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ABSTRACT

In the early 1990’s, $50 million of asphalt related research was conducted as part
of the Strategic Highway Research Program (SHRP). The SHRP researchers identified
rutting as a major cause of distress in Hot Mix Asphalt (HMA). They developed the
Superpave mixture design and analysis system in part to help reduce this mode of
distress.

The Superpave procedure does not currently include a proof-test to assess the
relative rutting susceptibility of HMA. Such a test would be very useful in the design
and evaluation of HMA (Petros, 1999). The objective of this study was to evaluate the
merits of the Pavement Technology, Inc. (PTI) Asphalt Pavement Analyzer (APA) as a
proof-test to predict the relative rutting susceptibility of HMA in Tennessee.

Thirty-four mixes from various locations across the state of Tennessee were
compacted into test specimens and tested in the APA. The Superpave Gyratory
Compactor (SGC) was used to produce pill specimens and the PTI Asphalt Vibratory
Compactor (AVC) was used to make beam specimens.

Based on the test results contained herein, the APA appéars to be well suited for
accelerated proof testing of HMA in the laboratory. The data also indicated that the APA
is sensitive to several of the primary factors known to cause rutting of HMA. Either SGC
pill or AVC beam specimens can be used in the APA. However, the AVC beams

exhibited a high variability between specimens, primarily due to inconsistent compaction.
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1.0 INTRODUCTION

1.1 Objective

Permanent deformation, physically visible as rutting in the pavement surface, is a
primary concern of asphalt mix designers, materials engineers, contractors, and federal,
state, and local highway agencies. Surface rutting in excess of about 6 mm (Y4-inch) is
generally considered a hydroplaning safety hazard. Consequently, excessive rutting is
often responsible for pre-mature maintenance and rehabilitation activities, reducing the
service life of the pavement. In 1997, the Tennessee Department of Transportation
(TDOT) spent approximately $250 million on new Hot Mix Asphalt (HMA) construction.
TDOT typically designs pavements for a 20-year service life. Cost savings of around $2
million per year could be realized by increasing the life of all pavements by only one
percent (Avera, 1998). Eliminating the occurrence of excessive rutting in HMA would
go a long way toward realizing these life-cycle-cost savings.

In the early 1990°s, $50 million of asphalt related research was conducted as part
of the Strategic Highway Research Program (SHRP). From this extensive research effort,
the Superior Performing Asphalt Pavements (Superpave) mixture design and analysis
system was conceived. Superpave provides a new system for specifying component
materials, design, and analysis of asphalt mixtures (McGennis, et al., 1995). The SHRP
researchers identified rutting as a major cause of distress in HMA. This mode of distress
is the result of consolidation of the mix after construction and plastic flow of the HMA in

the wheel path over time (Roberts, et al., 1996). Excessive asphalt binder content,



excessive amounts of fine grained aggregate, and high pércentages of natural, rounded
aggregate particles are considered to be common causes of rutting (Button, et al., 1990).

The Superpave mixture design and analysisl system does not currently include a
proof-test to assess the relative rutting susceptibility of HMA. Such a test would be very
useful in the design and evaluation of HMA (Petros, 1999). The objective of this study
was to evaluate the merits of the Pavement Technology, Inc. (PTI) Asphalt Pavement
Analyzer (APA) as a proof-test to predict the relative rutting susceptibility of HMA in
Tennessee.

To accomplish this task, specimens of both pill and beam shapes were evaluated.
The Superpave Gyratory Compactor (SGC) was used to produce the pill specimens and
the PTI Asphalt Vibratory Compactor (AVC) was used to make the beam specimens.
The two compactors were evaluated to determine which one produces the most
representative and least variable HMA test specimen for rut testing.
1.2 Background
1.2.1 Rutting

The Superpave mix design system specifies asphalt binder properties as well as
aggregate type and gradation. These specifications were developed to address specific
pavement distress issues. One major problem in HMA mixes is rutting, a very
complicated process affected by multiple factors. Aggregate properties and asphalt
binder content are equally important considerations during material selection and mix

design (Parker and Brown, 1994).



Several different mix characteristics are known to promote rutting in the asphalt

concrete. Load, time and temperature act in conjunction to induce this form of distress.
Large trucks affect rutting because of the stress imposed by the heavy axle loads
(Gillespie and Karamihas, 1994). Temperature is an obvious controlling factor of rutting
because of the visco-elastic nature of asphalt. At higher temperature, the pavement will
be more likely to deform under loading than at lower temperatures. The more asphalt
contained in a mix, the more fluid the HMA becomes. For this reason, the amount of
asphalt contained in the mix will have a profound impact on the mix’s performance.
Most surface mixes are designed with a typical asphalt content of about 6 percent.

Historically, asphait binder was categorized according to its viscosity at specific
temperatures. The Superpave system grades asphalt binder based upon its ability to
maintain specific physical properties at varying performance temperatures (Asphalt
Institute, 1995). This Performance Graded (PG) specification allows the mix designer to
select an asphalt binder depending on geographic region, air temperature, or the
maximum and minimum design pavement temperatures. A PG 64-22, a typical asphalt
binder used on Tennessee roadways, would be suitable for an environment where a
seven-day average maximum pavement temperature of 64° C and a minimum pavement
temperature of —22° C are experienced. The high-temperature specification addresses
rutting in the asphalt concrete.

One way to improve the high-temperature performance of asphalt binder is to
modify it with polymers. Latex, ethylene vinyl acetate, and styrene-butadiene-styrene,

are some examples of additives that have been blended with neat asphalt binders to



improve the high temperature performance (Button, et al, 1996). Modifying the asphalt
binder may decrease a mix’s propensity to rut, but other properties of HMA have equal
importance in controlling rutting potential.

Mix gradation and aggregate selection have been reported to have tremendous
impacts on rutting. It has been documented that gradation can be more important in
minimizing rutting than asphalt binder and additive properties (Hughes, 1990).
Experimentation has also shown that the rutting susceptibility of a HMA mix increases
dramatically when natural fine aggregate particles replace crushed particles in a given
gradation (Button, et al., 1990). The amount of dust contained in HMA can impact its
rutting potential because the dust will extend the asphalt (Roberts, et al., 1996).

The Superpave system attempts to control these factors by limiting the amount of
dust in a mix to 6 % passing the 0.075 mm (# 200) sieve. SHRP researchers attempted to
control the amount of natural, rounded sand contained in the HMA by specifying a
restricted zone on the gradation curve between the 4.75 mm (# 4) and 0.30 mm (# 50)
sieves. Figure 1 shows typical gradation control limits for a 19-mm Nominal Maximum
Aggregate Superpave mix design. These limits are dependent upon the nominal
maximum aggregate size (Asphalt Institute, 1996). Historically, many Tennessee and
Georgia surface mixes containing angular sands passing through the restricted zone have
been shown to perform adequately. The majority of mixes tested in this study have
design gradations passing through the restricted zone. The quality of local aggregate also

has an impact on HMA rutting susceptibility. Regions with quality crushed stone and
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Figure 1. Illustration of Superpave Gradation Requirements for a Mix Design with
a 19 mm Nominal Maximum Aggregate.

angular natural sand have been observed to exhibit a higher resistance to rutting (Parker
and Brown, 1994). Further, it has been reported that medium graded mixtures provide
significantly better resistance to rutting than coarse graded mixtures (Matthews and
Monismith, 1993). Coarse graded mixes tend to be more difficult to work with; thus
achieving maximum compacted density is often a problem. When density is not
achieved, the mix will often compact excessively under traffic, leaving large ruts in the
wheel path.

In summary, rutting is caused by a combination of many factors. Temperature,
magnitude and duration of loading, asphalt binder grade, asphalt binder content,

aggregate gradation and shape, and various combinations of these properties affect the



performance of HMA. A laboratory test is needed to identify mixes that are capable of

resisting rutting before they are placed on the roadway.
1.2.2 Loaded Wheel Testers

Since the implementation phase of Superpave, wheel-tracking devices have
gained a great deal of attention as candidates for proof-testing the ability of HMA to
resist rutting. Currently, there are number of different commercially available wheel-
tracking devices. These include the French Pavement Rutting Tester (PRT), the German
Hamburg Wheel Tracking Device (WTD), the Georgia Loaded Wheel Tester (LWT), the
Pavement Technology Inc. Asphalt Pavement Analyzer (APA), and various different
forms of these basic designs. Different views of each of these devices are pictured in
Figures 2 through 5. These devices are somewhat similar in concept with slight
differences in design and operation. Table 1 summarizes the similarities and differences
between some of these devices. The APA is currently being considered for use in the
State of Tennessee by TDOT and is the focus of this study.

In 1985, researchers at the Georgia Institute of Technology, under contract with
the Georgia Department of Transportation (GDOT), designed the LWT. The LWT was
developed to allow the HMA engineer to accurately predict the asphalt mix design’s
rutting potential, and to make adjustments in the laboratory before failure occurs on the
roadway (Collins et al., 1995).

The LWT uses an articulating arm with a weight applying constant load to an
aluminum wheel that cycles back and forth across a pressurized hose resting on an

asphalt concrete test specimen (USDOT, 1991). The LWT concept is based upon









Table 1: Various Testing Parameters of Different HMA Wheel Tracking Devices
(After Williams, 1998).

Typical Testing Parameters for Each Device
Device French Hamburg Geargia LWT APA
Temperature, C 60 50 40 5t080
Envirammental oL Hh/ViE ThtT Kt/Dxy,
Condition Hot/'Wet
Specinoen Size, Length,
500x180x100 320x260x80 300x125x75 | 300x125x75
Width, Thickness, nim % %
. Aluminum
A Whed an
Prmermatic (600 . Whee an :
Wheel Type KPs) Sdid Sted e Lo Pressurized
(00 kP) Hee (700
kPa)
400 mm 203.5mm . ,
Wheel Size D . o |D - I—ks;gDniranter I—bs&:29 Diameter
mm Widh | mm Widh .
Load N Upto 5000 Upto 697 Upto 700 Upto 1200
Sinuscidal  0.33
Wheel Speed 1.6ms m’s Maxat 0.6m's 0.6 s
Center
Maximum Cycles g
(1 Gycle=2 Whed 30,000 20,000 8000 8,000
Passes)
i ni:t P, 10 4 76 S5to7

Source: Williams, R. C. and Prowell, B. (1999), Comparison of Laboratory Wheel
Tracking Test Results to WesTrack Performance, A Paper Submitted for
Presentation at the 78 ™ Annual Transportation Research Board, Session 418,

31 pgs.




similar wheel tracking devices used to study rutting and other modes of asphalt distress

(Lai, 1986). The work performed on the LWT in Georgia during the late 1980's and early
1990’s ultimately led to the development of the APA. After 10 years of use, GDOT
indicates that the LWT, and its modified version, the APA, can predict the rutting
susceptibility of specific asphalt mixes at relatively low costs per test (Collins et al.,
1995).
1.2.3 Previous Studies

There have been a number of studies conducted on HMA using the various
loaded-wheel testers. One study compared the rheometric properties of five asphalt
binders with the rutting observed in several wheel-tracking devices. At constant stress,
work dissipated per loading cycle is controlled by the complex shear modulus divided by
the phase angle (G*/Sin §). Therefore, SHRP researchers chose this parameter as part of
the high temperature Superpave asphalt binder specification. It was reported that the
LWT provided a very good relationship between the asphalt binder property of G*/Sin &
and rutting susceptibility. It was also reported that the French and Hamburg devices
provided reasonably good relationships with this asphalt binder property (Stuart and Izzo,
1995).

A different study was conducted by the Florida DOT to determine the ability of
the LWT to accurately rank three mixes with known historical performance. The
researchers fabricated beam samples and obtained rut depth measurements. The LWT

ranked the HMA mixes from poor to good in the same order as their actual field

performance. Marshall stability data failed to accurately rank the HMA mixes. This




study indicated that the LWT is a more accurate tool for evaluating HMA rutting

susceptibility than Marshall stability alone (West et al., 1991).

A FHWA sponsored round-robin test program was conducted between six states
to evaluate repeatability and variability of the LWT. All sample preparation was
performed by the GDOT. Each laboratory used the same procedures to compact the test
specimens. Results from the study indicated that within-laboratory rut depth repeatability
was very good, however, the between laboratory variability was not good. The high
variations between labs was attributed to densification variability during sample
compaction (Lai, 1993).

Researchers from the Southeastern Asphalt User/Producer group, Stone Matrix

Asphalt Technical Working Group (SMA TWG) conducted a study using the LWT and
the French and Hamburg devices to evaluate the rutting effects of limiting draindown.
All three devices showed a change in rutting propensity based on what polymers were
used to control draindown (Mogawer and Stuart, 1995).

The use of the wheel test device to predict rutting susceptible hot mix asphalt has
been demonstrated by the GDOT to be an effective practice. The LWT has evolved into
the Asphalt Pavement Analy.zer (APA), which can use multiple, user-defined
environmental and loading parameters for the evaluation of HMA samples.

The repeatability of the APA has been shown to be good within labs, but a high
variability between labs still exists (West, 1998). Sample fabrication and rut-depth
measurement procedures seemed to be the roots of this variability. With automatic data

collection currently available, this variability is expected to decrease.
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The APA and the French and Hamburg devices were evaluated with respect to

their ability to accurately predict the observed performance of HMA at WesTrack. The
conclusions of the study indicated that each device provided a good correlation with
actual rut depths measured on the test track. The devices did not rank the mixes in the
exact order of failure observed in the field. However, they did exhibit a higher variability
in average rut depths in the poor performing mixes (Williams and Prowell, 1999). This
study concluded that the testing temperature and method of laboratory compaction of
HMA need to reflect actual field conditions in order for the laboratory testing devices to
be comparable to field performance.

In summary, previous research suggests that the APA is capable of distinguishing
between mixes that are susceptible to rutting based on rut depth measurements. Tests
performed have shown that the Asphalt Pavement Analyzer can predict a good or poor
performing asphalt mixture at various environmental testing conditions (Brock et al.,
1998). Consequently, the APA was chosen as the best device to determine rutting
susceptibility of various Tennessee HMA.

The focus of this study was to determine if the APA could distinguish between
various mix designs based on rutting susceptibility. In addition, the APA’s sensitivity to
various HMA properties and combinations of properties was evaluated. Sample
fabrication was the main cause of rut depth variability in previous studies. For this
reason, the Superpave Gyratory Compactor (SGC) pills and Asphalt Vibratory
Compactor (AVC) beams were compacted and tested for rutting in the APA. The

variability in compaction between the SGC pill specimens and the AVC beam specimens
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was scrutinized. Air void differences as well as differences in rut depth measurements
were investigated to determine the best method of sample fabrication. Repeatability of
rut depth measurements was examined to determine how well the APA is suited for a
laboratory mix design proof-test. The amount of time to run the test was investigated to

determine the APA’s usefulness as an accelerated testing apparatus.
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2.0 TEST PROGRAM

In this study, the APA was evaluated primarily to determine if it readily
distinguishes between differing properties of HMA. Typical mixes placed by the
Tennessee Department of Transportation (TDOT) were sampled and tested. Mixes
designed by both Marshall and Superpave mix design methods were evaluated.
Approximately eight to ten different mixes from each of the four different regions of
TDOT were tested to provide good variability between materials, contractors, and
geography. Mixes with modified and unmodified asphalt binders were tested. The APA
was evaluated in this study using pill specimens compacted with the Superpave Gyratory
Compactor (SGC) and beam specimens compacted with the PTI Asphalt Vibratory
Compactor (AVC). The two devices are pictured in Figures 6 and 7.

2.1 Test Specimen Preparation

Loose HMA samples from thirty-four projects across Tennessee were obtained at
the time of paving and transported to the asphalt laboratory for testing and evaluation.
The loose HMA samples were re-heated in the laboratory, split, and tested for theoretical
m;ximum (Rice) specific gravity in accordance with ASTM and AASHTO procedures.
Specimens were compacted in the SGC and AVC to achieve 7 +/- 1 percent air voids.
According to previous research, this is the typical range of compaction in percent air
voids achieved for flexible pavements in Tennessee roads immediately after construction
(Jackson and Ownby, 1998). Bulk specific gravities were determined for the compacted
specimens in accordance with ASTM procedures. The laboratory test methods followed

in preparing and analyzing the HMA specimens are summarized in Table 2.
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Table 2. Laboratory Test Methods Followed in Preparing Test Specimens.

S.afnple HMA Evaluation Parameters Testing Procedures
Condition Followed
Loose Mix Bulk Sampling of Mix ASTM D 979-89
Sample Size Reduction AASHTO T 248-83
Theoretical Maximum Specific Gravity ASTM D 2041-95
Asphalt Content (NCAT Ignition Oven) AASHTO TP 53-95
Superpave Gyratory Compaction - Pills AASHTO TP 4
Asphalt Vibratory Compaction - Beams Appendix B
Compacted | 5 1\ g1ccific Gravity (SSD) ASTM D 2726-96
Specimens
Bulk Specific Gravity (Parafilm) ASTM D 1188-96
APA Rutting Susceptibility Appendix C

2.2 SGC And AVC Compaction

As previously stated, the SGC pills and AVC beams were compacted to achieve

a desired air void range of 7 +/- 1 percent. In order to do this, time in the oven and

compaction temperature must be held constant. The HMA was allowed a maximum of

two hours to come up to the compaction temperature of 150 ° C (300 ° F). All molds

were heated in the oven for 1 hour at the compaction temperature. The SGC pills were

compacted first, and then the AVC beams were compacted. The two machines are very

different in operation and compaction methods.

The SGC is a very sophisticated machine with a stand-alone, menu driven

computer program. Data collection of specimen height and number of gyrations can be
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printed out or transmitted to a supplied laptop computer for further analysis. The device
compacts specimens to either a given height or a specific number of gyrations. For this
study, compaction was held to a specific height of 75 mm (3.0 in.) in order to achieve the
estimated volume for the desired air-void range. Pressure was maintained at 600 kPa (90
psi). All thirty-four mixes had two SGC pills within the desired range. The only
exceptions were the first two open-graded mixes that were compacted. The device would
compact the specimens in a very predictable manner with minimal noise output. The
complete procedure (AASHTO TP 4) was modified only by the mode of compaction and
the sample size calculation.

The AVC is a new compaction device with many design concerns. Compacting
mixes to the desired air-void range with this machine was more difficult. Appendix B
outlines the complete compaction protocol followed for this device, but some basic
parameters are summarized here. The pressure was set at 415 kPa (60 psi) down-pressure
and 140 kPa (20 psi) back-pressure for most mixes. Vibration was set to start and stop

automatically. Compaction time was initially set at 30 seconds. Various mixes would

not compact under these conditions; so minor adjustments to down-pressure and

compaction time were made to try to accommodate each specific mix. After many trials
and errors, the AVC beams were completed. Out of sixty-eight AVC beams, only thirty-
three were within the desired range. The AVC is very loud, and it does not have any
computer outputs. The method of compaction has an unpredictable effect on different

HMA mixes. All of the problems encountered with this machine are discussed in detail
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in Appendix D. The problems identified during this project are currently being addressed

by the manufacturer through design modifications.
2.3 APA Testing

The APA chamber temperature was set at 50 ° C (120 ° F) and the compacted
samples were allowed four (4) hours to heat up to the testing temperature. The wheel
loading conditions were held constant at 445 N (100 Ibs.) downward fotce and a hose
pressure of 690 kPa (100 psi). The compacted samples were subjected to 8000 cycles in
the APA. Rut depth measurements were obtained at a seating load of 10 cycles, and at
intervals of 500, 1000, 4000, and 8000 cycles. These criteria were selected based on
prevailing industry practices (Watson, 1998). The APA protocol followed in this study is
outlined in detail in Appendix C. All the durability problems encountered with the APA
during this study are discussed in Appendix E.

Experience of this researcher and others indicates that the best test method utilizes
all three location in the APA for each HMA mix (West, 1991). There could be potential
problems with variability between specimens in different locations across the chamber.
Also, the more replicate test specimens give a better average value for the mix tested. In
this study, the amount of available mix prevented the utilization of all three locations in

the APA. Only one location was used for each mix.
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3.0 TEST RESULTS

3.1 SGC Pill Specimens

As previously noted, the APA was evaluated in this study to determine if it
readily distinguishes between differing HMA mix properties. All test results are located
in Appendix A. Some of the critical aggregate and asphalt binder properties of the mixes
included in this study are summarized in Table 3. These include: asphalt binder type;
asphalt binder content; dust content; dust to asphalt ratio; and whether or not the
aggregate gradation passes through the Superpave restricted zone. The APA average rut
depths for both SGC pill and AVC beam specimens of each mix after 500 and 8000
cycles are also presented in Table 3. Comparisons of the observed APA rut depths versus
the above-referenced HMA mix properties are presented in the following paragraphs.
3.1.1 Compacted Test Specimen Air Voids

As previously noted, the SGC pill specimens were compacted to 7+/-1 percent air
voids (SSD), except as noted otherwise. The APA rut depth after 8000 cycles is plotted
versus percent air voids in the SGC pill specimens in Figures 8 and 9. Figure 8 illustrates
that there is no apparent pattern in the APA rut depth data with respect to air voids within
the established range. This comparison of data exhibits a very poor correlation, as
evidenced by the nearly flat regression line and extremely low coefficient of
determination value (R?). This confirms that air voids ranging from 6 to 8 percent have
very little effect on the observed rut depths in the APA.

As previously referenced, this is the typical air void range observed immediately

after construction. The mix will consolidate to about four percent air voids under traffic
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loading during the first year. If the mat of asphalt is thick enough, this could result in
significant rutting. The further rutting damage over time is from plastic flow. The first
500 cycles of the APA test are thought to represent mix consolidation and the rest of the
test appears to simulate long-term rutting. Section 3.1.8 Reducing APA Testing Time
compares 500 and 8000 cycles in detail.

3.1.2 HMA Mix Design

Figure 9 presents the APA rut depth after 8000 cycles grouped according to mix
type. Figure 9 suggests that there is a higher occurrence of excessive rutting (greater than
5 mm (0.20 in.) in the conventional Marshall surface mixes as opposed to the other mix
types included in the study. Only one Superpave mix design had excessive rutting.
Further, based on this data, it appears that the TDOT asphalt binder mixes perform better
in the APA than the surface mixes.

Dense-graded mixes historically have had a higher potential for rutting. The
Superpave system attempted to control rutting, and, according to the results, it appears to
have addressed this problem. The more open-graded mixes with better gradation control
have a lower affinity for rutting than the more dense-graded mixes. Gradation is
discussed in detail in later sections.

3.1.3 Asphalt Binder Grade

Figure 10 presents a plot of APA rut depth after 8000 cycles versus mix I.D.,
grouped according to the asphalt binder grade. According to Superpave, asphalt binders
are performance graded to reduce rutting susceptibility up to a specific temperature. As

can be seen in Figure 10, every mix tested in this study that exhibited excessive rutting
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Figure 10. APA Rut Depth After 8000 Cycles vs. Mix LD., Grouped By Asphalt
Binder Grade.

in the APA (> 5 mm (0.20 in.)), whether designed by the Marshall or Superpave mix
design methods, contained a PG 64 — 22 asphalt binder. This suggests that the APA is
sensitive to the grade of asphalt binder used in HMA. It should be noted that over half of
the mixes containing a PG 64 - 22 asphalt binder did not exhibit excessive rutting in the
APA. However, none of the mixes with a modified PG 76 — 22 asphalt binder exhibited
high amounts of rutting at the testing temperature.

It should be noted that the testing temperature of 50 °C (120 ° F) is well below the
design performance temperature for either the PG 64 — 22 or PG 76 — 22. These asphalt
binders have a maximum performance temperature of 64 and 76 ° C respectively. The

testing temperature was chosen to simulate actual pavement temperatures experienced
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during a typical summer in Tennessee. As previously referenced, testing temperature

needs to accurately reflect field conditions.
3.1.4 Asphalt Binder Content

Figure 11 is a plot of APA rut depth after 8000 cycles versus asphalt binder
content. This plot indicates that there is a slight tendency for increased rutting with
increased asphalt binder content, especially above about 6.5 percent. The regression line
and very low 'Rz value presented in Figure 11 indicate that this correlation is relatively
weak for mixes with reasonable asphalt binder contents.
3.1.5 Dust Content |

Figure 12 is a plot of APA rut depth after 8000 cycles versus dust content (percent
passing the 0.075 mm (¥# 200) sieve). This figure indicates that dust content alone, within
reasonable limits, does not correlate well with performance of HMA in the APA. The
relatively flat regression line and extremely low R value presented in Fi gure 12 support
this observation. The combined effect of dust and asphalt binder content, or dust-to-
asphalt ratio, may be a better indicator of rutting susceptibility of HMA.
3.1.6 Dust-to-Asphalt Ratio

A plot of APA rut depth after 8000 cycles versus dust-to-asphalt ratio is presented
in Figures 13 and 14. The improved correlation shown in Figure 13 versus those shown
in Figures 11 and 12 suggests that the APA is more sensitive to the effects of dust-to-
asphalt ratio than either asphalt binder content or dust content alone. It should be noted
that this correlation is still relatively weak as evidenced by a relatively low R” value. The

current Superpave specification limits this property to 0.6 to 1.2. According to Figure 13,
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Figure 12. APA Rut Depth After 8000 Cycles vs. Dust Content.

‘wu ‘gyda Iy ‘wu ‘ipdaq Y




Superpave
Surface

RERRFRRAY REFIRERRIRR QRRRERRRRNER

12.00

< N
o -
; :
- -
N o
- . o
O 2
~ w® o
- o
- 5
- o
- ; =
- o 1’4 o
z 2, e S
= M X m
. (o]
= ; = 2
o @ Q )
- Ak % o
o e «©
< 0 173 i) o
o B =] = ©
c & D (7] o
o o ‘< o
= R IIIII
b i W nnu.. R R R R R R s [
I wn N S e TR | 2
o B 2 £ I I T A S
o A Wd on %&Z«yﬂﬁ»ﬁ#@ﬂ,ﬁﬁxf}/«éﬁ%«?&m@%x&?&f SRR ]
o - ©o
c 8 Q g8 S
=3 “ m ) 1 N
* v
c& g 8 5
s A BB ln -
)
@ St [P o] o o
=) [ o, g = S
= & & m s S
[=]
© < - !
3 £ 3 S
=} -
@ oy g o
=} -
5 =} - o
= <
~ = s -
o -
© ~ .8 -
o b= -
=) -
3 DA.. o g -
© [ e
.o < g .5 2
© o M o
[=) & QO o
< @
o —{ o
8 8 8 of 8 8 8 ot 3 8 8 8
o w [{+] o - N o u o~ o o] ©
= o g, o e
w ‘pdaq ey = wu ‘qydoq Iy

Dust to Asphalt Ratio
26

Figure 14. APA Rut Depth After 8000 Cycles vs. Dust-to-Asphalt Ratio,
Grouped According to Mix Type.



the mixes with the most rutting in the APA had values on the low end of the current

specification, between 0.6 and 0.8.

Figure 14 presents a plot of rut depth versus dust-to-asphalt ratio, re-grouped by
mix type. This figure more clearly illustrates that, for the conventional surface mixes,
the APA appears to be sensitive to dust-to-asphalt ratios approaching the lower limit of
the Superpave specification. Figures 15 and 16 are described in the following
paragraphs.
3.1.7 Superpave Restricted Zone

Figure 15 presents a plot of APA rut depth after 8000 cycles with respect to
whether or not the aggregate gradation passes through the Superpave restricted zone. As
stated earlier, SHRP researchers determined that HMA with gradations passing through
the restricted zone have a relatively high propensity for rutting. As can be seen in Figure
15, every mix tested in this study that exhibited excessive rutting in the APA (> 5 mm
(0.20 in.)), whether designed by the Marshall or Superpave criteria, had a gradation that
passed through the restricted zone. This suggests that the APA is quite sensitive to the
gradation of the HMA, especially on the fine sieves. It should be noted that over half of
the mixes with gradations passing through the Superpave restricted zone did not rut
excessively inthe APA. None of the mixes with gradations falling outside of the
Superpave restricted zone exhibited high amounts of rutting.

Some mixes with gradations passing through the restricted zone are not
necessarily susceptible to rutting. Several Tennessee 411 D surface mixes and Georgia D

mixes have historically good performance. In this study, half of the Marshal designed
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mixes rutted extensively and half did not. Such unpredictable results convinced SHRP

researchers to limit this property after extensive scientific research.
3.1.8 Reducing APA Testing Time

In an attempt to evaluate the potential for reducing the time required to perform
the APA rut test, rut depths after 500 cycles were compared with those obtained after the
current standard test duration of 8000 cycles. Figure 16 illustrates that the APA results at
500 cycles correlate well with the results at 8000 cycles. Note the relatively large R?
value presented in Figure 16. Figures 17 and 18 indicate that after 500 cycles, any mix
with a rut depth greater that 1.5 mm (0.06 in.) experienced significant rutting (> 5 mm
(0.20 in.)) at the end of the 8000 cycle test. Based on this observation, it may be possible
to reduce the time required to perform the APA rut test in the laboratory. A 500 cycle rut
test takes a total time (excluding sample preparation and conditioning) of about 10
minutes. An 8000 cycle rut test requires approximately 3.5 hours. The ability to
terminate the test after 500 cycles would result in timesavings in excess of 3 hours and
could make the APA rut test more acceptable to the HMA industry.
3.2 AVC Beam Specimens

Figures 19 and 20 demonstrate variability of the AVC beam specimens.
Consequently, the APA exhibited a high variability in rut depth measurements between
two AVC beams of the same mix tested. Figure 19 shows the average of two AVC
beams tested with the 95% confidence interval as deviations. This implies that we are 95
% confident that the true mean of the sample lies within the range on the chart. Figure 19

emphasizes the fact that more data points are needed to accurately quantify certain HMA
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mixes based on rutting using AVC beam specimens. The variability in rut depth is
related to the repeatability problems with the AVC, which are discussed in detail in
section 3.3 Variability of Test Results. The limited amount of mix available for this study -
prevented the required number of replicate tests needed to correctly describe these mixes
based on rutting.

The three mixes that did exhibit a higher rutting potential as AVC beam
specimens also exhibited high rut depths as SGC pill specimens. The three mixes that
recorded high rut depths for the AVC beams also have designed gradations that fall
within the Superpave restricted zone. As noted earlier, the restricted zone has been
shown to have an impact on rutting in HMA.

Based on the experience of this researcher, compaction of many replicate AVC
beams of the same mix is required to achieve the desired air voids with the AVC. Once
sufficient replicate AVC beams are compacted to the target air voids, the APA can be
used to accurately predict the rutting susceptibility of the HMA.

Figure 20 demonstrates that thére is a relatively good correlation between the rut
depths measured after 500 cycles and the rut depths measured after 8000 cycles. This
observation is consistent with the conclusion developed based on the SGC pill specimens
that the APA can predict the relative rutting potential of most HMA mixes after 500
cycles. Figure 20 indicates that a rut depth of 1.5 mm (0.06 in.) or more after 500 cycles

will result in a total rut depth at the end of 8000 cycles to be in excess of the established 5

mm (0.20 in.) failure criteria.




Figure 21 illustrates that after 500 cycles, the SGC pills and AVC beams did not
correlate very well, having a coefficient of determination, R* = 0.28. Figure 22 shows
that the correlation increased after 8000 cycles, but was still relatively weak with a R =
0.48. After removing Benton County 411 D, the correlation improved dramatically.
After 500 cycles, the R® went up from 0.28 t0 0.65. After 8000 cycles, the R? increased
from 0.48 to 0.84. The reason for eliminating this data point was based on the large
difference in rut depth measurements in SGC pills to AVC beams. The SGC pills rutted
8 mm while the AVC beams only had 2 mm of rutting. This observation suggests that
something significantly different occurred during the compaction of the two different test
specimens.

3.3 Variability In Test Results

Several sources of variability of the APA rut depths between SGC pill and AVC
beam specimens were considered. The type of mix, either surface or base, and all of the
previously mentioned asphalt properties were examined to determine if the observed
variability could be explained. The main problem was difficulty in achieving and
repeating the desired air void range using the AVC. At least one test AVC beam must be
compacted before any accurate prediction of sample size is determined.

A comparison of Figures 23 and 24 demonstrates the variability in air voids
between compacting SGC pills and AVC beams. It is clear that the AVC exhibited a
greater amount of variability than the SGC. Compacting open-graded mixes in the SGC

was more unpredictable than dense-graded mixes. However, much was learned after
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compacting the first open-graded mix that enabled the correct sample size to be more
predictable.

The AVC did not show any patterns of compactability that could be used to
accurately estimate the correct sample size to achieve the appropriate air voids. The
gradation charts of each mix (located in Appendix A) were compared with AVC beams
that compacted to the desired air void range. In contrast to the SGC, the AVC did give
more repeatable results with coarser mixes than with the more dense graded mixes. A
vast majority of the over-compacted mixes also had gradations passing through the
Superpave restricted zone.

Vibration time was thought to be a reason for over compaction. It was

adjusted but no predictable outcome was witnessed. Figure 25 shows the percent air
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voidé vs. the compaction time. Clearly, the amount of time the mix should be compacted
to produce a desired density is too variable to be predicted before beginning the
procedure. The Giles County 307 BM mix was compacted for 20 seconds and the
resulting air voids were 3.1%. Conversely, Montgomery County 307 S was compacted
for 60 seconds, resulting in 9.2% VTM. As described in previous sections, the variation
in compaction time was necessary to achieve the appropriate compaction levels for the
various mixes. The problem became predicting how long each mix should be compacted
without first making a test specimen.

For rut testing, the SGC pills are the most efficient, predictable specimens to be
formed and tested. The AVC beam specimens are simply too variable to be used in a rut
test with limits on available mix. AVC beams can be used to test asphalt-rutting potential
based on the majority of the results of this study. However, the AVC beams were
demonstrated to be very difficult to achieve repeatable air voids. When time is a concern
in the mix design process, the AVC beams are not very efficient to produce.
Improvements to the AVC need to be considered to make it a more repeatable, user
friendly device. To perform fatigue tests, the AVC beams are necessary, but the same

compaction problems still exist.
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4.0 CONCLUSIONS

The Superpave mix design and analysis system provides a good means of
specifying asphalt binders and aggregates based on performance. However, the
relationship of the laboratory versus actual field performance of the same HMA mix is
not clearly understood at this time. Thirty-four mixes from various locations across the
state of Tennessee were compacted into test specimens with the SGC and AVC and tested
in the APA. Based on the results of this study and previous research, it appears that the
APA is a promising candidate for the evaluation of the relative rutting susceptibility of
HMA in the laboratory.

As documented in the preceding paragraphs, various properties of HMA, in some
combination, are discernable based on the results of rut testing in the APA. The method
of sample fabrication also exhibits some sensitivity to specific HMA properties. The

essential findings of this study are summarized below:

1. It has been demonstrated that the APA is capable of differentiating
between differing HMA mix types;

2. A higher occurrence of excessive rutting (> 5 mm (0.20 in.)) was observed
for conventional surface mixes as opposed to all other mix types included
in the study;

\ 3. The APA seems to be sensitive to the type of asphalt binder used in the

HMA at the testing temperature of 50° C (120° F);

4. A relatively weak correlation was found between APA rut depth and
HMA asphalt binder content;

5. A slight tendency toward increased rutting was observed with increased
asphalt binder content, greater than about 6.5 percent;
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6. For conventional surface mixes, the APA appears to be more sensitive to
dust-to-asphalt ratios approaching the lower limit of the Superpave
specification;

7. The APA appears to be somewhat sensitive to gradations passing through
the Superpave restricted zone;

8. In the APA, the AVC beam specimens exhibit more variability than the
SGC pill specimens;

9. Achieving repeatable air voids with the AVC is the root cause of the
observed variability; ,

10. A reasonable correlation exists between AVC beam and SGC pill
specimens, but the SGC pills are much more efficient and give more
reliable results; and

11.  The APA seems to be capable of distinguishing between mix properties at
as few as 500 cycles, thus reducing the required test time and effectively
accelerating the test procedure. -

Based on the test results contained herein, the APA appears to be well suited for

accelerated proof testing of HMA in the laboratory. The data from this study indicates
that the APA is sensitive to several of the primary factors known to cause rutting of

HMA. SGC pill and AVC beam specimens can be used, but AVC beams have been

demonstrated to exhibit high variability between specimens.
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5.0 RECOMMENDATIONS

The APA can be used as an accelerated testing device to proof test an asphalt mix

design in the laboratory before it is placed on the roadway. More research is needed to

correlate the APA test results to actual roadway rutting and prediction models. The

adaptability of the APA for field QA/QC testing should also be investigated. Specific

points for rut testing HMA follow:

1.

