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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 (SERF). 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 appears 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 overtime (Roberts, et al., 1996). Excessive asphalt binder content,



excessive amounts of fine grained aggregate, and high percentages of natural, rounded

aggregate particles are considered to be common causes of rutting (Button, et al., 1990).

The Superpave mixture design and analysis 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 Gjratory 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 vwll

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, asphalt 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
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Figure 2. Photographs of the French Pavement Rutting Tester. Photograph 1 is of
the Whole Machine, and Photograph 2 is of the Inside of the Chamber.
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Figure 3. Photograph of the Hamburg Wheel Tracking Device.
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Figure 5. Photographs of the Asphalt Pavement Analyzer. Photographs 1 and 2
Show the Loading and Rutting Mechanisms, While Photographs 3 and
4 Demonstrate Rut Depth Measurement Procedure.



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

Typical TesthigRirameters fir Each Device

Device Bmch Khniurg C^giaLWr APA

Teiqperatun^ C 60 50 40 5to80

Envinnmitfd

Gncfition
Ebt/Dy

at/Cty,

utmt:

l^jedmenSze, Length,

Widtb, Thickness, ram
500x180x100 320)260x80 300x125x75 300x125x75

Wheel Type
RiDaiHtic(600

kEh)
SdidSted

Aluninum

Whedoti

ftessurizedliBe

(700 kfe)

ALumnum

Whedon

Eresstnized

Hose (700

kK)

Wheel Sze

400 ran

Diamsta:, 90

ran Width

203.5 ran

DianEter, 47

ran Width

HbseDiamster

29ran

HoseDianEta-

29 ran

Load,N 14) to 5000 14) to 697 qpto700 14)tol200

Wheel S^peed 1.6 mfs

Siimscidal 0.33

nfs Mbxat

CMer

0.6 Ill's 0.6 id's

IVkdnunQdes
(lQde=2Whed

B»ses)

/■

30,000 20,000 8^000 8,000

IVbnnunRt Dqifli,
mm

10 4 7.6 5to7

Source: Williams, R. C. and Prowell, B. (1999), Comparison ofLaboratory 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 5). 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 5

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

10



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 Analyzer (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 v^thin 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.

II



The AP A 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

12



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.

13



2.0 TEST PROGRAM

In this study, the AP A 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

maximum (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.

14
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Table 2. Laboratory Test Methods Followed in Preparing Test Specimens.

HMA Sample
Condition

HMA Evaluation Parameters
Testing Procedures

Followed

Loose Mix Bulk Sampling of Mix ASTMD 979-89

Sample Size Reduction AASHTO T 248-83

Theoretical Maximum Specific Gravity ASTMD 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
Specimens

Bulk Specific Gravity (SSD) ASTM D 2726-96

Bulk Specific Gravity (Parafilm) ASTMD 1188-96

AP A 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 +/- l 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

16



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

17



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 lbs.) downward force 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.

18



3.0 TEST RESULTS

3.1 SGC Pill Specimens

As previously noted, the AP A 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

19



Ta
bl
e 
3.
 P
ro

pe
rt

ie
s 
of
 th

e 
H
M
A
 M
ix
es
 T
es
te
d 
in

 T
hi

s 
St

ud
y.

o

Co
un

ty
Mi

x 
Ty

pe
M
i
x
 I
D

As
ph

al
t 
Bi

nd
er

G
r
a
d
e

M
i
x
 D
es

ig
n

As
ph

al
t

B
i
n
d
e
r

Co
nt
en
t,
 (
%
)

M
i
x
 D
es

ig
n

D
u
s
t
 C
on

te
nt

,
%
 Pa

ss
in

g
0
.
0
7
5
 m
m

(
#
 2
0
0
)
 Se
iv
e

M
i
x

De
si
gn

D
u
s
t
-
t
o
-

As
ph

al
t

R
a
t
i
o

Ag
gr
eg
at
e

G
r
a
d
a
t
i
o
n

Pa
ss
in
g

Th
ro

ug
h

Re
st

ri
ct

ed

Z
o
n
e

Ru
t 
De
pt
h,
mm
.

5
0
0
 C
yc

le
s

Ru
t 
De

pt
h,

mm
.

8
0
0
0
 C
yc
le
s

Pi
ll
s

B
e
a
m
s

Pi
ll
s

B
e
a
m
s

B
e
n
t
o
n

3
0
7
 B
M
/
2

1
M
B

P
M
A
C
-
2
0

4
.
6

5
.
4

1
.
2

Y
E
S

0
.
7
0

N
/
A

3
.
2
1

N
/
A

B
e
n
t
o
n

4
1
1
 D

I
M
S

P
M
A
C
-
2
0

6
.
5

6
.
0

0
.
9

Y
E
S

0
.
6
7

0
.
7
6

2
.
6
4

2
.
1
3

B
l
o
u
n
t

3
0
7
 S
 -
 F
i
b
e
r
s

I
S
B
F

P
G
 7
6
-
2
2

5
.
1

5
.
2

1
.
0

Y
E
S

0
.
8
5

0
.
7
6

2
.
5
3

1
.
5
3

B
l
o
u
n
t

3
0
7
 S
 -
 N
o
 F
i
b
e
r
s

I
S
B
N
F

P
G
 7
6
-
2
2

4
.
4

5
.
2

1
.
2

Y
E
S

0
.
7
3

0
.
6
6

2
.
0
4

1
.
2
0

B
l
o
u
n
t

4
1
1
 S
-
F
i
b
e
r
s

I
S
S
F

P
G
 7
6
-
2
2

6
.
1

5
.
4

0
.
9

N
O

0
.
7
3

0
.
7
0

1
.
6
8

1
.
3
6

B
l
o
u
n
t

4
1
1
 S
 -
 N
o
 F
i
b
e
r
s

I
S
S
N
F

P
G
 7
6
-
2
2

6
.
0

5
.
4

0
.
9

N
O

0
.
5
9

0
.
5
7

1
.
9
6

1
.
5
3

B
I
o
u
n
t
/
L
o
u
d
o
n

3
0
7
 B
M
/
2

2
M
B

A
C
 2
0

4
.
5

4
.
8

1.
1

Y
E
S

0
.
6
6

N
/
A

2
.
8
8

N
/
A

C
a
m
p
b
e
l
l

3
0
7
 B
M
/
2

3
M
B

P
G
 6
4
-
2
2

4
.
2

5
.
0

1
.
2

Y
E
S

0
.
4
6

0
.
6
5

1
.
3
0

1
.
8
1

C
a
m
p
b
e
l
l

4
1
1
 D

2
M
S

P
G
 7
6
-
2
2

6
.
2

3
.
9

0
.
6

N
O

0
.
7
2

0
.
7
2

2
.
0
4

1
.
4
1

Cl
in

to
n 
H
w
y

4
1
1
 S

2
S
S

P
G
 7
6
-
2
2

5
.
5

4
.
7

0
.
8

N
O

0
.
7
2

0
.
7
6

2
.
0
6

1
.
5
8

C
o
f
f
e
e

3
0
7
 B
M

4
M
B

M
G
 2
0
-
4
0

4
.
4

4
.
9

1
.
2

N
O

0
.
4
4

N
/
A

1
.
5
3

N
/
A

C
o
f
f
e
e

4
1
1
 D

3
M
S

M
G
 2
0
-
4
0

5
.
0

3
.
0

0
.
6

N
O

0
.
8
8

N
/
A

3
.
8
9

N
/
A

D
a
v
i
d
s
o
n

4
1
1
 D

4
M
S

P
G
 7
6
-
2
2

5
.
3

4
.
9

0
.
9

Y
E
S

0
.
9
3

0
.
8
0

3
.
4
4

2
.
8
1

D
a
v
i
d
s
o
n

4
1
1
 D
 L
a
t
e
x

5
M
S

P
G
 6
4
-
2
2

5
.
7

4
.
3

0
.
8

Y
E
S

1
.
9
4

1
.
8
0

7
.
5
2

6
.
0
8

D
a
v
i
d
s
o
n
A
V
i
l
s
o
n

3
0
7
 B
M

5
M
B

A
C
-
2
0

4
.
2

5
.
8

1
.
4

Y
E
S

0
.
7
8

N
/
A

3
.
0
5

N
/
A

D
i
c
k
s
o
n

3
0
7
 B
M

6
M
B

P
G
 6
4
-
2
2

5
.
0

5
.
4

1
.
1

Y
E
S

0
.
8
1

N
/
A

3
.
7
3

N
/
A

D
i
c
k
s
o
n

4
1
1
 D

6
M
S

P
G
 6
4
-
2
2

5
.
9

5
.
2

0
.
9

Y
E
S

1
.
1
5

1
.
1
9

4
.
5
5

4
.
9
0

Gi
le
s

3
0
7
 B
M
/
2

7
M
B

P
G
 6
4
-
2
2

5
.
2

4
.
9

0
.
9

Y
E
S

1
.
1
3

N
/
A

4
.
1
5

N
/
A

G
r
u
n
d
y

3
0
7
 B
M

S
M
B

P
G
 6
4
-
2
2

4
.
3

4
.
1

1
.
0

Y
E
S

1
.
2
2

N
/
A

3
.
9
3

N
/
A

G
n
m
d
y

4
1
1
 D

7
M
S

P
G
 6
4
-
2
2

6
.
6

5
.
4

0
.
8

Y
E
S

1
.
8
2

1
.
0
6

5
.
8
9

4
.
0
5

H
a
m
i
l
t
o
n

4
1
1
 D

8
M
S

A
C
-
2
0

6
.
8

5
.
2

0
.
8

Y
E
S

3
.
0
1

N
/
A

8
.
9
3

N
/
A

J
a
c
k
s
o
n

3
0
7
 B
M

9
M
B

P
G
 6
4
-
2
2

4
.
5

3
.
9

0
.
8

Y
E
S

1
.
2
3

N
/
A

5
.
0
0

N
/
A

J
a
c
k
s
o
n

4
1
1
 D

9
M
S

P
G
 6
4
-
2
2

5
.
4

3
.
7

0
.
7

Y
E
S

3
.
8
2

N
/
A

9
.
9
2

N
/
A

M
a
r
i
o
n

4
1
1
 D

l
O
M
S

P
G
 6
4
-
2
2

6
.
9

4
.
2
 

■
0
.
6

Y
E
S

2
.
6
9

N
/
A

8
.
1
4

N
/
A

M
a
u
r
y

4
1
1
 S

3
S
S

P
G
 6
4
-
2
2

5
.
8

6
.
1

1
.
1

N
O

1
.
0
8

0
.
9
8

3
.
7
6

2
.
9
5

M
o
n
t
B
o
m
e
r
e
y

3
0
7
 S

2
S
B

P
G
 6
4
-
2
2

4
.
8

3
.
0

0
.
4

N
O

0
.
8
7

0
.
9
9

2
.
5
2

3
.
1
2

Pi
ck
et
t

4
1
1
 S

4
S
S

P
G
 6
4
-
2
2

4
.
9

3
.
2

0
.
7

Y
E
S

1
.
1
4

N
/
A

4
.
1
7

N
/
A

P
o
l
k

4
1
1
 D

I
I
M
S

P
G
 6
4
-
2
2

6
.
3

3
.
5

0
.
6

Y
E
S

4
.
1
5

N
/
A

1
0
.
5
5

N
/
A

P
u
b
i
a
m

4
1
1
 S

5
S
S

P
G
 6
4
-
2
2

4
.
9

4
.
8

1
.
1

Y
E
S

2
.
1
6

N
/
A

6
.
4
8

N
/
A

Ru
th
er
fo
rd

3
0
7
 B
M
/
2

l
O
M
B

A
C
-
2
0

4
.
2

4
.
6

1
.
1

Y
E
S

0
.
9
2

N
/
A

3
.
5
5

N
/
A

Se
qu

at
ch

ie
4
1
1
 D

1
2
M
S

P
G
 6
4
-
2
2

6
.
6

5
.
4

0
.
8

Y
E
S

1
.
9
0

1
.
1
8

5
.
4
7

5
.
5
8

S
e
v
i
e
r

3
0
7
 S

3
S
B

P
G
 6
4
-
2
2

5
.
0

4
.
4

0
.
9

N
O

1
.
4
1

1
.
1
6

4
.
2
4

3
.
3
6

S
e
y
i
e
r

4
1
1
 S

6
S
S

P
G
 6
4
-
2
2

5
.
4

4
.
6

0
.
9

N
O

0
.
8
8

1
.
2
4

3
.
0
9

3
.
2
9

Sh
el
by

4
1
1
 S

7
S
S

P
G
 7
6
-
2
2

6
.
1

6
.
3

1
.
2

N
O

0
.
6
7

0
.
5
2

2
.
4
2

1
.
3
5



s
s

o.
a>

O

6.00

Regression Line

R =0.01

4.S 5.2 5.9 5.9 6.0 6.2 6.2 6.4 6.4 6.5 6.5 6.6 6.7 6.7 6.7 6.7 6.7 6.8 6.8 6.8 6 9 7.0 7.0 7.1 7.2 7.2 7.2 7.2 7.2 7.4 7.5 7.6 8.2 8 4

Percent Air Voids

Figure 8. APA Rut Depth After 8000 Cycles vs. Percent Air Voids.

Conventional

~ Surface Mixes

Supeipave
Surface Mixes

Conventional

Binder Mixes

B
S

Supeipa^
Binder

Mixes

.ve

6 00

0 s.oo_

S
Q£ 4 00

in

4.8 5.2 5.9 5.9 6.2 6.2 6.5 6.7 6.7 6.8 6.7 7.2 7.4 8 4 6.0 6.4 6.6 6.7 6.7 6.9 7.2 7.2 7.2 7.5 7.6 8.2 6 4 6.5 6 8 6.8 7.0 7.0 7 1 7 2

Percent Air Voids

Figure 9. APA Rut Depth After 8000 Cycles vs. Percent Air Voids, Grouped
According to Mix Type.

21



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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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 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 value presented in Figure 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 shovm

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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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 in the 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

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 hnd 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 BDVIA 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 BDVIA.

Figure 20 demonstrates that there 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.
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Figure 21 illustrates that after 500 cycles, the SGC pills and AVC beams did not

correlate very tvell, having a coefficient of determination, = 0.28. Figure 22 shows

that the correlation increased after 8000 cycles, but was still relatively weak with a =

0.48. After removing Benton County 411 D, the correlation improved dramatically.

After 500 cycles, the R^ went up from 0.28 to 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

Q
xn
X

■©
>
U

<

♦  •

40 50 60 70

Compaction Time, sec

Figure 25. Percent Air Voids vs. Compaction Time For AVC Beam Specimens.
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voids 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 AP A. 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;

38



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. Test SGC pills until the AVC beam variability problems are resolved.

2. Testing can be stopped after 500 cycles for any HMA mix

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

4. Testing temperature should reflect actual field conditions.

5. Further research is needed to verify the failure definitions for all mixes.

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

7. The adaptability for the APA's usefulness as a field QA/QC device should
also be investigated.
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APPENDIX A

HMA MIX DESIGN AND TESTING INFORMATION
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Appendix A -1

County & Mix Type: Benton 307 BM/2

Project Number: 5100
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C'fl
Proiect Reference IME-40-2(76)-l26

Project No. 03001-8167 -44

Type

Contractor

State Rt. No.

BPMB-(HM)

APAC-TN

1-40 TOTAL

STATE OF TENNESSEE ASPHALT JOB MIX FORMULA Form DT-0256

RerForm T-118

Date 04/20/96

Time 15:36:25

County BENTON Region 4

Contract No. 5100

Sec. No. 307-B(M)II/POLY Article No. _

Subcontractor

MIX INCLUDING BITUMEN Date of Letting 2-6-96

SCREEN

MATERIAL Total Percent Passing PRODUCER AND ADDRESS Percent Used

C.A 31.25mm-Pan Vulcan Mtls.—Parsons, TN 23.6^^5''

MED. CA I9mm-Pan Vulcan Mtls.- -Parsons. TN 14.3^03/
Screenings 9.5mm-Pan Vulcan Mtls.—Parsons, TN 19.<lg%£,'3
Sand 9.5mm-Pan Tinker Sand and Qraiel--PerTyville, TN 19.0S6%C»^
R.A.P. 25mm-Pan 1-40 Hbkman Co.

A.C. and Pen. PMAC-20 KOCH—Memphis, TN %

%Fractured Faces on Plus No. 4 Material 100% r\^

100 PERCENT MINERAL AGGREGATE AGGREGATE ANALYSIS TOTAL PERCENT PASSING

Total Passing Requested Tolerance CA. Med CA. Screening Sand ^ RAP. Caculatec

SCREEN Design Range Percent Percent Percent Percent Percent n Percent Percent Mix

Temp 275-325 320

% A.C. 4.20-6.20'/ 25.00% 15.00% 20.00%: 20.00% 20.00% 100.0%

1 Theo Mix j

62.5mm RAP has 5.0% AC content '

50 mm 1 1  : 1

31.25mm 100 100 100 100 100 100' 100 100 100

25mm \ 1  1 1 i I
19mm 61 -93 t 93 87.3-96.7 77 100 100; 100 92 92.65

12.5mm 1 i !  1 i :
9.5mm 57-73 / 65 59.3-70.7 5 60 100: 100 75 65.3

4.75mm 40-56 / 49 45-53 2 7 901 97 52 49.4

2.36mm 28-43 / 37 33.7-40.3 1.5 2 62! 82 37 36.9

eooum 13-25 ' 22 18.7-25.3 1 1.5 35' 53 20 22.1

300um 9-19 ^ 12 8.7-15.3 0.7 1 28: 17 13 11.9

150um 6-10 ./ 7.2 5.6-6.8 0.5 0.7 22 4i 9 7.2

75um 2.5-6.5 y 5.4 3.8-7 0 0.3 0.5 16. 3 7 5.4

Requested

Approved

Contractor Region Materials Engineer

Region Conduction 1
Approved

Engineer of Materials amd Tests

48



v
o

S
A
M
P
L
E

N
O
.

D
a
l
e
 4
-
1
3
-
9
8

Ty
po

 m
i*

 3
07

-B
M2

RB
p/

Po
ly

Pf
ol

. I
ME

-4
0-

2(
76

)-
12

6
m
.
-
G
R
A
M
S

M
A
R
S
H
A
L
L
 M
I
X
 D
E
S
I
G
N
 W
O
R
K
S
H
E
E
T

C
o
n
t
.
 t
t 

5
1
0
0

Co
un
ty
 

Be
nt
on

Re
gi
on
 4

Co
nt
ro
cl
or
 
A
P
A
C
-
T
N

N
o
.
 B
l
o
w
s
 

7
5

S
P
.
G
R
A
.
C
.
 

1.
03

1

%
A
.
C
.
 

%
A
G
G
.

I
N
 A
I
R

S
.
S
.
D
.
 
I
N
 W
A
T
E
R

V
O
L
.

M
A
R
.
S
P
.

B
U
L
K

M
A
R
.

T
H
E
O
.

G
R
A
V
.

E
P
F
.

G
R
A
V
.
%
 V
O
I
D
S

T
L
.
 M
I
X

%
 V
O
I
D
S

V
.
M
.
A
.
 

F
I
L
L
E
D

U
N
I
T
 S
T
A
B
I
L
I
T
Y

W
T
.
 

K
N
S

^1
. 
i 

'f
.r

.-
-

A
G
G
.
 L.

O.
I 

N/
A

A
G
G
.
 F
R
A
C
T
U
R
E
D
 F
A
S
E
 

N/
A

A
G
G
.
 G
L
A
S
S
Y
 P
A
R
T
.
 

N/
A

A
G
G
 A
B
S
O
R
P
T
I
O
N
 

i 
5

A
G
G
 
B
U
L
K
S
P
.
 G
R
 

2.
65
8

A
G
G
.
 A
P
P
.
 S
P
.
 G
R
.
 

2
 7
0
|

G
R
A
M
S
 F
O
R
 2
.5
" 
S
P
E
C
.
 

12
25

Z
3
 7
/

RE
CO
MM
EN
DE
D 
AC
 C
ON

TE
NT

 
• ■

4.7
Q%

TH
E

O
. 

G
R

A
V

IT
Y

D
A

. R
 

_ 
A-

4K
r- 

y
/.

/y

AM
OU

NT
 &

 T
YP

E 
AD

DI
TI

VE
 

Pa
ve

 B
on

d 
LT

 0.
3%

T.
 S

. R
. 

86
.8

%

1^
1^

 
cd

.c
.

F
L
O

W
M

M

1
-A

1
-B

1
-C

4
.5

4
.7

9
5

.5

9
5
 3

1
1
8
9
.6

1
1

9
6

.8
1

1
9

2
.4

11
92

.2
1
1
9
9
.3

1
1

9
5

6
8
9
.5

6
9
2
.9

6
9
1
.8

5
0
2
.7

5
0

6
.4

50
3.

2

2
.3

6
6

2
.3

6
3

2
.3

7
2
.3

6
6

2 
3
7
5

2.
49

4

2
.4

0
7

2
.6

7
3

2
.6

7
3

5.
1

4
.5

1
5

.5

1
5
.3

6
6
.6

7
0
 8

2
3

6
6

8
6

8
.9

9
.1 9

2
6

2
5

2
.6

2
6

2
-A

2
-8

2
-C

5
9

5
1
1
9
2
.4

1
1
9
3
.7

1
1

9
5

.9

1
1
9
3
.8

1
1
9
5
.2

1
1

9
6

6
9
5
.3

6
9

5
.5

6
9
6
.6

4
9
8
.5

4
9
9
.7

50
1.

4

2
.3

9
2

2
.3

8
9

||>
2 

4
7

6
2
.6

7
3

3
.5

15
.1

7
6
.7

2
3
8
9

9
.4

9
.2

9
.5 9

3
3 3

3.
1

3.
1

3
-A

3
-B

3
-0

5
.5

9
4
.5

12
01

.7
11

97
.6

1
1

9
4

.4

12
03

.2
11

99
.3

1
1
9
5
.8

70
4.

1
70

2.
2

7
0
0
.4

49
9.

1
49

7.
1

4
9
5
.4

2
.4

0
8

2.
40

9
2.

41
1

2
.4

0
9

2
.4

5
8

2
.6

7
3

2
1

4
8

8
6
.6

2
4
0
9

1
0
.2

9
.9

9
.8 1
0

3
5

3
.4

3
.6

3
.5

4
-A

4
-B

4
-C

6
94

1
1
9
6
.8

12
01

.9
11

97
.1

11
97

.9
1
2
0
2
.2

1
1

9
8

70
3.

6
70

4.
9 

.
70

3.
1

4
9
4
.3

4
9
7
.3

4
9
4
.9

2.
42

1
2

.4
1

7
2
.4

1
9

2.
41

9

2
.4

4
2
.6

7
3

0
.9

1
4

.9
9
4
.5

2
4

1
9

1
0

9
.8

9
.8 1
0

3
.6

3.
4

3
.3

3
.4



1
0
0
.
0

9
0
.
0

8
0
.
0

7
0
.
0

u
i
o
^
 
60

.0
'(

0
(
0

(
Q i

 50
.0

c 0
)
U q1
 

40
.0

3
0
.
0

2
0
.
0

Mi
x 
D
e
s
i
g
n
 G
ra

da
ti

on
1
9
 m
m
 N
o
m
i
n
a
l

B
e
n
t
o
n
 3
0
7
 B
M
I
2

M
a
x
i
m
u
m
 D
en

si
ty

 L
in

e

1

S
u
p
e
r
p
a
v
e

K
e
s
t
r
i
c
t
e
a
 z
o
n
t

1
0
.
0

0
.
0
 -

0
.
0
7
5
 0
.
1
5
 0
.
3
0
 
0
.
6
0
 
1
.
1
8

2
.
3
6
 

4
.
7
5
 

9
.
5
 

1
2
.
5

Si
ev
e 
Si
ze
, (
Ra

is
ed

 t
o 
0.
45
 P
ow
er
),
 m
m
.

