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PREFACE

This is the final report for project 3-9-87/1-492, "Mix Design
Procedures and Considerations for Polymer Modified Asphalt
Compatibility and Stability." This report presents the information
and findings based upon 1laboratory, plant and initial field
performance of HMAC mixtures and seal coats designed, produced and
placed in six TxDOT districts. Findings based upon the field
performance of these test sections will be presented on the final
report for project 1306 (continuation of 492).

The assistance and close cooperation of the Texas Department
of Transportation, especially personnel from those Districts
directly involved and Donald O'Connor of the Materials and Tests
Division, is acknowledged.

Appreciation is also expressed to the Center for
Transportation Research staff; Maghsoud Tahmoressi, James Anagnos,
and Eugene Betts.
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ABSTRACT

A five year study has been performed to investigate the
behavior of binders and asphalt mixtures containing polymer
modifiers. The polymers were SBS, SBR, EVA, Ground Rubber and
polyolefin. These materials were used separately and in
combinations with each other to change the characteristics of the
binders and asphalt mixtures. The research included laboratory
experiments to characterize the materials, and field projects to
ascertain their performance. Four hot mix field projects were
conducted in Districts 15, 11, 25 and 10 in Texas and two seal coat
projects were constructed in Districts 6 and 17 in Texas.

The testing results of the field and laboratory samples are
presented in this report.
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8S8UMMARY

The use of polymer modified binders has gained importance in
road construction over the past few years. The objectives of
polymer addition are to improve mechanical properties of binders
which result in reducing thermal and fatigue cracking, moisture
damage and permanent deformation. '

A five year study has been performed to investigate the
behavior of asphalt mixtures containing polymer modifiers. Seven
different polymers including SBS, SBR, EVA and SBR/Polyolefin were
utilized in this study. Twenty eight test sections were
constructed 1in six districts of the Texas Department of
Transportation. A comprehensive testing program was designed and
carried out to determine whether improved asphalt concrete pavement
performance could be gained through polymer modification of the
asphalt binder. In addition, the effects of polymers on the
properties of asphalt and HMAC mixtures were evaluated.

Samples of all aggregates, binders and mixtures were collected
during construction. Laboratory tests were conducted on the
binders, field-prepared mixtures, and laboratory-prepared mixtures.
A comparison was made between various test methods which are
commonly used to predict thermal cracking, permanent deformation
and temperature susceptibility. This comparisbn will help to
identify tests which predict field performance after long-term
field performance data are obtained. Furthermore, it was found
that certain engineering properties of field-prepared mixtures
could be predicted in the laboratory. In addition, statistical
analyses were performed to predict engineering properties of plant-
mixed mixtures from engineering properties of laboratory-prepared
mixtures. In this analysis factors such as air voids, mixing
temperature, test temperature, and aging indices were included.

Several tests were evaluated in order to determine their
effectiveness in characterizing polymer-modified asphalts. Once
the field performance of test sections is determined after long-
term performance evaluations, the results presented in this report
can be used to develop a comprehensive mixture design and analysis
method for polymer-modified hot-mixed asphalt concrete.



IMPLEMENTATION

Regression equations have been developed to predict the
engineering properties of plant-mixed mixtures from engineering
properties in the laboratory. The properties of polymer-modified
binder and HMAC evaluated in this study can be used in a data base
which describes the properties of currently available commercial
polymers. Also, a tensile creep compliance formula for indirect
creep test was developed in this study.

Since test pavements constructed during this study have not
had sufficient time to provide performance indications, it is
recommended that the ©present mix design procedures and
specifications in use by the Texas Department of Transportation be
continued.
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CHAPTER 1
INTRODUCTION

Highway and airfield pavements are continuously subjected to
ever increasing traffic loads, higher volumes of traffic, and
higher tire pressures. In addition, these pavements are further
distressed by the ‘action of environmental factors such as
temperature and moisture. These combined factors are causing a
significant amount of distress resulting in shorter service lives,
poorer performance and higher maintenance costs.

The basic types of pavement distress are:

« Thermal cracking
e Fatigue cracking
e Permanent deformation

In addition, the severity of these distresses is increased by
the following related factors:

e Moisture damage
* Aging

Thermal cracking occurs in two forms, low temperature cracking
and thermal fatigue. Thermal cracks are transverse cracks which
generally run perpendicular to the direction of traffic and are
often spaced equidistant from each other. As the temperature is
reduced the pavement structure tends to shrink. This shrinkage is
resisted by friction which is developed between the pavement
section and the underlaying layer. Development of frictional forces
cause tensile stresses to develop in the pavement. The magnitude
of these stresses is dependent on the stiffness, coefficient of
expansion of the material, the rate of temperature change and the
magnitude of the temperature change. Low temperature cracking
takes place when the tensile stress induced by a single drop in
temperature exceeds the tensile strength of the asphalt mixtures.
Similarly repeated thermal cycles may cause the pavement to crack
as the result of thermal fatigue.

Fatique cracking, also called alligator cracking, is caused by



the action of repeated loads induced by moving traffic. Fatigue
cracking susceptibility increases with higher loads, increased
repetitions of loads, or inadequate support in one of the pavement
layers which causes the HMAC pavement to experience higher strains.
The problem of fatigue cracking is further compounded because the
desirable mixture properties for increased fatigue 1life are
different for thick and thin pavements. Thick sections require
stiffer materials for minimal fatigue cracking and thin sections
require less stiff or more flexible materials.

Permanent deformation on rural highways is manifested by
wheelpath rutting. However in wurban areas and at the
intersections, where heavy vehicles move slowly or stop frequently,
both rutting and shoving can occur. Rutting in HMAC can be caused
by either densification from traffic or shear flow of the mixture.
Shoving is only caused by shear flow of the mixture. 1In general,
the more severe premature rutting failures and distortion problems
of HMAC are related to lateral flow of asphalt or shear distortion,
rather than to one-dimensional densification. These types of
distress (rutting and shoving) are a function of the shearing
resistance of the materials. The shearing resistance of HMAC is a
function of the interparticle cohesion and friction as well as the
amount of stress applied to the material. The cohesion of the mix
depends on the amount and properties of the asphalt cement in the
mix. '

Moisture damage occurs in two forms, loss of cohesion and loss
of adhesion. Loss of adhesion or stripping involves the physical
separation of the asphalt cement and the aggregate, primarily due
to the action of moisture and traffic. Loss of cohesion involves
failure of the asphalt film itself. Both forms of damage are
characterized by a reduction in strength and stiffness of the
asphalt mixture.

Aging occurs primarily as the result of oxidation, which
causes hardening of the asphalt. This increased stiffness (due to
the hardening) can cause increased cracking due to temperature
changes or repeated loads.



To reduce the stresses discussed above, an ideal asphalt
binder should possess several desirable characteristics such as:

1) Low stiffness (or viscosity) during the construction phase
to expedite pumping of the liquid binder and mixing and compaction
of hot mix asphaltic concrete.

2) High stiffness at high temperatures (summer) to reduce
rutting and shoving, and to improve fatigue life of HMAC pavements.

3) Low stiffness at low temperatures to reduce thermal
cracking and fatigue cracking.

4) Adequate adhesion between the binder and aggregate in the
presence of moisture and traffic to reduce stripping.

5) Low aging susceptibility to resist changes in properties
with aging.

These objectives may not be achievable simultaneously in
conventional asphalt cements. However the advent of asphalt
modifiers has opened up new means of satisfying the above
objectives.

Since the engineering properties of current asphalt modifiers
are dependent on the asphalt cement, it is important to provide a
means of determining asphalt-additive compatibility, binder
characteristics, and mixture design procedures that will be
sensitive to the modified asphaltic binders.

BACKGROUND

The concept of modifying asphalt binders and mixtures is
certainly not new, but has become much more prominent during the
past fifteen years. One reason for this resurgence in interest has
been the changing process of how oil refineries obtain and process
crude oil. Following the 1973 Arab oil embargo, the traditional
crude sources changed. Many refineries that were accustomed to a
single crude source were faced with processing oil from multiple
sources. These changes made it more difficult to meet
specifications for paving grade asphalt cement. This situation
provided additional opportunities for enhancing asphalt cement
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performance through modification.

PROJECT OBJECTIVES

To study some of the concepts of asphalt modification, the
Texas Department of Transportation (TxDOT) funded a research study
at the University of Texas at Austin. The primary objectives of
the research program were as follows:

1. To define the properties desired in a polymer modified

binder. '

2. To select tests which best measure or quantify these

properties in materials for hot mixed asphaltic concrete.

3. To evaluate proper design procedures for hot mix

asphaltic concrete.

4. To establish specifications for modified binders for each

application.

The work and activities required to achieve the overall
objectives of the project were as follows:

1. To select materials.

2, To determine properties of polymer modified binders in

the laboratory.

3. To determine engineering properties of polymer modified

mixtures in the laboratory.

4. To construct field test sections for polymer modified

mixtures and control mixtures .

5. To monitor field performance for future 1long-term

evaluation.

REPORT ORGANIZATION

This report summarizes the characteristics of unmodified and
modified binders and mixtures using different polymers, asphalt
cements and aggregates. In addition, information related to the
construction of four hot mix and two seal coat test projects in
Texas are reported. The subsequent findings of the long-term field

4



monitoring program will provide both information related to the
field performance of mixtures and the relationship between
performance and the predicted performance based on the laboratory
test results.

Chapter 1 describes the research objectives of this project.
The experimental laboratory program, experimental field program and
test methods are discussed in Chapter 2. Test results for binders
and mixtures are presented in Chapter 3 and Chapter 4,
respectively. Test methods are evaluated and discussed in chapter
5. The conclusions and recommendations based on the findings of
this study are presented in Chapter 6. Information related to the
field projects along with the test results are summarized in
Appendices A through E. The relationships to determine tensile

creep compliance were developed in this study, and are documented
in detail in Appendix F.



CHAPTER 2

EXPERIMENTAL PROGRAM

Laboratory and field studies were developed in cooperation
with the Texas Department of Transportation (TXDOT) to achieve the
objectives of this study. The field and laboratory experimental
programs including test methods and engineering properties which
were evaluated are described in the following sections.

EXPERIMENTAL FIELD PROGRAM

The experimental field program involved the construction and
evaluation of highway test sections (four hot mix and two seal coat
field projects) in six different districts of the TXDOT (Fig 2.1).
These test sections involved different traffic and climatic
conditions, aggregates, asphalt cements, and polymers. The
experimental field programs were designed in conjunction with the
Materials and Tests Division of TXDOT (D-9), and in cooperation
with the districts in which the test sections were constructed.
Field construction was supervised by District Personnel, with
technical assistance provided by project personnel from the Center
for Transportation Research.

The purpose of building the test sections was to determine
what changes were necessary in construction processes when using
polymer modified binders. In addition, long-term performance of
polymer modified pavements were to be evaluated. Condition surveys
after construction were obtained to determine whether use of
polymer modified binders is beneficial in terms of long term
pavement performance.

Construction of Test Sections

The six field projects involved a total of twenty eight test
sections containing different aggregates, asphalt cements, and
polymers. The field operations and test variables for each test

6



Note: Numbers indicate Texas
SDHPT districts.

Bl Seal Coats
HMAC

Fig 2.1 Location of field test sections.



section, along with a description of the asphalts, aggregates,
polymers, and construction techniques are described in detail in
Appendices A through E. The information related to field
construction is summarized below.

Materials. Aggregates, asphalts and polymers utilized in the

six test projects are identified in Table 2.1. Identical
aggregates were utilized for all test sections in a given district.
One percent lime by weight of aggregate was used for all test
sections in District 25. In several cases, the actual binder
contents used in the field mixtures deviated from preliminary
laboratory design values due to field construction requirements or
the recommendations of polymer suppliers.
Seven different polymers were used: Goodyear UP 70 (SBR), Polysar
NS 175 (SBR), Styrelf (SBS), Polybilt 103 (EvA), Dow
(SBR/Polyolefin), Kraton D1101 (SBS), and Crafco rubber C107
(recycled tires). Percentage of polymer, by weight of binder, was
recommended by the manufacturers.

Construction Techniques. Three of the hot mix field projects
(Districts 11, 25 and 10) utilized drum mix plants and the fourth
field project (District 15) utilized a batch plant. All polymer
modified binders were preblended. The mixing temperatures were
between 310°F and 350°F. The initial breakdown compaction
occurred between 250 and 280°F. Compaction of each test section
was achieved using a vibratory roller, a pneumatic roller, and a
static steel wheel roller. Location and length of the test
sections are described in the appendices.

Field Sampling Program
Plant mixed samples of control and polymer modified mixtures

utilized in each test section were obtained. 1In addition, samples
of asphalt cements, polymer modified binders, and aggregates were
obtained and shipped to the asphalt research laboratory at the
University of Texas at Austin.



TABI.E 2.1 Summary of Materials for Field Test Projects

Location Test Aggregates Asphalt Binder Content, % Polymer Polyner Appendix'
of Field Section Source  ce---=-sc-eeccceee Seeccmssccccscroncccccccoaas ~==-- Content
Project Number & Field + Design ++ Source Type Designation X
Grade
1 TFA AC-10 4.6 - Goodyear SBR up 70 13 A
2 Sandstone 31% TFA AC-10 4.6 - ELf SBS Styrelf-13 3% A
District 15 3 Limestone 27% TFA AC-20 4.6 4.8 - - - - A
4 Limestone TFA AC-20 4.6 - Exxon EVA Polybilt 103 3% A
San Antonio 5 Screenings 19% TFA AC-10 6.3 6.3 Crafco Recy. tires Genstar C107 18% A
6 Field Sand 23% TFA AC-10 4.6 - Polysar SBR NS 175 3% A
7 TFA AC-20 4.6 - Dow SBR/Polyolefin 5% A
LtWt. Type D 56%
District 11 1 Coarse Sandstone Texaco AC-20 6.8 6.8 - . - - B
Lufkin 2 Screenings 10X  Texaco AC-10 6.8 - ELf SBS Styrel f-13 %X B
3 Fine Sndstone Texaco AC-10 6.8 - Goodyear SBR upP 70 3% B
Screenings 15%
Field Sand 19%
1 Shamrock AC-20 5.0 5.4 - - - - c
District 25 2 Crushed Gravel 51% Fina AC-10 5.0 5.8 Goodyear SBR up 70 3% c
Childress 3 Screenings 49% Fina AC-10 5.0 5.4 ELf SBS Styrel f-13 3% c
4 Lime 1% by weight Fina AC-10 5.0 5.0 Shell SBS Kraton D1101 3% c
5 of aggregates Fina AC-10 5.0 5.4 shell SBS Kraton D1101 6% c
1 Total AC-20 4.6 4.9 - - - - D
District 10 2 Crushed Stone 65% Fina AC-10 4.6 - Goodyear SBR up 70 3% D
Tyler 3 Screenings 15% Fina AC-10 4.6 - ELf SBS Styrelf-13 3% D
4 Field Sand 204 Exxon AC-10 4.6 - Exxon EVA Polybilt 103 3% D
5 Gulf AC-10 4.6 - shell SBS Kraton D1101 3% D
1 Fina AC-5 0.35 Gal/sqvd Goodyear SBR up 70 2% E
District 17 2 Pre- Coated Fina AC-10 0.35 Gal/SqYd - - - - E
Bryan 3 Aggregates Exxon AC-10 0.35 Gal/sqvd Shet SBS Kraton D1101 3% E
4 Exxon AC-10 0.35 Gal/sqvd ELf SBS Styrelf-13 3% E
1 Fina AC-5 0.35 Gal/sqvd Exxon EVA Polybflt 103 3.2X E
District 6 2 Pre- Coated Fina AC-5 0.35 Gal/Sqvd Shell SBS Kraton D1101 4.5% E
Odessa 3 Aggregates Fina AC-5 0.35 Gal/Sqvd Goodyear SBR up 70 red E
Fina AC-5 0.35 Gal/SqYd - - - - E

* Details are contained in the indicated Appendices
+ Binder content used for the field test project mixtures
++ Laboratory design optimum binder content



Field cores were taken immediately following construction and
each year for a period of five years. These cores wvere
approximately 4-inches in diameter and 1 to 2 inches in thickness.
Twelve cores were obtained from each test section in the wheel path
at approximately 100-foot intervals, with the first and last cores
located approximately 200 feet from the beginning and the end of
the test section.

TEST METHODS

Laboratory binder and mixture tests were conducted in
accordance with applicable Texas Test Methods or ASTM standards.
The binder and mixture tests used in this study are described in
the following sections.

Binder laboratory Testing

Binder tests conducted and parameters measured on unmodified
and modified asphalt binders are as follows:
Conventional Binder Tests
« Penetration (ASTM D5) @ 77°F and 39.2°F
« Kinematic Viscosity (ASTM D2170) @ 275°F
e Viscosity (ASTM D2171) €@ 140°F
« Softening Point (ASTM D2398)
« Rolling Thin Film Oven (ASTM D2872)

The following materials properties were obtained for each
binder. ‘
Temperature Susceptibility:
e Penetration Index, PI (Ref 5)
« Penetration - Viscosity Number, PVN (Ref 6)

Durability Indicators:
« Penetration Ratio (77°F)
« Kinematic Viscosity Ratio (275°F)
« Absolute Viscosity Ratio (140°F)
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Stiffness Modulus
e Stiffness-Temperature Susceptibility

Cracking Temperature
e Limiting Stiffness Method
e Critical Stress Method

Force Ductility (Refs 3, 4,16)
« Asphalt Modulus
e Asphalt - Polymer Modulus
e Maximum True Stress
e Maximum True Strain
e Area under Stress-Strain Curve

Schweyer Constant Stress Rheometer (Ref 2)
e Shear susceptibility
e Apparent Viscosity
e Constant Power Viscosity
e Constant Power Viscosity-Temperature Susceptibility

Compatibility
e Hot Storage Stability Test

Penetration. The penetration test is an empirical measure of
consistency. In this test a standard needle penetrates into the
asphalt sample under known conditions of 1loading, time and
temperature. The distance in tenths of a millimeter which the
needle penetrates into the sample is the 'penetration'. The test
procedure for measuring penetration at 77°F and lower temperatures
is given in ASTM D5. Higher values of penetration indicate softer
asphalts. Penetration values are also used to determine the
temperature susceptibility of binders in terms of penetration index
(PI) or penetration-viscosity number (PVN)

Kinematic Viscosity. The ratio between the applied shear
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stress and shear rate of a 1liquid is called the viscosity.
Kinematic viscosity is the ratio of the viscosity to the density of
a liquid. It is a measure of resistance to flow of a liquid under
gravity. The standard ASTM D2170 test method uses a capillary
viscometer to determine Kinematic viscosity at 275°F. In this test
the time in seconds required for the binder to flow under gravity
between two timing marks is measured. Multiplying this measured
time by the calibration factor for the viscometer gives a value for
viscosity in .centistokes, which is the standard unit for
measurement of kinematic viscosity.

Absolute Viscosity. Viscosity grading of asphalts is based on
viscosity at 140°F. The ASTM D2171 method was used to determine
viscosity at 140°F using a Cannon-Manning vacuum viscometer. The
140°F temperature is selected because it approximates the maximum
HMAC pavement surface temperature during summer in the United
States. Since asphalt binders at 140°F are too viscous to flow
through capillary tube viscometers, a partial vacuum is applied to
the efflux (small) side of the viscometer to induce flow. The
time in seconds required for the binder to flow under vacuum
between the timing marks is measured. Multiplying this measured
time by the calibration factor for the viscometer gives a value for
viscosity in poises, which is the standard unit for absolute
viscosity.

Softening Point. Softening point is measured by the ring and
ball (R & B) method in accordance with ASTM D2398. It can be
defined as the temperature at which an asphalt cement cannot
support its own weight and starts flowing. Its purpose is to
determine the temperature at which a phase change occurs in the
asphalt. Softening point is also used to determine the temperature
susceptibility of binders in terms of penetration index (PI).
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Rolling Thin Film Oven Test (RTFOT). A moving film of asphalt

cement is heated in an oven for 75 minutes at 325°F. The combined
effect of heat and air cause oxidative aging of the asphalt. The
degree of oxidative aging is determined by measurement of physical
properties before and after oven treatment. The test method is
described in ASTM D2872. This test approximates the change in
properties of asphalt during conventional hot-mixing at
approximately 310°F as indicated by viscosity measurement.

Penetration Index (PI). Penetration index has been used as a

means of estimating temperature susceptibility of asphalts for many
years. There are several methods of determining PI.
Penetration index was first proposed as a method of estimating
temperature susceptibility by Pfeiffer and Van Doormaal (Ref 5),
based on penetration at two temperatures. The following
relationship is used to calculate PI:

20-PT _ 50 X 8log (pen)

10-PTI 8T
or
20-500A
PT = ———=
1+50A
where
A - dogPen@ T2 - logPen @ T1
T2 - T1
and,

Tl and T2 are two temperatures at which penetration is measured.
Penetration index determined from the above relationship will

be referred to as PI(Pen/Pen) in the remainder of this report.
Penetration index can also be determined using penetration and

softening point (Ref 5). By this procedure an assumption is made

13



that all asphalts have a penetration of 800 at their softening
point. The relationship between penetration and softening point
that can be used to define PI is:

30

PI =
1 + 90 (PTS)

- 10

where,
PTS - log(800) - log(Pen)
Tres = Tren
PTS = Penetration Temperature Susceptibility

Tps = Softening Point, F
Penetration at 77°F

Pen

From the above equation it is apparent that an increase in the
PI value indicates a decrease in the apparent temperature
susceptibility of the material. Penetration Index by this method
will be referred to as PI(Pen/SP) in the remainder of this report.

Penetration Viscosity Number (PVN). The Penetration-Viscosity
Number is another method of estimating the temperature
susceptibility of asphalt cements. PVN was developed by McLeod
(Ref 6) when penetration Index (PI) failed to provide good
correlation with observed pavement cracking at low temperatures in
Canada. The PVN used in this research is based upon penetration at
77°F and viscosity at 275°F. PVN can also be determined for
penetration at 77°F and viscosity at 140°F.