2.

Test SGC pills until the AVC beam variability problems are resolved.
Testing can be stopped after 500 cycles for any HMA mix

Failure after 500 cycles should be defined as any mix with more than 1.5-mm
of rutting.

Testing temperature should reflect actual field conditions.
Further research is needed to verify the failure definitions for all mixes.

Further research is also needed to establish a correlation between laboratory
and actual field performance.

The adaptability for the APA’s usefulness as a field QA/QC device should
also be investigated.
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HMA MIX DESIGN AND TESTING INFORMATION
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County & Mix Type:

Project Number:

Appendix A -1

Benton 307 BM/2
5100
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STATE OF TENNESSEE ASPHALT JOB MIX FORMULA

C-19|

Form DT-0256

Re:Form T-118

Date 04/20/98
Time 15:36:25
Project Reférence  IME-40-2(76)~126 County BENTON Region 4
Project No. 03001-8167 ~44 Contract No. 5100
Type BPM3-~(HM) Sec.No. 307-B(M)II/POLY  Article No.
Contractor APAC-TN Subcontractor
State Rt. No. 1-40 TOTAL MIX INCLUDING BITUMEN Date of Letting 2—6-98
SCREEN
MATERIAL Total Percent Passing PRODUCER AND ADDRESS Percent Used
CA 31.25mm-Pan Vulcan Mtls.——~Parsons, TN 23.85% 85"
"MED. CA. 19mm-—Pan Vulcan Mtls.— ~Parsons, TN 14.36% 3 )
Screenings 9.5mm~—Pan Vuican Mtls.— —Parsons, TN 19.&%0/5
Sand 9.5mm=-Pan Tinker Sand and Grawel—~Pemyville, TN | 19.868%04
RAP. 25mm-Pan i~40  Hickman Co. 19.88%0.8
AC.and Pen.  {PMAC—20 KOCH——Memphis, TN k&' s fr 2 3ok % Lot
%Fractured Faces on Plus No. 4 Material .................... $eviR=78./69% 100%  p\L
100 PERCENT MINERAL AGGREGATE AGGREGATE ANALYSIS TOTAL PERCENT PASSING
Total Passing| Requested | Tolerance {C.A. Med CA. Screening Sand / RAP, Caculatec
SCREEN Design Range| Percent Percent Percent |Percent |Percent .Percent :Percent |Mix
Temp 275-325 ) 320 .
% AC. 4.20-6.20V g o 8% 2500%| 15.00%| 20.00%! 20.00%| 20.00%| 100.0%
@ i Theo Mix (&2 2.4 §/ i
62.5mm RAP has |5.0% AC |content f
50mm .. E : f
31.25mm 100 1001100 100 100 100: 100 100 100
25mm 1
19mm 81-93 /7 93|87.3-98.7 771 100. 100! 100! 92i 92.65
12.5mm ;
9.5mm 57-73 / 65|59.3-70.7 5 60 100" 100 75 65.3
4.75mm 40-56 / 49/45-53 2 7 90! 97! 52! 494
2.36mm 28—-43 / 37{33.7-40.3 1.5 2 62| 82 37i 36.9
600um 13-25 * 22|18.7-253 1 15] 35 53 200 221
300um lg—19 /! 12{8.7-15.3 07! 1, 28 171 130 119
150um f6-10 7.2/5.6-88 05l 07 22 4 9i 7.2
75um l25-65 54|38-70 0.3! 0.5 16. 3 7! 5.4
! | | !
Requested M C 'WAF’P"’VEM_&& ;
Contractor Region Materials Engineer |
Approved Jc_am M Approved
Region Conffruction Ay Engineer of Materials amd Tests
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Compaction Data Sheet

SGC Pills and AVC Beams
County and Mix Type: Benton 307 BM/2
Theoretical Maximum (Rice) Specific Gravity = 2.486
SGC Pills AVC Beams
75 mm x 150mm 75 x 125 x 300 mm
1 2 1 2
Mass of Sample Before Compaction, g 2965.0 2965.1 6715.2 6715.0
(Ib) 6.5 6.5 14.8 14.8
Mold Temperature, ° C 123.9 129.4 126.7 132.2
(°F) 255.0 265.0 260.0 270.0
Mix Temperature, ° C| 147.8 149.4 151.1 150.0
(CF) 298.0 301.0 304.0 302.0
Number of Gyrations] 5 4 N/A N/A
Compacted Height, mm| 74.3 74.5 N/A N/A
(in.) 2.9252 2.9331 N/A N/A
Vertical / Back Pressure (kPa) N/A N/A 448.2/137.9 | 448.2/137.9
(psi) N/A N/A 65/20 65/20
Compaction Time, sec, N/A  N/A 30.0 40.0
Dry mass (A), g 2962.0 2958.1 6686.2 6683.3
(1b) 6.5 6.5 14.7 14.7
Dry mass with Parafilm (D), g} 2970.8 2966.1 6697.6 6695.1
(1b) 6.5 6.5 14.8 14.8
Wet mass with Parafilm (E), gf 1669.9 1662.4 3808.9 3885.6
(Ib) 3.7 3.7 8.4 8.6
Wet mass w/o Parafilm (C), g] 17123 1704.8 3896.2 3938.8
(1b), 3.8 3.8 8.6 8.7
Saturated Surface Dry mass (B), g| 2975.7 2970.3 6698.1 6689.9
(Ib) 6.6 6.5 14.8 14.7
Specific Gravity (Gmb), SSD 2.344 2.337 2.386 2.429
Specific Gravity (Gmb), Parafilm| 2.303 2.292 2.330 2.396
VTIM =[1-(Gmb/Gmm)], SSD (%) 5.7% 6.0% 4.0% 2.3%
VTM =[1(Gmb/Gmm)]}, Parafilm (%) 7.4% 7.8% 6.3% 3.6%
NCAT Asphalt Content (%) 5.1% 5.1% 5.1% 5.1%
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APA Dial Gauge Readings, mm

Mix Type: _Benton 307 BM/2_
SGC Pill #2 SGCPill#1
Cycles Initial 500 1000 4000 8000 Initial | 500 | 1000 ]| 4000 | 8000
Aft Rear 11.16 10.40 10.18 9.19 792 -N/A -
Aft Front 11.20 10.49 10.23 9.17 7.91 -N/A-
Middle -N/A - -N/A-
Fwd Rear -N/A- 10.72 10.13 9.91 8.95 7.60
Fwd Front -N/A- 10.45 9.71 9.43 8.41 7.25
APA Measured Rut Depth Values, mm
SGCPill #2 SGCPill #1
Cycles 500 1000 4000 8000 Cycles 500 1000 4000 8000
AR Rear 0.76 0.98 197 3.24 Fwd Rear | 0.59 0.81 177 3.12
Afi Front 0.71 0.97 2.03 3.29 Fwd Front [ 0.74 1.02 2.04 3.20
Average 0.73 0.98 2.00 3.27 Average 0.66 0.92 1.91 3.16
Cycles 500 1000 4000 8000
Average 0.70 0.95 1.95 3.21
Both Pills
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Appendix A -2

County & Mix Type: Benton 411 D

Project Number: 5100
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STATE OF TENNESSEE ASPHALTJ 0B MIX FORMULA

Prejfect Rafurenso No. ..M~ 40 -2 (76} Rerwunsy . Bewtion. .. Region 10

. Date ..57.9\?"??

)
Mo Poma Vo013

Project No. . ... Q20)e 21T ottt Contract No. S /OQ
yee ALI=AM. T sec. Xo. /l{=D) Poly Avticte Nov oo
Contractor .Apﬁ ’..72"./: ..................... SUbCONIBCtOr woueneonemen i
State Rt No, L.- 40 TOTAL  MIX INCLUDING BITUMEN Date of Letting .26, 77
MATERAL Zot) Pereas Parsing PROCUCTR AND ADDRZAS l Pereent Uyed
C.A.
Med. C. A Jo= el Worcy Docatur (arave] Porcyyile W _4/9.57=
Sereenings 9.8-Baw \Vulbon /s orseas T 23.37¢
Sand 8.5 Pan | Tiiker Sord v Gravel  Borrasille 7] 23, psc
Asghalt Cement Hﬂ/-‘,@—},o HOC H jﬂ&ﬂi&/:{f,‘: ')7'/ (.50

Anti-Strio

jie 7/ 0cs39e Rate:

. orf .
Tyoe: By fonp hite SUTHETT Sy

——
% Fractured Faces on Plus No. 4 Matasial: 23;7

- 3%

X Glassy Particles cn Plus No. 8 Materfal: —— I

100%

100 PERCENT MINERAL AGGREGATE

AGGREGATE ANALYSIS TOTAL PERCENT PASSING

b o S e I Pt | oot | et | e | poe - Jcocen
Temp. g - 235 ° 45 1329 .3~ 100
“ac |s2-700 4.50

Thed = 2.2.95

;-

1 1/2¢ AOY = /L

‘ "

36 "

> /e |\ 0D /0D 100 | JpO [ j0d fea)
- AR A 72 | 100 | s00 T
H95] gpg2| g9 75 | 001 100 9%, S
No. 4.75| £y.7 ~/ 42 (/9] g7 74,8
No. f23ul 3527 | & 24 b2 22 509
No. 38¢00| 17-29| 26 i 25 £3 287
No. 30300| Ip/S /5 l 1 7 42
NO-MIIO 0’/0 &5 L/ _QQ\ 4 ?IS
%. 260951 0-4.51 b.p 251 16 | 3 (.

oo . «4/2./%-:& .{'- :// < 757

Requested .‘{_//.a}’:%-_%nf éﬁ@&{!_’i’. 1CT A hpprovea (it

------------------
.
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Compaction Data Sheet

SGC Pills and AVC Béams
County and Mix Type: Benton 411 D
Theoretical Maximum (Rice) Specific Gravity = 2.328
SGC Pills AVC Beams
75 mm X 150mm 75 x 125 x 300 mm
1 2 1 2
Mass of Sample Before Compaction, gJ 2800.0 2800.0 6290.1 6290.1
(Ib) 6.2 6.2 13.9 13.9
Mold Temperature, ° C| 148.9 154.4 143.3 143.3
(3] 300.0 310.0 290.0 290.0
Mix Temperature, ° C 149.4 150.6 1472 1472
(°F) 301.0 303.0 297.0 297.0
Number of Gyrations] 21 26 N/A N/A
Compacted Height, mm| 75.3 75.1 N/A N/A
(in.) 2.9646 2.9567 N/A N/A
Vertical / Back Pressure (kPa) N/A N/A 413.7/1379 | 413.7/1379
(psi) N/A N/A 60 /20 60 /20
Compaction Time, sec. N/A N/A 50.0 45.0
Dry mass (A), g| 2790.5 2790.0 6259.3 6249.7
(Ib) 6.2 6.2 13.8 13.8
Dry mass with Parafilm (D), ;ﬁ 2799.0 2800.3 62704 6260.6
(Ib) 6.2 6.2 13.8 13.8
Wet mass with Parafilm (E), g 1472.0 1477.0 3320.9 3318.1
(Ib), 3.2 3.3 7.3 73
Wet mass w/o Parafilm (C)ﬁ 1504.9 1510.1 3381.7 3385.5
(1b)| 3.3 3.3 7.5 7.5
Saturated Surface Dry mass (BMJ 2805.0 28049 6280.0 6274.2
(Ib) 6.2 6.2 13.8 13.8
Specific Gravity (Gmb), SSD| 2.146 2.155 2.160 2.163
Specific Gravity (Gmb), Parafilm 2.126 2.136 2.136 2.137
VTM =[1-(Gmb/Gmm)}, SSD (%), 7.8% 74% 72% 7.1%
VIM = [14(Gmb/Gmm)], Parafilm (%), 8.7% ' 8.2% 8.3% 8.2%
NCAT Asphalt Content (%) 6.6% 6.6% 6.6% 6.6%
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APA Dial Gauge Readings, mm

Mix Type: Benton 411D
SGC Pill # 2 ' SGCPill# 1
Cycles Initial 500 1000 4000 8000 Initial | 500 | 1000 | 4000 | 8000
Aft Rear 12.06 11.48 11.24 10.57 9.64 -N/A -
AR Front 12.57 11.97 11.79 1L.12 10.33 - N/A -
Middle -N/A - -N/A-
Fwd Rear -N/A - 15.19 12.45 12.18 11.18 10.17
Fwd Front -N/A - 13.18 12.43 12.15 11.23 10.32
Beam 1 Beam 2
Cycles Initial 500 1000 4000 8000 Tnitial 500 1000 4000 8000
Aft Rear 10.89 10.16 9.97 9.24 8.39 9.99 9.61 9.39 8.99 8.65
Aft Front 11.27 10.56 10.39 9.84 9.17 10.62 9.97 9.81 9.49 8.92
Middle 10.95 10.17 9.98 9.56 8.99 10.93 10.08 9.89 9.47 9.05
Fwd Rear 11.43 10.63 10.47 9.88 9.27 11.07 10.18 10.04 9.33 8.71
Fwd Front 11.24 10.46 10.29 9.68 8.90 11.24 10.21 9.92 9.02 8.31
APA Measured Rut Depth Values, mm
SGCPill#2 SGC Pill # 1
Cycles 500 1000 4000 8000 Cycles 500 1000 4000 8000
AR Rear 0.58 0.82 149 [, 2.42 FwdRear [ 0.74 1.01 2.01 3.02
AR Front 0.60 0.78 1.45 2.24 Fwd Front | 0.75 1.03 1.95 2.86
Average 0.59 0.80 1.47 2.33 Average 0.75 1.02 1.98 2.94
Cycles 500 1000 4000 8000
Average 0.67 0.91 1.73 2.64
Both Pills
Beam 1 Beam 2
Cycles 500 1000 4000 8000 500 1000 4000 8000
Aft Rear 0.73 0.92 1.65 2.50 0.38 0.60 1.00 1.34
AR Front 0.71 0.88 1.43 2.10 0.65 0.81 1.13 1.70
Middle 0.78 0.97 1.39 1.96 0.85 1.04 1.46 1.88
Fwd Rear 0.80 0.96 1.55 2.16 0.89 1.03 1.74 2.36
Fwd Front 0.78 0.95 1.56 234 1.03 1.32 2.22 2.93
Averages
All5 0.76 0.94 1.52 2.21 0.76 0.96 1.51 2.04
Middle 3 0.76 0.94 1.46 2.07 0.80 0.96 1.44 1.98
Middle Excluded 0.75 0.93 1.55 2.28 0.74 0.94 1.52 2.08
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Appendix A -3

County & Mix Type: Blount 307 S No Fibers

Project Number: 5267
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SUPERPAVE

STATE OF TENNESSEE ASPHALT JOB MIX FORMULA

IMIXDESIGNNO: Dy-1(58) 257 SERIALNO /M- /{78 )30 >~ DATE 1/15/98
{RECION: ¥ ONE ARTICLE NO
| PROJECT REF sp CONTRACT NO. 5267
{PROJECT - 05002-4219-04 COUNTY- BLOUNT
1
i TYPE: BCHM S.P/A9mm  307-S SEC.NO* - - .
CONTRACTOR: APAC-HARRISON CONST. SUBCONTRACTOR
STATERT. NO: S.R.:35 & 447 DATE OF LETTING JUNE/S8
Totat Percent
Malerial Percent Passing Producer and Address Used
#52/67 25mm-.075mm VULCAN MATERIALS, MARYVILLE 28.68
.7 1Smm-.075mm VULCAN MATERIALS, MARYVILLE 23.90
210 9.5Mm-.075mm VULCAN MATERIALS, MARYVILLE 21 99
NATL. SAND 9.5mm-.075mm HIGHLAND SAND, CRABORCHARD §.56
WASH SAND 4.75mm-.075mm VULCAN MATERIALS, MARYVILLE 9 56
BAGHOUSE FINES .150mm-.075mm HARRISON ASPHALT PLANT, MARYVILLE 1.91
aspralt Cement : PG 76-22 | MARATHON/ASHLAND, KNOXVILLE 4 80
! Anti-Strip PAVE-BOND Dossage Rate 0.5% booniioo] oo
i
: AGCREGATE ANALYSIS TOTAL PERCENT PASSING
MIXING TEMP. 340 F 171C | NamL WASK BAGHOUSE
COMP. TEMP S 157C #52/67 87 e10 | SAND SAND FINES  |Caicuiae
'PERCENT AC REQUESTED 44 % % T % % % Miz
X CONTROL | RESTRICTED MIX 30% 2nl 20wl 10% 105 2% 160 0%y
! POINTS ZONE ELEND |
i 25mm 100 100 100 106 | 100 190 100 106 | 100.0
19mm 90/ 100 97 3 300§ 100 100 100 100] 97
12.5mm 90 maz B 82 84! 100 100 100 100 136
i 9.5mm ! 61 27 561 100 100 100 1901 61t
475mm i 48 9 1 92 29 100 100 45
2.3¢mm 23789 | 34.6 34 2 .31 s &8 20 T EEY
1.18mm {o12.2/283 3 2 R B IR 100] 233
.600mm 16 7/20.7 17 1 A 2 22 100 166
.300mm 13.7 5 1 2] e 12 9 109 8.1
_150mm €2 1 x| 12 &0 38 100 8.3
075mm 2.0/8.0 .2 10 161 100 2.0 21 98 3 5.2
THEG  |igm3| PCE DAP TSR Lol
SRAVITY
2612 s o] is2d 1.2 NA
!
lnzouzst APAC-TN ,  HARRISON DIV /7‘2044‘4 W EFROVED /,//Aé/ /
! CONTRACTOR REGIZN Mo TERIALS ENGINEER
1
§
{APFROVED %* % ﬁ/ APEROVED
i

REGION CON

§7 ENZINEER

ENGINEER OF MATERIALS AND TEST
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Compaction Data Sheet

SGC Pills and AVC Beams
County and Mix Type: Blount 307 S - No Fibers
Theoretical Maximum (Rice) Specific Gravity = 2.61
SGC Pills AVC Beams
75 mm x 150mm 75 x 125 x 300 mm
1 2 1 2
Mass of Sample Before Compaction, g 3078.0 3078.1 7055.0 7055.3
(Ib) 6.8 6.8 15.6 15.6
Mold Temperature, ° C 104.4 101.7 137.8 137.8
(°F) 220.0 215.0 280.0 280.0
Mix Temperature, ° C 149.4 150.0 150.0 150.0
(°F) 301.0 302.0 302.0 302.0
Number of Gyrations| 33 37 N/A N/A
Compacted Height, mm| 75.3 753 N/A N/A
(in.) 2.9646 2.9646 N/A N/A
Vertical / Back Pressure (kPa) N/A N/A 413.7/1379 | 413.7/1379
(psi) N/A N/A 60/20 60/20
Compaction Time, sec. N/A N/A 70.0 60.0
Dry mass (A),g|  3067.1 3067.9 7010.6 6992.7
(Ib), 6.8 6.8 15.5 154
Dry mass with Parafilm (D), g]  3075.6 3076.4 7021.9 7003.7
(Ib) 6.8 6.8 15.5 15.4
Wet mass with Parafilm (E), gl 1758.4 1758.6 4058.2 4050.7
(1b) 3.9 3.9 8.9 8.9
Wet mass w/o Parafilm (C), g 1823.2 1824.4 4161.6 4146.9
(1b) 4.0 4.0 9.2 9.1
Saturated Surface Dry mass (B), gﬂ 3091.4 3094.3 7030.6 7007.4
(Ib) 6.8 6.8 15.5 15.4
Specific Gravity (Gmb), SSD) 2418 2416 2.444 2.445
Specific Gravity (Gmb), Parafilm| 2.354 2.353 2.381 2.383
VTM =[1-(Gmb/Gmm)}, SSD (%) 7.3% 7.4% 6.4% 6.3%
VTM =[1(Gmb/Gmm)}, Parafilm (%), 9.8% 9.8% 8.8% 8.7%
NCAT Asphait Content (%) 4.7% 4.7% 4.7% 4.7%
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APA Dial Gauge Readings, mm

Mix Type: Blount 307 S - No Fibers

SGCPill #2 SGCPill # 1

Cycles Initial 500 1000 4000 8000 Initial | 500 | 1000 [ 4000 | 8000
Aft Rear 11.64 11.21 11.09 10.64 10.28 -N/A-
Aft Front 12.11 11.29 11.09 10.21 9.75 -N/A.-
Middlc -N/A- - N/A-

Fwd Rear -N/A - 11.63 10.81 10.49 9.88 9.06

Fwd Front -N/A - 11.20 10.35 10.19 9.69 9.33
Beam 1 Beam 2

Cycles Initial 500 1000 4000 8000 Tnitial 500 1000 4000 8000

Aft Rear 7.99 7.49 7.40 7.10 6.83 9.25 7.88 7.86 7.51 7.09

Af Front 8.18 7.49 7.35 7.13 6.98 8.64 8.26 8.26 .13 7.98

Middle 3.93 8.18 8.03 773 7.56 8.62 8.29 8.19 8.14 8.04

Fwd Rear 925 8.50 837 8.09 7.93 9.50 8.95 8.84 8.58 8.39

Fwd Front 9.17 8.24 8.31 7.72 7.64 7.66 7.36 7.26 6.93 6.79

APA Measured Rut Depth Values, mm

SGC Pili # 2 . -A SGCPill#1
Cycles 500 1000 4000 8000 Cycles 500 1000 4000 8000
Aft Rear 0.43 0.55 1.00 1.36 Fwd Rear 0.82 1.14 175 2.57
Aft Front 0.82 1.02 1.90 2.36 Fwd Front 0.85 1.01 1.51 1.87
Average 0.63 0.79 1.45 1.86 Average 0.84 1.08 1.63 2.22
Cycles 560 1000 4000 8000
Average 0.73 0.93 1.54 2.04
Both Pills
Beam 1 Beam 2
Cycles 500 1000_| 4000 8000 500 1000 4000 8000
Aft Rear 0.50 0.59 0.89 1.16 137 1.39 1.74 2.16
Aft Front 0.69 0.83 1.05 1.20 0.38 0.38 0.51 0.66
Middle 0.75 0.90 1.20 137 0.33 0.43 0.48 0.58
Fwd Rear 0.75 0.88 1.16 1.32 Q.55 0.66 0.92 1.11
Fwd Front 0.93 0.86 1.45 1.53 0.30 0.40 0.73 0.87
Averages
All 5 0.72 0.81 1.15 1.32 0.59 0.65 0.88 1.08
Middle 3 0.73 0.87 1.14 1.30 0.42 0.49 0.64 0.78
Middle Excluded 0.72 0.79 1.14 1.30 0.65 0.71 0.98 1.20

64



Appendix A - 4

County & Mix Type: Blount 307 S With Fibers

Project Number: 5267
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MIX DESICN NO-

SUPERPAVE
STATE OF TENNESSEE ASPHALT JOBMIX FORMULA

Dv-] (38) 355

SERIAL NO /VI / (9%3

DATE 215/98 ¢

REGION CONST ENGINEER

REGION: ONE ARTICLE NO
PROJECT REF sp CONTRACT NO- 5267
PROJECT : 05002-4219~04 COUNTY BLOUNT
TYPE: BCHM: §.P./19mm 307-S SEC. NO:
CONTRACTOR. APAC-HARRISON CONST. SUBCONTRACTOR:
STATERT. NO: S.R..35 & 447 DATE OF LETTING: JUNES
Totl Percent
Material Percent Fassing Producer and Address Usad
#5167 25mm-.075mm VULCAN MATERIALS, MARYVILLE 26.47
¥7 19mm-.075mm VULCAN MATERIALS, MARYVILLE 2373
210 9.5mm-.075mm YULCAN MATERIALS, MARYVILLE 21.82
NATL. SAND 9.5mm- 075mm HIGHLAND SAND, CRABORCHARD 948
WASH SAND 4.75mm- 675mm YULCAN MATERIALS, MARYVILLE 9.42
| BAGHOUSE FINES .150mm=.075mm = HARRISON ASPHALT PLANT, MARYVILLE 1.89
Aspralt Cement : PG 76-22 _(10.3% FIBERS ) MARATHON/ASHLAND, KNOXVILLE 5.10
Ant - Strip PAVE-BOND Dossee Rate: 0.5% 100
AGCREGATE ANALYSIS TOTAL PERCENT PASSING
MIXING TEMP. 40 F 11¢ NATL WASH BAGHOUSE
COMP. TEMP 3SF 151C 857/67 a? SAND SAND FINES  [Caleutate
PERCENTAC  REQUESTED 5.1 3 % % % Mix
CONTROL | RESTRICTED MIX 0% 25% 10% 10%) 2% 100.07
POINTS ZONE BLEND
25mm 100 100 100 100 106 100 100 | 100.0
19mm 907100 97 89 100 100 100 100 | 967
12.5mn 90 max 79 42 3¢ 100 100 1001 786
9.5mm 67 27 56 100 100 100 7.1
4.25mn 49 9 it o 100 100] %
2.36mm 2749 34.6 38 2 3 82 90 100 3.0
1.16mm 22.3/28.2 23 2 2 3 47 06| 253
.600mm 16.7/20.7 17 1 2 0 22 100] 166
300mm 137 8 { z 12 9 100 8¢
.150mm 63 1 2 1.0 3.8 100 §3
.07Smm 2.0/8.0 5.2 10 1.0 2.0 2.1 983 52
THEO PCF DaR TSR LOi
CRAVITY
2§79 fos7 160.2 1.0 NA
REQUEST APAC-TN.; HARRISON DIV, 530447 / pfﬁa‘__ APFRCVED / ///A;J
conmcvn E3ION MATERIALS ENGINEER
1
APFROVED: o@ % ﬁ.,// APFROVES z

ENGINEER OF MATERIALS AND

TE3T
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Compaction Data Sheet

SGC Pills and AVC Beams
County and Mix Type: Blount 307 S - With Fibers
Theoretical Maximum (Rice) Specific Gravity = 2.582
SGC Pills AVC Beams
75 mm x 150mm 75 x 125 x 300 mm
| L1 2 1 2
Mass of Sample Before Compaction, g]  3050.1 3050.1 6975.1 6975.0
(Ib), 6.7 6.7 15.4 15.4
Mold Temperature, ° C 154.4 115.6 137.8 137.8
(°F) 310.0 240.0 280.0 280.0
Mix Temperature, ° C 148.9 146.7 148.9 148.9
(°F) 300.0 296.0 300.0 300.0
Number of Gyrations| 17 23 N/A N/A
| Compacted Height, mm| 752 75.2 N/A N/A
(in.) 2.9606 2.9606 N/A N/A
Vertical / Back Pressure (kPa) N/A N/A 448.2/137.9 | 413.7/1379
(psi) N/A N/A 65/20 60/20
Compaction Time, sec. NA .| NA 70.0 70.0
Dry mass (A), 2 3033.6 3040.2 6949.3 6931.4
(Ib) 6.7 6.7 15.3 15.3
Dry mass with Parafilm (D), g] 3042.2 3048.7 6960.7 6941.1
(Ib) 6.7 6.7 15.3 15.3
Wet mass with Parafilm (E), | 1709.0 1726.6 4007.5 3954.8
(Ib), 3.8 3.8 8.8 8.7
Wet mass w/o Parafilm (C), g 1774.0 1789.7 4085.8 4066.7
(1b), 3.9 ??.9 9.0 9.0
Saturated Surface Dry mass (B), 3065.4 3067.0 6970.3 6970.0
(Ib) 6.8 6.8 15.4 154
Specific Gravity (Gmb), SSD 2.349 2.380 2.409 2.387
Specific Gravity (Gmb), Parafilm| 2.300 2.324 2.368 2.334
VTM =[1-(Gmb/Gmm)], SSD (%), 9.0% 7.8% 6.7% 7.5%
VTM = [1-(Gmb/Gmm)], Parafilm (%) 10.9% 10.0% 8.3% 9.6%
NCAT Asphalt Content (%) 4.2% 4.2% 42% 4.2%
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APA Dial Gauge Readings, mm

Mix Type: Blount 307 S W/ Fibers
SGC Pill # 2 SGCPill # 1
Cycles Initial 500 1000 4000 8000 Initiall | 500 | 1000 | 4000 | 8000
Aft Rear 12.24 11.47 11.17 10.02 9.41 -N/A-
Aft Front 12.74 11.96 11.56 10.80 10.04 -N/A-
Middle - N/A - -N/A-
Fwd Rear -N/A- 13.22 12.24 11.93 11.34 10.77
Fwd Front - N/A - 12.96 12.10 11.83 11.31 10.81
Beam 1 Beam 2
Cycles Initial 500 1000 4000 8000 Tnitial 500 1000 4000 8000
Aft Rear 9.93 9.14 3.98 8.54 8.23 9.69 8.49 8.28 7.75 7.14
Aft Front 10.06 9.20 9.00 8.68 851 10.63 9.77 9.62 9.28 8.4
Middle 9.66 9.17 9.00 8.71 8.52 10.30 9.60 9.30 8.97 8.75
Fwd Rear 9.17 8.51 8.34 7.99 7.72 10.02 9.13 8.98 8.72 8.60
Fwd Front 8.46 7.98 7.83 7.58 7.38 9.65 9.00 3.87 8.63 8.47
/
APA Measured Rut Depth Values, mm
SGC Pill # 2 . SGCPill#1
Cycles 500 1000 4000 8000 Cycles 500 1000 4000 8000
Aft Rear 0.77 1.07 2.22 2.83 Fwd Rear | 0.98 1.29 1.88 2.45
Aft Front 0.78 1.18 1.94 2.70 Fwd Front [ 0.86 1.13 1.65 2.15
Average 0.77 1.13 2.08 2.77 Average | 0.92 1.21 1.77 2.30
Cycles 500 1000 4000 8000
Average 0.85 117 1.92 2.53
Both Pills
Beam 1 Beam 2
Cycles 500 1000 4000 8000 500 1000 4000 8000
Aft Rear 0.79 0.95 1.39 1.70 1.20 1.41 1.94 2.55
Aft Front 0.86 1.06 1.38 1.55 0.86 1.01 1.35 1.69
Middle 0.49 0.66 0.95 1.14 0.70 1.00 133 1.55
Fwd Rear 0.66 0.83 1.18 1.45 0.89 1.04 1.30 1.42
Fwd Front 0.48 0.63 0.88 1.08 0.65 0.78 1.02 1.18
Averages
AllS 0.66 0.83 1.16 1.38 0.86 1.05 1.39 1.68
Middle 3 0.67 0.85 1.17 1.38 0.82 1.02 1.33 1.55
Middle Excluded 0.70 0.87 1.21 1.45 0.90 1.06 1.40 1.71
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Appendix A — 5

County & Mix Type: Blount 411 S No Fibers

Project Number: 5267
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SUPERPAVE

STATE OF TENNESSEE ASPHALT JOB MIX FORMULA

MIX DESIGN NO: Dy~ [ ) R4

SERIAL NO: /77-//93/7 257

DATE. 8/10/98 |

REGION: ONE ARTICLE NO
PROJECT REF SP CONTRACT NO* 5267
PROJECT : 05002-4219-04 COUNTY- BLOUNT
TYPE: ECHM S Psi2.5mm N [/-S SEC. NO
CONTRACTOR: APAC-HARRISON CONST SUBCONTRACTOR:
STATE RT. NO: SR.:35 & 447 DATE OF LETTING: JUNE/98
Total Percent
Material Percen! Passing Producer and Address Used
GRANITE #7 19mm-.075mm VULCAN MATERIALS, ENKA,N.C. 61.10
10 9.5mm-.07Smm VULCAN MATERIALS, MARYVILLE 21.62
NATL. SAND 9.5mM-.07SMR HIGHLAND SAND, CRABORCHARD 9.40
BAGHOUSE FINES .1S0mm-.075mm EARRISON ASPHALT PLANT, MARYVILLE 1.88
Asphalt Cament : PG 76-22 | IMARATHON/ASHLAND, KNOXVILLE 6.00
Anti-smp PAVE-BOND Dossage Rate: 8.5% 100
AGGREGATE ANALYSIS TOTAL PERCENT PASSING
MIXING TEMP. 340 F 111 ¢C NATL. BAGHOUSE
COMP. TEMP. S F 157¢ 7 10 | sanp FINES _|Calcutatey
PERCENT AC ___ REQUESTED 6.0 % % % % Mit
CONTROL | RESTRICTED MIX 657 237 10%) 2% 100.0%
POINTS ZONE BLEND
25mm 0 00
19mm 100 100 100 | 100 100 100 | 1000
12.5am 90/100 95 93| 100 100 100 | 95.5
9.5mm 79 6] 100 100 100  79.2
Ismm | 50 . 26| 92 99 100 ] s0.0
2.36mm 28/5¢ 39.1 29 9] 56 86 100| 203
1.18mm 25.631.6 2 N el 100] 205
.600mm 19.1/23.1 16 ] 20 70 100 16.2
.300mm 15.5 8 3] 1 12 100 84
.150mn 5.4 2| 12 4.0 989 | 6.4
.075mm 210 54 1.5] 10.0 2.0 98.3| 5.4
THEO. |kgm3| PCF DAR ° TSR Lol
GRAVITY
2.513 2813 0] 136 e 0.0 8% | 12
REQUEST APAC-TN.. HARRISON DIV, \B O'()&u( E»JZ AFPRDVEQ:M /

CONTRACTOR

APPROVED: ﬁ‘ ﬁ Mq

J

REGION MATERIALS ENGINEER

APPROVED-

REGION CONST. ENCGINEER

ENGINEER OF MATERIALS AND TEST

72




96 Sap N

9'LL S'9L 181 €Ll L'y EIpe IS¢z Lyt s'oLl “bay
vLL €'9L 181 €Ll L'y SISZT  LWwZ 20t 6bPT et (WA 9€L8Y 09 UONEBIYUIN
8'LL 89 [R]1 AN 0y SIST ¥FIPZ  910')  ZSHZ bl 6GLL 2898y 09 uonesyuan
L'v8 6'¢ce 1’8l €Ll 8T 9zr'e e lard 09l 8Ll Oay
948 6¢e 1'gl €Ll 8C 96vC 9T 6101 $OpT 6511 Lt £vs6F 59
L've 6'¢8 1'gt €Ll 8¢ 96v'Z 9¢¥'Z L0t pOPZ 09kl g'LLL Lv9sy  S9
LLL 99/ 1'glL €Ll oy ELpe €S2 413t (WA Bay
LUtL 99 1'gl €Ll 0V SISZ €lve 120l Sspe ZStL L 0s68y 09 |euwbuo
LULL L9l (]} €Ll 0V SI1SZT  EivZ  vZO'L  ISpE St oLt evigy 09 |ewbuo
9L £oL 6Ll (WA ] Sove X 2ard TrlL 09ll bay
LzL 8oL 8Ll oLl 0S PESCT 80PT 02O OvbZ ovlL 8'SLL G628¢ S
Yy 8 69 081 Z'Ll 2S ¥ESZ  ZOv'ZT  ZZO'L OvpT ryLl 2oLl SL28y  S'S
(%) (%) (%) (%) (%) sap ® 'Isa ) XewN SapN

H3VAA A VIA B VWA A VWA WIA aWL s ing O _9sing (ww) ybay (ww) y6iay (B) bl Ov % Uuawiads

€01 =Seos 69,2  =)99S LT =Maos
22/v9-9d :uonduasaq ‘lleydsy ‘uonduossaq .9jebasb6y)|
%Z 6% ALIYVINONY
3AVYd ¥3dNS dHHS  uopduosaq xiw S-L1y adh L xiwy
I TG 183ysyIopn ubisaq XN dYHS
uonepodsues | jo Juswyedsq 89SS3UUd |

73




0§

G'/E 0'se

06l

‘wuw ‘(Jamod G 0} pasiey) ‘azis anals

Sl

S'6 SlYy 9g¢

8L L 090 0£0GL0 G200

|

JUOZ PajoLISIY

aaedladng

g

pd

e

aur Aysusq wnwixep

S19QI4 ON S LL{ Junojg
{eUlWION WW G°ZL
uoijepeus) ubisaq X\

00

ool

0'oc

00c

ooy

0°0S

009

00.