1
9
.
0

2
5
.
0

3
7
.
5



Compaction Data Sheet
SGC Pills and AVC Beams

County and Mbt Type: Benton 307 BM/2

Theoretical Maximum (Rice) Specific Gravity = 2.486

SGC Pills AVC Beams

75 mmx ISOmm 75 X 125 X 300 mm

1 2 1 2

Mass of Sample Before Compaction, g 2965.0 2965.1 6715.2 6715.0

(lb) 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

(°F) 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

(lb) 6.5 6.5 14.7 14.7

Dry mass with Parafilm (D), g 2970.8 2966.1 6697.6 6695.1

(lb) 6.5 6.5 14.8 14.8

Wet mass with Parafilm (E), g 1669.9 1662.4 3808.9 3885.6

(lb) 3.7 3.7 8.4 8.6

Wet mass w/o Parafilm (C), g 1712.3 1704.8 3896.2 3938.8

(lb) 3.8 3.8 8.6 8.7

Saturated Surface Dry mass (B), g 2975.7 2970.3 6698.1 6689.9

(lb) 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

VTM =[l-(Gmb/Gmm)l, SSD (%) 5.7% 6.0% 4.0% 2.3%

VTM = [l-(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

SGCPilI#2 SGC Pill U 1

Cycles Initial 500 1000 4000 8000 Initial 1 500 1 1000 1 4000 1 8000
Aft Rear 11.16 10.40 10.18 9.19 7.92 -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

SGC Pill #2

Cycles 500 1000 4000 8000

Aft Rear 0.76 0.98 1.97 3.24

Aft Front 0.71 0.97 2.03 3.29

Ayerage 0.73 0.98 2.00 3.27

Cycles 500 1000 4000 8000

Average 0.70 0.95 1.95 3.21

Both Pills

SGC Pill #1

Cycles 500 1000 4000 8000
Fwd Rear 0.59 0.81 1.77 3.12
Fwd Front 0.74 1.02 2.04 3.20

Average 0.66 0.92 1.91 3.16
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Appendix A - 2

County & Mix Type: Benton 411 D

Project Number: 5100
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Compaction Data Sheet
SGC Pills and AVC Beams

County and Mix Type: Bentondll 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, g 2800.0 2800.0 6290.1 6290.1

(lb) 6.2 6.2 13.9 13.9

Mold Temperature," C 148.9 154.4 143.3 143.3

(°F) 300.0 310.0 290.0 290.0

Mix Temperature, ° C 149.4 150.6 147.2 147.2

(°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 413.7/137.9 413.7/137.9

(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

(lb) 6.2 6.2 13.8 13.8

Dry mass with Parafilm (D), g 2799.0 2800.3 6270.4 6260.6

(lb) 6.2 6.2 13.8 13.8

Wet mass with Parafilm (E), g 1472.0 1477.0 3320.9 3318.1

(lb) 3.2 3.3 7.3 7.3

Wet mass w/o Parafilm (C), g 1504.9 1510.1 3381.7 3385.5

(lb) 3.3 3.3 7.5 7.5

Saturated Surface Dry mass (B), g 2805.0 2804.9 6280.0 6274.2

(lb) 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 =[l-(Gmb/Gmra)], SSD (%) 7.8% 7.4% 7.2% 7.1%

VTM = [l-(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 411 D

SGCPill#2 SGC Pill # 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-

Aft Front 12.57 11.97 11.79 11.12 10.33 -N/A-

Middle -N/A- -N/A-

Fwd Rear -N/A- 13.19 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 Initial 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

SGC Pill #2 SGC Pill #1

Cycles 500 1000 4000 8000 Cycles 500 1000 4000 8000
Aft Rear 0.58 0.82 1.49 .  2.42 Fwd Rear 0.74 1.01 2.01 3.02
Aft 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 1.73 264

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

Aft 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 2.34 1.03 1.32 2.22 2.93

Averages

Alls 0.76 0.94 1.52 2.21 0.76 0.96 1.51 2.04

Middles 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 FORJ-IULA

IMIX DESIGN NO: DV-l('=!%^ SERIAL NO rsilfl JG' IdATE' 7/15/S6
; REG ION: " ONE ARTICLE NO

! PROJECT REF SP CONTRACT NO. 5267

i PROJECT- 05002-4219-04 COUNTY- BLOUNT

,

ItYPE: BCHJil S.P./19mm 3^7-S SEC. NO- - - : '

ICONTRACTOR- APAC-HARRISON CONST. SUBCONTRACTOR

1 STATE RT. NO: S.R.:55 4 447 DATE Of LETTING JUNE/98

1 Material
Total

Peicsnt PassuiR Producer and Address

Percent

Used

!  »57/67 25mm-.075mm VULCAN MATERIALS. MARYVILLE 28.68

«7 19mm-.075mm VULCAN MATERIALS. MARYVILLE 23.90

>10 9.5mjn-.Q76mm VULCAN MATERIALS. MARYVILLE 21 99

NATL. SAND 9.Smin-.075miri HIGHLAND SAND, CRABORCHARD 9.56

WASH SAND 4.75mm-.075nvjn VULCAN MATERIALS. MARYVILLE 9 56

BAGHOUSE FINES .iS0jnm-.075mm HARRISON ASPHALT PLANT, MARYVILLE 1.91

Asptialt Cement: PC 76-22 1 MARATKON/ASHLAND. KNOXVILLE 4 40

lAnti-strip Ipave-bond DtssasRaie o.sr. 100

1

I AC-OREGATE ANALYSIS TOTAL PERCENT PASSING

MIXING TEMP. ! 340 F 171 C

B57/67 b7 elO

NATL

SAI^D

WASH

SAND

BAGHOUSE

FINES Caicijiate

Mi:

COMP. TEMP 1 315 F 157 C

1 PERCENT AC REOUESTED 4 4 r. % % %

j
CONTROL

POINTS

RESTRICTED

ZONE

MIX

BLEND

307e /< 23% 10% 10% 2% IOC 0%

1
1

25mm 100 100 100 100 1 100 100 100 100 100.0

19mm 90/100 97 39 IOC ! 100 1 100 100 100 96 7

12.5mm 90 mai i 79 42 34 j 100 100 100 100 73 6

1  9.5mm 57 27 56 1 100 100 100 100 67 1

I  4.75mm '  1 4? 0 !1 92 99 100 100 45 5

1  2.35mm .23/49 i 34.6 34 2 .  3 56 68 90 100 34 0

1  1.18mm 1  22.3/ 23.3 23 3 31 31 47 100 23 3

1  .SOOmm 1  16 7 /20.7 17 1 1 2 20 70 ^"1
100 16.6

!  .300mm 1  13.7 S i ■5 U 12 9 100 6.1
.isomm 1 (.:■ 1 2 12 4.0 I 3 8 100 6.3
075mm 2.0/8.0 1 £.i 1 0 1 C lO.O 2.0 1 2 1 98 3 5.2

j  THEO
lORAVin'

P-CF DAP TSR LOI

1  2.?15 261? 0 163 4 1 1.2 NA

REOUEST APAC-TN . HARRISON DI\^^ APPROVED

APfPOVED

REGION C0H?7 OK-INEER n^'GH'IEER 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 IfiOmm 75 X 125 X 300 mm

1 2 1 2

Mass of Sample Before Compaction, g 3078.0 3078.1 7055.0 7055.3

(lb) 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 75.3 N/A N/A

(in.) 2.9646 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 70.0 60.0

Dry mass (A), g 3067.1 3067.9 7010.6 6992.7

(lb) 6.8 6.8 15.5 15.4

Dry mass with Parafilm (D), g 3075.6 3076.4 7021.9 7003.7

(lb) 6.8 6.8 15.5 15.4

Wet mass with Parafilm (E), g 1758.4 1758.6 4058.2 4050.7

(lb) 3.9 3.9 8.9 8.9

Wet mass w/o Parafilm (C), g 1823.2 1824.4 4161.6 4146.9

(lb) 4.0 4.0 9.2 9.1

Saturated Surface Dry mass (B), g 3091.4 3094.3 7030.6 7007.4

(lb) 6.8 6.8 15.5 15.4

Specific Gravity (Gmb), SSD 2.418 2.416 2.444 2.445

Specific Gravity (Gmb), Parafilm 2.354 2.353 2.381 2.383

VTM =[l-(Gmb/Gram)l, SSD (%) 7.3% 7.4% 6.4% 6.3%

VTM = [l-(Gmb/Gmm)], Parafilm (%) 9.8% 9.8% 8.8% 8.7%

NCAT Asphalt 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

SGCPm#2 SGC Piil # 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-
Middle -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 Initial 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
Aft Front 8.18 7.49 7.35 7.13 6.98 8.64 8.26 8.26 8.13 7.98
Middle 8.93 8.18 8.03 7.73 7.56 8.62 8.29 8.19 8.14 8.04
Fwd Rear 9.25 8.50 8.37 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 Pill #2

Cycles 500 1000 4000 8000

Aft Rear 0.43 0.55 1.00 1.36

Aft Front 0.82 1.02 1.90 2.36

Ayerage 0.63 0.79 1.45 1.86

SGC Pill # 1

Cycles 500 1000 4000 8000
Fwd Rear 0.82 1.14 1.75 2.57

Fwd Front 0.85 1.01 1.51 1.87

Ayerage 0.84 1.08 1.63 2.22

Cycles 500 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 1.37 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 1.37 0.33 0.43 0.48 0.58
Fwd Rear 0.75 0.88 1.16 1.32 0.55 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
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Appendix A - 4

County & Mix Type: Blount 307 S With Fibers

Project Number: 5267
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SUPERPAVE

STATE OF TENT^ESSEE ASPHALT JOB M!X FORMULA

MIX DESIGN NO- JDVW ̂ 39) SERIAL NO /V?-/ IdaTE 7/15/9$
REGION: *" ONE ARTICLE NO

PROJECT REF SP CONTRACT NO- 5267

PROJECT : 05003-4219-04 COUNTY SLOUNT

TYPE: BCHM-S.P./l9inm *?0 7-S SEC. NO:

CONTRACTOR. APAC-HARRISON CONST. SUBCONTRACTOR:

STATE RT. NO; S.R..35 i 447 DATE OF LETTING; JUNE/98

Material

Total

Percent Passinp Producer and Address

Percent

used

tl 57/67 25mm-.075mm VULCAN MATERIALS. MARWILLE 26.47

17 19mm-.075mm VULCAN MATERIALS, MARYVILLE 23 73

n 10 9.5mm-.075mm VULCAN MATERIALS, MARYVILLE 21.83

NATL. SAND 9.5mm- 075mm HIGHLAND SAND. CRABORCHARD 9 49

WASH SAND 4.75mm- 075mm VULCAN MATERIALS. MARYVILLE 9.4?

BAGHOUSE FINES .150mm-.075mm ^ HARRISON ASPHALT PLANT, MARYVILLE 1.89

AspJalt Cement: PC 76-22 ^0.3% FIBERS ) MARATHCN/ASHLAND. KNOXVILLE 5.10

Anti-Strip PAVE-BOND ^ ' Doss^fsRate; 0.57. IOC

AGGREGATE ANALYSIS TOTAL PERCENT PASSING

MIXING TEMP. 340 F 171 C

857/67 n? 810

NATL

SAND

WASH

SAND

BAGHOUSE

FINES caicijiatei

Mix

COMP. TEMP 315 F 157 C

PERCENT AC REOUESTED 5.1 % % 7. % %

CONTROL

POINTS

RESTRICTED

ZONE

MIX

BLEND

307. 257. 237. 107. 107. 2% 100.0-

25mm 100 100 100 100 100 100 100 100 100.0

19mm 90/100 97 89 100 100 100 100 100 96.7

12.5mm 90 mai 79 42 34 100 100 100 too 78.6

9.5mm 67 27 66 100 100 100 too 67.1

4.7Smm 49 9 U 92 99 100 100 48 6

2.36mm 23/49 34.6 34 2 3 56 8? 90 100 34.0

1.18mm 22.3/28.3 23 2 3 { 31 SI ! 47 100 23.3 I

.600mm 16.7/20.7 17 I t 20 •>0 1 22 100 16.6

300mm 13 7 8 1 .  . 2 U 12 1 9 too 8 !

.150mm 6.3 1 2 o 4.0 i 3.8 100 6 3

.076mm 2.0/8.0 5.2 1 0 1.0 10 0 2.C 2.1 98 3 5 2

THEO

GP.AVITY

kg/TnS PCF dar T3R LOi

2 575 257? 0 160.? 1.0 NA

REQUEST

APPROVED:

APAC-Ty.; HARRISON DIV.

CONTRACTOR

AFFROVED

REGION CONST ENGLNEER

REGIONNiATERIALS ENGINEER

AFFROVEO

EIK-INEER OF MATERIALS AND TE3
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Compaction Data Sheet
SGC Pills and AVC Beams

County and Mix Type; Blount 307 S - With Fibers

Theoretical Maxinium (Rice) Specific Gravity - 2.582

SGC Pills AVC Beams

75 mm x ISOnun 75 X 125 X 300 mm

1 2 1 2

Mass of Sample Before Compaction, g 3050.1 3050.1 6975.1 6975.0

(lb) 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 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 448.2 /137.9 413.7/137.9

(psi) N/A N/A 65/20 60/20

Compaction Time, sec. :,N/A :;N/A 70.0 70.0

Dry mass (A), g 3033.6 3040.2 6949.3 6931.4

(lb) 6.7 6.7 15.3 15.3

Dry mass with Parafilm (D), g 3042.2 3048.7 6960.7 6941.1

(lb) 6.7 6.7 15.3 15.3

Wet mass with Parafilm (E), g 1709.0 1726.6 4007.5 3954.8

(lb) 3.8 3.8 8.8 8.7

Wet mass w/o Parafilm (C), g 1774.0 1789.7 4085.8 4066.7

(lb) 3.9 3.9 9.0 9.0

Saturated Surface Dry mass (B), g 3065.4 3067.0 6970.3 6970.0

(lb) 6.8 6.8 15.4 15.4

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 =[l-(Gmb/Gmm)], SSD (%) 9.0% 7.8% 6.7% 7.5%

VTM = [l-(Gmb/Gmm)], Parafilm (%) 10.9% 10.0% 8.3% 9.6%

NCAT Asphalt Content (%) 4.2% 4.2% 4.2% 4.2%
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APA Dial Gauge Readings, mm

Mix Type: Blount 307 S W/ Fibers

SGC Pili # 2 SGC Pill # 1

Cycles Initial 500 1000 4000 8000 Initial 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 Initial 500 1000 4000 8000
Aft Rear 9.93 9.14 8.98 8.54 8.23 9.69 8.49 8.28 7.75 7.14

Aft Front 10.06 9.20 9.00 8.68 8.51 10.63 9.77 9.62 9.28 8.94
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 8.87 8.63 8.47

APA Measured Rut Depth Values, mm

SGC Pill #2 SGC Pill # 1

Cycles 500 1000 4000 8000 Cycles 500 1000 4000 8000

Aft Rear 0.77 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

Ayerage 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 1.17 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 1.33 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

All 5 0.66 0.83 1.16 1.38 0.86 1.05 1.39 1.68

Middles 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

MIXDESICNNO: SERIAL NO: )^<? > IdaTE. 8/10/98
REGION: ' ONE ARTICLE NO ^

PROJECT REE SP CONTRACT NO- 5267

PROJECT: 05002-4219-01 COUNTY- BLOUNT

TYPE; ECHM-S P./12.5mm ^IhS SEC. NO

CONTRACTOR: APAC-HARRISON CONST SUBCONTRACTOR-

STATE RT. NO: SJt.:3S^ 447 DATE or LETTING: JUNE/98

Matsial

Total

Percent Passirift Producer and Address

Peiceni

used

GRANITE «7 I9mm-.075mn VULCAN MATERIALS, ENKA.N.C. 61.10

tio 9.Sinn-.07$mm VULCAN MATERIALS. MARYVILLE 21.62

NATL. SAND 9.8mm-.078mn HIGHLAND SAND. CRABORCKARD 9.40

BAGKOUSE FINES .lS0mm-.07Smm HARRISON ASPHALT PLANT. MARYVILLE 1.88

Asplall Cement: PO 75-22 1 MARATHON/A SHLAND. KNOXVILLE 6.00

rr»V w i/u3d4ct: KOic. u.?/* f. 100

AGGREGATE AN/kLYSIS TOTAL PERCENT PASSING

MIXING TEMP. 340 F 171 C

■7 slO

NATL.

SAND

BACHOUSE

FINES Calculate

Mix

COMP. TEMP. 315 F 15? C

PERCENT AC REOUESTED 6.0 % % % %

CONTROL

POINTS

RESTRICTED

ZONE

MIX

BLEND

65% 23% 10% 2% 100.0%

25mm 0 0 0

19mm 100 100 100 100 100 100 100 0
12.5mm 90/100 95 93 100 100 100 95.5

9.5mm 79 68 100 100 100 79.2
1.75mm ' SO 26 92 99 100 50.0
2.35mm 28/5? 39.1 29 9 56 86 100 29.3

l.I8mn 25.fi4*31.6 20 5 31 81 100 20.5
.soomm 19.1/23.1 16 4 20 70 100 16.2
.300mm 15.5 8 3 14 12 100 8 4
.I50mm 6.4 % 12 4.0 98.9 6.4

.075mm 2/10 5 4 1.5 10.0 2.0 98.3 5.4

THEO.

GRAVITY

)Cg/7n3 PCF DAR • TSR LOl

REOUEST APAC-TN.: HARRISON DIV.

2.513 2513 0 156 8 0.9 85% 12

i
CONTRACTOR ^

APPROVED: ^
REGION MATERIALS ENGINEER

APPROVED-

REGION CONST. ENGINEER ENGINEER OF MATERIALS AND TEST
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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

7S mm X 150mm 75 X 125 X 300 mm

1 2 2 3

Mass of Sample Before Compaction, g 3008.0 3008.1 6860.5 6860.4

(lb) 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 149.4 148.3 150.6 149.4

CF) 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

(lb) 6.6 6.6 15.0 15.0

Dry mass with Parafilm (D), g 2992.6 2996.2 6830.1 6823.1

(lb) 6.6 6.6 15.1 15.0

Wet mass with Parafilm (E), g 1667.9 1675.9 3858.7 3853.5

(lb) 3.7 3.7 8.5 8.5

Wet mass w/o Parafilm (C), g 1716.1 1723.3 3940.3 3947.3

(lb) 3.8 3.8 8.7 8.7

Saturated Surface Dry mass (B), g 2992.4 2997.5 6830.3 6817.8

(lb) 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 =ri-(Gmb/Gmm)], SSD (%) 6.9% 6.6% 6.1% 5.6%

VTM = [l-(Gmb/Gmm)], Parafilm (%) 9.3% 9.0% 8.0% 8.0%

NCAT Asphalt Content (%) 6.1% 6.1% 6.1% 6.1%
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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 Initial 500 1000 4000 8000
Aft Rear 11.78 11.59 11.43 10.96 10.82 8.06 7.46 7.10 6.49 6.24
Aft Front 11.99 11.11 10.98 9.94 9.87 8.29 7.80 7.24 7.08 6.88
Middle 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

Cycles 500 1000 4000 .8000

Aft Rear 0.72 1.10 1.76 1.94

Aft Front 0.77 0.97 1.62 2.28

Ayerage 0.75 1.04 1.69 2.11

SGC Pill #1

Cycles 500 1000 4000 8000

Fwd Rear 0.51 0.81 1.59 2.15

Fwd Front 0.35 0.54 0.98 1.47

Ayerage 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 2.12 0.49 1.05 1.21 1.41
Middle 0.16 0.50 0.70 0.78 0.63 0.77 1.31 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 1.61 1.92

Ayerages

All 5 0.53 0.74 1.31 1.49 0.62 0.90 1.33 1.58

Middles 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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Appendix A - 6

County & Mix Type; Blount 411 S With Fibers

Project Number: 5267
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SUPERPAVE

STATE or TENNESSEE ASPHALT JOB MIX FORMULA

MIX DESIGN NO: SERIALNO: ^-,C<lfl) It B IdATE: 8/10/fl8
REGION: * ONE ARTICLE NO:

PROJECT REE SP CONTRACT NO: 5267

PROJECT : gS002-<21»-01 COUNTY: BLOUNT

type BCHM: S.P./I2.5mm *4-1 IS SEC. NO:

CONTRACTOR: APAC-HARRISON CONST. SUBCONTRACTOR:

STATE RT. NO: S.R.:35A447 DATE or LETTING: JUNE>S8

Mateiul

Total

Percent Passinp Piodtcei and Addiess

Percent

Used

GRANITE «7 I9mm-.075mjn VULCAN MATERIALS, ENRA.N.C. 61.04

• 10 9.5jnm-.075mjn VULCAN MATERIALS. MARYVILLE 21.59

NATL. SAND 9.5mm-.075jnm HIGHLAND SAND, CRABORCHARD 9.39

BAGHOOSE FINES .150mm-.075mm,— - -- HARRISON ASPHALT PLANT, MARYVILLE 1.88
Aspnalt Cement: PG 75-22 /10.37. FIBERS \ MARATHON/ASHLAND, KNOXVILLE 5.10
Ans-stnp PAVE-BOND V DQCQq«Date: 0 5% t*. 100

AGGREGATE ANALYSIS TOTAL PERCENT PASSING

MITCING TEMP. 340 r 171C

■7 nlO

NATL.

SAND

BAGHOUSE

FINES Calculate

Miz

COMP. TEMP. 315 F 157 C

PERCENT AC REQUESTED 5.1 % % % 7.
CONTROL

POINTS

RESTRICTED

ZONE

MIX

BLEND

657. 237. 10% 2% 100.0%

2Smm 0 0 0
19mn 100 100 100 100 100 100 100.0

12.5mn 90/100 95 93 100 100 100 95.5
P.Smm 79 68 100 IOC 100 79.2

4.7Smm 50 26 92 99 100 50.0
2.3Smm 28/58 39.1 29 ^  9 56 86 100 29.3
1.13mm 23.6/31.6 20 5 31 81 100 20.3
.SOOmm 19.1/23 1 16 4 20 70 100 16.2
.300mm 15.5 B 3 14 12 100 8.4
.ISOmm 6.4 •> 12 4.0 98.9 6.4
.07Smm 2/10 5 4 l.S 10.0 2.0 98.3 5.4

THEO.

SRAVITY

kg/mS PCF DAR TSR LOl

REQUEST APAC-TN.. HARRISON DIV.

