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PREFACE

This report results from problems encountered
with the rutting and shoving of asphalt concrete
pavements in the Austin District of the State De-
partment of Highways and Public Transportation.
It provides information and guidelines for improv-
ing the stability of paving mixtures at intersections.
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for their assistance in the testing program. In

addition, the assistance of Oscar Rodriguez and his
personnel from the Austin District of the State
Department of Highways and Public Transportation
is greatly appreciated. Appreciation is also
extended to the Center for Transportation Research
staff who assisted in the preparation of the report.

Thomas W. Kennedy

Hassan Torshizi

William E. Elmore

ABSTRACT

This report outlines the results of varying the
design of HMAC by changing the gradation and
the size of the coarse aggregate fraction and by

using polymer-modified asphalt to provide mix-
tures of greater stability for use at intersections.

SUMMARY

This report provides both design and labora-
tory test data to support modifications to the stan-
dard State Department of Highways and Public
Transportation design procedures for hot mix as-
phalt concrete mixtures. The modifications are

specifically for use at intersections to control or
eliminate shoving or rutting of the pavement. Ac-
tual core data were too limited within the confines
of the research to provide support data.

IMPLEMENTATION STATEMENT

It is recommended that the SDHPT, particularly
its Austin District, utilize the reported variations for
placing test pavements so that the procedures can
be modified based on performance data.

il

Successful confirmation of the recommended
modifications to the procedures will allow the
Department to utilize these modifications statewide
where conditions warrant.
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CHAPTER 1.

The instability of asphaltic concrete pavements
at intersections has been a continuing problem
throughout the state. Plastic deformation is par-
ticularly prevalent where there is a combination of
high temperatures, high traftic volumes, and rapid
deceleration and acceleration such as that encoun-
tered at stop signs or traffic lights.

Standard mixture design procedures and selec-
tion of materials may perform adequately through

INTRODUCTION

the major portion of a roadway and become dis-
tressed only under the conditions listed above.
This project was directed toward developing the
information necessary to solve the problems en-
countered in one highway district and, at the same
time, to provide guidelines statewide.



CHAPTER 2. EXPERIMENTAL DESIGN

The primary objective of this study is to evalu-
ate materials which improve stability and decrease
susceptibility to permanent deformation, particu-
larly at intersections. To achieve this objective,
two laboratory testing programs were carried out.
In the first testing program, the basic approach
was to compare engineering properties of mixtures
containing various percentages of fine aggregate,
maximum aggregate size, and asphalt content. In
the second testing program, the effect of two poly-
mers on the engineering properties of mixtures
was evaluated. This chapter describes the materi-
als, aggregate gradations, and test methods used in
this investigation.

Materials
Aggregates

Three aggregate combinations, Weir Pit Type
DF, Weir Pit Screenings, and Berdoll Sand, were
used to create the various gradations used in this
study. Six different gradations, 1, A, B, C, D, and
E, were used to evaluate the effect of both grada-
tion and maximum size aggregate on engineering
properties. These gradations (1, A, B, C, D, and
E) are shown in Table 2.1 and plotted in Figures
2.1 through 2.6. Mix 1 included 51 percent coarse
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Table 2.1 Aggregate gradation for mixes 1, A, B, C, D, and E
SDHPT SDHPT
Mix Mix Mix Mix Mix Mix  Specification Specification
1 A B C D E Type D Type C
Plus 5/8 in. 0.0 0.0 0.0 0.0 0.0 0.0 0 0- 5
5/8 to 1/2 in. 0.0 0.0 0.0 0.0 9.0 10.0 0 8-29
1/2 to 3/8 in. 0.0 0.0 0.0 12.0 14.0 15.0 0-15 10 - 42
3/8 in. to No. 4 22.0 27.0 34.0 27.0 17.0 20.0 21-53 11 - 37
No. 4 to No. 10 22.0 24.0 25.0 23.0 20.0 20.0 11 - 32 11 - 32
Plus No. 10 44.0 51.0 59.0 62.0 60.0 65.0 54 — 74 54 — 74
No. 10 to No. 40 28.0 26.0 22,9 18.0 20.0 15.0 6 - 32 6-32
No. 40 to No. 80 8.0 7.0 6.0 8.0 8.0 10.0 4-27 4-27
No. 80 to No. 200 6.0 6.0 4.1 7.0 7.0 7.0 3-27 3-27
Minus No. 200 14.0 10.0 8.0 5.0 5.0 3.0 1- 8 1- 8
Total 100.0 100.0 100.0 100.0 100.0 100.0

5
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aggregate retained on the No. 10 sieve combined
with 49 percent fine aggregate to produce a maxi-
mum density grading curve. Mixes A and B were
essentially the same as mix 1, except that the per-
cent of coarse aggregate (retained on the No. 10
mesh sieve) was different. The maximum aggre-
gate size of mixes C, D, and E was greater than
that of mixes 1, A, and B. In addition, the per-
centages of coarse aggregate for mixes C, D, and
E were different. An additional gradation, F,
which was used for polymer-modified mixtures, is
shown in Table 2.2 and plotted in Figure 2.7.

Asphalt Cement

The asphalt cements used in this study were
Exxon AC-20, produced by the Exxon Oil Refinery,
and TFA AC-20, produced by Texas Fuel Asphalt.
The Exxon AC-20 was used in mixes 1 and A
through E.  TFA AC-20 was used for polymer-
modified mixtures. The properties of these asphalt
cements (as determined by the Texas State Depart-
ment of Highways and Public Transportation) are
summarized in Table 2.3.

Polymer

Two polymers included in this study consisted
of an Ethylene Vinyl Acetate (EVA) and a combina-
tion of SBR Latex and Functionalized Polyolefin.
Sources of these polymers and designations used
for this study are shown below.

Source Type Designation
Exxon EVA Polybilt 103
Dow SBR/Polyolefin Dow

Polybilt 103, a copolymer of Ethylene Vinyl
Acetate (EVA), had a permanent polarity which
was associated with the acetate group. The modi-
fied binder contained 97 percent TFA AC-20 and 3
percent Polybilt 103. Dow polymer, which was a
combination of SBR and polyolefin, was supplied
by Dow Chemical Co. The Dow-modified binder
contained 5 percent polymer (2 percent polyolefin
and 3 percent SBR solids) and 95 percent TFA AC-
20.
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Table 2.2 Aggregate gradation for polymer-modified mixtures
Limestone
Sandstone Limestone Screenings Field Sand
Sieve Sieve Sieve Sieve Combined SDHPT
Analysis 31%  Analysis 27%  Analysis 19%  Analysis 23%  Gradation  Specification
Plus 1/2 in. 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 4]
1/2 to 3/8 in. 33.0 10.2 0.0 0.0 0.0 0.0 0.0 0.0 10.2 0-15
3/8 in. to No. 4 571 17.7 50.5 13.6 0.0 0.0 0.0 0.0 313 21-53
No. 4 to No. 10 7.5 2.3 471 12.7 18.3 3.5 0.1 0.0 18.5 11 - 32
Plus No. 10 60.1 54 - 74
No. 10 to No. 40 0.5 0.2 1.3 0.4 54.4 10.3 12.2 2.8 13.6 6-32
No. 40 to No. 80 0.1 0.0 0.1 0.0 16.5 31 62.6 14.4 17.6 427
No. 80 to No. 200 0.3 0.1 0.5 0.1 7.6 1.4 21.4 4.9 6.6 3-27
Minus No. 200 1.5 0.5 0.5 0.1 3.2 0.6 37 0.9 2.1 1- 8
Total 100.0 31.0 100.0 27.0 100.0 19.0 100.0 23.0 100.0
Table 2.3  Properties of TFA AC-20 and Specimen Preparation