008

006

0°00L

Buissed juaosiag

74




Compaction Data Sheet

SGC Pills and AVC Beams
County and Mix Type: Blount 411 S - No Fibers
Theoretical Maximum (Rice) Specific Gravity = 2.512
SGC Pills AVC Beams
75 mm x 150mm 75 x 125 x 300 mm
1 2 2 3
Mass of Sample Before Compaction, _gJ 3008.0 3008.1 6860.5 6860.4
(Ib) 6.6 6.6 15.1 15.1
Mold Temperature, ° C| 163.3 160.0 129.4 132.2
(°F) 326.0 320.0 265.0 270.0
Mix Temperature, ° C 149.4 1483 150.6 149.4
(P 301.0 299.0 303.0 301.0
Number of Gyrations| 18 20 N/A N/A
Compacted Height, mm 75.2 75.2 N/A N/A
(in.) 2.9606 2.9606 N)A N/A
Vertical / Back Pressure (kPa) N/A N/A 482.6/137.9 | 482.6/137.9
(psi) N/A N/A 70/20 70/20
Compaction Time, sec.] = N/A .. N/A 70.0 70.0
Dry mass (A), g| 2983.4 2988.0 6817.9 | 6808.9
(Ib;l 6.6 6.6 15.0 15.0
Dry mass with Parafilm (D), J 2992.6 2996.2 6830.1 6823.1
(Ib) 6.6 6.6 15.1 15.0
Wet mass with Parafilm (E), é 1667.9 1675.9 3858.7 3853.5
(1b) 3.7 3.7 8.5 8.5
Wet mass w/o Parafilm (C), g]  1716.1 1723.3 3940.3 39473
(Ib) 38 3.8 8.7 8.7
Saturated Surface Dry mass (B), % 2992.4 2997.5 6830.3 6817.8
(Ib) 6.6 6.6 15.1 15.0
Specific Gravity (Gmb), SSD 2.338 2.345 2.359 2.372
Specific Gravity (Gmb), Parafilm 2.279 2.287 2.310 2.311
VTM =[1-(Gmb/Gmm)], SSD (%), 6.9% 6.6% 6.1% 5.6%
VIM = [1-(Gmb/Gmm)], Parafilm (%) 9.3% 9.0% 8.0% 8.0%
NCAT Asphalt Content (%) 6.1% 6.1% 6.1% 6.1%




APA Dial Gauge Readings, mm

Mix Type: Blount 411 S No Fibers
SGCPill#2 SGC Pill# 1
Cycles Initial 500 1000 4000 8000 Initial [ 500 [ 1000 | 4000 | 8000
Aft Rear 11.96 11.24 10.86 10.20 10.02 -N/A -
Aft Front 12.23 11.46 11.26 10.61 9.95 -N/A -
Middle -N/A- -N/A-
Fwd Rear -N/A- 12.48 11.97 11.67 10.89 10.33
Fwd Front -N/A - 10.82 10.47 10.28 9.84 9.35
Beam 1 Beam 2
Cycles Initial 500 1000 4000 8000 Tnitial 500 1000 4000 8000
Aft Rear 11.78 11.59 11.43 10.96 10.82 3.06 7.46 7.10 6.49 6.24
ARt Front 11.99 1111 10.98 9.94 9.87 8.29 7.80 7.24 7.08 6.88
Middie 11.25 11.09 10.75 10.55 10.47 8.46 7.83 7.69 7.15 6.98
Fwd Rear 11.31 10.58 10.38 9.78 9.62 8.44 8.08 7.88 7.49 7.19
Fwd Front 10.81 10.11 9.89 9.36 8.91 8.99 7.99 7.84 7.38 7.07
APA Measured Rut Depth Values, mm
SGC Pill #2 SGCPill # 1
Cycles 500 1000 4000 | .8600 Cycles 500 1000 4000 8000
Aft Rear 0.72 1.10 1.76 1.94 Fwd Rear [ 0.51 0.81 1.59 2.15
AR Front 0.77 0.97 1.62 2.28 Fwd Front [ 0.35 0.54 0.98 1.47
Average 0.75 1.04 1.69 2.11 Average 0.43 0.68 1.29 1.81
Cycles 500 1000 4000 8000
Average 0.59 0.86 1.49 1.96
Both Pills
Beam 1 Beam 2
Cycles 500 1000 4000 8000 500 1000 4000 8000
Aft Rear 0.19 0.35 0.82 0.96 0.60 0.96 1.57 1.82
Aft Front 0.88 1.01 2.05 212 0.49 1.05 1.21 1.41
Middle 0.16 0.50 0.70 0.78 0.63 0.77 131 1.48
Fwd Rear 0.73 0.93 1.53 1.69 0.36 0.56 0.95 1.25
Fwd Front 0.70 0.92 1.45 1.90 1.00 1.15 161 1.92
Averages
All5 0.53 0.74 1.31 1.49 0.62 0.90 1.33 1.58
Middle 3 0.59 0.81 1.43 1.53 0.49 0.79 1.16 1.38
Middle Excluded 0.63 0.80 1.46 1.67 0.61 0.93 1.34 1.60
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County & Mix Type:

Project Number:

Appendix A — 6

Blount 411 S With Fibers
5267
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SUPERPAVE

STATE OF TENNESSEE ASPHALT JOB MIX FORMULA

SERIALNO: _#+(56)253

I DATE: 8,108

MIX DESIGNNO: DyoA” 2€) 247

CONTRACTCR

APPROVED: %__ /4 K/

= 0

REGION CONST. ENGINEER

REGICH MATERIALS ENCINEER

APFRCVED

REGION: ONE ARTICLE NO:
PROJECT REF SP CONTRACT NO: 5267
PROJECT : §5002-4219-04 COUNTY: BLOUNT
TYPE BCHM: $.P./12.5mm Hl]-S5  |sec.no:
CONTRACTOR: APAC-HARRISON CONST. SUBCONTRACTOR:
STATE RT. NO: S.R.:35 & 447 DATE OF LETTING: JUNE/SS
Towl Percent
Material Percent Passirg Producer and Address Used
GRANITE a7 19mm- 075mm UULCAN MATERIALS, ENKAN.C. 61.04
%10 9.5mm-.07smm VULCAN MATERIALS, MARYVILLE 21.59
NATL. SAND 9.5mm-.075mm HIGHLAND SAND, CRABORCHARD 9.35
BAGHOUSE FINES .150mm-.075mm HARRISON ASPHALT PLANT, MARYVILLE 1.88
ralt Cement : PG 26-22 [ 10.3% FIBERS ) MARATHON/ASMLAND, KNOXVILLE 5.10
Anp-Stp PAVE-BOND \ Dossage Rale: 0.5% 100
AGGREGATE ANALYSIS TOTAL PERCENT PASSING
MIXING TEMP. M0F 171¢ NATL. BAGHOUSE
COMP. TEMP. 35 F 157¢C a7 210 | SAND FINES | catcutar
PERCENTAC  REQUESTED 6.1 % % % % Miz
CONTROL | RESTRICTED MIX 65%  23% 10% 2% 100.0%)
POINTS ZONE BLEND
25mm 0 00
19mm 100 100 100] 100 100 100 | 100.0
12.5mm 90/100 95 93| 100 100 100 958
9.5mm 7% 68| 100 106 100]  79.2
4.75mm 50 6] o2 90 100] $0.0
2.36mm 28/58 3.1 29 .. 91 s 84 100] 29.3
1.1smm 25.86/31.6 20 - 31 8] 100 20.2
.600mm 19.123 1 16 o 20 2 100 "16.2
.300mm 15.5 8 3] e 12 100] 8.4
.150mm 6.4 af 12 4.0 99| 6.4
.075mm 210 54 1.5] 100 2.0 983 5.4
THEO. |kem3| BCE DAR 3R Lot
GRAVITY
2.507 [2507.0 ]  156.4 9.9 s1n| 12
—
REQUEST APAC-TN., HARRISON DIV. ;P) ofbn APPROVED: ~

ENGINEER OF MATERIALS AND TEST
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Compaction Data Sheet
SGC Pills and AVC Beams
County and Mix Type: Blount 411 S - With Fibers
Theoretical Maximum (Rice) Specific Gravity = 2.512
SGC Pills AVC Beams
75 mm X 150mm ~ 75 x 125 x 300 mm
1 2 1 2
Mass of Sample Before Compaction, g 3000.0 3000.0 6820.2 6820.0
(Ib) 6.6 6.6 15.0 15.0
Mold Temperature, ° C 133.3 134.4 148.9 148.9
°F) 272.0 274.0 300.0 300.0
Mix Temperature, ° C 147.2 148.9 148.9 151.1
CHl 2970 300.0 300.0 304.0
Number of Gyrations| 32 28 N/A N/A
Compacted Height, mm 75.1 75.0 N/A N/A
(in.) 2.9567 2.9528 N/A N/A
Vertical / Back Pressure (kPa) N/A N/A 413.7/137.9 | 413.7/137.9
(psi) N/A N/A 60/20 60/20
Compaction Time, sec.] . N/A, . N/A 70.0 70.0
Dry mass (A)j 2993.5 2987.2 6792.7 6790.9
(Ib) 6.6 6.6 15.0 15.0
Dry mass with Parafilm (D), g 3003.7 2996.7 6803.6 6802.1
(lbj 6.6 6.6 15.0 15.0
Wet mass with Parafilm (E), gl 1683.2 1676.2 3784.9 3786.8
(1b) 3.7 3.7 8.3 8.3
Wet mass w/o Parafilm (C), g| 1728.6 17234 3907.3 3901.1
(1b), 3.8 3.8 8.6 8.6
Saturated Surface Dry mass (B)ﬁ% 3008.5 3003.5 6838.0 6839.5
(Ib) 6.6 6.6 15.1 15.1
Specific Gravity (Gmb), SSD 2.339 2.334 2318 2311
Specific Gravity (Gmb), Parafilm 2.297 2.290 2.264 2.266
VTM =[1-(Gmb/Gmm)], SSD (%) 6.9% 7.1% 7.7% 8.0%
VTM = [1-(Gmb/Gmm)], Parafilm (%) 8.6% 8.9% 9.9% 9.8%
NCAT Asphalt Content (%) 6.0% 6.0% 6.0% 6.0%
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APA Dial Gauge Readings, mm

Mix Type: Blount 411 § W/ Fibers

SGCPill # 2 SGCPill #1
Cycles Initial 500 1000 4000 8000 Initiall | 500 | 1000 | 4000 | 8000
Aft Rear 10.95 10.46 10.29 9.89 9.56 -N/A-
Aft Front 11.87 11.13 10.87 10.69 10.13 -N/A-
Middle -N/A- “N/A-
Fwd Rear -N/A - 11.06 10.34 10.08 9.72 9.34
Fwd Front -N/A- 11.52 10.53 10.35 9.90 9.67
Beam 1 Beam 2
Cycles Initial 500 1000 4000 8000 Initial 500 1000 4000 8000
Aft Rear 9.00 3.18 7.97 7.59 7.16 9.71 9.28 9.21 9.13 8.95
Aft Front 10.02 9.15 9.08 .44 8.17 9.99 9.33 9.20 8.99 3.85
Middle 10.53 9.76 9.66 9.25 9.14 10.42 9.90 9.80 9.62 9.49
Fwd Rear 10.63 9.76 9.54 9.18 8.95 10.49 9.93 9.83 9.60 9.36
Fwd Front 10.43 9.59 9.49 9.17 3.89 10.11 9.50 9.15 8.85 8.81

APA Measured Rut Depth Values, mm

SGCPill #2 SGCPill#1
Cycles 500 1000 4000 8000. . Cycles 500 1000 4000 8000
Aft Rear 0.49 0.66 1.06 1.39 Fwd Rear 0.72 0.98 1.34 1.72
Aft Front 0.74 1.00 L18 1.74 Fwd Front 0.99 1.17 1.62 1.85
Average 0.61 0.83 1.12 1.57 Average 0.86 1.08 1.48 1.79
Cycles 500 1000 4000 8000
Average 0.73 0.95 1.30 1.68
Both Pills X
Beam 1 Beam 2
Cycles 500 1000 4000 8000 500 1000 4000 8000
Aft Rear 0.82 1.03 141 1.84 0.43 0.50 0.58 0.76
Aft Front 0.87 0.94 1.58 1.85 0.66 0.79 1.00 1.14
Middle 0.77 0.87 1.28 1.39 0.52 0.62 0.80 0.93
Fwd Rear 0.87 1.09 145 1.68 0.56 0.66 0.89 1.13
Fwd Front 0.84 0.94 1.26 1.54 0.61 0.96 1.26 1.30
Averages
All5 0.83 0.97 1.40 1.66 0.56 0.71 0.91 1.05
Middle 3 0.84 0.97 1.44 1.64 0.58 0.69 0.90 1.07
Middie Excluded 0.85 1.00 1.43 1.73 0.57 0.73 0.93 1.08
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Appendix A -7

County & Mix Type: Blount — Loudon 307 BM/2

Project Number: 4858
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l STATE OF TENNESSEE ASPHALT JOB MIX FORMULA

MIX DESICN NO: Dy-1(58)15 SERIAL NO: 424768)2 2 | DATE: 01/29/93
REGION: OME ARTICLE NO: 507-03.16
PRCJECT REF. NG: DS-MH 33(12) COUNTY: BLGUNT & LOULDON
PROJECT NO: {05001-3264-14] CONMTRACT NC: 4858
TYPE: BCHM-BM'2 SEC. NO: 307-BM‘2
CONTRACTOR: APAC-TN:HAEEISON SUBECONTRACTOR:
STATE RT. NG: 411-8GUTH DATE OF LETTING: £/97
Total ~Parcar
Maverial Parcant Passing Producer and Address Usaé
#56 LIMESTONE 12.3mm-75um VYULCAM MATERIALS MaRYVILLE 35.3,
#3,LIMESTONE 9.5Smm-7Sum VULCAN MATERIALS MARYVILLE 15.2¢
NATUR&L SAND 3.5mm-75um HICHLAND 23ND CRABOECHARD 5.7
RAP 12.Smm-7Sum HARRISON. STOCKPILE 19.1
Asphalt Cement PG 64-22 SOUTHERM STATES KNOXVILY 3.6% 0.9% 5
Anti-Strip PAVE BOND Dossaze Rate: 9.5% YIRGIN |RECLAIM 13
% Fractured Faces on Plus Mo. 4 Material: [RE AC aC
% Classy Particles on Plus No. 4 Material: NA
100 PERCENT MINERIAL AGGREGATE AGGREGATE ANALYSIS TOTAL PERCENT PASSING
DESIGN |Requested #36 #8 SAND RsP FILLER [Caloulste
RANGE |Percent PERCENT|PERCENT|PERCENT |PERCENT|PERCENT Mix
MIX TEMD [152/158C| 1SS C 31 F 36.0% 1S.0%) 27.0%] 20.0% 2.0%  100.C
COMP MIX |142/147C) 144 C 292 F
[% ac 4.2-6.2 4.5
- RAP AC 4.5%
31.75mm 100 100 100 100 100 100 100 109,
19.0mm/3/4 81/93 91 1307-QA 78 100 100 100 100 91.
9.5mm/3/8 §7/73 63 |TEST 11 84 100 Yi 1900 83,
4.7Smm/#4 40/56 44 |TOLERANCE S ] 98 B84 100 44,
2.36mn/#8 28/43 36 4 S 37 33 100 36.
€00uym/#30 13728 23 2 1 &S 23 100 2.
300um/#50 9/19 10 2 1 14 18 100 10,
1SQum/#100 8/10 6.6 1 1 S 139 100 €.
TSum/#200 2.5/6.5 4.8 0.5 0.2 1.6 10.6 100 3.
THEO. kg/m3 PCF |D.AR TSR
GRAVITY
2.602 2602.0

Requested  {APAC-T! JHARRISON DIV, :II)DOMLI W

Contractor

Approved

S WRA—

/

Approved

Regioa Const. Eagineer

Engineer of Materials and Test
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MARSHALL WORK SHEET 307-BM/2

01/28/98 ! MATERIALS
1
]
PROJ REF  DS=NH 33(12) ! 456 VULCAN
PROJ. NO. 05001-3264-14 ! LIMESTONE MARYVILLE
53005-3212-14 '
CONTRACT # 4858 ! 48 VULCAN
COUNTY: BLOUNT ! LIMESTONE MARYVILLE
REGION: 1 !
TYPE MIX: 307-8M/2 ! NATURAL HIGHLAND
CONTRACTOR:HARRISON CONST. ' SAND CRABORCHARD
AC GRADE PG 64-22 !
SP.GR.AC 1.040 ! RAP HARRISON
OESION No_ DI7(7yss GREDATION OF MATERIALS USED _ SERIAL 10439,
MATERIAL %56 #8  SAND RAP  FILLER BLEND DESIGN
PERCENT 36% 15.0% 27% 20% 2% 100% RANGE
11/4/31.75m 100% 100%  100% 100% 100% 100.0% 100
3/4/19mm 75% 100%  100% 100% 100% 91.0% 81/93
3/8/9 .5mm 11% 84%  100% 87% 100% 63.0% 57/73
#4/4 .75mm 5.0% 6% 98% 64% 100% 44.0% 40/56
#8/2 .36mm 4.0% 5% 87% 44% 100% 36.5% 28/43
#30/600um 2.0% 1% 65% 23% 100% 25.0% 13/25
#50/300um 2.0% 1% 14% 18% 100% 10.3% 9/19
#100/150um 1.0% 1.0% 5.0% 13.9% 100% 6.6% 6/10
#200/75um 0.5% 0.2% 1.6% 10.6% 100% 4.8% 2.5/6.5
BULK SP.GR. AGG.
EFF .SP.GR.A 2.800
APP. SP_.GR.
FORMULATIONS
XN PP el
% ASPHALT 4.0% 4.5% 5.0% 5.5% Y
STABILITY L 4570 4950 3880 3500 A
SP.GR.MAR.P  2.465 2.489 2.514 2.5i9 e
THEO.GR.MIX 2.622 2.602 2.582 2.562 arbe?
LBS, CU. FT  153.8 155.3 156.9 157.2 e
FLOW 9.2 13.0  11.7 16.3 o
% AIR VOIDS 6.0% 4.3% 2.6% 1.7% aba
% THEO.GR. 94 .0% 95.7% 97.4% 98.3% 184
% VMA 15.5% 15.1% 14.7% 15.0% N e
% of VFA 61.2% 71.3% 82.2% 88.8% 763 szzf*ﬁy'/
%A.C. REQUE 4.50% FRACTURED FACE: NA
ANTI-STRIP 0.5% PAVEBOND L.O.I.: NA
T.5.R. 84 % / KecT 1924/1%62 <986 pusT/AC  RATIO: 1.06
AGG. ABS.: NA/RAP/MIX %AC in RAP 4.5%=0.9% RECLAIM
THEO. GR. 2.602 GRAMS 2.5" Specimen: 1250
MIXING 311F/155¢C COMPACTION 292F/144C
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Compaction Data Sheet

SGC Pills and AVC Beams
County and Mix Type: Blount / Loudon 307 BM/2
Theoretical Maximum (Rice) Specific Gravity = 2617
SGC Pills AVC Beams
7S mm x 150mm 75 x 125 x 300 mm
1 2 1 2
Mass of Sample Before Compacti%% 3080.0 3080.1 7070.0 7070.8
(b) 6.8 6.8 15.6 15.6
Mold Temperature, ° C 135.0 1244 137.8 137.8
(°F) 275.0 256.0 280.0 280.0
Mix Temperature, °C|  151.1 150.6 148.3 147.8
(°F) 304.0 303.0 299.0 298.0
Number of Gyrations} 11 14 N/A N/A.
Compacted Height, mm 75.0 75.2 N/A N/A
(in.) 29528 2.9606 N/A N/A
Vertical / Back Pressure (kPa) N/A N/A 413.7/1379 | 413.7/137.9
(pst) N/A N/A 60/20 60/20
Compaction Time, sec. N/A . N/A 60.0 60.0
Dry mass (A), g 3073.0 3069.0 7046.2 7027.0
(lb)l 6.8 6.8 15.5 15.5
Dry mass with Parafilm (D), gJ 30814 3076.6 7057.8 7039.8
(Ib) 6.8 6.8 15.6 15.5
Wet mass with Parafilm (E), g  1770.6 1770.4 4173.0 4089.3
(Ib) 3.9 3.9 9.2 9.0
Wet mass w/o Parafilm (C), gf 1833.1 1840.1 4257.7 4226.5
(Ib) 4.0 4.1 94 9.3
Saturated Surface Dry mass (B), g] ~ 3093.7 3095.7 7062.7 7055.3
(b) 6.8 6.8 15.6 15.6
Specific Gravity (Gmb), SSD)| 2.438 2444 2.512 2.484
Specific Gravity (Gmb), Parafilm| 2.370 2.373 2459 2.399
VTM ={1-(Gmb/Gmm)], SSD (%), 6.9% 6.6% 4.0% 5.1%
VTM = [1-(Gmb/Gmm)], Parafilm (%) 9.5% 9.3% 6.0% 8.3%
NCAT Asphalt Content (%) 5.7% 5.7% 5.7% 5.7%
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APA Dial Gauge Readings, mm

Mix Type:  Blount / Loudon 307 BM/2
SGCPill #2 SGCPill#1
Cycles Initial 500 1000 4000 8000 Initial | 500 | 1000 | 4000 | 8000
Aft Rear 11.46 10.75 10.43 9.36 8.38 -N/A -
Aft Front 11.71 10.99 10.72 9.73 8.88 -N/A -
Middle -N/A - -N/A -
Fwd Rear -N/A - 11.60 11.00 10.68 9.42 8.29
Fwd Front -N/A - 11.07 10.45 10.21 9.45 8.79
APA Measured Rut Depth Values, mm
SGC Pill # 2 SGCPill#1
Cycles 500 1000 4000 8000 Cycles 500 1000 4000 8000
Aft Rear 0.71 1.03 2.10 3.08 Fwd Rear 0.60 0.92 2.18 3.31
Aft Front 0.72 0.99 1.98 2.83 Fwd Front 0.62 0.86 1.62 2.28
Average 0.72 1.01 2.04 2.96 Average 0.61 0.89 1.90 2.80
Cycles 500 1000 4000 8000
Average 0.66 0.95 1.97 2.88
Both Pills
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County & Mix Type:

Project Number:
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Campbell 307 BM/2
5161
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Compaction Data Sheet

SGC Pills and AVC Beams
County and Mix Type: - Campbell 307 BM/2
Theoretical Maximum (Rice) Specific Gravity = 2,615
SGC Pills AVC Beams
75 mm x 150mm 75 x 125 x 300 mm
1 2 1 2
Mass of Sample Before Compaction, g} 3125.5 3125.2 7080.4 7080.1
(Ib) 6.9 6.9 15.6 15.6
Mold Temperature, ° C 162.8 154.4 132.2 132.2
(°F) 325.0 309.9 270.0 270.0
Mix Temperature, ° C 148.9 148.3 148.9 148.3
CF) 300.0 298.9 300.0 299.0
Number of Gyrations] 52 ¢ 66 N/A N/A
Compacted Height, mm| 75.1 75.2 N/A N/A
(in.) 2.9567 2.9606 N/A N/A
Vertical / Back Pressure (kPa) N/A N/A 413.7/1379 | 413.7/137.9
(psi) N/A N/A 60/20 60/20
Compaction Time, sec. - N/A ... NA 60.0 70.0
Dry mass (A), g| 3099.4 31014 7044.8 7050.3
(ib) 6.8 6.8 15.5 15.5
Dry mass with Parafilm (D), g 3110.2 3108.8 7057.1 7062.5
(Ib) 6.9 6.9 15.6 15.6
Wet mass with Parafilm (E), g| 1783.6 1795.1 ! 4116.2 4091.9
(Ib) 3.9 4.0 9.1 9.0
Wet mass w/o Parafilm (C), gj 1848.0 1870.5 4204.0 4202.2
(Ib) 4.1 4.1 9.3 9.3
Saturated Surface Dry mass (B), g 3107.7 3111.7 7067.5 7058.6
(Ib) 6.9 6.9 15.6 15.6
Specific Gravity (Gmb), SSD)| 2.460 2.499 2.460 2.468
Specific Gravity (Gmb), Parafilm 2.368 2.383 2412 2.390
VIM =[1-(Gmb/Gmm)}, SSD (%) 5.9% 4.5% 5.9% 5.6%
VIM = [1(Gmb/Gmm)], Parafilm (%) 9.4% 8.9% 7.8% 8.6%
NCAT Asphait Content (%) 4.0% 4.0% 4.0% 4.0%
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APA Dial Gauge Readings, mm

94

Mix Type: Campbell 307 BM/2
SGC Pill # 2 SGCPill# 1
Cycles Initial 500 1000 4000 8000 Initial | 500 | 1000 | 4000 | 8000
Aft Rear 10.64 10.55 10.46 10.39 10.22 -N/A-
AR Front 9.87 9.44 9.32 9.06 8.82 -N/A-
Middle -N/A- -N/A -
Fwd Rear -N/A - 10.88 10.33 10.24 9.70 9.39
Fwd Front -N/A - 10.73 9.97 .68 8.98 3.48
Beam 1 Beam 2
Cycles Initial 500 1000 4000 8000 Tnitial 500 1000 4000 8000
Aft Rear 8.32 7.68 7.45 7.04 6.41 9.23 8.48 8.35 7.91 8.35
Aft Front 8.25 7.60 736 7.03 6.54 9.75 9.19 9.15 8.81 7.05
Middle 8.82 7.95 7.79 7.49 7.18 9.40 8.98 8.90 8.51 7.64
Fwd Rear 8.79 7.96 7.69 7.38 7.16 9.48 3.92 8.86 8.59 7.87
Fwd Front 8.36 7.91 7.57 7.37 7.10 9.34 8.58 8.40 7.93 6.38
APA Measured Rut Depth Values, mm
SGCPill 42 SGCPitt # 1
Cycles 500 1000 4000 8000 _ ._Cycles 500 1000 4000 8000
Aft Rear 0.09 0.18 0.25 0.42 Fwd Rear | 0.55 0.64 1.18 149
Aft Front 0.43 0.55 0.81 1.05 Fwd Front | 0.76 1.05 1.75 2.25
Average 0.26 0.36 0.53 0.73 Average 0.66 0.85 1.47 1.87
Cycles 500 1000 4000 8000
Average 0.46 0.61 1.00 1.30
Both Pills
Beam 1 Beam 2
Cycles 500 1000 4000 8000 500 1000 4000 8000
Aft Rear 0.64 0.87 1.28 1.91 0.75 0.88 1.32 0.88
AR Front 0.65 0.89 1.22 1.71 0.56 0.60 0.94 2.70
Middle 0.87 1.03 1.33 1.64 0.42 0.50 0.89 1.76
Fwd Rear 0.83 1.10 141 1.63 0.56 0.62 0.89 161
Fwd Front 0.45 0.79 0.99 1.26 0,76 0.94 1.41 2.96
Averages
All 5 0.69 0.94 125 1.63 0.61 0.71 1.09 1.98
Middle 3 0.78 1.01 1.32 1.66 0.51 0.57 0.91 2.02
Middle Excluded 0.64 0.91 1.23 1.63 0.66 0.76 1.14 2.04
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[ I L.n

STATE OF TENNEBSEE ASPHALT JOB MIX FORMULA  acremr:
County Cdmobc’ 14

Date

7-17-9%

Project Reference No. ZME-75-3(134) /129 Region _Z
Project No. _07 /00~ 8104--44 ContractNo. __ S/l
Type ACSC‘HM Sec. No. 411-D Article No. M.0l.o 1-08.01
Contractor 1 Subcontractor
StateRt.No._L-79 TOTAL  MIX INCLUDING BITUMEN Date of Letting F-20-98
MATERIAL Toal percen Passng ”%/.9;15/333— g PRODUCER. AND ADDRESS Du-l?;;)/;i. 2 PERCENT USED
CA.
Med. CA % "-¥200 Vufcan M#ls Co., Enaka NC 4¢.90
Screenings 3~ # Qoo Kev Limestone Co., LoFo lle tie Tn R3.45
sws  Slag 13 "*200 |Hsrsehead. Res Dev., Rockwaod., Tn 9.38
RaP Anf- 50714, o "—# 200 Nolichuc ky Sond ¥ Gra ve/',Greenevi//e,,%. 14.07
Asphalt Cement 26 1622, [Shell d/'/ Co., Knoxville, Tn. 20
Anti-Strip Type: 2 OVaané 1./+o Dosage Rate: Q.5
% Fractured Faces on Plus No. 4 Material: ﬁQ % Glassy Particles on Plus No. 4 Matenal: /V A 100%
100 PERCENT MINERAL AGGREGATE AGGREGATE ANALYSIS TOTA&PFRCENTﬂAis ING

SCREEN acter Fave mﬁ 'S':;Z’ Pse:m gl e ij ol B
Tew.  |377-344° 3355°F 50 1as!] 0] 15 |loo
% A.C. 9.3-7.0| 6.2

2489 “/nhs3
2 Ew&z % Tace. Gy Theo |Dens+ 3.989 //55. /14 pc
1-ire" DARE O.G [ '
L LOL E 9.9
Y4t
58/, 100 100 100 | 160 | 100 | /00 | 100
2_*/25m| 99-100] 98 Qs | 100 | 100 | 100 | 98
3w 95.m R0N-93| 87 73 | 160 | loo | 100 | 87
No. 44750 54-16] 6O a8 | 88 | 97 | 9¢ | 0
No. 8036} 35-57| 38 7 |0 | 76 | 78 | 38
No. 30221 (7-29( 17 | 3 |27 | 24 |38 | 17
v 50221 10-18 1 10 2 |l2€01 1Y 17 | 10
N 100521 3-10 | (.03 2. jl41 | 378|797 603
v 205 0-65] 3.85 1 li0.51] 1.38 {390 [3.85
Requeszed75ﬂnessee ASp halt Co. Approved
gea/na.— L D) Rleron Maienals Enginaer *

Approved Approved
Peco 3133500 Regon C - Engineer of Matenals ang Tes!s,
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HOT MIX ASPHALT VERIFICATION

Percent Loss

Matls. Plant Tech. & No.

97

Project Ref. No. TME - 75-3(\2¢,);29 pate /17 /4%
Project No. LUDO £ lnéd —~ 44
Conlract No, 1 county C Aan.Dpe ||
Enginesr ;";;] 53# Yan\lw Region ==
Conlractor ar he Type Mix 4=
Vurification No. Plant Localion _Laboilp te
¢ '@l— €Cr»»d> HALT CO ENT OVEN
|Tolel Wolght i 1) Filer Welght Afler ]s-‘iﬁpla W1, Befors Ignflion Q3216
Sample Ago.WL...; FRer and Fine Age 1Sampis Wt. Afer Ignition - $72.&
ol AG Morrs 76um (§200) &HBI. Factor From JMF 0.329
ercent AC Phis 75um {#200) AgY. Welght Loss* 2 (3
Tolsl Dry Welght* Ble. 2
From JMF |Percant AC S-78
Serlat No. .| m., /94 1
esign No. ) YW4TY) 7
Percent AC .. 20 *Agg.WL Loss = (Calibratlon F3clor/100) * Sample Welght Belore Ignilion
__Max. 8pac, Orav,
P TSR T V **Total Dry Welght = Sample Walght Aflar ignition + Agg Waeight Loss
RO X
Sleve
' Sfevs.- | Welght] % Rel. [% Pdsd] JMF. ] Dev ‘| 8ldvE: | Waight | % Ral. [% Pass] JME |.Dev..
20mm{ 1Y) o
[ry—y Aol | © = teo | ico | £
| 12 smanp12 V3 My 2 | 3% | 7l 98 | V-3
Y SOSEg  1e3.5 13,0 110 21 &
| 476mvmrq) Anigg ) 315.q ] azg | srzl 6o | 2.8 |
2.8mm(ey) i) S%e | Lpo | 30| 38 [d.o
{.18mmesi Ui — -~ maca et 23§
) it | Bro | g4 4 | 1s.§ 1 i t.s
300um($30) Bl | 8R! 0.4 | 9.4 o | ot
| fedumfvion i) 8z .0 4. | 59 | evs | o1z ]
Thmir2o0) Wi | Re1.2 | Jp¢ | 340 | . X
‘ clfic Oryvit
LDy WL Effoclve Gralty | :
NINTHETE Mekiniumn Qeady’: |
BoWiDry.| (p477.0  |6pec.Oav. of AC -
Bowl Wet 2534
Sample=| = Dry Wi, | WL In Water. | .. 8,
A ) Tec. |\
o2l Q0 4
pre s I CE Y T0d.5
AvBlagesi>»’2 -1 2.408
vQ.Stabllity -"{ 3117 TAvg. Flow . .1 /6.
n gnlllog
Wi Beloa lag: Contractor's Plant Tech. 8 No. Keny flow e s PTo2>
W1 After Ind. State Const. Plant Tech. & No. -
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Compaction Data Sheet

SGC Pills and AVC Beams
County and Mix Type: Campbell 411 D
Theoretical Maximum (Rice) Specific Gravity = 2.504
SGC Pills AVC Beams
7S mm x 150mm 78 x 125 x 300 mm
1 2 1 2
Mass of Sample Before Compaction, % 3010.0 3010.0 6800.2 6800.8
(I1b) 6.6 6.6 15.0 15.0
Mold Temperature, ° C| 148.9 154.4 143.3 143.3
(°F) 300.0 309.9 290.0 | 290.0
Mix Temperature, ° C| 1489 149.4 150.6 150.0
) 300.0 300.9 303.0 302.0
Number of Gyrations] 16 10 N/A N/A
Compacted Height, mm| 74.9 74.5 N/A N/A
(in.) 2.9488 2.9331 N/A N/A
Vertical / Back Pressure (kPa) N/A N/A 482.6/137.9 | 482.6/1379
(psi) N/A N/A 70/20 70/20
Compaction Time, sec. ‘N/A + L N/A 60.0 60.0
Dry mass (A), g]  2959.3 28764 6766.9 6768.1
(Ib) 6.5 6.3 14.9 14.9
Dry mass with Parafilm (D), g| 2967.9 2883.3 6778.7 6780.0
(Ib) 6.5 6.4 14.9 14.9
Wet mass with Parafilm (E), gL 1649.4 1571.1 3880.7 3806.8
(Ib) 3.6 3.5 8.6 8.4
Wet mass w/o Parafilm (C), g] 1696.3 1646.5 3944.0 3891.6
(Ib) 3.7 3.6 8.7 8.6
Saturated Surface Dry mass (B), g} 2965.2 2897.8 6776.8 6781.5
(Ib), 6.5 6.4 14.9 15.0
Specific Gravity (Gmb), SSD)| 2.332 2.299 2.389 2.342
Specific Gravity (Gmb), Parafilm| 2.269 2211 2.351 2292
VTM =[1-(Gmb/Gmm)]}, SSD (%) 6.8% 8.2% 4.6% 6.5%
VTM = [1{Gmb/Gmm)), Parafilm (%) 9.4% 11.7% 6.1% 8.5%
NCAT Asphalt Content (%) 6.6% 6.6% 6.6% 6.6%
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APA Dial Gauge Réadings, mm

Mix Type:  Campbeli 411 D
SGCPill #2 SGCPill #1
Cycles Initial 500 1000 4000 8000 Initial | 500 [ 1000 | 4000 | 8000
Aft Rear 1134 10.86 10.43 9.98 9.38 -N/A -
Aft Front 11.61 10.69 10.55 9.89 9.28 -N/A-
Middle -N/A - - N/A -
Fwd Rear -N/A- 12.49 11.69 11.38 10.81 10.49
Fwd Front - N/A - 1241 11.74 11.51 10.98 10.54
Beam 1
Cycles Initial 500 1000 4000 8000
Aft Rear 12.06 11.31 11.18 10.87 10.56
Aft Front 11.97 11.21 11.04 10.71 10.54
Middle 11.69 10.94 10.68 10.33 10.19
Fwd Rear 12.23 11.42 11.25 10.93 10.74
Fwd Front 11.99 11.44 11.36 11.02 10.86
APA Measured Rut Depth Values, mm
SGCPill #2 i SGCPill#1
Cycles 500 1000 4000 8600 Cycles 500 1000 4000 8000
Aft Rear 0.48 0.91 1.36 1.96 Fwd Rear 0.80 1.11 1.68 2.00
Aft Front 0.92 1.06 1.72 2.33 Fwd Front | 0.67 0.90 1.43 1.87
Average 0.70 0.98 1.54 2.15 Average 0.74 1.01 1.56 1.94
Cycles 500 1000 4000 8000
Average 0.72 1.00 1.55 2.04
Both Pills
Beam 1
Cycles 500 1000 4000 8000
Aft Rear 0.75 0.88 1.19 1.50
Aft Front 0.76 0.93 1.26 1.43
Middle 0.75 1.01 1.36 1.50
Fwd Rear 0.81 0.98 130 1.49
Fwd Front 0.55 0.63 0.97 1.13
Averages
AllS 0.72 0.89 1.22 1.41
Middle 3 0.77 0.97 1.31 1.47
Middle Excluded 0.72 0.86 1.18 1.39