2.507 2507.0 156.4 0.9 81% 12

APPROVED
CONTRACTOR

APPROVED: ^ Y
REGION MATSilALS ET^GU'iES

APPROVED
REGION CONST. ENGINEER 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

75 mm x 150mm

AVC Beams

75 X 125 X 300 mm

1 2 1 2

Mass of Sample Before Compaction, g 3000.0 3000.0 6820.2 6820.0

(lb) 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

(°F) 297.0 300.0 300.0 304.0

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), g 2993.5 2987.2 6792.7 6790.9

(lb) 6.6 6.6 15.0 15.0

Dry mass with Parafilm (D), g 3003.7 2996.7 6803.6 6802.1

(lb) 6.6 6.6 15.0 15.0

Wet mass with Parafilm (E), g 1683.2 1676.2 3784.9 3786.8

(lb) 3.7 3.7 8.3 8.3

Wet mass w/o Parafilm (C), g 1728.6 1723.4 3907.3 3901.1

(lb) 3.8 3.8 8.6 8.6

Saturated Surface Dry mass (B), g 3008.5 3003.5 6838.0 6839.5

(lb) 6.6 6.6 15.1 15.1

Specific Gravity (Gmb), SSD 2.339 2.334 2.318 2.311

Specific Gravity (Gmb), Parafilm 2.297 2.290 2.264 2.266

VTM =[l-(Gmb/Gmm)], SSD (%) 6.9% 7.1% 7.7% 8.0%

VTM = [l-(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 S W/ Fibers

SGCPill#2 SGC Pill # 1

Cycles Initial 500 1000 4000 8000 Initial 500 1000 4000 8000
AflRear 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 8.18 7.97 7.59 7.16 9.71 9.28 9.21 9.13 8.95

Aft Front 10.02 9.15 9.08 8.44 8.17 9.99 9.33 9.20 8.99 8.85

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 8.89 10.11 9.50 9.15 8.85 8.81

APA Measured Rut Depth Values, mm

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

0.61

1.00

0.83

1.18 1.74 Fwd Front 0.99 1.17 1.62 1.85

Average 1.12 1.57 Average 0.86 1.08 1.48 1.79

Cycles 500 1000 4000 8000

Average
Both Pills

0.73 0.95 1.30 1.68

Beam 1 Beam 2

Cycles 500 1000 4000 8000 500 1000 4000 8000

Aft Rear 0.82 1.03 1.41 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 1.45 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

All 5 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

Middle 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 - Louden 307 BM/2

Project Number: 4858
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STATE or TENNESSEE ASPHALT JOB BIX FORHULA

MIX DESIGN NO; SERIAL NO: DATE: 01/29/93

REGION: ONE ARTICLE NO: 307-03.16

PROJECT REF. NO: DS-NH 33(121 COUNTY: BLOUNT i LOUDON
PROJECT MO: tOSOOl-3264-141 CONTRACT NO: 4858

TYPE: BCHM-BM.'2 SEC. NO: 307-BM.'2

CONTRACTOR; APAC-TN:HARRISOM SUBCONTRACTOR:

STATE RT. NO: 411-SOt.ITH DATE OF LETTING: 6/97

Hausrial

Total

Parcsnt Passing Producsr and Addrass

" Parcai

Ussc

#Se,LIMESTONE 12.Smm-7Sum V ULCAN MATERIALS .Mary VI LLE 35.3;
#S.LIMESTCNE 9.Smm-7Sum VULCAN MATERIALS.MARYVILLE 15.2."

NATURAL SAND 9.Snim-7Suni HIGHLAND SAND.CRABORCHARD 25.7i
RAP 12.5mm-75um HARRISON.STOCKPILE 19.11

•Asphalt Cement PG 64-22 SOUTHERN STATES,KNOXVILI 3.6% 0.9% 4.5'

Anti-Strip PAVE BOND Dossaze Rate: 0.5% VIRGIN RECLAIM 10

ft Fractured Faces on Plus No. 4 Material: NA AC AC

K Classy Particles on Plus No. 4 Material: NA

100 PERCQfT HINERIAL AGGREGATE AGGREGATE ANALYSIS TOTAL PERCENT PASSING

DESIGN Requested #56 #8 SAND R.AP FILLER Calculait

RANGE Percent PERCENT PERCENT PERCENT PERCENT PERCENT Mix

MIX TEMP 1S2/1S8 C 155 C 311 F 36.0% 15.0% 27.0% 20.0% 2.0% lOO.C

COMP MIX 142/147 C 144 C 292 F

«.AC 4.2-6.2 4.5

RAP AC 4.5%

31.7Smin 100 100 100 100 100 100 100 100.

19.0inm/3/4 81/93 91 407-QA 75 100 100 100 100 91.

9.Smm/3/S 57/73 63 TEST 11 84 100 87 100 63.

4.7Smffl/#4 40/56 44 TOLERANCE 5 6 98 64 100 44.

2.3£mm/#8 28/43 36 4 5 87 44 100 36.

cOOum/fSO 13/25 25 2 i: 1 55 23 100 25.

300um/#S0 9/19 10 2 1 14 18 100 10.

lS0um/#10O 6/10 e.e 1 1 c 13.9 100 6.

7Sum/#200 2.5/6.5 4.8 0.5 0.2 1.6 10.6 100 4.

THEO.

GRAVITY

2.602

kg/m3

2602.0

PCF

162.4

D ,A R

_ 1.1

TSR

84%

Requested {APAC-Tr }HARRI£0N DIV.
Contrictor

Approved

Approved

A.pproved

Matenlils Eaacneer

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

DATE: 01/28/98 MATERIALS

PROJ REF DS-NH 33(12 ) #56 VULCAN

PR03. NO. 05001-3264-14 LIMESTONE MARYVILLE

53005-3212-14

CONTRACT # 4858 #8 VULCAN

COUNTY: BLOUNT LIMESTONE MARYVILLE

REGION: 1

TYPE MIX: 307-BM/2 NATURAL HIGHLAND

CONTRACTOR:HARRISON CONST. SAND CRABORCHARD

AC GRADE PG 64-22

SP.GR. AC 1.040 RAP HARRISON

DESIGN NO. GRADATION OF MATERIALS USED SERIAL

MATERIAL

PERCENT

4»56

36%

««8

15.0%

SAND

27%

RAP

20%

FILLER

2%

BLEND DESIGN

100% RANGE

11/4/31.75m

3/4/19mm

100%

75%

100%

100%

100%

100%

100%

100%

100%

100%

100.0% 100

91.0% 81/93

3/8/9.5mm

#4/4 .75mm

#8/2.36mm

#30/600um

#50/300um

#100/150um

#200/75um

BULK SP.SR.

EFF.SP.GR.A

APP. SP.GR.

11%

5.0%

4.0%

2.0%

2.0%

1 .0%

0.5%

AGG.

84%

6%

5%

1%

1%

1 .0%

0.2%

100%

98%

87%

65%

14%

5.0%

1 .6%

87%

64%

44%

23%

18%

13.9%

10.6%

100%

100%

100%

100%

100%

100%

100%

2.800

63.0%

44 .0%

36.5%

25.0%

10.3%

6.6%

57/73

40/56

28/43

13/25

9/19

6/10

4.8% 2.5/6.5

MIX NO.

FORMULATIONS

1  2

% ASPHALT

STABILITY L

SP.GR.MAR.P

THEO.GR.MIX

LBS. CU. FT

FLOW

% AIR VOIDS

% THEO.GR.

% VMA

% of VFA

%A.C. REQUE

4.0%

4570

2.465

2.622

153.8

9.2

6.0%

94 .0%

15.5%

61 .2%

4.5%

4950

2.489

2.602

155.3

13.0

4 .3%

95.7%

15 .1%

71 .3%

5.0%

3880

2.514

2.582

156.9

11 .7

2.6%

97 .4%

14 .7%

82 .2%

5.5%

3500

2.5i9
2.562

157 .2

16.3

1 .7%

98.3%

15.0%

88 .8%

l>3

isj
76-3

4.50% FRACTURED FACE:

ANTI-STRIP 0.5% PAVEBOND , L.O.I.:
T .S .R . 8H % / ~ DUST/AC RATIO
AGG. ABS . : 'NA/RAP'^MIX

NA

NA

THEO. GR.

MIXING

2 .602

311F/155C

1 .06

%AC in RAP : 4.5%=0.9% RECLAIM

GRAMS 2.5" Specimen: 1250
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 = 2.617

SGC Pills AVC Beams

75 mm x ISOiiun 75 X 125 X 300 mm

1 2 1 2

Mass of Sample Before Compaction, g 3080.0 3080.1 7070.0 7070.8

(lb) 6.8 6.8 15.6 15.6

Mold Temperature, " C 135.0 124.4 137.8 137.8

CF) 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 75.0 162 N/A N/A

(in.) 2.9528 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 3073.0 3069.0 7046.2 7027.0

(lb) 6.8 6.8 15.5 15.5

Dry mass with Parafilm (D), g 3081.4 3076.6 7057.8 7039.8

(lb) 6.8 6.8 15.6 15.5

Wet mass with Parafilm (E), g 1770.6 1770.4 4173.0 4089.3

(lb) 3.9 3.9 9.2 9.0

Wet mass w/o Parafilm (C), g 1833.1 1840.1 4257.7 4226.5

(lb) 4.0 4.1 9.4 9.3

Saturated Surfece Dry mass (B), g 3093.7 3095.7 7062.7 7055.3

(lb) 6.8 6.8 15.6 15.6

Specific Gravity (Gmb), SSD 2.438 2.444 2.512 2.484

Specific Gravity (Gmb), Parafilm 2.370 2.373 2.459 2.399

VTM =[l-(Gmb/Gmm)], SSD (%) 6.9% 6.6% 4.0% 5.1%

VTM = [l-(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

Cycles Initial 500 1000 4000 8000 Initial 1 500 1 1000 1 4000 1 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

Cycles 500 1000 4000 8000

Aft Rear 0.71 1.03 2.10 3.08

Aft Front 0.72 0.99 1.98 2.83

Ayerage 0.72 1.01 2.04 2.96

Cycles 500 1000 4000 8000

Average
Both Pills

0.66 0.95 1.97 2.88

Cycles 500 1000 4000 8000

Fwd Rear 0.60 0.92 2.18 3.31
Fwd Front 0.62 0.86 1.62 2.28

Average 0.61 0.89 1.90 2.80
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Appendix A - 8

County & Mix Type; Campbell 307 BM/2

Project Number: 5161
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Compaction Data Sheet
SGC Pills and AVC Beams

County and Mix Type: CampbeU307 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

(lb) 6.9 6.9 15.6 15.6

Mold Temperature, ° C 162.8 154.4 132.2 132.2

CF) 325.0 309.9 270.0 270.0

Mix Temperature, ° C 148.9 148.3 148.9 148.3

(°F) 300.0 298.9 300.0 299.0

Number of Gyrations 52 n 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 413.7/137.9 413.7/137.9

(psi) N/A N/A 60/20 60/20

Compaction Time, sec. n N/A .. ,.-N/A 60.0 70.0

Dry mass (A), g 3099.4 3101.4 7044.8 7050.3

(lb) 6.8 6.8 15.5 15.5

Dry mass with Parafilm (D), g 3110.2 3108.8 7057.1 7062.5

(lb) 6.9 6.9 15.6 15.6

Wet mass with Parafilm (E), g 1783.6 1795.1 '  4116.2 4091.9

(lb) 3.9 4.0 9.1 9.0

Wet mass w/o Parafilm (C), g 1848.0 1870.5 4204.0 4202.2

(lb) 4.1 4.1 9.3 9.3

Saturated Surface Dry mass (B), g 3107.7 3111.7 7067.5 7058.6

(lb) 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 2.412 2.390

VTM =ri-(Gmb/Gmm)l, SSD (%) 5.9% 4.5% 5.9% 5.6%

VTM = [l-(Gmb/Gmm)], Parafilm (%) 9.4% 8.9% 7.8% 8.6%

NCAT Asphalt Content (%) 4.0% 4.0% 4.0% 4.0%
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APA Dial Gauge Readings, mm

Mix Type: Campbell 307 BM/2

SGC Pill # 2 SGCPIII# 1

Cycles Initial 500 1000 4000 8000 Initial I 500 1 1000 1 4000 1 8000
Aft Rear 10.64 10.55 10.46 10.39 10.22 -N/A-
Aft 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 9.68 8.98 8.48

Beam 1 Beam 2

Cycles Initial 500 1000 4000 8000 Initial 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 7.36 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 8.92 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

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 1.49
Aft Front 0.43 0.55 0.81 1.05

0.73

^wdRo^
Average

0.76

0.66

1.05 1.75 2.25

1.87Average 0.26 0.36 0.53 0.85 1.47

Cycles 500 1000 4000 8000

Average
Both Pills

0.46 0.61 1.00 1.30

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
Aft 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 1.41 1.63 0.56 0.62 0.89 1.61
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 1.25 1.63 0.61 0.71 1.09 1.98
Middles 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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Appendix A - 9

County & Mix Type: Campbell 411 D

Project Number: 5161
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STATE OF TENNESSEE ASPHALT JOB MIX FORMULA

Project Reference No. County (2^rY)plrif II
Project No. 07100-0104.-44-
Type ACSC."H Sec. No. ■4- / /"" O

Dale 7- / 7 -
■  Region ZC

Contract No. SILa I
Article No. M.QI.OI-OR.ni

Subcontractor,Contractor A'=;pholi On
Slate Rt. No. X'l5 TOTAL MIX INCLUDING BITUMEN Date ol Letting 3'SO ' P>

MATERIAL
.SCREEN

Total Percent Passing PERCENT USED

C.A.

Med. C.A. %' - ̂ <3.00 Vulcan M-hl-s (2d3., ^nokcu ./VC 4-G-90
Screenings key Limeskone^ Co-, LoFc>llel--lc,Tn S(3..4-S
Sand S ^/s'-".aoo Horjehea<X Rss Dev.) Rockwood-, Xn 9.58
'^Na-i. SaneL hlohcUuckv SondU G/avel,Creenev'ille.,Xn, M 01
Asphalt Cement ?G 76^2 Shell dti Co-/ Knoxv'ille,,~Tn- uzo
Anti-Strip Type: LH-Cj Dosage Rate:. O-S

% Fractured Faces on Plus No. 4 Material: SO. % Glassy Particles on Plus No. 4 Matenal: ^ 100%

too PERCENT MINERAL AGGREGATE AGGREGATE ANALYSIS TOTA RCENT^RASSItlG

SCREEN Total Pusmg
MastarRanga

Requosied
Parcani

Totofanco
Pereem

C.A.
Poreeni

UedC.A.
Percent

Screertmgi
Percent

1 O /aqSand^
Percent

|/V«3f.5tf/
Percent

Calctiaied
Mix

Temp.
I'J-S

527-344-"
■c /4».£,®0
P SSS-S^F 50 G\5 lO 15 /OO

%A.C. 33-7.0

CD

73
2 i 744fA Theo Dens- //5k= 14^ PC
1-1/2" DAR - 0.(c
1 LOT - 9,9
3/4 ■

'Ln\m }00 lOO lOO too 100 too IOO

1/2 'tSSm 95-(OO 98 Q5 iOO too too 98
3« <81 73 lOO loo 10 0 87
No. 44-7Sait 54-74, 4,0 5.S 08 97 94 60
No. 35-57 38 1 60 76 79 38
No- 30i^ 11-3^ n 3 27 24 38 /7

No.

1

o

10 X a.o 1  1 17 /O
/SO

No. 100

0
1

CT)

G-63 2. I4-./I 3.76 7.4-7 6.03

No. 200^^ 0-G-'5 3.85 1 /0.5I /.3& S-'^O 3.85
.  ' -

Approved,
nmeo s}>uei*KCP(ii«B^ii ConsirueUon Engmear

Approved.

Approved,
R«9on Matenab Enginaer *

Enyneer or Uatenais artd Tests
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Projtet R«f. No. XM.£ " 7S"3('3fa)ig^
Project No. uhaO -fcimt- ̂  6A-
Contract No. t
Englnear O?
Contractor -Tg.

Virlflcatlon No.

?-s\j
»■' g-

HOT MIX ASPHALT VERIFICATiON

_ Data

Loollon

County
Region

Type Mix

plo> 11

^H-p
1-At-cit.r H«.

EXTRACTION-TEST

lTot8lWalohl> | FMirWelghlAAir
f^HiiniETJTni'jSRIl FSir Ind Fine Am

Wl.OfAC. ; 1 Mliuii 7Sum |fJOO)
l>ercent AC::,^: ..| PkM 75<im 11300)

From JMF
Serial No.

Dealon NoT
Percent AC

Mn. Ipte. Onv.
T.8.R.,

JU!^
46314Z5Z:

3tfi

ft

ASPHALT CONTE MT OVET^
Sirhpla Wt, Before Ignlllon C)3I .0
Simple Wt. After Ignlllon fe72.6
6ellB. Factor l^rom JMF 0.39
Agg. Weight Loea* 3.Cr>3
Total Dty Weiglir' ^70,. 2-
Parcant AC g.76

'Agg.Wt. Loll = (Calibiillon Ficlor/100) * Simple Weight Before Ignlllon

l. y "Tolil Dry Weight = Simple Weight After Ignlllon • Agg Weigh! Loll

'SieVS. ' Weight HRel. HPaiS. jMp; . Dev:" rlSliSvli . i .Weigh! %Re(. K Paea^ JMP • Dev.
''iMnilMl!7..'i

llmiKiMl O loo too Ff
IZAniMiti) KiBrBiB^rai "i.-b 9L.7 t<3

KS.S i»." t.7.o V
i7fmrM»« 573.4 tz.e ST.Z. t>o Z.g

• IjaWihglT. S-be. Llo 3v.o 38 4 .O

737.0 84-.4- is.z n I.S
.MunjiaQ' lew^iP). 7tJ8.C. <}o.4 4.^ lo 0,<r
feoumfiton Sti.o 94.1 O-IZ.
riumiReo) '■iiimvm fttl.Z. gt.*- iAo e.es"

Me*. Specific ciravltv (Rlcet Tenelle Streriam
..DryWL'.-; loftPi. S etladtra QrivtF '' OrvSlreneth ...
rWllWt: MelMum Onvly':: 2.4 89 WelSirtnflUi 1
Bowrl Dry. ue,n.o BpM.Oav. of AC ' l.v3t SlrenglhFtillelTIIU . 1
BewlWet 253*.^

JH
Sample: ' Dry Wt. Wt. In Water' 18.S J}. .. faulK oiiv. ■ysiii W

TST
yFT.

•Zoc.t it«?q, 2. . agg
JJUS&JL ■4t> Hi Til.

fittA1-4-
Avsno8isi>>>>.

z.s

lurtimima _2]rz_
■Z.<og

lAvfl. Flow
3^

Jii S3
f^.g
KfiO

gf.3

VWi;Sel6rt..lflCi;i:h:.
WlAnBrlrl^.iiS:-!;
Percent LCait^KiJ;!

Contrictor's Plant Tech. & No. Keai fZstoeesi PT-q£.?-
St'ata Conit. Plant Tach. & No.

Matls. 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

75 mm x 150mm 75 X 125 X 300 mm

1 2 1 2

Mass of Sample Before Compaetion, g 3010.0 3010.0 6800.2 6800.8

(lb) 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 148.9 149.4 150.6 150.0

(°F) 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 /137.9 482.6/137.9

(psi) N/A N/A 70/20 70/20

Compaction Time, sec. .  N/A N/A 60.0 60.0

Dry mass (A), g 2959.3 2876.4 6766.9 6768.1

(lb) 6.5 6.3 14.9 14.9

Dry mass with Parafilm (D), g 2967.9 2883.3 6778.7 6780.0

(lb) 6.5 6.4 14.9 14.9

Wet mass with Parafilm (E), g 1649.4 1571.1 3880.7 3806.8

(lb) 3.6 3.5 8.6 8.4

Wet mass w/o Parafilm (C), g 1696.3 1646.5 3944.0 3891.6

(lb) 3.7 3.6 8.7 8.6

Saturated Surface Dry mass (B), g 2965.2 2897.8 6776.8 6781.5

(lb) 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 2.211 2.351 2.292

VTM =[l-(Gmb/Gmm)1, SSD (%) 6.8% 8.2% 4.6% 6.5%

VTM = [l-{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 Readings, mm

Mix Type: Campbell 411 D

SGC Pill # 2 SGC Pill # 1

Cycles Initial 500 1000 4000 8000 Initial 500 1000 4000 8000
Aft Rear 11.34 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- 12.41 11.74 11.51 10.98 10.54

Beam 1

Cycles Inltlal 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

Cycles 500 1000 4000 8000 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

Average

0.67

0.74

0.90

1.01

1.43

1.56

1.87

1.94Ayerage 0.70 0.98 1.54 2.15

Cycles 500 1000 4000 8000

Average
Both Pills

0.72 1.00 1.55 2.04

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 1.30 1.49

Fwd Front 0.55 0.63 0.97 1.13

Averages

All 5 0.72 0.89 1.22 1.41

Middles 0.77 0.97 1.31 1.47

Middle Excluded 0.72 0.86 1.18 1.39
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Appendix A -10

County & Mix Type: Clinton Hwv 411 S

Project Number: 5366
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t' 'VC /Iq̂3 . /^/V^uLflR,'7V r •yg.i/ ̂
Date

Project Reference No. S p

Project No 47D13-422204
Type

Contractor

State Rt No

411-S

ROGERS GROUP INC

25W

County KNOX Region ONE

Contract No

Article No

5266

TOTAL MIX INCLUDING BITUMEN Date of letting

MATERIAL

MedCA.

SCREEN

Total Percent Passing

5/8" lo pan

S£if n ^

Rogers Group Inc. Oak Ridge, TN

Percent Used

56.70

Screenings 3/8" to pan scr. Rogers Group Inc. Oak Ridge. TN 23.63
SAND 3/8" to pan Rogers Group Inc. Oak Ridge, TN 14.17

Asptialt Cemertt PG 76-22 Shell Oil Knoxvllle, TN 5.5
Anii-Strip Type: HnsaqeRate:
* Fractured Faces on Plus No 4 Material. 100 _% Glassy Particles on Plus No 4 Material

100%

SCREEN
Tola( Passing
Master Range

Requested
Percent

Tolerance

Percent

AC

CA.

Percent

GREGATE

Med. CA

Percent

ANALYSIS T

Screenings
Percent

OTAL PERC

Sand

Percent

ENT PAS!