Exxon AC-20 asphait cements The aggregate was batched by dry weight to

Asphalt Type TEA AC-20 Exxon AC-20 meet a specified gradation for each mix design.
Viscosity at 275° F (stokes) 370~ 4.20 360 4.20 Dry aggregate \was preheated to a. specified mixing
Viscosity at 140° F (poises) 1,764 — 2,008 1735 — 2,163 temperature of 275 + 5°F. The Lﬁlp(ler wis heated
Penetration at 77° F 56— 80 57— 100 to 275 % 5°F and then the specified amount was

added to the heated aggregates. The combined
mixture was placed in the oven to raise the
temperature to 275 + 5°F and 300 * 5°F for
unmodified and modified mixtures, respectively.

Specific gravity at 77° F 1.012 - 1.026 1.010 — 1.033

Mixture Design

The mixture design was established using the
design procedure used by the Texas State Depart-
ment of Highways and Public Transportation (Ref
1). This procedure defines the asphalt which will
produce e percent air voids and satisfy a Hveem
stability requirement of 35 percent. The resulting
asphalt contents for mixes 1 and A through F are
shown in Figures 3.1 through 3.7, respectively
(pages 19-20).

The mixture was then mixed for approximately 3
minutes in an automatic 12-quart-capacity Hobart
mixer. The mixtures were then placed in
preheated ovens and brought to the compaction
temperature of 250 * 5°F and 270 + 5°F for
unmodified and modified mixtures, respectively.
Mixtures were compacted using the Texas gyratory
shear compactor.

Two compaction procedures, described as
standard and modified compactions, were utilized.
The standard compaction procedure specified by
the State Department of Highways and Public



Transportation would normally produce 3 percent
air voids in the design mixture containing opti-
mum asphalt content. Since 3 percent air voids is
generally not obtained in the construction process,
a modified compaction procedure was also used
for certain specimens. For the modified compac-
tion process, the compactive effort was reduced to
produce an air void content of approximately 7
percent. No correction to compaction procedure
was made for mixtures containing polymers.

After compaction, all specimens were cured at
room temperature for 7 days. The specimens
were then placed in an environmental chamber for
15 hours to attain the desired testing temperatures.

Test Methods

Several tests were performed on mixtures to
measure their engineering properties. The follow-
ing engineering properties were measured:

— Marshall Stability Test (ASTM D1559)
— Marshall Stability
~ Hveem Stability Test (Tex-208-F)
- Hveem Stability
- Indirect Tensile Strength Test (Tex-226-F)
- Indirect Tensile Strength
- Tensile Strain at Failure
— Secant Modulus
— Indirect Tension Test for Resilient Modulus
(ASTM D1423)
- Resilient Modulus
- Indirect Tensile Creep Test
— Tensile Creep Compliance

In addition, the air voids and VMA (Voids in Min-
eral Aggregate) of certain specimens were mea-
sured.

Marshall Stability Test

Marshall stabilities were determined using a
Marshall loading apparatus as described in ASTM
D1559. The compacted specimens were loaded at
140°F at a constant deformation rate at 2 inches
per minute, and the load and corresponding verti-
cal deformation were recorded on an X-Y plotter.
The maximum load is the Marshall stability, and
the vertical deformation corresponding to the
maximum, expressed in units of 0.01 inches, is the
flow value. Marshall stability and flow can be
measures of the resistance to plastic flow.

Hveem Stability

Hveem stabilities were determined using the
Hveem stabilometer as described in Tex-208-F.
The compacted asphalt mixture specimens were
loaded at 140°F at a constant deformation rate of
0.05 inches per minute to a vertical load of 5,000
pounds. The resultant horizontal force at 5,000

pounds was measured as the pressure on the
stabilometer wall and was used to calculate the
Hveem stability as follows:

222
PhD, (P, - P, ) + 0.222

where

%]
|

= Hveem stability, percent;
Py = applied vertical pressure, psi;
= transmitted horizontal pressure, psi; and

displacement of the stabilometer fluid to
increase the horizontal pressure from 5
to 100 psi measured in revolutions of a
calibrated pump handle. Hveem
stability is a measure of mixture’s
resistance to plastic flow.

)
S 5
non

Indirect Tensile Test

The indirect tensile test was performed by
loading a cylindrical specimen with a single or re-
peated compressive load which acts parallel to and

T

Figure 2.8a  Compressive load being applied

Figure 2.8b  Specimen failing in tension

Figure 2.8 Indirect tensile loading and failure



along the vertical diametral plane (Figure 2.8a).
The load, which was distributed through 0.5-inch-
wide steel loading strips curved to fit the speci-
men, produced a fairly uniform tensile stress per-
pendicular to the plane of the applied load. The
specimen ultimately failed by splitting along the
vertical diameter (Figure 2.8b).

The test equipment included a loading frame,
loading head, and an MTS closed-loop
electrohydraulic system to apply load and control
deformation rate.  The loading head was a
modified commercially-available die set with the
lower platen fixed and the wupper platen
constrained so that both platens remained parallel.
The curved stainless steel loading strips were
attached to both the upper and lower platens.

Indirect Tensile Strength

Indirect tensile strength was measured in
accordance with Tex-226-F. Although only one test
temperature is specified (77°F) in the test method
Tex-226-F, additional test temperatures were used
to determine the effect of temperature on the
tensile strength of the mixtures. Tensile strength
was calculated using the following equation for 4-
inch-diameter specimens:

P
S, =0.156 ~ax

where
S; = tensile strength, psi;

= total applied load at failure, pounds;
and

thickness of specimen, inches.

Pmax

t

Tensile Strain at Failure

The tensile strain at failure was calculated us-
ing the following equation (Refs 2, 3) for 4-inch-
diameter specimens:

AHO0.1185 v +0.03896
f:

0.02494v + 0.0673
where
E¢ = strain at failure.

AH = horizontal deformation at failure or
deformation at maximum load, inches;
and

v = Poisson’s ratio.

Secant Modulus

The secant modulus is a measure of the stiff-
ness of the mixture and of specimens under a
single load applied to failure. The secant modulus
was calculated using the following equation:

E,= E-[ZH“ (027+ v)

where

Es = secant modulus, psi;

= maximum applied load, pounds;
horizontal deformation at maximum
applied load, inches;

t = specimen thickness, inches; and

v = Poisson’s ratio.