Appendix A - 10

County & Mix Type: Clinton Hwy 411 S

Project Number: 5366
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Fine /-)jj HNj\L(LARI'-}y : ‘7’8‘/%

Date 8/1858
Elinten Hw
Project Referance No. SP County KNOX Reglon ONE
Project No 47013422204 Contract No 5366
Type 411-§ Sec No Anticle No
Contractor ROGERS GROUP INC Subcontractor
State Rt No 5 W TOTAL MIX INCLUDING BITUMEN Date of letting
SCREEN SER = PES -
MATERIAL s pecantpassng |11~ (25) 3] f’RODUCER AND ADDRI;:;sYs -DI Cree 3 Percent Used
Med C A, 5/8" 1o pan Rogers Group Inc. Oak Ridge, TN 56.70
Screenings 3/8" to pan scr. _JRogers Group Inc. Oak Ridge, TN 23.63
SAND 3/8" to pan Rogers Group Inc. Oak Ridge, TN 14.17
Asphall Cement {PG 76-22 Shell Oil Knoxville, TN 5.5
Anti-Strip Type: Dosage Rate;
% Fractured Faces on Plus No 4 Materal, 100 % Glassy Particles on Pius No 4 Matersal 100%
100 PERCENT MINERAL AGGREGATE AGGREGATE ANALYSIS TOTAL PERCENT PASSING
SCREEN Total Passing | Requested | Tolerance CA. Med.CA Screenings Sand RAP Caiculated
Master Range Percent Percent Percent Percent Percent Percent Percent
Temp 150C-170C 180C 148C-170C 80 25 15
)
53-7.0 5.5 TSR _|/is7.30/ 345,68 % 88
U
THEO. 2.528
- [J)
1 L'O Z13 9\ 3 A‘
¥4 100 100 100 100 100 100
se "
"z 90-100 88 97 . 100 100 98.2
<’ <90 83 72 100 100 83.2
No. 4 51 22 92 99 51.05
No 8 28-58 37" 15 60 87 37.05
No. 30 18 - 5 24 58 17.7
No. 50 12 4 20 28 116
No 100 7 3 18 6 72
No. 200 2-10 5 2 12 3 4.65
BY CLELLAN TIDWELL
Requested ROGERS GROUP INC. Approved 4 /
Reglon Materlals Enginees
Approved

Contract:
Approved ]
Region Construction Engineer

102
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Compaction Data Sheet

SGC Pills and AVC Beams
County and Mix Type: Clinton Hwy 411 S
Theoretical Maximum (Rice) Specific Gravity = 2514
SGC Pills AVC Beams
75 mm x 150mm 75 x 125 x 300 mm
1 2 1 3
Mass of Sample Before Compaction, g 3010.0 3010.0 6861.1 6860.6
(J 6.6 6.6 15.1 15.1
Mold Temperature, ° C| 157.2 148.9 148.9 143.3
(°F) 315.0 300.0 300.0 290.0
Mix Temperature, ° C| 147.2 147.2 149.4 152.2
(°F) 297.0 297.0 301.0 306.0
Number of Gyrations| 29 31 N/A N/A
Compacted Height, mm| 75.3 75.2 N/A N/A
(in.) 2.9646 2.9606 N/A N/A
Vertical / Back Pressure (kPa) N/A N/A 413.7/1379 | 482.6/137.9
(psi), N/A N/A 60/20 70/20
Compaction Time, sec. N/A - N/A 70.0 70.0
Dry mass (A), 2975.5 2957.4 6805.6 6790.0
(Ib), 6.6 6.5 15.0 15.0
Dry mass with Parafilm (D), g| 20849 2966.6 6820.2 6802.1
(Ib) 6.6 6.5 15.0 15.0
Wet mass with Parafilm (E), gﬁ 1662.5 1646.1 3801.5 3851.7
(Ib) 3.7 3.6 8.4 8.5
Wet mass w/o Parafilm (C), g 17234 1713.1 3907.8 3943.5
(1b) 3.8 3.8 8.6 8.7
Saturated Surface Dry mass (B), , 2] 2984.2 2972.6 6820.5 6799.9
(Ib) 6.6 6.6 15.0 15.0
Specific Gravity (Gmb), SSD 2.360 2.348 2.337 2.377
Specific Gravity (Gmb), Parafilm| 2277 2.266 2.273 2.317
VTM =[1-(Gmb/Gmm)], SSD (%) 6.1% 6.6% 7.1% 5.4%
VTM = [1-(Gmb/Gmm)], Parafilm (%) 9.4% 9.9% 9.6% 7.8%
NCAT Asphalt Content (%)]  6.3% 6.3% 6.3% 6.3%




APA Dial Gauge Readings, mm

Mix Type: _ Clinton Hwy 411 §

SGC Pill # 2 SGCPill#1

Cycles Initial 500 1000 4000 8000 Initial | 500 | 1000 | 4000 | 8060
AR Rear 1131 10.71 10.65 9.92 9.58 -N/A -
Aft Front 11.65 11.05 10.79 10.23 9.92 -N/A -
Middle -N/A- -N/A-

Fwd Rear -N/A- 11.58 10.68 10.46 9.73 9.08

Fwd Front - N/A - 11.39 10.60 10.47 9.54 9.12
Beam 1 Beam 2

Cycles Initial 500 1000 4000 8000 Initial 500 1000 4000 8000

Aft Rear 10.56 9.34 9.18 8.69 8.41 10.83 10,25 10.11 9.89 9.56

Aft Front 10.42 9.55 9.40 8.95 3.68 10.92 10.54 10.25 10.04 9.83

Middle 9.91 8.88 8.67 8.14 7.74 11.00 10.42 10.23 9,93 9.70

Fwd Rear 9.37 8.27 8.13 7.56 7.35 10.94 10.36 10.28 9.92 9.63

Fwd Front 8.90 7.94 7.80 7.42 7.14 10.19 9.85 9.70 9.45 9.16

APA Measured Rut Depth Values, mm

SGC Pill #2 . SGCPill#1
Cycles 500 1000 4000 8000 Cycles 500 1000 4000 8000
Aft Rear 0.60 0.66 1.39 1.73 Fwd Rear 0.90 1.12 1.85 2.50
Aft Front 0.60 0.86 1.42 1.73 Fwd Front 0.79 0.92 1.85 2.27
Average 0.60 0.76 1.41 1.73 Average 0.85 1.02 1.85 2.39
Cycles 500 1000 4000 8000
Average 0.72 0.89 1.63 2.06
Both Pills
Beam 1 Beam 2
Cycles 500 1006 4000 8000 500 1000 4000 8000
Aft Rear 1.22 1.38 1.87 2.15 0.58 0.72 0.94 1.27
Aft Front 0.87 1.02 1.47 1.74 0.38 0.67 0.88 1.09
Middle 1.03 1.24 1.77 2.17 0.58 0.77 1.07 1.30
Fwd Rear 1.10 1.24 1.81 2.02 0.58 0.66 1.02 1.31
Fwd Front 0.96 1.10 1.48 1.76 0.34 0.49 0.74 1.03
Averages
All S 1.04 1.20 1.68 1.97 0.49 0.66 0.93 1.20
Middle 3 1.00 1.17 1.68 1.98 0.51 0.70 0.99 1.23
Middle Excluded 1.04 1.19 1.66 1.92 0.47 0.64 0.90 1.18




Appendix A - 11

County & Mix Type: Coffee 307 BM

Project Number: 4895




Q3A0UddY Q3AOHddY

= Q3AOHddY 7 / a31s3anvay

Gy 0Z SZi S0 Sy G-0 (00z#)wngy

09 Sy 8'91 0'L 0’0 8-l (001#)wnpg)

X (%4 1'ee 51 £'6 €l (os#ywnpog

X7} 0'l9 &3 L'} vl 61-5 (ot#)wnoog

0'SZ 008 8’19 T 0'62Z Gz-0l (8#)wwee'z

L'pe 0'86 008 o'y L've ge-Sl (r)Wwwss'y

0'ls 00} 00L 9've 0'1S S9-0p (Ujg/wis'e

1'69 001 001 'Ly - IXT) 08-56 (TP TEA]

$'56 004 00y 0'ce §'G6 001-08 (Ulpig)wwig )

00t 001 . 001 00} 00} 001 (U )wuigz

(ujess ) wwig ¢

] (uZ)wwog

'y ‘O'V%

L 82 S0 0Z¢ 0ve-0i€ ‘dW3L

XIWILNIONd[LNIOUAD([INISUII|[LNIDUI 4| INIOUT|INTOUTd ANIOUIJ|INIOUId| IONVY S32I8
WWo|  ‘d'V'd GNvs| "N3FuDs| V"o a3n] 'v'o aaw ‘v'0 ‘HIT0L/183NDIY| ¥ILSYW N3OS

Ozam<mhzmommm4<hohm6>4<z<mh<0mm00< ' ’

] S3101LUVd ASSV1O S30V4 A3UNLOVMSY x®
5} 10 Sel|iS weyinos Wb|j puoq eABd ditils 1INV 2
v ) sliodBuB|pU] "JUBLLIOY lBIIGIBI NBLdSY 0¥-0Z OW  IN3IW3D LIWVHISY
10 ‘ul oloqgsjiiH ° pues ‘Ul "quIny ued o) 8/€ aNvs
8'0Z "ul asogsiiiH “ou) dnosp sieBoy usd 0},8/¢ SONIN33YDS
76 ) - V'O Q3w

“ul oJogsjjiH “ouj dnoiS sseBoy ued 0} .} ‘v aan
‘d'vy
' ) . V'O
aasn
1N32¥ad $S34aav any ¥3dnaoud 3ZIS TVIHALYIN AYNALYWN
=% —~ep
dVH WONd '0'V Q3WIvIo3Yy £68/8}/L  ONILLT "ON 310114V
T dvdd NI AN3ON3d "O'Y Zh RIS HOLOVHLINOD 8Nns
0l OlLVY LIVHdSY O4 1SNQ - Sa8k# #1NOD "ONI dNOY9 SHIOOY HOLOVHLINOD
8'v8 OlLVY HLONIYLS SNI3L 334400  ALNNOD naLoe .XIW 40 3dAL
VIN ’ " NOLLINDI NO SSO1 ' Zh NOI93aY : $0-002-009} "ON 193roNd
1167 ALIAVYD T¥01L03HO3HL 86/08/1 aiva ‘d's "ON 434 193roYd
(A Qlw \ o

PL-5-T

VINWYOL XIN gor




o}l puoq eABd 50

uswideds .5z 10} swein
19 “dg jueseddy BBy
8'%8 (ds.1) oney yiBusys ejjsusy Xy ip "dg ying By
SANPPY edA | ¥ Junowy uopdiosqy BBy
0’} (4va) o=y ov o) sng $8)djuBy fss0jo B0y
1197 KA eopesosey) unog ecey peinpeuy B8y
[ 4 uBluo) Oy pepusILICOY (107) vonjuBy uo ss0 Bby

'60Z-1 OLHSVY 4q peujuuielep se xip “Aeio ‘oey),

[€'s2

[tes

Is'e

[espz

Sb'se

[e's9

[Lvt

| [¥

[$15Z

2 X4°]

vl

%]

989'C Z2E5C

v

(lru,0)

ool iBds| (o)

Aygeys

<00}
w

o'e

oeby.q)|  -001

-00}

b

JaHioo1)|+(0"e18/q)

2 00
! ] u

polly

ujw

SploA Sploa

X(u
1ejo)
SpioA

————

E

‘BBa X ‘00ds ‘888 94
‘AeJB ‘Ausf JBw

‘e ‘oay) 8 ‘ds ‘joa

nng

e

z

uojBe.

100334400 Aunco

S68p

‘ou Juoo

v0'L 0’8 b “ds WE-20€  x1w adA)
(7] M0(q ‘ou ¥0-802-+0001 ‘ou a'd
"ONI JNOYD SUIO0Y Jojeljuco 86/0¢/1 olep

NOIS3A XIN TIVHSHVYN




‘wuw ‘(1amod G’ 0} pasiey) ‘9z1s anaIs
0s ¢6'/¢ 0'Ge 0'6L Sl S'6 SLv 9e¢C 8L'L 090 0£'0SL0 SZ00
7 00

0oL

-~ \\#\ 0'0C
b7 pajolsey 7 \

aAediadng k ooe
\ (0N0) 4

= 00§

-
\ Ve 0°09
\ 0'0.

0°08

]

c

Buissed juastad

110

0°06

0°00L

/

aul A)isua@ winwixey W4 L0E 98jjoD

[eujwioN ww gl
uonepess) ubisaqg X




Compaction Data Sheet

SGC Pills and AVC Beams
County and Mix Type: Coffee 307 BM
Theoretical Maximum (Rice) Specific Gravity = 2.493
SGC Pills AVC Beams
75 mm x 150mm 75 x 125 x 300 mm
1 2 1 2
Mass of Sample Before Compaction, g} 2964.7 2965.2 6745.4 6745.2
(Ib); 6.5 6.5 14.9 14.9
Mold Temperature, ° C 1656 160.0 1322 1322
CF) 330.1 320.0 270.0 270.0
Mix Temperature, ° C 148.9 1494 151.1 151.1
(°F) 300.0 3009 304.0 304.0
Number of Gyrationsj 17 23 N/A N/A
Compacted Height, mm| 74.9 75.0 N/A N/A
(in. 2.9488 2.9528 N/A N/A
Vertical / Back Pressure (kPa), N/A N/A 448.2/1379 | 448.2/137.9
(psi) N/A N/A 65/20 65/20
Compaction Time, sec. " N/A . .+ N/A 30.0 30.0
Dry mass (A), 2945.6 2049.7 6699.5 6702.3
(lbﬁ 6.5 6.5 14.8 14.8
Dry mass with Parafilm (D), g]  2959.8 2964.1 6711.3 6713.8
(1b) 6.5 6.5 14.8 14.8
Wet mass with Parafilm (E), _gj 1633.5 1640.3 3798.0 3800.5
(1b) 3.6 3.6 84 84
Wet mass w/o Parafilm (C), g| 1714.0 1728.1 3916.6 39084
(1b) 3.8 3.8 8.6 8.6
Saturated Surface Dry mass (B), g 2960.9 2964.7 6716.3 6716.5
(1b) 6.5 6.5 14.8 14.8
Specific Gravity (Gmb), SSD| 2.362 2.385 2.393 2.387
Specific Gravity (Gmb), Parafilm 2.261 2.269 2.315 2.316
VIM ={1-(Gmb/Gmm)], SSD (%) 5.2% 4.3% 4.0% 4.3%
VTM = [1(Gmb/Gmm)], Parafilm (%) 9.3% 9.0% 7.1% 7.1%
NCAT Asphalt Content (%) 4.6% 4.6% 4.6% 4.6%
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APA Dial Gauge Readings, mm

Mix Type:  Coffee 307 BM

SGCPill #2 SGCPill#1

Cycles Initial 500 1000 4000 8000 Initial | 500 [ 1000 | 4000 | 8000
Aft Rear 1132 10.92 10.88 10.22 9.82 - N/A -
Aft Front 10.99 10.70 10.62 10.29 9.91 -N/A -
Middle -N/A- - N/A -

Fwd Rear -N/A - 10.60 10.09 9.87 9.56 8.99

Fwd Front -N/A- 11.10 10.56 10.37 9.82 9.17

APA Measured Rut Depth Values, mm

SGCPill #2 SGCPill#1
Cycles 500 1000 4000 8000 Cycles 500 1000 4000 8000
Aft Rear 0.40 0.44 1.10 1.50 Fwd Rear 0.51 0.73 1.04 1.61
Aft Front 0.29 0.37 0.70 1.08 Fwd Front 0.54 0.73 1.28 1.93
Average 0.35 0.41 0.90 1.29 Average 0.52 0.73 1.16 1.77
Cycles 500 1000 4000 80090
Average 0.44 0.57 1.03 1.53
Both Pills
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Appendix A — 12

County & Mix Type: Coffee 411 D

Project Number: 4895
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Compaction Data Sheet

SGC Pills and AVC Beams
County and Mix Type: Coffee 411D
Theoretical Maximum (Rice) Specific Gravity = 2.516
SGC Pills AVC Beams
75 mm x 150mm 75 x 125 x 300 mm
1 2 1 2
Mass of Sample Before Compaction, gl 3000.0 3000.0 6820.0 6820.0
(Ib) 6.6 6.6 15.0 15.0
Mold Temperature, ° C| 143.3 148.9 132.2 132.2
CF) 289.9 300.0 270.0 270.0
Mix Temperature, ° C 148.9 147.8 151.7 148.3
CF 300.0 298.0 305.0 299.0
Number of Gyrations| 10 9 N/A N/A
Compacted Height, mm| 74.9 74.5 N/A N/A
(in.) 2.9488 2.9331 N/A N/A
Vertical / Back Pressure (kPa) N/A - N/A 482.6/137.9 { 413.7/137.9
(psi) N/A N/A 70/20 60/20
Compaction Time, sec. N/A N/A 30.0 60.0
Dry mass (A),Jgﬂ 2980.2 2981.6 6781.3 6711.1
(Ib 6.6 6.6 15.0 14.8
Dry mass with Parafilm (D—)-g-L 29913 2990.8 6793.9 6723.0
(Ib), 6.6 6.6 15.0 14.8
Wet mass with Parafilm (E), 5!‘ 1668.9 1679.9 3925.6 3901.2
(Ib) 3.7 3.7 8.7 8.6
Wet mass w/o Parafilm (C), g]  1735.6 1737.6 4004.0 3986.1
(Ib) 3.8 3.8 8.8 8.8
Saturated Surface Dry mass (B), g 3007.5 2995.2 6787.6 6715.7
(Ib) 6.6 6.6 15.0 14.8
Specific Gravity (Gmb), SSD)| 2.343 2.371 2.436 2.459
Specific Gravity (Gmb), Parafilm| 2.286 2.301 2.382 2.395
VTM =[1-(Gmb/Gmm)}, SSD (%), 6.9% 5.8% 3.2% 2.3%
VTM = [1-(Gmb/Gmm)], Parafilm (%) 9.2% 8.5% 5.3% 4.8%
NCAT Asphalt Content (%) 6.0% 6.0% 6.0% 6.0%
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APA Dial Gauge Readings, mm

Mix Type: Coffee 411 D
SGCPill#2 SGC Pill # 1
Cycles Initial 500 1000 4600 8000 Initial | 500 | 1000 | 4000 | 8000
Aft Rear 10.82 9.95 9.48 7.97 6.77 -N/A -
Aft Front 9.99 9.33 9.03 7.50 6.97 -N/A -
Middle -N/A- -N/A-
Fwd Rear -N/A - 10.67 9.53 9.16 7.60 6.22
Fwd Front -N/A - 10.55 9.69 9.17 1.73 6.52
APA Measured Rut Depth Values, mm
SGCPili #2 SGCPill # 1
Cycles 500 1000 4000 8000 Cycles 500 1000 4000 8000
Aft Rear 0.87 134 2.85 .4.05 FwdRear | 1.14 151 3.07 4.45
Af Front 0.66 0.96 249 3.02 Fwd Front [ 0.86 1.38 2.82 4.03
Average 0.77 1.15 2.67 3.54 Average 1.00 1.45 2.95 4.24
Cycles 500 1000 4000 8000
Average 0.88 1.30 2.81 3.89
Both Pills
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Appendix A - 13

\County & Mix Type: Davidson 411 D

Project Number: 5168
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STATE OF TENNESSEE ASPIIALT JOR 3IX FORMULA e ot

Re: Porm 1,14

Date __S-)0-98

Project Reference No.jfmha_%’:lé_?jyz 55 County ___ Devrpmas . Region . IXT

______________________________________________________ Contract No. __Ste® _________
Type L AGS Q) Sec. No, (W=D Artticle No. . ______
Contractor -~-B?9-C-Z-Tﬁ".‘g:.'t.':’.c.' ___________________ Subcontraetor oo
State Rt. No, . T-24 _____ TOTAL  MIX INCLUDING BITUMEN Date of Letting oo ______

MATERLAL Tatal ﬂfj’;mm PROTUCZIL AND ADDRESS Percent Used

C. A

Med. C. A % - Vaw Bregstan Lrmestone ORRTAGETELD ye.d/x
Screenings %“ - You Vuens Deanyeny 23.47%
Sand 78 - Paw Tugonm L)nsnv::u.r.. PN
fAsphalt Cement G- Te-22 E_zgpu NasHuzuLe

Anti-Strip vyoe: Phve Bond /. de Dosage Rate: __ 33

% Fractured Faces on Plus No, & Material: oo X Glassy Particles on Plus No. 4 Haterial: o 100%

100 PERCENT MINERAL AGGREGATE AGGREGATE ANALYSIS TOTAL PERCENT PASSING
o |ERTER S| v | Sk [t e | o e
Teme. 213-325 | 2o 280-320 us 25 20 100
% A.C. $2-7.0 3.3 (2528 pp._ 903
Teo > 2442

LA LATD 195

11720

1 " .

3/

58 - 100 10D 100 1006 100 100
% G3-100 ag s 100 100 91.8
W 80-4q3 81 T2 100 0o | 1.4
No. ¢ €3 -T. (" D 92 a1 P L0.8
No. 8 25 - 57 ug o) L2 a\ Ys. |
No. 30 m-24 27 24 20 lal 23.1
No. &0 \0-19 1) 2.8 22.8 \2 _119.5
No. 100 3-10 .0 23 18.5 \.0 ls.0

T 20 0-L3 | ua 19 158 | o.m I

>

-l -
Contractoe Region Matcrials Engtacer

Avproved T/ g da, [l " Approved -_Mg (s 3-2002K

Engincer of Materialz and Tewis

Requested -.971&}::3(-&5:95\#5&9 - BN TS Approved //.a- D en LT CT 1l p0-08
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Compaction Data Sheet

SGC Pills and AVC Beams
County and Mix Type: Davidson 411 D
Theoretical Maximum (Rice) Specific Gravity = 2.439
SGC Pills AVC Beams
75 mm x 150mm 75 x 125 x 300 mm
1 2 1 2
Mass of Sample Before Compaction, g} 2945.0 2945.0 6490.4 6490.5
(Ib 6.5 6.5 14.3 14.3
Mold Temperature, ° C| 110.0 104.4 143.3 143.3
(°F), 230.0 220.0 290.0 290.0
Mix Temperature, ° C| 150.0 147.8 150.0 148.9
(’F 302.0 298.0 302.0 300.0
Number of Gyrations| 6 5 N/A N/A
Compacted Height, mm) 74.5 75.1 N/A N/A
(in.) 2.9331 2.9567 N/A N/A
Vertical / Back Pressure (kPa) N/A N/A 413.7/137.9 | 413.7/137.9
(psi) N/A N/A 60/20 60/20
Compaction Time, sec, N/A . N/JA 18.0 18.0
Dry mass (A), g 2930.7 2920.1 6469.4 6461.1
(1b) 6.5 6.4 143 14.2
Dry mass with Parafilm (D), g} ~ 2938.3 29284 6479.8 6472.7
(Ib), 6.5 6.5 143 14.3
Wet mass with Parafilm (E), g 1630.0 1610.5 3493.9 3649.4
(1b) 3.6 3.6 7.7 8.0
Wet mass w/o Parafilm (C), g] 1657.6 1647.1 3643.2 3687.1
(1b) 3.7 3.6 8.0 8.1
Saturated Surface Dry mass (B), g| 2940.0 29344 6477.0 6467.7
(1b) 6.5 6.5 14.3 14.3
Specific Gravity (Gmb), SSD 2.285 2.268 2.283 2.324
Specific Gravity (Gmb), Parafilm| 2.262 2.239 2.179 2.304
VTM =[1-(Gmb/Gmm)], SSD (%) 6.3% 7.0% 6.4% 4.7%
VTM = [1-(Gmb/Gmm)], Parafilm (%) 7.3% 8.2% 10.6% 5.5%
NCAT Asphalt Content (%) 6.1% 6.1% 6.1% 6.1%
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APA Dial Gauge Readings, mm

Davidson 411 D

SGCPill #2 SGCPill # 1
Cycles Initial 500 1000 4000 8000 Initial | 500 | 1000 | 4000 | 8600
Aft Rear 10.99 9.98 9.60 8.43 7.30 -N/A-
Aft Front 11.15 10.16 9.82 8.75 7.78 -N/A-
Middle -N/A- ~N/A-
Fwd Rear -N/A- 10.88 9.92 9.58 8.12 7.12
Fwd Front -N/A - 10.89 10.12 9.85 3.87 7.96
Beam 1
Cycles Initial 500 1000 4000 8000
Aft Rear 9.00 8.41 8.25 7.39 6.56
Aft Front 0.58 8.65 .40 7.68 6.91
Middle 9.36 8.61 8.35 7.40 6.46
Fwd Rear 9.08 | 826 8.03 7.03 6.19
Fwd Front 8.19 7.27 7.01 6.06 5.05

APA Measured Rut Depth Values, mm

SGCPill#2 SGCPill#1
Cycles 500 1000 4000 8000 : Cycles 500 1600 4000 8000
Aft Rear 1.01 1.39 2.56 3.69 Fwd Rear 0.96 1.30 2.76 3.76
Aft Front 0.99 1.33 2.40 3.37 Fwd Front 0.77 1.04 2.02 2.93
Average 1.00 1.36 2.48 3.53 Average 0.87 1.17 2.39 3.35
Cycles 500 1000 4000 8000
Average 0.93 1.27 2.44 3.44
Both Pills
Beam 1
Cycles 500 1000 4000 8000
Aft Rear 0.59 0.75 1.61 244
Aft Front 0.93 1.18. 1.90 2.67
Middle 0.75 1.01 1.96 2.90
Fwd Rear 0.82 1.05 2.05 2.89
Fwd Front 0.92 118 2.13 3.14
Averages
All S 0.80 1.03 1.93 2.81
Middle 3 0.83 1.08 1.97 2.82
Middle Excluded 0.82 1.04 1.92 2.79
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Appendix A - 14

County & Mix Type: Davidson 411 D With Latex

Project Number: 3556
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o STATE OF TENNESSEE ASPHALT JOT MIX FORMULA Ao Tate
4 .

Project Reference No. oo oo County ..Q{»JL'_'E{S_QZL _________ Region ——IZf...__
Project No.._J9CRE- Q5= )Y Contract No. 25,54 ________
Type HES. (.'L././.M.) ................... See. No. .([Z/.’.Q..L.‘:j.';\’. Article No. oo ____
Contractor A Z"'"t* 2 (\Cnf % ] C.ZELM_-_C_\ - T, Subcontractor ﬁfA.ﬁ.-ZZ{ .......................
State Rt.No. .. J2_______ TOTAL  MIX INCLUDING BITUMEN Date of Letting weeeee_____
MATERIAL Tola) Perere bassin . PROCYUCEN AND ADDRESS Percent Used
C.A.
Med. C A F/s" Fan 2. rhS_S*/vnc Oiclksen 42 Y55
Sereenings 2" on Velrer arte River Bl 23.825
Send 2" fin | Huoder Mooine Mashylle | 2229
= e €433 | Southe,n SFetet Aeghv.i]e S.20
Asphalt Cement Lede X YUltre pore Qalten Ga 5.7.73
ant{.strip Type: fave Bond LA Dosage Rate: _ 3
% Fractured Faces on Plus No. 4 Material: —_ X Glassy Particles on Plus No. 4 Material: . I 100%
100 PERCENT MINERAL AGGREGATE AGGREGATE ANALYSIS TOTAL PERCENT PASSING
oo | e [ e | S [mermer| am | o e
Temp. A965-325 1 200  {2%0-320 s 12s | an /oo
% A.C 5.3- 20 s cD-s/sL%u 353
% 5% clhtr welube 3% 1‘74!' YA Theos 19.4/6
2t 50 2.720= 9.4 sk ) A Loz=| ja.¢
Ry
1 =
3/4
5/8 = [O0 . oo loo 100 | Joo lo0
W 95~ 1o 97 ' 94 100 | 100 1923
# %0- G3 86 €4 | Joo |00 | St~
No. & |s¢y. g &¢ ! 92 {95 S0
No. 8 135-55 | ¢3 1.9 62 1 9o 3.4
No. 30 J7- 29 27 1.7 30 62 269
No. ® |/o-/8 /0 1. | 9.0} 12 /o3
No. 100 3~ /0 ) L2 1'19¢€1 o 1.7~
T2 200 0~ 4.5 9.3 .9 93,
& / <

Contractor . fon Malerials Englneer

e GMayy " Approved __ oy 3997 .
Engincer of Materlals and Tests

Approved _____

Requested /yﬁji‘lm,.aﬂu : /4PAC 7;¢/ Approved 218807, I’/.Z.(ﬂ-z: 7.:-:?59
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Compaction Data Sheet

SGC Pills and AVC Beams
County and Mix Type: Davidson 411 D - With Latex
Theoretical Maximum (Rice) Specific Gravity = 2432
SGC Pills AVC Beams
75 mm x 150mm 75 x 125 x 300 mm
1 2 1 2
Mass of Sample Before Compaction, g|  2930.0 2930.0 6470.5 6470.3
(Ib), 6.5 6.5 14.3 14.3
Mold Temperature, ° C| 128.3 140.6 137.8 137.8
(°F) 263.0 285.0 280.0 280.0
Mix Temperature, ° C 148.9 150.6 149.4 148.9
(°F) 300.0 303.0 301.0 300.0
Number of Gyrations] 6 9 N/A N/A
Compacted Height, mi 74.8 74.9 N/A N/A
(in.) 2.9449 2.9488 N/A N/A
Vertical / Back Pressure (kPa) N/A N/A 413.7/1379 | 413.7/137.9
(psi), N/A N/A 60 /20 60 /20
Compaction Time, sec, N/A . N/A 12.0 15.0
Dry mass (A), g| 2907.6 2908.4 64274 6419.6
(Tbj 6.4 6.4 14.2 142
Dry mass with Parafilm (D), gl 29154 2916.1 6439.0 6431.6
(Ib) 6.4 6.4 14.2 14.2
Wet mass with Parafilm (E), | 1603.7 1601.4 3516.6 3507.8
(Ib), 3.5 3.5 7.8 7.7
‘Wet mass w/o Parafilm (C),ggl 1654.1 1658.6 3647.3 3646.2
(Ib) 3.6 3.7 8.0 8.0
Saturated Surface Dry mass (B), g 2926.1 2929.1 6472.0 6463.8
(Ib) 6.5 6.5 14.3 143
Specific Gravity (Gmb), SSD)| 2.286 2.289 2.275 2.278
Specific Gravity (Gmb), Parafilm 2.239 2.234 2.214 2211
VIM =[1-(Gmb/Gmm)], SSD (%) 6.0% 5.9% 6.4% 6.3%
VTM = [1-(Gmb/Gmm)], Parafilm (%), 7.9% 8.1% 9.0% 9.1%
NCAT Asphalt Content (%), 5.7% 5.7% 5.7% 5.7%




APA Dial Gauge Readings, mm

Mix Type: Davidson 411 D (Latex)
SGC Pill #2 SGCPili # 1
Cycles Initial 500 1000 4000 8000 Initial | 500 [ 1000 | 4000 | 8000
Aft Rear 11.18 9.23 8.22 5.44 3.55 =-N/A -
Aft Front 11.89 10.31 9.42 6.73 5.11 -N/A-
Middle -N/A - -N/A -
Fwd Rear -N/A - 12.15 9.88 8.88 6.08 4.29
Fwd Front -N/A - 12.18 10.21 9.17 6.45 4.38
Beam 1 Beam 2
Cycles Initial 500 1600 4000 8000 Initial 500 1000 4000 8000
Aft Rear 11.26 9.35 8.47 6.08 4.82 10.17 8.04 7.34 5.50 4.14
Aft Front 11.27 9.28 8.45 5.90 4.54 10.81 8.84 8.12 6.29 4.83
Middle 11.25 9.57 8.81 6.73 5.27 11.40 9.59 8.95 7.38 6.05
Fwd Rear 11.48 9.74 8.83 6.39 4.98 11.74 10.25 9.48 7.32 5.86
Fwd Front 10.97 9.18 831 5.88 4.74 11.37 9.84 9.13 6.98 5.65
APA Measured Rut Depth Values, mm
SGCPill #2 SGCPill#1
Cycles 500 1000 4000 .8000 ._Cycles 500 1000 4000 8000
Aft Rear 1.95 2.96 5.74 7.63 Fwd Rear 2.27 3.27 6.07 7.86
Aft Front 1.58 2.47 5.16 6.78 Fwd Front 1.97 3.01 5.73 7.80
Average 1.77 2.72 5.45 7.21 Average 2.12 3.14 5.90 7.83
Cycles 500 1000 4000 8000
Average 1.94 2.93 5.68 7.52
Both Pills
Beam 1 Beam 2
Cycles 500 1000 4000 8000 500 1000 4000 8000
Aft Rear 1.91 2.79 5.18 6.44 2.13 2.83 4.67 6.03
Aft Front 1.99 2.82 5.37 6.73 1.97 2.69 4.52 5.98
Middle 1.68 2.44 4.52 5.98 1.81 245 4.02 5.35
Fwd Rear 1.74 2.65 5.09 6.50 1.49 2.26 4.42 5.88
Fwd Front 1.79 2.66 5.09 6.23 1.53 2.24 4.39 5.72
Averages
AllS 1.82 2.67 5.05 6.38 1.79 2.49 4.40 5.79
Middle 3 1.80 2.64 4.99 6.40 1.76 2.47 4.32 5.74
Middle Excluded 1.86 2.73 S5.18 6.48 1.78 2.51 4.50 5.90
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County & Mix Type:

Project Number:

Appendix A - 15

Dawvidson Wilson 307 BM

4352
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* 415\ ‘ STATE OF TENNESSEE ASPHALT JOB MIX FORMULA AN

s Date .__.. 2 _.5.'_?_8. ..................
Project Reference No. oo cceimcmooccccccannnan County --42:4!/.«./:_’.. 12622 . Region -
Project No. ..LI4Y!_FA42- 0. Fsa0o- 324220 ... Contract No. .__ #3524 ____.
Type R/, Y./ S Sec. No. . 307 B . acticte No. FOT ...
Contractor _-_-Zﬁ?.”.c.--.[ﬁ.f. ..................... SUBCORTACEOT o oe e e oo eeem
State Rt. No. .Ze’f’.‘.’l‘.’.‘-.z_J TOTAL  MIX INCLUDING BITUMEN Date of Letting —ocooooooo.