RAP

5ING

Caiculaled

Temp 150C-17DC leoc 148C-170C 60 25 15

5.3-7.0 5.5 Ts-^

X
o

§

^/S- 68 -

THEO. 2.528

r

L-oX r

3W 100 100 100 100 100 100

se- >1

\rr 90-100 98 97 100 100 98.2

3a- <90 83 72 100 100 83.2

No. 4 51 22 92 99 51.05
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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 = 2.514

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

(lb) 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

CF) 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 413.7/137.9 482.6/137.9

(psi) N/A N/A 60/20 70/20

Compaction Time, sec. N/A .  N/A 70.0 70.0

Dry mass (A), g 2975.5 2957.4 6805.6 6790.0

(lb) 6.6 6.5 15.0 15.0

Dry mass with Parafilm (D), g 2984.9 2966.6 6820.2 6802.1

(lb) 6.6 6.5 15.0 15.0

Wet mass with Parafilm (E), g 1662.5 1646.1 3801.5 3851.7

(lb) 3.7 3.6 8.4 8.5

Wet mass w/o Parafilm (C), g 1723.4 1713.1 3907.8 3943.5

(lb) 3.8 3.8 8.6 8.7

Saturated Surface Dry mass (B), g 2984.2 2972.6 6820.5 6799.9

(lb) 6.6 6.6 15.0 15.0

Specific Gravity (Gmb), SSD 2.360 2.348 2.337 2.377

Specific Gravity (Gmb), Parafilm 2.277 2.266 2.273 2.317

VIM =ri-(Gmb/Gmm)l, SSD (%) 6.1% 6.6% 7.1% 5.4%

VTM = [l-(Gmb/Gmm)], Parafilm (%) 9.4% 9.9% 9.6% 7.8%

NCAT Asphalt Content (%) 6.3% 6.3% 6.3% 6.3%
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APA Dial Gauge Readings, mm

Mix Type: Clinton Hwy 411 S

SGC Pill # 2 SGCPill#!

Cycles Initial 500 1000 4000 8000 Initial 500 1000 4000 8000
Aft Rear 11.31 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 8.68 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 SGC Pill # 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

Ayerage 0.60 0.76 1.41 1.73 Ayerage 0.85 1.02 1.85 T39

Cycles 500 1000 4000 8000

Average 0.72 0.89 1.63 2.06

Both Pills

Beam 1 Beam 2

Cycles 500 1000 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 5 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
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Appendix A -11

County & Mix Type: Coffee 307 BM

Project Number: 4895
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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 mmx 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

(lb) 6.5 6.5 14.9 14.9

Moid Temperature, ° C 165.6 160.0 132.2 132.2

CF) 330.1 320.0 270.0 270.0

Mix Temperature, ° C 148.9 149.4 151.1 151.1

CF) 300.0 300.9 304.0 304.0

Number of Gyrations 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 /137.9 448.2/137.9

(psi) N/A N/A 65/20 65/20

Compaction Time, sec. , - . ,N/A , -V N/A 30.0 30.0

Dry mass (A), g 2945.6 2949.7 6699.5 6702.3

(lb) 6.5 6.5 14.8 14.8

Dry mass with Parafilm (D), g 2959.8 2964.1 6711.3 6713.8

(lb) 6.5 6.5 14.8 14.8

Wet mass with Parafilm (E), g 1633.5 1640.3 3798.0 3800.5

(lb) 3.6 3.6 8.4 8.4

Wet mass w/o Parafilm (C), g 1714.0 1728.1 3916.6 3908.4

(lb) 3.8 3.8 8.6 8.6

Saturated Surface Dry mass (B), g 2960.9 2964.7 6716.3 6716.5

(lb) 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

VTM =ri-(Gmb/Gmm)l, SSD (%) 5.2% 4.3% 4.0% 4.3%

VTM = [l-(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: CofTee 307 BM

SGC Pill # 2 SGCPill#!

Cycles Initial 500 1000 4000 8000 Initial | 500 1 1000 1 4000 I 8000
Aft Rear 11.32 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

SGC Pill # 2

Cycles 500 1000 4000 8000

Aft Rear 0.40 0.44 1.10 1.50

Aft Front 0.29 0.37 0.70 1.08

Ayerage 0.35 0.41 0.90 1.29

Cycles 500 1000 4000 8000

Average
Both Pills

0.44 0.57 1.03 1.53

SGC Pill # 1

Cycles 500 1000 4000 8000

Fwd Rear 0.51 0.73 1.04 1.61
Fwd Front 0.54 0.73 1.28 1.93

Average 0.52 0.73 1.16 1.77
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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 411 D

Theoretical Maximum (Rice) Specific Gravity = 2.516

SGCPilk

75 mm x 150mm

AVC Beams

75 X 125 X 300 mm

1 2 1 2

Mass of Sample Before Compaction, g 3000.0 3000.0 6820.0 6820.0

(lb) 6.6 6.6 15,0 15.0

Mold Temperature, ° C 143.3 148.9 132.2 132.2

(°F) 289.9 300.0 270.0 270.0

Mix Temperature, ° C 148.9 147.8 151.7 148.3

(°F) 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), g 2980.2 2981.6 6781.3 6711.1

(lb) 6.6 6.6 15.0 14.8

Dry mass with Parafilm (D), g 2991.3 2990.8 6793.9 6723.0

(lb) 6.6 6.6 15.0 14.8

Wet mass with Parafilm (E), g 1668.9 1679.9 3925.6 3901.2

(lb) 3.7 3.7 8.7 8.6

Wet mass w/o Parafilm (C), g 1735.6 1737.6 4004.0 3986.1

(lb) 3.8 3.8 8.8 8.8

Saturated Surface Dry mass (B), g 3007.5 2995.2 6787.6 6715.7

(lb) 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 =[l-(Gmb/Gmm)l, SSD (%) 6.9% 5.8% 3.2% 2.3%

VTM = ri-(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 SGCPill# 1

Cycles Initial 500 1000 4000 8000 Initial 1 500 I 1000 I 4000 1 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 7.73 6.52

APA Measured Rut Depth Values, mm

SGCPill#2

Cycles 500 1000 4000 8000

Aft Rear 0.87 1.34 2.85 .4.05

Aft Front 0.66 0.96 2.49 3.02

Ayerage 0.77 1.15 2.67 3.54

Cycles 500 1000 4000 8000

Average
Both Pills

0.88 1.30 2.81 3.89

SGC Fill # 1

Cycles 500 1000 4000 8000

Fwd Rear 1.14 1.51 3.07 4.45

Fwd Front 0.86 1.38 2.82 4.03

Average 1.00 1.45 2.95 4.24
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Appendix A -13

County & Mix Type; Davidson 411 D

Project Number: 5168
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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 ISOmm 75 X 125 X 300 nun

1 2 1 2

Mass of Sample Before Compaction, g 2945.0 2945.0 6490.4 6490.5

(lb) 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

CF) .  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 v., N/A 18.0 18.0

Dry mass (A), g 2930.7 2920.1 6469.4 6461.1

(lb) 6.5 6.4 14.3 14.2

Dry mass with Parafilm (D), g 2938.3 2928.4 6479.8 6472.7

(lb) 6.5 6.5 14.3 14.3

Wet mass with Parafilm (E), g 1630.0 1610.5 3493.9 3649.4

(lb) 3.6 3.6 7.7 8.0

Wet mass w/o Parafilm (C), g 1657.6 1647.1 3643.2 3687.1

(lb) 3.7 3.6 8.0 8.1

Saturated Surface Dry mass (B), g 2940.0 2934.4 6477.0 6467.7

(lb) 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 =[I-(Gmb/Gmm)], SSD (%) 6.3% 7.0% 6.4% 4.7%

VTM = [l-(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

Mix Type: Davidson 411 D

SGC Pill # 2 SGCPill# 1

Cycles Initial 500 1000 4000 8000 Initial I 500 I 1000 1 4000 1 8000
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 8.87 7.96

Beam 1

Cycles Initial 500 1000 4000 8000

Aft Rear 9.00 8.41 8.25 7.39 6.56

Aft Front 9.58 8.65 8.40 7.68 6.91

Middle 9.36 8.61 8.35 7.40 6.46

Fwd Rear 9.08 n 8.26 8.03 7.03 6.19

Fwd Front 8.19 7.27 7.01 6.06 5.05

APA Measured Rut Depth Values, mm

SGC Pill #2

Cycles 500 1000 4000 8000

Aft Rear 1.01 1.39 2.56 3.69

Aft Front 0.99 1.33 2.40 3.37

Ayerage 1.00 1.36 2.48 3.53

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 2.44

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 1.18 2.13 3.14

Averages

All 5 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

SGC Pill # 1

Cycles 500 1000 4000 8000
Fwd Rear 0.96 1.30 2.76 3.76
Fwd Front 0.77 1.04 2.02 2.93

Average 0.87 1.17 2.39 3.35
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Appendix A -14

County & Mix Type; Davidson 411 D With Latex

Project Number: 3556
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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 = 2.432

SGC Pills AVC Beams

75 nun 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

(lb) 6.5 6.5 14.3 14.3

Mold Temperature," C 128.3 140.6 137.8 137.8

CF) 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, mm 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 413.7/137.9 413.7/137.9

(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 6427.4 6419.6

(lb) 6.4 6.4 14.2 14.2

Dry mass with Parafilm (D), g 2915.4 2916.1 6439.0 6431.6

(lb) 6.4 6.4 14.2 14.2

Wet mass with Parafilm (E), g 1603.7 1601.4 3516.6 3507.8

(lb) 3.5 3.5 7.8 7.7

Wet mass w/o Parafilm (C), g 1654.1 1658.6 3647.3 3646.2

(lb) 3.6 3.7 8.0 8.0

Saturated Surface Dry mass (B), g 2926.1 2929.1 6472.0 6463.8

(lb) 6.5 6.5 14.3 14.3

Specific Gravity (Gmb), SSD 2.286 2.289 2.275 2.278

Specific Gravity (Gmb), Parafilm 2.239 2.234 2.214 2.211

VTM =[l-(Gmb/Gmm)], SSD (%) 6.0% 5.9% 6.4% 6.3%

VTM = [l-(Gmb/Gmm)], Parafilm (%) 7.9% 8.1% 9.0% 9.1%

NCAT Asphalt Content (%) 5.7% 5.7% 5.7% 5.7%
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APA Dial Gauge Readings, mm

Mix Type: Davidson 411 D (Latex)

SGC Pill # 2 SGC Pill # 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 1000 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 8.31 5.88 4.74 11.37 9.84 9.13 6.98 5.65

APA Measured Rut Depth Values, mm

SGC Pill #2 SGC Pill # 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

5.45

6.78

7.21

Fwd Front

Average

1.97

2.12

3.01

3.14

5.73

5.90

7.80
Average 1.77 2.72 7.83

Cycles 500 1000 4000 8000

Average
Both Pills

1.94 2.93 5.68 7.52

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 2.45 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

All 5 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 5.18 6.48 1.78 2.51 4.50 5.90
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Appendix A -15

County & Mix Type: Davidson Wilson 307 BM

Project Number: 4352
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form CT<JS4
Form T-1iaSTATE OF TENNESSEE ASPHALT JOB MIX FOP.^^JLA

D«.

Project Reference No. County Region .3.
Project No. -■ - Contract No.
Type Sec. No. .3A7.£i9- Article No.
Contractor Subcontractor

TOTAL MIX INCLUDING BITUMEN Date of Letting

^rATZRLU. . • SCSEZX
Tr-tal Percent Pasjlnf pRocvcsa AVO AOOSSSS Percep.t Vsed

C. A.- //fz/n-rtide )9./C
Med. C. A. ' Pfi^ / 0 2€.P'-/

Screenings V2 ' PrJ/l 0 /f. 3 T

Sand ih'P.A PItH y^.-3?
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SCP.EEN' Total Pajsinx
Master Banse

Bequested
Percent

Tolerance
Percent

C.A.
Percent

Ntcd. C. A.
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Screcnlaxs
Percea:

Sand
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FUZer

TiAT'-
Calculated

ibx

Temp. /75.325 3)f) 2'^C>. 33<3 70 30 75 J5 PO /ao

% A.C. 9.2 A.2 i.2- ?!
3  ' 7ho 2,520

2Vi- P0PC i/.69c
2  '

IH'
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hz'
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No. 4 92-^,1 >76 6^ \4 ^3 99 34 92^

No. S p^-<J7 3(, gi.l- 3'7 3 5 6 94 50 33 1

No. 30 )5 27 77 717-76-3 2 3 22 <3 33 2U

No. 50 7- 20 )0 i-7-73-3 1.2 7 to ;3 72 76-3

No. 100 7.1 S.6-1.7 1 ;.5 7^ >.S 77 7-1

No. 200 dAA 6.1 4-2 ?.'/ 4  ; 3 )L .5 74 5-2

i7 u/ 1  71 ^ > A.

Requested ..

Approved
iion ConsSruetton £nilr.c«r

Approved

Approved

nulon M.£crt.tj EnflnMr

ZSTA-JAJnCcizM....
£.n|»«8; oC MaS«rijU and T*iU
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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 ISOnun 75 X125 X 300 mm

1 2 1 2

Mass of Sample Before Compaction, g 3000.0 3000.0 6800.0 6800.5

(lb) 6.6 6.6 15.0 15.0

Mold Temperature," C 104.4 104.4 143.3 146.1

(°F) 220.0 220.0 290.0 295.0

Mix Temperature, ° C 150.0 149.4 149.4 150.6

(°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 413.7/137.9 413.7/137.9

(psi) N/A N/A 60/20 60/20

Compaction Time, sec. N/A N/A 18.0 18.0

Dry mass (A), g 2993.3 2991.9 6787.5 6774.8

(lb) 6.6 6.6 15.0 14.9

Dry mass with Parafilm (D), g 3000.8 2999.6 6799.4 6785.6

(lb) 6.6 6.6 15.0 15.0

Wet mass with Parafilm (E), g 1693.9 1688.8 3895.2 3893.9

(lb) 3.7 3.7 8.6 8.6

Wet mass w/o Parafilm (C), g 1748.5 1740.2 3966.0 3970.5

(lb) 3.9 3.8 8.7 8.8

Saturated Surface Dry mass (B), g 3015.9 3014.2 6806.2 6793.5

(lb) 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

VTM =[l-(Gmb/Gmm)], SSD (%) 6.2% 6.7% 5.1% 4.7%

VTM = [l-(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

SGCPm#2 SGC Pill # 1

Cycles Initial 500 1000 4000 8000 Initial I 500 1 1000 1 4000 1 8000
Aft Rear 11.24 10.35 9.90 8.83 7.53 -N/A-

Afl 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 8.68
Fwd Front -N/A- 11.80 11.27 10.98 10.11 9.84

APA Measured Rut Depth Values, mm

SGC Pill #2

Cycles 500 1000 4000 8000

Aft Rear 0.89 1.34 2.41 3.71

Aft Front 0.93 1.29 2.53 3.64

.Average 0.91 1.32 2.47 3.68

Cycles 500 1000 4000 8000

Average 0.78 1.11 2.18 3.05

Both Pills

SGC Pill # 1

Cycles 500 1000 4000 8000

Fwd Rear 0.75 0.98 2.09 2.90

Fwd Front 0.53 0.82 1.69 1.96

Average 0.64 0.90 1.89 2.43
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Appendix A -16

County & Mix T3^e: Dickson 307 BM

Project Number: 5120
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Project Reference Ng. County

STATE OF TENNESSEE ASPHALT JOil .MIX FORAOILA

Date

... Region

P.-oject No. Contract No.
Type : Sec. No. Article No. .^.hLd.
Contractor Subcontractor

State Rt. No. TOTAL MIX INCLUDING DITL'MEN Date of Lettir

MATZBIAI.
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^"-P4aJ J^Ak)ARAI//L 9.S<Po
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% A.p Y.2-/.Z i.^S-335 0'2b Q»

(O'-tf A/i

•> n

•  1/2-

1 to o 7d<^ (DO (oo 900 /<PiP (DO /OO (0(P
3/i " i5-f00 /V Sl}>-?9.7 f C (OQ (OO ! (OO /OO
5/8 " 1

1

H'

ri' 59- 79 ill- 7^.7 3^7 t(DO /DO (DO JO 7J. S'
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0. 200 S.3i 3.7s-i.n .7 4 li / / 3 S.3S'

sr.
A/

"7 /) .r A y

/-n n ContMcior ^ '/T ft yRc^KZlZn^lZ^urApproved ..-..4^.^i^............. Approved

138



{
J
j

D*
i*
 
;2

. -
 /
 Z
-
 9
 ?

Tr
r*
 »
i 
Mi
« 
3
o
7
'
9
r
<
{
8
)

Pr
«|
««
l 
M
f
t
r
a
n
c
*
 N
*
.

S
F

C
o
n
l
f
O
 
N
o
.
 
5
 /
 S
L
C
?

C®
un
ly
 
'
T
^
j
t
c
^
-
c
S
o
a
J

R
e
f
l
«
n
 

^ 
/i
l.

S
M
I
f
V

N
*
.l
e
e
a
a
B
B
K
B
s
a
a
s
s
s
e
a
s
v
a
i
M
a
a
B
a
M
s
a
H
a
a
a
D
a
a

w
«
l
(
h
t
 -
 O
r
»
t

4
-

X
 
A
C
 X
 A
s
t
.

Z
H

z
s
:

s
i
E

n
;

I
n
 
A
i
r

u
s
;

2
1
^

E
L

m
H

/
/
€
S
,
S

u
s
z
7

(
o
U
R
.

m
E
-
H
H
.

OP
T.
-i
?

s
s
o

m
z
.

m
.
r

't
l^

M
i
.

m■'
. ft.

fa
ffT

 T
V

Y
f T

,
iQ

)kL
 W

4 
as

ui
/T

g3
T 

iii
V

.j
 T

VJ
T 

so
f.2

A
v
f •

In

V
a

in

JS
x.

7M
.

M
l

m

V
a
l.

H
a

r.

S
ft
e
.

to
B

B
B

B
e
a
a
B

a
B

8
9
«
8
a
B

S
8
a
s
s
9
a
s
a
s
M

«
B

a
B

a
K

B

B
v
lk

*
 
e

r
f

O
rn

v

A
g
fa

:

S
p.

Q
r

M
a

r.

S
pa

c.

T
h
a

Q
ra

v
.

M
ix

* 
X

 
V

a
ld

a
 

X
 

V
a

T
.I

.I
H

lx
H

I*
.

Co
nIr

ac
ior

 
^u

cs
At

^/C
H»

. 
H

iM
tr

 B
l»

w
 

7
S

 C
«e

.tv
 

cfe
fe

^
Sp

.C
r. 

AC
 

/A
T^

Z:
s
*a

B
B

B
a

a
a

fi
a

a
a

s
a

«
a

n
B

9
8

«
B

«
a

8
*"

*®
®

"^
®

*"
*®

"

D
-E

A
v
g
.

C
/F m

M
M

H

S
a

a
*

b
a
la

w

A
v
g
.

5
&

.f
.5

'

^
J
3

A
v
g

.

m

X
2

2

O
H

2
5
S

ia
H

ld

S
a
a
*

b
a

la
w

2
2

2

2
M

2
M

1
0

0

-O
/H

*1
0
0

2
Z

Z

■
i<

rp
y

•T
h
.*

. 
O

ra
v.

 H
I*

 
(H

) 
a.

 
da

la
rm

ln
aO

 k
y 

AA
SH

TO
 T

-2
0(

.

•E
ll.

 O
ra*

. 
Af

ia
. 

(1
) 

■ 
» 

AO
S- 

•■
•••

 
l»

nl
H

*n
 

hi 
A

A
g|

.. 
Fr

a«
l*r

ad
 f

ae
a 

C
.u

nl
 

/f
)0

1
0
0
 
-
 

A

•T
h

a
*.

 
O

ta
v.

 
(H

)

H
 S

p.
O

r. 
AC

 
Ag

o.
 

O
la

aa
y 

P
ar

lle
la

a
A

gg
. 

A
b

a
.r

p
lla

n
10

0 
A

gg
. 

B
.I

k 
Sp

. 
O

r. 
X

 •

m
A

S
p

.C
r.

 
AC

A
gg

.
(V

M
*»

1
0
0
-

O
aO

U
s
's

r

7
X

3
X

X
 
V

a
ld

a

F
il
le

d
w

it
h

 
A

C

a
 Ax

O 
• 

^
S

f.
C

R
. 

A
C

■ 
1

0
0

U
n
it

W
l.

rc
r

*
2
.4

x
0

2
3
2
i

^
2
2
;

iZ
Z

H

^ 
r.

'/
/

g
z
g
y

A
*g

.

A
vg

A
v
g
.

Z
5Z

2

S
la

k
ll
ll
T

 
F

la
w

Lk
a.

 
(.

0
1
")

V
g
?
<

p
g
>

•y
/

4
'Z

g
<

?

a
s
jL

5
[Z

Z
iE

S
h

z
^
S

O
P

Av
g.

 
2J

LL
S

.

s
:c

A

(.O
t

-
 —

 
.

(A
| 

an
y 

AC
 e

an
la

nl
) 

A 
♦ 

8 
Ag

g.
 

A
pp

ar
an

I 
Sp

. 
C

r.
• _

 n
. 

Ar*
 

I 
rr

jm
a 

fo
r 

2.
5"

 S
pe

cim
en

 
J
{^

■
)«

c*
aM

*n
4t

<
l 

AC
 
C

.n
la

n
I

Th
aa

ra
llc

al
 O

ra
vl

ly
 

'
D

.il
 

lo
 A

C 
R

ai
ls

 
(O

AR
) 

. 
..

* 
'F

P*
 A

"""
!!!

!**
 

g
.y

 
FM

K
^M

v6
tr£

Ml
« 

Ic
n
ill

c 
S

Ir.
ng

lh
 R

ai
l. 

(T
SB

) 
_£

5^
-2

.'f

A
pp

» 
e

ve
d



o

1
0
0
.
0

9
0
.
0

8
0
.
0

7
0
.
0

r
o 

6
0
.
0

(
0 U
)

r
a i

 50
.0

c 0
)
u k
_

0
)

Q
.

4
0
.
0

3
0
.
0

2
0
.
0

1
0
.
0

Mi
x 
D
e
s
i
g
n
 G
ra

da
ti

on
1
9
 m
m
 N
o
m
i
n
a
i

D
i
c
k
s
o
n
 3
0
7
 B
M

M
a
x
i
m
u
m
 D
en

si
ty

 L
in
e

•
 «

S
u
p
e
r
p
a
v
e

__ 
Re
st
ri
ct
ed
 Z
o
n
e

0
.
0
7
5
 
0
.
1
5
 0
.
3
0
 0
.
6
0
 
1
.
1
8

2
.
3
6
 

4
.
7
5
 

9
.
5
 

1
2
.
5

Si
ev
e 
Si
ze
, (
Ra

is
ed

 t
o 
0.
45
 P
ow

er
),

 m
m
.

1
9
.
0

2
5
.
0

3
7
.
5



Compaction Data Sheet
SGC Pills and AVC Beams

County and Mix Type: Dickson 307 EM

Theoretical Maximum (Rice) Specific Gravity = 2.431

SGC Pills AVC Beams

75 mm x 150mm 75 X 125 X 300 mm

1 2 1 2

Mass of Sample Before Compaction, g 2910.0 2910.0 6570.0 6570.4

(lb) 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, ° 0 150.6 150.6 149.4 150.0

CF) 303.0 303.0 301.0 302.0

Number of Gyrations 20 22 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 413.7/137.9 413.7/137.9

(psi) N/A N/A 60/20 60/20

Compaction Time, sec. N/A n  N/A 60.0 60.0

Dry mass (A), g 2900.7 2902.4 6529.3 6533.4

(lb) 6.4 6.4 14.4 14.4

Dry mass with Parafilm (D), g 2908.1 2910.0 6540.5 6544.2

(lb) 6.4 6.4 14.4 14.4

Wet mass with Parafilm (E), g 1591.9 1592.9 3620.9 .3616.9

(lb) 3.5 3.5 8.0 8.0

Wet mass w/o Parafilm (C), g 1643.0 1639.2 3714.0 3708.9

(lb) 3.6 3.6 8.2 8.2

Saturated Surface Dry mass (B), g 2919.0 2921.4 6543.4 6547.4

(lb) 6.4 6.4 14.4 14.4

Specific Gravity (Gmb), SSD 2.273 2.264 2.308 2.302

Specific Gravity (Gmb), Parafilm 2.225 2.225 2.251 2.246

VIM =ri-(Gmb/Gmm)], SSD (%) 6.5% 6.9% 5.1% 5.3%

VTM = [I-(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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APA Dial Gauge Readings, mm

Mix Type: Dickson 307 BM

Cycles Initial 500 1000 4000 8000 Initial 1 500 1 1000 1 4000 1 8000
Aft Rear 7.24 6.63 6.27 5.03 3.59 -N/A-
Aft Front 7.76 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

SGC Pill # 2

Cycles 500 1000 4000 8000

Aft Rear 0.61 0.97 2.21 3.65

Aft Front 0.79 1.01 2.30 3.55

Average 0.70 0.99 2.26 3.60

Cycles 500 1000 4000 8000

Average
Both Pills

0.81 1.11 2.39 3.73

SGCPill#!