Pmax
AH

Resilient Modulus

Resilient modulus was determined using the
repeated-load indirect tensile test as described in
ASTM D1423. A small preload was applied to the
specimen to prevent impact of loading and to
minimize the effect of seating of the loading strip.
Then the repeated load (which was approximately
20 percent of the static failure load) was applied
at a frequency of one cycle per second (1 Hz)
with a 0.1-second load duration and a 0.9-second
rest period. The load, as well as vertical and
horizontal deformations, was recorded on a pair of
X-Y plotters. A typical load pulse and resulting
deformation relationships are shown in Figure 2.9.
The resilient modulus was calculated using the
resilient, or instantaneously recoverable, horizontal
and vertical deformations after approximately 200
load cycles. The equation used to calculate the
resilient modulus was

ER = EP{R; (027+ 'UR)
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Figure 2.9  Typical load pulse and deformation-
time relationships for the repeatad-

load indirect tensiie test



Egr = resilient modulus, psi;
applied repeated load, pounds (Figure
3.16);
t = specimen thickness, inches;
Hg = horizontal resilient deformation, inches;
and
vr = resilient Poisson’s ratio.
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Creep Test

Normally a creep test is conducted by apply-
ing a constant uniaxial stress to a cylindrical speci-
men and measuring the line-dependent deforma-
tion which occurs. Creep compliance Dt is then
calculated by dividing the strain by the applied
stress as follows:

Et

Dt = = at any test temperature T,

E; = strain at time t, and

o = applied stress.

Since the indirect tensile test configuration was
used to measure creep compliance of HMAC
mixtures, the above equation cannot be used. The
state of stress in indirect tensile tests is not
uniaxial. Therefore, the creep compliance
equation recently developed during the course of
CTR Project 492 was used.

Experimental Testing Program

The variables included in this study were as-
phalt content, test temperature, maximum aggre-
gate size, and aggregate gradation. These vari-
ables were studied according to the testing
program outlined in Table 2.4. In addition, the ef-
fect of polymer on the engineering properties of
mixtures was evaluated. This variable (polymer)
was studied according to the testing program out-
lined in Table 2.5.

Table 2.4 Experimental testing program for laboratory mixtures containing

differsnt aggregate gradations

Asphalt Test

Content Temperature Mix Mix

Type of Test (%) (°F)

Hveem stability 140
140
140
140
140
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Table 2.5 Experimental testing proegram for polymer-meodified mixtures

Asphalt Test Mix F TFAAC-20 TFAAC-20
Content  Temperature TFA AC-20 with with
Type of Test (%) (843 3% Polybilt 5% Dow
Hveem stability 4 140 3 - -
5 140 3 - -
6 140 3 - -
7 140 3 - -
8 140 3 - -
Hveem stability Optimum 140 3 3 3
140 3 3 3
140 3 3 3
Marshall stability Optimum 140 3 3 3
140 3 3 3
140 3 3 3
Indirect tensile Optimum 39 3 3 3
77 3 3 3
104 3 3 3
Resilient modulus  Optimum 39 3 3 3
77 3 3 3
104 3 3 3
Creep compliance  Optimum &0 3 3 3
77 3 3 3
90 3 3 3



CHAPTER 3. DISCUSSION OF TEST RESULTS

Results of laboratory tests conducted on the mix-
tures (mixes 1, A, B, C, D, E, and F and the polymer-
modified mixtures) are listed in Tables 3.1 through
3.7 and plotted in Figures 3.1 through 3.7. Analysis
of variance (ANOVA) techniques were utilized to de-
termine whether significant differences exist between
mixture types for each test parameter where appro-
priate. In each case when a significant difference
was indicated, the Newman-Keul multiple range test
was used to determine which means were signifi-
cantly different.

Optimum Asphalt Content

The results of optimum asphalt content for mixes
1, A, B, C, D, E, and F are shown in Table 3.1 and
plotted in Figures 3.1 through 3.7. As shown in Fig-
ures 3.1 through 3.3, the optimum asphalt content of
mix A (59% + No. 10) was less than the optimum
asphalt contents of mixes 1 and B. This indicates
that the optimum asphalt content decreased when in-
creasing the percent of plus No. 10 sieve. Figures
3.4 through 3.6 show that use of larger-size aggre-
gate also reduces the optimum asphalt content. It
should be noted that use of excessive binder or fine
aggregates (material passing the No. 200 sieve) mani-
fests itself in low air voids, causing a loss of me-
chanical friction and higher permanent deformation.

Hveem Stability

The results of Hveem stability are shown in
Tables 3.2 and 3.3 and plotted in Figures 3.1 through
3.8. These figures contain the average Hveem stabil-
ity obtained from three replicate tests conducted for
each mix at a given asphalt content. The results
show that the Hveem stability of mix A was signifi-
cantly greater than the Hveem stability of mixes 1
and B at optimum asphalt content. In addition,
mixes C, D, and E showed higher values of Hveem
stability than mix 1. This indicates that use of a
larger maximum aggregate size or use of a higher
percent of plus No. 10 sieve may increase the
Hveem stability of the mix. Figures 3.1 through 3.7
also reveal that the Hveem stability was increased by
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decreasing the amount of optimum asphalt content
up to a certain point. :

The effect of polymers on Hveem stability is
shown in Figure 3.8. As shown in this figure, the
Hveem stability of the polymer-modified mixtures
(Dow and Polybilt 103) was significantly higher than
that of the control mixture (TFA AC-20). It appears
that addition of the polymers to TFA asphalt cement
increased Hveem stability. The effect of Dow was
more pronounced than the effect of Polybilt 103 on
Hveem stability.

Marshall Stability

Results of the Marshall stability test are shown in
Table 3.3 and plotted in Figure 3.9. This figure
shows the effect of the polymers on Marshall stabil-
ity. In a manner similar to that for Hveem stability,
polymer-modified mixtures exhibited significantly
higher Marshall stability than the control mixture
(TFA AC-20). The Polybilt 103 showed more im-
provement than the Dow.

Voids in Mineral Aggregate (VMA)

Voids in mineral aggregate (VMA) is a measure
of the amount of void space available in the aggre-
gate of a compacted HMAC. This void space con-
sists of the space available for asphalt, which gives
durability and cohesiveness to the mixture, and that
for air voids, which is insurance against asphalt mi-
gration and subsequent instability of the pavement.
The VMA is a function of aggregate characteristics,
asphalt characteristics, the proportion of asphalt and
aggregate in the mixture, and compaction. Table 3.2
and Figure 3.10 show VMA values of mixes 1, A, B,
C, D, and E at different asphalt contents. Based on
this figure, the following trends were apparent.

(1) For a given aggregate, gradation, and compac-
tion method, VMA values normally decreased
with increasing asphalt content to a minimum
value and then increased as the increased as-
phalt content prevented aggregate particles from
achieving their most intimate contact.