MATERIAL -« | po :g‘:f_ff;mm PROCUCER AND ADDRESS Perzent Used

C.A.- /. Pan /(//(/m //7//5 //(//n'rﬂée /2. /¢

3ed. C. A. 3y " fpa ’ ’ 2¢ 2
Screenings 32 Pon " " /7.3 2

Sand 3y " Poa Tagram s Ihnshvine | 10.37

Fitler  PAP 3/5/ Fon Z o7AL L7 //p/m/rﬂ cf 20,04

A.C. and Pea, 020 uined_{Taroroon oty J¢  Ahshyene 330

S Fractured Farss on Plus No. 4 Material A94 28 4276 P, /.3%) | 100

100 PERCENT MINERAL AGGREGATE } AGGREGATE ANALYSIS TOTAL PERCENT PASSING
scezey | Bl Phms| Fomewe o Toesee b Sl | et | Sheiml | seem: }2"'2‘.. M

Temp. 275325 | 3)) 290-330 20 30 /5 /5 20 /100
S A.C. 4/,? 6.2 M 2 ptsn/- N 7/

3 - Theo | 2.520

25 i | 459

2 -

1%

L - 100 )00 )00. I _J00 100 100 | Je0 100 | j00
%- 35200 | 93 92.3-/00 || _9l 100 | J00 ] /%0 99 1920
3 5£9.79 | 73 473727 19 %] Joo {0 190 (725

No. 4 J2.41 | g y5.53 | 3.5 N 93 |99 [ ¢9 |45

No. § 29-47 | 3¢ 317.393| § ’s ¢3 | 9d 150 13!

v 20 | 327 | 22 \y7-253| 2 3 22 (43 133 (¢

Ne. 50 7. 20 10 $7-3.3\ 1.2 2 20 )3 A2 0.3

No. 100 4.0 7.1 55271 | 15 1K Vs 177 |71

No. 200 2-¢5 | 5.2 J2.24 | .2 )33 11 1.5 152

_ I

Requested [ﬂ TAC énr ///’1 ./ J'Ifmmm_ Approved on Slatertals Engineer

Approved ... e, G et Eapa T Approved LS é—{éz‘.“: el
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Compaction Data Sheet

SGC Pills and AVC Beams
County and Mix Type: Davidson / Wilson 307 BM
Theoretical Maximum (Rice) Specific Gravity = 2.518
SGC Pills AVC Beams
75 mm x 150mm 75 x 125 x 300 mm
1 2 1 2
Mass of Sample Before Compaction, g| 3000.0 3000.0 6800.0 6800.5
(lb;lT 6.6 6.6 15.0 15.0
Mold Temperature, ° C 104.4 104.4 1433 146.1
) 220.0 220.0 290.0 295.0
Mix Temperature, ° C 150.0 149.4 1494 150.6
°F) 302.0 301.0 301.0 303.0
Number of Gyrations] 6 5 N/A N/A
Compacted Height, mm 74.7 74.8 N/A N/A
(in.) 2.9409 2.9449 N/A N/A
Vertical / Back Pressure (kPa) N/A N/A 413.7/1379 | 413.7/137.9
(psi) N/A N/A 60 /20 60 /20
Compaction Time, sec. N/A N/A 18.0 18.0
Dry mass (A), gh 2993.3 2991.9 6787.5 6774.8
(Ib) 6.6 6.6 15.0 14.9
Dry mass with Parafilm (D), g|  3000.8 2999.6 6799.4 6785.6
(Ib) 6.6 6.6 15.0 15.0
‘Wet mass with Parafilm (E), gl 1693.9 1688.8 3895.2 3893.9
(Ib) 3.7 3.7 8.6 8.6
Wet mass w/o Parafilm (C), gJ 1748.5 1740.2 3966.0 3970.5
(1b) 3.9 3.8 8.7 8.8
Saturated Surface Dry mass (B), gl 30159 3014.2 6806.2 6793.5
(Ib) 6.6 6.6 15.0 15.0
Specific Gravity (Gmb), SSD 2.362 2.348 2.390 2.400
Specific Gravity (Gmb), Parafilm} 2.313 2.305 2.353 2.358
VTIM =[1-(Gmb/Gmm)], SSD (%) 6.2% 6.7% 5.1% 4.7%
VTM = [1-(Gmb/Gmm)], Parafilm (%), 8.2% 8.5% 6.5% 6.4%
NCAT Asphalt Content (%) 4.6% 4.6% 4.6% 4.6%
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APA Dial Gauge Readings, mm

Mix Type:  Davidson / Wilson 307 BM
SGCPill #2 SGCPill # 1
Cycles Initial 500 1000 4000 8000 Initial | 500 [ 1000 | 4000 | 8000
Aft Rear 11.24 10.35 9.90 3.83 7.53 - N/A-~
Aft Front 11.57 10.64 10.28 9.04 7.93 - N/A -
Middle -N/A - -N/A -
Fwd Rear -N/A- 11.58 10.83 10.60 9.49 3.68
Fwd Front -N/A - 11.80 11.27 10.98 10.11 9.84
APA Measured Rut Depth Values, mm
SGCPill #2 SGC Pill# 1
Cycles 500 1000 4000 8000 Cycles 500 1000 4000 8000
Aft Rear 0.89 1.34 2.41 3.71 FwdRear [ 0.75 0.98 2.09 2.90
Aft Front 0.93 1.29 2.53 3.64 Fwd Front | 0.53 0.82 1.69 1.96
Average 0.91 1.32 2.47 3.68 Average 0.64 0.90 1.89 2.43
Cycles 500 1000 4000 8000
Average 0.78 1.11 2.18 3.05
Both Pills
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Appendix A - 16

County & Mix Type: Dickson 307 BM

Project Number: 5120
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STATE OF TENNESSEE ASPHALT JOB MIX FORMULA

torm 010356
A, Farm Toyag

Date .E;.’é_/.:}:___/_;_).g ______
Project Reference No. -------:g.F_. _________________ County’f?.e’:c.f.f.‘.?./ij. ........ Region ~Z0- ___
Project No. ___'.2_;_.9.?._.’._':..".’(».2..3..5..’.2_‘_{ ............................. Contract No. .2 (20
Type _57/75‘_{:/[1_-_ f e e Sec. No. .?:Q?ﬁ/:@,).. Article No. -.0..-_3.'./.5{. ......
Contractor __ﬁ:‘{f_&ﬁ)f(___f‘?yﬂ) e meeeoe SUDEONTACIOL macmmmmmm e 2T
State Rt. No. fwr 48 ____ TOTAL  MIX INCLUDING BITUMEN Date of Letting28:.6. (293
MATERIAL roual m---m PROCUCER. AND ADDBESS Percent Usee
Conesr Ay, (" -yu | Bogws Srowg Prcsod | 39,200
Blow< .V a'—pAd | Buens Srowe Trrcsord) | /5. 0O
Soer Sea | Je“-PAN | Borus Srowe Tlracsor) | 9. 500
.5Aup 3% - PAN SA-A)/—RA (72 /U&,'w UBW@@V:Q,E 9.8c0
RAF (" —PAN Zosaur Furul Drescsor) 20058
Asratr Cenput [T4-44- 2.2 | Hararrod /Assiiun Maseizeez | 3,744
Anti-Strip Type: Fave Bowo frre Dosage Rate: 0.5
% Fractured Faces on Plus No. 4 Material: X Classy Particles on Plus No. & Material: ___ 100%

100 PERCENT MINERAL AGGREGATE ° AGGREGATE ANALYSIS TOTAL PERCENT PASSING
SCREEN Total Panilng Requested Tolerance C.A. m,f S?uanu(u Sand RAP |cateunseee
Maiter Range Percent Percent Pereent Percrat Percent Petcent Peccent pXil3
Temp. £ 27573257 300 Vo320 40 | 20 o |70 |20
wag V242 | 50 [fE-535 oy Al e2 D
(D"ﬂsb\. Ard 2

2 - Aash YBabity - 12,074

12+
Vo /100 | 102 | 100 (00 | oo | /00| top 100 | 100
v 18500 54 |883-39.71 2€ | r00 | 100 oo 1100 1544

]

s/e -

ye

i $3-79 | 73 §73-737| 37 100 |00 (o |50 729
No. 4 #2-¢] | 54 |00- 580 % 8Y (8¢ 1027 &% Is37
No. 8 | 29-47| 3/ 1m7-343| 4 21 148 g3 |52 (343
vo | 3=27 | /7 37203 3 | £ 133189 [29 74
No. 50 720 | /] [77-43| S |24 |21 (22 o7
¥a. 100 -1 0 £.70 540- .0 | S IDi )y 1S |4 70
w0 | O-¢.5| 538 1375-438) .7 4 |16 | (3 53¢

B i i 2 %é__—____ .
Requested EU&MK sz"’é é-\’/eug Approved /jﬁ:"v ¥ 7; 2? 2 —2-7-5
ntracior Re; Materials Enguicer

Approved _.__( %_. ‘&‘i%‘.ﬁ:‘.‘.ﬁ":“:'f ...... Approved ... 7277 ). /:ﬂ%ﬁﬂ 3 Ky
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Compaction Data Sheet

SGC Pills and AVC Beams
County and Mix Type: Dickson 307 BM
Theoretical Maximum (Rice) Specific Gravity = 2431
SGC Pills AVC Beams
75 mm x 150mm 75 x 125 x 300 mm
1 2 1 2
Mass of Sample Before Compaction, gl 29100 2910.0 6570.0 6570.4
(Ib) 6.4 6.4 14.5 14.5
Mold Temperature, ° C| 113.9 112.8 132.2 137.8
(°F) 237.0 235.0 270.0 280.0
Mix Temperature, ° C| 150.6 150.6 149.4 150.0
(°F) 303.0 303.0 301.0 302.0
Number of Gyrations 20 22 N/A N/A
Compacted Height, mm 75.2 752 N/A N/A
(in.) 2.9606 2.9606 N/A N/A
Vertical / Back Pressure (kPa) N/A N/A 413.7/137.9 | 413.7/137.9
(ps) N/A N/A 60/20 60/20
Compaction Time, sec. N/A - N/A 60.0 60.0
Dry mass (A), gl 29007 2902.4 6529.3 6533.4
(1b) 6.4 6.4 144 144
Dry mass with Parafilm (D), g| 2908.1 2910.0 6540.5 6544.2
(Ib) 6.4 6.4 14.4 144
Wet mass with Parafilm (E), g| 1591.9 1592.9 3620.9 -3616.9
(I1b) 3.5 3.5 8.0 8.0
Wet mass wio Parafilm (C), gf 1643.0 1639.2 3714.0 3708.9
(1b) 3.6 3.6 8.2 8.2
Saturated Surface Dry mass (B), g 2919.0 2921.4 6543.4 6547.4
(Ib) 6.4 6.4 14.4 144
Specific Gravity (Gmb), SSD 2.273 2.264 2.308 2.302
Specific Gravity (Gmb), Parafilm| 2.225 2225 2.251 2.246
VTM ={1-(Gmb/Gmm)]}, SSD (%), 6.5% 6.9% 5.1% 5.3%
VTM = [1{Gmb/Gmm)], Parafilm (%) 8.5% 8.5% 7.4% 7.6%
NCAT Asphalt Content (%) 5.5% 5.5% 5.5% 5.5%
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Mix Type:

APA Dial Gauge Readings, mm

Dickson 307 BM

SGCPill#2 SGCPill#1
Cycles Initial 500 1000 4000 8000 Initial | 500 [ 1000 | 4000 | 8000
Aft Rear 7.24 6.63 6.27 5.03 3.59 - N/A -
Aft Front 71.76 6.97 6.75 5.46 4.21 -N/A -
Middle -N/A - -N/A-
Fwd Rear -N/A- 7.83 6.96 6.66 5.43 4.24
Fwd Front -N/A- 8.17 7.19 6.88 5.51 4.06
APA Measured Rut Depth Values, mm
SGCPill#2 SGCPill#1
Cycles 500 1000 4000 8000 Cycles 500 1000 4000 8000
Aft Rear 0.61 0.97 221 3.65 Fwd Rear 0.87 1.17 2.40 3.59
Aft Front 0.79 1.01 2.30 3.55 Fwd Front |  0.98 1.29 2.66 4.11
Average 0.70 0.99 2.26 3.60 Average 0.93 1.23 2.53 3.85
Cycles 500 1000 4000 8000
Average 0.81 1.11 2.39 3.73
Both Pills
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Appendix A — 17

County & Mix Type:  Dickson 411 D |

Project Number: 5120
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ject Reference No.

fr et No. 22007~ 4233 ~04

STATE OF TENNESSEE ASPHALT JOB MIX FORMULA
Date [TARH %/

Form DT02%4
Re: Form T.11g

/998

S7Z County -, Lz SoN -- Re

ACS-HAE

Type

gion .m_---
Contract No. ___5:./):_42 ______
_ Sec. No. ZU=ZZ ... Article No. ©.0.1=20. 0.2

Contractor ;?EA NK . TRvZN 4" Subcontractor o
Staze Rt No. .. 45 TOTAL  MIX INCLUDING BITUMEN Date of Letting &b, 4, /55
MATERIAL ol mm PROCUCER AND ADDRESS | Percent Used
C.A 8" Y " | Buews Srowg DPorzrcspi | 372840
Med C A - N\ Teseus S PUE Torscso M (5 957
Screenings J& - pad Brews - Srove e xson |/ 6:93F
Sand 8" - AN | Savgrave . Nad Tppiowzees | 2 3. 525
Asenalt Cement Y- 22 \MaRatiion Hsritaup Masporecs 247
Anti-Strip Type: /g/,/ s <. = T Dosage Rate: _ _5 '
% Fractured Faces on Plus No. 4 Material: ____ X Glassy Particles on Plus Mo, & Matertal: ____ | 100%
100 PERCENT MINERAL AGGREGATE AGGREGATE ANALYSIS TOTAL PERCENT PASSING
scrzz [ R Pote| st | Pecesr roma | et | et | e | veseme |

s |276-205] 300 \280-30|_40 | (7 /8 125

wac |53.7015.9 55545 e s Acg, | 28 -S|

:%u. S err 52 Ay = 12.3%99

2 YO /72

2.

. »

3/4

58 " op | /oo /o0 (OO [0 (00 | /OO ==

" 35100} sy loaz-wol $5 | roo | (OO | 0 55,0

H# $0-93| g9 |£33-}%7|_73 | ,00 |s00 |100 55,2
o « |s7-78] 43 leg-¢7 | (3 | 3£ |76 {27 g3
v 8 13557 | A4 72763 A |45 | €7 | 33 45
No. 30 1 7-29 D& (20,7283 3 25 133159 24,
xe 00 |/o=(3 | 1D 1874 2 1r7 (24 |21 (2.3
o |20 71 lssrg7l| 1.2 13 17y [ « 7 1

0. 200 0-4.5 5_./5J>’:§5‘ZZ5 0.8 /o /6 / S5

B A , L
Requested  LuZHK Tl & WA Approved _{?.z;../.z?. Zats <3 =2 98
Approved ----Q" AN 2:9 oz Approved .S EL S "‘"é_:‘:é.g:'?}"(e'-;

! Pacinens af V7

Kigioa Construcuioa Eagineer
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Compaction Data Sheet

SGC Pills and AVC Beams
County and Mix Type: Dickson 411 D
Theoretical Maximum (Rice) Specific Gravity = 2.430
SGC Pills AVC Beams
7S mm x 150mm 75 x 125 x 300 mm
1 2 1 2
Mass of Sample Before Compaction, g 2925.0 2925.0 6525.0 6525.0
(lbj 6.4 6.4 14.4 14.4
Mold Temperature, ° C 115.6 112.8 132.2 132.2
(°F) 240.0 235.0 270.0 270.0
Mix Temperature, ° C 148.3 148.9 150.6 150.0
) 299.0 300.0 303.0 302.0
Number of Gyrations) 26 26 N/A N/A
Compacted Height, mm| 75.3 75.2 N/A N/A
(in.) 2.9646 2.9606 N/A N/A
Vertical / Back Pressure (kPa) N/A N/A 413.7/137.9 | 413.7/137.9
(psi) N/A N/A 60/20 60/20
Compaction Time, sec. N/A . N/A 45.0 30.0
Drymass (A), g] 29172 2912.3 6493.7 6493.2
(1b) 6.4 6.4 14.3 143
Dry mass with Parafilm (D), gl 2924.5 2920.0 6503.6 6504.7
(Ib) 64 64 143 14.3
‘Wet mass with Parafilm (E), g 1602.0 1600.9 3628.9 3549.2
(Ib) 3.5 3.5 8.0 7.8
Wet mass w/o Parafilm (C), g 1644.2 1641.6 3680.4 3643.9
a) 36 3.6 81 8.0
Saturated Surface Dry mass (B), g| 2933.5 2928.5 6503.2 6535.7
(lbj 6.5 6.5 14.3 144
Specific Gravity (Gmb), SSD, 2.263 2.263 2.300 2.245
Specific Gravity (Gmb), Parafilm)| 2.226 2.229 2272 2211
VTM =[1-(Gmb/Gmm)], SSD (%) 6.9% 6.9% 5.3% 7.6%
VTM = [1-(Gmb/Gmm)], Parafilm (%) 8.4% 8.3% 6.5% 9.0%
NCAT Asphalt Content (%) 5.7% 5.7% 5.7% 5.7%
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APA Dial Gauge Readings, mm

Mix Type: __Dickson 411D
SGC Pill #2 SGCPill # 1
Cycles Initial 500 1000 4000 8000 Initial | 500 | 1000 [ 4000 8000
Aft Rear 7.34 6.21 5.53 3.70 2.63 -N/A-
Aft Front 7.12 5.96 5.42 3.71 2.69 -N/A-
Middle -N/A - -N/A-
Fwd Rear -N/A - 7.26 5.88 5.21 3.41 2.59
Fwd Front -N/A- 6.78 5.84 5.22 3.36 2.41
Beam 1 Beam 2
Cycles Initial 500 1000 4000 8000 Tnitial 500 1000 4000 8000
Aft Rear 11.83 10.13 9.23 6.84 5.60
Aft Front 11.94 10.91 10.44 8.59 7.55
Middle 11.92 10.90 10.41 8.30 6.99
Fwd Rear 11.76 10.82 10.47 8.72 7.63
Fwd Front 10.34 9.07 8.42 6.69 5.50
APA Measured Rut Depth Values, mm
SGC Pill # 2 SGCPill # 1
Cycles 500 1000 4000 8000 Cycles 500 1000 4000 8000
AR Rear L.13 1.81 3.64 471 Fwd Rear | 1.38 2.05 3.85 4.67
Aft Front 1.16 1.70 3.41 4.43 Fwd Front | 0.94 1.56 3.42 4.37
Average 1.15 1.76 3.53 4.57 Average 1.16 1.81 3.64 4.52
Cycles 500 1000 4000 8000
Average 1.15 1.78 3.58 4.55
Both Pills
Beam 1 Beam 2
Cycles 500 1000 | 4000 8000 500 1000 4000 8000
AR Rear 0.00 0.00 0.00 0.00 1.70 2.60 4.99 6.23
Aft Front 0.00 0.00 0.00 0.00 1.03 1.50 3.35 4.39
Middle 0.00 0.00 0.00 0.00 1.02 151 3.62 493
Fwd Rear 0.00 0.00 0.00 0.00 0.94 1.20 3.04 4.13
Fwd Front 0.00 0.00 0.00 0.00 1.27 1.92 3.65 4.84
Averages
All 5 0.00 0.00 0.00 0.00 1.19 1.76 3.73 4.90
Middle 3 0.00 0.00 0.00 0.00 1.00 1.43 3.34 4.48
Middle Excluded 0.00 0.00 0.00 0.00 1.24 1.83 3.76 4.90
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Appendix A — 18

County & Mix Type: Giles 307 BM/2

Project Number: 5122
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ASPHALT JOB MIX FORMULA

DATE  5/1/98 Form_DT-0256
e — ———— Re: Form T-118
PROJECT REFERENCE NO. IME-65-1(58)0 COUNTY GILES REGION 3
PROJECT NO. 28001-8162-44 CONTRACT NO. 5122
TYPE (BPMB~EM) SEC. N0.307-BM2  ARTICLE NO.  .03.16
“ONTRACTOR DEMENT CONSTROCTION 0. SUBCONTRACTOR ~ N/A
STATE RT. NO. DATE OF LETTING 2/6/98
: TOTAL MIX INCLUDING BITUMEN
SCREEN
YATERIAL TOTAL PASSING PRODUCER AND ADDRESS PERCENT USED
TA. #56 {___30mm-PAN jROGERS GROUP PULASKI,IN. ; 18.960
ED.C.A.47 | 19am-PAN JROGERS GROUP PULASKI,TN. } 33.180
SCRNS.  #10 | 9-5mn-PAN!ROGERS GROUP PULASKI.TN. { 17.064
AND  SAND |___9-5un-PAN!|ADASVILLE SAND & GRAVEL ADAMSVILLE,TN } 7.584
ILLER RAP | 19mm-PAN | DEMENT CONSTRUCTION COMPANY PULASKI,TN. | 19.081
«C. ERG | Po64-22 'IERGON INC. NASHVILLE TN.RAP HAS 5.6%AC ! 4.131
3 FRACTURED FACES ON PLUS 4 MATERIAL  N/A |
ZRAND OF ANT-STRIP: FPerma Tac Plus % ANTI-STRIP 0.30% | 100
100 PERCENT MINERAL AGGREGATE AGGREGATE ANALYSIS TOTAL PERCENT PASSING
XREEN TOTAL PASSING Requested Tolerance C,A. Med.C.A. SCRNS. Sand FILLER CALC.
MASTER RANGE % % % i % % % MIX
P, | Oj___ 1497 138 -  16/#56-RGP|#7-RGP |#10-RGP]SAND-AS{RAP-DC |
ac. | 4.2-6.2 5.2 | TestResults@ 20! 35| 18! 8 19 | 100.0
| | Recommended 1 | I
mn | |__A-C. Content |DESIGN NO. CONTRACTORS | |
) BIK Grv. 2.382 |MAX. SP. GRV.  2.481 | !
’ | 1 |
1.5mm | Eff. Grv 2.689 —i i&ss 1 e, o Vi |
w100 100 ; Stab. 3157.8 | 100 | 100 | 100| 100 | 100 | 100.0
P | I ! |
mm | Flow | i | |
mn | 81-93 85 | Voids 3.9903 25, 100 | 100 | 100 |~ 100 | 85.0
- | W |
1. 5mm ! V.Filled 75.1 | | } | | {
Sm | 57-73 | 67 |Dust-AC 0.9 | 5| 66| 100! 100 89 | 67.0
75mm | 40-56 41 |Unit WT.148.63 41 6] 92| o 731 40.9
-36mm | 28-43 B 3| 3] el 1 lTTs1 T3
isture Damage
OQum | 13225 16.; Information | 2.5! 2.5] 2517 &7 29 1 1509
“Jup 9-19 | 10 [Avg.Dry 220.3 2] 2l Tl e 21} 1000
uz | 6-10 6 ave.cnd. 188.9 | 15| 15| 15! 3| 12| 6.4
m | 25065 49! TSR 857 Y I Y
QUESTED é’nezazl) é;‘—:ag mmw 2 -2-2%
Dement_Construction Company fegion Materials Engineer
ROVED 52 APPROVED
le;Zon &ﬁl’s’truction tngineer Engineer of Mater:ale and Test
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Compaction Data Sheet

SGC Pills and AVC Beams
County and Mix Type: Giles 307 BM/2
Theoretical Maximum (Rice) Specific Gravity = 2.486
SGC Pills AVC Beams
75 mm x 150mm 75 x 125 x 300 mm
1 2 1 2
Mass of Sample Before Compaction, é 2950.0 2950.0 6730.8 6730.3
(Ib) 6.5 6.5 14.8 14.8
Mold Temperature, ° C 121.1 112.8 137.8 137.8
(CF) 250.0 235.0 280.0 280.0
Mix Temperature, ° C 1489 148.9 149.4 148.9
(°F) 300.0 300.0 301.0 300.0
Number of Gyrations 6 6 N/A N/A
Compacted Height, mm| 74.7 74.8 N/A N/A
' ()| 2.9409 2.9449 N/A N/A
Vertical / Back Pressure (kPa) N/A N/A 413.7/137.9 | 413.7/137.9
(psi) N/A N/A 60/20 60/20
Compaction Time, sec. N/A N/A 18.0 20.0
Drymass (A), g| 29259 2923.8 6688.3 6668.3
(Ib) 6.5 6.4 14.7 14.7
Dry mass with Parafilm (D), g} 2933.1 2931.3 6699.9 6679.2
(ib) 6.5 6.5 14.8 14.7
Wet mass with Parafilm (E), g 1620.6 1618.5 3826.8 3781.8
(Ib) 3.6 3.6 84 8.3
Wet mass w/o Parafilm (C), g  1680.9 1679.3 38654 3907.1
(1b), 3.7 3.7 8.5 8.6
Saturated Surface Dry mass (B), g 2939.5 2939.7 6699.9 6676.6
(Ib# 6.5 6.5 14.8 14.7
Specific Gravity (Gmb), SSD| 2.325 2.320 2.360 2.408
Specific Gravity (Gmb), Parafilm|  2.250 2.249 2.344 2316
VTM =[1-(Gmb/Gmm)], SSD (%) 5.8% 6.0% 5.1% 3.1%
VTM = [1-(Gmb/Gmm)], Parafilm (%) 8.8% 8.9% 5.7% 6.8%
NCAT Asphalt Content (%) 5.6% 5.6% 5.6% 5.6%
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APA Dial Gauge Readings, mm

Mix Type: __Giles307BM2
SGCPill # 2 SGCPill#1
Cycles Initial 500 1000 4000 8000 Initial | 500 | 1000 | 4000 | 8000
Aft Rear 10.61 9.40 8.90 7.48 6.31 - N/A-
Aft Front 10.98 9.98 9.52 8.34 7.41 -N/A-
Middle -N/A- - N/A--
Fwd Rear -N/A - 10.49 9.41 9.03 7.27 6.16
Fwd Front -N/A- 10.40 9.17 8.60 7.03 6.00
APA Measured Rut Depth Values, mm
SGCPill#2 SGCPili#1
Cycles 500 1000 4000 8000 Cycles 500 1000 4000 8000
Aft Rear 1.21 171 3.13 4.30 FwdRear | 1.08 1.46 3.22 4.33
Aft Front 1.00 1.46 2.64 3.57 FwdFront | 1.23 1.80 3.37 4.40
Average 1.11 1.59 2.89 3.94 Average 1.16 1.63 3.30 437
1 Cycles 500 1000 4000 8000
| Average L13 161 | 3.09 | 415
| Both Pills
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Appendix A - 19

County & Mix Type: Grundy 307 BM

Project Number: 5295

155




STATE OF TENNESSEE ASPHALT JOB MIX FORMULA “°I AE:Fora T-110
=397
4 Date: 7-14-9%

98

Project Ref. No. County g‘zrk\‘\ég Region T
Proj. No. 2)00L~4297-0%4 Contract No. 5995
Type Sec. No, 3072m0345 _ g Article

Contracior: T howe s Reps Consd, Subcontractor:

State Rt. 122 TOTAL MIX INCLUDING BITUMEN Date of Letting (-1 -5 %

MATERIAL Screen & Passing PRODUCER AND ADDRESS % USED
C.A. %" — 8¢ | DualaoSdone Ene, Danlan Ta.| 2394
Med. C.A. Yol — 1y i N 23,9y
Screenings ' — ™30 1A K vy 2A%.72
Sand ’ ' —— %00 IDiw \A..p<-l one ¢ SEAA Plant. D\.-Kn.)a'l‘u 1915
Asphalt Cement PG b%-2 [sheh ofl. L0 Chudtoncose TN 425
Anti—Stip yes TYPELP Payebond Lire DOSAGERATE: o0.5% [ e e
% Fractured Faces op +4.7SMatl: NV /8 % Glassy Parnticles on +4.75 Mad. N¥ 100 %

100 PERCENT MINERAL AGGREGATE I AGGREGATE ANALYSIS TOTAL PERCENT PASSING
. SCREEN | Til.Passing | Requened | Tokramex CA Med. C.A. | Screeniogs Saad Calculated
Desigo Range  Perceat Perceot Perezat Perccot Pereent Perezat Perceot Mix
Temp 300 2 25 20 20 |
%AC. l4a-b-L| 433 i (Washed Gradations)
Compaction Temp: 2%9 — S I Saeye ! 96
Mixiog Temp: ! Theo: 9.50%
S0mm 27) “é‘ﬁg—i*?-,:
37.5am(11/2%) P
25ea 7] 100 |REEE o0 | 00| '90 | 100 o0
15amor) | ¢/g-100 RESEES joo l ool ,col 00 100
16am  (5/T) o
12 Smm (L2°) T
9.5am (48 | 59-79 |=ELEES, 4,3 28,0 /100 109 . 69.¢
4I5mm (24 | Y. L1 e 1 2.0 %0 1 6% 9y 459.%
2.36as (#3)]| 29-47 | ). 7 kY Lb 44 32.¥
6o0wm (#30)] 13-27 = 1.5 2 30 LY 1355
3000m_(#50)| 7 -20 |55 v () 1.5 pivi 1%y 1329
150am (#100)] B -1D [|4=% 1.0 1.0 14, € Y.l S 4
75ea  (#200)] D.-6.S |3 . % .7 .5 11 g, 05

Requested /w JCAM-:‘} l« Approved 4‘”“" M\.

Repwos Hoternls Eagioner

Approved;%% ‘ ﬂ@% Approved .
Repine Congiron Engwest Eopmasr ol Maurah 106 Tars
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Compaction Data Sheet

SGC Pills and AVC Beams
County and Mix Type: Grundy 307 BM
Theoretical Maximum (Rice) Specific Gravity = 2.518
SGC Pills AVC Beams
75 mm x 150mm 75 x 125 x 300 mm
1 2 1 2
Mass of Sample Before Compaction, g|  3002.0 3002.0 6800.0 6800.1
(Ib) 6.6 6.6 15.0 15.0
Mold Temperature, ° C 126.7 115.6 126.7 132.2
(°F) 260.0 240.0 260.0 270.0
Mix Temperature, ® C 1472 148.9 1472 147.2
CF 297.0 300.0 297.0 297.0
Number of Gyrationsh 19 15 N/A N/A
Compacted Height, mmI 75.2 75.2 N/A N/A
(in.), 2.9606 2.9606 N/A N/A
Vertical / Back Pressure (kPa) N/A N/A 413.7/137.9 | 413.7/1379
(psi) N/A N/A 60/20 60/20
Compaction Time, sec. N/A N/A 50.0 50.0
Dry mass (A), g 2996.6 298‘7.9 6770.3 6763.5
(Ib) 6.6 6.6 14.9 14.9
Dry mass with Parafilm (D), g 3004.6 2995.9 6781.2 67754
(Ib) 6.6 6.6 14.9 14.9
Wet mass with Parafilm (E), gﬂ» 1685.3 1675.6 3879.9 3854.2
(Ib) 3.7 3.7 8.6 8.5
Wet mass w/o Parafilm (C), gl 1744.9 1731.7 3959.7 3941.8
(1b), 3.8 3.8 8.7 8.7
Saturated Surface Dry mass (B), g 30154 3007.1 6788.7 6780.1
(Ib) 6.6 6.6 15.0 14.9
Specific Gravity (Gmb), SSD 2.359 2.343 2.393 2.383
Specific Gravity (Gmb), Parafilm 2.295 2.286 2.348 2.331
VTM =[1-(Gmb/Gmm)}, SSD (%) 6.3% 7.0% 5.0% . 54%
VTM = [1(Gmb/Gmm)], Parafilm (%) 8.9% 9.2% 6.7% 7.4%
NCAT Asphalt Content (%), 4.9% 4.9% 4.9% 4.9%
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APA Dial Gauge Readings, mm

Mix Type: _Grundy307BM _
SGCPill #2 SGC Pill # 1
Cycles Initial 500 1000 4000 8000 Initial | 500 [ 1000 | 4000 | 8000
Aft Rear 11.14 9.56 8.91 7.29 6.36 -N/A-
Aft Front 11.36 10.24 9.67 8.17 7.38 - N/A -
Middle -N/A - - N/A -
Fwd Rear -N/A - 11.41 10.47 10.13 8.94 8.06
Fwd Front -N/A - 11.14 9.89 9.45 8.22 7.55
APA Measured Rut Depth Values, mm
SGC Pill # 2 SGCPill #1
Cycles 500 1000 4000 8000 Cycles 500 1000 4000 8000
Aft Rear 1.58 2.23 3.85 4.78 FwdRear | 0.94 1.28 2.47 3.35
Aft Front 112 1.69 3.19 3.98 Fwd Front { _1.25 1.69 2.92 3.59
Average 1.35 1.96 3.52 4.38 Average 1.10 1.49 2.70 3.47
Cycles 500 1000 4000 8000
Average 1.22 1.72 3.11 3.93
Both Pills
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Appendix A —20

County & Mix Type: Grundy 411 D

Project Number: 5295
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STATE OF TENNESSEE ASPHALT JOB MIX FORMULA

-

¥ Same A% contract 4¥3 1

411D

Project Ref. No. County Grund v Region
7

RE Form T-112

bate: 2 -1b-9%

jov = 23

3100 -4n 9D - O

Contract No. 59495

Proj. No.
Type Sec.No. ¢1)mo),ol Article
Contractor: ] hormae & % ros. consd, ¢oSubcontractor:
State Rt. TOTAL MIX INCLUDING BITUMEN Dateof Letting &6 =12 -S%
MATERIAL Screen % Passiag PRODUCER AND ADDRESS % USED
C.A. Sy — s#avoly Snné 4 rave aHe 5.3
Med. C.A.
Screenings W' == &300Dunimg<lone Enc, Dby TN, 18. L%
Sand Vo' — stmodbunlac as onnd Plawy O olacn] V¥, LY
Lime 4@ — 200 [Dunleo Slome e, Dealay TH, 4,67
Asphalt Cement V6 - Ly =2 [ Shedl oil €0, Chedbacgme, TN. 6. b
Anti—Strip yes TYPE: (D Poveland Lise DOSAGE RATE: 0:5% PRt Sk
% Fractured Faces on +4.75 Matl: «4 % Glassy Particles on +4.75 Matl. 100 %
100 PERCENT MINERAL AGGREGATE AGGREGATE ANALYS!S TOTAL PERCENT PASSING
SCREEN [T Passing | Requened | Tokramee CA Med. C. A. | Screemings Sand Caleulnred
Design Range  Peracat Perczot Perceat Perccat Percent Perccot Percot Mix
Temp 15 D¢ 55 A0 29 5
%HAC. 153-10 b'b i (Washed Gradations)
Compaction Temp: Loz, . /0.0
Mixing Temp: Theo: 9, & 2
1 Jh-2 -{1s .
S0mm ) 5
37.Smm(112°) e - = 199
25am (17 A .
19am  (3/4°) SRR
16ma (515) | JOD _HEarod /p0 100 100 | 1p® 100
12.5ma (U27) i 5 13 /Do {00 100 91.%
9.5mm (3/E7) 29. gD 100 100 | .S
4.75am _(#4) 47 S6 q4 100 £%.9
236am_(#8) 29 b | %4 | s¢ 50.7.
600wm (#30) 1t 28 L% L2 2%.L
300em (#50) % Y a5 (71 1b.3
150um (#100) e £ 2 15.5 Y.1 32 Y. Y9z
75en  (#200)] O~ L.SL-__.:;-@_—Q—: 3.1 3 .1 2325 S =
Requested Z.I 1 . (a,u,q J'v‘. Approved %’M
” %-nu . . Ragine Kewrab Eaglover
Approved% 71 L Z/‘; Z é, i é: Approved
. Re, Capaeer Engmoar ol Masmb eod Tovus
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Compaction Data Sheet

SGC Pills and AVC Beams
County and Mix Type: Grundy 411 D
Theoretical Maximum (Rice) Specific Gravity = 2.297
SGC Pills AVC Beams
75 mm x 150mm 75 x 125 x 300 mm
1 2 1 4
Mass of Sample Before Compaction, g{ 2765.0 2765.0 6085.0 6110.2
(Ib) 6.1 6.1 134 13.5
Mold Temperature, ° C| 146.7 145.0 135.0 137.8
CF 296.0 293.0 275.0 280.0
Mix Temperature, °C| ~ 146.7 147.2 147.8 152.8
F) 296.0 297.0 298.0 307.0
Number of Gyrations| 20 22 N/A N/A
Compacted Height, mm 75.1 75.1 N/A N/A
(in.) 2.9567 2.9567 N/A N/A
Vertical / Back Pressure (kPa) N/A N/A 482.6/137.9 | 482.6/137.9
(psi) N/A N/A 70/20 70/20
Compaction Time, sec. CN/A ~ N/A 60.0 60.0
Dry mass (A), g 2746.3 2745.8 6045.8 6110.2
(Ib), 6.1 6.1 13.3 13.5
Dry mass with Parafilm (D), g 2754.2 27539 N/A 6120.8
(Ib) 6.1 6.1 N/A 13.5
Wet mass with Parafilm (E), g 1432.9 1432.3 N/A 3221.9
(Ib) 32 3.2 N/A 7.1
Wet mass w/o Parafilm (C), g]  1475.7 1476.2 32123 3299.3
(Ib) 33 3.3 7.1 7.3
Saturated Surface Dry mass (B), 2766.6 2761.2 6076.2 6122.0
(Ib) 6.1 6.1 134 13.5
Specific Gravity (Gmb), SSD)| 2.127 2.137 2.111 2.165
Specific Gravity (Gmb), Parafilm| 2.099 2.099 N/A 2.121
VTM =[1-(Gmb/Gmm)]}, SSD (%) 7.4% 7.0% 8.1% 5.8%
VTM = [1{Gmb/Gmm)], Parafilm (%) 8.6% 8.6% N/A 7.7%
NCAT Asphalt Content (%) 7.3% 7.3% 7.3% 7.3%
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APA Dial Gauge Readings, mm