Cycles 500 1000 4000 8000
Fwd Rear 0.87 1.17 2.40 3.59
Fwd Front 0.98 1.29 2.66 4.11

Average 0.93 1.23 2.53 3.85
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Appendix A -17

County & Mix Type: Dickson 411 D

Project Number: 5120
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fern 0T42M
R«: form T>11<

jcct

STATE OF TENNESSEE ASPHALT JOB MIX FORMULA

Date /2.1K.
Region -J.i.L.3-^Reference No. County

^ject No. Contract No.
yj.pe -•-■n Sec. No. Article No. Qh'QJ.Z^L-A.^.
Contractor Subcontractor ^cTrT
S-^:eRtNo iiA. TOTAL MIX INCLUDING BrTUMEN Date of Letting

MATBBTAI, ' '• scazaf
TdUI Pwesol Piulai PROC^^CSa A20 AStWSS Percent Used

C. A. Srofj/? '^jcZ.KSoiJ 3zyyo
hLtd. a A. ■ ^ . Snu,? '23p:/c-S5 V /s. 99r
Screenings y<'■-FA^J ■ -.SrvUB
SAnd rA^> SA-^^RAyt. ••• :2^.5--2r
-ssnalt Ceoenc tlA^ATlM/MHAMP f^A-:^UUTU^
Anti-Strip Type: y'i-y '  ̂-/ ^-y-^ Dosage Rate; »

% rruturcd Faces oa Plus Ne. i Mittrial! X Classy Particles on Plus Mo. C Material: 100%

100 P£&CEMT MINERAL AGGREGATE ' AGGREGATE ANALYSIS TOTAL PERCENT PASSING

SCR££N
Itul Pnulai
££utnr Rnc^o

BnquMUd
PnfMot

ToUreace
Poreeot

C.A
Pereeat

U«d.C.A.
Pereest

Sexicnlncs
P«rc«it

Send
Percent

FUlcr
Percent

Calculated
Mix

Temp. 27^-^lA 3oo PSO'SPO /? /3
% A.C. 5.S~7.D 3",? S' 5^4pS ^ya.

Tlrty. ( /%yi s/> 'Jt — 2-3??
2 - ' 7?r^
1  1/2-

1  -

3/4 "

5/6 " /(PC? /oo /£?P /PC? /a>ip /OO /oco /oo

W IS'fOO 7 9C 923-/P£> •^5 /cO /OO 7(20 JIO

H' St?-5*3 fjyHl 73 /OO /OO i(?0 ^9,1
No. 4 39-^7 /3 ?7 f 7 1
No. 8 J^-57 4X i2.7-m 75 7r 73
No. 30 i7'X9 3/ PQy7Xf3 3 X5 53 ■3?
No. 60 /p -(% / ^ /9.7'?/.^ X ( 7 24 27 1 (3,3

No. 100 7, /( / 3 n 4 7, l(
*0. 200 S.^77S /CP ( 0,(S

Si-. / 1a .. ? J,(

Approved
ItfctOA CoofUveUoa Eactn««r

Approved ,Jsx
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Compaction Data Sheet
SGC Pills and AVC Beams

County and Mix Type: Dicksondll D

Theoretical Maximum (Rice) Specific Gravity = 2.430

SGC Pills AVC Beams

75 mm x ISOmm 75 X 125 X 300 mm

1 2 1 2

Mass of Sample Before Compaction, g 2925.0 2925.0 6525.0 6525.0

(lb) 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

(°F) 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

Dry mass (A), g 2917.2 2912.3 6493.7 6493.2

(lb) 6.4 6.4 14.3 14.3

Dry mass with Parafilm (D), g 2924.5 2920.0 6503.6 6504.7

(lb) 6.4 6.4 14.3 14.3

Wet mass with Parafilm (E), g 1602.0 1600.9 3628.9 3549.2

(lb) 3.5 3.5 8.0 7.8

Wet mass w/o Parafilm (C), g 1644.2 1641.6 3680.4 3643.9

(lb) 3.6 3.6 8.1 8.0

Saturated Surface Dry mass (B), g 2933.5 2928.5 6503.2 6535.7

(lb) 6.5 6.5 14.3 14.4

Specific Gravity (Gmb), SSD 2.263 2.263 2.300 2.245

Specific Gravity (Gmb), Parafilm 2.226 2.229 2.272 2.211

VTM =[l-(Gmb/Gmm)], SSD (%) 6.9% 6.9% 5.3% 7.6%

VTM = [l-(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 411 D

Cycles Initial 500 1000 4000 8000 Initial I 500 1 1000 1 4000 I 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 Initial 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

Cycles 500 1000 4000 8000 Cycles 500 1000 4000 8000
Aft Rear 1.13 1.81 3.64 4.71 Fwd Rear 1.38 2.05 3.85 4.67

Ayerage

1.16

1.15

1.70

1.76

3.41 4.43

4.57

Fwd Front 0.94 1.56 3.42 4.37

3.53 Average 1.16 1.81 3.64 4.52

Cycles 500 1000 4000 8000

Average
Both Pills

1.15 1.78 3.58 4.55

Beam 1 Beam 2
Cycles 500 1000 4000 8000 500 1000 4000 8000
Aft 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 1.51 3.62 4.93
Fwd Rear 0.00 0.00 0.00 0.00 0.94 1.29 3.04 4.13
Fwd Front 0.00 0.00 0.00 0.00 1.27 1.92 3.65 4.84

Averages

Alls 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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?ROJECT REFERENCE NO. IME-65-l(58)0

PROJECT NO.

r\-PE

28001-8162-44

(BFMB-BM)

asphalt JC® mix formola

DATE 5/1/98

COOOTY GILES

Form DT-0256
Re: Form T-llS
REGIW 3

POOTRACTOR

STATE RT. NO.

SEC. N0.307-BM2

CONTRACT NO.

ARTICLE NO.

5122

•oiTIi"'
DEMENT CONSTEDCTION CO. SUBCC«TRACTOR N/A

TOTAL MIX INCLUDING BITUMEN
DATE OF LETTING 2/6/98

VLATERIAL
SCREEN

TOTAL PASSING PRODUCER AND ADDRESS PERCENT USED
:.A. #56 j 30mm-PAN [ROGERS GROUP POLASKI.TN. 1

1 18.960
'<ED.C.A.#7 j 19miD-PAN {ROGERS C2?0UP PULASKI.TN. 1

1 33.180
3CRNS. #10 1 9.5mm-PAN{ROGERS CatOUP PUUSKI.TN. 1

1 17.064
SAND SAND j 9.5am-PAN{aDAMSVILLE SAND 4 GRAVEL ADAMSVILLE,IN 1

7.584
^LLER RAP j 19mm-PAN {DEMQfT CaiSTRUCTIC»l COMPANY PULASKI,TN. 1

I ig.oir
'..C. ERG j PG64-22 n IERDW INC. NASHVILLE TN.RAP HAS 5.65iAC 1

I 4.131

'^CTUREp FACES RDS 4 MATERIAL N/A
SRAND OF ANT-SraiP: Peraa Tac Plus 36 ANTI-STRIP 0.3036

1
1
1 100

100 PERCENT MINERAL AGCSEGATE AGCSBGATE analysis TOTAL PERCENT PASSING
:CREEN TOTAL PASSING

MASTER RANGE
Requested Tolerance

a
C.A.
31

Med.C.A. SCRNS.
X  36

Sand
%

FILLER
36

CALC.
MIX

■EMP. 0 149 138 - 16 #5&-RGP|#7-RGP [♦lO-ICT SAND-AS RAP-DC 1

A.C. 4.2-6.2 5.2 Test Results %
Recommended
A.C. Content

20 !  35 1  18 8 19 100.0
. 3sud DESIGN NO. COWTRACraiS
. OnQB Blk Grv. 2.382 MAX. SP. GRV. 2.481
T.Sffla Eff. Grv 2.689 1

Ikssiiu
100

1

3nDD 100 100 Stab. 3157.8 100 100 100 100 100.0
2Qtn Flos

^QUD 81-93 85 Voids 3.9903 25. 100 100 100 100 85.0
VHffl VMA 16 1  1

1  1
I.5nz& V.Filled 75.1

57-73 67 Dust-AC 0.9 5 66 100 100 89 67.0
.TSeub 40-56 41 Unit WT.148.63 4 6 92 94 73 40™
^36ma 28-43 28

Moisture Damage
Information

3 3 60 77 51 28.3
'OUID 13-25 16. 2.5 2.5 25 57 29~ 15.9
Oum 9-19 10 Avg.Dry 220.3 2 2 19 19 21 10.0
3ua 6-10 6 Avg.Cnd. 188.9 1.5 1.5 15 3 14 6.4
im 2.5-6.5 4.9 TSR 85.7 1 13 1 To 4.9

U-sos
_  / /-S ConttroetioB CompaBf

APPROVED
legion Meterialn Engineer

Eagioeer of Ufttcriala and Tect

150



A
S
P
H
A
L
T
 
M
I
X
 
b
E
S
l
O
N
 
S
U
K
S
U
R
Y

UL
'S

IC
II

 N
O
.

T
Y
P
E
 
OP
 M
f
X

P'r
ojt

ol 
Rtf

trt
ne«

 N
o.

 J
N
i
g
-
f
e
y
-
\
<
-
s
3
\
o

HV
 

I -
C
e
n
t
r
i
s
l
a

D
A
T
E

SE
RI
AL
 N

O.
 

1
-
^
3

Co
nt

ri
cl

 N
o.

R
«
f
l
«
n

C
o
u
n
t
y

If
^i
S

S
a
m
p
l
i

M
o
.

A
o
p
h
o
l
1

*
C
o
n
l
o
n
l

S
p
.
 
Q
r
>
 
o
f

- 
H
o
r
.
 
t
o
M
p
.

T
h
o
o
r
.
 
Q
r
.

o
f
 
»
4
I
m

X
 
T
h
o
o
r
.

Q
r
.

V
o
l
d
t
 
I
n

T
o
l
o
l
 
M
t
N

V
o
U
o
 
f
n

M
I
n
.
 
A
l
l
.

V
o
l
d
o
 
M
l
l
o
d

w
i
t
h
 
A
o
p
.

M
o
r
o
h
o
l
 1

N
o
.
 
B
l
o
w
o

M
o
r
.
 
H
o
m
o
i
o
r

•
l
i
h
t
l
f
l
y

F
l
o
w

1
v
,
r

:
2
.
s
^
n

l
U

A<
/.

l
j
y
l
3

7
3
^
 '

:
?
 n

 
•
r
.
o

7J
>.

I
3
3
6
3

J
7
A
 n
a

9
4
.
7

•
*
.
3

jL
.o

7
9
-
7

.
3
o
o
«
»

H
Q7

.i
t

/f
>.

2
5
4
;
o

o
2
7
6
:
y

s
r
.
a

Q
L
.
D

Q
»
o

1
4
-
d

7
r
A

-

7
^

1
T
.
l
i
l
 
X
 
P
.
•
 I
n
g

■S
M

tU
.

\'^
SL

*•
?

*l
jn

tu
M

ix
L
ib

r-
a

ir
IP

n
la

v
ft
iO

t
n

r
\

J
a

r%
It

id
r

to
o

SW
T

//®
't*

If
*
w

9
/0

b
b

lO
f

n
fP

»
A

k
fQ

73
\

a
f

b
O

rj
7
7

9
0

A
V

r
r

71
5

0
a

it
7l

11
fo

1
0
0

U
S

'
If

I'f
H

,T
2

0
0

*
r

t
h

/"
f

4
^

A
Z

i
iT

e
^.

Sa
ip

C
M

(L
e

ts

a
c

B
u
lk

 
O

r.
C

M
. 

a
r.

A
pp

. 
Q

r.
F

ro
e
lu

ro
d
 

F
ie

o
 

.*
*

-a
u

L
M

L

01
 .
..

y
 
p
.f
H

il
. 

—

BA
P 

In 
AC

 
U

t\
^
t

»
*"

 
p
-'»

'
TS

B 
iS

l:z
■O

oO
 

Or
'su

i 
r.q

ul
r.d

 I
. 

■i
k.

'X
.B

" 
tp

.e
la

iR
n.i

eM
Mn

d.d
 

<
■

2-
It

i.
.r

. 
D

.n
.l
lT

A
.p

h
.l
t 

C
e
n
l.n

t



U
1
M

1
0
0
.
0

9
0
.
0

8
0
.
0

7
0
.
0

g)
 
60

.0
w w n
i

i
 50
.0

C 0 u S.
 

40
.0

3
0
.
0

2
0
.
0

1
0
.
0

0
.
0

Mi
x 
D
e
s
i
g
n
 G
ra

da
ti

on
2
5
 m
m
 N
o
m
i
n
a
l

G
i
l
e
s
 3
0
7
 B
M
/
2

M
a
x
i
m
u
m
 D
en

si
ty

 L
in
e

S
u
p
e
r
p
a
v
e

l
e

K
e
s
t
r
i
c
t
e
a
 z
o
t

0
.
0
7
5
 
0
.
1
5
 0
.
3
0
 0
.
6
0
 
1
.
1
8

2
.
3
6
 

4
.
7
5
 

9
.
5
 

1
2
.
5

Si
ev

e 
Si

ze
, (
Ra

is
ed

 t
o 
0.
45
 P
ow

er
),

 m
m
.

1
9
.
0

2
5
.
0

3
1
.
3
 

3
7
.
5



Compaction Data Sheet
SGC Pills and AVC Beams

County and Mis Type: Giles 307 BM/2

Theoretical Masimum (Rice) Specific Gravity = 2.486

SGC Pills AVC Beams

75 mm x ISOnim 75 X 125 x300 mm

1 2 1 2

Mass of Sample Before Compaction, g 2950.0 2950.0 6730.8 6730.3

(lb) 6.5 6.5 14.8 14.8

Mold Temperature, ° C 121.1 112.8 137.8 137.8

(°F) 250.0 235.0 280.0 280.0

Mix Temperature, ° C 148.9 148.9 149.4 148.9

(°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

(in.) 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

Dry mass (A), g 2925.9 2923.8 6688.3 6668.3

(lb) 6.5 6.4 14.7 14.7

Dry mass with Parafilm (D). g 2933.1 2931.3 6699.9 6679.2

(lb) 6.5 6.5 14.8 14.7

Wet mass with Parafilm (E), g 1620.6 1618.5 3826.8 3781.8

(lb) 3.6 3.6 8.4 8.3

Wet mass w/o Parafilm (C), g 1680.9 1679.3 3865.4 3907.1

(lb) 3.7 3.7 8.5 8.6

Saturated Surface Dry mass (B), g 2939.5 2939.7 6699.9 6676.6

(lb) 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 2.316

VTM =[l-(Gmb/Gmm)l, SSD (%) 5.8% 6.0% 5.1% 3.1%

VTM = [l-(Gmb/Gmm)], Parafilm (%) 8.8% 8.9% 5.7% 6.8%

NCAT Asphalt Content (%) 5.6% 5.6% 5.6% 5.6%

153



APA Dial Gauge Readings, mm

Mix Type: Giles 307 BM/2

see Pill # 2 SGCPill# 1

Cycles Initial 500 1000 4000 8000 Initial I 500 1 1000 1 4000 1 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

Cycles 500 1000 4000 8000

.Aft Rear 1.21 1.71 3.13 4.30

Aft Front 1.00 1.46 2.64 3.57

Average 1.11 1.59 2.89 3.94

Cycles 500 1000 4000 8000

Average
Both Pills

1.13 1.61 3.09 4.15

Cycles 500 1000 4000 8000

Fwd Rear 1.08 1.46 3.22 4.33
Fwd Front 1.23 1.80 3.37 4.40

Average 1.16 1.63 3.30 4.37
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Appendix A -19

County & Mix Type; Grundv 307 BM

Project Number: 5295
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STATE OF TENNESSEE ASPHALT JOB FORMULA I

Date: 7 -

County G-ru.'-\Ay Region_
Contract No.

Type
Sec. No.3c7moj.;s^.^^^ Article

Contractor: TAg Bros _ Subcontractor:
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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 mmx ISOttmi 75 X 125 X 300 mm

1 2 1 2

Mass of Sample Before Compaction, g 3002.0 3002.0 6800.0 6800.1

(lb) 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 147.2 148.9 147.2 147.2

CF) 297.0 300.0 297.0 297.0

Number of Gyrations 19 15 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 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 2996.6 2987.9 6770.3 6763.5

(lb) 6.6 6.6 14.9 14.9

Dry mass with Parafilm (D), g 3004.6 2995.9 6781.2 6775.4

(lb) 6.6 6.6 14.9 14.9

Wet mass with Parafilm (E), g 1685.3 1675.6 3879.9 3854.2

(lb) 3.7 3.7 8.6 8.5

Wet mass w/o Parafilm (C), g 1744.9 1731.7 3959.7 3941.8

(lb) 3.8 3.8 8.7 8.7

Saturated Surface Dry mass (B), g 3015.4 3007.1 6788.7 6780.1

(lb) 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

VIM =[l-(Gmb/Gmm)], SSD (%) 6.3% 7.0% 5.0% , 5.4%

VTM = [HGmb/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: Grundy 307 BM

SGC Pill # 2 SGC Pill # 1

Cycles Initial 500 1000 4000 8000 Initial I 500 1 1000 1 4000 1 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

Cycles 500 1000 4000 8000

Aft Rear 1.58 2.23 3.85 4.78

Aft Front 1.12 1.69 3.19 3.98

Ayerage 1.35 1.96 3.52 4J8

Cycles 500 1000 4000 8000

Average 1.22 1.72 3.11 3.93

Both Pills

SGC Pill# 1

Cycles 500 1000 4000 8000

Fwd Rear 0.94 1.28 2.47 3.35

Fwd Front 1.25 1.69 2.92 3.59

Average 1.10 1.49 2.70 3.47
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Appendix A - 20

County & Mix Type: Grundv 411 D

Project Number: 5295
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STATE OF TENNESSEE ASPHALT JOB MIX FORMULA
^  €_ COA^ra.£.+
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Project Ref. No. County y Region
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Date:

Contract No.
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C.A. Sv" — ±1 xoo ioriA i ̂ r*y*.\

Med. C.A.
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Compaction Data Sheet
SGC Pills and AVC Beams

County and Mix Type: Grundy 411D

Theoretical Maximum (Rice) Specific Gravity = 2.297

SGC Pills AVC Beams

75 mm x ISOttun 75 X 125 X 300 mm

1 2 1 4

Mass of Sample Before Compaction, g 2765.0 2765.0 6085.0 6110.2

(lb) 6.1 6.1 13.4 13.5

Mold Temperature, ° C 146.7 145.0 135.0 137.8

(°F) 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. , N/A N/A 60.0 60.0

Dry mass (A), g 2746.3 2745.8 6045.8 6110.2

(lb) 6.1 6.1 13.3 13.5

Dry mass with Parafilm (D), g 2754.2 2753.9 N/A 6120.8

(lb) 6.1 6.1 N/A 13.5

Wet mass with Parafilm (E), g 1432.9 1432.3 N/A 3221.9

(lb) 3.2 3.2 N/A 7.1

Wet mass w/o Parafilm (C), g 1475.7 1476.2 3212.3 3299.3

(lb) 3.3 3.3 7.1 7.3

Saturated Surface Dry mass (B), g 2766.6 2761.2 6076.2 6122.0

(lb) 6.1 6.1 13.4 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 =fl-(Gmb/Gmm)], SSD (%) 7.4% 7.0% 8.1% 5.8%

VTM = [l-(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 411 D

SGCPill#2 SGC Pill # 1

Cycles Initial 500 1000 4000 8000 Initial 500 1000 4000 8000
Aft Rear 11.46 9.48 8.67 6.30 5.12 -N/A-

Aft Front 11.61 9.63 8.76 7.01 6.00 -N/A-

Middle -N/A- -N/A-

Fwd Rear -N/A- 11.36 9.51 8.61 6.58 5.44
Fwd Front -N/A- 11.26 9.80 8.96 7.33 5.59

Beam 1 Beam 2

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 11.97 11.06 10.82 9.88 8.67
Middle 11.12 10.06 9.30 7.34 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 SGC Pill # 1
Cycles 500 1000 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 1.77 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 1.41 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

All 5 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

167



FOR.\f dt-c:j«

R£ F«n7-<18STATE OF TENNESSEE ASPHALT JOB MIX FORMULA

Date: Feb. 06, 1998

Jenkins Road Connector
33005-3160-44

County HamiltonProj. Ref.
Proj. No.
Type ACSC(HM)
Contractor Mayse ConstnJCtion Co. subcontractor:
State Rt. TOTAL MIX CyCLUPING BITUMEN

Region II
Contract No.

Sec. No.411"D"R.'Snd/Slag Article"
4759

Vulcan Construction Co.

Date of Letting

MATERIAL I Screen j^Paaang I PRODUCER AND ADDRESS b USED

C.A. 1

Med. C.A. Slag 16mm -4 75mm Vulcan Wheland Slag, Chattanooga, TN 1 13.98

Med. C.A. 5/8'a I6mm - 75um Vulcan Sand & Gravel, Chattanooga, TN ! 32.62

Screenings 9.5mm - 75um Vulcan Matenals Company, Chattanooga, TN I 23.30

23Sand Riven 4.7SiTim - 75um i Vulcan Sand & Gravel, Chattanooga. TN .30

Asphalt Cement AC-20 Amoco Oil Co., Chatt., TN 6.80

Anti-Strip TYPE: Pavebond Lite DOSAGE RATE: 0 3 %
% Fractured Faces oq *^4 Material: 99.0 % Glassv Particles oa Material 0.10% I 100%

100 PERCENT MINERAL AGGREGATE

SCREEN i'RJ. Passing

Ipesigi Range

%A.C. 5.3-7.0

Requested

Percait

Toloxsec

Perostt

310F i

AGGREGATE ANALYSIS TOTAL PERCE.NT PASSING

C. A

Pgcan

.\lcd. C. .A.

Pereon

Nfad. C. A

Peromt

Scrscun^

Percatt

Rh'^rSand

Peroem

15! 351 251 25

C^lailslcd

NUt

6.8!