(2) Optimum asphalt content based on the SDHPT
mix design procedure normally resulted in an
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Table 3.1

Density test results for mixtures 1, A, B, C, D, Eand F

Density Density

Density Density

Density  Density

Density Deasity

Density Density

AC 19 (Rice) AC (C-14) (Rice) AC (C-14) (Rice) AC (C-14) (Rice) AC (C-149) (Rice)
Mixture (%) (%) (%) (%) (%) (%) (%) (%) (%) (%) (%) (%) (%) %) (%)
Mix 1 4.0 90.4 90.0 5.0 92.7 92.4 6.0 95.2 4.7 7.0 97.5 9.8 8.0 - -
20.4 89.6 92.8 92.1 9.8 94.2 97.1 96.6 - -
90.5 89.5 93.1 92.0 94.9 %4.4 97.8 96.9 - -
Average 90.4 89.7 Average 929 92.2 Average 950 944  Average 975 96.8  Average - -
Mix A 4.0 91.7 90.6 5.0 93.8 92.5 6.0 96.8 95.7 7.0 98.9 98.0 8.0 100.0 99.2
91.2 2.1 935 92.4 9.5 95.4 98.7 97.8 100.0 9.1
911 89.8 93.3 924 96.6 95.3 98.8 97.4 100.0 98.8
Average 913 90.2 Average  93.5 92.4 Average 96.6 95.5 Average 98.8 97.7 Average  100.0 99.0
Mix B 4.0 88.8 88.0 5.0 9.9 K0.7 6.0 %4.3 93.6 7.0 96.3 96.0 8.0 98.8 98.0
88.4 87.9 91.0 9.6 94.0 93.4 96.5 96.0 98.4 97.8
89.0 88.4 91.4 90.2 93.8 93.1 96.6 95.8 98.1 97.5
Average 88.7 88.1 Average  91.1 %0.5 Average  94.0 934  Average 965 95.9  Average 98.4 97.8
Mix C 3.7 92.4 92.3 4.6 95.4 94.7 55 98.0 97.0 6.4 99.0 98.5 7.3 100.0 9.5
92.5 91.8 95.6 95.0 97.5 97.3 99.2 98.6 100.0 95
92.7 91.9 95.2 9.6 97.6 97.0 98.9 98.2 100.0 9.3
Average 92.5 92.0 Average 954 94.8 Average 97.7 97.1 Average 99.0 98.4 Average  100.0 99.4
Mix D 4.0 93.3 92.6 5.0 9.9 95.2 6.0 98.5 97.4 7.0 99.0 98.4 8.0 100.0 99.5
93.1 924 9.3 95.7 98.1 97.7 9.3 98.6 100.0 9.1
93.6 92.4 96.0 95.3 98 .4 97.6 99.2 98.4 100.0 9.4
Average 93.3 92.5 Average 9.1 95.4 Average 983 97.6 Average 99.2 98.5 Average  100.0 9.3
Mix E 4.0 9%4.5 94.0 5.0 97.1 97.0 6.0 98.5 97.9 7.0 9.1 98.9 8.0 100.0 99.6
94. 94.2 97.4 97.1 98.4 97.8 99.4 9.1 100.0 99.3
94.3 93.9 97.3 97.1 98.1 98.2 9.2 98.8 100.0 9.5
Average 94, 94.0 Average  97.3 97.1 Average 98.3 98.0 Average 99.2 989  Average  100.0 9.5
Mix F 4.0 94.5 94.2 5.0 97.5 97.0 6.0 98.5 97.8 7.0 99.6 9.0 80 100.0 9.5
94.7 93.7 97.3 96.6 98.6 98.0 99.4 9.1 100.0 99.4
94.7 9.1 97.3 96.7 98.5 98.1 9.4 98.7 100.0 9.7
Average 94.6 94.0 Average  97.4 96.8 Average 98.5 98.0 Average 99.5 98.9 Average  100.0 9.5
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Table 3.2

VMA and Hveem stability test results for mixtures 1, A, B, C,C, D, E, and F at different asphalt contents

Hveem Hveem Hveem Hveem Hveem
AC VMA  Stability AC  VMA  Stability AC VMA  Stability AC VMA  Stability AC VMA  Stability
Mixture (%) (%) (%) (%) (%) (%) (%) (%) (%) (%) (%) (%) (%) (%) (%)
Mix 1 4.0 17.50 50.0 5.0 17.18 56.0 6.0 17.50 45.0 7.0 17.32 41.0 8.0 - -
17.58 50.0 17.22 55.0 17.35 42.0 17.27 42.0 - -
17.53 47.5 17.31 54.5 17.39 44.0 17.35 40.3 - -
Average 17.54 49.2 Average 17.24 55.2  Average 17.41 43.7 Average 17.31 41.1 Average - -
Mix A 4.0 16.60 45.0 5.0 16.58 46.0 6.0 16.00 46.0 7.0 16.25 41.0 8.0 17.10 27.0
16.65 41.0 16.50 46.5 15.98 48.0 16.20 42.0 17.20 25.0
16.64 45.0 16.47 45.0 16.15 48.0 16.17 39.8 17.24 26.3
Average 16.63 43.7 Average  16.52 458  Average 16.04 47.3 Average 16.21 40.9 Average  17.18 261
Mix B 4.0 19.15 41.0 5.0 18.85 48.0 6.0 18.32 44.0 7.0 18.24 45.0 8.0 18.65 41.0
19.11 40.0 18.98 46.0 18.39 423 18.22 44.0 18.59 45.0
19.08 43.0 18.91 46.0 18.39 39.0 18.20 42.0 18.56 44.0
Average 19.11 41.3 Average  18.91 467  Average 1837 41.8 Average  18.22 43.7 Average  18.60 43.3
Mix C 37 15.54 58.0 4.6 14.80 63.0 5.5 14.52 51.0 6.4 14.57 32.0 7.3 16.48 18.0
15.52 56.0 14.82 60.0 14.48 47.0 14.53 32.0 16.60 15.0
15.51 57.0 14.86 64.0 14.52 49.0 14.52 35.0 16.45 18.0
Average 15.52 570  Average 14.83 62.3  Average 1451 49.0  Average 14.54 330  Average 1651 17.0
Mix D 4.0 15.50 67.0 5.0 15.04 59.0 6.0 15.26 41.0 7.0 1651 20.0 8.0 18.00 11.0
15.60 63.0 15.06 58.0 15.24 43.0 16.49 18.0 17.88 10.0
15.59 65.0 15.10 54.0 15.19 39.0 16.58 22.0 17.90 9.0
Average 15.56 65.0 Average  15.07 57.0  Average 15.23 41.0  Average 16.53 200  Average 17.93 10.0
Mix E 4.0 14.66 56.0 5.0 14.10 43.0 6.0 15.30 27.0 7.0 16.63 14.0 8.0 18.02 2.0
14.70 59.0 14.05 48.0 15.31 27.0 16.58 11.0 18.04 2.0
14.70 59.0 14.07 44.0 15.37 27.0 16.67 14.0 17.90 7.0
Average 14.69 58.0 Average  14.07 450  Average 1533 27.0  Average 16.63 13.0  Average 17.99 83
Mix F 4.0 - 46.0 5.0 - 43.0 6.0 - 34.0 7.0 - 250 8.0 - 18.0
- 44.0 - 41.0 - 30.0 - 25.0 - 19.0
- 46.0 - 43.0 - 33.0 - 24.0 - 17.0
Average - 45.3 Average - 42.3 Average - 323 Average - 24.7 Average - 18.0