PVN can be calculated using the following relationship:

4.258-0.7967 (log(Pen)) ~10g(Vis) »(_; &)

PV - 0.7591-0.1858 (109 (Pen))

where,
Pen = Penetration at 77°F
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Vis = Kinematic Viscosity at 275°F

Both PI and PVN parameters were calculated because the data
needed to generate these values are easily obtained, and PVN and PI
are believed to correlate to low temperature performance of HMAC
pavements. Although the correlation of PVN and PI to pavement
performance may occasionally yield contradictory data, recent
research indicates that both methods of predicting temperature
susceptibility may have merit (Ref 7).

Penetration and Viscosity Ratios. These parameters are the
ratio of the measured property after aging in the rolling thin film
oven test to the property before aging. For conventional
materials, the ratio should always provide a value greater than one
for viscosity data, and a value less than one for penetration data
because of the oxidative hardening which takes place during the
RTFOT. Values close to one by either method for paving binders
indicate better resistance to oxidative hardening during plant
mixing and service life.

Stiffness Modulus. Stiffness modulus is the ratio of stress
to strain. For asphalt binders and HMAC mixtures, this modulus is
dependent on both test temperature and the duration of applied
stress. Stiffness modulus may be used to estimate low-temperature
cracking susceptibility of HMAC mixtures. Low-temperature cracking
occurs when the stresses caused by temperature drop exceed the
tensile strength of HMAC mixtures. Tt is generally believed that
at low temperatures, stiffness of HMAC mixtures is controlled
primarily by the properties of the asphalt binder (Refs 8, 9).
Therefore, low temperature properties of the asphalt pavements can
be improved by controlling the stiffness of the asphalt binder.

Van der Poel developed a nomograph (Ref 10) which Heukolem
later revised (Ref 11) to estimate bitumen stiffness as a function
of loading rate, temperature susceptibility, and softening point.
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The nomograph is based on laboratory measurements of many asphalts
from a wide assortment of sources and refining techniques.
Stiffness is easily determined from the nomograph, and can be
estimated over a wide temperature or rate of loading range.

To measure stiffness-temperature susceptibility, stiffness vs.
test temperature is plotted on a semilogarithmic scale. The slope
of the best fit line resulting from such a plot is termed the
stiffness-temperature susceptibility.

Limiting Stiffness Method. One of the simplest means of
predicting the cracking temperature of asphalt binders is to
estimate the temperature at which the asphalts reach a critical
"limiting stiffness". Canadian researchers (Refs 12, 13) adopted
a limiting Stiffness of 29,000 psi at 2-hour loading time based on
field observations from the St. Anne Test Road. The new SHRP
binder specifications will also consider the issue of stiffness and
low temperature performance, and specifiy the temperature at which
the binder may achieve the same 29,000 psi stiffness. The St. Anne
Road Test was a joint research project of the Manitoba Department
of Transportation and Shell Canada Limited designed to study low
temperature cracking of asphalt pavements. Further study on the
St. Anne Test Road asphalts has resulted in establishing the
stiffness of approximately 145,000 psi at a one-half hour loading
time as the limiting stiffness (Ref 14). Thus the temperature at
which the asphalt stiffness reaches 145,000 psi at a half-hour
loading time is considered to be the predicted cracking
temperature. Stiffness can be determined using the Van der Poel
nomograph.

Critical Stress Method. Hills (Ref 15) introduced a procedure
for predicting cracking temperatures of pavements based on the
estimation of thermal stresses developed in the asphalt binder. In
this procedure, it is assumed that the thermal stress, o,
developed in asphalt as it cools, can be calculated from the

following relationship:
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o, - Z(Sixa, xAT)

where,
Si = Asphalt stiffness at a one hour loading time at a series
of temperature intervals, AT.
a, = Coefficient of linear thermal contraction. It is assumed
to be 2 x 10E-4 in/in/°C

Using asphalt penetration data, asphalt stiffness at 18°F
(10°C) intervals from 32°F down to -58°F is determined. When
required, the temperature range can be modified to accommodate

various asphalt grades. The thermal stress, o,, is calculated by

t!/
sumning the individual stress increments.

Hills concluded from semi-theoretical considerations and from
mix cracking observations that pavement cracking occurred at a
¢ Of
about 73 psi. The calculated cracking temperature is taken as the

temperature corresponding to a calculated thermal stress, ¢

temperature at which a stress of 73 psi is induced.

Force Ductjljty. The force ductility test is a modification
of the asphalt ductility test (ASTM D113). The principal
alteration of the test consists of adding a load cell in the
loading chain. Specimens are maintained at 39.2°F by circulating
water through the ductility bath during testing. A second major
alteration of the standard ASTM procedure involves the test
specimen shape. A standard ASTM specimen is as shown in Figure
2.2. The mold is modified for force ductility testing by
fabricating new pieces a and a' (Fig 2.3). This mold fabricates a
test specimen with a constant cross-section area for a distance of
approximately 3 cm which produces a deformation rate of 0.74+0.01
cm/min between the gage marks of the test specimen at a fixed
loading rate of 1 cm/min (Ref 4).
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The following properties are measured from a force ductility
test:
e Asphalt Modulus
e Asphalt - Polymer Modulus
e Maximum True Stress
e Maximum True Strain
e Area under Stress - Strain Curve

Raw data obtained from the force ductility machine are
initially in terms of a force-time relationship. However, the
constant deformation rate of 0.74 cm/min allows conversion of
force-time information to force-strain data. Stress data are
calculated using the initial one square centimeter cross sectional
area. True stress is obtained by calculating the change in
cross-section as the specimen increases in length. Engineering
strain is obtained by dividing the change in gauge length by the
original length as follows:

_ ALo
° Lo

where,
€, = Engineering strain
ALo = Change in gage length
Lo = Initial gage length
True strain, €, is obtained by summing all engineering
strains and evaluating the limit as dL approaches zero or,

e.~[L % - 1n(L) - 1n(Lo) = 1n((Lo+ALo)/Lo)

€, = Ln(1l+e€))

The data were gathered when the areas of the cross sections
were relatively constant. This greatly reduced variation due to
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sample configuration, and improved the repeatability of the test.
Modulus of elasticity was determined by evaluating the slope of the
true stress-strain curve. Two slopes were evaluated. The initial
slope of the stress-strain curve in the linear region under primary
loading is referred to as the 'asphalt modulus'. A second slope
was observed for certain blends of asphalt and polymer which is
characterized by secondary loading and will be referred to as
'asphalt-polymer modulus'. Other parameters measured using this
test were ultimate tensile stress and strain, and work energy
applied to the specimen during testing, as determined by the area
under the true stress-strain curve. An example of a typical
stress-strain curve which is used to obtain these parameters is
shown in Figure 2.4.

Schweyer Rheometer. The Schweyer Rheometer is described as a
constant stress rheometer (Ref 2) that produces a rheogram of
apparent viscosity versus shear rate. The principle of operation
of the Schweyer constant stress rheometer is relatively simple and
involves the following:

1. Force sample through precision capillary by constant load

on plunger (Fig 2.5).

2. Measure movement of sample through orifice using LVDT and

chart recorder.

The movement of the plunger is nonlinear until flow
equilibrium is established. At flow equilibrium the constant
velocity of the plunger is recorded. The force applied to the
plunger is related to shear stress as a function of sample and
capillary tube geometry. Shear rate is a function of sample
velocity through the capillary tube. Apparent viscosity is defined
as the ratio of shear stress to shear rate:

Shear Stress

Apparent Viscosity =
PP Y Shear Rate

20



Maximum Load
Polymer-Modified Asphalt

w

O

c

(@]

(VIR

\
\
Unmodified Asphalt \\
e\
\\
ELONGATION
Maximum Stress :
L o o o e e - —

0

N

Ww

Iid

-

0

S Asphalt Polymer
E Moduius

N

Asphalt Modulus

Area under Stress-Strain Curve

Maximum
True Strain

TRUE STRAIN

Fig 2.4 'I‘ypicai Force Ductility Characteristics of Neat

Asphalt end Polymec-Modified Asphalt.

21



Gas ——~— [{+~LvDT

Cylinder
T
Plunger —»
|-
Asphalt
Capillary 1
A
L]
Constant
Temperature
Cabinet

Fig 2.3 Schematic of Schweyer Rheometer Assembly.

22



Units of shear stress (r) , rate of shear (y) and apparent
viscosity (n) are in Pascal, reciprocal second and Pascal-second,
respectively. (1 Pascal-second = 10 Poises). Generally, the plot
of shear stress vs. rate of shear on a logarithmic scale will
describe a straight line which may be represented by a power

formula:
T -'Ayc
where
C = Slope of the straight line of the log-log plot
A = Apparent viscosity at shear rate 1 reciprocal second.

The Schweyer 'C' parameter (slope) is used as a measure of
shear susceptibility or deviation from Newtonian behavior.
Materials with slopes equal to one are defined as a Newtonian fluid
and hence are not shear susceptible (Fig 2.6). For these materials
the apparent viscosity is constant over a range of shear rates.
Materials with slopes less than 1 (C<1l) are defined as "shear
thinning" fluids (Fig 2.7) , and materials with slopes greater than
1 (C>1) are termed "shear thickening" fluids (Fig 2.8).

Schweyer rheology measurements were obtained at different
temperatures ranging from 39°F to 140°F. Several runs at varying
shear stresses are made to develop a plot  (rheogram) of log
(apparent viscosity) versus log (shear rate) for a given test
temperature. The log-log plot of apparent viscosity and shear rate
is linear, theoretically allowing calculation of apparent viscosity
at any shear rate. In this study, shear susceptibility and apparent
viscosity at a shear rate of 1 reciprocal second are reported at
39°F, 77°F, and 140°F for aged and unaged materials used in the
District 15 project. These properties were obtained at 39°F, 60°F,
77°F, 90°F, and 140°F test temperatures for unaged materials used
in Districts 11 and 25. In addition constant power viscosity at a
constant power input of 100 W/m3 (f-7=10ﬁ was computed. To
measure the viscosity-temperature susceptibility, viscosity vs.
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test temperature is plotted on a semilogarithmic scale. The slope
of the best fitted 1line resulting from such a plot is termed
viscosity-temperature susceptibility.

Compatibility Test. Polymer compatibility with asphalt is of
utmost concern to both contractors and state officials. If polymer
separation occurs during shipping and storage at elevated
temperatures, problems associated with inconsistent binder quality
will develop. Material with low polymer content will not exhibit
the desired enhanced properties. This is a particular problem if
the base asphalt is intentionally softened to maximize flexibility
or cracking resistance.” Most procedures for monitoring polymer
separation involve storing the material at an elevated temperature
for a reasonable period of time (one day to two weeks) and then
running an identification test on samples taken from the top and
bottom of the container. Any test which identifies differences in
polymer concentration can be used. 1In this study a hot storage
stability test was used. Samples of modified binders were stored
for two days at 160°C in 50 mm diameter cans. Following a cooling
period the top and bottom parts were separated and penetration was
determined for each portion. Based on this test, the blends can be
categorized as follows:

e Compatible - less than 10% difference in penetration

between the top and bottom.

e Incompatible - more than 10% difference in penetration

between the top and bottom.

Mixture Laboratory Testing

Several tests were performed on unmodified and modified
asphalt mixtures to measure their engineering properties. The
following engineering properties were measured:

e Marshall Stability Test (ASTM D1559)

e Marshall Stability
¢ Marshall Flow or Flow Index
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e Hveem Stability Test (Tex-208-F)
e Hveem Stability

+ Indirect Tensile Strength Test (Tex-226-F)
e 1Indirect Tensile Strength
e Tensile Strain at Failure
¢ Secant Modulus

e Indirect Tension Test for Resilient Modulus (ASTM D1423)
e« Resilient Modulus
« Poisson's Ratio

e Indirect Tensile Fatigue Test
e Fatigue Constants, K1 and K2
e Permanent Deformation Characteristic Parameters (Alpha
and Gnu)

e Indirect Tensile Creep Test
e Tensile Creep Compliance

e Moisture Sensitivity Test (Tex-531-C)
* Tensile Strength Ratio (TSR)

Marshall Stability Test. The Marshall test was developed by
the Corps of Engineers in the early 1960s based on methods and
concepts formulated by Bruce Marshall of the Mississippi State
Highway Department. This test is used to estimate asphalt content
as a part of the Marshall mixture design procedure.

Marshall stability and flow values were determined using a
Marshall 1loading apparatus as described in ASTM D1559. The
compacted specimens (4 inches in diameter with a 2.5 inch height)
were loaded at 140°F at a constant deformation rate of 2 inches per
minute and the load and corresponding vertical deformation were
recorded on an X-Y plotter. The maximum load, expressed in pounds,
is the Marshall stability and the vertical deformation
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corresponding to the maximum load, expressed in units of 0.01
inches, is the flow value.

Hveem Stability Test. The Hveem stabilometer was developed by
Francis Hveem of the California Division of Highways. The
stabilometer is an empirical measure of aggregate interlock within
HMAC mixtures.

Hveem stability was determined using the Hveem stabilometer as
described in Tex-208-F (Ref 20). The compacted specimens (4 inches
in diameter with a 2.0 inch height) were loaded at 140 F at a
constant deformation rate of 0.05 inches per minute to a vertical
load of 5000 pounds. The resultant horizontal force at 5000 lbs
was measured as the pressure on the stabilometer wall and was used
to calculate the Hveem stability as follows:

22.2

S =
P,D,/ (P,~P,) + 0.222

where

S = Hveem Stability, %
P, = Applied vertical pressure (160 psi)
P, = Transmitted horizontal pressure at P =160 psi, psi
Displacement of the stabilometer fluid to increase the
horizontal pressure from 5 to 100 psi, measured in revolutions of
a calibrated pump handle.

R
i

Indirect Tensile Test. The indirect tensile test is performed
by loading a cylindrical specimen with a single or repeated
compressive load which acts parallel to and along the vertical
diametral plane (Fig 2.9(a)). The load, which is distributed
through a 0.5-inch wide steel loading strip curved (for a 4-inch
diameter specimen) to fit the specimen, produces a relatively
uniform tensile stress perpendicular to the direction of the
applied load and along the vertical diametral plane, which
ultimately causes the specimen to fail by splitting along the
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(a) Compressive load being applied,

(b) Specimen failing in tension,

Fig 2.9 Indirect Tensile Loading and Failure.
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vertical diameter. (Fig 2.9(b)).

The development of equations that permitted the computation of
the tensile strength, the tensile strain at failure, the modulus of
elasticity, and Poisson's ratio are reported in Refs (21,22). The
equation to compute the tensile creep compliance has been developed
during this study, and presented in Appendix F.

Indirect tensile strength. Indirect tensile strength was
measured in accordance with Tex-226-F (Ref 20). Although only one.
test temperature is specified (77°F) in the test method Tex-226-F,
two additional test temperatures (39°F and 104°F) were used to
determine the effect of temperature on tensile strength of
mixtures. Tensile strength was calculated using the following
equation for four-inch diameter specimens:

P,
S, = 0.156-—%5

where,
S, = Tensile strength, psi
P = Total applied vertical load at failure, 1lbs
t = Thickness or height of the specimen, in.

Tensile strain at failure. The tensile strain at failure was
calculated using the following equation (Ref 23) for four-inch
diameter specimens:

0.1185v+.03896

- AH
€s 0.02494v + 0.0673

where,
€, = Strain at failure
AH = Horizontal deformation in inches at failure or
deformation at maximum or peak load
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v = Poisson's ratio

Resilient Modulus. Resilient modulus was determined using the
repeat-load indirect tensile test as described in ASTM D4123. A
small preload was applied to the specimen to prevent impact damage
of loading, and to minimize the effect of seating of the loading
strip. The repeated load, which was approximately 20 percent of
the static failure load, was then applied at a frequency of one
cycle per second (1 HZ) with 0.l1-second load duration and
0.9-second rest period. The load, vertical deformation, and
horizontal deformations were recorded on a pair of X-Y plotters.
A typical load pulse and the resulting deformation relationships
are shown in Figure 2.10.

The resilient modulus was calculated using the resilient, or
instantaneously recoverable, horizontal and vertical deformations
after approximately 200 1load cycles. The equation used to
calculate the resilient modulus was

E, - PI‘;R (0.27+vy)
where,
E, = Resilient modulus, psi
P, = Applied repeated load, lbs (Fig 2.10)
t = Specimen thickness, in
'H, = Horizontal resilient deformation, in
v, = Resilient Poisson's ratio

Poisson's Ratio. Poisson's ratio (v) was calculated from both
horizontal and vertical movements in accordance with ASTM D1423
using the following relationship:

v= 3.59 DR - 0.27
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where

DR = AH/ AV = The deformation ratio measured during the
indirect tensile test.

AH = The recoverable horizontal deformation measured during
the resilient modulus test.

AV = The recoverable vertical deformation measured during the
resilient modulus test.

Indirect Tensile Fatique Test. The indirect tensile test
configuration was used to measure the fatigue properties of HMAC
mixtures. The test was performed at a frequency of one'cycle per
second (1 HZ) with O.l-second load duration and 0.9-second rest
period. Previous research by Kennedy (Ref 24), and more recently
Baladi (Ref 25), have concluded that the indirect tensile test is
a good tool for measuring the fatigque characteristics of asphalt
concrete materials. The reasoning used is that the indirect
tensile test simulates the state of stress in the lower portion of
asphalt concrete layer (or tension zone).

Fatigue life relationships are often expressed in terms of
initial strain for the controlled-stress test as follows:

Nf = K1(1/€mix)AK2

where

N, = Number of repetitions or load applications to failure.

K, and K, = Fatigue constants (Regression constants).

€.ix = Initial strain in the mixture.

Initial strain is estimated by three different methods:

1) By projecting the relationship between resilient strain
and the number of load applications to the first load
application.

2) By dividing the applied dynamic stress by the average
repeated-load resilient modulus.

3) By dividing the applied dynamic stress by the average
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static modulus of elasticity.

Kennedy (Ref 26) has concluded that the third method is better
than the other two methods since it produces the highest
correlation coefficients between the logarithm of number of load
repetitions and the logarithm of initial strain. Consequently, the
third method was used in this study. The fatigue equation
describes a straight line on a log-log plot of cycles to failure
versus initial strain, where k, is the intercept of Y-axis and -K,
is the slope of the straight line.

Alpha and Gnu. The alpha and gnu functions were originally
developed by Brademeyer et al (Ref 27) to describe the permanent
deformation characteristics of asphalt concrete mixtures, and are
two input parameters required for the VESYS program (Ref 28). Both
values are mathematically defined below:

alpha = 1-S
Gnu = IS/€,

where

S = Slope of the logarithm of number of load repetitions (N)
versus logarithm of the accumulated permanent strain (Ep).

I = Intercept of the straight line (arithmetic strain value)
with the accumulated permanent strain axis, i.e. value at which
number of load repetitions scale equals 1.

€, = Resilient or recoverable strain.

Alpha and gnu are typically measured from testing cylindrical
specimens in compression. Rauhut (Ref 28) suggests that
reasonable values of alpha and gnu can only be calculated from
compression samples after 100,000 load repetitions. However,
Kennedy (Ref 29) found that using the indirect tensile test to
calculate alpha and gnu during the first one thousand load cycles
gave comparable results to the compression loading after 100,000
cycles. Von Quintus (Ref 30) has also used the indirect tensile
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test to measure permanent strain at 10,000 load cycles to compare
different asphalt grades over a range of asphalt contents.
Therefore, the indirect tensile test was used to calculate alpha
and gnu for each of the mixtures.

Creep Test. Normally a creep test is conducted by applying a
constant uniaxial stress to a cylindrical specimen and measuring
the time-dependent deformation which occurs. Creep compliance D,
is then calculated by dividing the strain by the applied stress as
follows:

.
D, --;5 at any test temperature T
o

where,
€, = Strain at time t

o= Applied stress

The indirect tensile test configuration was used to measure
creep compliance of HMAC mixtures. The creep compliance equation
for the indirect tensile creep test was developed during this study
and is shown in Appendix F.

The Creep compliance is not only an important property in
itself, it is also related to and is an indicator of several
important properties‘such as permanent deformation, temperature
susceptibility and fracture properties (Ref 31). Since the creep
test is simple and quick to run at a variety of test temperatures,
it is wuseful to run a series of these tests to assist in
interpreting the expected performance of asphalt concrete
pavements. In this study indirect tensile creep tests were
conducted at three different temperatures (39, 60, 90°F). A
constant stress that was less than 5 percent of the expected
failure stress was applied for one hour. Horizontal deformation of
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the specimens was measured by linear variable differential
transducers (LVTD's). After removal of the load, the specimen
recovered to some extent. The amount of recovery was measured after
one hour. The tensile creep compliance, D(t), was calculated using
equation 9 in Appendix F, which was developed in this study.

Averages of the tensile creep ¢ompliance measured at each
temperature were fitted with a curve of the form

D(t) = D,t"

where

D(t) = Tensile creep compliance, in x in/1lb

t = Time, sec

m and D1 = The slope and intercept of creep curve on log-log

plot

Several investigators have shown that asphalt mixtures exhibit
simple thermo-rheological behavior, which means that an
interchangeability exists between time and temperature. This
relationship was investigated experimentally by carrying out creep
tests at three different temperatures (60, 77, and 90°F). The
average creep compliance curves for each temperature were shifted
horizontally parallel to the time axis until each lined up with the
curve for 77°F, which is designated as the "master" creep curve.
The amount of the shift in time with changing temperature is
expressed as a ratio, a;, as follows:

a [
T
tTD

where
t;, = The time at which a given compliance is reached when the
material is at the "master" temperature, TO. In this study the
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master temperature is 77°F.
t = The time at which the same compliance is reached when
material is at some other temperature.