ICompaction Temp:
jMi.\ing Temp:

285-293

304-314

(Washed Gradations)

LOI: 11.1%

Theo: 2.314

(2')

37Aiunai/2-l I
2«niin (!')

i p
'ki S
' i
 
;
 

1
 

1
 

1

16nxm 
(5/8") 
1100 
HiAOOl
i
 

100.0:
 001
0
1

 i0.001• 
100Ol
 001
0

1
IZSmm 
(1/2-) 
195-100 
!S&Ol
1
 

!0.69
 0.69
i0.001
10.001
98.0

9£mm 
p/8") 
!80-93 1 
-89-^3
1
 

10.07
82.0!

 10.001
10:001
8
9
 
2

4.7£nini 
(iU) 
> 67-45
f
e
11
 

10.02
10.64
91.0

10.79
66.1

USmin (US) 
I 75-53
K ii
 

lO.Ol
 0.42
i59.0 
i
 

87.0!
 64
4

SOOem  )03S(
i 92-71
!26.41 
1i
 

3.0 
i!0.9
 0.82
i
 

63.0 
i 624

300uin 
(£30) 
| 81-01
' ^531_ 
1 1
 

!0.2
8.0!
0.12

10.22
9.31

ISOum 
 )001£(
13-10 
[
.

 M6I1
 

I
 

l
o!0.6  .

 71
0 1
i
o6.8

TSum  )002£(
I0-6.5 
W-1
 

!0.1
5.01
0.31
0.3'
5.2

Requested

Approved

pproved.

Approved,
lUpon Cdraeunon

tUyi MtiBiie Enanwy

En^nMT efMnmil* aniTrM
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Compaction Data Sheet
SGC Pills and AVC Beams

County and Mix Type: Hamilton 411 D

Theoretical Maximum (Rice) Specific Gravity = 2.323

SGC Pills

75 mm x ISOiiun

AVC Beams

75 X 125 X 300 mm

1 2 1 2

Mass of Sample Before Compaction, g 2795.2 2975.1 6185.1 6185.0

(lb) 6.2 6.6 13.6 13.6

Mold Temperature," C 156.7 151.7 143.3 143.3

CF) 314.0 305.0 290.0 290.0

Mix Temperature, ° C 148.3 149.4 148.9 148.3

(°F) 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

(psi) N/A N/A 60/20 60/20

Compaction Time, sec. N/A , N/A 30.0 30.0

Dry mass (A), g 2768.5 2776.2 6146.2 6153.9

(lb) 6.1 6.1 13.6 13.6

Dry mass with Parafilm (D), g 2778.6 2786.7 6157.6 6164.5

(lb) 6.1 6.1 13.6 13.6

Wet mass with Parafilm (E), g 1462.1 1472.9 3324.6 3356.9

(lb) 3.2 3.2 7.3 7.4

Wet mass w/o Parafilm (C), g 1496.0 1503.5 3388.5 3405.0

(lb) 3.3 3.3 7.5 7.5

Saturated Surface Dry mass (B), g 2775.6 2780.7 6150.6 6159.0

(lb) 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 =fl-(Gmb/Gmm)l, SSD (%) 6.9% 6.4% 4.2% 3.8%

VTM = [l-(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

SGCPiil#2 SGCPill# 1

Cycles Initial 500 1000 4000 8000 Initial I 500 1 1000 1 4000 1 8000
Aft Rear 10.27 6.90 5.67 2.72 0.50 -N/A-
Aft Front 10.36 7.71 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

SGC Pill # 2

Cycles 500 1000 4000 8000

Aft Rear 3.37 4.60 7.55 9.77

Aft Front 2.65 3.71 6.42 8.74

Ayerage 3.01 4.16 6.99 9.26

Cycles 500 1000 4000 8000

Average
Both Pills

3.01 4.15 6.81 8,93

SGCPill#!

Cycles 500 1000 4000 8000
Fwd Rear 3.34 4.56 7.28 9.47

Fwd Front 2.66 3.71 5.97 7.73

Ayerage 3.00 4.14 6.63 8.60
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Appendix A-11

County & Mix Type: Jackson 307 BM

Project Number: 5185
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STATE OF TENNESSEE ASPHALT JOB MIX FORMU.

Project Ref. No.
Proj. No. 44004-4235^
Type • BPMB-HM

Date: An&sa

County Jackson Region II

Contract No. 5185

Contractoi Highway Materials
_sec. No. 307-BM/RAP
Subcontractor: n/a

Article 307m-03.15

Slate RL> 56 TOTAL MIX INCLUDING BITUMEN | Date of Letting 3«V98

MATERIAL Totaui«ri«<, PRODUCER AND ADDRESS ZU3ZD

CA #57 ZSmm-pan Rogera Group Algood. TN 38.16

Med. C.A1/? 12.7mm-pan Rogers Group Algood. TN 14.31

Saeenin B.D. 4.75-pan •  n II tl 9.54

Sand 4.75-pan Highways. Inc Monterey. TN 19.08

RAP 25mm-pan Highways. Inc. Algood. TN 14.31

Asphalt Cement PG64-22 Ergon -Nashville.Tn. 4.50

Anti-Strip TYPE: Paveljond-Ute DOSAGE RATE: •: 0

% Fractured Faces on -^4 Material: % Glassy Particles on Material 0 100%

loorzxcBa xomAi aggugatz AGG3ZGATZ AHAZySIS TOTAlZZZClirTZASSDrG

SCREEN TtLZassiag

SesionlIsM

Requested

2«<ent

C.A.

Zerecflt

M«LC.A.

Zercent

Sereeaiftgs

I«tcu4

Sand

Zerceat

ZAZ

Zeteot

Calculated

Mil

Temp 275-325 300" F 40 15 10 20 15 1005

%A.C. 45-65 45 455-4.95 (Washed Gradations)

A-CInRAP: 5.1

TheO 2501
Compaction Temp: 280-290

MizinitTemp: 295-305

50mm 2TAI t -67
375mm

315iiim

25mm 100 100.0 100 1005 100.0 1005 1005 1005 100.0

I9mm 85-100 93.0 875-98.7 85.0 1005 100.0 1005 95.0 935

16mm 1
lZ7mm 1
95mm 59-79 63.0 575-68.7! 24.0 635 1005 100.0 905 63.0

4.75mm 42-61 435 3^ ! 75 105 945 985 665 43.0

236 mm 2W7 355 31.7-385! 55 55 585 935 535 35.0

600um 13-27 24.0 20.7-275! 45 55 245 va 7^ 315 24.0

300um 7-20 115 7.7-145 ! 45 45 185 2H0 aS" 20.0 115

ISOum 4-10 65 4.4-75 I 35 45 14.0 3.0 155 6.0

7Sum 065 3.9 25-55 ! 25 2.0 105 15 105 3.9

Requested

Appjoved_£^S

Approved

Aoocoved

IfytW
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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 75 X 125 X 300 mm

1 2 1 2

Mass of Sample Before Compaction, g 3000.0 3000.0 6740.5 6740.0

(lb) 6.6 6.6 14.9 14.9

Mold Temperature, ° C 104.4 119.4 143.3 143.3

CF) 220.0 247.0 290.0 290.0

Mix Temperature, ° C 146.7 147.2 149.4 148.9

CF) 296.0 297.0 301.0 300.0

Number of Gyrations 16 16 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 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 2987.6 2992.9 6695.2 6675.8

(lb) 6.6 6.6 14.8 14.7

Dry mass with Parafilm (D), g 2995.0 3000.4 6705.6 6685.6

(lb) 6.6 6.6 14.8 14.7

Wet mass with Parafilm (E), g 1681.1 1685.0 3780.9 3755.9

(lb) 3.7 3.7 8.3 8.3

Wet mass w/o Parafilm (C), g 1730.6 1732.6 3883.5 3878.5

(lb) 3.8 3.8 8.6 8.6

Saturated Surface Dry mass (B), g 3007.1 3011.6 6722.8 6709.8

(lb) 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 =[l-(Gmb/Gmm)l, SSD (%) 6.2% 6.2% 5.5% 5.5%

VTM = [l-(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

SGC Pill # 2 SGC Pill # 1

Cycles Initial 500 1000 4000 8000 Initial 1 500 1 1000 1 4000 1 8000
Aft Rear 11.52 10.46 9.92 7.75 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

SGC Pill # 2

Cycles 500 1000 4000 8000

Aft Rear 1.06 1.60 3.77 4.95

Aft Front 1.17 1.48 3.08 4.58

4.77Ayerage 1.12 1.54 3.43

Cycles 500 1000 4000 8000

Average
Both Pills

1.23 1.82 3.79 5.00

SGC Pill #1

Cycles 500 1000 4000 8000
Fwd Rear 1.45 2.23 4.34 5.44
Fwd Front 1.22 1.97 3.98 5.04

Average 1.34 2.10 4.16 5.24
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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 FORMlgt^i-..
Same as ON 4871

-7 4.S Date: 4/2(VS8

Project Ref. No.
Proi. No. 44004 42

County Jackson Region II

3504 Contract No. 5185

Type-
Contractc

ACS-HM Sec. No. 411m-D Article 411in-01.01..02

Hiahway Ma2enals SoLcontractor: N/A

Stale RL TOTAL MIX INCLUDING BITUMEN | Date of Letting 3/20/98

MATERIAL
Screen

Total % Passing PRODUCER AND ADDRESS %USZ3

CA
0.00

Med. CA 16mm-t>an Roqeis Group-Goirdsvilie.Tn. 47.30

ScreenirB.D. 4.75-pan Rogeis Grouii-AIqood.Tn. 20.81

Sand 4.75-iJan Hiqhway Malerials-Monterey.Tn. 26.49

RAP
0.00

Asphalt Cement PG64-22 Erqon Nasliville.TN 5.40

Anb'-Strio TYPF- Pawpbond LP DOSAGE RATE: .; iif-0.3 ;

a
0

1

:

«4Maierial: % Glassy Paitidcs on Material 0 100%

looKxcorr mutzilai aggzzgatz AGGMGATI ANAIVaS TOTAL jnCDniASSIKG

SCREEN

IcrccM

C.A. MedCA.

Icfcoit

B3

laetat

5^ XAI

Tacot

Caknlatca

Mix

27S-32S 3001) 50 22 28

%A.C S3-7P 54 5.05-5.75 (Vaslied Gndalions)

Cnmpactiofi Trmp.: 280-290

MizmsTcmiK 295-30S

LOI: 273

Tlieo: 5484

SOmm-r -■5-

VJ.Saafil 1
1
8
1

100 100.0 100 1 1003 1003 100.0 100.0

tZSmis-l/ 95-100 985 923-100 1 973 1003 1003 983

80-93 865 803-91.71 750 1003 1003 863

54-76 55.9 51.9-59.9 163 910 983 55.9

35-57 413 384M43 53 583 933 413

600um-30 17-29 273 23.9-303 43 24325: 71373: 7 273

300um-S0 10-18 11.1 73-14.4 33 183«3 203J5:i 1 11.1

ISOum-ia 3-10 4.7 51-63 50 133 33 4.7

75um-200 0«S 3.7 51-53 50 113 1.0 3.7

■ I. -/Z7 Appioved.

Approved
am I laioi^Mijama
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Compaction Data Sheet
SGC Pills and AVC Beams

County and Mix Type: Jackson 411 D

Theoretical Maximum (Rice) Specific Gravity = 2.489

SGC Pills

75 mmx 150mm

AVC Beams

75 X 125 X 300 mm

1 2 1 2

Mass of Sample Before Compaction, g 2970.0 2970.0 6620.3 6620.3

(lb) 6.5 6.5 14.6 14.6

Mold Temperature, ° C 129.4 118.3 143.3 143.3

(°F) 265.0 245.0 290.0 290.0

Mix Temperature, ° C 148.3 148.3 149.4 148.9

(°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 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 30.0 30.0

Dry mass (A), g 2953.3 2952.5 6585.3 6585.7

(lb) 6.5 6.5 14.5 14.5

Dry mass with Parafilm (D), g 2962.1 2960.9 6596.4 6597.2

(lb) 6.5 6.5 14.5 14.5

Wet mass with Pareifilm (E), g 1647.9 1651.5 3746.4 3777.2

(lb) 3.6 3.6 8.3 8.3

Wet mass w/o Parafilm (C), g 1693.2 1692.3 3816.9 3838.0

(lb) 3.7 3.7 8.4 8.5

Saturated Surface Dry mass (B), g 2971.4 2970.4 6597.1 6595.0

(lb) 6.6 6.5 14.5 14.5

Specific Gravity (Gmb), SSD 2.311 2.310 2.369 2.389

Specific Gravity (Gmb), Parafilm 2.273 2.279 2.326 2.351

VTM =[l-(Gmb/Gmm)l, SSD (%) 7.2% 7.2% 4.8% 4.0%

VTM = [l-(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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APA Dial Gauge Readings, mm

Mix Type: Jackson 411 D

SGCPilI#2 SGC Pill # 1

Cycles Initial 500 1000 4000 8000 Initial 1 500 1 1000 1 4000 1 8000
Aft Rear 10.13 6.60 5.41 2.58 0.98 -N/A-
Aft Front 10.29 7.12 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

SGC Pill #2

Cycles 500 1000 4000 8000

Aft Rear 3.53 4.72 7.55 9.15

Aft Front 3.17 4.54 7.50 9.84

Ayerage 3.35 4.63 7.53 9.50

Cycles 500 1000 4000 8000

Average
Both Pills

3.82 5.11 7.89 9.92

SGC Pill« 1

Cycles 500 1000 4000 8000
Fwd Rear 4.41 5.81 8.65 10.72
Fwd Front 4.17 5.35 7.86 9.96

Ayerage 4.29 5.58 8.26 10.34
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Appendix A - 24

County & Mix Type: Marion 411 D

Project Number: 5239
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STATE OF TENNESSEE ASPHALT JOB MIX FORNTULA ' r«t* 0T4SW
••••'•nw Mil

Date

Preject Reference No. County Region ..tsS
Project V Contract No.
Tn. M/nl-Mxn^.... s«. N.. MO. A«.i, 4/1-0/. of-i.
Contractor Subcontractor .A/.//7.

State Rt No TOTAL INCLUDING BITUMEN Date of Letting

C.A.

Mt4, C.A.

&r«enin(«

S«nd

Asphalt Cetnent

Antl-Strlo

SCRESM

TntAl Percent PASttnc

4/1
M-

PROCUCCR AKO ADDRESS

L/

)^/jh>.'' Doatige Rate: /

Perccftt Used

^3.3

% Fractured Paeei on Plnj No. 4 Haterial X Classy Particles on Plus No. d Material: 100%

10c PERCENT MINERAL AGGREGATE aggregate a.nalysis total percent passing

SCSESf
Total Patttne
Muter Aance

Requested
Pcreest

Tdlcfaaec

Pcrecat

C.A.

Pcrecot

M«d. C.A.

Pcrcfftt

Semtunrs

Pcreeat

Saatf

Perecfit

TUUi
PcreAt

CilcuUtec

Temp. 6/0 35 <RS
% A.C. 3'.S'7'/^ //■S3 ///

J/iu) \0/-3i7A *

2 t

1 1/2"

1  "

3/4 -

5/8 " /OO 7007 700 70O /OO
H* 73700 (717,7/ /OO 700
«• l70'73 703 <f/ /OO /OO 70, i

Ko. 4 ^¥-7o> 73.3 y/ 70 yy OS.s

No. 1 Z>S-57 >75.3 6S 3! 730

No. 30 /77-
No. 50 70-/3 777 c3o.;/ 30 777
No. 100 3'/7> 03 ^.2 /y 33 03

.Mo. 200 7)-03 3^7 // 73l

. .-f
...

Approved iliLjLjf]2..jiJIi{A'dP.. .. . Approved
Rvtton Conttrwctlen Enctn*«r

Rtfiaa IfiUrlab £nflM«r

En«in««r fA .tnd
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Compaction Data Sheet
SGC Pills and AVC Beams

County and Mix Type: Marion 4110

Theoretical Maximum (Rice) Specific Gravity = 2.305

SGCPilJs

75 mm x ISOmm

AVC Beams

75 X 125 X 300 mm

1 2 1 2

Mass of Sample Before Compaction, g 2740.4 2740.3 N/A N/A

(lb) 6.0 6.0 N/A N/A

Mold Temperature, ° C 147.8 148.9 N/A N/A

(°F) 298.0 300.0 N/A N/A

Mix Temperature, ° C 146.7 147.8 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.) 2.9488 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. N/A N/A N/A N/A

Dry mass (A), g 2725.0 2720.7 N/A N/A

(lb) 6.0 6.0 N/A N/A

Dry mass with Parafilm (D), g 2734.7 2729.3 N/A N/A

(lb) 6.0 6.0 N/A N/A

Wet mass with Parafilm (E), g 1411.0 1410.9 N/A N/A

(lb) 3.1 3.1 N/A N/A

Wet mass w/o Parafilm (C), g 1455.9 1451.2 N/A N/A

(lb) 3.2 3.2 N/A N/A

Saturated Surface Dry mass (B), g 2743.7 2737.1 N/A N/A

(lb) 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 =[l-(Gmb/Gmm)], SSD (%) 8.2% 8.2% N/A N/A

VTM = [l-(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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APA Dial Gauge Readings, mm

Mix Type: Marion 411D

SGCPi]l#2 SGCPill# 1

Cycles Initial 500 1000 4000 8000 Initial I 500 1 1000 1 4000 1 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 3.31 -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

SGC Pill # 2

Cycles 500 1000 4000 8000

Aft Rear 2.47 3.46 6.59 8.39

Aft Front 2.45 3.35 6.19 8.17

8.28Ayerage 2.46 3.41 6.39

Cycles 500 1000 4000 8000

Average
Both Pills

2.69 3.67 6.34 8.14

SGC Pill # 1

Cycles 500 1000 4000 8000
Fwd Rear 2.92 3.89 6.23 8.06
_F^ftont
Ayerage

2.92 3.97 6.35 7.93

2.92 3.93 6.29 8.00

190



Appendix A - 25

County & Mix Type; Maurv411 S

Project Number: 5308
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STATE OF TENNESSEE ASPHALT JOB MIX FORMULA

Date: 6/18/98

Project Ref. No.
Proj. No. 60002-4270-04
Type
Contractor

St. Route

ACS-HM

Lojac E

SP

Layer
Sec No.

County
Surface

Maury Region III

411-S
nL

Matenal

"D" Rock

Subcontractor
Total Mix including Bitumen Date of Letting

Contract No.

Article 01.01-01.02
5308

Size Range or Type
5

Producer and Address % Used
/8"-Pan Bums Stone. Bums. TN

9,>iZ

Hard #10's

Soft#10's
3/8"-Pan Bums Stone. Bums. TN
3/8"-Pan Vulcan. Franklin. TN

Wasfied Scr. 1/4"-Pan Columbia Rock Columbia. TN
RAP/Filler

Asphalt Cement
0.00

PG 64-22
Anti-Strip Pave Bond Lite

Ergon. Nashville, TN
Dosage Rate: 0.3%

% Fractured Faces on *4 Material: wa % Glassy Particles on -14 Material
N/A 100.0

100 PERCENT lUllNERAL AGGREGATE AGGREGATE ANALYSIS TOTAL PERCENT PASSING
Screen TH. PaewQ Requested TTRoc* HndVICt So«*10> WithajSer. RAP.Tiller Caictiated

Devon Range Percent Percent Percent Pereenl Percent

Temp 300° F 55.0 20.0 15.0 10.0 0.0 100.0
% AC 5S^ NCAT Furnace Corr. Factor. N/A

Compaction Temp:
Mixing Temp:

295-305

305-315
Loss On Ignition;

Theoretical Maximum Density:
26.0

■6=433^
AC in RAP: 0.0

(Washed Gradationsi
2" 100 100.0 100.0 100.0 100.0 100.0 100.0

1 1/2" . 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
1/2" 98 97.0 100.0 100.0 100.0 100.0 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 49.0
#8 33 4.0 68.0 61.0 75.0 93.0 32.6
#16 22 3.0 48.0 40.0 48.0 75.0 22.1
#30 14 2.5 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 I n Approved
R«9«n MMraft Efl9ff)Mr

Approved
R*OBn CanRnietion En^Mtr

Approved
Engnwr of IMotU «nd Tacts
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Compaction Data Sheet
SGC Pills and AVC Beams

County and Mix Type: Maury 411 S

Theoretical Maximum (Rice) Specific Gravity = 2.437

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 2930.0 6400.0 6700.0

(lb) 6.5 6.5 14.1 14.8

Mold Temperature, ° C 104.4 104.4 137.8 137.8

(°F) 220.0 220.0 280.0 280.0

Mix Temperature," C 149.4 147.2 147.2 149.4

(°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.) 2.9585 2.9685 N/A N/A

Vertical / Back Pressure (kPa) N/A N/A 413.7/137.9 551.6/137.9

(psi) N/A N/A 60/20 80/20

Compaction Time, sec. N/A • N/A 60.0 95.0

Dry mass (A), g 2887.9 2883.7 6361.5 6653.7

(lb) 6.4 6.4 14.0 14.7

Dry mass with Parafilm (D), g 2896.8 2892.5 N/A N/A

(lb) 6.4 6.4 N/A N/A

Wet mass with Parafilm (E), g 1572.2 1569.8 N/A N/A

(lb) 3.5 3.5 N/A N/A

Wet mass w/o Parafilm (C), g 1631.9 1628.8 3539.1 3734.8

(lb) 3.6 3.6 7.8 8.2

Saturated Surface Dry mass (B), g 2906.4 2902.4 6378.2 6665.8

(lb) 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 =ri-(Gmb/Gmm)], SSD (%) 7.0% 7.1% 8.1% 6.8%

VTM = [l-(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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APA Dial Gauge Readings, mm

Mix Type: Maury 411 S

SGC Pill # 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 Initiai 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

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

1.04

1.26 2.67 3.77 Fwd Front 1.08 1.54 2.51

2.57

4.18

3.77Average 1.53 2.78 3.75 Average 1.12 1.54

Cycles 500 1000 4000 8000

Average
Both Pills

1.08 1.53 2.67 3.76

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 2.40 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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Project Reference No.

Project No.j

Type

Contractor Mcl

STATE OP TENNESSEE ASPHALT JOB WIX FORMULA

Date 09-21-S8

63-011 -4235-04

BPMB-HM Sec. No.

County MONTGOMERY Region 3_

^  ̂ Contract No 5382

307-S Article No.

NTOSH CONSTRUCTION Subcontractor

State Rt.N 48/13 TOTAL MIX INCLUDING BITUMEN Date'of Letting 7 - 24 - i

MATERIAL SCREEN
Total Percent Passing

PRODUCER AND ADDRESS PERCENT

n  USED

« 57 Stone 25.4 mm - PAN VULCAN MATERIALS CLARKSVILLE. TN 33 320

5/8" D - Rock 19.0 mm-PAN . VULCAN MATERIALS . * CLARKSVILLE. TN 19.040

fiS 10 Screenings 9.5 mm • PAN VULCAN MATERIALS CLARKSVILLE. TN 19.040

Mfg. Sand 9.5 mm - PAN VULCAN MATERIALS . - CLARKSVILLE. TN -  23 800

Asphalt Cement n  PG64-22 ^URATHON . ASHLANO ' 'n NASHV1LLE;TN .
. 4.8

Anti^Strip^ TvDe.-KLlNG BETA LO " n ' ' '

% Fractured Face on Plus No.4 Material % Glassy Particles on Plus No,4 Material ' *. •
> 10OV.