Table 3.3 Marshall and Hveem test results for polymer-modified mixtures

Air HVEEM Air Marshall
Voids  Stability  Voids  Stability

Mixture (%) (%) (%) (Ibs)

Control: TFA AC-20 3.7 42 34 2,129

4.2 42 3.8 1,995

3.7 44 3.7 1,830

Average 3.9 43 36 1,985

TFA AC-20 + 3% Polybilt 103 3.8 49 35 2,920
3.6 50 3.3 2,675

3.6 42 38 2,656

Average 3.7 47 3.5 2,750

TFA AC-20 + 5% Dow 2.6 50 2.8 2,423
2.9 51 2.3 2,364

33 51 29 2,451

Average 29 51 26 2,412

Table 3.4 Tensile strength test results for mixtures 1, A, B, C, D, and E

at optimum asphalt content

Air Tensile Air Tensile Air Tensile
Voids Strength Voids Strength Voids Strength

Mixture (%) at 39°F (%) at 77°F (%) at 140°F

Mix 1 3.8 550 3.5 128 35 12
3.9 536 3.9 120 39 13

3.6 589 38 117 3.8 13

Average 38 558.3 37 121.7 3.7 12.7

Mix A 3.8 598 3.6 105 36 11
37 553 3.4 109 3.4 10

3.6 620 39 111 39 11

Average ~ 3.7 590.3 3.6 108.3 3.6 10.7

Mix B 3.8 625 3.4 128 3.6 11
34 635 3.8 123 3.9 12

3.6 586 3.6 120 3.7 11

Average 36 615.3 38 1237 3.7 11.3

Mix C 3.9 563 3.7 265 4.0 25
35 580 3.6 270 37 24

37 526 38 249 3.8 24

Average 37 556.3 37 2613 38 24.3

Mix D 3.9 627 39 298 3.6 24
4.2 629 38 270 3.8 22

36 600 3.7 280 38 22

Average 3.9 618.7 3.8 282.7 3.7 22.7

Mix E 38 650 3.5 265 3.5 20
35 594 3.6 268 3.4 21

3.4 597 33 295 38 23

Average 3.6 613.7 35 276.0 35 21.3

13
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Table 3.5 Tensile strength and resilient modvulus of mixtures 1, A, and B at different asphalt contents
Tensile Strength at 77°F (psi) Tensile Strength at 140°F (psi) Resilient Modulus at 77°F (ksi)

4% 5% 6% 7% 8% 4% 5% 6% 7% 8% 4% 5% 6% 7% 8%

Mixture AC AC AC AC AC AC AC AC AC AC AC AC AC AC AC
Mix 1 840 121.0 124.0 124.0 760 80 140 100 120 - 1651 2592 3120 1,903 -
750 1040 120.0 137.0 78.0 80 110 11.0 150 - 3521 4616 1690 1,966 -
79.0 1240 1100 127.0 860 7.0 130 9.0 13.0 - 2120 2113 2446 3150 -
Average 793 1163 1180 1293 80.0 7.7 127 100 133 - 2431 3107 2419 2340 -
Mix A 85.0 1020 111.0 106.0 90.0 7.0 70 100 130 100 1,675 2247 2,820 2492 2105
770 1130 1090 121.0 86.0 6.0 90 11.0 100 120 2,196 2531 2120 1,686 1,520
79.0 1040 100.0 119.0 840 70 90 100 120 120 2679 3200 2569 2950 1,658

Average 803 1063 1067 1153 86.7 67 83 103 117 113 2183 2659 2503 2376 1,761
Mix B 75.0 99.0 101.0 131.0 980 6.0 9.0 70 110 140 1925 2200 1920 2105 1,734
820 1120 1050 1360 1040 60 10.0 60 11.0 140 1,795 1,862 3,050 2,698 1,953
71.0 97.0 1030 121.0 1020 80 9.0 60 100 120 2,749 2,280 2,065 2,036 2,815
Average 76.0 1027 103.0 1293 101.3 6.7 9.3 63 107 133 2,156 2,114 2,345 2,280 2,167



Table 3.6  Indirect tensile test resulfs for polymer-modified mixtures

Indirect
Test Air Tensile Strain at Secant Air Resilient
Temperature Voids  Strength  Failure  Modulus Voids Modulus
Mixture P (%) (psi) (%) (ksi) (%) (ksi)
Control: TFA AC-20 39 4.0 461 0.12 770 3.8 1,925
4.0 472 0.09 1,007 39 2,625
3.9 459 0.10 928 3.7 1812
Average 4.0 464 0.10 902 3.8 2,121
TFA AC-20 + 3% Polybilt 39 3.7 436 0.23 380 3.8 2,080
3.9 447 020 440 3.8 1,606
35 435 0.19 464 3.6 1,267
Average 3.7 439 0.21 428 3.7 1,651
TFA AC-20 + 5% Dow 39 3.0 480 0.18 542 32 1,225
28 482 0.21 463 28 711
25 499 0.18 564 2.8 1,293
Average 2.8 487 0.19 523 29 1,076
Control: TFA AC-20 77 3.8 126 0.62 40.2 3.7 495
37 125 0.65 38.4 38 580
4.1 132 0.63 41.6 39 576
Average 39 128 0.64 40.1 38 550
TFA AC-20 + 3% Polybilt 77 3.7 136 0.51 52.9 3.7 490
4.2 123 0.47 52.6 35 576
3.7 138 0.48 57.7 3.6 575
Average 3.8 133 0.49 54.4 3.6 547
TFA AC-20 + 5% Dow 77 48 140 0.36 76.6 3.4 733
29 135 042 64.6 3.2 566
29 138 0.39 70.7 31 638
Average 35 137 0.39 70.6 3.2 646
Control: TFA AC-20 104 37 53 - - 3.7 266
4.0 50 0.86 11.6 3.8 233
39 51 0.86 12,0 37 217
Average 3.8 52 0.86 11.8 37 239
TFA AC-20 + 3% Polybilt 104 38 61 0.73 16.7 3.6 184
‘ 39 60 0.72 16.5 3.7 412
35 62 0.69 18.0 35 269
Average 3.7 61 0.71 17.1 3.6 289
TFA AC-20 + 5% Dow 104 25 70 0.39 36.1 3.2 241
33 60 0.47 25.6 33 233
3.1 61 0.49 24.9 33 244
Average 3.0 64 0.45 289 3.0 239
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Table 3.7 Creep compliance test results for polymer-modified mixtures using medified compaction