Two commonly-used functions which produce numerical comparison
of the temperature susceptibility of the materials were utilized.
The first of these is commonly used in the VESYS program developed
by the Federal Highway Administration (Ref 32). The function is

log(a;) = -B(T-T;)

where
B = The temperature susceptibility constant
T, = The master curve temperature
T = any other temperature

The second function which is commonly used to describe the
time-temperature shift of viscosity in polymers is known as the
"WLF" equation (Ref 33). The equation is

-C, (T-T,)

log(ard = T

where
c, and C, = The material constants. The constant C, serves as
a temperature susceptibility constant.

In this study the values of shift factor, log(a;), did not fit
the WLF equation.

Tensile Strength Ratio. The indirect tensile test was
utilized to determine the tensile strength ratio (TSR) of wet and
dry specimens as follows:
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St (conditioned)

TSR = —
St (unconditioned)

where
St = Indirect tensile strength

The Texas test method Tex-531-C method (Ref 20) was selected
for conditioning specimens as described below.

Specimens with air voids content of approximately 7 percent
were conditioned by vacuum saturation with water. A partial vacuum
(approximately 15 to 17 inches of mercury) was applied long enough
to achieve a degree of saturation of about 70 percent. The
specimens were placed in a freezer at 0°F for 15 hours. After the
15 hour freeze cycle, the specimens were removed from the freezer
and placed in a 140°F water bath for 24 hours. After a complete
freeze~-thaw cycle, the moisture-conditioned specimens were cooled
to room temperature in a 77°F water bath for approximately three
hours prior to testing. The specimens were then tested to
determine their indirect tensile strength (St conditioned). Paired
specimens were kept at room condition and tested to measure the dry
strength (St unconditioned)

EXPERIMENTAL LABORATORY PROGRAM

Laboratory mixture tests were performed on mixtures which were
1) mixed and compacted in the laborAtory (laboratory mixtures), and
2) mixed in the plant and compacted in the laboratory (plant
mixtures), and 3) mixed in the plant and compacted in the field
(field cores). 1In addition, laboratory binder tests were performed
on neat asphalt and modified asphalt binders which were obtained
from the plants.

Asphalt and Modified Asphalt Binders

The asphalt cements (controls) and polymer modified asphalts
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were obtained at the asphalt mixing plants. The samples were
transported to the laboratory and subsequently tested. The
testing programs for the unmodified and modified asphalt binders
are outlined in Tables A-2, B-2, C-2 and D-2. The test results are
summarized in Appendices A through D.

Laboratory Mixed / Laboratory Compacted Mixtures

The neat asphalt and modified asphalt binders and aggregates
were obtained from each project. These materials were mixed and
samples prepared for testing in the laboratory in accordance with
the mixture design used for the field construction.

The Texas-Gyratory shear compactor was utilized for two
compaction procedures , described as standard and modified
compactions. The standard compaction procedure specified by the
Texas State Department of Highways and Public Transportation would
normally produce 3 percent air voids in the mixtures containing
optimum asphalt content. Since 7 percent air voids is generally
obtained in the construction process, a modified compaction process
was also used. For the modified compaction process, the compactive
effort was reduced to produce an air void content of approximately
7 percent.

The testing programs for laboratory mixed / 1laboratory
compacted mixtures utilized for the field project materials is
outlined in Tables A-3, B-3, C-3 and D-3. The test results are
summarized in Appendices A through D.

Plant Mixed / Laboratory Compacted Mixtures

Samples of field mixtures were obtained at the asphalt mixing
plants. The samples were transported to the 1laboratory and
subsequently compacted using the standard and modified compaction
procedures. It was necessary to reheat the samples to achieve a
compaction temperature of 250°F. The testing program for the plant
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mixed / laboratory compacted mixtures are outlined in Tables A-4,
B-4, C-4 and D-4. The test results are summarized in Appendices A
through D.

Plant Mixed / Field Compacted Mixtures

Plant mixed and field compacted specimens (4 inch diameter
pavement cores) were obtained immediately and in one year intervals
following construction of the test sections over a period of five
years. The field cores were measured for thickness and air voids
content, and subsequently tested in the laboratory. Since the
heights of cores were less than 2 inches, the Hveem stability tests
were not performed. The testing programs for the field cores are
outlined in Tables A-5, B-5, C-5 and D-5.
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CHAPTER 3
ANALYSIS8 OF TEST RESULTS ON UNMODIFIED AND MODIFIED ASPHALTS

Results of 1laboratory tests conducted on unmodified and
polymer-modified asphalt binders for Districts 15, 11, 25 and 10
are 1listed and illustrated in Appendices A, B, C and D,
respectively. Summaries of the test results for unmodified and
polymer-modified asphalt binders are presented in Tables 3.1
through 3.13.

Where appropriate, Analysis of Variance (ANOVA) techniques
were utilized to determine if significant differences exist between
material types for each test parameter. In cases where significant
difference was indicated, the Newman-Keul multiple range test (Ref
18) was used to determine which means were significantly different.
The lower case letters in parentheses in Tables 3.1 through 3.13
indicate whether means are significantly different. Letters of the
same type for each parameter indicate no significant difference in
means at alpha = 0.05.

PENETRATION at 39.2°F

Results of penetration at 39.2°F are shown in Table 3.1 and
are plotted in Figure 3.1. Table 3.1 contains the average
penetration obtained from two replicate tests conducted for each
material.

The results showed no significant difference between the mean
values of the modified AC-10 asphalt binders and the control TFA
AC-10 binder which was supplied by Texas Fuel and Asphalt, and
between the modified AC-20 and the control AC-20 binders.
However, the <control and modified AC-20 asphalt binders
demonstrated significantly lower values of penetration than the
modified AC-10 asphalt binders.

Effect of Polymer. As shown in Figure 3.1, addition of the
polymers changed penetration of the TFA asphalt cements by one or
two points, which was not significant.
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Table 3.1 Summary of Test Results of Penetration, Viscosity and Softening Point for Unmodified and
Polymer-Modified Asphalt Binders

Test Parameter TFA TFA TFA  TFA TFA  TFA TFA TFA  TEXACO TEXACO TEXACO
AC-10 AC-10 AC-10 AC-10 AC-10 AC-20 AC-20 AC-20 AC-20 AC-10 AC-10

& & & & & & & &

UP 70 ELF NS 175 C107 Polybilt DOW UP 70 ELF

Penetration @ 39.2 F, 100g, 5 Sec.
before RTFOT 15 14 16 13 15 9 10 10 9 13 15
(b) (b) (b) (b) (b) (a) (a) (a) (a) (b) (b)

Penetration @ 77 F, 100g, 5 Sec.
before RTFOT 102 100 101 93 79 70 70 66 n 87 93
k) (,k) (k) h) (d) (b) (b) (a) (b) (f) Ch)

after RTFOT 65 67 73 70 - 46 49 43 46 50 67
(g,h) (h) ) QD) (a,b,c) (c,d) (a) (b,c) (d) (h,i)

Pen. Ratio (Pen. Retained) 0.63 0.67 0.72 0.75 - 0.65 0.70 0.65 0.65 0.58 0.72

Viscosity @ 140 F, Poises

before RTFOT 131 1311 3332 1318 - 2087 3296 5198 2375 2330 3060

(a) (b) (i) (b) (d) (i) (k) (e) (e) h)

after RTFOT 3000 3932 6331 3780 - 7401 26266 31592 7002 4327 5882

(a) (b) (g (b) (i) k) ) h) (c) )

Viscosoty Ratio @ 140 F 2.65 3.00 1.90 2.87 - 355 7.97 6.08 2.95 1.86 1.92

Viscosity @ 275 F, Centistokes -

before RTFOT 297 503 754 495 - 416 919 1202 496 822 715

(a) (c) (9 (c) (b) (i) (k) (c) h) )

after RTFOT 464 729 967 682 - 697 1830 2329 751 1049 897

(a) (c) ) (b) (b) (k) ) (c) h) (d)

Viscosoty Ratio @ 275 F 1.56 1.45 1.28 1.38 - 1.68 1.9 1.9 151 1.28 1.26

Softening Point, F
before RTFOT 117 122 132 122 138 126 133 139 126 127 130
| (a) (b) (g,h) M) (N (c) «¢h,i) (j,k) (c) (c,d,e)(f,g,h)

Note: Letters of the same type in parentheses indicate no significant difference exists between binders for a
given test parameter at alpha = 0.05
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Table 3.1 (Continued)

Test Parameter FINA FINA FINA TOTAL FINA FINA EXXON GULF
AC-10 AC-10 AC-10 AC-20 AC-10 AC-10 AC-10 AC-10
& & & & & & &
ELF 3% D1101 6% 1101 upP 70 ELF Polybilt 3X D1101
Penetration @ 39.2 F, 100g, 5 Sec.
before RTFOT 14 13 16 10 14 14 15 16
(b) (b) (b) (a) (b) (b) (b) (b)
Penetration @ 77 F, 100g, 5 Sec.
before RTFOT 90 82 98 T4 93 89 96 89
(9) (e) G,0 (c) th) f,9) ) f, 9
after RTFOT 56 47 67 44 56 61 63 56
(e) ( b,c,d) ¢h,i) (a,b) (e) f) f,9) (e)
Pen. Ratio (Pen. Retained) 0.63 0.57 0.69 0.59 0.60 0.69 0.66 0.63
Viscosity @8 140 F, Poises
before RTFOT 2770 8127 - 2037 2373 2904 2375 3470
(f) (L (c,d) (e) (9 (e) ()
after RTFOT 7481 13749 - 4798 5140 74616 5819 7280
(i) 9] (d) (e) (i) (f) (i)
Viscosoty Ratio @ 140 F 2.70 1.69 - 2.36 2.17 2.55 2.45 2.10
Viscosity @ 275 F, Centistokes
before RTFOT 781 584 1013 510 650 763 640 782
(9) (d) ¢ ) (e) (9) (e) ()
after RTFOT 1009 736 1050 917.5 942.5 1097.5 1242.5 1055
(9) (c) thy (d,e) (e, f) (i) ) ¢h)
Viscosoty Ratio @ 275 F 1.29 1.26 1.04 1.80 1.45 1.44 1.94 1.35
Softening Point, F
before RTFOT 129 141 148 127.5 129.5 134.5 140.5 146.5
(d,e, f,9) k) (L) (c,d, e, f) (e, f,9) (i) k) (49

Note: Letters of the same type in parentheses indicate no significant difference exists between binders for a

given test parameter at alpha = 0.05
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PENETRATION at 77°F

Average values of penetration test at 77°F before and after
RTFOT aging are summarized in Table 3.1 and plotted in Figure 3.2.
Both before and after RTFOT aging the mean values of penetration at
77°F for the AC-20 control asphalt binders were significantly lower
than the mean values of the polymer-modified AC-10 asphalt binders,
except for the aged 3% Kraton D1101 blend in District 25.

ct of Polymer. The effects of polymer on penetration for

the TFA asphalt cements before and after RTFOT aging are shown in
Figure 3.2. 1In general, there is a trend for the polymer modified
binders to decrease penetration (harden) before RTFOT aging, and
increase penetration (soften) after aging by RTFOT. The Genstar
C107 and Polysar NS 175 binders before RTFOT aging exhibited the
greatest penetration decrease, 23 points and 9 points,
respectively, while the other polymers exhibited equal or slightly
smaller penetration values. The Dow modifier showed a 3 point
decrease in pentration after the RTFOT.

Effect of Aging. The results of penetration at 77°F for the
TFA asphalt binders indicate aging in the RTFOT may have less
effect on penetration values for polymer-modified asphalt binders
than for unmodified asphalts. To demonstrate this effect the
percentage of penetration retained after aging by RTFOT
(penetration ratio) for the unmodified and modified asphalt binders
was evaluated. The results are shown in Table 3.1, and are plotted
in Figure 3.3. This figure shows that aging by RTFOT had the
greatest effect on penetration for the 3% Kraton binder in District
25 and the least effect for the Polysar and Styrelf binders.

VISCOSITY at 140°F

Average values of viscosity at 140°F before and after RTFOT
aging are presented in Table 3.1 and plotted in Figure 3.4. Before
RTFOT aging the AC-20 control asphalt binders were significantly
less viscous than the modified binders except for the SBR polymer
modified binders (Goodyear UP 70 and Polysar NS 175). However,
after RTFOT all polymer modified AC-10 asphalt binders in
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Districts 15 and 11 demonstrated significantly lower values of
viscosity than the AC-20 control binders. This trend was reversed
in Districts 25 and 10.
ect f olymer. As shown in Figure 3.4 The

polymer-modified asphalt binders showed an increase in viscosity at
140°F . This trend occurred before and after RTFOT aging. It is
shown in Table 3.1 that before RTFOT aging the SBS polymers (Kraton
and Styrelf) had the greatest effect on viscosity, followed by the
Polyolefin (Dow) and EVA (Polybilt) polymers. The SBR polymers
(Goodyear UP-70 and Polysar NS-175) had the least effect.

Effect of Aging. Viscosity ratios at 140°F are shown in Table
3.1 and are plotted in Figure 3.5. As shown in this figure aging
by RTFOT has less effect on viscosity for the polymer-modified
AC-10 asphalt binders compared with the modified AC-20 asphalt
binders. Furthermore, aging had the least effect on viscosity for
the Kraton binders.

KINEMATIC VISCOSITY at 275°F

Average values of kinematic viscosity before and after RTFOT
aging are shown in Table 3.1 and plotted in Figure 3.6 . Before
RTFOT aging all modified AC-10 asphalt binders except the 3% Kraton
blend in District 25 showed significantly higher viscosity than the
AC-20 control asphalt binders. The 3% Kraton blend was
significantly less viscous than the Shamrock AC-20, but more
viscous than the TFA AC-20, Texaco AC-20, and Total asphalt binders
before RTFOT aging.

ffect of o) er. Similar to viscosity at 140°F,

polymer-modified asphalt binders showed an increase in viscosity
before and after RTFOT aging compared with respective control
asphalt binders (Fig 3.6). The Dow modifier, which increased
viscosity by about a factor of 3.0 before and after RTFOT aging,
had the greatest effect on kinematic viscosity.

Effect of Aging. Similar to viscosity at 140°F, kinematic
viscosity was less affected by RTFOT aging for the modified AC-10
asphalt binders than the unmodified and modified AC-20 asphalt
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binders (Fig 3.7). The greatest effect of aging on kinematic
viscosity was observed for the polybilt (Exxon) blends.

RING AND BALL SOFTENING POINT

Average values of softening point are shown in Figure 3.8,
and listed in Table 3.1. ASoftening point for the Goodyear and
Polysar TFA binders were significantly less than the AC-20 control
asphalts. The 6% Kraton binder demonstrated a significantly higher
softening point compared with the other modified binders.

Effect of Polymer. Softening point increased significantly
for polymer-modified asphalt binders (Fig 3.8). Similar to
viscosity, softening point was affected less by SBR polymers than
SBS polymers. The Genstar exhibited the highest change for TFA
asphalts, with an average increase of 22 degrees, while SBR
polymers showed the lowest change with an average increase of 5
degrees.

PENETRATION INDEX AND PENETRATION VISCOSITY NUMBER

Table 3.2 presents the values of PI(Pen/Pen), PI(Pen/SP), and
PVN for the unmodified and modified asphalt binders. The results
are plotted in Figure 3.9. PI(Pen/Pen) Values were substantially
lower than PI(pen/sp) values. This might have resulted from the
assumption that all asphalts have a penetration of 800 at the
softening point, a poor assumption for polymer modified binders.
Penetration of asphalt binders at their softening points vary
widely from 800, especially for modified asphalt binders which have
high softening point and PI values. PVN values were generally
lower than PI (Pen/SP), but comparable to PI(Pen/Pen). The average
numerical difference between PI(pen/pen) and PVN was about .16;
however, the average PI(Pen/SP) of the twenty binders under study
was more than four times the average of PI(Pen/Pen) and PVN.

Effect of Polymer. Penetration indices (both PI(Pen/Pen) and
PI (Pen/SP)) and PVN increased with addition of polymer (Fig 3.9).
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Table 3.2 Penetration Index and Penetration Viscosity Number for
Unmodified and Polymer-Modified Asphalt Binders.

Binder Penetration Index

" Asphait Polymer  PI(Pen/Pen) PI(Pen/SP)  BVN

TFA AC-10 - -0.18 -0.04 -0.72
TFA AC-10 Goodyear UP 70 =-0.11 0.69 0.14
TFA AC-10 Styrelf-13 0.33 2.01 0.79
TFA AC-10 Polysar NS 175 -0.11 0.46 0.02
TFA AC-10 Genstar C107 1.04 2.08 -
TFA AC-20 - -0.39 0.19 -0.6
TFA AC-20 Polybilt 103 -0.04 0.98 0.62
TFA AC-20 Dow 0.17 1.66 0.96
Texaco AC-20 - -0.43 0.23 -0.32
Texaco AC-10 Goodyear UP 70 0.12 0.97 0.76
Texaco AC-10 Styrelf-13 0.39 1.6 0.63
Shamrock AC-20 - -0.25 0.21 -0.03
Fina AC-10 Styrelf-13 0.26 1.35 0.73
Fina AC-10 3% kraton D1101 0.33 2.55 0.12
Fina AC-10 6% kraton D1101 0.44 3.92 1.25
Total AC-20 - -0.23 0.62 ‘-0.22
Fina AC-10 Goodyear UP 70 0.14 1.60 0.47
Fina AC-10 Styrelf-13 0.30 2.10 0.67
Exxon AC-10 Polybilt 103 0.28 3.07 0.49
Gulf AC-10 3% kraton D1101 1.06 3.48 0.71
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Table 3.3 Decreasing Order of Temperature Susceptibility Properties (P1, PVN).

[ PI(Pen/Pen)

|Texaco AC-20

I PI(Pen/SP)

|TFA AC-10
|

[TFA AC-10
|

|TFA AC-20
|

|TFA AC-20
I

[TFA AC-20
I

|Shamrock AC-20

|Shamrock AC-20

|Texaco AC-20

|Total AC-20

|Texaco AC-20

[Total AC-20
I

ITFA AC-10
|

|TFA AC-10  +
I

Polysar NS 175

|Shamrock AC-20

[TFA AC-10  +

Goodyear UP 70

|Total AC-20

[TFA AC-10  +
I

Polysar NS 175 |

[TFA AC-10  +

Polysar NS 175

[TFA AC-10  +
I

Goodyear UP 70

|Fina AC-10 +

3% kraton D1101|
I

{TFA AC-20  +

|

Polybilt 103

| Texaco AC-10 +

Goodyear UP 70

|TFA AC-10  +

Goodyear UP 70 |
|

|Texaco AC-10 +

Goodyear UP 70

[TFA AC-20  +
I

Polybilt 103

[Fina AC-10  +

Goodyear UP 70 |

[Fina AC-10 +

Goodyear UP 70

[Fina AC-10 +

Styrelf--13

|Exxon AC-10 +

Polybilt 103

|TFA AC-20  +

Dow

|Texaco AC-10 +

Styrelf-13

|TFA AC-20  +

Polybilt 103

|Fina AC-10 +

Styrelf--13

|Fina AC-10 +

Goodyear UP 70

|Texaco AC-10 +

Styrelf-13

|Exxon AC-10 +
}

Polybilt 103

[TFA AC-20  +
I

Dow

[Fina AC-10 +

Styrelf--13

|Fina AC-10 +

Styrelf-13

[TFA AC-10  +
[

Styrelf-13

[Gulf AC-10 +
I

3% kraton D1101

|Fina AC-10 +
l

3% kraton D1101|TFA AC-10  +

Genstar C107

|Fina AC-10  +
!

Styrelf-13

|TFA AC-10  +

Styrelf-13

|Fina AC-10 +

Styrelf-13

|Texaco AC-10 +

Goodyear UP 70

| Texaco AC-10 +
|

Styrelf-13

|Fina AC-10 +

3% kraton D1101|TFA AC-10 +

Styrelf-13

[Fina AC-10 +

6% kraton D1101]Exxon AC-10 +

Polybilt 103

|TFA AC-20  +
t

Dow

[TFA AC-10  +

Genstar C107

|Gulf AC-10 +

3% kraton D1101|Fina AC-10 +

6% kraton D1101

[Gulf AC-10 +

3% kraton D1101|Fina AC-10

+ 6% kraton D1101|
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The decreasing order of temperature susceptibility obtained by
PI(pen/pen) PI(Pen/SP) and PVN is shown in Table 3.3. The
unmodified asphalt binders demonstrated more temperature
susceptibility than the polymer modified asphalts binders according
to the three methods. In addition, the Kraton D-1101 and the
Genstar C-107 had the greatest effect on reducing temperature
susceptibility. The least effect was observed for Polysar NS-175.
In general, the SBS polymer modified binders were less temperature
susceptible than the SBR modified ones.

LOW TEMPERATURE CRACKING

Table 3.4 and Figure 3.10 present the results of 1low
temperature cracking. As shown, there was no substantial
difference between cracking temperatures obtained by the two
methods (Limiting Stiffness Method and Critical Stress Method).
However, it should be noted that the criteria used for the limiting
stiffness and critical stress methods have been established for
conventional asphalt binders, and may not be acceptable for polymer
modified asphalts. On the basis that failure criteria for asphalt
binders can be used as a guide for polymer modified asphalt binders
the following observations were made:

1) The addition of the Goodyear UP-70 and Polysar NS-175 (SBR
Polymers) to the TFA asphalt did not appear to significantly alter
the temperature at which thermally induced cracking is predicted to
occur in the TFA asphalt. However, the addition of Goodyear UP-70
appeared to decrease the temperature at which low temperature
cracking is predicted to occur for the Texaco and Fina asphalt
binders (Table 3.4).

2) The rubber (Genstar C107), Styrelf-13 and Kraton D1101
(SBS polymers) appeared to be much more effective in lowering the
predicted cracking temperatures than SBR polymers (Polysar and
Goodyear).

3) Polymer modified asphalt binders generally had lower
predicted cracking temperatures than respective control asphalts.
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Table 3.4 Summary of Predicted Cracking Temperatures for
Unmodified and Modified Asphalt Binders.

