subjected to the accelerated trafficking patterns defined earlier.
Once traffiking began, performance differences were quickly noted between the two
sections as cracking began to propagate through N1. Later in the experiment, N2 began to
crack as well. However, while differences in the cracking pattern were observed, it was
important to clearly identify differences in ER as the primary cause cracking performance
differences.

During construction, it was noticed that a material transfer device (MTD) operated on one of
the paving lanes while laying the mix for section N1. The vetpatked up tack on its tires
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which might have caused bond failure to occur in this section. Previous research at the Test
Track has found relationships between poor bond and premature cradkidg)(

Therefore, to completely validate the energy ratio concept, a forensic investigation and
mechanistic analysis was initiate®).(

[Jpeer22  [[re7622 N1 Test Section N2
0.0 1
Lift 1
2.2 2.0
2.0 4 e
1.9 Lift 2 2.0
S 4.0 b
q)— o
E 6.0 33 Lift 3 3.1
5
R e S N e
c 8.0
Q
e Limerock Base
)
> .0 A
© 10.0 Moisture Content 11.9% 13.0%
o Unit Weight 127.4 pcf 129.6 pcf
§ 120 - 100 10.0
i .
=
2 14.0 1
<)
(m)
16.0 -
18.0 | Moisture Content [l 98 A-4 Subgrade | [8:3%
Unit Weight [ | 132.2 pcf - [132.6 pcf

FIGURE 3.1 FDOT Test Sections9).

Laboratory Energy Ratio Determination

The tests needed to calculate an energy ratio are laboratory indirect tension, creep strain and
resilient modulus tests. These tests were performadix design samples. The energy

ratios from duplicate tests for section N2 (i.e. the polymer modified section) were about 2.4
times higher on average than the energy ratios for N1; therefore, it was expected that N2
would be more resistant to taown cacking(9).

Observed and Mapped Cracks

Cracking was first observed in section N1 on April 9, 2007. Approximately 200,000 ESALs
later, cracking waebserved in N2. The cracks began transversely and soon interconnected
throughout the wheelpaths. This crack progression was not consistent with other forms of

top-down cracking; however, coring did confirm the cracking was only within the upper two

HMA layers 9).
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The cracks that progressed through N1 were, initially, not very wide; however, the cracking
spread quickly throughout N1, and by Jayu28, 2008, the entirety of the lane was cracked.
A shallow mill and inlay was used to repair the cracking in N1 using similar materials, and
the same type of cracking was soon observed in the section(@gain

In-Situ Pavement Response

As will be described extensively in Chapter 4, asphalt strain measurements are collected
weekly under fulscale loading from asphalt strain gauges embedded bottoen of the

HMA layer. These measurements are then compiled into a database where a representative
strain response ($%ercentile strain) was calculated for a given axle type each day of

testing. Having these recorded mechanistic responses allawsmdsons to be made

between test sections. This data was used to validate that differences in pavement response
did not cause section N1 to crack fifg}.

Comparing the strain and temperature measurements of the two sections in question for
single axles (Figure 3.2), similar strain magnitudes despite having slightly differeniltas
properties were observed. The strains in N1 become mateeamce cracking has
propagated throughout the section. Once cracking has damaged the top layer of the
pavement, the effective pavement depth has decreased causing an increase in the strain
magnitude. Finally, the strains in N1 remained greater tresetfor N2 even after the mill
and inlay occurredd).

Core Observations

Cores were taken from both test sections to conduct a visual investigéia@nack type.

The cores validated the hypothesis of-tlivn cracking. The cores taken from N1 had
cracks ranging from hairline surface fractures to cracks that propagated through the upper
two inches of the pavement. However, below the top tweesdhe cores were fully intact

(9).

Bond Strength Testing

Bond strength tests were conducted on the cores using a Marshall device and testggrocedu
described elsewher8)( Table 3.1 shows the bond strength results. While one core from N1
showed atypically low bond strength, an ANOVA ®atii cal test (Y¥Y=0.05)
two sections did have statistically similar meanstgistic 0.376, feritical = 7.7). Thus,

S

di fferent bond strength was not a comLribut.

18






















































































































































































































































































































