TFA AC-20 TFA AC-20
Test Temperature = 60°F, Zigma = 7.648 psi Test Temperature = GO°F, Zigma = 7.648 psi
Total Tensile Total Tensile
Horizontal Tensile Creep Horizontal Tensile Creep
Time Deformation ~ Strain Compliance Time Deformation  Strain Compliance
(Sec) (in.) (in./in.) (in.A2/1b) (Sec) (in.) (in./in.) (in.A2/1b)
316 2.85E-04 1.48E-04 9.69E-06 31.6 3.20E~04 1.66E-04 5.66E-06
56.2 3.90E~-04 2.03E~04 1.33E-05 56.2 4.50E~04 2.34E-04 7.96E-06
100.0 5.35E-04 2.78E-04 1.82E-05 100.0 6.10E-04 3.178-04 1.08E-05
177.8 7.35E-04 3.828-04 2.50E-05 1778 8.40E-04 4.376-04 1.49E-05
316.2 1.03E-03 5.33E-04 3 49E-05 316.2 1.15E-03 5.98E~04 2.03E-05
562.3 1.43E-03 7 41E-04 4.85B-05 562.3 1.60E-03 8.32E-04 2.83E-05
1,000.0 2.09E-03 1L.OBE-(3 7.09E-035 1,000.0 2.24E—03 1.178-03 3.96E-05
1,778.3 2.99E-03 1.55E-03 1.01E-04 1,778.3 3.13E-03 1.63E-03 5.53E-05
3,162.3 4.30E-03 2.24E-03 1.46E-04 31623 4.40E-03 2.29E-03 7.78E-05
3,600.0 4.60E-03 2.39E03 1.56E-04 3,600.0 4.72E-03 2.45E-03 8.35E-05
7,200.0 4.13E-03 2.15E-03 7,200.0 4.19E-03 2.18E-03
TFA AC-20 TFA AC-20
Test Temperature = 77°F, Zigma = 5.570 psi Test Temperature = 77°F, Zigma = 3.917 psi
Total Tensile Total Tensile
Horizontal Tensile Creep Horizontal Tensile Creep
Time Deformation Strain Compliance Time Deformation Strain Compliance
(Sec) (in.) (in./in.) (in.A2/1b) (Sec) (in.) (in./in.) (in.A2/Ib)
316 4.50E-04 234E-04  2.10B-05 316 6.50E-04 338E-04  4.32B-05
56.2 6.25E~04 3.25E-04 2.92E-05 56.2 9.00E-04 4.68E~04 5.98E-05
100.0 8.50E-04 4.42E-04 3.97E-05 100.0 1.20E-03 6.24F-04 7.97E-05
177.8 1.18E-03 6.11E-04 5.49E-05 177.8 1.65E-03 8.58E-04 1.10E-04
316.2 1.63E-03 8.45E-04 7.59E-05 316.2 2.15E-03 1.12E-03 1.43E-04
562.3 2.25E~03 1.17E-03 1.058-04 562.3 2.88E-03 1.50E-03 1.91E-04
1,000.0 3.30E-03 1.72E-03 1.34F-04 1,000.0 3.95E-03 2.05E-03 2.62E-04
1,778.3 4.95E-03 2.57E-03 2.31E-04 1,778.3 5.63E~03 2.93E-03 3.73E-04
31623 7.80E~03 4.06E-03 3.64E-04 3,162.3 8.13E-03 4.236-03 5.30E-04
3,600.0 8.638-03 4.49E-03 4.03E-04 3,600.0 8.90E-03 4.63E-03 5.91E-04
7,200.0 8.25E-03 4.208-03 7,200.0 8.836-03 4.59E-03
TFA AC-20 TFA AC-20
Test Temperature = 90°F, Zigma = 2.797 psi Test Temperature = 90°F, Zigma = 1.405 psi
Total Tensile Total Tensile
Horizontal Tensile Creep Horizontal Tensile Creep
Time Deformation Strain Compliance Time Deformation Strain Compliance
(Sec) (in.) (in./in.) (in.A2/1h) {Sec) (in.) (in./in.) (in.A2/Ib)
3.2 3.00E-04 1.56E-04 2.79E-05 3.2 1.40E-04 7.28E-05 2.59E-05
5.6 4.75E-04 2.47E-04 4.42E-(5 5.6 1.95E-04 1.01E-04 3.61E-05
10.0 6.50E-04 3 38E-04 6.04E-05 10.0 2.65E-04 1.38E-04 4.90E-05
17.8 1.03E-03 5.33E-04 9.53E-05 17.8 3. 70E-04 1.92E-04 6.85E-05
31.6 1.43E-03 7.418-04 1.32E-04 316 5.10E~04 2.65E-04 9.44E-05
56.2 1.98E-03 1.03E-03 1.84E-04 56.2 7.00E-04 3.64E-04 1.30E-04
100.0 2.60E-03 1.35E-03 2.42B-04 100.0 9.50E-04 4.94B-04 1.76E-04
1778 3.85E-03 2.00E-03 3.58E-04 1778 1.35E-03 7.00E-04 2.49E-04
316.2 5.45E-03 2.83E-03 5.07E-04 316.2 1.95E-03 1.01E~03 3.60E-(4
562.3 8.50E-03 4.428-03 7.90E-04 562.3 2.826-03 1.47E-03 5.22E-04
1,000.0 1.55E-(2 8.06E-03 1.44E-03 1,000.0 4.26E-03 2.22E-03 7.88E-04
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Table 3.7

(continued)

TFA AC-20 + 3% Polybilt 103
Test Temperature = 60°F, Zigma = 7,700 psi

Total Tensile
Horizontal Tensile Creep
Time Deformation Strain Compliance
(Sec) (in.) (in./in.) (in.A2/1b)
316 2.75E-04 1.43E-04 9.29E-00
56.2 3.50E-04 1.82E-04 1.18E-05
100.0 4.60E-04 2.39E-04 1.55E-05
177.8 6.15E-04 3.20E-04 2.08E-05
316.2 8.00E-04 4.16E-04 2.70E-05
562.3 1.03E-03 5.33E-04 3.46E-05
1,000.0 1.30E-03 6.76E-04 4.39E-05
1,778.3 1.67E-03 8.66E-04 5.62E-05
3,162.3 2.08E-03 1.08E-03 7.01E-05
3,600.0 2.18E-03 1.13E-03 7.35E-05
7,200.0 1.50E-03 7.80E-04

TFA AC-20 + 3% Polybilt 103

Test Temperature = 77°F, Zigma = 6.103 psi

Total Tensile
Horizontal Tensile Creep
Time Deformation Strain Compliance
(Sec) @in.) (in./in.) (in.A2/1b)
31.6 6.00E-04 3.12E-04 2.56E-05
56.2 7.85E-04 4.08E-04 3.34E-05
1000 1.00E-03 5.20E-04 4.26E-05
177.8 1.30E-03 6.76E-04 5.54E-05
316.2 1.69E-03 8.76E-04 7.18E-05
562.3 2.25E-03 1.17E-03 9.59E-05
1,000.0 3.04E-03 1.58E-03 1.29E-04
1,778.3 4.20E-03 2.18E-03 1.79E-04
3,162.3 5.90E-03 3.07E-03 2.51E-04
3,600.0 6.40E-03 3.33E-03 2.73E-04
7,200.0 5.70E-03 2.96E-03