Binder Cracking Temperature
~ asphalt Polymer ~  Limitting crtical |
Stiffness Stress
Method Method
TFA AC-10 ' - =47 -49V
TFA AC-10 Goodyear UP 70 -48 -46
TFA AC-10 Styrelf-13 =59 =59
TFA AC-10 Polysar NS 175 =46 =45
TFA AC-10 Genstar C107 =56 =55
TFA AC-20 - =43 =42
TFA AC-20 Polybilt 103 =45 -43
TFA AC-20 Dow -47 =48
Texaco AC-20 - -43 V =43
Texaco AC-10 Goodyear UP 70 =50 ' =52
Texaco AC-10 Styrelf-13 -52 -53
Shamrock AC-20 - =41 -42
Fina AC-10 Styrelf--13 -54 -51
Fina AC-10 3% kraton D1101 =59 -61
Fina AC-10 6% kraton D1101 -74 =72
Total AC-20 =43 _ -44
Fina AC-10 Goodyear UP 70 -54 -55
Fina AC-10 Styrelf--13 -58 -57 .
Exxon AC-10 Polybilt 103 -66 -63
Gulf AC-10 3% kraton D1101 -68 -66
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PREDICTING STIFFNESS MODULUS

Results of stiffness modulus obtained from Van der Poel
nomograph at different temperatures and loading times are presented
in Table 3.5 and plotted in Figures A-13, B-13 and C-13. The
polymer modified binders generally were softer at 39 F and stiffer
at 77 F and 104 F than the control asphalt binders. This trend is
most easily seen in Figure A-8. This effect can be described by
stiffness temperature susceptibility obtained from the slope of
fitted line of log stiffness vs. test temperature plot. Figures
A-14, A-15, B-14, C-14 and D-14 show relationships between
temperature and stiffness modulus for various polymers. The
coefficients of correlation of fitted lines resulting from the data
range from .99 to 1.0. This confirms a linear relationship between
log stiffness modulus and test temperature. To confirm that the
stiffness temperature susceptibilities (slopes) were significantly
different from one another. A statistical test for parallel slopes
in simple regression with two groups at alpha =0.05 (Ref 19 ) was
utilized. A summary of the test results for each district is shown
in Table 3.5. The lower case letter in parentheses indicates
whether slopes are significantly different. Letters of the same
type within a district indicate no significant difference in slope.
The above analyses indicate that all the polymer modified TFA
asphalt binders except NS-175 were significantly less temperature
susceptible compared with their respective control asphalts. In
addition, modified Texaco and Fina asphalt binders appeared to be
significantly less temperature susceptible than the respective
control asphalts.

The least effect on stiffness temperature susceptibility was
observed for Polysar (SBR Polymer), while the other polymers
improved temperature susceptibility significantly. The SBS,
SBR/Polyclefin and rubber C107 improved temperature susceptibility
more than the SBR and EVA polymers.

A comparison between Van der Poel stiffness modulus and
asphalt modulus obtained from force ductility is shown in Figures
A-16, B-15 and C-15. These figures suggest that the Van der Poel
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Table 3.5 Summary of Predicted Stiffness Modulus and Stiffness-Temperature Susceptibility for
Unmodified and Polymer-Modified Asphalt Binders.

Test Parameter

| District 15

| TFA TFA TFA TFA TFA  TFA

| AC-10 AC-10 AC-10 AC-10 AC-10 AC-20 AC-20

TF

|  District 1

A |TEXACO TEXACO TEXACO

AC-20 | AC-20 AC-10 AC-10

|
|
]
!
| | & & & & & & | & &
| | Up 70 ELF NS 175 (€107 Polybilt DOW | UP 70 ELF
I I |
|stiffness Modulus, | |
| @39.2 F, psi I I
{ 5 Sec. Loading | 450 435 305 493 522 725 725 754 | 1015 508 363
l 20 Sec. Loading | 145 203 160 232 261 305 319 392 | 348 246 174
| I I
|Stiffness Modulus 8 0.1 | |
| sec | |
| 39F | 5075 3625 2030 4785 2900 6960 5800 4640 .| 7250 3190 2465
| T7F | 160 145 189 218 247 290 319 363 | 334 232 174
| 104F | 12 15 25 16 46 23 33 54| 26 2 25
! | |
|Stiffness/Temperature |-0.073 -0.067 -0.053 -0.068 -0.050 -0.069 -0.062 -0.054 |-0.068 -0.059 -0.056
[Stope I I
{ | . !
|standard Error of Slope [0.0012 0.0000 0.0027 0.0033 0.0007 0.0021 0.0015 0.0007 |0.0028 0.0035 0.0005
[ I
I I

| (a) (b) (d,e) (a,b,c) (e} (a,b) (¢) (d) (a) (b) (b)
]
| | District 25 | District 10 |
I [osmsenneenes s |-remrenem s |
| Test Parameter | SHAM. FINA FINA FINA | TOTAL FINA  FINA EXXON GULF |
| | AC-20 AC-10 AC-10 AC-10 | AC-20 AC-10 AC-10 AcC-10 AC-10 |
| I & & & | & & & & |
| | ELF 3% D1101 6% D1101| UP 70 ELF Polybilt 3% D1101]
I I I I
[stiffness Modulus, | | |
| a39.2 F, psi | | |
{ S Sec. Loading | 1160 464 435 232 | - - - - - |
{ 20 Sec. Loading | 508 218 218 131 - - - - - |
I I I [
|Stiffness Modulus & 0.1 | | |
| Sec | I I
| 39F | 7540 2900 2320 943 | 6525 2465 2175 2320 1600 |
1 7 F | 334 203 232 160 | 290 174 181 218 232 |
| 104 F | 26 25 41 32 | 36 37 3 31 35 |
I | I I
|stiffness/Temperature |-0.068 -0.057 -0.049 -0.041 |-0.063 -0.051 -0.051 -0.052 -0.046 |
[Stope I | |
| I I I
|standard Error of Slope [0.0026 0.0016 0.0007 0.0028 |0.0011 0.0028 0.0001 0.0021 0.0041 |
| ] (a) (b) (c) (d) | (a) (b (b) (b) (c) |
I I |

Note: Letters of the same type in parentheses within a district indicate no significant difference exists

between binders for a given test parameter at alpha = 0.05
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stiffness at 20 second loading and 39°F is the same as asphalt
modulus measured by the force ductility test. However, the Van der
Poel stiffness at 5 second loading and 39°F over-predicted the
asphalt modulus by about a factor of 2.

FORCE DUCTILITY ‘

A summary of the average values of the parameters obtained
from force ductility test is presented in Table 3.6. Figures A-17
through A-21, B-16 through B-20 and C-16 through C-20 show the
results of force ductility parameters and how they were affected by
polymers and RTFOT aging .

MAXIMUM TRUE TENSILE STRENGTH. A significant increase in tensile
strength occurred for all modified asphalt binders except for the
Goodyear binders. Failure stress for the Goodyear modified binders
was approximately equal to the control asphalt binders. The Kraton
binders followed by Styrelf and Polybilt-103 demonstrated
significantly higher tensile strength compared with the other
modified binders. Goodyear UP-70, Polysar NS-175 and Crafco 04107
had the least effects on the tensile strength. After RTFOT aging
all the modified asphalt binders, especially UP-70, presented
significantly higher values of tensile strength than the control
asphalt binders.

The effect of RTFOT aging on tensile strength is compared in
Figures B-21 and C-21. From these figures it appears that the
Kraton and Styrelf binders do not develop the increase in tensile
strength occurring in the UP-70 and the control binders after RTFOT
aging.

MAXIMUM TRUE TENSILE STRAIN. Addition of Goodyear UP-70 and
Polysar NS-175 significantly increased maximum tensile strain of
the TFA AC-10. However, the Dow, Polybilt, and Styrelf did not
affect the tensile strain significantly. Failure strength for the
binders modified with the Kraton and Styrelf was significantly
higher than the AC-20 control binders. The Crafco binder showed

62



€9

Table 3.6 Summary of Force Ductility Parameters for Unmodified and Polymer-Modified Asphalt Binders.

Parameter ~ TFA TFA TFA TFA TFA  TFA TFA TFA TEXACO TEXACO TEXACO SHAM. FINA FIN FINA
AC-10 AC-10 AC-10 AC-10 AC-10 AC-20 AC-20 AC-20 AC-20 AC-10 AC-10 AC-20 AC-10 AC-10 AC-10
& & & & & & & & & & &
UP 70 ELF NS 175 C107 Polybilt DOW up 70 ELF ELF  3X D1101 6% D1101
Maximum True Stress, psi

before RTFOT 59 84 387 124 130 101 289 174 60 Ie 210 120 289 474 596
(a) (a) (f) (b) (b) (b) (e) (c) (a) (a) (d) (b) (e) (9) (h)
after RTFOT - - - - - - - - 154 522 265 204 456 424 416
(a) (f) (c) (b) (e) (d) (d)
Maximum True Stress Ratio 2.57 6.99 1.26 1.70 1.58 0.8%9 0.70

Maximum True Strain, i1n/in
before RTFOT 2.95 351 2.77 3.53 1.39 2.40 2.46 2.28 2.44 3.73 3.38  2.23 2.94 3.13 2.78

(d) (9) (d) (9) (a) (b,c) (c) (b,c) (b,c) ih) (f) (b) (d) (e) (d)
after RTFOT - - - - - - - - 2.29 3.69 2.77 1.47 2.54 2.62 2.56
(b) (e) (d) (a) (c,d) (d) (d)
Maximum True Strain Ratio 0.94 0.99 0.82 0.66 0.86 0.84 0.92
True Area , psi .
before RTFOT 115 159 404 248 125 121 363 198 83 150 269 136 332 473 347
(b) (d) (i) (f) (b,c) (b,c) Ch) (e) (a) (c,d) (f) (b,c,d) (9) ) (g,h)
after RTFOT - - - - - - - - 181 689 322 163 485 511 364
(a) (e) (b) (a) (d) (d) (c)
True Area Ratio 2.19 4.60 1.20 1.20 1.46 1.08 1.05
Asphalt Modulus, psi
before RTFOT 146 214 227 296 245 326 346 413 242 224 154 472 210 250 115
(a) (b) (b) (c) (b) (c,d) (d) (e) (b) (b) (a) (f) (b) (b) (a)
after RTFOT - - - - - - - - 453 410 248 428 349 390 204
(c) (b,c) (a) (b,c) (b) (b,c) (a)
Asphalt Modulus Ratio 1.87 1.83 1.62 0.91 1.66 1.56 1.77
Asphalt-Polymer Modulus, psi
before RTFOT n/a 89 392 131 50 n/a 205 n/a n/a 105 169 n/a 279 452 819
(b) (9) (c) (a) (e) (b) (d) (f) Ch) (i)
after RTFOT - - - - - - - - n/a 456 232 n/a 400 365 417
(d) (a) (c) (b) (c)
Asphalt-Polymer Modulus Ratio 4.33 1.37 1.43 0.81 0.51

Note: Letters of the same type in parentheses indicate no significant difference exists between binders for a given test parameter
at alpha = 0.05.



the lowest failure strain of 1.39 in/in. After RTFOT all the
modified AC-10 binders showed significantly higher failure strain
than the AC-20 control binders. The effect of aging on failure
strain was compared in Figures B-21 and C-21 by strain ratio before
and after RTFOT aging. These figures indicate the aging had least
effect on the UP-70 binders. The greatest effect was observed for
Shamrock AC-20 binder.

AREA UNDER SBTRESS8-8TRAIN CURVE. Addition of the polymers except
Genstar C-107 increased area under the curve significantly. The
UP-70, Dow, and NS-175 modifiers had relatively 1less effect
compared with Kraton and Styrelf. Area increased by approximately
four times for the Styrelf and doubled for the SBR polymers.

After RTFOT aging all the modified binders presented
significantly greater area than the AC-20 control binders. Similar
to maximum tensile strength, The SBS polymer binders (Kraton and
Styrelf) were affected less than the Goodyear and control binders
(Figs B-21 and C-21). Area increased by about a factor of four for
the Goodyear and by a factor of 1.5 for the Styrelf and Kraton
binders after RTOFT.

ASPHALT MODULUS. Asphalt modulus of the modified AC-10 asphalt
binders were significantly less than that of respective control
AC~20 asphalt binders and significantly greater than the TFA AC-10
asphalt binder. Polybilt-103 did not change the modulus of TFA
AC-20 whereas Dow increased the modulus by 30 percent. Comparison
of asphalt modulus between the binders indicates that Styrelf and
6% Kraton binders had lower modulus of asphalt than UP-70, NS-175
and Crafco C-107 binders. v

After RTFOT the asphalt modulus of the Styrelf with Texaco
and 6% Kraton with Fina were significantly less than the other
modified and the control AC-20 asphalt binders. By examining
Figures B~21 and C-21, it is apparent that the effects of aging on
asphalt modulus for the modified binders were approximately the
same.
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ABPHALT-POLYMER MODULUS. None of the control asphalt binders
demonstrated the presence of an asphalt-polymer modulus. This was
no surprise , since it is believed this secondary increase in load
(see Fig 2.4) is due to the presence of the polymer in the binder.
The Kraton, Styrelf, and Polybilt binders demonstrated
significantly higher polymer-asphalt modulus than the UP-70 and
NS-175. Dow did not show the presence of an asphalt-polymer
modulus.

After RTFOT aging the UP-70 binder showed the highest
asphalt-polymer modulus, followed by the Kraton and Styrelf
binders. Figures B-21 and C-21 show the ratio of asphalt polymer
modulus after and before RTFOT aging. Aging affected the UP-70
binders the most, and the Styrelf and Kraton binders very little.

SCHWEYER RHEOLOGY

Rheological data obtained from the Schweyer constant stress
rheometer were rate of shear in reciprocal seconds and shear stress
in Pascals. The data are presented in Tables A-8, B-8 and C-8 .
Figures A-22 through A-37, B-22 through B-27 and C-22 through C-29
show shear stress-shear rate and apparent viscosity-shear rate
diagrams for the materials used in Districts 15, 11, and 25
respectively. These figures contain shear susceptibility ‘'cC’',
standard error of shear susceptibility 'Se' and coefficient of
correlation 'R'. Values of shear susceptibility, apparent
viscosity at a shear rate of 1 reciprocal second, and apparent
viscosity at constant power input (10° units) are reported in
Tables A-6, A-7, B-6 and C-6.

SBHEAR SUSCEPTIBILITY. Shear susceptibility was measured before and
after RTFOT aging at 39°F, 77°F, 140°F for the modified .and
unmodified asphalt binders used in District 15, and before RTFOT
aging at 39°F, 60°F, 77°F, 90°F, and 140°F for the binders used in
Districts 11, and 25. Shear rates were approximately 0.001 to 0.1,
0.1 to 10, and 10 to 1000 in reciprocal seconds for test
temperatures of 39°F, 77°F, and 140°F respectively. A statistical
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t-test was utilized to compare shear susceptibility values (slope
of shear stress-shear rate diagram) with 1.0. All the binders,
including unmodified asphalt cements, demonstrated non-Newtonian
behavior at all test temperatures since their slopes were
significantly different from 1. The Styrelf modified binders
displayed shear thickening behavior except in one case at 140°F.
The other binders demonstrated shear thinning behavior at all test
temperatures.

A statistical test for parallel slopes was utilized to compare
shear susceptibility. A summary of the effects of polymers,
temperature, and aging on shear susceptibility is shown on Tables
3.7 through 3.9 respectively. Shear susceptibility closer to unity
indicates 1less degree of non-Newtonian behavior (less shear
susceptible). Table 3.7 and Figures A-38 and A-39 indicate the
addition of Dow and Polybilt-103 significantly increased the degree
of non-Newtonian behavior of the TFA AC-20 asphalt binders at all
test temperatures. This trend was observed after RTFOT aging. 1In
addition, most modified AC-10 binders were less shear susceptible
compared with their respective control AC-20 asphalt binders.
Furthermore, an increase of Kraton content from 3 percent to 6
percent in Fina AC-10 significantly increased shear susceptibility
at all test temperature above 60°F.

The effects of aging on shear susceptibility are shown in
Figures A-40 and Table 3.8. It appears that either aged binders
vere significantly more shear susceptible than corresponding
unaged ones, or there was no significant difference.

The effects of temperature on shear -susceptibility are
presented in Table 3.9 and Plotted in Figures A-38, B-28 and C-30.
All binders except 6 percent Kraton displayed higher shear
susceptibility at 39°F than at 140°F. In general, these figures
suggest that as test temperature increased, the non-Newtonian
constant 'C' became closer to unity, showing a decrease in shear
susceptibility.
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Table 3.7 Summary of Shear Susceptibility for Urmodified and Polymer Modified Asphalt Binders

] ] District 15 Il Distriet 1 1] District 25 I
I [[reemmsmeensnse o [{esssmnemmrennsanes []msemmrmeneenneasen e I
I Test Parameter || TFA | TFA TFA TFA TFA  TFA TFA TFA | JTEXACO TEXACO TEXACO |] SWAM. FINA FINA FINA ||
i || AC-10 AC-10 AC-10 AC-10 AC-10 AC-20 AC-20 AC-20 || AC-20 AC-10 AC-10 || AC-20 AC-10 AC-10 AC-10 ||
I I & & & & & & |l & & |l & & & ]
I 1 UP 70 ELF NS 175 C107 Polybilt Dow || w70 ELF || ELF  3X D1101 6X D1101]|
I [ — I I I
| |Shear Susceptibility @ 39 F 1] H ] 1
I Before RTFOT || 0.602 0.747 1.135 0.770 0.535 0.638 0.507 0.511 || 0.646 0.747 1.277 |] 0.490 1,235 0.799 0.777 ||
(1 I (c.d) (b) (8a) (b) (d,e) (¢) (&) ey || (o) (b) (@ || o) (a) (b) ) |
I " H H [
11 after RTFOT || 0.584 0.612 1.213 0.697 - 0.607 0.508 0.485 || - - - - - - - ]
] I () (c) (a) (b) (c) (d) ) || ] 1|
i I i 1 "
| IShesr Susceptibility @ 60 F 1 | | . I
] Before RTFOT I - - - - - - - - ]} 0.804 0.892 1.167 |] 0.696 1.215 0.876 0.828 ||
1] 1 ' Il (© () (& [| (d (&) (b) « ||
" I 1] ] I
| |Shesr Susceptibility @ 77 F i 1] 1 I
| Before RTFOT || 0.879 0.816 1.069 0.858 0.678 0.778 0.627 0.519 || 0.804 0.803 1.152 || 0.664 1.076  0.889 0.772 ||
] Il ¢(b) (c) (a) (b) (e) (d) (f) (@ |l (b) (® || D (s) (b) ) |l
I I : I I I
1 after RTFOT 1] 0.796 0.720 1.156 0.764 - 0.715 0.614 0.4856 || - - - - - - - I
| Il ¢ () (&) (o) d (e || I I
i i | i H
| |IShear Susceptibility @ 90 F {1 : 1] ] ]
1 Before RTFOT i - - - - - - - ~ ]} 0.830 0.79% 1.131 |] 0.761 1.089  0.886 0.809 ||
I ] H o (b) (a) || (o) (8) (b) ) ||
N 11 " " I
| |Shear Susceptibility @ 140 F || 1] 1 1]
1 Before RTFOT || 0.938 0.952 1.019 0.967 0.699 0.840 0.713 0.777 || 0.832 0.880 0.971 || 0.894 1.018 0.885 0.772 ||
] I < (c) (a) (b) f) (d) f) @ || (e (b) () || (b (s) (b) ) |l
I " [ " "
] after RTFOT || 0.850 0.856 1.016 0.913 - 0.803 0.623 0.690 || - - - 1. - - - 1]
I Il € ) <¢ay (b) () @ || I I
I I I i i

Note: Letters of the same type in parentheses within a district indicate no significant difference exists between binders for s given test parameter

at alpha = 0.05



89

Table 3.8 Effect of Aging by RTFOT on Shear Susceptibility for Unmodified and Modified Asphalt Binders.

I Binder 1| Shear Susceptibility I Shear Susceptibility H Shear Susceptibility

[ =ssemmemmnemneeneas | | [
|| Asphalt Polymer | |Before RTFOT After RTFOT ||Before RTFOT After RTFOT ||Before RTFOT After RTFOT
I I I [

I I H I

I ] Test Temperature 39 F || Test Temperature 77 F || Test Temperature 140 F
1 I H ]

|| TFA AC-10 - |l 6.024€-01 5.836E-01 || 8.786E-01 7.957e-01 || 9.378E-01 8.498E-01
1 Il @ (a) T (b) T )) (b)

H I [ H

|ITFA AC-10  Goodyear UP 70 || 7.470€-01 6.116E-01 || 8.159E-01 7.200E-01 || 9.518E-01 8.563£-01
I I @ (b) Il @ (b) i1 ¢ (b)

I 1 I 1

|ITFA AC-10  Styrelf-13 {l 1.135E+00 1.213e+00 || 1.069E+00 1.156E+00 || 1.019E+00 1.016€+00
I I (b) (a) I (b) (a) I (a) (a)

I I I I

[ITFA AC-10  Polysar NS 175 || 7.699€-01 6.968€-01 || 8.576E-01 7.637€-01 || 9.670E-01 9.128€-01
M I @ (b) [ I @ (b)

I I ] I

[ITFA AC-10  Genstar C107 || 5.349€-01 - [| 6.778€-01 - Il 6.990€-01 -

I I ] ]

1l I I I

[ITFA AC-20 - Il 6.376E-01 6.067E-01 || 7.778E-01 7.154E-01 || 8.400E-01 8.034E-01
I I @ (a) H @ (b) I a)

I I [ I

|[TFA AC-20 Polybilt 103 || 5.070E-01 5.075E-01 || 6.269E-01 6.143E-01 || 7.133E-01 6.226€E-01
" [l <cay (a) TG (a) [l ¢ by

I ] I I

||TFA AC-20 Dow || 5.107e-01 4.853E-01 || 5.189E-01 4.863E-01 || 7.773E-01 6.899€-01
i H @ (a) Il ca (a) T C)) (b)

Note: Letters of the same type in parentheses within a test temperature indicate no significant difference

shear susceptibility before and after RTFOT at alpha = 0.05

exists between



Table 3.9 Effect of Test Temperature on Shear Susceptibility for Unmodified and Modified Asphalt Binders.