7  AGGREGATEANALYSIS TOTAL PERCENT PASSING- •

SCREEN
TeUl Paiaing
WitUr Rang*

Requested
Percent

Tolerance
Percent

»57

Stone-

5/8- D •

- Rock
*  •

Screenings
Mfg.
Sand

Filler *

Percent

Calculate

Mix

Temp. 1S9-166'C n  166 35 20 T' 20 • • :  : 25

% A.C. M.2 - 6.2 4.8 .  . •*

.

;

.  -

25.4 mm "  100 ■. .100 -  , . 100.0'- 100.0 ■ 100.0 • • — 100.0 .. 100.0

19.0 mm 90-100 . •  . 96- 83.5 ■ 100.0 100.0 100.0 ' 96.0

12.5 mm 32.6 _ 87.1 . 100.0.' • ■ -100.0 . .  .. 73.8

9.S mm. 13.4 53.0 ■ ■100.0 .  100.0 60.3

4.75 mm
.

1.5 2.5 * 74.1 95.9 • 39.8

2.36 mm 23-49 30 0.9 1.8 ,  , 42.7 '  ■ 81.7 ' 29.6

1.18 mm 07 1.6 . 34.2 47.8 . 19.4

600 um 0.7- 1.5 20.6 27.2 11.5

300 um
-

0.7 1.5 . 18.4 13'."2' . .  7.5
150 um 0.57 1.31 17.70 3.92 4.98

75 um 2-8 3 0.50 1.15 ■* 10.20 . *2.04 2.96

-- . /)',f

Requested

Approved

^  Approved
RcgiOA Uxftrials Eng>A«*r

_Approved
Region Conatnictien Enein««< \  EngUioarorUaUdala and lafU
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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

(lb) 6.5 6.5 14.8 14.8

Mold Temperature, ° C 128.3 133.9 126.7 126.7

(°F) 263.0 273.0 260.0 260.0

Mix Temperature, ° C 147.2 147.8 147.2 148.3

(°F) 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 413.7/137.9 413.7/137.9

(psi) N/A N/A 60/20 60/20

Compaction Time, sec. N/A N/A 60.0 70.0

Dry mass (A), g 2944.6 2947.6 6642.9 6686.0

(lb) 6.5 6.5 14.6 14.7

Dry mass with Parafilm (D), g 2952.1 2955.4 6654.7 6697.6

(lb) 6.5 6.5 14.7 14.8

Wet mass with Parafilm (E), g 1632.5 1633.6 3584.1 3682.7

(lb) 3.6 3.6 7.9 8.1

Wet mass w/o Parafilm (C), g 1694.0 1693.6 3759.3 3806.0

(lb) 3.7 3.7 8.3 8.4

Saturated Surface Dry mass (B), g 2962.8 2964.3 6703.5 6715.7

(lb) 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 =[l-(Gmb/Gmm)l, SSD (%) 6.6% 6.7% 9.2% 7.6%

VTM = [l-((jmb/Gmm)], Parafilm (%) 9.4% 9.4% 12.4% 10.2%

NCAT Asphalt Content (%) 5.3% 5.3% 5.3% 5.3%
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APA Dial Gauge Readings, mm

Mix Type: Montgomery 307 S

SGC Pill # 2 SGCPill# 1

Cycles Initial 500 1000 4000 8000 Initial 500 1000 4000 8000
AA Rear 12.06 11.32 10.99 10.11 9.57 -N/A-
Aft 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 7.73 10.84 10.27 10.19 9.05 7.87
Fwd Front 9.35 7.62 7.24 6.34 5.73 9.51 8.92 8.65 7.55 6.38

APA Measured Rut Depth Values, mm

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 2.31 2.89

2.69

Fwd Front

Average

0.87 1.03 1.70

1.80

2.28

2.36Ayerage 0.92 1.29 2.13 0.81 1.06

Cycles 500 1000 4000 8000

Average
Both Pills

0.87 1.17 1.96 2.52

Beam 1 Beam 2

Cycles 500 1000 4000 8000 500 1000 4000 8000
Aft Rear 0.85 1.00 1.42 2.46 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

Alls 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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Appendix A - 27

County & Mix Type: Pickett411 S

Project Number: 5313
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STATE OF TENNESSEE ASPHALT JOB MIX FORMULA

^reject Ref. No.
Proj. No. 67950-3503-04
Type
Contractor
St. Route

A.C.S.-H

Date:

ot—

9/4/98

County Pickett Region _ II

.M.

_ Lay.er_
Sec. No.

Surface

411M-D

Highway Materials Subcontractor

Contract No. 5313

Article 411M-01,.01..02

N/A

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 Livingstbn, Tn, 57.06

Screening 4.75mm-pan Livingston Limestone Livingston, Tn. 9.51

Nat Sand 4.75mm-pan Highways Inc. Monterey, Tn. 14.27

M.S. 4.75mnvpan Livingston Limestone Livingston, Tn. 14.25

Asphalt Cement PG64-22 Southern States/Marathon Nashville, Tn. 4.90

Anti-Strip Pave Bond Lite Dosage Rate: 0.3 .-r- •

% Fractured Faces on -<-4 Material: N/A % Glassy Particles on -M Material N/A 100.0

100 PERCENT MINERAL AGGREGATE

Screen Ttl. Passing Requested
Design Range Percent

CA

Percent

AGGREGATE ANALYSIS TOTAL PERCENT PASSING

Med. CA Screening Nat. Sand M.S. Calculated
Percent Percent Percent Percent Mix

Temp 275-325 300 F 60.0 10.0 15.0 15.0 100.0

%AC 4.9 NCAT Fumace Corr. Factor

Compaction Temp:
Mixing Temp:

280-290

295-305

Loss On Ignition:
Theoretical Maximum Density:

27.0

2.494

(2") 50mm AC in RAP:

(11/2)37.5 (Washed Gradations)
(11/4)31.5 1

(1")25mm
(3/4) 19mm
(5/8) 16mm 100 100 100.0 100.0 100.0 100.0 100.0

a/2) 12.7 95-100 94 90.0 100.0 100.0 100.0 94.0

(3/8) 9.5 80-93 79 65.0 100.0 100.0 100.0 79.0

(M) 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 1 5.0 44.0 90.0 55.0 29.2

(#30)600 17-29 21 4.0 31.0 75.0 30.0 21.3

(#50)300 n 10-18 10 3.0 22.0 24.0 16.0 10.0

(#100)150 3-10 f-e 2.0 16.0 3.0 8.0

(#200)75 0-6.5 3.2 2.0 11.0 1.0 5.0 3.2 «

\

Requested

.7

Approved

ipproved

Rtgion IMbWi En^natr

Approved
EngnewofK

203



N
J
O J5

>

T
y
p
o
 O
f 
Mi

x

Co
un

ty

Pr
oj

ec
t 
Re
f.
 N
o.

St
at
e 
of
 T
e
n
n
e
s
s
e
e
 M
ar

sh
al

l 
Mi

x 
De
si
gn
 S
h
e
e
t

A
C
.
S
.
-
H
.
M
.

PI
ck
et
t

Co
nt

ra
ct

 N
o
.

Da
te

Re
gi

on

S
3
1
3

9
/
1
1
/
9
8

II

Co
nt

ra
ct

or

Ef
fe

ct
iv

e G
ra

vi
ty

 o
f A

go
re

ga
te

_
S
G
 o
f 
As

ph
al

t

H
i
g
h
w
a
y
 M
at

er
ia

ls

2
.
6
9
0

1
.
0
3
2

S
a
m
p
l
e

N
o
.

1
-
1

1
-
2

1
-
3

%
A
C

%
A
g
g
.

M
a
s
s
 (
g
r
a
m
s
)

V
o
l
u
m
e

(
m
l
)

B
u
l
k
 S
G

R
i
c
e
 S
G

o
r
T
M
D

V
I
M

(
%
)

V
M
A

(
%
)

V
F
A

(
%
)

U
n
i
t

W
e
i
g
h
t

_J
gc
f)

1
4
6
.
9

St
ab
il
it
y

(
l
b
)

2
8
4
0

F
l
o
w

(
0
.
0
1
"
)

In
 A
i
r

B
S
D

In

W
a
t
e
r

4
.
4

9
5
.
6

1
1
9
7
.
6

1
1
9
9
.
7

6
9
1
.
1

5
0
8
.
6

2
.
3
5
5

2
.
5
1
2

6
.
3

1
6
.
3

6
1
.
4

1
0
.
5

1
1
9
7
.
7

1
2
0
0
.
7

6
9
1
.
8

5
0
8
.
9

2
.
3
5
4

A
v
g

3
2
0
0

1
1
.
5

1
1
9
8
.
3

1
2
0
2
.
1

6
9
2
.
9

5
0
9
.
2

2
.
3
5
3

2
9
0
0

1
1
.
5

A
v
g

2
.
3
5
4

2
9
8
0

1
1
.
2

2
-
1

2
-
2

2
-
3

4
.
9

9
5
.
1

1
1
9
6
.
6

1
1
9
8
.
1

6
9
3
.
7

5
0
4
.
4

2
.
3
7
2

2
.
4
9
4

4
.
7

1
6
.
0

7
0
.
7

1
4
8
.
3

3
3
5
0

1
3
.
0

1
1
9
4
.
8

1
1
9
5
.
6

6
9
3
.
2

5
0
2
.
4

2
.
3
7
8

A
v
g

3
5
5
0

1
1
.
0

1
1
9
7
.
6

1
1
9
6
.
1

6
9
3
.
1

5
0
3
.
0

2
.
3
8
1

3
2
5
0

1
1
.
5

A
v
g

2
.
3
7
7

3
3
8
3

1
1
.
8

3
-
1

3
-
2

3
-
3

5
.
0

9
5
.
0

1
1
9
7
.
7

1
1
9
9
.
0

6
9
5
.
0

5
0
4
.
0

2
.
3
7
6

2
.
4
9
0

4
.
4

1
6
.
0

7
2
.
3

1
4
8
.
5

2
7
0
0

1
0
.
0

1
1
9
7
.
5

1
1
9
9
.
0

6
9
5
.
8

5
0
3
.
2

2
.
3
8
0

A
v
g

2
8
5
0

1
1
.
5

1
1
9
7
.
5

1
1
9
8
.
9

6
9
6
.
5

5
0
2
.
4

2
.
3
8
4

2
8
0
0

1
3
.
5

A
v
g

2
.
3
8
0

2
7
8
3

1
1
.
7

4
-
1

4
-
2

4
-
3

5
.
4

9
4
.
6

1
1
9
3
.
8

1
1
9
4
.
4

6
9
7
.
6

4
9
6
.
8

2
.
4
0
3

2
.
4
7
5

3
.
2

1
5
.
7

7
9
.
8

1
4
9
.
5

3
3
7
5

1
0
.
0

1
1
9
4
.
4

1
1
9
4
.
9

6
9
5
.
0

4
9
9
.
9

2
.
3
8
9

A
v
g

3
4
0
0

1
3
.
0

1
1
9
5
.
3

1
1
9
6
.
2

6
9
7
.
6

4
9
8
.
6

2
.
3
9
7

3
3
7
5

1
0
.
0

A
v
g

2
.
3
9
7

3
3
8
3

1
1
.
0

Op
t-
1

Op
t-
2

Op
t-

3

0
.
0

#
D
I
V
/
O
I

#
D
I
V
/
0
1
#
D
I
V
/
0
l

nl
ll

ll
ll

l
#
D
I
V
/
0
l

0
.
0

#
D
I
V
/
O
I

A
v
g

0
.
0

#
D
I
V
/
O
I

A
v
g

#
D
I
V
/
O
I

#
D
I
V
/
O
I

#
D
I
V
/
0
l



1
0
0
.
0

9
0
.
0

8
0
.
0

7
0
.
0

N
)
O ^
 

ra
 
6
0
.
0

io t
n
C
O ^
 

50
.0

C o u q!
 
40
.0

3
0
.
0

2
0
.
0

1
0
.
0

0
.
0

M
i
x
 D
e
s
i
g
n
 G
r
a
d
a
t
i
o
n

1
2
.
5
 m
m
 N
o
m
i
n
a
l

P
i
c
k
e
t
t
4
1
1
 S

0
.
0
7
5
 
0
.
1
5
 0
.
3
0
 
0
.
6
0
 
1
.
1
8

2
.
3
6
 

4
.
7
5
 

9
.
5
 

1
2
.
5

Si
ev

e 
Si

ze
, (
R
a
i
s
e
d
 t
o 
0.
45
 P
o
w
e
r
)
,
 m
m
.

M
a
x
i
m
u
m
 D
en

si
ty

 L
in
e

¤
i

1

S
u
p
e
r
p
a
v
e

K
e
s
t
n
c
t
e
a
 4
.
o
n

1
9
.
0

2
5
.
0

3
7
.
5
 

5
0



Compaction Data Sheet
SGC Pills and AVC Beams

Cotinty and Mis Type: Pickett 411 S

Theoretical Maximum (Rice) Specific Gravity = 2.492

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

(lb) 6.6 6.6 14.8 14.8

Mold Temperature," C 118.3 114.4 143.3 137.8

(°F) 245.0 238.0 290.0 280.0

Mix Temperature, ° C 146.7 148.3 148.9 149.4

(°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 2985.7 6697.1 6692.9

(lb) 6.6 6.6 14.8 14.8

Dry mass with Parafilm (D), g 2991.3 2993.2 6708.1 6704.3

(lb) 6.6 6.6 14.8 14.8

Wet mass with Parafilm (E), g 1667.7 1671.5 3784.8 3788.8

-  (lb) 3.7 3.7 8.3 8.4

Wet mass w/o Parafilm (C), g 1722.5 1719.8 3872.2 3865.8

(lb) 3.8 3.8 8.5 8.5

Saturated Surface Dry mass (B), g 3007.8 3007.8 6710.2 6705.1

(lb) 6.6 6.6 14.8 14.8

Specific Gravity (Gmb), SSD 2.321 2.318 2.360 2.357

Specific Gravity (Gmb), Parafilm 2.276 2.281 2.305 2.311

VTM =fl-(Gmb/Gmm)], SSD (%) 6.9% 7.0% 5.3% 5.4%

VTM = [l-(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 S

SGC Pill # 2 SGC Pill U 1

Cycles Initial 500 1000 4000 8000 Initial 1 500 I 1000 1 4000 1 8000
Aft 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 -N/A- 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 if 2

Cycles 500 1000 4000 8000

Aft Rear 1.05 1.68 3.01 3.91

Aft Front 1.34 2.15 3.52 4.30

Ayerage 1.20 1.92 3.27 4.11

Cycles 500 1000 4000 8000

Average 1.20 1.92 3.27 4.11

Both Pills

SGC Pill # 1

Cycles 500 1000 4000 8000

Fwd Rear 1.05 1.68 3.01 3.91

Fwd Front 1.34 2.15 3.52 4.30

Ayerage 1.20 1.92 3.27 4.11

207



Appendix A - 28

County & Mix Type: Polk 411 D

Project Number: 5195
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STATE OF TENNESSEE ASPHALT JOB .\nX FORVOTLA

Date

Project Reference No. County ..hcl/S. Region jLr..
Project No. - Contract No.
Type Sec. No. JtJJ—Q. -Article No.
Contractor Subcontractor

C5iate ni. ino.

MATERIAL
SCREEN

Tatil Percent Pat^lnx
PROCta'CER AND ADDRESS Percent UinS

C.A.

Med. C. A. ^/s-Pa*^ (. /£) \r\ uj^f} ̂ ToK'i /r//)\'i>Y , Gfil ?>nAe

Screenings P)P.aA /f y C/euB Ja^A . 7v
Sand Vs' BbatJIb'/ ASa^^I X' a<,pBB. 7>^ S3..90

Asonalt Cewnc
Q. lO

Anti-Strip Type: A'Avii - 6^+/^ Dosage Rate: . £? 3_

Approved

V» rrsctured Faccs on Plus No. ¤ Maunti. *

IOC PERCENT MINERAL AGGREGATE aggregate analysis total percent passing

SCREEN
ToUl Puslsf

Muter RiAfe

Requested
Percent

Tolerance

Percent

C. A.
Percent

Med. C. A.

Percent

Screctunn

Percent

Sand

Percent

riUcr

Percent

Caieula'.

Mix

Temp. \H0 t 35

% A.C. 1  -
[ThBoU.'inf

2
\(looTi 33

1  1/2" li.o. TTi 9^8

1  "
l :3rvn.iii-

3/4 " —1
5/8 "

1  /OO 1 loo /OO
1

t
r^TZ—

%* '^S-100 81 )00 loo \1S.L
Ha

H' ?)0''iZ S2>,C 1 SI 100 loo 1BS.

No. 4 SH'% (,1.1 to 15 ^7 (}/

No. 8 35-57 ^5,3 (3 H.'z
——1

No. 30 11-^^ \  I \^C, \ (3^ \

No. 50 }o-]S )].( I  / 1 /9 \ ll.(

No. 100 2>--l0 7 / 1  / )3 3  1 1^.7

No. 200 0-("S 3..5 ( y / }  \ n / I 135

A/'/ / y
/ •■ /•

i  ! 1  !

Aooroved
V'rretr if '
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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

SGCPffls AVC Beams

75 nun 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

(lb) 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 147.8 149.4 147.8 148.3

(°F) 298.0 301.0 298.0 299.0

Number of Gyrations 6 6 N/A N/A

Compacted Height, mm 74.6 74.3 N/A N/A

(in.) 2.9370 2.9252 N/A N/A

Vertical / Back Pressure (kPa) N/A N/A 482.6 /137.9 482.6/137.9

(psi) N/A N/A 70/20 70/20

Compaction Time, sec. N/A , N/A 70.0 30.0

Dry mass (A), g 2916.2 2909.7 6526.4 6524.1

(lb) 6.4 6.4 14.4 14.4

Dry mass with Parafilm (D), g 2921.7 2915.1 6536.9 6533.0

(lb) 6.4 6.4 14.4 14.4

Wet mass with Parafilm (E), g 1612.2 1610.8 3712.8 3733.9

(lb) 3.6 3.6 8.2 8.2

Wet mass w/o Parafilm (C), g 1641.9 1639.8 3764.3 3777.6

(lb) 3.6 3.6 8.3 8.3

Saturated Surface Dry mass (B), g 2922.5 2916.9 6528.5 6527.0

(lb) 6.4 6.4 14.4 14.4

Specific Gravity (Gmb), SSD 2.277 2.278 2.361 2.373

Specific Gravity (Gmb), Parafilm 2.243 2.246 2.325 2.343

VTM =[l-(Gmb/Gmm)], SSD (%) 6.6% 6.6% 3.2% 2.7%

VTM = [l-(Gmb/Gram)], 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 41 ID

SGCPill#2 SGCPill#l

Cycles Initial 500 1000 4000 8000 Initial I 500 1 1000 1 4000 I 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 2.12 n/a
Fwd Front -N/A- 11.21 7.70 6.40 3.00 0.73

APA Measured Rut Depth Values, mm

SGC Pill # 2

Cycles 500 1000 4000 8000

Aft Rear 4.68 6.19 9.54 n/a

Aft Front 4.09 5.31 8.66 10.61

Average 4.39 5.75 9.10 10.61

Cycles 500 1000 4000 8000

Average
Both Pills

4.15 5.51 8.96 10.55

SGC Pill # 1

Cycles 500 1000 4000 8000
Fwd Rear 4.30 5.73 9.44 n/a
Fwd Front 3.51 4.81 8.21 10.48

Average 3.91 5.27 8.83 10.48
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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

Date; 10/27/98

Project Ref. Nc S.P.
Pro]. No. 7100&4229-04
Type
Contractor

St. Route

A.C.S.-H.M.

Hig

Tota

County Putnam Region
_ Layer_
Sec. No.

Surface

411M-S.P.

Contract No. 5386
Artide 411M-01.01..02

hway Materials Subcontractor N/A

l Mix including Bitumen Date of Letting 7/24/98

Material Size Range or Type Producer and Address % Used

CA

Med. CA. 16mn>-pan Rogers Group Gordonsvflle.Tn. 57.06

B. D. V. 4.75-pan Rogers Group Algood. Tn. 23.78

Nat Sand 4.75-pan Highways Inc. Monterey, Tn. 14.27

M.S.

Asphalt Cement PG^22 Ergon Nashville. Tn. 4.90

Anti-Sfrip Pave Bond Lite Dosage Rate:

% Fractured Faces on +4 Material: N/A % Glassy Partides on +4 Material N/A 100.0

100 PERCEKTT MINERAL AGGREGATE AGGREGATE ANALYSIS TOTAL PERCENT PASSING

Screen Ttl. Passing Requested CA Med. CA. B. D. Nat. Sand M.S. Calculated

Design Range Percent Percent Percent Percent Percent Percent Mix

Temp 300 F .<160.0 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: 2.545

(2^ 50mm AC in RAP:

(11/2)37.5 (Washed Gradations)
(11/4)31.5

(1") 25mm

(3/4) 19mm

(5/8) 16mm 100 100.0 100.0 100.0 100.0

(1/2) 12.7 98 97.0 100.0 100.0 97.5

(3/8) 9.5 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 19.7

(#50) 300 10 3.0 18.0 25.0 10.1

(#100) 150 4.9 2.0 3.0 ^ AT 5.1 ■=,:
^00175 4.1 2.0 11.0 1.0 4.1 ft .-

Requested

Approved

Cl&.oS:z:\
C. Splcer yt. 129

Approved

Approved
Rcgon CcwAcfton Engw—r Engnnr dl Mitwak Tcstt
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Mixture Summary Report for Varying %AC Analysis

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

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

Technician: B. Smith NMax: 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: 3B°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 (Va) 5.2 3.9 2.7 4.0 %

%VMA 14.0 14.0 14.1 14,0 % Mm.

%VFA 62.9 72.2 80.7 65.0 % Min.

75.0 % Max.

Dust/Asphalt Ratio 1.3 1.1 1.0 0.6-1.2 %

Max. Specific Gravity (G„„„) 2.583 2.562 2.542 0.000

Bulk Specific Gravity (G,at,) 2.480 2.490 2.503

@ ̂inl 86.2 87.3 87.8 89.0 % Max.

96.0 97.2 98.4 98.0 % Max.