TFA AC-20 + 3% Polybilt 103
Test Temperature = 90°F, Zigma = 3.300 psi

Total Tensile
Horizontal Tensile Creep
Time Deformation Strain Compliance
(Sec) (in.) (in./in.) (in.A2/Ib)

3.2 5.05E-04 2.63E-04 3.98E-05
5.6 6.30E-04 3.28E-04 4.96E-05
10.0 7.70E-04 4.00E-04 6.07E-05
17.8 1.00E-03 5.20E-04 7.88E-05
31.6 1.28E-03 6.63E-04 1.00E-04
56.2 1.59E-03 8.27E-04 1.25E-04
100.0 2.05E-03 1.07E-03 1.62E-04
177.8 2.62E-03 1.36E-03 2.06E-04
316.2 3.34E-03 1.73E-03 2.63E-04
562.3 4.14E-03 2.15E-03 3.26E-04
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TFA AC-20 + 3% Polybilt 103
Test Temperature = 60°F, Zigma = 7.750 psi

Total Tensile
Horizontal Tensile Creep
Time Deformation Strain Compliance
(Sec) Gn.) (n./in.) (in.A2/1b)
31.6 4.30E-04 2.24E-04 7.50E-06
56.2 5.15E-04 2.68E-04 8.99E-06
100.0 6.15E-04 3.20E-04 1.07E-05
177.8 7.20E-04 3.74E-04 1.26E-05
316.2 8.30E-04 4.32E-04 1.45E-05
562.3 1.08E-03 5.62E-04 1.88E-05
1,000.0 1.38E-03 7.18E-04 2.41E-05
1,778.3 1.78E-03 9.26E-04 3.11E-05
3,162.3 2.34E-03 1.22E-03 4.08E-05
3,600.0 2.48E-03 1.29E-03 4.32E-05
7,200.0 1.77E-03 9.19E-04

TFA AC-20 + 3% Polybilt 103
Test Temperature = 77°F, Zigma = 6.061 psi

Total Tensile
Horizontal Tensile Creep
Time Deformation Strain Compliance

(Sec) (in.) (in./in.) (in.A2/1b)
316 5.50E-04 2.86E-04 2.36E-05
56.2 7.25E-04 3.77E-04 3.11E-05
100.0 8.90E-04 4.63E-04 3.82E-05
177.8 1.19E-03 6.19E-04 5.11E-05
316.2 1.53E-03 7.93E-04 6.54E-05
562.3 1.95E-03 1.01E-03 837E-05



Table 3.7 (continued)

TFA AC-20 + 5% Dow

Test Temperature = 60°F, Zigma = 7.333 psi

Total Tensile
Horizontal Tensile Creep
Time Deformation Strain Compliance
(Sec) @(in.) (in./in.) (in.A2/Ib)
31.6 1.75E-04 9.10E-05 6.21E-06
56.2 2.05E-04 1.07E-04 7.27E-06
100.0 2.40E-04 1.25E-04 8.51E-06
177.8 2.93E-04 1.52E-04 1.04E-05
316.2 3.50E-04 1.82E-04 1.24E-05
562.3 4.20E-04 2.18E-04 1.49E-05
1,000.0 5.15E-04 2.68E-04 1.83E-05
1,778.3 6.35E-04 3.30E-04 2.25E-05
3,162.3 7.85E-04 4.08E-04 2.78E-05
3,600.0 8.28E-04 4.30E-04 2.93E-05
7,200.0 3.70E-04 1.92E-04

TFA AC-20 + 5% Dow

Test Temperature = 77°F, Zigma = 4.690 psi

Total Tensile
Horizontal Tensile Creep
Time Deformation Strain Compliance
(Sec) (in.) (in./in.) (in.A2/1b)
31.6 1.50E-04 7.80E-05 8.32E-06
56.2 2.10E-04 1.09E-04 1.16E-05
100.0 2.75E-04 1.43E-04 1.52E-05
1778 3.70E-04 1.92E-04 2.05E-05
316.2 4.75E-04 2.47E-04 2.63E-05
562.3 5.90E-04 3.07E-04 3.27E-05
1,000.0 7.65E-04 3.98E-04 4.24E-05
1,778.3 9.60E-04 4.99E-04 5.32E-05
3,162.3 1.21E-03 6.27E-04 6.68E-05
3,600.0 1.28E-03 6.63E-04 7.07E-05
7.200.0 9.15E-04 4.76E-04

TFA AC-20 + 5% Dow

Test Temperature = 90°F, Zigma = 3.363 psi

Total Tensile
Horizontal Tensile Creep
Time Deformation Strain Compliance
(Sec) (in.) (in./in.) (in.A2/Ib)
31.6 3.60E-04 1.87BE-04 2.78E-05
56.2 4.90E-04 2.55E-04 3.79E-05
100.0 6.40E-04 3.33E-04 4.95E-05
177.8 8.00E-04 4.16E-04 6.19E-05
316.2 1.00E-03 5.20E-04 7.73E-05
562.3 1.26E-03 6.55E-04 9.74E-05
1,000.0 1.65E-03 8.58E-04 1.28E-04
1,778.3 2.16E-03 1.12E-03 1.67E-04
3,162.3 2.90E-03 1.51E-03 2.24E-04
3,600.0 3.18E-03 1.65E-03 2.46E-04
7,200.0 2.83E-03 1.47E-03
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TFA AC-20 + 5% Dow

Test Temperature = 60°F, Zigma = 7.395 psi

Total Tensile
Horizontal Tensile Creep
Time Deformation Strain Compliance
(Sec) (in.) (in./in.) (in.A2/1Ib)
31.6 1.20E-04 6.24E-05 2.19E-06
56.2 1.30E-04 6.76E-05 2.38E-06
100.0 1.53E-04 7.93E-05 2.79E-06
177.8 1.73E-04 8.97E-05 3.15E-06
316.2 2.08E~04 1.08E-04 3.80E-06
562.3 2.33E-04 1.21E-04 4.25E-06
1,000.0 2.60E-04 1.35E-04 4.76E-06
1,778.3 2.98E-04 1.55E-04 5.44E-06
3,162.3 3.45E-04 1.79E-04 6.31E-06
3,600.0 3.57E-04 1.86E-04 6.53E-06
7,200.0

TFA AC-20 + 5% Dow

Test Temperature = 77°F, Zigma = 6.058 psi

Total Tensile
Horizontal Tensile Creep
Time Deformation Strain Compliance
(Sec) (in.) (in./in.) (in.A2/Ib)
31.6 2.25E-04 1.17E-04 9.66E-06
56.2 2.70E-04 1.40E-04 1.16E-05
100.0 3.20E-04 1.66E~04 1.37E-05
177.8 4.10E-04 2.13E-04 1.76E-05
316.2 5.10E-04 2.65E-04 2.19E-05
562.3 6.30E-04 3.28E-04 2.70E-05
1,000.0 8.15E-04 4.24E-04 3.50E-05
1,778.3 1.05E-03 5.46E-04 4.51E-05
3,162.3 1.38E-03 7.15E-04 5.90E-05
3,600.0 1.48E-03 7.67E-04 6.33E-05
7,200.0 1.03E-03 5.33E-04
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asphalt content near the amount required to
produce minimum VMA. Therefore, the opti-
mum asphalt content appears to be closely re-
lated to the voids in mineral aggregate.