1 Binder I Shear Susceptibility

R Rttt S AR AL EEELLE DR
|| Asphalt Polymer (| 39°F 60 F 77 F 90 F 140F || 39°F 60 F 77 F 90 F 140 F
[ [ I

[ 1 before RTFOT I after RTFOT

I I eaeseageanes N e

[|TFA AC-10 - [| 0.602 - 0.87%9 - 0.938 || 0.58 - 0.79% - 0.850
i TG (b) @ || © (b) (a)
1 [ [

{|TFA AC-10  Goodyear UP 70 || 0.747 - 0.816 - 0.952 || 0.612 - 0.720 - 0.856
i Ho < (b @ || (© (b) (a)
[ [ ]

|ITFA AC-10  Styrelf-13 Il 1.135 - 1.069 - 1.019 || 1.213 - 1.156 - 1.016
1 [l ¢ (b) @ } (© (b (a)
1 1 I

[ITFA AC-10  Polysar NS 175 || 0.770 - 0.858 - 0.967 || 0.697 - 0.764 - 0.913
{1 Il <) (b) (a) ] (c) (b) (a)
I I I

JITFA AC-10  Genstar C107 || 0.535 - 0.678 - 0.6% || - - - - -

[ [l b (a) @ |

11 [ [

| |TFA AC-20 - [| 0.638 - 0.778 - 0.840 || 0.607 - 0.715 - 0.803
T TG (b) @ || < (b) (a)
1 I ]

|{TFA AC-20 Polybilt 103 || 0.507 - 0.627 - 0.713 || 0.508 - 0.614 - 0.623
1 [l ¢ (b @ || (a) a)
i i [

||TFA AC-20 Dow [| 0.511 - 0.519 - 0.777 || 0.485 - 0.486 - 0.690
1 T {-)] (b) (@ || «® (b) (a)
ll [ [

| |Texaco AC-20 [| 0.646 0.804 0.804 0.830 0.832 || - - - - -

1 11 (b (a) (a) (a) (@ ]

K [ [

||Texaco AC-10 Goodyear UP 70|| 0.747 0.892 0.803 0.794 0.880 || - - - - -

{1 Il (b) (a) (b) (b) (a) i

1 [ [

{|Texaco AC-10 Styrelf-13 || 1.277 1.167 1.152 1.131 0.971 || - . - - .

1 O] (b) (b) (b) «© |l

[ H [

} |Shamrock AC-20 [| 0.490 0.696 0.664 0.761 0.89% || - - - - -

T TG ) &) (b) @ |

I i i

| |Fina AC-10 Styrelf-13 || 1.235 1.215 1.076 1.089 1.018 || - - - - -

I Il (& (a) (b) (b) )y ||

1 I [

||Fina AC-10 3X Kraton D1101|| 0.799 0.876 0.889 0.886- 0.885 || - - - - -

i Il ¢b) (a) (a) (a) ) |l

1 I [

||Fina AC-10 6X Kraton D1101]| 0.777 0.828 0.772 0.809 0.772 || - - - - -

i 11 (b (a) (b) (a,b) () |l

Note: Letters of the same type in parentheses indicate no significant difference exists between test temperatures

at alpha = 0.05
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CONSTANT POWER VIBCOBITY. Figures A-22 through A-37, B-22 through
B-27 and C-22 through C-29 show that computing apparent viscosity
for a fixed shear rate of 1 reciprocal second for the modified and
unmodified asphalt binders necessitates excessive extrapolation of
the data at either of the extremes of temperature. Therefore, the
method of constant power input which offers the advantage that very
little or no extrapolation of data is necessary was utilized. A
constant power of 100 W/mP (trxy= 105) was chosen as convenient.
The power constant viscosity values at three test temperatures for
the aged and unaged materials used in District 15, and at five test
temperatures for the unaged materials used in Districts 11, and 25
are presented in Table 3.10 and plotted in Figures A-41, B-27 and
C-29. Figure A-41 indicates addition of polymer to the TFA AC-10
increased constant power viscosity at all test temperatures.
However the trend is not the same for the TFA AC-20 asphalt
cements. Figures B-27 and C-29 show that the modified Fina and
Texaco AC-10 asphalt binders showed higher apparent viscosity than
the respective controls. A

It was desirable to compare absolute viscosity at 140°F test
temperature obtained by the capillary tubes (ASTM D2171) with
apparent viscosity obtained on the Schweyer constant stress
rheometer at shear rates occurring in tube viscometers. Table 3.11
shows the comparison of absolute viscosity and apparent viscosity
at the same shear rate. This indicates there is no significant
difference between viscosity values obtained by different
viscometers if they are measured at the same rate of shear and very
little or no extrapolation of data is made.

To evaluate the degree of temperature susceptibility of the
binders, power constant viscosity vs. absolute test temperature are
plotted in semilogarithmic scale. The slope of the straight line
resulting from such a plot is a measure of temperature
susceptibility of the power constant viscosity. Power constant
viscosity - test temperature relationships for the aged and unaged
materials used in District 15 are shown in Figures A-44 through
A-47. These relationships for unaged materials used in Districts
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Table 3.10 Summary of Constant Power Viscosity for Ummodified and Modified
Asphalt Binders.

| Binder Constant Power Viscosity

|
I
|
| before RTFOT
|
|

TFA AC-10 - 2.760E+07 - 1.123E+05 - 9.651E+01
[
|TFA AC-10  Goodyear UP 70  3.736E+07 - 2.143E+05 - 1.256€E+02

I
|ITFA AC-10  Styrelf-13 7.610E+07 - 5.844E+05 - 3.691E+02

l
|TFA AC-10  Polysar NS 175  6.072E+07 - 2.289E+05 - 1.236E+02
I
]TFA AC-10  Genstar C107 6.464E+07 - 4.518E+05 - 1.003e+03

I
|TFA AC-20 - 7.183E+07 - 3.343E+05 - 1.731E+02

|
|TFA AC-20 Polybilt 103 1.007e+08 - 3.599E+05 - 2.738E+02

I
|TFA AC-20 Dow 5.759E+07 - 7.548E+05 - 3.683E+02
I
| Texaco AC-20 5.126E+07 2.854E+06 3.699E+05 7.854E+04 1.949E+02

|
|Texaco AC-10 Goodyear UP 70 6.359E+07 2.519E+06 2.634E+05 5.046E+04 2.090E+02

I
|Texaco AC-10 Styrelf-13 4.014E+07 7.308E+06 3.945E+05 5.694E+04 2.891E+02

I
|Shamrock AC-20 7.153E+407 3.372E+06 2.871E+05 5.491E+04 1.680E+02

I
|Fina AC-10 Styrelf-13 5.839E+07 8.621E+06 5.003E+05 7.223E+04 3.077E+02

I
|Fina AC-10  3X Kraton D1101 4.692E+0B 8.506E+06 6.009E+05 9,.326E+04 6.016E+02

| :
|Fina AC-10  6X Kraton D1101 4.667E+08 7.754E+06 &.969E+05 9.921E+04 6.500E+02

| after RTFOT

I .............
|TFA AC-10 - 6.993E+07 - 4 .034E+05 - 2.533E+02

I
ITFA AC-10  Goodyear UP 70  1.309€+08 - 6.826E+05 - 3.683E+02

I
[TFA AC-10  Styrelf-13 2.300E408 - 1.488E+06 - 6.220E+02

I
|TFA AC-10  Polysar NS 175 9.859E+07 - 7.168E+05 - 3.771E+02

|TFA AC-10  Genstar C107 - - - - -
I
|TFA AC-20 - 2.443E+08 - 1.504E+06 - 5.304E+02

|
|TFA AC-20 Polybilt 103 1.104E+08 - 1.175E+06 - 1.160E+03

I
|TFA AC-20 Dow 7.906€+07 - 1.678E+06 - 1.672E+03
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Table 3.11 Comparison of Viscosity at 140 F between Cannon Manning Viscometer
and Schweyer Constant Stress Rheometer.

| Binder Rate of Vis. 140 F, poises Vis. 140 F, poises
R LR L L LR L LS L L s Shear  ==----eecsceecsecnen cecineocicnicieaios
| Asphalt Polymer 1/sec Cannon Manning Constant Stress

| Viscometer Rheometer

I

I before RTFOT

' ...............

| :

| TFA AC-10 - 4.60 1131 1089
|

|TFA AC-10  Goodyear UP 70 8.17 1311 1333
| .

[TFA AC-10  Styrelf-13 4.15 . 3332 3597
I

|TFA AC-10  Polysar NS 175 11.39 1318 1274

|TFA AC-10 Genstar C107 - - -

I : :
|TFA AC-20 - 7.20 2087 2099

I
[TFA AC-20  Polybilt 103 8.44 3296 3461

|TFA AC-20 Dow 2.89 5198 5428

I
|Texaco AC-20 4.61 2375 2546

|
|Texaco AC-10 Goodyear UP 70 5.88 2330 2448

|
|Texaco AC-10 Styrelf-13 4.54 3060 3011

|
|Shamrock AC-20 5.72 1998 1959

I
[Fina AC-10  Styrelf-13 5.00 2770 3007

|Fina AC-10 3% Kraton D1101 1.70 8127 7592

|Fina AC-10 6% Kraton D1101 - - -

| after RTFOT

|TFA AC-10 - 4.60 3000 3156
ITFA AC-10  Goodyear UP 70 7.10 3932 4157
{TFA AC-10  Styrelf-13 4.41 6331 6114
{TFA AC-10  Polysar NS 175 7.39 3780 4040

|
|TFA AC-10  Genstar €107 ' - - -

[TFA AC-20 - 2.03 7401 724
I .

[TFA AC-20  Polybilt 103 1.06 26266 26312
|

|TFA AC-20 Dow 0.88 31592 32815

I
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11, and 25 are shown in Figures B-28 and C-30. The coefficients of
correlation of fitted lines resulting from the data range from .99
to 1.0. This confirms a good linear relationship between log power
constant viscosity and absolute test temperature.

A statistical analysis was performed to confirm whether the
viscosity temperature susceptibilities (slopes) are different from
one another. A summary of the test results is shown in Table 3.12,
The results indicate no significant difference in the viscosity
temperature susceptibility was observed between the materials
within the same district. Furthermore, Table 3.13 shows that aging
the modified and unmodified TFA asphalt binders did not have any
significant effect on viscosity temperature susceptibility.

COMPATIBILITY

Figure 3.11 presents the results of storage stability test for
binders used in Districts 15, 11, 25 and 10. As shown in this
figure, there was no substantial difference in penetration between
the top and bottom of the samples except for the Dow and Polybilt
blends. This may indicate that TFA AC-20 is not completely
compatible with the Dow and Polybilt polymers. A note should be
added here that the Dow blend also did not demonstrate the presence
of asphalt-polymer modulus in the force ductility test. Some
researchers believe that the presence of asphalt-polymer modulus is
due to presence of the polymer in binders.
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Table 3.7 Summary of Shear Susceptibility for Unmodified and Polymer Modified Asphalt Binders

I District 15 I District 11 1 pistrict 25 I

[ -ersormrmemmmrcensnnaec eoreneane s R R —— I

Test Parameter || TFA TFA TFA TFA TFA  TFA TFA TFA ||TEXACO TEXACO TEXACO || SHAM. FINA FINA FINA 1
[| AC-10 AC-10 AC-10 AC-10 AC-10 AC-20 AC-20 AC-20 || AC-20 AC-10 AC-10 || AC-20 AC-10 AC-10  AC-10 ||

0 & & & & & & || & & || & & T

I UP 70 ELF NS 175 C107 Polybilt DOW || UP 70 ELF || ELF 3% D1101 6% D1101{|

I 1 [ [}

| [Temperature Susceptibility || I ] I
Before RTFOT ||-0.096 -0.097 -0.095 -0.101 -0.085 -0.098 -0.098 -0.093 0 -0.096 -0.097 -0.095 ||-0.100 -0.097 -0.103 -0.102 O

I ¢ (a) (a) (a) (a) (a) (a) (a) || (&) (a) ta) || (a (a) (a) (a) ||

I 1! 1 I

after RTFOT ]|-0.097 -0.099 -0.105 -0.096 -0.401 -0.089 -0.084 || - - - I - - - - I

Il (a) (a) (a) (a) (a) (b) (by || ] I

Note: Letters of the same type in parentheses within a district indicate no significant difference exists between binders for a given test parameter

at alpha

0.05



Table 3.13 Effect of Aging by RTFOT on Viscosity Temperature
Susceptibility for Unmodified and Modified Asphalt Binders.

I Binder 1 Temperature Susceptibility I
[ omessenmes smmeeneannes | -ocseemesemnes e I
|1 Asphalt Polymer | |IBefore RTFOT After RTFOT I
1 ) I
1 I [
11 TFA AC-10 - N -0.096 -0.097 ||
I i (a) (a) ||
I [ I
|ITFA AC-10  Goodyear UP 70 || -0.097 -0.099 ||
1 I (a) a) ||
I [ [
[[TFA AC-10  Styrelf-13 I -0.095 -0.105 ||
H [ (a) a) ||
} [ I
JITFA AC-10  Polysar NS 175 || -0.101 -0.096 ||
i 1] (a) (a) ||
I I I
| [TFA AC-10  Genstar C107 1 -0.085 -
Il [ [
1 [ I
[|[TFA AC-20 - [ -0.100 -0.101 ||
[ I (a) ) ||
g} I i
||TFA AC-20  Polybilt 103 || -0.098 -0.089 ||
I H (a) (a) ||
I I I
||TFA AC-20 Dow I -0.093 -0.084 ||
i i (a) a) |]

I i i

Note: Letters of the same type in parentheses indicate no
significant difference exists between temperature
susceptibility at alpha = 0.05
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CHAPTER 4

ANALYSIS OF TEST RESULTS ON UNMODIFIED AND MODIFIED MIXTURES

Results of laboratory tests conducted on unmodified and
polymer-modified mixtures used in Districts 15, 11, 25 and 10 are
listed and illustrated in Appendices A, B, C and D respectively.
Summaries of certain test results for unmodified and modified
mixtures prepared in the laboratory are presented in Tables 4.1 and
4.2.

Where appropriate, analysis of variance (ANOVA) techniques
were utilized to determine if significant differences exist between
control and modified asphalt mixtures for each test parameter. 1In
each case when a significant difference was indicated, the
Newman-Keul multiple range test (Ref 18) was used to determine
which means were significantly different. The lower case letters
in parentheses in Tables 4.1 and 4.2 indicate whether means are
significantly different. Letters of the same type for each
parameter indicate no significant difference in means at alpha =
0.05. In this chapter individual engineering properties for
laboratory mixtures are discussed. Furthermore a comparison
between plant mixture (plant-mixed/laboratory-compacted mixtures)
properties and laboratory mixture (laboratory-mixed/laboratory-
compacted mixtures) properties is made.

EVALUATION OF LABORATORY MIXTURES (STANDARD COMPACTION)

A standard compaction specimen would normally produce 3
percent air voids in the mixtures containing optimum asphalt
content. Engineering properties measured for laboratory prepared
mixtures utilized in Districts 15, 11, 25 and 10 using standard
compactions are as follows:

e Marshall Stability and Flow at 140°F
e Hveem Stability at 140°F
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Table 4.1 Engineering Properties of Laboratory Mixed / Laboratory Compacted Mixtures Using Standard Compaction

District 15

District 11 |

Note: Letters of the same type in parentheses within a district indicate no significan
between mixtures for a given test parameter at alpha

78

0.05

[ I
[ |
¥ Test Parameter TFA TFA | |[TEXACO |

1 AC-10 UP 70 Styrelf NS 175 C107 AC-20 Polybilt Dow || AC-20 UP 70 Styrelf||
I [ 1
| |[Marshall Stability, lb 1044 2305 2056 1591 1985 2750 2412 || 2303 2722 2339 ||
I (a) (d) (c) (b) (c) (e) || @ (b) (a) ||
1 [ ' [
| IMarshall Flow, 0.01 in 9.5 12.7 13.0 1.7 12.0 12.0 9.8 || 12.0 13.7 12.8 ||
I (a) (b,0) )y (b (be) (b,c) (|| ¢a) (b (a,b) ||
1 [ [
| [Hveem Stability, X 41 41 44 41 43 47 51 || 43 41 42 ]
1] (a) (a) (a,b) (a) (a) (b) @ || < (a  (a) |]
[ [ [
||Tensile Strength 378 391 483 388 464 439 48T || 452 486 530 ||
||at 39 F, psi (a) (@) (cy (& (b,o) b |} @ (b (||
I 1 1
| |Tensile Strength 64 104 132 96 128 133 137 || 117 152 126 ||
||at 77 F, psi (a) (b) ) (b) (c) () (|| (a (c) (b) |]
I I 1
||Tensile Strength 19 46 ® 36 52 61 64 || 40 4 37|
||at 104 F, psi (a) ) (c,d) (b) (d (e) (e || (a (b) (a) ||
[ I [
||Tensile Strain 0.37 0.25 0.36 0.28 0.10 0.21 0.19 || 0.25 0.21 0.53 ||
|lat 39 F, X (d) ) (d () (a) (b) () || (a) (a) (b ||
I [ I
||Tensile Strain 0.97 0.85 1.17 0.90 0.64 0.49 0.39 || 1.07 1.20 1.53 ||
|lat 77 F, X (c,d) (c) (d) (c) (b) (a,b) (@ [| (&) (b) ) ||
H [ [
[|Tensile Strain 1.06  1.05 1.46 1.13 0.8  0.71 0.45 || 1.064 1.23 1.53 ||
||at 104 F, % (d) (d) (e) (d) (c) (b) (a8 || (& (b) ) ||
[ I [
| |Secant Modulus 209 316 270 281 902 428 523 || 355 469 205 ||
[|at 39 F, ksi (a) (&) (a) (&) (©) b || b ) (@ |[]
1l H H
| ISecant Modulus % 25 3 22 40 5 7T 22 26 17|
[lat 77 F, ksi (a) (b) (b) (b () (d @} ® ((© ()}
1 I [
| |Secant Modulus 4 9 7 [ 12 17 29 || 8 8 5]
|jat 104 F, ksi (a) (a,b) (a) (a) (b) (c) ) |l (b) (b) (a) ||
i 1 [
| |Resilient Modulus 1512 1384 2231 1394 2121 1651 1076 || 667 952 651 ||
|1at 39 F, ksi (a,b) (a,b) (b) (a,b) (b) (a,b) (a) |] (& (a) (a) ||
I [ [
| |Resilient Modulus 337 420 434 467 550 547 646 || 232 353 213 ||
{lat 77 F, ksi (a) (a,b) (a,b) (b,c) (c) (c) || @ (b) (a) |

I I [
| IResilient Modulus 107 168 193 165 239 289 239 || 86 102 69 ||
|lat 104 F, ksi (a) (a,b) (a,b,c) (a,b) (b,c) () b,y || (2 (a) (a) ||
" [ 1
| |Poisson’s Ratio at 39 F - - - - - - = Il 0.17 0.01 0.16 ||
[ H I
| |[Poisson’s Ratio at 77 F - - - - - - <= |] 0.26 0.20 0.25 |}
I M [
| |Poisson’s Ratio at 104 F - - - - - - = |l 0.44 0.40 0.32 ]

il 1| f

t

difference exists



Table 4.1 (Continued)

| District 25 1] District 10 |

Test Parameter TOTAL

AC-20 UP-70 Styrelf POLYBILT 3% D1101

Marshall Stability, lb 2400 3182 3136 3513 1359 955 1305 987 880
(a) (b) (b) (c) (b) (a) (b) (a) (a)
Marshall Flow, 0.01 in 14.7 17.3 16.3 18.7 10.3 10.0 10.3 9.5 9.7
(a) (b) (b) (c) (a) (a) (a) (a) (a)
Hveem Stability, X 43 43 43 43 45 45 45 43 42
(a) (a) (a) (a) (a) (a). (a) (a) (a)
Tensile Strength 569 684 625 512 446 489 516 396 454
at 39 F, psi (b) (d) (c) (a) (b) (c) (c) (a) (b)
Tensile Strength 121 176 168 132 135 108 149 3 83
at 77 F, psi (a) (c) (¢) (b) (c) (b) (d) (a) (a)
Tensile Strength 38 61 58 51 39 26 39 19 19
at 104 F, psi (a) (c) (c) (b) (c) (b) (c) (a) (a)

Tensile Strain
at 39 F, %

0.22 0.46 0.36 0.93
(a) (c) (b) (d)

0.24 0.22 0.28 0.55 0.47
(a) (a) (a) (c) (b)

0.87 1.64 1.24 2.41

I

|

I

I

I

I

I

I

I

I

|

I

I

I

I

I

I

I

I

I

I

I

I

|

Tensile Strain | 1.14 1.48 1.58 1.10 1.46
(a) ) (b) (d) |
I
|
I
I
I
I
I
I
I
I
|
I
I
I
|
I
|
I
I
I
I
I
I
|
I
I

I
|
I
[
I
I
I
I
I
I
I
I
|
|
|
!
|
I
I
I
I
!
I
I
I
I
I
|at 77 F, %
|
[
I
|
I
I
I
I
I
!
I
I
I
|
I
I
I
|
I
I
I
I
Il
I
I
|
I
l