Mix Type: __Grundy 411D _

SGC Pill #2 SGC Pill # 1

Cycles Initial 1000 4000 Initial | | 1080 ] 4000 |

Aft Rear 11.46 8.67 6.30 . -N/A -

Aft Front 11.61 ] 8.76 7.01 -N/A-

Middle -N/A- ~N/A-
Fwd Rear - N/A - 8.61
Fwd Front -N/A - 8.96

Cycles Initial 500 1000 4000 8000 Initial 500 1000 4000 8000

Aft Rear 10.30 9.24 8.53 6.48 5.35 11.62 10.60 10.35 9.40 8.48

Aft Front 10.57 9.45 8.78 6.79 5.70 1197 11.06 10.82 9.88 8.67 |
Middle 11.12 10.06 9.30 734 6.01 12.14 11.05 10.73 9.69 8.84

Fwd Rear 11.17 9.93 9.06 7.52 6.03 12.21 11.46 11.13 10.14 9.34

Fwd Front 11.01 9.74 9.18 8.05 6.41 12.42 11.38 11.02 9.93 9.24

APA Measured Rut Depth Values, mm

SGC Pill #2 SGCPill#1
Cycles 500 1060 4000 8000 Cycles 500 1000 4000 8000
Aft Rear 1.98 2,79 5.16 6.34 Fwd Rear 1.85 2.75 4.78 5.92
Aft Front 1.98 2.85 4.60 5.61 Fwd Front 1.46 2.30 3.93 5.67
Average 1.98 2.82 4.88 5.98 Average 1.66 2.53 4.36 5.80
Cycles 500 1000 4000 8000
Average 1.82 2.67 4.62 5.89
Both Pills
Beam 1 Beam 2
Cycles 500 1000 4000 8000 500 1000 4000 8000
Aft Rear 1.06 177 3.82 4.95 1.02 1.27 2.22 3.14
Aft Front 1.12 1.79 3.78 4.87 0.91 1.15 2.09 3.30
Middle 1.06 1.82 3.78 5.11 1.09 141 2.45 3.30
Fwd Rear 1.24 2.11 3.65 5.14 0.75 1.08 2.07 2.87
Fwd Front 1.27 1.83 2.96 4.60 1.04 1.40 2.49 3.18
Averages
All5 1.15 1.86 3.60 4.93 0.96 1.26 2.26 3.16
Middle 3 1.14 1.91 3.74 5.04 0.92 1.21 2.20 3.16
Middle Excluded 1.17 1.88 3.55 4.89 0.93 1.23 2.22 3.12
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Appendix A —21

| County & Mix Type: Hamilton 411 D

Project Number: 4759
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FORM DT-01%6

STATE OF TENNESSEE ASPHALT JOB MIX FORMULA RE Form 713
- Date: Feb. 06, 1998
Proj. Ref. Jenkins Road Connector “County Hamilton Region !
Proj. No.  33005-3160-44 Contract No. 4759
Type ACSC (HM) Sec. No.411"D"R.Snd/Slag  Article
Contractor  Mayse Construction Co. Subcontractor: Vulcan Construction Co.
State Rt. ‘“TOTAL MIX INCLUDING BITUMEN Date of Letting
MATERIAL 1Screen  %Pasmg PRODUCER AND ADDRESS % USED
C.A. |
Med. C.A. Slag 16mm -4 75mm Vulcan Wheland Slag, Chattanooga, TN 13.98
Med. C.A. S/8s  l6mm - 75um Vulcan Sand & Gravel, Chattancoga, TN 32.62
Screenings 9.5mm - 75um Vulcan Matenals Company, Chattanooga, TN 23.30
Sand River 4.75mm - 75um | Vulcan Sand & Gravel, Chattanooga, TN 23.30
Asphalt Cement AC-20 | Amoco Qil Co., Chatt., TN 6.80
Anti-Strip TYPE: Pavebond Lite DOSAGERATE: 03 % SRS
% Fractured Faces on +4 Material: 99.0 % Glassv Particles on +4 Material 0.10%! 100 %
100 PERCENT MINERAL AGGREGATE [ AGGREGATE ANALYSIS TOTAL PERCENT PASSING
SCREEN !Tu. Passing Roquested | Tolazzes CA } Md €A . Med. C.A | Seromings | RivaoSand | Calcdated
Design ange | Percem Pereema Pavew | Peream | Peromt Peromt Pereent Mix
Temp | 310F i 15: 354 25 25
%AC. | 53-7. 68! (Washed Gradations) S
ICompaction Temp: 285-293 LOI: 11.1%
:Mixing Tcmp: 304-314 Theo: 2.314 |
’ ' : o2~ /43 i
Stmm @27 | | ! i |
37.5mme1127 | { ! | i
28mm (17 | ! [ ! i
19mm G/H™) | :
16mm (587 | 100 100.0} 100 0 1000{ - 1000 1000
125mm 127 | 95-100 96.0 9601  100.0! 100.0 98.0
95mm (337) | 80-93 70.0! 82.01 100.0| 100:0 892
176mm @9 | 54-76 | 200 46.0! 91.0 97.0 66.1
236am (¢8) | 35-57 j 10.0 2401 5.0 87.0i 164
600um (#30) | 17-29 i 3.0 9.0! 280 63.0 26 4
300um (430) 10-18 — | 2.0} 80i 21.0 22.0 13.9
150um (#100) 3-10 ! 10! 60!l 170 101 6.8
T5um (3200) | 0-6.5 | ! 1.0/ 50! 13.0 0.3 5.2

Requestedﬁ‘é’e“"/ Ww«— ﬁ/ycdzpproved / /A(T%W

. . =z 7 7 Comracey g Matenals Enarmrer
Approved //.,/Jﬁ//ézw 7’////5“;_;( : Approved -
- Regan Ca_mJnm‘&m Engrwer of Mategale and Tess
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Compaction Data Sheet

SGC Pills and AVC Beams
County and Mix Type: Hamilton 411 D
Theoretical Maximum (Rice) Specific Gravity = 2323
SGC Pills AVC Beams
75 mm X 150mm 75 x 125 x 300 mm
1 2 1 2
Mass of Sample Before Compaction, % 2795.2 2975.1 6185.1 6185.0
(Ib) 6.2 6.6 13.6 13.6
Mold Temperature, ° C| 156.7 151.7 143.3 143.3
P 314.0 305.0 290.0 290.0
Mix Temperature, ° C 148.3 149.4 148.9 1483
) 299.0 301.0 300.0 299.0
Number of Gyrations| 10 9 N/A N/A
Compacted Height, mm| 74.9 74.6 N/A N/A
(in.) 2.9488 2.9370 N/A N/A
Vertical / Back Pressure (kPa), N/A N/A 413.7/137.9 | 413.7/137.9
(pst) N/A N/A 60/20 60/20
Compaction Time, sec. N/A . N/A 30.0 30.0
Dry mass (A), gf 2768.5 2776.2 6146.2 6153.9
(Ib) 6.1 6.1 13.6 13.6
Dry mass with Parafilm (D), g| 2778.6 2786.7 6157.6 6164.5
(1b) 6.1 6.1 13.6 13.6
Wet mass with Parafilm (E), g 1462.1 14729 3324.6 3356.9
(1b) 3.2 3.2 7.3 74
Wet mass w/o Parafilm (C),EH 1496.0 1503.5 3388.5 3405.0
(1b), 3.3 33 7.5 7.5
Saturated Surface Dry mass (B), gl 27756 2780.7 6150.6 6159.0
(Ib) 6.1 6.1 13.6 13.6
Specific Gravity (Gmb), SSD 2.164 2.174 2.225 2.235
Specific Gravity (Gmb), Parafilm 2.130 2.142 2.184 2.206
VTM =[1-(Gmb/Gmm)], SSD (%) 6.9% 6.4% 42% 3.83%
VTM = [1-(Gmb/Gmm)], Parafilm (%), 8.3% 7.8% 6.0% 5.0%
NCAT Asphalt Content (%) 7.6% 7.6% 7.6% 7.6%
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APA Dial Gauge Readings, mm

Mix Type:  Hamilton 411 D

SGC Pill # 2 SGCPill# 1
Cycles Initial 500 1000 4000 8000 Initial | 500 | 1000 4000 | 8000
Aft Rear 10.27 6.90 5.67 2.72 0.50 -N/A-
Aft Front 10.36 1.71 6.65 3.94 1.62 -N/A -
Middle -N/A - -N/A-
Fwd Rear -N/A - 11.06 7.72 6.50 3.78 1.59
Fwd Front -N/A - 11.00 8.34 7.29 5.03 3.27
APA Measured Rut Depth Values, mm
|
SGCPill#2 SGCPill # 1
Cycles 500 1000 4000 8000 Cycles 500 1000 4000 8000
Aft Rear 3.37 4.60 7.55 9.77 FwdRear | 3.34 4.56 7.28 9.47
Aft Front 2.65 3.71 6.42 8.74 Fwd Front | 2.66 3.71 5.97 7.73
Average 3.01 4.16 6.99 9.26 Average 3.00 4.14 6.63 8.60
Cycles 500 1000 4000 8000
Average 3.01 4.15 6.81 8.93
Both Pills
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County & Mix Type:

Project Number:

Appendix A —22

Jackson 307 BM

5185
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STATE OF TENNESSEE ASPHALT JOB MIX FORMU sz remtan

-v-73
&3 Date: _ane/ss
Project Ref. No. County Jackson Region 1
Proj. No. 44004-4235-04 Contract No. 5185
Type - BPMB-HM Sec. No. 307-BM/RAP Arlicle 307m-03.15
Contracta Highway Materials Subcontractor: N/A
State Rt. s6  |TOTAL MIXINCLUDING BITUMEN | Dateof Lelting 320588
MATERIAL  [5®8N yoixmsing PRODUCER AND ADDRESS xuszD
CA 57 25mm-pan Rogers Group Algood, TN 3816
Med. CA1r2 12.7mm-pan Rogers Group Algood. TN 14.31
Screenin B.D. 4.75-pan .. oo 9.54
Sand 4.75-pan Highways, inc. Monterey. TN 19.08
RAP 25mm-pan Highways. Inc Algood. TN 14.31
Asphalt Cement  |Pesd-22 Ergon -Nashville.Tn. 4.50
Anti-Strip TYPE: Pavebond-Lite DOSAGE RATE: 0
% Fractured Faces on +4 Material: % Glassy Pasticles on +4 Material [ 100%
100 PERCINT MINZRAL AGGRIGATE AGGRZGATZ ANALY SIS TOTAL PZRCINT PASSING
SCREEN | TtLRazzieg | Requested C.A |McdC A|Screcnings] Sind 242 | Calculsted
Dezign Raagd  Percent RPercem Rescent Percest Rerceat Rercemt Wix
Temp | 275325 | 300°F 40 15 10 20! 15 100.0
ZAC. | 4262 456 j425495 (Washed Gradations)
Compaction Temp:  280-290 AC.InRAP: 5.1
Mixing Temp: 295-305 Theo 2501
S0mm : Im = =97
37.5mm
31.5mm
25mm 100 100.0 100 100.0 100.0 00.0 100.0 1000 100.0
19mm | 85100 | 930 |873987 5.0 100.0 100.0 100.0 95.0 93.0
16mm
12.7mm
9.5mm | 5979 630 | 573687 240 63.0 100.0 100.0 90.0 63.0
4.75um | 42-61 430 3947 7.0 10.0 94.0 98.0 66.0 43.0
23%6mm | 2947 350 |31.7-383 50 5.0 58.0 93.0 3.0 35.0
600wm | 1327 | 240 |207-273 40 5.0 240 29[S 310 24.0
300um 7-20 110 | 7.7-143 40 40 180 200 RS 20.0 11.0
150um 410 6.0 4476 30 4.0 14.0 30 150 6.0
75um 065 19 2355 20 20 10.0 1.0 10.0 39
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Compaction Data Sheet

SGC Pills and AVC Beams
County and Mix Type: Jackson 307 BM
Theoretical Maximum (Rice) Specific Gravity = 2.496
SGC Pills AVC Beams
75 mm x 150mm 78 x 125 x 300 mm_
1 2 1 2
Mass of Sample Before Compaction, g 3000.0 3000.0 6740.5 6740.0
(Ib) 6.6 6.6 14.9 14.9
Mold Temperature, ° C| 104.4 119.4 1433 143.3
(°F 220.0 247.0 290.0 290.0
Mix Temperature, ° C| 146.7 147.2 1494 148.9
F) 206.0 297.0 301.0 300.0
Number of Gyrations| 16 16 N/A N/A
Compacted Height, mm 75.2 752 N/A N/A
(in.) 2.9606 2.9606 N/A N/A
Vertical / Back Pressure (kPa) N/A N/A 413.7/1379 | 413.7/137.9
(psi) N/A N/A 60/20 60/20
Compaction Time, sec. N/A N/A 30.0 30.0
Dry mass (A), g 2987.6 2992.9 6695.2 6675.8
(Ib) 6.6 6.6 14.8 14.7
Dry mass with Parafilm (Dﬁ'; 2995.0 3000.4 6705.6 6685.6
(Ib) 6.6 6.6 14.8 14.7
Wet mass with Parafilm (ELg’» 1681.1 1685.0 3780.9 3755.9
(Ib) 3.7 3.7 8.3 8.3
Wet mass w/o Parafilm (C), g 1730.6 1732.6 3883.5 3878.5
(Ib) 3.8 3.8 8.6 8.6
Saturated Surface Dry mass (B), _gl 3007.1 3011.6 6722.8 6709.8
(Ib) 6.6 6.6 14.8 14.8
Specific Gravity (Gmb), SSD 2.340 2.340 2.358 2.358
Specific Gravity (Gmb), Parafilm| 2.295 2.297 2.303 2.291
VTM =[1-(Gmb/Gmm)], SSD (%) 6.2% 6.2% 5.5% 5.5%
VTM = [1<Gmb/Gmm)), Parafilm (%) 8.0% 8.0% 7.7% 8.2%
NCAT Asphalt Content (%), 4.5% 4.5% 4.5% 4.5%
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APA Dial Gauge Readings, mm

Mix Type: __Jackson 307 BM __
SGCPill #2 SGCPili # 1
Cycles Initial 500 1000 4000 8000 Initial | 500 | 1000 | 4000 | 8000
Aft Rear 11.52 10.46 9.92 1.75 6.57 - N/A -
Aft Front 11.50 10.33 10.02 8.42 6.92 - N/A -
Middle -N/A - - N/A -
Fwd Rear - N/A - 11.34 9.89 9.11 7.00 5.90
Fwd Front -N/A- 11.06 9.84 9.09 7.08 6.02
APA Measured Rut Depth Values, mm
SGCPill#2 SGCPill# 1
Cycles 500 1000 4000 8000 Cycles 500 1000 4000 8000
Aft Rear 1.06 1.60 3.77 4.95 Fwd Rear [ 145 2.23 434 5.44
Aft Front 117 1.48 3.08 4.58 Fwd Front | 1.22 1.97 3.98 5.04
Average 1.12 1.54 3.43 4.77 Average 1.34 2.10 4.16 5.24
Cycles 500 1000 4000 8000
Average 1.23 1.82 3.79 35.00
Both Pills
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Appendix A —23

County & Mix Type: Jackson 411 D

Project Number: 5185
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STATE OF TENNESSEE ASPHALT JOB MIX FORMU e temtas

—
5—‘\'9: Same as /N 4871
& Date: 4r20/38
Project Ref. No. County Jackson Region |l
Proj. No. 44004 4235 04 Contract No. 5185
Type. ACS-HM Sec. No. 411m-D Article 411m-01.01..02
Contractc Highway Materials Subcartractor; N/A
State At TOTAL MIX INCLUDING BITUMEN [ Date of Lelting 32038
MATERIAL  |%®®" 7% pasing  PRODUCER AND ADDRESS x082D
CA 0.00
Med.CA 16mm-pan Rogers Group-Gorrdsville.Tn. 47.30
Screenir 8.D. 4.75-pan Rogers Group-Algood.Th. 20.81
Sand 4.75-pan Highway Materials-Monterey.Tn. 26.49
RAP 0.00
Asphalt Cement _ |PGs4-22 Ergon Nashville. TN 5.40
Anli-Stip TYPE: Pavebond LP DOSAGE RATE: 22703
% Fractured Faces on +4 Material: % Glassy Particles on +4 Material 0 100 %
100 PZXCTNT MINZRAL AGGREGATE AGGREGATZ ANALY XIS TOTALPERCINTASSING
SCREEN | Tt Paszing | Requeted C.A Med C. A BD Sand QA2 Calculxted
Design Road  Darcemt Rercem Percest | Rercem Rescemt Percem Mix
Temp | 275325 | 3000 S0 22 28
%AC. | 5370 54 1505575 (Washed Gradations)
Compaction Temp.: 280-290 Lo zs
Mixing Temp: 295-305 Theo: 2.484
SOmm-2" - 1= {9
37.5mm-1.5
4.5mm-1.25
25mm-1"
19mm-34| b
16om-8] 100 100.0 100 1000 | 1000 100.0 100.0
125mm-1] 95100 | 985 | 92.8-100 97.0 100.0 100.0 98.5
3.5mm-3¥/8] 8093 86.0 | 803-91.7 720 100.0 100.0 86.0
A7Smm-84 5476 559 | 51.9-59.9 16.0 93.0 930 55.9
236mm-34  35-57 413 | 38.0445 S0 $8.0 9.0 413
600um-30| 17-29 272 | 239305 40 2022y 719075p 772
300um-50| 1018 | 111 | 78-144 30 18.0125] 200259 11.1
1S0um-104  3-10 4.7 3.1-63 2.0 13.0 30 47
75um-200|  0-65 37 21-53 20 110 10 37

180



poacsddy Coy7 usupoeds g2 Joj suein 1 oy tip-dg
TTAZZ°Z t4p *ds jusieddy 68y 8+ Y (1usjued gy Kue 3v)
T B2Z (4sl) opivy yibuesys sLysue] xu T 58T tap ds wing BBy T (H) *Avig ‘oayjy
27— PrRY IO 0 oAy )ppy 8dk] % yunouwy '8 vojydsosqy 88y
(Uva) opy1vy v o} yeng % sotojysug Kese|p B0y oy ‘up'ds
ez K3janap Le3)yos00y] Juno) edej posnyovsy B8Oy v ~ 001
ey UsIU0) Oy pepusuwosey (101) vojajudy uo ssoy BBy ] » (1) "sBBy 'Awip *})3
i’ *80Z-1 OLHSYY AQq poujuwiejep sv () X}N ‘*Aesp -oeyjy
G2l VIEAT] <Bay CVAL] cBay
2| 0027 n w%w. L7877 \OTI5T7 £
~7 |\~ 50T 57 SIE7 | W N 2377 | 29817 Z
S WL 57 27 WUl 2 N - 5 74 I 0 i 3 W A Y21 N2 A SANE T m@.ﬂa 77
A2 0255 7] -day ) 7658 ] “Bay —
v Z | ovzo] LR TG RS WERY AR R —f
25| vorts AR AN A A L
S A U A WV E¥C |97 | F | R | T | TR | e | s [ e R | T
Lo (224 *Bay Y7 . By
DE|_o0epT s6'e |OWE | FT7L7 mew < L& ¥
S ©0037 96 ¢ | T | 278 89007 <
T | Toe057 | RTT §Z29 TL7 | e || SvEs | 02| Teos m.ﬁw KAV R A TR IR /
2] <0ge/] ‘bay TTE 7] ‘6Ay |
3cC| oorar| . T | T S0 TI57 €
A 1AV TPC7 | BTG | XS 0| TRz | T <
LA A 2ZlE LZ7 (WA Filh] AR R ARAN A A A EC T W YA .3 /
A 1 ooLx
Au< ‘U9 dS .ﬂ.al - H/9— |Moleq| mMoteq
OXp°29|00Lx oxy ] =001l 00l 5908 ¥08g 473 3-0 —_—
H 1 A r 1 H 1] 4 3 a 0 € \
(u80°) reqq 494 oY Yim (vin) ¥HA | "eBBy| x)H | ‘oedg!-oedg|seyem| qss [ayv ur|'8By x|ov x| -on
motd [Kyptrqeas] am POLLL4 88y cuiW| 1m10g |cawan| casap| caen| ramm] ug otduss
viun PIOA % SPIOA %1%P30A %] w")s3|u‘ooyp| apds| *(oa[ usujoeds |jeyvien
Alng 'wRIp ~ yBjem
2307 oy "ip'dg 2 uoybay NM.NA.H\\\.“- CA~FTL -G "o sausisjoy y3efoug
75y £ wmMolg 1ouwwey ‘oy \t(d\(.w.w.c\.m Kyunoy =775 XYW 40 edky

J0y3843u0p Nwwm« *ON 32®sju0y E&~47-2 %ivg

NOIS30 XIW--SIVHSHYH 1

181



‘ww ‘(Jomod G0 O) pasiey) ‘azis ansis

(0]] S/E o'sc o6l g¢cL S'6 Sy 9ee 8L'L 090 0£0SL'0 S/00
4
A
rd
$UOZ pajolsay \
anedladng \
\\
y \
\ 4
\\
\\
. pd
—
aul AsuaqQ wnwixepy QL L UoSHoEr

jeulwoN ww G°ZL
uolepelsy ubisaq xiN

00

ool

o0'oc

o’oe

oov

0°0S

008

0'0L

0’08

0°06

o‘ooL

puissed juaaiagd

182



Compaction Data Sheet
SGC Pills and AVC Beams

County and Mix Type:

Jackson 411 D

Theoretical Maximum (Rice) Specific Gravity = 2.489
SGC Pills AVC Beams
75 mm x 150mm 75 x 125 x 300 mm
1 2 1 2
Mass of Sample Before Compaction, g 2970.0 2970.0 6620.3 6620.3
(Ib), 6.5 6.5 14.6 14.6
Mold Temperature, ° C| 129.4 118.3 143.3 143.3
(CF) 265.0 245.0 290.0 290.0
Mix Temperature, ° C 1483 1483 149.4 148.9
(°F) 299.0 299.0 301.0 300.0
Number of Gyrations| 5 6 N/A N/A
Compacted Height, mm| 74.8 74.6 N/A N/A
(in.) 2.9449 2.9370 NA NA
Vertical / Back Pressure (kPa) N/A N/A 413.7/137.9 | 413.7/137.9
(psi) N/A N/A 60/20 60/20
Compaction Time, sec. N/A N/A 30.0 30.0
Dry mass (A), g}  2953.3 2952.5 6585.3 6585.7
(Ib) 6.5 6.5 14.5 14.5
Dry mass with Parafilm (D), g|  2962.1 2960.9 6596.4 6597.2
(Ib) 6.5 6.5 14.5 14.5
Wet mass with Parafilm (E), g 1647.9 1651.5 3746.4 37772
(Ib) 3.6 3.6 83 83
‘Wet mass w/o Parafilm (C), 8l 1693.2 1692.3 3816.9 3838.0
(Ib) 3.7 37 8.4 8.5
Saturated Surface Dry mass (B), g| 29714 29704 6597.1 6595.0
(Ib) 6.6 6.5 14.5 14.5
Specific Gravity (Gmb), SSD 2.311 2.310 2.369 2.389
Specific Gravity (Gmb), Parafilm| 2273 2.279 2.326 2.351
VTM =[1-(Gmb/Gmm)], SSD (%) 7.2% 7.2% 4.8% 4.0%
VTM = [1-(Gmb/Gmm)], Parafilm (%) 8.7% 8.4% 6.6% 5.5%
NCAT Asphalt Content (%) 5.9% 5.9% 5.9% 5.9%
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Mix Type:

APA Dial Gauge Readings, mm

Jackson 411 D

SGCPill#2 SGCPill# 1
Cycles Initial 500 1000 4000 8000 Initial | 500 | 1000 [__4000 | 8000
Aft Rear 10.13 6.60 5.41 2.58 0.98 -N/A -
Aft Front 10.29 712 5.75 2.79 0.45 - N/A -
Middle - N/A- -N/A -
Fwd Rear -N/A - 10.96 6.55 5.15 2.31 0.24
Fwd Front - N/A - 10.92 6.75 5.57 3.06 0.96
APA Measured Rut Depth Values, mm
SGCPill #2 SGCPill#1
Cycles 500 1000 4000 8000 Cycles 500 1000 4000 8000
Aft Rear 3.53 4.72 7.55 9.15 Fwd Rear 441 5.81 8.65 10.72
Aft Front 3.17 4.54 7.50 9.84 Fwd Front 4.17 5.35 7.86 9.96
Average 3.35 4.63 7.53 9.50 Average 4.29 5.58 8.26 10.34
Cycles 500 1000 4000 8000
Average 3.82 5.11 7.89 9.92
Both Pills
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Appendix A — 24

County & Mix Type: Marion 411 D

Project Number: 5239
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hﬂ'}&L
STATE OF TENNESSEE ASPHALT JOB MIX FORMULA L°' ::":.;'1‘;'11.

214 -
"o ‘ % """""""""""

Preject Reference NO. oo o ooeeccmmeem County .S L/ eddld /N Remon -.02_ ——
Project 5 - -
Type L. Ll
dontractor = 4 . _[%.
State Rt. No. —__ccoccaan by A " Dateof Letting M/Z{_

MATERIAL Tatal P!sc:::anPlnu;‘ PROTUCER AND ADDRESS ‘ Percent Used
C.A.

et A 5 Fpn M ulean I, (Dettynrngs &2 44 &
Sereenines - Lo |\ Mltan VI Lothodishise Fr | 73.3
- o | Spd duples, Sudemee S A3.3
Asphalt Cement //é’é gﬁi MM (Patonipiz .95

Anti-Strip Type: 2l Dosdge Rate: , 5%
% Fractured Faces on Plus No. 4 Materisl: ____ X Glassy Particles on Plus No. & Material: ‘ 100%
100 PERCENT MINERAL AGGREGATE AGGREGATE ANALYSIS TOTAL PERCENT PASSING
T I I A R

wac BFT0|0585 O\ ///
o 7 A8

2 ° ) . [

172

s8_* /00 /00 72N/ A 0
% I5-/p0 | A2 223 0\ A
#* 73 | 45 & | 200 (100 [ D.<
No. DU | 48.3 ) | g |95 48,2

s 3557 | 454 IR |58 | 51 45§
Yo 9 |/70509 | b 70 (5B \6F A |
w -/ |47 4-2 |02 Kb A7
o100 | B-/) .5 43 |\ /4 | 3S 6.5
wm |)-65S | 42 - 17/ /S L

Requested -_-.éQ. 24 .m&-) ————— Approved . /W///

Contractor Regwon i[.?.'n.u Engineer

I
R gion Construction Engtnee Zneinesr of Matertals and Teste
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Compaction Data Sheet

SGC Pills and AVC Beams
County and Mix Type: Marion 411 D
Theoretical Maximum (Rice) Specific Gravity = 2.305
SGC Pills AVC Beams
75 mm x 150mm 75 x 125 x 300 mm
1 2 1 2
Mass of Sample Before Compaction, g 2740.4 27403 N/A N/A
(Ib) 6.0 6.0 N/A N/A
Mold Temperature, ° C 147.8 148.9 N/A N/A
CF)] 2980 300.0 N/A N/A
Mix Temperature, ° C 146.7 1478 N/A N/A
(°F) 296.0 298.0 N/A N/A
Number of Gyrations| 10 9 N/A N/A
Compacted Height, mm 74.9 75.0 N/A N/A
(in)] 29488 2.9528 N/A N/A |
Vertical / Back Pressure (kPa) N/A N/A N/A N/A
(psi) N/A N/A N/A N/A |
Compaction Time, sec. NA  N/A N/A N/A
Dry mass(A), g}  2725.0 27207 N/A N/A
(1b) 6.0 6.0 N/A N/A
Dry mass with Parafilm (D), g| ~ 2734.7 2729.3 N/A N/A
(Ib), 6.0 6.0 N/A N/A
Wet mass with Parafilm (E), g]  1411.0 1410.9 N/A N/A
(Ib) 3.1 3.1 N/A N/A
Wet mass wio Parafilm (C), ]~ 1455.9 1451.2 N/A N/A
(Ib) 3.2 3.2 N/A N/A
Saturated Surface Dry mass (B), g} ~ 2743.7 2737.1 N/A N/A
(Ib) 6.0 6.0 N/A N/A
Specific Gravity (Gmb), SSD 2.116 2.116 N/A N/A
Specific Gravity (Gmb), Parafilm| 2,084 2.086 N/A N/A
VTM =(1-(Gmb/Gmm)], SSD (%) 8.2% 8.2% N/A N/A
VTM = [1-(Gmb/Gmm)], Parafilm (%) 9.6% 9.5% N/A N/A
NCAT Asphalt Content (%) 7.2% 7.2% N/A N/A
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Mix Type:

APA Dial Gauge Readings, mm

Marion 411 D

SGCPill#2 SGCPill#1
Cycles Initial 500 1000 4000 8000 Initial | 300 | 1000 | 4000 | 8000
Aft Rear 11.13 8.66 7.67 4.54 2.74 ~N/A-
Aft Front 11.48 9.03 8.13 5.29 331 - N/A -
Middle -N/A - - N/A-
Fwd Rear -N/A- 11.59 8.67 7.70 5.36 3.53
Fwd Front -N/A - 11.54 8.62 7.57 5.19 3.61
APA Measured Rut Depth Values, mm
SGCPill#2 SGCPill #1
Cycles 500 1000 4000 8000 Cycles 500 1000 4000 8000
Aft Rear 247 3.46 6.59 8.39 FwdRear [ 2.02 3.89 6.23 8.06
Aft Front 245 3.35 6.19 8.17 | Fwd Front | 2.92 3.97 6.35 7.93
Average 2.46 3.41 6.39 8.28 ‘ Average 2.92 3.93 6.29 8.00
Cycles 500 1000 4000 8000
Average 2.69 3.67 6.34 8.14
Both Pills
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Appendix A —25

County & Mix Type: Maury 411 S
Project Number: 5308
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’(’_‘fi_ﬁ‘?jsmrs OF TENNESSEE ASPHALT JOB MIX FORMULA

Date: 6/18/98
Project Ref. No. Se County Maury Region 1]
Proj. No. 60002-4270-04 Layer Surface Contract No. 5308
Type ACS-HM Sec No. 411-8 Article 01.01-01.02
Contractor Lojac Ent. Subcontractor
St. Route Total Mix including Bitumen Date of Letting
Matenal Size Range or Type Producer and Address % Used
"D" Rock 5/8"-Pan Bums Stone. Bums, TN RSNy
Hard #10's 3/8"-Pan Bumns Stone. Bums. TN 1888 2.8 4
Soft #10's 3/8"-Pan Vulcan, Franklin. TN P38 )M, 18
Washed Scr. 1/4"-Pan Columbia Rock. Columbia. TN 44 9,42
RAP/Filler 0.00
Asphait Cement PG 84-22 Ergon, Nashville, TN 66~ 5.0
Anti-Strip Pave Bond Lite Dosage Rate: 0.3%
% Fractured Faces on +4 Matenial: N/A % Glassy Particles on +4 Material N/A 100.0
100 PERCENT MINERAL AGGREGA AGGREGATE ANALYSIS TOTAL PERCENT PASSING
Screen TU.Paseng  Requested | "D"Rock  Hard#10s  So&#10s  WashedScr.  RAPTFiller  Cacusted
Dessgn Range Percent Percent Percont Percent Percent Percent Mx
Temp 300°F 55.0 20.0 15.0 10.0 0.0 100.0
% AC 58 56 NCAT Fumace Corr. Factor.  N/A
Compaction Temp:  295-305 Loss On Ignition: 260
Mixing Temp: 305-315 Theoretical Maximum Density: 2238~ |[2.w2s
AC in RAP: 0.0
(Washed Gradations)
2" 100 100.0 100.0 100.0 100.0 100.0 100.0
112" . 100 100.0 100.0 100.0 100.0 100.0 100.0
1" 100 100.0 100.0 100.0 100.0 100.0 100.0
3/4" 100 100.0 100.0 100.0 100.0 100.0 100.0
12" 98 87.0 100.0 100.0 100.0 100.0 98.4
3/8" 84 70.0 100.0 100.0 100.0 100.0 83.5
#4 49 11.0 97.0 91.0 99.0 98.0 43.0
#8 33 4.0 68.0 61.0 76.0 93.0 3286
#16 22 3.0 48.0 40.0 48.0 75.0 22.1
#30 14 25 28.0 30.0 29.0 62.0 14.4
#50 10 2.0 20.0 25.0 12.0 12.0 10.1
#100 7.8 1.8 15.0 20.0 8.0 2.0 7.8
- #200 2-8 6.1 1.7 12.0 15.0 5.0 1.0 6.1
Requested_ /p .74 o Approved %Z , % y-10.98
Canrecir Region Watenais Engneer

Approved

Engmesr of Matenak and Tesrs

Approved
qu Construction Engmnesr
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Compaction Data Sheet

SGC Pills and AVC Beams
County and Mix Type: Maury 411 8
Theoretical Maximum (Rice) Specific Gravity = 2.437
SGC Ppills AVC Beams
75 mm x 150mm 75 x 125 x 300 mm
1 2 1 4
Mass of Sample Before Compaction, gl 29301 6400.0 6700.0
(Ib), 6.5 . 14.1 14.8
Mold Temperature, ° C| 104.4 137.8 137.8
(@) 220.0 220.0 280.0 280.0
Mix Temperature, ° C 149.4 147.2 1472 1494
F) 301.0 297.0 297.0 301.0
Number of Gyrations| 82 75 N/A N/A
Compacted Height, mm 75.4 75.4 N/A N/A
(in. 2.9685 2.9685 N/A N/A
Vertical / Back Pressure (kPa N/A N/A 413.7/1379 | 551.6/137.9
(psi) N/A N/A 60/20 80/20
Compaction Time, sec. N/A - N/A 60.0 95.0
Dry mass (A), gf 2887.9 2883.7 6361.5 6653.7
(Ib) 6.4 6.4 14.0 14.7
Dry mass with Parafilm (D), gl 2896.8 2892.5 N/A N/A
(Ib) 6.4 64 N/A N/A
Wet mass with Parafilm (E), gf  1572.2 1569.8 N/A N/A
(Ib) 3.5 3.5 N/A N/A
Wet mass w/o Parafilm ©). g 1631.9 1628.8 3539.1 3734.8
(Ib) 3.6 3.6 7.8 8.2
Saturated Surface Dry mass (B), g| 29064 29024 6378.2 6665.8
(16) 6.4 6.4 14.1 14.7
Specific Gravity (Gmb), SSD 2.266 2.264 2.241 2.270
Specific Gravity (Gmb), Parafilm| 2.205 2.205 N/A N/A
VTM =[1-(Gmb/Gmm)], SSD (%), 7.0% 1.1% 8.1% 6.8%
VTM = [1-(Gmb/Gmm)], Parafilm (%) 9.5% 9.5% N/A N/A
NCAT Asphalt Content (%) 6.2% 6.2% 6.2% 6.2%
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Mix Type:

APA Dial Gauge Readings, mm

Maury 411 §

SGCPill #2 SGCPill#1
Cycles Initial 500 1000 4000 8000 Initial | 500 | 1000 | 4000 | 8000
Aft Rear 11.93 10.69 10.14 9.05 8.21 -N/A -
Aft Front 12.13 11.29 10.87 9.46 8.36 -N/A -
Middle -N/A - - N/A -
Fwd Rear -N/A - 12,74 11.59 11.20 10.11 9.39
Fwd Front - N/A - 12.76 11.68 11.22 10.25 8.58
Beam 1 Beam 4
Cycles Initial 500 1000 4000 8000 Initial 500 1000 4000 8000
Aft Rear 11.33 9.98 9.52 8.23 7.33 12.03 11.11 10.77 9.64 8.63
Aft Front 11.88 10.87 10.52 9.60 8.91 12.35 11.06 10.80 9.80 9.03
Middle 11.65 10.99 10.66 9.92 9.64 12.27 11.04 10.82 9.87 9.09
Fwd Rear 11.75 11.11 10.89 9.96 9.09 12.02 10.97 10.74 10.21 9.79
Fwd Front 11.83 11.12 10.85 9.83 9.21 12.00 11.05 10.67 9.67 8.86
APA Measured Rut Depth Values, mm
SGCPill#2 SGCPill #1
Cycles 500 1000 4000 8000 Cycles 500 1000 4000 8000
Aft Rear 1.24 1.79 2.88 3.72 Fwd Rear 1.15 1.54 2.63 3.35
Aft Front 0.84 1.26 2.67 3.77 Fwd Front 1.08 1.54 2.51 4.18
Average 1.04 1.53 2.78 3.75 Average 1.12 1.54 2.57 3.77
Cycles 500 1000 40090 8000
Average 1.08 1.53 2.67 3.76
Both Pills
Beam 1 Beam 4
Cycles 500 1000 4000 8000 500 1000 4000 8000
Aft Rear 1.35 1.81 3.10 4.00 0.92 1.26 2.39 3.40
Aft Front 1.01 1.36 2.28 2.97 1.29 1.55 2.55 3.32
Middle 0.66 0.99 1.73 2.01 1.23 1.45 240 3.18
Fwd Rear 0.64 0.86 1.79 2.66 1.05 1.28 1.81 2.23
Fwd Front 0.71 0.98 2.00 2.62 0.95 1.33 2.33 3.14
Averages
All 5 0.87 1.20 2.18 2.85 1.09 1.37 2.30 3.05
Middle 3 0.77 1.07 1.93 2.55 1.19 1.43 2.25 2.91
Middle Excluded 0.93 1.25 2.29 3.06 1.05 1.36 2.27 3.02
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Appendix A - 26

County & Mix Type: Montgomery 307 S

Project Number: 5382
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qg/},’ 4 {7 STATE OF TENNESSEE ASPHALT JOB MIX FORMULA
Date 09-21-68
Project Reference No. 63-011-4235-04 County MONTGOMERY Region 3
Project No. " - X Contract No 5382
Type BPMB - HM Sec. No. '307-S Article No.
Contractor McINTOSH CONSTRUCTION Subcontractor
StateRt.N 48/13 TOTAL MIX INCLUDING BITUMEN Date of Letting 7 -24 - 98
MATERIAL SCREEN PRODUCER AND ADDRESS PERCENT
Total Percent Passing T USED
8 57 Stone 25.4 mm - PAN VULCAN MATERIALS *'*- CLARKSVILLE, TN _ 33320
§/8" D - Rock 1.0 fum - PAN . VULCAN MATERIALS . CLARKSVILLE, TN 19.040
# 10 Screenings 9.5 mm - PAN VULCAN MATERIALS CLARKSVILLE, TN 19.040
Mfg. Sand 9.5 mm - PAN VULCANMATERIALS . - . CLARKSVILLE, TN " 23800
Asphalt Cement PG64-22 MARATHON - ASHLAND  * " NASHVILLE; TN . | . 48
AntiStrip, Type:KLING BETALO Dosage Rate:0.5% e RIS
% Fractured Face on Plus No.4 Material % Glassy Particles on Pius No,4 Material = - . N | 100%
100 PERCENT MINERAL AGGREGATE T T AGGREGATE ANALYSIS TOTAL PERCENT PASSING "
SCREEN | ToulPassing | Requested | Tolerance o 57 58" D - g0t | . Mg Filler - | Calcutate
Mastar Range Percent Percont Stone~ -{ - Rock Screenings Sand Percent Mix
Temp. - 159-166°C 166 35 20 =20 s
%A.C. ‘4.2-6.2 48 -
254 mm 100 100 - * 1000" 100.0 100.0° 1--~1000 . 100.0
19.0 mm 90- 100 . 6. 88.s - 100.0 100.0 1000 96.0
12.5 mm 326 87.1 ‘1000 °] - 1000 ) 73.8
9.5mm. - - 13.4 53.0 . -100.0 1000 = 60.3
4.75mm . 1.5 25 74.1 95.9 . 39.8
236 mm_ 23.49 T 09 18 , . 427 o817 296
1.18 mm 07 1.6 . 2.2 478 19.4
600 um 07" 1.5 20.6 72 1.5
300 um -~ . 07 15 18.4 132 -f... 78
150 um . 0.57 131 17.70 3.92 4.98
75um ‘2-8 3 0.50 11§ 10.20 ‘2.04 296
: S B 2z vy
Requested /«a(ﬁ 765K Approved G-2508
4 Contractor . Reglon Materials Engineer
Approved Q‘c\_, 80.‘,,/ Approved M f lo-5 i{
/ v / Region Construction Engrneer \ ﬁ Engineer of Materials and tasts
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Compaction Data Sheet

SGC Pills and AVC Beams
County and Mix Type: Montgomery 307 S
Theoretical Maximum (Rice) Specific Gravity = 2.486
SGC Pills AVC Beams
75 mm x 150mm 75 x 125 x 300 mm
1 2 1 2
Mass of Sample Before Compaction, g 2970.0 2970.0 6735.1 6735.2
(Ib) 6.5 6.5 14.8 14.8
Mold Temperature, ° C| 1283 133.9 126.7 126.7
(°F) 263.0 273.0 260.0 260.0
Mix Temperature, ° C 147.2 147.8 1472 1483
P 297.0 298.0 297.0 299.0
Number of Gyrations 69 97 N/A N/A
Compacted Height, mm 75.3 75.4 N/A N/A
(in.) 2.9646 2.9685 N/A N/A
Vertical / Back Pressure (kPa) N/A N/A 413.7/137.9 | 413.7/1379
(psi) N/A N/A 60/20 60/20
Compaction Time, sec. N/A N/A 60.0 70.0
Dry mass (4), g__! 2944.6 2947.6 6642.9 6686.0
(Ib) 6.5 6.5 14.6 14.7
Dry mass with Parafilm (D). g]  2952.1 20554 6654.7 6697.6
(Ib) 6.5 6.5 14.7 14.8
Wet mass with Parafilm (E), g| 1632.5 1633.6 3584.1 3682.7
(Ib) 3.6 3.6 7.9 8.1
Wet mass w/o Parafilm (C), g 1694.0 1693.6 3759.3 3806.0
(Ib) 3.7 3.7 8.3 8.4
Saturated Surface Dry mass (B), g 2962.8 2964.3 6703.5 6715.7
(Ib‘)WE 6.5 6.5 14.8 14.8
Specific Gravity (Gmb), SSD 2.321 2.320 2.256 2.298
Specific Gravity (Gmb), Parafilm 2.253 2.252 2.177 2.232
VTM =[1-(Gmb/Gmm)], SSD (%) 6.6% 6.7% 9.2% 7.6%
VTM = [1-(Gmb/Gmm)], Parafilm (%), 9.4% 9.4% 12.4% 10.2%
NCAT Asphalt Content (%) 5.3% 53% 5.3% 5.3%
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APA Dial Gauge Readings, mm

Mix Type: Montgomery 307 §

SGCPill #2 SGCPill # 1
Cycles Initial 500 1000 4000 8000 Initial | 500 | 1000 | 4000 | 8000
AR Rear 12.06 1132 10.99 10.11 9.57 -N/A-
AR Front 12.05 10.95 10.55 9.74 9.16 -N/A-
Middle -N/A - -N/A-
Fwd Rear -N/A- 10.93 10.18 9.85 9.04 8.50
Fwd Front -N/A - 10.81 9.94 9.78 9.11 8.53
Beam 1 Beam 2
Cycles Initial 500 1000 4000 8000 Initial 500 1000 4000 8000
Aft Rear 10.40 9.55 9.40 8.98 7.94 11.22 10.54 10.31 9.23 8.35
Aft Front 11.57 10.64 10.41 9.41 8.70 10.91 9.88 9.68 8.24 7.05
Middle 10.99 9.87 9.62 8.36 7.61 10.69 9.70 9.36 8.76 7.64
Fwd Rear 10.68 9.32 9.03 8.42 1.73 10.84 10.27 10.19 9.05 7.87
Fwd Front 9.35 7.62 7.24 6.34 5.73 9.51 .92 3.65 7.55 6.38

APA Measured Rut Depth Values, mm

SGCPill #2 SGCPill#1
Cycles 500 1000 4000 8000 Cycles 500 1000 4000 8000
Aft Rear 0.74 1.07 1.95 2.49 Fwd Rear 0.75 1.08 1.89 2.43
Aft Front 1.10 1.50 231 2.89 Fwd Front 0.87 1.03 1.70 2.28
Average 0.92 1.29 2.13 2.69 Average 0.81 1.06 1.80 2.36
Cycles 500 1000 4000 8000
Average 0.87 1.17 1.96 2.52
Both Pills
Beam 1 Beam 2
Cycles 500 1000_| 4000 8000 500 1000 4000 8000
Aft Rear 0.85 1.00 142 246 0.68 0.91 1.99 2.87
Aft Front 0.93 1.16 2.16 2.87 1.03 1.23 2.67 3.86
Middle 1.12 1.37 2.63 3.38 0.99 1.33 1.93 3.05
Fwd Rear 1.36 1.65 2.26 2.95 0.57 0.65 1.79 2.97
Fwd Front 1.73 2.11 3.01 3.62 0.59 0.86 1.96 3.13
Averages
All5 1.20 1.46 2.30 3.06 0.77 1.00 2.07 3.18
Middle 3 1.14 1.39 2.35 3.07 0.86 1.07 2.13 3.29
Middle Excluded 1.22 1.48 2.21 2.98 0.72 0.91 2.10 3.21
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County & Mix Type:

Project Number:

Appendix A —27

Pickett 411 S

5313
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- STATE OF TENNESSEE ASPHALT JOB MIX FORMULA
CapSLl_
. q- |‘-{-R [WoN
/ 85 Date: 9/4/98
roject Ref. No. County Pickett Region It
Proj. No. 67950-3503-04 _ . Layer Surface Contract No. 5313
Type A.C.S.-HM. Sec. No. 411M-D Article 411M-01,.01,.02
Contractor Highway Materials Subcontractor N/A
St. Route Total Mix including Bitumen Date of Letting 9/11/98
Material Size Range or Type Producer and Address % Used
CA.
Med. CA. 16mm-pan Livingston Limestone _ Livingston, Tn, 57.06
Screening 4.75mm-pan __lLivingston Limestone Livingston, Tn. 9.51
Nat. Sand 4.75mm-pan__ |Highways Inc. Monterey, Tn. 14.27
M.S. 4.75mm-pan  [Livingston Limestone Livingston, Tn. 14.25
Asphalt Cement PG64-22 Southem States/Marathon Nashville, Tn. 4.90
Anti-Strip Pave Bond Lite Dosage Rate: Ry
% Fractured Faces on +4 Material: NA % Giassy Particles on +4 Material N/A 100.0

100 PERCENT MINERAL AGGREGATE

AGGREGATE ANALYSIS TOTAL PERCENT PASSING

Screen  TH. Passing Requested|| CA. Med. CA. Screening Nat. Sand M.S. Calculated
Design Range  Percent [Percent Percent Percent Percent Percent Mix
Temp 275-325 300F 60.0 10.0 15.0 15.0 100.0
% AC 4.9 NCAT Fumace Corr. Factor:
Compaction Temp: 280-290 Loss On Ignition:  27.0
Mixing Temp: 295-305 Theoretical Maximum Density: 2.494
(2") 50mm AC in RAP:
(11/2) 37.5 (Washed Gradations)
(114) 315 S ]=27)
(17) 25mm
(3/4) 19mm
(5/8) 16mm 100 100 100.0 100.0 100.0 100.0 100.0
(1/2) 12.7 95-100 94 90.0 1000 |- 100.0 100.0 94.0
(3/8) 9.5 80-93 79 65.0 100.0 100.0 100.0 79.0
(#4) 4.75 54-76 52 22.0 . 93.0 98.0 99.0 52.1
(#8) 2.36 35-57 36 7.0 63.0 93.0 78.0 ~ 36.2
(16) 1.18 29 5.0 440 90.0 55.0 28.2
(#30) 600 17-29 21 4.0 31.0 75.0 30.0 21.3
(#50) 300 * 10-18 10 “1 3.0 220 240 16.0 100
(#100) 150 3-10 48~ KO8 2.0 16.0 3.0 8.0 A543 &
(#200) 75 0-6.5 3.2 2.0 11.0 1.0 5.0 3.2 ¢
Requested . ;..; E @ Approved o /}Z.QQ_AL
&J C. Spicer L/Tr129 Region Matartels Enginser
ippmved Approved
Region Engwrmer Engerer of Materisis and Tests
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Compaction Data Sheet

SGC Pills and AVC Beams
County and Mix Type: Pickett 411 S
Theoretical Maximum (Rice) Specific Gravity = 2492
SGC Pills AVC Beams
75 mm x 150mm 75 x 125 x 300 mm
1 2 1 2
Mass of Sample Before Compaction, g| 3000.0 3000.0 6735.3 6735.4
(Ib) 6.6 6.6 14.8 14.8
Mold Temperature, ° C 118.3 1144 143.3 137.8
(°F) 245.0 238.0 290.0 280.0
Mix Temperature, ° C 146.7 1483 1489 149.4
(°F) 296.0 299.0 300.0 301.0
Number of Gyrations| 30 27 N/A N/A
Compacted Height, mm| 75.2 75.3 N/A N/A
(in.) 2.9606 2.9646 N/A N/A
Vertical / Back Pressure (kPa) N/A N/A 413.7/137.9 | 413.7/137.9
(psi) N/A N/A 60/20 60/20
Compaction Time, sec. N/A N/A 50.0 50.0
Dry mass (A), g| 2983.5 2085.7 6697.1 6692.9
(lbj 6.6 6.6 14.8 14.8
Dry mass with Parafilm (D), gj 2991.3 2993.2 6708.1 6704.3
(Ib) 6.6 6.6 14.8 14.8
Wet mass with Parafilm (% 1667.7 1671.5 3784.8 3788.8
(Ib) 3.7 3.7 8.3 84
Wet mass w/o Parafilm (C), g]  1722.5 1719.8 3872.2 3865.8
(1b) 3.8 3.8 8.5 8.5
Saturated Surface Dry mass (B), gl 3007.8 3007.8 6710.2 6705.1
(Ib) 6.6 6.6 14.8 14.8
Specific Gravity (Gmb), SSD| 2.321 2.318 2.360 2.357
Specific Gravity (Gmb), Parafilm| 2276 2.281 2.305 2311
VTM =[1-(Gmb/Gmm)], SSD (%), 6.9% 7.0% 53% 5.4%
VTM = [1{(Gmb/Gmm)], Parafilm (%) 8.7% 8.5% 7.5% 7.3%
NCAT Asphalt Content (%) 5.0% 5.0% 5.0% 5.0%
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APA Dial Gauge Readings, mm

Mix Type: Pickett 411 §
SGCPill #2 SGCPill#1
Cycles Initial 500 1000 4000 8000 Initial | 500 | 1000 | 4000 [ 8000
ARt Rear 11.89 10.84 10.21 8.88 7.98 -N/A-
Aft Front 12.10 10.76 9.95 8.58 7.80 -N/A -
Middle -N/A - -N/A -
Fwd Rear -NA- 11.89 10.84 10.21 8.88 7.98 .
Fwd Front -N/A - 12.10 10.76 9.95 8.58 7.80
APA Measured Rut Depth Values, mm
SGC Pill #2 SGCPill # 1
Cycles 500 1000 4000 8000 Cycles 500 1000 4000 8000
Aft Rear 1.05 1.68 3.01 3.91 Fwd Rear | 1.05 1.68 3.01 3.91
Aft Front 134 2.15 3.52 4.30 Fwd Front | 1.34 2.15 3.52 4.30
Average 1.20 1.92 3.27 4.11 Average 1.20 1.92 3.27 4.11
Cycles 500 1000 4600 8000
Average 1.20 1.92 3.27 4.11
Both Pills
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County & Mix Type: Polk 411 D
Project Number: 5195

\
Appendix A —28
|
|
\
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! o ‘ Form B137%4

STATE OF TENNESSEE ASPHALT JOB MIX FORMULA Re' Farm Purng

G- \%’51& . Date ---é--—-?‘?:—-i-& --------------

Project Reference No. oo mcme oo aceaccmmmna- County 27 1. Region T
Project No. . 10004 - 45757 0% ‘

e

State Rt. No. w o _coeacan TOTAL  MIX INCLUDING BITUMEN Date of Letting .._.______.

SCREEN
PROCUCER AND ADDRESS Percent Used

MATERIAL Talal Perceat Passing

C.A.

Med. C. A S/g- v Caldwell stoue f//:\TAY,ﬁéA 37,48
Seresnings 2/s-Paw | BRadIEY Srowe  Cleve hwd 7w | 33,4
3/s- Pav [ Bradley Stowe ¢Spd Thspel 7#7|33.89
ssoratt conene |P66%#-22 1 Amoco (hattavocan . 30

Ant)-Strip Tyoe: ffiweg ~ DE Dosage Rate: __ o0 I
X Glas.sy Particles on Plus No, & Mater:al: I
AGCGREGATE ANALYSIS TOTAL PERCENT PASSING

% Fractured Faces on Plus No. ¢ Material: 100%

100 PERCENT MINERAL AGGREGATE

SCREEN Total PassiSe Requested Tolerance C.A. Med. C. A. | Sereerungs Sand Fller Caleula:
= Maiter Range Pezcent Percent Percent Percent Percent Percent Perecﬂ-. Mix
Temp. q 0 9‘ 5 3 S

% A.C. 6. 3

Theodd#1¢
Roo74 33
1 172" L,0.73 618
SM-‘h- 39

3/8 "
100 | oo | 100 |

g5-100| 95.6 89 | 100 | leo 9s5,(
" 80-93 | 83.6 59 | Joo | loo [ 83,

5/8 "

No. 30 17-a9
No. 50 10-18
No. 100 -/
+ No. 200 0-6.5

Requested/7

Approved &trs
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Compaction Data Sheet

SGC Pills and AVC Beams
County and Mix Type: Polk 411 D
Theoretical Maximum (Rice) Specific Gravity = 2.439
SGC Pills AVC Beams
75 mm x 150mm 75 x 125 x 300 mm
1 2 1 4
Mass of Sample Before Compaction, g 2930.1 2930.2 6570.0 6570.0
(Ib) 6.5 6.5 14.5 14.5
Mold Temperature, ° C| 115.6 132.8 148.9 140.6
(°F) 240.0 271.0 300.0 285.0
Mix Temperature, ° C 147.8 149.4 147.8 1483
() 298.0 301.0 298.0 299.0
Number of Gyrations 6 6 N/A N/A
Compacted Height, mm 74.6 743 N/A N/A
(in.) 2.9370 2.9252 N/A N/A
Vertical / Back Pressure (kPa) N/A N/A 482.6/137.9 | 482.6/1379
(pst) N/A N/A 70/20 70/20
Compaction Time, sec. N/A ~N/A 70.0 30.0
Dry mass (A), gi 2916.2 2909.7 6526.4 6524.1
(Ib) 64 6.4 14.4 144
Dry mass with Parafilm (D), _gj 2921.7 2915.1 6536.9 6533.0
(1b) 6.4 6.4 14.4 14.4
Wet mass with Parafilm (E), g| 16122 1610.8 3712.8 3733.9
(Ib) 3.6 3.6 8.2 8.2
Wet mass w/o Parafilm (C), g 1641.9 1639.8 37643 3777.6
(Ib), 3.6 3.6 8.3 8.3
Saturated Surface Dry mass (B), g| ~ 2922.5 2916.9 6528.5 6527.0
(1b) 6.4 6.4 14.4 14.4
Specific Gravity (Gmb), SSD 2277 2.278 2.361 2.373
Specific Gravity (Gmb), Parafilm 2.243 2.246 2.325 2.343
VTM =[1-(Gmb/Gmm)], SSD (%) 6.6% 6.6% 3.2% 2.7%
VTM = [1-(Gmb/Gmm)], Parafilm (%) 8.1% 7.9% 4.7% 3.9%
NCAT Asphalt Content (%) 6.6% 6.6% 6.6% 6.6%
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APA Dial Gauge Readings, mm

Mix Type: Polk 411D
SGCPill #2 SGCPill # 1
Cycles Initial 500 1000 4000 8000 Initial | 500 [ 1000 | 4000 | 8000
Aft Rear 10.27 5.59 4.08 0.73 n/a -N/A-
Aft Front 10.80 6.71 5.49 2.14 0.19 -N/A -
Middle -N/A - - N/A -
Fwd Rear -N/A- 11.56 7.26 5.83 212 /a
Fwd Front - N/A - 11.21 7.70 6.40 3.00 0.73
APA Measured Rut Depth Values, mm
SGC Pill #2 SGCPill#1
Cycles 500 1000 4000 8000 Cycles 500 1000 4000 8000
Aft Rear 4.68 6.19 9.54 n/a Fwd Rear | 430 5.73 9.44 wa
Aft Front 4.09 5.31 8.66 10.61 Fwd Front [ 3.51 4381 8.21 10.48
Average 4.39 5.75 9.10 10.61 Average | 3.91 5.27 8.83 10.48
Cycles 500 1600 4000 8000
Average 4.15 5.51 8.96 10.55
Both Pills
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Appendix A — 29

County & Mix Type: Putnam 411 S

Project Number: 5386
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STATE OF TENNESSEE ASPHALT JOB MIX FORMULA

215

Date: 10/27/98
Project Ref. Nc¢ S.P. County Putnam Region ]
" Proj. No. 71005-4229-04 Layer Surface Contract No. 5386
Type A.C.S-HM. Sec. No. 411M-SP, Articie 411M-01.01,02_____
Contractor Highway Materials Subcontractor N/A
St. Route Total Mix including Bitumen Date of Letting 7/24/98
Material Size Range or Type! Producer and Address % Used
CA.
Med. CA. 16mm-pan Rogers Group Gordonsville, Tn. 57.06
B.D. = 4.75-pan Rogers Group Algood, Tn. 23.78
Nat. Sand 4.75-pan Highways Inc. Monterey, Tn. 14.27
M.S. :
Asphatt Cement PG-64-22 Ergon Nashville, Tn. 4.90
Anti-Strip Pave Bond Lite Dosage Rate: 20,00
% Fractured Faces on +4 Material: NA__ % Glassy Particles on +4 Material N/A 100.0
100 PERCENT MINERAL AGGREGATE AGGREGATE ANALYS!S TOTAL PERCENT PASSING
Screen  TH. Passing Requestedfj CA. Med.CA. B.D. Nat.Sand M.S. Calculated
Design Range  Percent [Percent Percent Percent Percent Percent Mix
Temp .| 300F 60.0 25.0 15.0 100.0
% AC - 4.9 NCAT Fumace Corr. Factor:
Compaction Temp: 295-305 Loss On Ignition:  32.1 )
Mbdng Temp: 305-315 Theoretical Maximum Density: 2545 |Jm-%- 309
(27) 50mm AC in RAP:
(11/2) 37.56 (Washed Gradations)
(11/4) 31.5
(17) 25mm
(3/4) 19Smm
(5/8) 16mm 100 100.0 100.0 100.0 100.0
(172) 12.7 98 97.0 100.0 100.0 97.5
(3/8) 8.5 83 72.0 100.0 100.0 83.2
(#4) 4.75 50 20.0 93.0 98.0 50.0
(#8) 2.36 32 5.0 58.0 93.0 31.5
(16) 1.18 25 5.0 34.0 90.0 25.0
(#30) 600 20 4.0 24.0 75.0 18.7
(#50) 300 10 3.0 18.0 25.0 10.1
(#100) 150 4.9 20 0ng 3.0 4559 <)
(#200) 75 4.1 20 11.0 1.0 4.1 8:
Requested Q g . Qﬁéxf:/\\ Approved tp\"’" }%\QZA
/l. C. Spicer yf 129 Cartcter Regon Materois Engrewr
Approved Mﬁ% Approved -
. . Regon Enpmeer Engneer of Matwrnia and Tests




Mixture Summary Report for Varying %AC Analysis

Project Name: N 69002-4230-04 N Initial: 8

Workbook Name: 5386-1.xls N Design: N 96

Technician: B. Smith N Max: 152

Date: 7/24/98 Nom. Sieve Size: 12.5 mm

Asphalt Grade: PG 64-22 Compaction Temperature: 149 °C |
Mixture Temperature: 154°C

Design ESAL's (millions): 4 Depth from Surface (mm): 0

Design Temperature: 38°C Mold Size: 150 mm

Results
Property Blend 1 Blend 2 Blend 3 Blend 4 Criteria
%AC 4.5 5.0 5.5
%Air Voids (V,) 52 39 27 4.0 %
%VMA 14.0 14.0 14.1 14.0 % Min,
%VFA 62.9 722 80.7 65.0 % Min.
75.0 % Max.
Dust/Asphalt Ratio 1.3 1.1 1.0 06-1.2 %
Max. Specific Gravity (Gpm) 2.583 2.562 2.542 0.000
Bulk Specific Gravity (Gp) 2480 2.490 2.503
%Gmm @ Npi 86.2 87.3 87.8 89.0 % Max.
%Gmm @ Nmax 86.0 ' 87.2 984 88.0 % Max.
Effective Sp. Gravity of Blend (Gg,) 2.783 2.783 2.783 -
Sp. Gravity of Binder (Gp) 1.022 1.022 1.022 -
Sp. Gravity of Aggregate (Gsy) 2.719 2.719 2.719 -
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Compaction Data Sheet

SGC Pills and AVC Beams
County and Mix Type: Putnam 411 8
Theoretical Maximum (Rice) Specific Gravity = 2.523
SGC Pills AVC Beams
75 mm x 150mm 75 x 125 x 300 mm_
1 2 1 2
Mass of Sample Before Compaction, g| 3000.0 6825.1 6825.1
(Ib) 6.6 . 15.0 15.0
Mold Temperature, ° C| 126.7 137.8 126.7 132.2
(°F) 260.0 280.0 260.0 270.0
Mix Temperature, ° C 147.8 148.9 149.4 148.9
(°F) 298.0 300.0 301.0 300.0
Number of Gyrations| 8 6 N/A N/A
Compacted Height, mm 75.0 74.9 N/A N/A
(in.) 2.9528 2.9488 N/A N/A
Vertical / Back Pressure (kPa) N/A N/A 448.2/137.9 | 4482/1379
(psi) N/A N/A 65/20 65/20
Compaction Time, sec. N/A N/A 30.0 30.0
Dry mass (A), gl 2979.1 2980.8 6788.9 6787.1
(Ib) 6.6 6.6 15.0 15.0
Dry mass with Parafilm (D), g| 2986.6 20884 6800.6 6798.1
(Ib) 6.6 6.6 15.0 15.0
Wet mass with Parafilm (E), g| 1677.7 1678.3 39164 3912.7
(Ib) 3.7 3.7 8.6 8.6
Wet mass w/o Parafilm (C), gl 1737.8 1735.9 4014.8 4000.9
(Ib) 3.8 3.8 8.9 8.8
Saturated Surface Dry mass (B), g]  2998.5 3002.3 6799.6 6805.1
(1b) 6.6 6.6 15.0 15.0
Specific Gravity (Gmb), SSD| 2.363 2.354 2438 2.420
Specific Gravity (Gmb), Parafilm| 2.298 2.297 2.370 2.367
VTM =[1-(Gmb/Gmm)], SSD (%) 6.3% 6.7% 3.4% 4.1%
VTM = [1-(Gmb/Gmm)], Parafilm (%) 8.9% 8.9% 6.1% 6.2%
NCAT Asphalt Content (%) 5.4% 5.4% 5.4% 5.4%
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APA Dial Gauge Readings, mm

Mix Type: __PumamdilS

SGCPill#2 SGCPill # 1
Cycles Initial 500 1000 4000 8000 Initial | 500 | 1000 ] 4000 | 8000
Aft Rear 11.02 8.80 8.13 5.85 4.38 -N/A -
Aft Front 11.29 8.96 7.98 5.89 4.54 -N/A -
Middle -N/A - -N/A -
Fwd Rear -N/A - 10.73 8.62 7.65 5.49 4.30
Fwd Front -N/A - 10.60 8.64 7.61 5.68 4.52
|
|
|
| APA Measured Rut Depth Values, mm
SGCPili#2 SGCPill#1
Cycles 500 1000 4000 8000 Cycles 500 1000 4000 8000
Aft Rear 2.22 2.89 5.17 6.64 Fwd Rear 2.11 3.08 5.24 6.43
Aft Front 2.33 3.31 5.40 6.75 Fwd Front 1.96 2.99 4.92 6.08
Average 2.28 3.10 5.29 6.70 Average 2.04 3.04 5.08 6.26
Cycles 500 1000_|_ 4000 ] 8000
Average 2.16 3.07 5.18 6.48
Both Pills
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County & Mix Type:

Project Number:

Appendix A - 30

Rutherford 307 BM/2

4725
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Compaction Data Sheet

SGC Pills and AVC Beams
County and Mix Type: Rutherford 307 BM/2
Theoretical Maximum (Rice) Specific Gravity = 2.528
SGC Pills AVC Beams
75 mm x 150mm 75 x 125 x 300 mm
1 2 1 2
Mass of Sample Before Compaction, g 3004.0 3004.0 6835.2 6835.0
(Ib) 6.6 6.6 15.1 15.1
Mold Temperature, ° C 148.3 135.0 137.8 137.8
(83 299.0 275.0 280.0 280.0
Mix Temperature, ° C 147.8 149.4 149.4 151.1
(°F) 298.0 301.0 301.0 304.0
Number of Gyrations} 9 9 N/A N/A
Compacted Height, mm| 74.7 74.9 N/A N/A
(in. 2.9409 2.9488 N/A N/A
Vertical / Back Pressure (kPa) N/A N/A 413.7/137.9 | 413.7/1379
(psi), N/A N/A 60/20 60/20
Compaction Time, sec. N/A NA 30.0 30.0
Dry mass (A), g| 2987.6 2991.2 6812.5 6802.7
(Ib) 6.6 6.6 15.0 15.0
Dry mass with Parafiim (D), g| ~ 2995.2 2998.7 6823.3 6813.1
(ib) 6.6 6.6 15.0 15.0
Wet mass with Parafilm (E), g 1686.4 1688.0 3935.5 3956.5
(Ib) 3.7 3.7 8.7 8.7
Wet mass w/o Parafilm (C), g 1753.5 1752.7 4013.6 4026.2
(1b) 3.9 3.9 8.8 8.9
Saturated Surface Dry mass (B), g|  3009.6 3016.3 6825.7 6811.2
(Ib) 6.6 6.6 15.0 15.0
Specific Gravity (Gmb), SSD 2.378 2.367 2.423 2.443
Specific Gravity (Gmb), Parafilm 2.305 2.304 2.374 2.396
VTM =[1-(Gmb/Gmm)], SSD (%) 5.9% 6.4% 4.2% 3.4%
VTM = [1{Gmb/Gmm)), Parafilm (%) 8.8% 8.9% 6.1% 5.2%
NCAT Asphalt Content (%) 4.2% 4.2% 4.2% 4.2%
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APA Dial Gauge Readings, mm

Mix Type: Rutherford 307 BM/2
SGC Pill # 2 SGCPill# 1
Cycles Initial 500 1000 4000 8000 Initial | 500 [ 1000 4000 | 8000
Aft Rear 10.98 9.80 9.31 7.88 7.01 -N/A -
AR Front 11.40 10.65 10.35 9.03 7.96 -N/A-
Middle -N/A- -N/A-
Fwd Rear -N/A - 11.28 10.22 10.22 8.91 1.77
Fwd Front ~N/A- 11.18 10.51 10.20 8.78 7.92
APA Measured Rut Depth Values, mm
SGCPill#2 SGCPili# 1
Cycles 500 1000 4000 8000 Cycles 500 1000 4000 8000
Aft Rear 1.18 1.67 3.10 3.97 Fwd Rear | 1.06 1.06 2.37 3.51
Aft Front 0.75 1.05 237 3.44 Fwd Front | 0.67 0.98 2.40 3.26
Average 0.97 1.36 2.74 3.71 Average 0.86 1.02 2.39 3.39
Cycles 500 1000 4000 8000
Average 0.92 119 2.56 3.55
Both Pills
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Appendix A - 31

County & Mix Type: Sequatchie 411 D

Project Number: 5318
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STATE OF TENNESSEE ASPHALT JOB MIX FORMULA
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Compaction Data Sheet

SGC Pills and AVC Beams
County and Mix Type: Sequatchie 411 D
Theoretical Maximum (Rice) Specific Gravity = 2312
SGC Pills AVC Beams
75 mm X 150mm 75 x 125 x 300 mm
1 2 1 2
Mass of Sample Before Compaction,#g{» 2790.0 2790.0 6150.1 6150.0
(1b) 6.2 6.2 13.6 13.6
Mold Temperature, ° C 136.1 135.0 1378 137.8
(°F) 2710 275.0 280.0 280.0
Mix Temperature, ° C 151.1 149.4 147.2 147.8
CF 304.0 301.0 297.0 298.0
Number of Gyrationsi 21 21 N/A N/A
Compacted Height, mm| 74.9 75.0 N/A N/A
(in.) 2.9488 2.9528 N/A N/A
Vertical / Back Pressure (kPa) N/A N/A 413.7/1379 | 413.7/1379
(psi) N/A N/A 60/20 60/20
Compaction Time, sec. N/A N/A 30.0 30.0
Dry mass (A), g| 2760.6 2768.7 6115.1 61184
(Ib 6.1 6.1 13.5 13.5
Dry mass with Parafilm (D), g| 27702 2778.6 6127.1 6129.9
(Ib) 6.1 6.1 13.5 13.5
Wet mass with Parafilm (E)ng 14513 1459.3 3229.5 3209.2
(Ib) 3.2 3.2 7.1 7.1
Wet mass w/o Parafilm (C), g 1487.0 1493.2 3291.5 3291.5
(ib) 33 3.3 73 7.3
Saturated Surface Dry mass (B), g 27737 2782.0 6133.0 6141.8
(Ib) 6.1 6.1 13.5 13.5
Specific Gravity (Gmb), SSD 2.145 2.148 2.152 2.147
Specific Gravity (Gmb), Parafilm 2.119 2.125 2.125 2.109
VIM =[1-(Gmb/Gmm)]}, SSD (%) 7.2% 71% 6.9% 7.2%
VTIM = [1-(Gmb/Gmm)], Parafilm (%) 8.4% 8.1% 8.1% 8.8%
NCAT Asphalt Content (%))




APA Dial Gauge Readings, mm

Mix Type: _ Sequatchie 411 D
SGC Pill # 2 SGC Pill # 1
Cycles Initial 500 1000 4000 8000 Initial 500 | 1000 | 4000 | 8000
Aft Rear 11.82 9.81 8.99 7.32 6.20 - N/A-
Aft Front 12.37 10.57 9.65 7.98 6.86 -N/A -
Middle -N/A - -N/A-
Fwd Rear -N/A- 11.75 9.69 8.92 7.63 6.51
Fwd Front -N/A- 12.36 10.64 9.78 8.10 6.86
Beam 1 Beam 2
Cycles Initial 500 1000 4000 8000 Initial 500 1000 4000 8000
ARt Rear 10.83 9.06 8.06 5.25 3.94 10.52 9.23 8.98 6.80 5.63
AR Front 10.69 9.47 8.44 5.77 4.73 11.01 9.70 9.02 6.81 5.69
Middle 10.77 9.64 8.63 5.37 4.40 10.83 10.00 9.47 7.25 6.18
Fwd Rear 10.65 9.54 38.71 5.70 4.52 10.90 9.89 9.26 7.15 6.10
Fwd Front 9.93 8.62 7.80 5.25 4.14 10.47 9.66 9.00 6.64 5.50
APA Measured Rut Depth Values, mm
SGCPill#2 SGCPili# 1
Cycles 500 1000 4000 8000 Cycles 500 1000 4000 8000
Aft Rear 2.01 2.83 4.50 5.62 Fwd Rear | 2.06 2.83 4.12 5.24
AR Front 1.80 2.72 439 5.51 Fwd Front | 1.72 2.58 4.26 5.50
Average 1.91 2.78 4.45 5.57 Average 1.89 2.71 4.19 5.37
Cycles 500 1000 4000 8000
Average 1.90 274 432 5.47
Both Pills
Beam 1 Beam 2
Cycles 500 1000 4000 8000 500 1000 4000 8000
Afi Rear 177 2.77 5.58 6.89 1.29 1.54 3.72 4.89
AR Front 1.22 225 4.92 5.96 131 1.99 4.20 5,32
Middle 113 2.14 5.40 6.37 0.83 1.36 3.58 4.65
Fwd Rear 111 1.94 4.95 6.13 1.01 1.64 3.75 4.80
Fwd Front 1.31 213 4.68 5.79 0.81 1.47 3.83 4.97
Averages
AllS 1.31 2.25 5.11 6.23 1.05 1.60 3.82 4.93
Middle 3 1.15 2.11 5.09 6.15 1.05 1.66 3.84 4.92
Middle Excluded 1.35 2.27 5.03 6.19 1.11 1.66 3.88 5.00
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Appendix A — 32