(3) The percent of voids in mineral aggregate can
be substantially increased by decreasing the
percent of plus No. 10 sieve (mix B) in dense-
graded HMAC.

(4) A gradation above the 0.45 power curve in-
creased VMA.

(5) Use of larger maximum aggregate size reduced
VMA at optimum asphalt content.

Tensile Strength

Average values of tensile strength at three differ-
ent test temperatures (39°F, 77°F, and 140°F) for
mixes 1, A, B, C, D, and E at the optimuwm asphalt
content are shown in Table 3.4 and plotted in Figure
3.11.

The mixtures containing large aggregate size
(mixes C, D, and E) exhibited higher tensile strength
than the other mixtures. This effect was significant
at higher test temperatures (77°F and 140°F). In
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Figure 3.10  Relationships between VMA and

asphalt content for mixtures
1,A,B,C,D,and E

addition, the mixtures containing 5/8-inch aggregate
(mixes D and E) showed higher tensile strength than
mixtures containing a maximum aggregate size
of 1/2 inch at 77°F. It appears that larger aggregate
size increases tensile strength, particularly at 77°F.
The percent of plus No. 10 sieve did not significantly
affect tensile strength. Therefore, mixes C, D, and E
could be expected to reduce rutting, since, based on
tensile strength, these mixtures are stiffer at high
temperatures.

The relationships between tensile strength and
asphalt content for mixes 1, A, and B are shown in
Figure 3.12. As shown in this figure, the effect of as-
phalt content (which varies from 4 to 8 percent) on
tensile strength at 140°F was not significant. How-
ever, the optimum asphalt content based on the
SDHPT mix design procedure normally resulted in
an asphalt content near or slightly higher than the
amount required to produce maximum tensile
strength at 77°F

The effect of the polymers on the tensile
strength of TFA mixtures is shown in Figure 3.13.
The polymer-modified mixtures exhibited higher ten-
sile strength than the control mixture at 77°F and
104°F. The Polybilt 103 showed lower tensile
strength at 39°F and higher tensile strength at 104°F
compared with the TFA AC-20 mixture. Therefore,
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the Polybilt 103 could be expected to reduce thermal
cracking and rutting since, based on tensile strength,
mixtures containing Polybilt would be more flexible
(less brittle) at colder temperatures and stiffer at
higher temperatures.

Tensile Strain

The effect of the polymers on tensile strain is
shown in Figure 3.14. In general, addition of poly-
mer to the TFA AC-20 mixture increased the tensile
strain at 39°F and decreased it at 77°F and 104°F
This indicates that the modified mixtures are less
brittle at low temperatures and stiffer at high tem-
peratures.
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Figure 3.13  Relationships between tensile
strength and test temperature for
control and modified mixtures



Resilient Modulus

‘The relationships between resilient modulus and
asphalt content at 77 °F for mixes 1, A, and B are
shown in Figure 3.15. As shown in this figure, there
is no significant difference between the resilient
modulus values of these mixtures at optimum asphalt
content. It appears that addition of plus No. 10 sieve
did not significantly change resilient modulus of the
mixture containing asphalt content near the optimum
at 77°F.
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Figure 3.14 Relationships between tensile strain
and test temperature for control and
modified mixtures
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modulus and asphalt content for
mixtures 1, A, and B
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The effect of the polymers on resilient modulus
is shown in Figure 3.16. The polymer-modified mix-
tures had significantly lower resilient modulus values
than the TFA AC-20 mixture at 39°F and had slightly
higher resilient modulus values than TFA AC-20 at
77°F, and 104°F. Ideal polymers should decrease
mixture stiffness at low temperatures to improve flex-
ibility and reduce cracking and/or to increase mix-
ture stiffness at high temperatures in order to reduce
permanent deformation.

1,000 - = = TFA AC-20
__900F — Dow
E 800 " \ 1] Polyb||| 103
w» 700}-
p
S 600
3 500}
2 ool
c
8 300}
B 200
100}
0
30 40 50 &0 70 80 90 100 110

Test Temperature [°F)

Figure 3.16 Relationships between resilient
modulus and test temperature for
control and modified mixtures

Secant Modulus

Results of secant modulus testing for the TFA
AC-20 and polymer-modified mixtures are plotted in
Figure 3.17. In a manner similar to that for resilient
modulus, addition of polymers reduced secant
modulus at 39°F and increased it at 77°F and 104°F
‘The Dow polymer showed greater improvement than
the Polybilt 103,
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Figure 3.17 Relationships between secant modulus
and test femperature for control and
modified mixtures



Creep Compliance (2) The Polybilt 103 mixture had a higher creep
compliance than that of the Dow mixture at all

The results of creep compliance testing for mix F fest temperatures.

(TFA AC-20) and the polymer-modified mixtures are

shown in Table 3.7 and plotied in Figure 3.18. The It appears that the addition of polymers to the
following trends were observed from Figure 2.5, TFA A(':'Z(’ 1{nprove§1 the resistance to permanent de-
which presents the average tensile creep compliance ~ formation of the mixture. The effect of Dow poly-
at 60°F 77°F and 90°F, mer on reducing permanent deformation was more

(1) The modified mixtures generally responded significant than the effect of the Polybilt 103.

with 2 higher creep compliance than that of the
TFA AC-20 mixtures at all test temperatures.
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modified mixtures at different test
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CHAPTER 4. CONCLUSIONS

The investigation was designed to evaluate the
effects of size and percent of coarse aggregate (plus
No. 10 mesh sieve) and polymers in asphalt concrete
mixtures. Conclusions applicable to the mixtures
used in this study include the following.

(1) Optimum asphalt content based on the SDHPT
mix design procedure can be reduced by using
more coarse aggregate and larger coarse aggre-
gate.

(2) Increasing the aggregate size produced a reduc-
tion in the voids in mineral aggregate (VMA) of
the compacted mix.

(3) Mixtures containing more coarse aggregate or
larger coarse aggregate exhibited higher Hveem
stability.

(4) Mixtures containing larger coarse aggregate
showed significantly higher tensile strength at
77°F.

(5) Optimum asphalt content obtained by the
SDHPT mix design procedure normally resulted
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in an asphalt content near the amount required
to produce minimum VMA or maximum tensile
strength at 77°F

(6) The resilient modulus of the mixtures was not

sensitive to changes in the gradation of the mix.

(7> The polymers (Dow and Polybilt 103) increased

Marshall stability, Hveem stability, tensile
strength, and stiffness of the mixtures at high
temperatures. In addition, the susceptibility to
permanent deformation of the mixtures was re-
duced by addition of the polymers.

(8) The following steps may reduce the permanent

deformation susceptibility of HMAC.

(a) Use asphalt content which is 0.5 percent
less than the optimum binder content.

(b) Increase maximum aggregate size within
limits of layer thickness.

(¢) Limit the amount of fines (passing 200 ) to
acceptable limits.

() Use appropriate polymers.
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