(a) (b) (b) (a) (b)
Tensile Strain 1.25 2.10 1.96 3.45
at 104 F, % (a) (b) (b) (c) (a) (b) (c) (a) (c)
Secant Modulus 525 297 348 110 378 441 372 146 195
at 39 F, ksi (d) (b) (c) (a) (c) (d) (c) (a) (b)
Secant Modulus 27 21 27 1 23 15 19 13 11
at 77 F, ksi (c) (b) (c) (a) (c) (a,b) (b) (a) (a)
Secant Modulus 6 6 6 3 7.2 3.5 4.3 33 2.1
at 104 F, ksi (b) (b) (b) (a) (d) (b) (c) (b) (a)
Resilient Modulus 1067 1032 933 663 2588 1490 2097 1934 3708
at 39 F, ksi (b) (b) (a,b) (a) (a,b) (a) (a) (a) (b)
Resilient Modulus 319 296 316 169 873 455 553 428 351
at 77 F, ksi (b) (b) (b) (a) (¢) (a,b) (b) (a,b) (a)
Resilient Modulus 101 80 gl 62 m 103 143 115 95
at 104 F, ksi (b) (a,b) (a) (a) (a) (a) (a) (a) (a)

Poisson’s Ratio at 39 F 0.16 0.19 0.17 0.26

Poisson’s Ratio at 77 F 0.30 0.33 0.30 0.32 0.1 0.49 0.37 0.43 0.41

Poisson’s Ratio at 104 F 0.44 0.53 0.60 0.46 || - - - - -

— — — — — — — —— — — — — — — o — i S, S — — — — — — f— T — . o it S — —— — — — ———  f— — — ——— —— ——— — — .
— —— —— — —— — — L ——— —— —— — o o e St e o e e i e et i e, i W W— i S e e W e o e e s

I
!
I
I
I
I
I
I
I
I
I
I
I
|
I
I
I
I
I
I
I
I
|
I
I
I
[
.08  1.55  1.82  1.14  1.80 |
I
I
I
I
|
I
I
I
I
I
I
I
|
I
I
I
I
I
|
I
I
I
I
I
I
|

Note: Letters of the same type in parentheses within a district indicate no significant difference exists
between mixtures for a given test parameter at alpha = 0.05
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Table 4.2 Engineering Properties of Laboratory Mixed / Laboratory Compacted Mixtures Using Modified Compaction

I I pistrict 15 I pistrict 11 |
I [ =mmmemm e R — |
] Test Parameter Il TFA TFA | TEXACO

N ]| AC-10 UP 70 Styrelf NS 175 C107 AC-20 Polybilt Dow AC-20 UP 70 Styrelf
I

I

Marshall Stability, lb 500 878 845 1070 953 1072 1067 1067

908 951 684

(a) (b) (b) (b) (b) (b) (b) (b) (b) (b) (a)

8.2 12.0 135 12.2 263 1.2 10.8 9.8
(a) (c,d) (d) (c,d) (e) (b,e) (b,c) (b)

Marshall Flow, 0.01 in 13.7 15.7 16.0

(a) (b) (b)

Hveem Stability, % 37 33 35 40 37 41 38 39

(a,b,c) (a) (a,b) (c) (a,b,c) (c) (b,c) (b,c)

38 35 33

I
!
I
l
I
I
I
I
I
I
I (b () (a)

|at 39 £, psi

Tensile Strength 318 285 319 286 112 320 284 305

(b) (b) (b) (b) (a) (b) (b) (b)

303 363 304
(a) (b) (a)

|
|Tensile Strength
|at 77 F, psi

52 67 76 70 36 79 80 74
(b) () (c,d) (c,d) (a) (d) ) (c,d)

70 84 64
(b) (c) (a)

13 24 25 28 15 32 3 36
(a) (b) (b) (b,e) (&) (c,d) (c,d) (d)

20 20 15
(b) (b) (a)

|
|Tensile Strength
|at 104 F, psi

I
|Tensile Strain
|at 39 F, %

0.37 0.30 0.50 0.32 0.56 0.18 0.19 o0.21
(c) (b) (d) (b) (e) (a) (a) (a)

0.36 0.35 0.73
(a) (a) (b

|
|Tensile Strain
lat 77 F, %

1.07 0.94 1.38 0.90 1.80 0.55 0.55 0.36
(d) (c) (e) (c) f) (b) (b) (a)

1.28 1.51 2.15
(a) (b) (c).

I I
A I
1 I
I |
Il I
1 I
I I
I I
[l |
I I
[ I
i I
I |
I |
I I
b I
i |
I I
I I
I I
1 I
I I
I I
N |
i |
| II :
|Tensile Strain 1.01  1.34 1.92 1.05 2.73 0.79 0.78 0.43 || 1.31 1.58 2.43 |
| (b,c) (d) (e) €c) f) (b) (b> (a) || ¢ (b) ) |
I I

I I

[ I

[ I

I |

I I

I |

1 I

l I

I I

I |

I I

H I

I I

1 I

I |

I I

] I

1 I

I I

I |

I |

Il I

H I

| !

|
|
|
|
|
|
I
|
|
|
|
I
|
I
|
|
|
|
|
|
|
|
|
|
|
|
at 104 F, X }
|
|
|
|
I
|
|
|
|
|
|
|
|
|
|
|
|
|
|
I
|
|
|
|

Secant Modutus
at 39 F, ksi

177 191 127 183 40 350 302 298
(b) (b) (b) (b) (a) (¢c) (c) (c)

172 206 83
(b) (b) (a)

Secant Modulus
at 77 F, ksi

9.8 14.3 11.0 15.7 4.0 29.2 29.5 41.2
(b) (b,c) (b,c) (c) (a) ) (d) (e)

1.0 1.1 5.9
(b (b (a)

Secant Modulus
at 104 f, ksi

2.6 3.6 2.6 5.3 1.1 8.1 8.0 16.8
(b (b) (b) ) (a) (d) () (e)

3.0 2.6 1.2
(c) (b) (a)

Resilient Modulus
at 39 F, ksi

1236 1132 1414 907 428 1217 1497 903
(b,c) (b,c) (b,c) (b) (a) (b,0) (c) (b)

623 615 564
(a) (a) (a)

Resilient Modulus
at 77 F, ksi

212 327 284 352 131 352 414 475
(a) (b,c,d) (b,c) (b,c,d) (a) (b,c,8) (c,& ()

138 209 115
(a) Ca) (a)

Resilient Modulus
at 104 F, ksi

89 160 104 150 n 190 149 207
(a,b) (b,c) (a,b) (b,c) (a) (c) (b,c) (c)

81 70 53
(a) (a) (a)

Poisson’s Ratio at 39 F 0.06 0.1 0.07

Poisson’s Ratio at 77 F 0.31 0.22 0.29

Poisson’s Ratio at 104 F 0.5 0.36 0.40

—— ——— — — ———— ———— ——— ———— — — ————— — — —— —— ——— — i — T —— ——————— — ———— ——

|
I
I
I
!
|
I
I
I
I
|
I
I
I
I
l
I
|
I
|
I
|
I
!
I
I
I
I
|
I
|
I
I
[
I
I
I
I
I
|
I
|
|

I
I
|
I
I
!
I
|
|
|
|
I
I
I
|
I
|
!
|
I
I
I
|
|
I

I
Note: Letters of the same type in parentheses within a district indicate no significant difference exists
between mixtures for a given test parameter at alpha = 0.05
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Table 4.2 (Continued)

| District 25 1 District 10

Test Parameter

AC-20 styrelf 3% D1101 6% D1101 AC-20 UP-70  styrelf POLYBILT 3X D1101

Marshall Stability, lb 1179 1644 1646 1462

(a) (b) (b)y . (b)

493 525 533 227 491
(b) (b) (b) (a) (b)

Marshall Flow, 0.01 in 16.3 20.3 20.0 22.7 10.8 11.7 14.0 11.3 12.8

(a) (b) (b) () (a) (a,b) «©) (a,b) (b)
Hveem Stability, X . 36 36 36 33 35 36 36 34 35

(b) (b) (b) (a) (a) (a) (a) (a) (a)
Tensile Strength 399 467 414 286 332 435 397 273 374
at 39 F, psi (b) (c) (b) (a) (a,b) (c) (b,c) (a) (b,c)
Tensile Strength 88 123 98 80 86 a'd 100 37 60
at 77 F, psi (a,b) (o) (b) (a) () ) (d) (a) (b)
Tensile Strength 27 42 3 28 21 18 20 8 1
at 104 F, psi (a) (b) (a) (a) (d) (c) d) (a) (b)

0.28 0.40 0.41 1.03
(a) (b) (b) (c)

Tensile Strain
at 39 F, %

0.23 0.22 0.25 0.75 0.62
(a) (a) (a) (] (b)

|

|

|

|

|

|

|

|

I

|

|

I

|

|

|

|

|

|

|

|

I

|

|

|

| 0.58 1.76 1.84 3.38 1.23 1.33 2.25 1.33 1.79
| (a) (b) (c) ) (a) (a) (c) (a) (b)
|
I
|
|
|
|
I
|
|
|
|
|
|
[
|
|
|
|
|
|
I
|
|
|
|
|
|
I

Tensile Strain 1.59 1.53 2.88 1.32 2.10

at 104 F, X (a) (b) (c) (d) (a) (a) (c) (a) (b)
Secant Modulus 293 231 204 55 299 395 317 72 121
at 39 F, ksi (c) (b) (b) (a) (b) (c) (b) (a) (a)
Secant Modulus 20.1 14.0 10.7 4.7 14 12 9 -] 7
at 77 F, ksi (d) (c) (b) (a) (c) (c) (b) (a) (a,b)
Secant Modulus 4.2 3.7 2.5 1.5 2.6 2.4 1.4 1.3 1.0
at 104 F, ksi (d) (c) (b) (a) (b) (b) (a) (a) (a)
Resilient Modulus 758 579 728 573 2120 1827 2643 1238 2064
at 39 F, ksi (a) (a) (a) (a) (b) (a,b) (b) (a) (b
Resilient Modulus 313 254 221 98 394 495 425 270 405
at 77 F, ksi (b) (b) (b) (a) (8) (a) (a) (a) (a)
Resilient Modulus 117 60 51 46 174 119 95 132 145
at 104 F, ksi (b) (a) (a) (a) (a) (a) (a) (a) (a)

Poisson’s Ratio at 39 F 0.03 0.15 0.17 0.21

Poisson’s Ratio at 77 F 0.18 0.21 0.24 0.41 0.44 0.32 0.43 0.36 0.36

Poisson’s Ratio at 104 F 0.26 0.54 0.51 0.40

i |
| |
| | |
| | I
| | |
| | |
| | |
| | |
| | |
| | |
I | [
{ | |
| | |
I | |
| | |
| | |
| I I
| | |
[ | |
I | |
| | |
| | I
| | |
I I |
| | |
[ | |
|Tensile Strain | |
lat 77 F, X | |
| | I
] ] 1.27 2.28 2.49 3.85 )
| | I
| | I
| | |
I | |
| | |
| | I
| | |
I | |
[ | |
| | |
I I |
I I |
| | |
| | |
| | |
| | |
| | |
| | |
| | |
| | |
| | |
| | |
| | |
I | [
[ | |
I

Note: Letters of the same type in parentheses within a district indicate no significant difference exists
between mixtures for a given test parameter at alpha = 0.05
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e Tensile Strength at 39°F, 77°F and 104°F

* Tensile Strain at Failure at 39°F, 77°F and 104°F
¢ Secant Modulus at 39°F, 77°F and 104°F

* Resilient Modulus at 39°F, 77°F and 104°F

e Poisson's Ratio at 39°F, 77°F and 104°F

Marshall Stability and Flow

Results of Marshall stability are shown in Table 4.1 and
plotted in Figure 4.1. Table 4.1 contains average values of the
Marshall stability and flow obtained from three replicate tests
conducted for each material. The modified mixtures containing TFA
AC-10 and TFA AC-20 exhibited significantly higher values of
Marshall stability than their respective control mixtures. In
District 11 Marshall stability of the UP-70 mixture was
significantly higher than the control (Texaco AC-20) mixture, and
no significant difference was observed between the Styrelf and the
control mixtures. The modified Fina AC-10 mixture in District 25
exhibited a significantly higher value of Marshall stability than
the control mixture (Shamrock AC-20). In District 10 the modified
AC-10 mixtures generally showed lower values of Marshall stability
than the control mixture (Total AC-20). It appears that addition
of the polymers to the asphalt cements increases Marshall stability
of the mixtures. The Kraton at 6 percent, UP-70, and Styrelf
exhibited the greatest improvement.

Marshall flow values are shown in Table 4.1 and plotted in
Figure 4.2. Figure 4.2 shows that addition of polymer to the TFA
AC-10 significantly increased the Marshall flow of the mixtures;
however, this trend was not observed for the TFA AC-20 mixtures.
In Districts 11 and 25, the modified AC-10 mixtures generally
exhibited significantly higher values for Marshall flow than the
respective controls. No significant difference in Marshall flow
was observed between the control (Total AC-20) and the modified
mixtures in District 10.
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Fig 4.1 Marshall Stability for Laboratory Mixtures Using Standard Compaction.
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Hveem Stability

Average values of Hveem Stability are presented in Table 4.1
and plotted in Figure 4.3. Analysis of variance using alpha=0.05
and Newman Keul multiple range test showed that there was no
significant difference between the modified AC-10 mixtures and the
AC-20 control mixture in a given district. Furthermore, the effect
of the polymers on Hveem stability for mixtures containing TFA
AC-10 was not Significant. This may be due to the fact that Hveem
stability is largely dependent upon interparticle friction of the
aggregate and does not correlate particularly well with binder
properties.

Tensile Strength

Average values of tensile strength at three different test
temperatures (39°F, 77°F, and 104°F) are shown in Table 4.1, and
relationships between tensile strength and temperature are shown in
Figure 4.4. Regarding the mixtures containing TFA asphalt cement
(District 15), the polymer modified mixtures exhibited higher
tensile strength than the respective control mixtures with the
exception of Polybilt mixture at 39°F. This effect was more
pronounced at higher temperatures. In Districts 11 and 25, tensile
strength of modified AC-10 mixtures with two exceptions (the 6
percent Kraton mixtures at 39°F and the Styrelf mixtures at 104°F)
were significantly higher than the respective AC-20 controls. The
6 percent Kraton mixture showed significantly 1lower tensile
strength at 39°F and higher tensile strength at 104°F compared with
the Shamrock AC-20 control. Therefore, the Kraton could be
expected to reduce thermal cracking and rutting since based on
tensile strength, mixtures containing 6 percent kraton would be
more flexible (less brittle) at colder temperatures and stiffer at
higher temperatures. It should be noted that historical data have
shown that Shamrock asphalt cement is a low temperature susceptible
binder. In District 10 the Modified AC-10 mixtures except for the
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Styrelf exhibited lower tensile strength than the control mixture
(Total AC-20) at 104°F.

Tensile Strain at Failure

The relationships between tensile strain at failure and test
temperature are shown in Figure 4.5. The average values are
presented in Table 4.1. The effect of polymers on tensile strain
was different for TFA AC-10 and TFA AC-20 mixtures (Fig 4.5). 1In
general, addition of polymer to TFA AC-10 mixtures increased the
tensile strain at 104°F and decreased it at 39°F. This trend was
the opposite for stiffer mixtures (TFA AC-20 mixtures). However,
strain at failure for all modified AC-10 mixtures with the
exception of the UP 70 at 39°F was significantly higher than that
of the respective AC-20 control mixtures. Furthermore Figure 4.5
indicates that the Styrelf and Kraton (SBS polymer) mixtures were
less brittle than the UP 70 and NS 175 (SBR polymers) mixtures.

ecant Modulus

Results of secant modulus are shown in Table 4.1 and plotted
in Figure 4.6. As shown in this figure, addition of the Polybilt
and Dow to TFA AC-20 mixtures significantly increased secant
modulus at 77°F and 104°F and significantly decreased it at 39°F.
Also, the modified TFA AC-10 mixtures exhibited higher secant
modulus than the AC-10 control mixture at all test temperatures.
However the difference between the secant modulus of the modified
TFA AC-10 mixtures and TFA AC-10 mixture was statistically
significant at 77°F (Table 4.1). In Districts 11 and 10 secant
modulus of the control mixtures was higher than that of the
modified mixtures except for the UP-70 mixture at 39°F and 77°F.
All modified mixtures in District 25 showed significantly lower
values of secant modulus than the Shamrock AC-20 mixture.

There were generally large differences between secant modulus
of the AC-20 control mixtures and modified AC-10 mixtures at 39°F
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(Fig 4.6). These differences decreased as the test temperature
increased. This may be an indication that the modified AC-10
mixtures are less temperature susceptible than the AC-20 controls.

Resilient Modulus

The relationships between resilient modulus and test
temperature are shown in Figure 4.7. The average values are
presented in Table 4.1. As shown in Figure 4.7, resilient modulus
of the polymer-modified mixtures (except for the Styrelf)
increased at 104°F and decreased at 39°F compared with the control
mixtures (TFA AC-10 and TFA AC-20). In Districts 25 and 10 the
resilient modulus of the modified mixtures was consistently lower
than that of the respective controls at all temperatures except
for the Kraton mixture in District 10. Also, resilient modulus of
the control Texaco mixture in District 11 were lower than the UP-70
mixture and higher than the Styrelf mixture. It should be noted
that there was no statistically significant difference between
resilient modulus of the modified AC-10 and the respective AC-20
control mixtures in most cases.

Ideally polymers should decrease mixture stiffness at low
temperatures to improve flexibility and reduce cracking, and
increase mixture stiffness at high temperatures in order to reduce
permanent deformation. Based on the above statement the Dow and
Kraton (at 6 percent) were more effective in reducing low
temperature cracking than the other polymers.

Poisson's Ratio

Average values of Poisson's ratio are presented in Table 4.1.
The Poisson's ratio values ranged from 0.01 to 0.60. Values less
than 0.2 and greater than 0.45 are unrealistic and impractical for
HMAC mixtures. One of the reasons for the unrealistic values
obtained in Table 4.1 is a result of the formula given in ASTM
D4123 for calculation of Poisson's ratio. The formula is based on

90



1000

900+

800+

700+

800+

(7] P (2]
o o
(=1 <] (<3
t f $

Secant Modulus, ks!

N

o

(=]
i
1

100+

District 13

.
v
o
=
-
)
-

-

”’

400+

300+

200+

Secant Modulus, kst

100+

6% Kr
D110

70
Test Temperature, F

Shamrock
AC—

District 25

aton

30

Fig

40
4.6

4 1 : U
60 70 80 80

Test Temperchre, F

50

110

100 110

Secant Modulus, ksi

Secant Modulus, ksi

500+

District 11
400+
300+
200+
100+
0 + y i i = } —1 i
30 40 50 60 70 80 80 100 110
Test Temperature, F
5001-
District 10
400+ Total AC-20
300+
Styreff—13
200+
100+
Polyblit 103
Kraton D1101 N
0 b p e
30 40 50 80 70 80 80 100 110

Test Temperature, F

Secant Modulus vs. Test Temperature for Laboratory Mixtures Using

Standard Compaction.

ol



2500+

20004

1500+

000+

Resilient Modulus, ksi

500+

District 13

1000+

800+

800+

Reslllent Modulus, psi
]
©

»

]

e
L

68X Kroton D1101

1 1 —
50 60 70 80 S0

Shamrock AC—20

L

District 25

0
30 40

Fig 4.7

50 60 70 80 90
Test Temperature, F
Resilient Modulus vs. Test Temperature for Laboratory Mixtures Using

Standard Compaction.

100 1

10

92

1000+

900+
District 11

800+
700+
600+
500+

Texaco
AC~20

Resilient Modulus, ksi
S
o

c ‘= : L ] J } |

30 40 50 60 70 80 90 100 110
Test Temperature, F

4000T
Kraton D1101
“striet 10
3000+
‘n
X
o
2
8
3000--
3
(.4
1000+
Polybilt 103
|
0 — 1 + { —+— 1 —
30 40 50 60 70 80 80 100 10

Test Temperature, F



the assumption that asphalt mixtures are homogeneous, isotropic and
elastic. However, values of Poisson's ratio obtained at 77°F
appeared to be more realistic than those obtained at 39°F and
104°F. Furthermore, Poisson's ratio increased with increasing test
temperatures. Since the engineering properties of asphalt mixtures
considered in this study are not very sensitive to Poisson's ratio,
a Poisson 's ratio of 0.33 is assumed for all the mixtures at 77°F.

EVALUATION OF LABORATORY MIXTURES8 (MODIFIED COMPACTION)

Modified compaction specimens contain 7 percent air voids,
which is generally obtained in the construction process.
Engineering properties measured for laboratory mixtures utilized in
Districts 15, 11, 25 and 10 using modified compaction are as
follows:

+ Marshall Stability and Flow at 140°F

e Hveem Stability at 140°F

e Tensile Strength at 39°F, 77°F and 104°F

+ Tensile Strain at Failure at 39°F, 77°F and 104°F
e Secant Modulus at 39°F, 77°F and 104°F

e Resilient Modulus at 39°F, 77°F and 104°F

e Poisson's Ratio at 39°F, 77°F and 104°F

« Fatigue Life at Different Stress Level at 77°F
+ Fatigue Constants, K1 and K2 at 77°F

« Alpha and Gnu at 77°F

e Creep Compliance at 60°F, 77°F and 90°F

e Tensile Strength Ratio (TSR)

Marshall Stability and Flow

Results of Marshall stability testing are shown in Table 4.2
and plotted in Figure 4.8. Table 4.2 contains average values of
Marshall stability and flow obtained from three replicate tests
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conducted for each material. The modified mixtures containing TFA
AC-10 exhibited significantly higher values of Marshall stability
than the TFA AC-10 control mixture. There was no significant
difference between the modified AC-20 mixtures and the TFA AC-20
control. In District 11 Marshall stability of the Styrelf mixture
was significantly lower than the control (Texéco AC-20), but no
significant difference was observed between the UP 70 and the
control mixtures. The modified Fina AC-10 mixture in District 25
exhibited a significantly higher value of Marshall stability than
the control mixture (Shamrock AC-20). This trend was not observed
for the modified Fina mixtures in District 10. Similar to standard
compaction specimens, addition of polymers to the AC-10 asphalt
cement increased Marshall stability of the mixtures.