County & Mix Type: Sevier 307 S
Project Number: 5398
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Compaction Data Sheet

SGC Pills and AVC Beams
County and Mix Type: Sevier 307 §
Theoretical Maximum (Rice) Specific Gravity = 2.553
SGC Pills AVC Beams
75 mm x 150mm 75 x 125 x 300 mm
1 2 2 3
Mass of Sample Before Compaction, g 3032.0 3032.0 6950.2 6950.4
(Ib) 6.7 6.7 153 15.3
Mold Temperature, ° C 126.1 112.8 137.8 137.8
) 259.0 235.0 280.0 280.0
Mix Temperature, °C|  149.4 148.9 149.4 151.1
°F) 301.0 300.0 301.0 304.0
Number of Gyrations| 29 26 N/A N/A
Compacted Height, mm 75.2 75.3 N/A NA
(in.) 2.9606 2.9646 N/A N/A
Vertical / Back Pressure (kPa) N/A N/A 482.6/137.9 | 482.6/137.9
(pst) N/A N/A 70/20 70/20
Compaction Time, sec. N/A N/A 70.0 60.0
Dry mass (A), EL 3007.4 3010.8 6906.0 6911.8
(Ib) 6.6 6.6 15.2 15.2
Dry mass with Parafilm (D), g] 3014.9 3018.3 6917.2 6922.2
(Ib) 6.6 6.7 15.2 153
Wet mass with Parafilm (E), g 1694.9 1695.7 3953.7 3941.0 .
(1b) 3.7 3.7 8.7 8.7
Wet mass w/o Parafilm (C), g| 1752.5 1752.3 4032.5 4019.7
(1b) 3.9 3.9 8.9 8.9
Saturated Surface Dry mass (B), g| ~ 3020.3 3024.6 6913.1 6924.6
(1b) 6.7 6.7 15.2 15.3
Specific Gravity (Gmb), SSD 2.372 2.366 2.397 2.379
Specific Gravity (Gmb), Parafilm 2.300 2.298 2.345 2.332
VTM ={1-(Gmb/Gmm)], SSD (%) 7.1% 7.3% 6.1% 6.8%
VTM = [1(Gmb/Gmm)], Parafilm (%) 9.9% 10.0% 8.1% 8.7%
NCAT Asphalt Content (%) 5.7% 5.7% 5.7% 5.7%
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APA Dial Gauge Readings, mm

Mix Type: Sevier 307 S
SGC Pill # 2 SGCPill # 1
Cycles Initial 500 1000 4000 8000 Initial | 500 | 1000 | 4000 | 8000
Aft Rear 10.85 9.45 9.07 7.86 6.97 -N/A-
Aft Front 11.84 10.33 9.71 8.10 7.31 -N/A -
Middle -N/A - -N/A -
Fwd Rear -N/A - 11.94 10.31 9.71 8.03 7.24
Fwd Front -N/A - 12.03 10.94 10.36 8.94 8.17
Beam 1 Beam 2
Cycles Initial 500 1000 4000 8000 Initial 500 1000 4000 8000
Aft Rear 12.15 11.14 10.33 8.85 8.34 10.50 9.81 9.35 8.34 7.36
Aft Front 12.34 11.30 10.64 9.19 8.44 10.57 9.28 8.96 8.18 7.51
Middle 12.06 10.82 10.53 9.77 8.72 10.48 9.07 8.84 8.02 7.14
Fwd Rear 11.92 10.59 10.51 9.50 8.85 10.49 9.53 9.27 8.25 7.36
Fwd Front 11.60 10.48 9.92 8.55 7.87 9.75 8.23 7.98 7.30 6.69
APA Measured Rut Depth Values, mm
SGCPill #2 SGCPill#1
Cycles 500 1000 4000 8000 _Cycles 500 1000 4000 8000
Aft Rear 1.40 1.78 2.99 3.88 Fwd Rear 1.63 2.23 391 4.70
Aft Front 1.51 2.13 3.74 4.53 Fwd Front 1.09 1.67 3.09 3.86
Average 1.46 1.96 3.37 4.21 Average 1.36 1.95 3.50 4.28
Cycles 500 1000 4000 8000
Average 1.41 1.95 3.43 4.24
Both Pills
Beam 1 Beam 2
Cycles 500 1000 4000 8000 500 1000 4000 8000
Aft Rear 1.01 1.82 3.30 3.81 0.69 1.15 2.16 3.14
Aft Front 1.04 1.70 3.15 3.90 1.29 1.61 2.39 3.06
Middle 1.24 1.53 229 3.34 141 1.64 2.46 3.34
Fwd Rear 1.33 1.41 2.42 3.07 0.96 1.22 2.24 3.13
Fwd Front 1.12 1.68 3.05 3.73 1.52 1.77 2.45 3.06
Averages
AllS 1.15 1.63 2.84 3.57 1.17 1.48 2.34 3.15
Middle 3 1.20 1.55 2.62 3.44 1.22 1.49 2.36 3.18
Middle Excluded 1.13 1.65 2.98 3.63 1.12 1.44 2.31 3.10
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i Appendix A — 33

|

|

! County & Mix Type: Sevier 411 S
Project Number: 5398

|
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Form DT0254

STATE OF TENNESSEE ASPHALT JOB MIX FORMULA Re: Form T11s

Preject Reference No. --------_S_]? _________________ County _--_S_E.y_"_s_s ____________ Region __.; .....
- Project Nﬁ- -----1?..&(9.:.13_9_2_‘_.0_% ________________________________ Contract No. .__. :f i?.g .....
Type .33 (PRADey Y-S Sec. No. ... %L =S ____ Article No. oo
Contractor .. CHARIES [3[a /°0K.¢-Saw.£ ........ Subcontractor - —
State Rt. No. ..x339_____ TOTAL  MIX INCLUDING BITUMEN Date of Letting Z=2.7-%
MATERIAL Total Percent Passing N-1G3) 3q]Pnocuczn. AND ADDRESS OV-| @§133] Percent Used
C.A .
Med. C.A Orn = 2510 | Morpoer Spm ) frpetT 7 3676
Screenings 9.5 = 25l Yulen MaTermls Sevieavifl - 23.6%
Sand 9-Sem = 7Spm.| MeswpoaT Sanpd 610!&./ A/av'pooj == 4417 |
soate coere VD6 ¢4 -22 | Yolumer SHoll Kol 7 5“-"‘.”
Anti-Strip Type: [/ am BeTa LV Dosage Rate: 0.3 M ‘
% Practured Faces on Plus No. 4 Material:Z44F % Glassy Particles on Plus Mo, 4 katerlal: — |  100%
100 PERCENT MINERAL AGGREGATE AGGREGATE ANALYSIS TOTAL PERCENT PASSING
SCREEN | acter Bange | beremt | memoee Pt | Teat | “moeet’ | pond, | gl |cucised
Temp. sS.K2.8 JYgec A 2% /5 feo
‘% AC. A4 A
TheobsTen/ Ky & A
2 - ph. =458.5 (LM 3 = g
. ' LOTL% 11.0 lrtbotd fixe= Joy
1 .
34 "w~| Jog /99 120
V2 “usz| 90-/p0] 97 Y 95 4
Yras-1—%0 | 92.9 | & 7131 /ool o0 g2.8
R e sez | B 29 1932 | gl £5.3
No. F1wr| 29.59] 376 | WV (7 | 66 | 72.5 372¢
Ne. (§ i | 265 | (8 1241 42 | 5£9 2¢.8
No. 30 (aopH /82 WQ .8 27 | 27 2 /82
No. 80 3o ZANN 28 1 172 | 12¢ /LY
No. 100 50, 6.5 | 4O ] 46 | 1z | 5 ¢S
Jo. 20075} 2.-40 | ¥¢ S 33 19¢ y 54 Y6
A . ) —h

Requested .z %.5(‘.‘.’?&{_- Approved ..{,4/ _M’H‘ ...... -

Contractor |
Approved ____ ___ﬂ_&..(—-——-—-.\ Approved oSy
Region Construction Enlinqr o
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Compaction Data Sheet

SGC Pills and AVC Beams
County and Mix Type: Sevier 411 §
Theoretical Maximum (Rice) Specific Gravity = 2458
SGC Pills AVC Beams
75 mm x 150mm 75 x 125 x 300 mm
1 2 3 4
Mass of Sample Before Compaction, é 2950.5 2954.2 6610.0 6610.5
(Ib) 6.5 6.5 14.6 14.6
Mold Temperature, ° C| 101.7 126.7 126.7 126.7
(°F) 215.0 260.0 260.0 260.0
Mix Temperature, ° C; 146.1 147.8 1522 149.4
(°F) 295.0 298.0 306.0 301.0
Number of Gyrations] 70 66 N/A N/A
Compacted Height, mm 75.4 75.3 N/A N/A
(in.) 2.9685 2.9646 N/A N/A
Vertical / Back Pressure (kPa) N/A N/A 482.6/137.9 | 482.6/137.9
(psi) N/A N/A 70/20 70/20
Compaction Time, sec. N/A N/A 70.0 70.0
Dry mass (&51 2921.3 2928.4 6556.5 6558.3
(ib), 6.4 6.5 14.5 14.5
Dry mass with Parafilm (D), g 2929.3 2936.0 6568.6 6569.2
(1b) 6.5 6.5 14.5 14.5
Wet mass with Parafilm (E),_gL 1606.5 1612.8 3607.1 3610.6
(Ib) 3.5 3.6 8.0 8.0
Wet mass w/o Parafilm (C), g 1661.2 1664.9 3714.0 3710.0
(1b), 3.7 3.7 8.2 8.2
Saturated Surface Dry mass (B), g| 2936.3 2941.2 6576.6 6577.5
(Ib) 6.5 6.5 14.5 14.5
Specific Gravity (Gmb), SSD)| 2.291 2.294 2.290 2.287
Specific Gravity (Gmb), Parafilm| 2231 2.235 2229 2.230
VTM ={1-(Gmb/Gmm)], SSD (%) 6.8% 6.7% 6.8% 7.0%
VIM = [1-(Gmb/Gmm)], Parafilm (%) 9.2% 9.1% 9.3% 9.3%
NCAT Asphalt Content (%) 5.3% 5.3% 5.3% 5.3%
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APA Dial Gauge Readings, mm

Mix Type: Sevier 411 S
SGCPill #2 SGCPill# 1
Cycles Initial 500 1000 4000 8000 Initial 500 | 1000 | 4000 |__8coo
Aft Rear 11.43 10.73 10.24 8.92 8.47 ~ N/A -
Aft Front 11.84 10.96 10.62 9.48 8.89 -N/A -
Middle -N/A.- -N/A -
Fwd Rear -N/A.- 11.54 10.45 10.04 891 8.08
Fwd Front - N/A - 11.61 10.77 10.33 9.27 8.62
Beam 1 Beam 2
Cycles Initial 500 1000 4000 8000 Initial 500 1000 4000 8000
Aft Rear 11.96 10.85 10.33 8.85 8.34 12.09 9.69 8.84 8.27 772
Aft Front 11.99 11.03 10.64 9.19 8.44 12.35 10.94 10.64 9.67 9.21
Middle 11.76 10.83 10.53 9.77 8.72 11.88 11.00 10.74 10.12 9.79
Fwd Rear 11.87 10.99 10.51 9.50 8.85 12.26 11.15 10.76 9.97 9.36
Fwd Front 12.15 10.55 9.92 8.55 7.87 12.23 11.15 10.86 9.93 9.32
APA Measured Rut Depth Values, mm
SGCPili #2 SGCPill#1
Cycles 500 1000 4000 8000 Cycles 500 1000 4000 8009
Aft Rear 0.70 1.19 2.51 2.96 Fwd Rear 1.09 1.50 2.63 3.46
Aft Front 0.88 1.22 2.36 2.95 Fwd Front 0.84 1.28 2.34 2.99
Average 0.79 1.21 2.44 2.96 Average 0.97 1.39 2.49 3.23
Cycles 500 1000 4000 8000
Average 0.88 1.30 2.46 3.09
Both Pills
Beﬂ 1 Beam 2
Cycles 500 1000 4000 8000 500 1000 4000 8000
Aft Rear 1.11 1.63 3.11 3.62 2.40 3.25 3.82 4.37
Aft Front 0.96 135 2.80 3.55 1.41 1.71 2.68 3.14
Middle 0.93 1.23 1.99 3.04 0.88 1.14 1.76 2.09
Fwd Rear 0.88 1.36 237 3.02 1.11 1.50 2.29 2.90
Fwd Front 1.60 2.23 3.60 4.28 1.08 1.37 2.30 2.91
Averages
All 5 1.10 1.56 2.77 3.50 1.38 1.79 2.57 3.08
Middle 3 0.92 1.31 2.39 3.20 1.13 1.45 2.24 2.71
Middle Excluded 1.14 1.64 2.97 3.62 1.50 1.96 277 3.33
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County & Mix Type:

Project Number:

Appendix A — 34

Shelby 411 S

5149
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STATE OF TENNESSEE ASPHALT JOB MIX FORMULA

Plant # 5 Date: 7/13/98
L-RJob# 98-085
Project Ref. No. County Shelby Region \Y
Proj. No.  75020-4242-04 Layer Surface Contract No 5149
Type ASCS-HM Sec. No. 411-8 Article 01 01-01.02
Contractor Lehman-Roberts Co. Subcontractor Lehman-Roberts Co.
St. Route  Lamar Total Mix including Bitumen Date of Letting 1/26/98
Material Size Range or Type Producer and Address % Used
0.00

S/8" Cr Gravel 5/8" - #200 Memphis Stone & Gravel pit# 534 §6.34
#10 Limestone 3/8" - #200 Vulcan Materiais Pit# 457 15.96
Mfg Sand 3/8" - #200 Memphis Stone & Gravel pit# 534 15.96
Ag Lime 3/8" - #200 Vulcan Materials Pit# 457 5.63
Asphalt Cement PG76-22 Ergon Petroleum Poly Blend 610
Anti-Strip Morelife Dosage Rate 0.3%
% Fractured Faces on +4 Material: 88.9 % Glassy Particles on +4 Matena! N/A 100.0
7100 PERCENT MINERAL AGGREGATE | AGGREGATE ANALYSIS TOTAL PERCENT PASSING

Serean T Passng  Requestsd S8 CrGravel #10 Lmestore Mg Sand A Lme Calcutated

Design Rangs  Parcont Porcent Percent Porcart Percant Porcent Mix

Temp | 320-360 0.0 60.0 17.0 17.0 60 100.0

% AC 6.1 Latex Brand:  None
Compaction Temp: 345 % Latex Used:  N/A
Mixing Temp: 355 Theoreticai Maximum Density: 2,341

L.O.L: 9.2
(Washed Gradations)

50 0.0
37.5 0.0
25.0 100 100.0 100.0 100.0 100.0 100.0
19.0 100 100.0 100.0 100.0 100.0 100.0
12.5 90-100 95 92.0 100.0 100.0 100.0 95.2

8.5 86 77.0 100.0 99.0 100.0 86.0
4.75 €0 42.0 91.0 81.0 $9.0 60.4
2.36 28-58 36 23.0 60.0 37.0 97.0 36.1
1.18 26 18.0 36.0 21.0 85.0 25.6

0.600 18 13.0 22.0 9.5 73.0 17.5

0.300 13 9.0 16.0 7.4 56.0 12.7

0.425 8.9 6.0 11.5 5.8 40.0 8.9

0.075 2-10 6.3 4.0 9.7 3.1 28.0 6.3
recueses Yoy [ sowores (Wt Pl .
Contractor Regon Matemals Engenesr

Approved 4 Approved

ﬁ. Ragion Construction Engineer Engnesr of Materiats and Tests
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Design Aggregate Structure

Design AC 6.1
Effective AC 5.41 Dust to Asphalt 117
Effective Specific Gravity 2.551 Specific Gravity AC 1.032
Asphatt Content 6 6 6.5 6.5 7 ? 75 75
Agg Bulk Sp. Gr. 2491 2.491 2.491 2491 2.491 2.491 2491 2.491
Specimen 1 2 1 2 1 2 1 2
Height @Nmi 127.9 1284 1259 125.8 127 128.1 127 126.4
Height @Ndes 116.1 1165 114 4 1138 116 173 116.1 115.7
Height @Nmax 1146 1149 112.9 1124 1147 115.9 115 114.5
Mass in Air 4539.3 45374 4452.7 44405 4594.8 46027 4614.2 4610.3
Mass n Water 2549.7  2546.9 2508.7 24963 26003 26043 26136 26095
Mass @ SSD 45428 45392 44543 44419 4595.4 4603.4 4514.6 4610.7
Bulk Sp. Grav. 2218 2277 2.289 2.282 2303 2.302 2.306 2304
% of Gmm @Nini 87.1 86.9 882 87.6 90.0 90.1 91.0 909
% of Gmm @Ndes 95.9 95.8 97.0 96.8 98.5 98.4 935 99.3
% of Gmm @Nmax 972 972 98.3 98.0 99.6 99.6 100.5 100.4
Corrected Buik
Gmb @ Nini 2.041 2.038 2.052 2.039 2080 2083 2.088 2.087
Gmb @Ndes 2248 2.246 2259 2.254 2217 2275, 2284 2.280
Gmb @Nmax 2278 2277 2,289 2282 230 2.302 2.306 2.304
Thero. Gravity 2.244 2.344 2328 2328 2312 2312 2295 2.295
% Air Voids @Ndes 4.1 42 3.0 3.2 15 16 0.5 0.7
% VMA @Ndes 152 152 152 154 15.0 15.1 152 153
Avg Air Voids 4.1 31 1.6 0.6
Avg VMA 152 153 15.0 153
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Compaction Data Sheet

SGC Pills and AVC Beams
County and Mix Type: Shelby 411 S
Theoretical Maximum (Rice) Specific Gravity = 2.360
SGC Pills AVC Beams
75 mm X 150mm 75 x 125 x 300 mm
1 2 1 2
Mass of Sample Before Compaction, g 2825.0 2825.1 6375.4 6375.0
(Ib) 6.2 6.2 14.1 14.1
Mold Temperature, ° C| 154.4 154.4 148.9 148.9
P 310.0 310.0 300.0 300.0
Mix Temperature, ° C 150.0 151.7 148.9 149.4
(@) 302.0 305.0 300.0 301.0
Number of Gyrations 19 20 N/A N/A
Compacted Height, mm 75.1 75.2 N/A N/A
(in.) 2.9567 2.9606 N/A N/A
Vertical / Back Pressure (kPa) N/A N/A 413.7/137.9 | 413.7/137.9
(psi) N/A N/A 60 /20 60/20
Compaction Time, sec. N/A N/A 60.0 60.0
Dry mass (A). g 2815.1 2812.3 6348.7 6350.4
(Ib), 6.2 6.2 14.0 14.0
Dry mass with Parafilm (M 2824.2 28214 6364.3 6357.7
(1b) 6.2 6.2 14.0 14.0
Wet mass with Parafilm (E), gl 1504.3 1498.9 3394.5 3429.7
(1b) 33 3.3 7.5 7.6
Wet mass w/o Parafilm (C), gl 1541.6 1536.6 3473.6 3485.5
(1b) 34 34 7.7 7.7
Saturated Surface Dry mass (M 2826.2 2820.7 6362.6 6356.4
(Ib) 6.2 6.2 14.0 14.0
Specific Gravity (Gmb), SSD 2.191 2.190 2.198 2212
Specific Gravity (Gmb), Parafilm| 2,158 2.151 2.157 2.178
VTM =[1-(Gmb/Gmm)], SSD (%) 7.1% 7.2% 6.9% 6.3%
VTIM = [1(Gmb/Gmm)], Parafilm (%) 8.6% 8.8% 8.6% 7.7%
NCAT Asphalt Content (%), 6.2% 6.2% 6.2% 6.2%
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APA Dial Gauge Readings, mm

Mix Type: Shelby 411 §
SGCPill #2 SGCPill # 1
Cycles Initial 500 1000 4000 8000 Initial | s00 [ 1000 | 4000 | s000
Aft Rear 11.52 10.66 10.48 9.63 8.79 -N/A -
Aft Front 11.36 10.47 10.27 9.62 8.84 -N/A-
Middle -N/A - -N/A -
Fwd Rear -N/A- 11.77 11.23 11.07 10.24 9.46
Fwd Front -N/A - 11.66 11.26 11.08 10.16 9.55
Beam 1 Beam 2
Cycles Initial 500 1000 4000 8000 Tnitial 500 1000 4000 8000
Aft Rear 10.66 10.10 9.95 9.64 9.31 9.97 9.45 9.36 9.04 3.63
Aft Front 11.71 10.79 10.76 10.04 9.60 10.15 9.77 9.71 9.53 9.22
Middle 10.88 10.32 10.13 9.71 9.44 10.02 9.64 9.55 9.44 9.01
Fwd Rear 11.99 11.45 11.20 10.79 10.45 10.16 9.88 9.76 9.64 9.37
Fwd Front 12.30 11.70 11.45 10.91 10.30 10.20 9.74 9.64 9.56 9.17
APA Measured Rut Depth Values, mm
SGC Pill 2 SGC Pill # 1
Cycles 500 1000 4000 8000 Cycles 500 1000 4000 8000
Aft Rear 0.86 1.04 1.89 2.73 Fwd Rear | 0.54 0.70 1.53 2.31
Aft Front 0.89 1.09 1.74 2.52 Fwd Front | 0.40 0.58 1.50 2.11
Average 0.87 1.07 1.82 2.63 Average 0.47 0.64 1.52 2.21
Cycles 500 1000 4000 8000
Average 0.67 0.85 1.67 242
Both Pills
Beam 1 Beam 2
Cycles 500 1000_| 4000 8000 500 1000 4000 8000
Aft Rear 0.56 0.71 1.02 1.35 0.52 0.61 0.93 1.34
Aft Front 0.92 0.95 1.67 211 0.38 0.44 0.62 0.93
Middie 0.56 0.75 1.17 1.44 0.38 0.47 0.58 1.01
Fwd Rear 0.54 0.79 1.20 1.54 0.28 0.40 0.52 0.79
Fwd Front 0.60 0.85 1.39 2.00 0.46 0.56 0.64 1.03
Averages
All 5 0.64 0.81 1.29 1.69 0.40 0.50 0.66 1.02
Middle 3 0.67 0,83 1.35 1.70 0.35 0.44 0.57 0.91
Middle Excluded 0.66 0.83 1.32 1.75 0.41 0.50 0.68 1.02
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APPENDIX B
TESTING PROTOCOL:

ASPHALT VIBRATORY COMPACTOR (AVC)
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Vibratory Compaction Protocol Using the Asphalt Vibratory
Compactor (AVC)

1. Perform Theoretical Maximum Specific Gravity (Rice Gravity) in accordance
with ASTM D2041.

2. Establish the desired percent air voids to remain in mix after compaction.

3. Determine the amount of asphaltic concrete to be compacted based on the Rice
gravity and percent air voids using the following equation:

W = (Vol. cm®) x (1 - %V) x (Gmm),

where,
W = Optimum weight of the beam
V = % air voids

Gmm = Maximum Theoretical Specific Gravity
Vol. = Volume of the beam, calibrated with the standard calibration block provided
with the vibratory compactor by Pavement Technologies, Inc.

Block Dimensions = 75mm x 125mm x 300mm

4. Heat a sufficient amount of mix at 240° F, for one hour or until the mix becomes
alive. The mix must be quartered to obtain a representative sample, so be sure to
heat more mix than was calculated above.

* Note: Heat all utensils, bowls, mold, and base plates in the oven to 300 ° F to prevent the
asphalt from sticking to them.

Prepare a workstation by placing paper on a tabletop.

6. Remove the workable mix from the oven and pour into a uniform pile on the
workstation.

7. Split the sample into four equal quarters. Scoop sufficient mix from opposite
quarters into a bowl until the calculated weight is achieved.

8. Place the weighed sample into the oven at 300° F for no more than two hours or

until the internal temperature of the sample reaches the desired compaction

temperature. ‘

W

*Note:
Avoid: 1) Heating the mix above the desired compaction temperature
2) Leaving the mix in the oven for more than three hours total time

9. Depress the E-STOP button for safety.
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10.

11.

12.

13.
14.

15.

16.
17.

Set the vertical pressure on the vibratory compactor to 60 psi and the back
pressure to 20 psi.

On the control panel, set the compaction time for 60seconds. Set MODE and
VIBRATE switches to AUTO position.

Retrieve the heated mold and spoon from the oven and place them on a table near
the vibratory compactor.

Remove the mix from the oven and obtain the temperature.

If compaction temperature is achieved, place one plate into the bottom of the
mold.

Pour the mix into the mold, stirring 5 times with the spoon after the mold is half
full. Smooth out the mix in the mold and build the edges up slightly.

Cap the beam with the other plate.

Align the mold into the vibratory compactor with the alignment guides.

*Note: Due to the high decibel levels achieved during compaction, ear protection

18.
19.

20.

21.
22.

23.
24.
25.

26.
27.

should be provided before running the compactor.

Release the E-STOP.

Depress both green RUN buttons simultaneously to begin compaction. Observe
the compaction head as it lowers into the mold to assure proper seating. The
vibratory compactor will run for the prescribed time and then will automatically
disengage the vibrator and raise the compaction head.

Place the mold in the extraction device on the vibratory compactor and set the
MODE switch to EJECT.

Depress the two green RUN buttons simultaneously to initiate the ejection ram.
Stop ejecting just as the top plate clears the mold. Use a screwdriver to remove
the top plate.

Once the plate is removed, continue to eject the beam.

Once the beam is ejected from the mold, it must be handled with extreme care.
The bottom plate must be removed immediately. To remove the bottom plate,
the beam must be flipped over. The best way to do this is to load the beam into

the beam mold provided by Pavement Technologies, Inc., for the Asphalt
Pavement Analyzer. If no mold is available, simply obtain a piece of 1%”
minimum thickness plywood or similarly stiff material that is at least 1” wider
than the beam. Place the mold (wood) on the top of the beam and flip them over
with care. Remove the former bottom, now top plate.

Allow the beam to cool to room temperature.

Perform bulk specific gravity, ASTM D2726, and calculate actual % air voids
using:

% Voids = (1 — Gmb/Gmm) x 100%

Where;

Gmb = Bulk specific gravity

Gmm = Maximum (Rice) specific gravity
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APPENDIX C

TESTING PROTOCOL:

ASPHALT PAVEMENT ANALYZER (APA)
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Asphalt Pavement Analyzer (APA) Rut Testing Protocol

Procedure

1)

2)

3)

4)

5)

6)

7

8)

9)

Preset chamber temperature to 50 ° C+/-1°C (120 °F +/- 3 ° F).
Open the front doors, unlock the toggle clamps and pull out the sample tray.

Loosen and remove the bolts and the restraining brackets at the front ends of the
three PVC molds that have been secured on the sample tray. Remove the molds
from the sample tray and place them on a firm counter top for installing asphalt
samples in the sample mold.

After installing the samples into the molds, transfer the sample molds to the sample
tray, one at a time, making sure to fit the recessed area of the sample mold to the
front end restraining bracket. Do the same for all three molds.

After placing the asphalt samples in the APA, allow the samples 4 hours to come
up to the testing temperature.

Set the MODE switch to RUT. Reset the TOTALIZING counters to zero, tumn
the cylinder operation mode control switch to AUTO, and check the pressure
gauge readings to be corresponding to the wheel load. Do this for all three (3)
cylinders.

Set the Counter for 10 Cycles. Press the green rectangular STROKE TEST
START button to start the rut testing. Allow the machine to stroke through the
10 cycles to assure that the specimens are seated well in the molds or between the
restraint brackets and that there is no build-up asphalt binder film thickness on the
sample surface.

Open the doors and place the measuring template on the first sample. Measure
and record the initial gauge readings on the data sheet for each sample by taking
indicator readings at all five slots for beam samples, or by taking indicator readings
using the two end slots on each end of the template for cylindrical samples. After
closing the front door, allow the test samples to be stabilized at the test
temperature for ten (10) minutes before starting the rutting test. The STROKE
ON DELAY timer can be used to set the delay start time.

Repeat testing procedures for 490, 500, 3000, and 4000 cycles, taking dial gauge

readings at each interval. This will give rut measurements at 500, 1000, 4000, and
8000 cycles respectively. :
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** Note: If the APA is equipped with the automatic data collection system, the
dial gauge recording is moot.

Calculations:

1. Calculation of Specimen Mass:

a. Volume of Specimen [cm’]:
1) Beam:
V=Lxwxh

2) Cylindrical Specimen:
V= D% x 0.001 cm®*/mm’ x h

4
b. Target Mass of Specimen [g]:
1) Beam:
me = popt xV
2) Cylindrical Specimen:
Wb = G (1g/6m®) X % G X V
Where,
L Length of beam specimen, cm
w = Width of beam specimen, cm
h = Height of specimen, cm (7.5 cm)
D = Diameter of cylindrical mold, mm (15.0 cm)
\Y% Volume of specimen, cm’
(30.0 cm x 12.5 cm x 7.5 cm = 2812.5 cm® for laboratory beam
specimen,
225 cm x 125 cm x 7.5 cm = 2109.4 cm’ for field beam
specimen,
[7 (15.0 cm)*)/4 x 7.5 cm = 1325.4 cm” for cylindrical specimen)
Popt = Density @ optimum asphalt content, g/cm’
Gmm = Theoretical maximum specific gravity @ optimum asphalt
content
% Gum = 1.0 - Target % air voids
100
(1 g/ em®) = Density of water
Wb = Target mass of specimen, g.
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2. Calculation of Rut Depth:

a. The rut depth at each location is determined by subtracting the final
measurement from the initial measurement.

b. Determine the average rut depth for each specimen.

Calibration

Calibration should be performed every 5 to 10 tests, depending on the machine.

1) Place the calibration load cell provided with the APA under the middle of one
wheel. Plug the load cell into the signal conditioner. Plug the signal conditioner
into one of the outlets located in the front, top right of the APA.

2) Set the cylinder to CALIBRATE. The wheel will automatically depress the load
cell and display the load on the signal conditioner. Adjust the pressure on the dial
of the cylinder to get the desired load. Repeat for all wheels.

3) For Rut testing, the cylinders should be set at 445 +/- 4 N (100 +/- 1 Ibs).
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APPENDIX D

TROUBLESHOOTING:

ASPHALT VIBRATORY COMPACTOR (AVC)
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Trouble Shooting The Asphalt Vibratory Compactor (AVC)

The AVC exhibited extreme variability in reproducing 7 +/- 1 percent air voids
during compaction of AVC beam specimens. This variability, as mentioned earlier,
can be attributed to various mix properties, but no specific properties were
recognizable. The extreme vibrations of the machine led to several mechanical flaws
that resulted in several lost-work hours. Some problems encountered include:

1. The electrical circuitry is attached directly to the frame of the compaction
equipment. Screws have rattled loose during compaction, causing the
machine to shut down.

2. The power switch located on the stand alone control box has shorted,
causing a thirty-minute delay at crucial compaction temperature.

3. The ejection ram cylinder has leaked hydraulic fluid from one of the hose
connections,

4.  The vibration from the compaction head sheared the four spot welded
bolts that held the ejection ram onto the machine. This happened during
crucial compaction temperature of several mixes.

5. Some air connections have leaked. Tracing the problem-may result in
severe electrical shock.

6. The decibel level is very high.

7. Trying to move the AVC without a forklift is difficult at best. This

machine is not designed for use in small spaces.
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8. The combined weight of adequate asphalt sample plus beam mold is

approximately 20.4 kg (45 lbs.). Making several beams at a time results
in user fatigue and restricts production.

9. The beams require adequate time to cool to maintain their proper
dimensions before removal from the mold. Extracting the beam molds
without an unlimited supply of top plates or APA rutting molds to flip the
beams causes delays.

10. The unpredictable behavior of the HMA under the vibrations of the
compaction head requires that multiple samples of the same mix must be
compacted in order to achieve a specific air-void range.

11. The location of the pressure dial gages and regulators in the back of the
machine away from the user causes many problems when adjusting
pressures during compaction.

12. Changing the compaction head is also difficult at best. When calibrating
the specimen height with the calibration mold, the wrench required is too
large to fit in the space available. In addition, the machine often vib;ates
the nuts loose during compaction.

Several basic design flaws have contributed to the difficult use of the AVC.

All the controls for the entire machine should be located in one central area. The
electrical components should be separate from the actual compaction head and
vibrator. The decibel level achieved must be lowered in order for this machine to be

useful in a production laboratory. All air and hydraulic connections, as well as, bolts
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and nuts should be improved to withstand the shear forces generated by the vibrations.

Beams are necessary for fatigue testing of the asphalt and this compactor will make
beams. With a few minor alterations, the AVC could be a very useful tool in an
asphalt laboratory. The manufacturer is currently addressing most of the design
concerns with this apparatus. They are in the process of updating the equipment in the

University of Tennessee Asphalt Laboratory.
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APPENDIX E

TROUBLESHOOTING:

ASPHALT PAVEMENT ANALYZER (APA)
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Trouble Shooting The Asphalt Pavement Analyzer (APA).

The APA is a mechanical engineers dream. The machine must heat to 76 ° C
(170 °F) and it must cool to 4 ° C (40 ° F). Samples are run under a water bath that
must maintain adequate temperature. The electrical components must remain below
40.5 ° C (105 ° F), while the maximum testing temperature is 76 ° C (170 °F). The
loading is pneumatically controlled. The samples are tested under a pressurized hose
with wheels loaded to 445 to 1112 N (100 to 250 lbs.). They must cycle back and
forth across the sample. All of the working mechanical, electrical, and pneumatic
parts result in wear and tear to the machine. Examples of such fatigue follow:

1. Fans were installed in the upper cabinet of the machine to prevent
electrical circuits from getting to hot.

2. The batteries in the counters are unreliable. They are difficult to locate
when replacement is required, and they do not last long in the heated
environment.

3. The temperature controls are inaccurate. Temperatures measured by an
ASTM thermometer in the chamber differ from the APA Chamber
Temperature Control output by as much as 6 ° C (20 °F).

4. After completing one fatigue test of 300,000 cycles, the motor that
operates the carriage burned out and required replacing.

5. One of the bearings that the carriage rides on broke. It appears now that

the carriage alignment is off.
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10.

11.

The regulators that maintained the hose and cylinder pressure had some

problems maintaining 690 kPa (100 psi). Several of the regulators
required replacement.

The electric fan that circulates heat from the heater coils throughout the
chamber burned out.

Taking rut depth measurements to the 0.01 mm is difficult at best.

The method of calibrating the wheel loads needs to be re-examined. It is
very difficult to center the wheels onto the load cell because there is no
guide provided.

The hoses are extremely difficult to replace, sometimes leading to injury.
After approximately 100 tests, one of the loading cylinders began to
consistently leak air. This was not a major problem, but the air

compressor was required to run longer and more often.

Many malfunctions and minor setbacks were encountered during the two years

spent testing asphalt samples. The APA is a good tool for use in proof testing asphalt
mix designs to determine their propensity for rutting. This study proves that the APA
can distinguish between mixes that have a rutting susceptibility under controlled
laboratory conditions. It has proven to be sensitive to certain asphalt mix properties and

not apparently sensitive to others.

The important issue with the APA is determining its ability to reproduce

results between various laboratories.  This variability is currently too high to make

accurate claims about various mixes. More research is needed to determine if the
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APA accurately distinguishes between good and poor performing HMA. The next step

of this study is to develop a correlation with actual field performance data of the same

asphalt mixes studied during this research. The APA appears to show some sort of

difference between HMA. mixes, but continuos improvement shall continue to perfect
the Asphalt Pavement Analyzer. The manufacturer is currently addressing the design
concerns and is making the necessary adjustments to the apparatus for the University

of Tennessee Asphalt Laboratory.
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