Effective Sp. Gravity of Blend (G^a) 2.783 2.783 2.783 —

Sp. Gravity of Binder (G|,) 1.022 1.022 1.022 —

Sp. Gravity of Aggregate (GSb) 2.719 2.719 2.719
—
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Compaction Data Sheet
SGC Pills and AVC Beams

County and Mix Type: Putnam 411 S

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 3000.8 6825.1 6825.1

(lb) 6.6 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 /137.9 448.2 /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), g 2979.1 2980.8 6788.9 6787.1

(lb) 6.6 6.6 15.0 15.0

Dry mass with Parafilm (D), g 2986.6 2988.4 6800.6 6798.1

(lb) 6.6 6.6 15.0 15.0

Wet mass with Parafilm (E), g 1677.7 1678.3 3916.4 3912.7

(lb) 3.7 3.7 8.6 8.6

Wet mass w/o Parafilm (0), g 1737.8 1735.9 4014.8 4000.9

(lb) 3.8 3.8 8.9 8.8

Saturated Surface Dry mass (B), g 2998.5 3002.3 6799.6 6805.1

(lb) 6.6 6.6 15.0 15.0

Specific Gravity (Gmb), SSD 2.363 2.354 2.438 2.420

Specific Gravity (Gmb), Parafilm 2.298 2.297 2.370 2.367

VTM =[l-(Gmb/Gmm)], SSD (%) 6.3% 6.7% 3.4% 4.1%

VTM = [l-(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: Putnam 411 S

SGCFm#2 SGC Fill # 1

Cycles Initial 500 1000 4000 8000 Initial 1 500 1 1000 1 4000 1 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

SGC Fill #2

Cycles 500 1000 4000 8000

Aft Rear 2.22 2.89 5.17 6.64

Aft Front 2.33 3.31 5.40 6.75

Ayerage 2.28 3.10 5.29 6.70

Cycles 500 1000 4000 8000

Average 2.16 3.07 5.18 6.48

Both Fills

SGC Fill# 1

Cycles 500 1000 4000 8000
Fwd Rear 2.11 3.08 5.24 6.43
Fwd Front 1.96 2.99 4.92 6.08

Ayerage 2.04 3.04 5.08 6.26
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Appendix A - 30

County & Mix Type: Rutherford 307 BM/2

Project Number: 4725

221



rT?-:4
«♦: Pom T-m«*0a MIa r GaaVIui^

^, • • Date ...^:k:9.7..
^tSiataet So County —£uZiL€/jCA^.^. Region 3..

5Kij«tNo Contract Ko. JJAr.....
Type Sec. No. 3^7i£^Z_3 Article No. S^T.CA^A
Contractor ...^^ATA^—.k^T. Subcontractor
State Rt. No. TOTAL MIX INCLUDING BITUMEN Date of Letting

MATERIAL

.
SCRSSK

Tout Pereent Passiac PRODUCER AND ADDRESS Percent Used

JL
Med. C.A.

J  l^»U€D ^
\ Sereeninffs J

•^V Pj>/)
P

'£a/a

fi/\
Pfin

Z£. y 2 ^

/■v. Ze 2.

Sasd jJu/iTi^ //)AO'Ae
J

/9./tr
FiUer RPP 3LPi'fl /i aTOd <^r

M-iO PiNirxr \ .^au. .
% Fractured Faces on Plus Mo. 4 MtterUl . jP^. MYfj...^gu
A. C. and Pen.

ZOr / 7

g-/"?
('39c) 100%

100 PERCENT MINER.aL AGGREGATE AGGREGATE ANALYSIS TOTAL PERCENT PASSING
SCREEN TMal Passing

Master Bance
Requested
Percent

Talcranee
Percent

e.A.
Percent

Ked.CA.
Percent

Screcnlncs
Percent

Send
Percent

Finer

25W>'
Calculated

Mix

Terap. ; 75 325 575 2^5-335 22 74 )3 20 20 JOO
% A.C 4.2 i-i H^Z- ^5rs/,^ ' A/^s 22/
3  ' /pfl A C f.u
2H' 7hea 2-5a
2 -

IH'

ii!r

1

too 100 )00 JOG too too JOO JOO
%- v.-n 91 i5.3-4Ll 70 too iOO )00 44 91.4
%-

«* ^7 13 61 S1.3 - 72 7 )0 U1 100 JOO US
No. 4 46-51, 41 43-51 4 13 23 44 LI ^7.4
No. 8 U 43 35 3}.l■3^3 3 4 33 44 " 50 34.1
No. 30 13-25 2\ 17.7-29.3 2 3 }t> 43^ 30 2) o
No. 50 9 ;^ 9 5.7- )Z-3 7.9 2.5 7 13 70 ? ^
No. 100 6-10 5.2 S.t- t.'S 3iii.7 2.1 5 )5 J7 5.7
No. 200 2*^ L.5 A.6 3.0- In.2 },l^ 1 45 .2 j5 Vy11

/

Requeeted Approved ^-'Z-t-'il
Annr«v.->A ConlTMtor /O »«!«> >««<«rtala'&Si;
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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

75 mm x 150mm

AVC Beams

75 X 125 X 300 mm

1 2 1 2

Mass of Sample Before Compaction, g 3004.0 3004.0 6835.2 6835.0

(lb) 6.6 6.6 15.1 15.1

Mold Temperature, ° C 148.3 135.0 137.8 137.8

(°F) 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 413.7/137.9 413.7/137.9

(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 2991.2 6812.5 6802.7

(lb) 6.6 6.6 15.0 15.0

Dry mass with Parafilm (D), g 2995.2 2998.7 6823.3 6813.1

(lb) 6.6 6.6 15.0 15.0

Wet mass with Parafilm (E), g 1686.4 1688.0 3935.5 3956.5

(lb) 3.7 3.7 8.7 8.7

Wet mass w/o Parafilm (0), g 1753.5 1752.7 4013.6 4026.2

(lb) 3.9 3.9 8.8 8.9

Saturated Surface Dry mass (B), g 3009.6 3016.3 6825.7 6811.2

(lb) 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 =[l-(Gmb/Gmm)], SSD (%) 5.9% 6.4% 4.2% 3.4%

VTM = [KGmb/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 SGC Pill # 1

Cycles Initial 500 1000 4000 8000 Initial 1 500 1 1000 I 4000 1 8000
Aft Rear 10.98 9.80 9.31 7.88 7.01 -N/A-

Aft 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 7.77
Fwd Front -N/A- 11.18 10.51 10.20 8.78 7.92

APA Measured Rut Depth Values, mm

SGC Pill M 2

Cycles 500 1000 4000 8000

Aft Rear 1.18 1.67 3.10 3.97

Aft Front 0.75 1.05 2.37 3.44

Ayerage 0.97 1.36 2.74 3.71

Cycles 500 1000 4000 8000

Average
Both Pills

0.92 1.19 2.56 3.55

SGC Pill #1

Cycles 500 1000 4000 8000
Fwd Rear 1.06 1.06 2.37 3.51

Fwd Front 0.67 0.98 2.40 3.26

Average 0.86 1.02 2.39 3.39
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Appendix A - 31

County & Mix Type: Seouatchie 411 D

Project Number: 5318
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Compaction Data Sheet
SGC Pills and AVC Beams

County and Mix Type: Sequatchie 411 D

Theoretical Maximum (Rice) Specific Gravity 2.312

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

(lb) 6.2 6.2 13.6 13.6

Mold Temperature, ° C 136.1 135.0 137.8 137.8

(°F) 277.0 275.0 280.0 280.0

Mix Temperature, ° C 151.1 149.4 147.2 147.8

(°F) 304.0 301.0 297.0 298.0

Number of Gyrations 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 413.7/137.9 413.7/137.9

(psi) N/A N/A 60/20 60/20

Compaction Time, sec. N/A N/A 30.0 30.0

Dry mass (A), g 2760.6 2768.7 6115.1 6118.4

(lb) 6.1 6.1 13.5 13.5

Dry mass with Parafilm (D), g 2770.2 2778.6 6127.1 6129.9

(lb) 6.1 6.1 13.5 13.5

Wet mass with Parafilm (E), g 1451.3 1459.3 3229.5 3209.2

(lb) 3.2 3.2 7.1 7.1

Wet mass w/o Parafilm (C), g 1487.0 1493.2 3291.5 3291.5

(lb) 3.3 3.3 7.3 7.3

Saturated Surface Dry mass (B), g 2773.7 2782.0 6133.0 6141.8

(lb) 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

VTM =[l-(Gmb/Gmm)], SSD (%) 7.2% 7.1% 6.9% 7.2%

VTM = [l-(Gmb/Gmm)], Parafilm (%) 8.4% 8.1% 8.1% 8.8%

NCAT Asphalt Content (%) 7.1% 7.1% 7.1% 7.1%
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APA Dial Gauge Readings, mm

Mix Type: Sequatchie 411 P

SGC Pill # 2 SGCPill#!

Cycles Initial SOD 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 Inltial 500 1000 4000 8000 Initial 500 1000 4000 8000
Aft Rear 10.83 9.06 8.06 5.25 3.94 10.52 9.23 8.98 6.80 5.63
Aft 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 8.71 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

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
Aft Front 1.80

1.91

2.72 4.39 5.51 Fwd Front 1.72 2.58

2.71

4.26

4.19

5.50

5.37Ayerage 2.78 4.45 5.57 Ayerage 1.89

Cycles 500 1000 4000 8000

Average
Both Pills

1.90 2.74 4.32 5.47

Beam 1 Beam 2

Cycles 500 1000 4000 8000 500 1000 4000 8000

Aft Rear 1.77 2.77 5.58 6.89 1.29 1.54 3.72 4.89

Aft Front 1.22 2.25 4.92 5.96 1.31 1.99 4.20 5.32

Middle 1.13 2.14 5.40 6.37 0.83 1.36 3.58 4.65
Fwd Rear 1.11 1.94 4.95 6.13 1.01 1.64 3.75 4.80

Fwd Front 1.31 2.13 4.68 5.79 0.81 1.47 3.83 4.97

Averages

All 5 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 S

Theoretical Maximum (Rice) Specific Gravity = 2.553

SGC Pills AVC Beams

75 nunx 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

(lb) 6.7 6.7 15.3 15.3

Mold Temperature, ° C 126.1 112.8 137.8 137.8

(°F) 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 N/A

(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

(psi) N/A N/A 70/20 70/20

Compaction Time, sec. N/A N/A 70.0 60.0

Dry mass (A), g 3007.4 3010.8 6906.0 6911.8

(lb) 6.6 6.6 15.2 15.2

Dry mass vvith Parafilm (D), g 3014.9 3018.3 6917.2 6922.2

(lb) 6.6 6.7 15.2 15.3

Wet mass with Parafilm (E), g 1694.9 1695.7 3953.7 3941.0 -

(lb) 3.7 3.7 8.7 8.7

Wet mass w/o Parafilm (C), g 1752.5 1752.3 4032.5 4019.7

(lb) 3.9 3.9 8.9 8.9

Saturated Sur&ce Dry mass (B), g 3020.3 3024.6 6913.1 6924.6

(lb) 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 =[l-(Gmb/Gmm)l, SSD (%) 7.1% 7.3% 6.1% 6.8%

VTM = [l-(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

SGCPilI#2 SGCPill#!

Cycles Initial 500 1000 4000 8000 Initial 500 lOOD 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

Cycles 500 1000 4000 8000

Aft Rear 1.40 1.78 2.99 3.88

Aft Front 1.51 2.13 3.74 4.53

Ayerage 1.46 1.96 3.37 4.21

SGC Pill # 1

Cycles 500 1000 4000 8000

Fwd Rear 1.63 2.23 3.91 4.70

Fwd Front 1.09 1.67 3.09 3.86

Ayerage 1.36 1.95 3.50 4.28

Cycles 500 1000 4000 8000

Ayerage 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 2.29 3.34 1.41 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

Ayerages

All 5 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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Appendix A - 33

County & Mix Type; Sevier411 S

Project Number: 5398
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STATE OF TENNESSEE ASPHALT JOB IHX FORMULA ^enn 0T42M
Ra: Fo<m T>11|

T
Regrion ......

Date .0CT.JJL^J.P1.
Preject Reference No. .SP. County ..
Project No. . JJM<c.,.±Z01.'.Q.±.. contract No. ....^^.91
Type -- I'PS; No. ...ILLS..... Article No.
Contractor

Subcontractor

material SCREEN
Total Percent PasslBg

f(\- ^ A V-l ST V J
C.A.

M«d. a A. (9^ - 7<r„. 5"6.7Cj
SereeninEs 9.5"-^- 7«rz^ l/iy/cAM /yiATeirAis 5&i/>ta.L>)IL -m 7 3.^5"
SAfid

* , n ' J' f
Ne^pcaT s./irnrnf No^piooJ lO //. / f

Asphalt Cement PO-^>¥'Zz VclofJWjJ. ^UeU "TTi
Anti-Strip ^yPO! ^7* _ Dosage Rate: 0.3 %

100 PERCENT MINERAL AGGREGATE

I  uii I Au» 1^. «« ndteriaj.; n | aimt/c

II AGGREGATE ANALYSIS TOTAL PERCENT PASSING
SCREEN

1 Total Passing
1 Master Baage

Revested
>  PcreiDt

Tolerance
Percent

C. A.

Percent
Med. ax.
Percent

Sctecnlngs
Percent

Sand

Percent

FUler
Pwcttt

Calculated

Temp. P,S-'K>ZX ^0 /S /oo
% A.C. —

2 NK. =4!-.5
1 1/2" lox-.• n.o ACSuL c •o4
1  " 1

3/4 /OO L JOO lt?0

/' t "Iisr 90-/M 97 M
^ -

1

95
1

9?
^/i 'i.S'- -90 n.2

K
7/.J ^  Zoo /c7a

,

^2.?
sr.? 1 zr ^  9? ' f?.r .55,3

No- ?f-v' 37. C> (7 ^(o 77.5 21.(,
No. /z.y HZ fTZ.H ZleS
No. 30 yf.z

._ 9.f 27 31.Z /rz
No. 50 3oc^'» //.■/ 7,5 /? 17.¥ //./
No. 100 COf /E 3
Xo. 200 75:^ •Z^'tv V.L

>J ) 1
3.3 Z-V

7^^ /}Ai^ XV y
)

Approved ^
Region CenjtrucUen Encintfr

Regloo Kttenals SnglDcer

.Approved
Snetneer of Materi.i]s and Tests 'TT^
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Compaction Data Sheet
SGC Pills and AVC Beams

County and Mix Type: Sevier 411 S

Theoretical Maximum (Rice) Specific Gravity — 2.458

SGC Pills AVC Beams

75 nun x 150mm 75 X 125 X 300 mm

1 2 3 4

Mass of Sample Before Compaction, g 2950.5 2954.2 6610.0 6610.5

(lb) 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 146.1 147.8 152.2 149.4

("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 (A), g 2921.3 2928.4 6556.5 6558.3

(lb) 6.4 6.5 14.5 14.5

Dry mass with Parafilm (D), g 2929.3 2936.0 6568.6 6569.2

(lb) 6.5 6.5 14.5 14.5

Wet mass with Parafilm (E), g 1606.5 1612.8 3607.1 3610.6

(lb) 3.5 3.6 8.0 8.0

Wet mass w/o Parafilm (C), g 1661.2 1664.9 3714.0 3710.0

(lb) 3.7 3.7 8.2 8.2

Saturated Surface Dry mass (B), g 2936.3 2941.2 6576.6 6577.5

(lb) 6.5 6.5 14.5 14.5

Specific Gravity (Gmb), SSD 2.291 2.294 2.290 2.287

Specific Gravity (Gmb), Parafilm 2.231 2.235 2.229 2.230

VTM =[l-(Gmb/Gmm)], SSD (%) 6.8% 6.7% 6.8% 7.0%

VTM = [l-(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; Sevier411 S

SGC Pill # 2 SGC Pill # 1

Cycles Initial 500 1000 4000 8000 Initial 500 1000 4000 8000

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 8.91 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 7.72
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

Cycles 500 1000 4000 8000 Cycles 500 1000 4000 8000

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
Ayerage 0.79 1.21 2.44 2.96 Ayerage 0.97 1.39 2.49 3.23

Cycles 500 1000 4000 8000

Average
Both Pills

0.88 1.30 2.46 3.09

Beam 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 1.35 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 2.37 3.02 1.11 1.50 2.29 2.90

Fwd Front

Ayeraaes

1.60 2.23 3.60 4.28 1.08 1.37 2.30 2.91

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 2.77 3.33
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Appendix A - 34

County & Mix Type: Shelby 411 S

Project Number: 5149
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STATE OF TENNESSEE ASPHALT JOB MIX FORMULA

Plant #

L-R Job#

Date: 7/13/98

98-095

Project Ref. No.
Pro], No. 79020-4242-04
Type
Contractor
St. Route Lamar Total Mix including Bitumen

Cou

ASCS-HM

Layer_
Sec. No.

Lehman-Roberts Co.

nty Shelby Region IV

Surface 5149

411-S

Contract No
Article 0101-01.02

Subcontractor Lehman-Rotserts Co.

Date of Letting 1/26/98

Material Size Range or Type Producer and Address % Used

0.00

5/8" Cr Gravel 5/8" -#200 Memphis Stone & Gravel pit# 534 56.34

#10 Limestone 3/8"-#200 Vulcan Materials 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 6 10

Anti-Strip Morelife Dosage Rate 0.3%

% Fractured Faces on +4 Maleriai; 88.9 % Glassy Particles on *4 Matenal N/A 100.0

100 PERCENT MINERAL AGGREGATE AGGREGATE ANALYSIS TOTAL PERCENT PASSING

Screan Ttl Passff^ Raquested S/rCr Gravel #10 Ufnestans Mfg Sand PgLiee Calculatad

OvsignRangi Pareent Percent Pifctnt Pereart Parcent Pefcere Uh

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 Theoretical Maximum Density: 2.341

L.O.I.: 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

9.5 86 77.0 100.0 99.0 100.0 86.0

4.75 60 42.0 91.0 81.0 99.0 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

Requested _ Approved
^  Cettnaet Ri^on Uatwab EngmMr

Approved Approved
Rtgien CornQiieSan EnginMr CngnMT e( md T«st»
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Design Aggregate Structure

Design AC

Effective AC

6.1

5.41

2.551

Dust to Asphalt 1.17

Agg Bdk Sp. Gr.

Spetimen

6

2.491

1

6

2.491

2

6.5

2.491

1

6.5

2.491

2

7

2.491

1

7

2.491

2

7.5

2.491

1

7.5

2.491

2

Height @Nini
Height @Ndes

Height @Nmax

127.9

116.1

114.6

128.4

116.5

114.9

125.9

1144

112.9

125.8

113.8

112.4

127

116

114.7

128.1

117.3

115.9

127

116.1

115

126.4

115.7

114.5

Mass in Air

Mass in Water

Mhss @ SSD
Bulk Sp. Grav.

4539.3

2549.7

4542.8

2.278

4537.4

2546.9

45392

2277

4452.7

2508.7

4454.3

2.289

4440.5

2496.3

4441.9

2.282

4594.8

2600.3

4595.4

2.303

4602.7

2604.3

4603.4

2.302

46142

2613.6

4614.6

2.306

4610.3

2609.5

4610.7

2.304

% of Gmm @Nini
% of Gmm (gNdes
% of Gmm @Nmax

87.1

95.9

972

86.9

95.8

972

882

97.0

98.3

87.6

96.8

98.0

90.0

98.5

99.6

90.1

98.4

99.6

91.0

99.5

100.5

90.9

99.3

100.4

Corrected Bdk

Gmb @ Nini
Gmb QNdes

Gmb (^Nmax

2.041

2248

2278

2.038

2246

2277

2.052

2259

2.289

2.039

2254

2282

2.080

2277

2.303

2.083

2275

2.302

2.088

2284

2.306

2.087

2.280

2.304

There. Gravity 2.344 2.344 2.328 2.328 2.312 2.312 2295 2.295

% Air Voids ̂ Ndes
%VMAQNdes

Avg Air Voids

AvgVMA

4.1

152

4.1

152

42

152

3.0

152

3.1

152

32

15.4

1.5

15.0

1.6

15.0

1.6

15.1

0.5

152

0.6

152

0.7

15.3
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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

(lb) 6.2 6.2 14.1 14.1

Mold Temperature, ° C 154.4 154.4 148.9 148.9

(°F) 310.0 310.0 300.0 300.0

Mix Temperature, ° C 150.0 151.7 148.9 149.4

CF) 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

(lb) 6.2 6.2 14.0 14.0

Dry mass with Parafilm (D), g 2824.2 2821.4 6364.3 6357.7

(lb) 6.2 6.2 14.0 14.0

Wet mass with Parafilm (E), g 1504.3 1498.9 3394.5 3429.7

(lb) 3.3 3.3 7.5 7.6

Wet mass w/o Parafilm (C), g 1541.6 1536.6 3473.6 3485.5

(lb) 3.4 3.4 7.7 7.7

Saturated Surface Dry mass (B), g 2826.2 2820.7 6362.6 6356.4

(lb) 6.2 6.2 14.0 14.0

Specific Gravity (Gmb), SSD 2.191 2.190 2.198 2.212

Specific Gravity (Gmb), Parafilm 2.158 2.151 2.157 2.178

VTM =[l-(Gmb/Gmm)], SSD (%) 7.1% 7.2% 6.9% 6.3%

VTM = [I-(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 S

SGCPill#2 SGCPill#!

Cycles Initial 500 1000 4000 8000 Initial 500 1000 4000 8000
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 Initlal 500 1000 4000 8000 Initial 500 1000 4000 8000
Aft Rear 10.66 10.10 9.95 9.64 9.31 9.97 9.45 9.36 9.04 8.63
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
Ayerage 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 2.42

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 2.11 0.38 0.44 0.62 0.93

Middle 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

Middles 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 ASTMD2041.

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.

5. 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.

*Note:

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

9. Depress the E-STOP button for safety.
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10. Set the vertical pressure on the vibratory compactor to 60 psi and the back
pressure to 20 psi.

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

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

13. Remove the mix from the oven and obtain the temperature.
14. If compaction temperature is achieved, place one plate into the bottom of the

mold.

15. 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.

16. Cap the beam with the other plate.
17. Align the mold into the vibratory compactor with the alignment guides.

*Note: Due to the high decibel levels achieved during compaction, ear protection
should be provided before running the compactor.

18. Release the E-STOP.

19. 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.

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

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

the top plate.
23. Once the plate is removed, continue to eject the beam.
24. Once the beam is ejected from the mold, it must be handled with extreme care.
25. 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
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.

26. Allow the beam to cool to room temperature.
27. 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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TESTING PROTOCOL:

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

Procedure

1) Preset chamber temperature to 50 ° C +/-1 ° C (120 ° F +/- 3 " F).

2) Open the front doors, unlock the toggle clamps and pull out the sample tray.

3) 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.

4) 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.

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

6) Set the MODE switch to RUT. Reset the TOTALIZING counters to zero, turn
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.

7) 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.

8) 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.

9) 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 = TtP^ X 0.001 cmVmm'' x h

4

b. Target Mass of Specimen [g]:
1) Beam:

Popt X V

2) Cylindrical Specimen:
Wmb = Gnrni (Ig/cm^) X % Gmm 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)
V  = Volume of specimen, cm^

(30.0 cm X 12.5 cm x 7.5 cm = 2812.5 cm^ for laboratory beam
specimen,
22.5 cm X 12.5 cm x 7.5 cm = 2109.4 cm^ for field beam

specimen,
[tt (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

% Gmm = 1.0 - Target % air voids
100

(1 g/ cm^) = Density of water
Wmb = Target mass of specimen, g.
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2. Calculation of Rut Depth:

a. The mt 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 lbs).
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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 forklifl 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 iiser 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 vibrates

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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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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6. The regulators that maintained the hose and cylinder pressure had some

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

required replacement.

7. The electric fan that circulates heat from the heater coils throughout the

chamber burned out.

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

9. 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.

10. The hoses are extremely difficult to replace, sometimes leading to injuiy.

11. 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 continues 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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