Marshall flow values are shown in Table 4.2 and plotted in
Figure 4.9. This figure shows that addition of polymer to the TFA
AC-10 significantly increased the Marshall flow of the mixtures;
however, this trend was not observed for the TFA AC-20 mixtures.
In Districts 11, 25 and 10 the modified AC-10 mixtures exhibited
higher Marshall flow than the respective controls. The Kraton had
the greatest effect on Marshall flow. These trends were similar to
the trends observed in the standard compaction specimens.

Hveem Stabilify

Average values for the Hveem Stability of the mixtures are
presented in Table 4.2 and plotted in Figure 4.10. Analysis of
variance using alpha=0.05 and the Newman-Keul multiple range test
(Ref 18) showed that the effect of the polymers on Hveem stability
for mixtures containing TFA AC-10 and AC-20 was not significant.
This may be due to the fact that Hveem stability is 1largely
dependent upon interparticle friction of the aggregate and does not
correlate particularly well with binder properties. In District 11
the modified AC-10 mixtures showed significantly lower Hveem
Stability than the AC-20 control. The 6 percent Kraton mixture in
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District 25 had significantly lower values of Hveem stability than
other mixtures. There was no significant difference in Hveenm
stability between the control and modified mixtures in District 10.

Tensile Strength

Average values of tensile strength at three different test
temperatures (39°F, 77°F, and 104°F) are shown in Table 4.2, and
relationships between tensile strength and temperature are plotted
in Figure 4.11. Regarding the mixtures containing TFA asphalt
cement (District 15), the polymer modified mixtures generally
exhibited higher tensile strength than the respective control
mixtures at 77°F and 104°F, and lower tensile strength at 39°F.
This effect was more pronounced for the AC-10 than AC-20 mixtures.
In District 11 the UP 70 mixture showed higher values of tensile
strength at 39°F and 77°F than the control and the same value of
tensile strength at 104°F. However the Styrelf exhibited the
lowest values of tensile strength among the mixtures at all test
temperatures. 1In District 25 the tensile strength of the Styrelf
and 3 percent kraton mixtures were generally higher than the AC-20
control (Shamrock). However the 6 percent Kraton mixtures showed
significantly lower tensile strength at 39°F and the same tensile
strength at 104°F compared with the Shamrock AC-20 control.
Therefore, the Kraton could be expected to reduce thermal cracking,
since based on tensile strength, mixtures containing 6 percent
Kraton would be more flexible (less brittle) at colder
temperatures. In District 10 all modified mixtures except for the
Styrelf exhibited lower tensile strength than the AC-20 control
mixture at 77°F and 104°F. The Polybilt mixture showed more
flexibility than the control at low temperatures.

Tensile Strain at Failure

The relationships between tensile strain at failure and test
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temperature are shown in Figure 4.12. The average values are
presented in Table 4.2. The effect of polymers on tensile strain
was different for TFA AC-10 and TFA AC-20 mixtures (Fig 4.12). 1In
general, addition of SBR polymer to the TFA AC-10 mixtures
increased tensile strain at 104°F and decreased it at 39°F.
However, the SBS polymer and Genstar C107 significantly increased
the tensile strain. There was no significant difference between
the Polybilt and the control AC-20 mixture. The Dow polymer
reduced tensile strain at high temperatures. The modified mixtures
utilized in District 11, 25 and 10 generally had higher tensile
strain values than the respective controls. Similar to standard
compaction specimens, the Styrelf and Kraton (SBS polymer) mixtures
were less brittle than the SBR mixtures (UP-70 and NS-175).

Secant Modulus

Results of secant modulus measurements are shown in Table 4.2
and plotted in Figure 4.13. The modified TFA AC-10 and AC-20
mixtures (except for Genstar C107) exhibited higher secant modulus
than the respective control mixtures at all test temperatures.
However the difference between secant modulus of the modified and
control mixtures was statistically significant only for the Dow and
NS 175 mixtures at 77°F and 104°F (Table 4.1). 1In District 11 the
secant modulus of the control mixture was higher than that of the
modified mixtures except for the UP-70 mixtures at 39°F and 77°F.

All modified mixtures in District 25 showed significantly lower
values of secant modulus than the Shamrock AC-20 mixture. In
District 10 mixtures containing the Kraton and Polybilt were more
flexible than the control at 39°F. The modified mixtures exhibited
lower secant modulus than the control at 77°F and 104°F. - |

Resilient Modulus

The relationships between resilient modulus and test
temperature are shown in Figure 4.14. The average values are
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presented in Table 4.2. As shown in Figure 4.14 addition of the
UP-70, NS-175, Styrelf and Dow to TFA mixtures increased resilient
modulus at 77°F and decreased it at 39°F. However the effect was
not statistically significant. The Genstar C107 and Dow mixtures
exhibited significantly lower resilient modulus than the control at
39°F and no significant difference was observed at 77°F and 104°F.
In Districts 11 and 10 no significant difference was observed
between resilient modulus of the modified and the control mixtures
except for the Polybilt mixture. In District 25 resilient modulus
of the Shamrock AC-20 mixture was consistently higher than
resilient modulus of the modified Fina mixtures at all
temperatures.

Since polymers under this study generally reduce mixture
stiffness at low temperature, they may also reduce low-temperature
cracking. Based on the above statement the Dow, Kraton (at 6
percent) and Genstar C107 were more effective in reducing low-
temperature cracking than the other polymers. '

Poisson's Ratio

Average values of Poisson's ratio are presented in Table 4.2.
The Poisson's ratio values ranged from 0.0.3 to 0.54. Values less
than 0.2 and greater than 0.45 are unrealistic and impractical for
HMAC mixtures. One of the reasons for the unrealistic values
obtained in Table 4.2 is a result of the formula given in ASTM
D4123 for calculation of Poisson's ratio. The formula is based on
the assumption that asphalt mixtures are homogeneous, isotropic and
elastic. Similar to the standard compacted specimens, values of
Poisson's ratio obtained at 77°F appeared to be more realistic than
those obtained at 39°F and 104°F, and Poisson's ratio increased
with increasing test temperature. Since the engineering properties
of asphalt mixtures considered in this study are not very sensitive
to Poisson's ratio, a Poisson's ratio of 0.33 is assumed for all
the mixtures at 77°F.
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Fatique Life

Results of the indirect fatigde test are given in Appendices
A, B, C and D for the mixtures used in District 15, 11, 25 and 10
respectively. In order to more easily evaluate the relative
fatigue response at 77°F, the fatigue life versus tensile strain
graphs for the laboratory mixtures are plotted in logarithmic scale
in Figure 4.15. Based on this figure the following trends were

apparent:
1.

For mixtures used in District 15, the polymer modified
AC-10 mixtures provided more favorable results than
controls, the TFA AC-10 and TFA AC-20 mixtures.
Furthermore, the modified mixtures containing AC-20
(Polybilt and Dow) produced superior fatigue
characteristics compared to the TFA AC-20 control mixture
at low stress level (low strain). This trend possibly
can be explained in terms of the viscosity or stiffness
of the binder. A stiffer binder would be expected to
produce a longer fatigue life under the controlled-stress
fatigue test.

The Styrelf mixtures used in Districts 11 and 10 had
statistically superior fatigue properties compared to
their respective controls (Texaco AC-20 and Total AC-20).
Although the plots of the Texaco AC-20 and UP-70 mixtures
in District 11 were statistically different (alpha =
0.05), they were closely grouped. Statistical difference
is defined when either the intercept or slope or both are
different.

In District 25, the Styrelf, 3 percent Kraton and 6
percent Kraton mixtures were not significantly different.
These mixtures exhibited superior fatigue responses to
the control at high stress level.

Generally, each additive blend with AC-10 in Districts
15, 25 and 10 produced a mixture which was statistically
superior to the AC-20 control mixtures. The Styrelf and
Genstar C107 had the greatest improvement.
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Fatique Constants, K1 and K2

Several researchers have postulated that a linear relationship
exists between K2 and log K1 irrespective of mixture properties and
test procedures (Refs 33, 34). This relationship was investigated
by plotting log K1 versus K2 obtained from laboratory and plant
mixtures (Fig 4.16). The equation of the best fitted 1line
resulting from this plot is as follows:

K2 = 1.100 - 0.270 Log(Kl) (R=0.986 Se=0.135)

Kennedy (Ref 34) developed the following 1linear regression
relationships from combining several sets of data:

K2 = 1.350 - 0.252 Log(Kl) ( R = 0.95 Se = 0.29)

A comparison between Kennedy's equation and the equation obtained
in this study was made in Table 4.3. It was shown that Kennedy's
equation over-predicted the values of K2 by an average of
approximately 0.16.

ALPHA and GNU

Values of alpha and gnu for the laboratory mixtures obtained
by indirect tensile test are presented in Figures 4.17 and 4.18.
As shown in Figure 4.17 alpha values of the modified mixtures were
significantly higher than those of the respective controls. This
trend was reversed for gnu values (Fig 4.18). It should be noted
that alpha and gnu are parameters which are difficult to define in
terms of their significance on mixture performance. However the
extensive sensitivity analysis of the VESYS program by Rauhut, et
al, provided a great step toward understanding the significance of
these values. The most important finding in the Rauhut study with
respect to this research in terms of alpha and gnu are as follows:
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Fig 4.16 Relationship between Log K1l and K2 for Laboratory
and Plant Mixtures Using Modified Campaction.
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Table 4.3 Comparison of the Fatigue Parameter K2 from Laboratory Tests Conducted in this Study to
the Parameter K2 Calculated from the Regression Equation Developed by Kennedy (Ref 33).

FATIGUE CONSTANT K2 K2 DELTA
From Lab Test From Regression From Kennedy’s K2
MIXTURE = ==w----ec--cccccaccocenn Equation In This Equation
K1 K2 Study K2
District 15 Laboratory Mixtures
TFA AC-10 4.74E-02 1.1 1.46 1.68 0.23
TFA AC-10 + 3% UP 70 4 .96E-05 2.14 2.26 2.43 0.17
TFA AC-10 + 3% Styrelf 9.68E-04 1.82 1.9 2.1 0.20
TFA AC-10 + 3X NS 175 4.36E-06 2.54 2.55 2.70 0.16
TFA AC-10 + 18% C107 7.75E-05 2.43 2.21 2.39 0.18
TFA AC-20 4.02E-06 2.35 2.55 2.7 0.15
TFA AC-10 + 3X Polybilt 1.54E-09 3.30 3.48 3.57 0.09
TFA AC-10 + 3X Dow 4.31E-14 4.40 4.70 4.7 0.01
District 11 Laboratory Mixtures -
Texaco AC-20 7.18E-04 2.01 1.95 2.1 0.19
Texaco AC-10 + 3X UP 70 2.21E-04 2.17 2.09 2.27 0.19
Texaco AC-10 + 3X Styrelf 4.65E-03 1.82 1.73 1.94 0.21
District 25 Laboratory Mixtures
Shamrock AC-20 1.72E-08 3.27 3.19 3.3 0.1
Fina AC-10 + 3X Styrelf 1.59€-07 3.02 2.93 3.06 0.13
Fina AC-10 + 3X D1101 2.39e-07 2.98 2.89 3.02 0.13
Fina AC-10 + 6X D1101 1.49E-07 3.03 2.94 3.07 0.13
District 10 Laboratory Mixtures
Total AC-20 5.04E-03 1.66 1.72 1.93 0.21
Fina AC-10 + 3X UP 70 4.32E-04 1.91 2.01 2.20 0.19
Fina AC-10 + 3X Styrelf 2.13e-03 1.88 1.82 2.02 0.20
Exxon AC-10 + 3% Polybilt 2.65E-03 1.64 1.79 2.00 0.20
Gulf AC-10 + 3X D1101 5.36E-03 1.61 1.7M 1.92 0.21
District 15 Plant Mixtures
TFA AC-10 + 3X UP 70 5.75€-06 2.57 2.51 2.67 0.16
TFA AC-10 + 3X Styrelf 8.52E-05 2.20 2.20 2.38 0.18
TFA AC-10 + 3X NS 175 3.54E-06 2.59 2.57 2.72 0.15
TFA AC-10 + 18% C107 1.07e-08 3.58 3.25 3.36 0.1
TFA AC-20 4.99E-08 3.16 3.07 3.19 0.12
TFA AC-10 + 3% Polybilt 1.66E-12 4.30 4.28 4.32 0.04
TFA AC-10 + 3X Dow 1.38E-13 4.43 4.57 4.59 0.02
District 11 Plant Mixtures
Texaco AC-20 2.89E-05 2.40 2.32 2.49 0.17
Texaco AC-10 + 3X uP 70 6.31E-07 2.87 2.7 2.9 0.14
Texaco AC-10 + 3X Styrelf 1.57€-04 2.24 2.13 2.31 0.18
District 25 Plant Mixtures
Fina AC-10 + 3X Styrelf 1.89E-07 2.95 2.91 3.04 0.13
Fina AC-10 + 3% D1101 . 2.11E-07 2.99 2.90 3.03 0.13
Fina AC-10 + 6X D1101 1.38£-08 3.30 3.22 3.33 0.1
District 10 Plant Mixtures
Total AC-20 7.84E-04 1.95 1.94 2.13 0.20
Fina AC-10 + 3% UP 70 5.89E-03 1.66 1.70 1.91 0.21
Fina AC-10 + 3X Styrelf 7.90E-03 1.74 1.67 1.88 0.21
Exxon AC-10 + 3% Polybilt 2.01E-03 1.77 1.83 2.03 0.20
Gulf AC-10 + 3% D1101 7.23E-04 1.86 1.95 2.14 0.19
Kennedy’s Regression Equation:
K2 = 1.350 - 0.252 log(K1) (R = 0.95; Se = 0.29)
Regression Equation Developed in this Study:
K2 = 1,100 - 0.270 log(K1) (R = 0.99; Se = 0.135)
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The alpha parameter for HMAC normally occurs within the
range of 0.07 to 0.63, and gnu is quite variable and may
be as high as 2.0. In this study the alpha and gnu
ranged from 0.07 to 0.51 and 0.02 to 2.06, respectively.
Alpha and gnu are very stress-sensitive. Both decreased
with increasing deviator stress. In this study all
values were obtained at the stress level of about 15
percent of tensile strength.

Temperature is an important parameter in testing for
alpha and gnu. The test temperature for fatigue test was
77°F in this study. Since alpha and gnu are assumed to
predict the permanent deformation characteristics of the
mixtures, a time-temperature shift function for creep
compliance may be used to compute the alpha and gnu in
other test temperatures.

A low alpha and a high gnu indicates increased rutting
and vice versa. |

Creep Compliance

The results of creep compliance testing for 1laboratory
mixtures bound with blends of TFA asphalt cements and additives
(District 15) are shown in Table A-19 and plotted in Figures 4.19.
The following trends were observed from Figure 4.19, which presents

the average tensile creep compliance at 60°F, 77°F and 90°F:

1.

All modified AC-10 mixtures responded with a higher creep
compliance than the AC-20 mixture at 60°F test
temperature.

The modified AC-20 mixtures showed lower compliance than
AC-20 at all test temperature. Therefore addition of
Polybilt or Dow to the TFA AC-20 greatly improved high
temperature deformation susceptibility.

The Polysar NS-175 mixtures had higher creep compliance
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than the TFA AC-20 mixture at low temperature and lower
creep compliance than the TFA AC-20 at hiéh temperature.

4. Addition of polymer to the TFA AC-10 or AC-20 improved
resistance to permanent deformation of the mixtures.

5. Values of the temperature susceptibility constant (beta)
of the TFA mixtures are shown in Table A-21. " On the
basis of the beta values the laboratory TFA mixtures were
ranked in order of ascending temperature susceptibility:

a) TFA AC-10

b) TFA AC-10 with Styrelf
c) TFA AC-10 with NS-175
d) TFA AC-10 with C107

e) TFA AC-10 with UP-70

f) TFA AC-20

g) TFA AC-20 with Dow

h) TFA AC-20 with Polybilt

It appears that the modified TFA AC-10 mixtures maintained a more
stable compliance during temperature change than the TFA AC-20
mixtures.

Creep compliance data for laboratory mixtures composed of
additive blends of the Texaco asphalt cement at 60°F, 77°F, and
90°F are shown in Figure 4.20 and tabulated in Table B-19. Here
the additives were blended with an AC-10 Texaco asphalt cement, and
the control mixture was blended with Texaco AC-20. When comparing
the modified AC-10 mixtures with the AC-20 control, the following
observations were made:

1. The creep compliance of the Styrelf mixture was greater

than that of the control at all test temperatures.
However, the difference between creep compliance of the
Styrelf and control mixtures was more significant at low
temperatures than at high temperatures.
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The mixture containing UP-70 had less creep compliance
than the control at all test temperatures. This
difference was more significant at 90°F at relatively
long load duration (greater than 10 minutes). This is an
indication that the UP-70 mixtures have lower permanent
deformation at high pavement service temperature than the
controls.

The values of beta (temperature susceptibility constant)
are shown in Table B-21. Similar to the TFA mixtures,
the creep compliance of modified Texaco mixtures are less
affected by temperature change than the control (Texaco
AC-20).

Creep compliance data for laboratory mixtures utilized in
Districts 25 and 10 are shown in Tables C-19 D-19 and plotted in

Figures 4-21 and 4-22. From these figures the following trends
were observed:

l.

A review of Figures 4-21 and 4-22 indicates that at short
loading times at 90°F the modified Fina AC-10 mixture
exhibited compliance values greater than the control
mixture (Shamrock AC-20), and the compliance
relationships tended to converge at longer loading time
at 90°F.

At low temperatures the compliance values of modified
mixtures were all higher compared to the AC-20 controls.
This may be an indication that the modified mixtures
better relieve the temperature-induced stress than the
control.

Beta values in Table C-21 show that the control (Shamrock
AC-20) was less temperature susceptible than the modified
mixtures. This trend was not observed in Districts 15,
11 and 10. This resultlmight be due to the fact that
Shamrock asphalt cement is less temperature susceptible
than Fina's asphalt.
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Tensile Strength Ratio (TSR)

Results of tensile strength ratio for mixtures used in
Districts 15, 11, 25 and 10 are shown in Tables A-25, B-25, C-25
and D-25 respectively. The average values of TSR are plotted in
Figure 4.23. As shown in this figure, addition of polymers improved
moisture damage susceptibility of the mixtures used in District 15,
11 and 10. However, the addition of one percent lime to the
mixtures in District 25 masked any moisture effects due to the
polymers.

COMPARISON BETWEEN LABORATORY MIXTURES AND PLANT MIXTURES

Considerable differences exist between the HMAC production
processes used in the laboratory and those used in a batch or drum
mix plant. It is important to look at those differences and
understand how and why engineering properties of laboratory-
prepared mixtures might differ from engineering properties of
plant-mixed mixtures. Those are as follows:

1) The degree of hardening of the asphalt cement in the
laboratory is much less than that which occurs during mix
production at the asphalt plant. Furthermore, the amount
of asphalt cement hardening which typically occurs in a
drum mix plant is less than that in a pugmill at a batch
plant. Of course, the degree of hardening is quite
variable and is a function of many factors such as
mixing temperature, moisture content of aggregates and
rate of production.

2) If a collector or baghouse is used as an air pollution
control device, in either of the two types of plants, and
sends ultrafiné aggregates back into the plant, a stable
mix in the laboratory can be soft and tender in the
field.
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3) The aggregates are uniformly heated in the laboratory.
However in the plant the coarse aggregates are usually
heated to a 1lower temperature than are the fine
aggregates.

This study attempted to determine engineering properties of
plant mixtures as a function of engineering properties of
laboratory prepared mixtures, test temperature, air voids, mixing
temperature and aging indices. Multiple regression analysis was
used to achieve that objective. 1In the process of establishing the
regression equations, stepwise regression methods were used to
identify variables which had significant effects on the accuracy of
the prediction of properties of plant-mixed mixtures from the
properties of laboratory-prepared mixtures. Correlations between
the laboratory-prepared and plant-mixed results were established
for the following engineering properties:

« Marshall Stability and Flow

+ Hveem Stability

* Tensile Strength

» Tensile Strain at Failure

*+ Secant Modulus

+ Resilient Modulus

+ Fatigue Constants, K1 and K2

+ Slope and Intercept of Creep Compliance Curve

Since nonconstant variance was diagnosed at different test
temperatures for certain engineering properties, a square root
transformation was utilized. Table 4.4 presents the results of the
stepwise regression analysis to determine the properties which haad
significant effects on the accuracy of the prediction of plant-
mixed properties from the properties of laboratory-prepared
mixtures. Table 4.5 presents the regression equations which were
derived to predict plant mixed properties. The regression
equations contain only the variables which are identified as
significant.
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Table 4.4 Identification of variables which have significant effect on
prediction of plant mixed properties.

Measured Property PROPERTY OF| TEST AIR MIXING AGING
LABORATORY TEMP. VOIDS TEMP. INDEX
MIXTURE

Marshall Stability XXX N/A -—- Jp— ———
Marshall Flow XXX N/A Jp—— pp—— pp—
Hveem Stability XXX N/A —— ——— ———
Tensile Strength XXX XXX XXX - ——
Tensile Strain XXX XXX -—— XXX -
Secant Modulus . XXX XXX XXX XXX ——
Resilient Modulus XXX XXX -—- -— -——
Fatigue Constant, K1l XXX N/A N/A - Jp—
Fatigue Constant, K2 XXX N/A N/A -— -
Intercept of XXX —— N/A - ———
Creep Curve, D1

Slope of Creep XXX XXX N/A -—— ——
Curve, M
Note: (XXX) indicates variables which are significant.

(---) indicates variables which are not significant at alpha 0.05.
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Table 4.5 Regression Equations for Plant Mixed Properties.

MARSHALL-P = 98 + 0.837 (MARSHALL-L)

R = 83.8% Se = 482 DF = 33
MARSHALL FLOW-P = 2.68 + 0.848 (MARSHALL FLOW-L)
R = 85.3% Se = 2,087 DF = 33
HVEEM-P = 11.0 + 0.724 (HVEEM-L)
R = 70.8% Se = 3,287 DF = 33
SQRT(St-P) = 18.6 + 0.0187 (St-L) - 0.359 AV - 0.103 (TEMP)
R = 98.4% Se = 1.085 DF = 101
SQRT(Ef-P) = 0.410 + 0.291 (Ef-L) - 0.0033 (TEMP) - 0.0024 (300 - Tmix)
R = 89.8% Se = 0.145 DF = 101
SQRT (Es-P)=17.3 + 0.0202(Es-L) - 0.336 AV - 0.123 (TEMP) - 0.0336(300-Tmix)
R = 96.7% Se = 1.638 DF = 100
SQRT(Er-P) = 28.6 + 0.0103 (Er-L) -0.170 (TEMP)
R = 94.4% Se = 3.884 DF = 102
LOG(K1-P) = -1.11 + 0.963 (LOG(K1l-L))
R = 90.6% Se = 1.332 DF = 16
K2-P = 0.312 + 1.01 (K2-L)
R = 88.5% Se = 0.399 DF = 16
LOG(D1-P) = ~1.07 + 0.803 LOG(D1-L)
R = 89.4% Se = 0.197 DF = 52
M-P = -0.292 + 1.03 M-L + 0.00295 (TEMP)
R = 83.4% Se = 0.080 DF = 51
LEGEND
P = PLANT
L = LABORATORY
St Indirect Tensile Strength

Es Secant Modulus

Er = Resilient Modulus

K1 and k2 = Fatigue Constants

M and D1 = Slope and Intercept of Creep Curve

Ef = Tensile Strain at Failure
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COMPARISON OF HAND AND MECHANICALLY MIXED LABORATORY MIXTURES

The primary objective of this section was to investigate the
basic mix design procedure, and take into account the type of
mixing (hand vs. mechanical) that will take place during the
preparation of mixtures in the laboratory, and examine any possible
effects due to mixing methods. This study was carried out in order
to determine the difference between engineering properties of hand-
mixed and mechanically mixed mixtures, and to determine the best
correlation between mixtures prepared in the laboratory, and the
asphaltic concrete being made during actual plant production.

The testing program for hand versus mechanically-mixed polymer
modified asphalt mixtures is outlined in Table 4.6. As shown in
this table, four mixtures were selected from districts 10 and 11.
These mixtures contain four different polymers and two types of
aggregate (light-weight and crushed stone). Additionally, two
mixing and compaction temperatures were used for the hand-mixead
mixtures.

Specimen Preparation

Aggregates were batched by dry weight to meet the specified
gradation. Dry aggregates were preheated to the specified mix
temperature, and the asphalt cement was heated to 275 * 5°F. The
specified amount of asphalt was then added to the heated
aggregates. The combined mixture was placed in an oven to bring
the temperature to the required mixing temperature. Two mixing
temperatures (275° and 295°F) were used for hand-mixed mixtures.
The mixtures were then mixed either mechanically for approximately
3 minutes in an automatic 1l2-quart capacity Hobert mixer, or by
hand using a trowel. Blending of aggregates and polymer modified
asphalt cement was continued until aggregates were thoroughly
coated. All hand-mixed mixtures required at least two cycles of
heating and mixing to coat the aggregate particles thoroughly. The
mixtures were then placed in preheated ovens and brought to the
proper compaction temperatures (250 + 5 or 270 * 5°F). Mixtures
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Table 46 Experimental Design for Hand va. Mechanical Mixing Study (Number of Sampies per Data Point)

—

Type of Mix Mechanical Mixing Hand Mixed Hand Mixed Plant Mix
Com. Temp=250 Mix.Temp=275 Com. Temp=250 Mix.Temp=275 Com. Temp=270 Mix.Temp=295

St Marshall Hveem St Marshall Hveem St Marshall Hveem St Marshall Hveem

77 140 140 77 140 140 77 140 140 77 140 140
Texaco AC-10 - - - - - - - - - - - -
Styrelf-13 3 3 3 3 3 3 3 3 3 3 3 3
Light-Weight Agg. - - - - - - - - - - - .
Texaco AC-10 - - - - - - - - - - - - 1'
Goodyear SBR 3 3 3 3 3 3 3 3 3 3 3 3
Light-Weight Agg. - - - - - - - - - - - -
Exxon AC-10 - - - - - - - - - - - -
3% EVA 3 3 3 3 3 3 3 3 3 3 3 3
Crushed Stone Agg. - - - - - - - - - - . -
Gulf AC-10 - - - . - - - - - - - -
3% D1101 SBS 3 3 3 3 3 3 3 3 3 3 3 3

Crushed Stone




were compacted using the Texas Gyratory Shear Compactor, and
standard compaction techniques were utilized. The standard
compaction procedure specified by TXDOT would normally produce 3%
air voids in the design mixture containing optimum asphalt cement.
After compaction all specimens were cured at room temperature for
2 days. The specimens were then placed in environmental chambers
for 15 hours to attain the desired testing temperature.

Specimens were tested using the indirect tensile test;
Marshall stability and Hveem stability tests. The test results are
summarized in Table 4.7. ‘

Results of 1laboratory tests conducted on hand-mixed,
mechanically-mixed and plant mixtures are listed in Table 4.7 and
plotted in Figures 4.24 through 4.26. Analysis of variance (ANOVA)
techniques were utilized to determine if significant differences
exist between different mixing procedures for each test parameter.
In addition, the correlation coefficients between mixing procedures
were calculated.

Hveem Stability

Average values of the Hveem stability for the tested mixtures
are plotted in Figure 4.24. Analysis of variance using Alpha =
0.05 and the Newman Keul multiple range test showed that there was
no significant difference between the mixing procedures. However,
the mechanical mixing procedure exhibited higher values of Hveem
stability by an average 3% than the hand-mixing procedure.

Marshall Stability
Results of Marshall Stability testing are shown in Table 4.7

and plotted in Figure 4.25. As shown in the figure, mechanical
mixtures containing Styrelf and UP-70 exhibited significantly
higher values of Marshall Stability than the hand-mixed mixtures
containing the same polymers. This trend was not observed for
mixtures containing Exxon and Kraton polymers. In addition, no
significant difference was observed between those samples hand-
mixed at 275°F and plant mixtures.
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Table 4.7 Engineering Results of Hand vs. Mechanical Mixing Study

— — — ——
Hand Mixed Hand Mixed Mech. Mix Plant Mix
Com. Temp=250 Mix.Temp=275 Com. Temp=270 Mix.Temp=295 Com. Temp=250 Mix.Temp=275
Hveem Marshall St Hveem Marshall St Hveem Marshall St. Hveem Marshall St.
77°F
Texaco AC-10 39 1805 98 40 1968 125 42 2206 125 40 2197 155
3% Styrelf-13 37 1710 95 39 2102 132 40 2350 124 40 2002 156
Light-Weight Agg. 38 1812 100 39 2205 109 4 2462 129 38 2214 150
Average 38 1776 98 39 2092 122 42 2339 126 39 2138 153
Texaco AC-10 36 1710 88 39 1950 127 41 2407 159 2 1948 162
Goodyear SBR -37 1711 9”2 40 1728 110 42 2935 150 42 1928 164
Light-Weight Agg. kL 1653 93 3 2210 132 4 282 148 2 1743 159
Average 37 1691 91 39 1963 123 41 2722 152 2 1873 162
Exxon AC-10 40 871 51 41 925 65 43 983 70 41 865 77
3% EVA 41 1181 50 40 980 49 990 77 39 792 73
Crushed Stone Agg. a 811 e 40 820 2 4 - ) » 950 2
Average 41 959 48 40 908 62 43 987 73 40 869 74
Gulf AC-10 39 1027 64 41 1140 75 42 865 78 42 1294 97
3% D1101 SBS 39 1001 65 37 1065 70 40 931 83 43 1122 100
Crushed Stone Agg. 0 1142 62 4 1195 59 4 845 87 4 1043 91
h Average 40 1057 63 40 1133 68 42 880 83 42 1153 9%
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Tensile Strength

Average values of tensile strength for different mixing
procedures are plotted in Figure 4.26. 1In all cases, the plant
mixtures exhibited higher values of tensile strength than other
mixtures. On the basis of the descending tensile strength values
the mixing pfocedures can be ranked as follows:

1. Plant Mixing

2. Mechanical Mixing

3. Hand-Mixing at 295°F

4, Hand-Mixing at 275°F

It appears that to a certain extent the higher mixing
temperature will improve the tensile strength of the hand-mixed
mixtures. The coefficients of correlation between different mixing
procedures for Hveem, Marshall Stability and tensile strength are
shown in Table 4.8. Based on the correlation between hand-mixing
and plant mixed materials being generally higher than the
correlation between mechanical mixing and plant mixing, one is
tempted to recommend hand-mixing at 295°F. However, this
conclusion is based only on tensile strength and Marshall Stability
measurements, and is not strongly supported by Hveem stability.
The data in this study are limited, however, and are not supported
by the very extensive Engineering data comparing plant versus
mechanically mixed mixtures. These results (which are discussed
earlier in this chapter), clearly demonstrate the positive
correlations between the engineering properties of plant mixtures
and mechanically mixed laboratory mixtures. Regression equations
to allow prediction of plant mixed properties from mechanically-
mixed samples are shown in Table 4.5. Due to the very labor-
intensive nature of the hand-mixing process, and the need for
repetitive hand-mixing sessions to achieve adequate asphalt coating
of aggregates, the opportunity for excessive aging of hand-mixed
samples 1is very real. High variability between different
technicians and different laboratories would also be expected due
to differences in hand-mixing techniques. This will lead to high
variability, and make meaningful comparisons between technicians or
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Table 4.8 Correlation Study of Mixing Methods Using ANOVA Techniques

R-Squared for Hveem Stability

Hand-Mixed Hand-Mixed Mechanically Plant Mixed
Temp. 275°F Temp. 295°F Mixed
Hand-Mixed 1l 0.90 0.80 0.01
Temp. 275°F
Hand-Mixed - 1 0.50 0.04
Temp. 295°F
Mechanically - - 1 0.30
Mixed
Plant Mixed - - - 1

R-Squared for Marshall Stability

Hand-Mixed Hand-Mixed Mechanically Plant Mixed
Temp. 275°F Temp. 295°F Mixed
Hand-Mixed 1 1.00 0.92 0.98
Temp. 275°F
Hand-Mixed - 1 Q.90 Q.99
Temp. 295°F
Mechanically - - 1 0.83
Mixed
Plant Mixed - - - 1

R-Sguared for Indirect Tensile

Hand-Mixed Hand-Mixed Mechanically | Plant Mixed
Temp. 275°F Temp. 295°F Mixed
Hand-Mixed 1 0.95 0.82 0.96
Temp. 275°F
Hand-Mixed - 1 0.92 0.98
Temp. 295°F
Mechanically - - 1 0.95
Mixed
Plant Mixed - - - 1
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laboratories more difficult. For these reasons, the use of hand-
mixing techniques for preparing laboratory mixtures is not
recommended.
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CHAPTER 5

EVALUATION OF EFFECTS OF POLYMERS AND COMPARISON
OF TEST METHODS
Several binder and mixture tests were used to evaluate.
properties of the binders and mixtures used in this study.
The following three distress categories were evaluated:

1) Thermal cracking
2) Permanent deformation
3) Fatigue cracking

Currently several different binder and mixture properties
are used by researchers to evaluate the susceptibility of
an asphalt pavement to each of these distresses. In the
course of this study eleven binder or mixture properties
were measured for evaluation of thermal cracking
susceptibility. Nine binder or mixture properties were
measured for evaluation of permanent deformation. Only one
test, the repeated load (indirect), was used for fatigue
cracking evaluation due to equipment limitations at the
University of Texas laboratories.

The effect of polymers on each test parameter and
range of values measured for each test parameter were
determined. In addition a comparison was made between
various test methods in each distress category. Results of
these analyses are presented in this chapter.

EFFECTS OF POLYMERS ON MEASURED PROPERTIES
Results of numerous binder laboratory tests have been
presented in Chapter 3 for both control and polymer

modified asphalts. These results suggest that certain
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tests ﬁay be better than others in identifying the presence
of polymers in asphalt cement. More importantly, some of
these tests should be better predictors of modified
pavement performance when correlation between field
performance and 1laboratory test results are obtained.
Table 5.1 is a summary of the average range of values
obtained for each test parameter for control and modified
binders. Table 5.2 presents the effects of polymers on the
test parameters. By reviewing Table 5.2, it can be easily
determined whether addition of a given polymer causes an
increase (I), decrease (D) or has no effect (E) on the
asphalt cement. A brief discussion of results shown in
Tables 5.1 and 5.2 will follow.

Penetration. The effect of polymer on penetration at 39°F
was not statistically significant. At 77°F, certain
polymers decreased penetration. Therefore, this test is
not effective in characterizing polymer modified binders at
39°F. However, this test is required for determination of
parameters such as Penetration index (PI) and Penetration
viscosity number (PVN) which do distinguish between control
and modified binders.

Viscosity. All materials tested demonstrated non-Newtonian
behavior. Therefore unless the shear rate during testing
is known, viscosity comparison between materials cannot be
performed. In an attempt to determine the viscosity at a
constant rate of shear, the shear susceptibility and
viscosity at a shear rate of 1 reciprocal second were

. measured at different temperatures using a constant stress

rheometer. The power law formula, n=nmy°‘ was used to
determine viscosity at a desired shear rate. The other
method to compare viscosity is the constant power
viscosity, which was described in Chapter 2. As shown in
Tables 5.1 and 5.2, addition of polymer caused an increase
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Table 5.1

Parameter Range for Modified and Control Asphalts before

RTFOT

|Test Parameter TFA AC-10 AC-20 Modified AC-10 Modified AC-20
=Penetration , TTF 102 67-74 79-101 66-70

: 39F ’ 15 9-10 13-16 10
Iviscosity, 140 F 13 1998-2375 1311-8127 3296-5198
{Kinemtic viscosity, 275 297 416-624 495-1013 919-1-202
IcOnstant Power Viscosity, 39 F 2.76E+07  5.13E07-7.18E07 3.74E07-4.69E08 5.76€07-1.01E8
| T7F 1.12E+05  2.87E05-3.70E05 2.14E05-6.01E05 3.6E05-7.55E05
| 140 F 9.65E+01 1.68E02-1.95E02 1.24E02-1.00E03 2.74E02-3.68E02
:viscosity-Tenp. Susceptibility -0.096 (-0.100)-(-0.096) (-0.103)-¢-0.085) (-0.098)-(-0.093)
ISOftening Point 17 126-128 122-147 133-139
=Penetration Index Pl(pen/pen) -0.18 (-0.43)-(-0.23) €-0.11)-¢1.06) (-0.04)-(0.17)
=Penetration Index Pl(pen/sp) -0.04 0.19-0.62 0.46-3.92 0.98-1.66
I[Penetratfon Viscosity Mumber -0.72 c-ﬂ.&U)-(-U.tB) 0.02-1.25 0.62-0.96
I[Shear Susceptibility, 39 F 0.60 0.49-0.65 0.53-1.28 0.51-0.51

l 77 F 0.88 0.66-0.8Q Q0.68-1.15 Q0.52-0.63

| 140 F 0.94 0.83-0.89 0.70-1.02 0.71-0.78
|lAsphalt Stiffness @ 0.1 sec, 39 F 5075 6525-7540 943-4785 4640-5800

} 7F 160 290-334 5-247 319-363

| 104 F 12 23-36 15-46 33-54
:Stiffness-Tenp. Susceptibility -0.073 (-0.69)-(-0.063) (-0.068)-(-0.b41) (-0.062)-¢-0.054)
{Penetration Retained 0.63 0.59-0.68 0.57-0.75 0.65-0.70
I|Viscosity Ratio 2.65 2.60-3.55 1.69-3.00 6.08-7.97
{Kinematic Viscosity Ratio 1.56 1.43-1.80 1.04-1.94 1.94-1.99
lCracking Temperature -48 (-44)-C-41) C-74)-(-45) (-4B)-(-43)
:naxinuu True Stress 60 60-120 75-595 174-289
lminun True Strain 2.95 2.23-2.44 1.39-3.73 2.28-2.46
IArea under Stress-Strain Curve 115 83-136 125-473 198-363
IfAsphalt Modutus ‘i46 242-472 115-296 346-413
}Asphalt-Po(ymer Modulus - - 50-819 0.0-205
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Table 5.2 Effect of Polymers on the Properties of TFA Asphalt Cement before RTFOT

| Rubber
|Test Parameter SBS SBR SBR/Polyolefin EVA c107
|

|Penetration , 77 F E E,D D E D
| 39 F E E E E E
I

|Viscosity, 140 F 1 1 1 1 1
|

{Kinematic Viscosity, 275 1 1 1 I 1
|

|Constant Power Viscosity, 39 F 1 1 D 1 1
| TF 1 1 I 1 I
| %0 F 1 1 1 1 1
I

|Viscosity-Temp. Susceptibility E E D D E
|

|Softening Point 1 1 I 1 I
|

|Penetration Index 1 I I 1 I
I

|Penetration Viscosity Number 1 1 1 I -
I

|Shear Susceptibility, 39 F 1 1 D D E
| 77 F I E,D D D )
| 140 F 1 E,I D D D
I

|Stiffness Modulus, 39 F D D D D D
| TTEF 1 1,0 it it 1
| 104 F I I I 1 I
I

|Stiffress-Temp. Susceptibility D E,D D D D
I

|Penetration Retained 1 1 E 1 -
I

|Viscosity Ratio D I 1 1 -
[

|Kinematic Viscosity Ratio D D 1 I -
I

|Power Viscosity Ratio, 39 F 1 1,0 D D -
| T7F D D D D -
| 140 F D I I I -
|

|Cracking Temperature 1 E i E 1
I

|Meximum True Stress 1 E,I 1 1 I
I

|Maximum True Strain E 1 E E D
|

|Area under Stress-Strain Curve I I 1 I E
I

|Asphalt Modulus 1 1 1 E 1
I

jAsphatt-Polymer Modulus 1 1 E 1 1
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in viscosity at all test temperatures. In addition,
temperature susceptibility, as measured by changes in
viscosity with changes in test temperature, was evaluated.
Oonly EVA and Dow polymers caused a decrease in the
Viscosity-temperature susceptibility. Other polymers did
not change this parameter significantly. ‘

Softening Point. All polymers caused an increase in the
softening point. Therefore, this test parameter may be
used to determine characteristics of polymer modified
binders.

Penetration Index (PI) and Penetration Viscosity Number
(PVN). Penetration Index and Penetration Viscosity Number
increased through the addition of polymers. This indicates
that modified asphalt binders are 1less temperature
susceptible than the controls. The range of penetration
index and penetration-viscosity number values for modified
and unmodified binders are shown in Table 5.1.

Shear Susceptibility. Polymer modified binders evaluated
in this study were generally shear thinning 1liquids.
However, not all combinations of the materials tested
demonstrated this behavior. This behavior is a desirable
trait during construction. Polymer modified binders showed
high viscosity at the 1low shear rates applied in the
laboratory. If these materials were not shear thinning,
mixing temperature during construction would have to be
significantly increased to ensure proper handling.
However, the shear thinning characteristics will cause a
significant reduction in viscosity at high shear rates
experienced during construction. Therefore, mixing
temperatures do not need to be increased significantly.

Stiffness modulus. It would be desirable for paving binder
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to have 1low stiffness at 1low temperatures and high
stiffness at high temperatures. Polymers used in the study
generally reduced stiffness at 1low temperatures and
increased stiffness at high temperatures. Therefore,
stiffness-temperature susceptibility of the polymer
modified binders were less than the controls. This effect
is shown in Table 5.2. The range of stiffness and
stiffness-temperature susceptibility values for modified
and control binders are shown in Tablels.l.

Agding Index. SBS polymers generally reduced the aging
index. The effect of other polymers on aging index is not
as clear. Table 5.1 shows the range of aging indices for
modified and control binders.

Cracking Temperature. Thermal cracking was improved by the
addition of SBS, Dow and Genstar C107 polymers. Low
temperature cracking obtained by the critical stress method
or limiting stiffness method did not seem to be realistic
as related to performance. These methods indicated
extremely low cracking temperatures such as -60°F. However,
these methods may be utilized when comparison between
materials is desired.

Maximum Tensile Stress and Strain, Maximum tensile stress
and strain should be very wuseful in identifying
characteristics of modified binders. The limits of tensile
strength and tensile strain for modified and control
binders are shown in Table 5.2. The modified binders
studied generally had much higher tensile strength and
tensile strain than their control asphalts. This may
indicate high performance binders for wuse in paving
construction.

Area Under Stress-Strain Curve. All polymers except the
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rubber (C107) increased the amount of work required (area
under stress-strain curve) to break the binder at 39°F in
force-ductility testing. This parameter is the force-
ductility counterpart to "toughness" in the toughness and
tenacity test.

Asphalt Modulus. The polymers studied generally caused an
increase in asphalt modulus. However, polymer modified AC-
10 binders generally demonstrated lower asphalt modulus
than AC-20 controls. Desirable cold temperature properties
would include a material with low modulus, high tensile
strength and high strain at failure.

Asphalt-Polymer Modulus. This parameter may be useful in
determining whether an asphalt has been polymer modified.
The control asphalts did not demonstrate secondary loading
during the force-ductility test. Existence of secondary
loading during the force-ductility test generally indicates
that the asphalt has been polymer modified. The range of
values are shown in Table 5.1.

COMPARISON OF TEST METHODS

Several different tests were used to evaluate the
thermal cracking, permanent deformation and temperature
susceptibility of binders and corresponding mixtures.
These tests are currently used in the paving industry for
determining performance characteristics of paving binders
and mixtures. However, they do not always give the same
performance prediction. In this portion of the study each
binder or mixture in a given district was ranked according
to its influence on pavement performance as predicted by
each test property. Results of the ranking are shown in
Table 5.3 through 5.5 for thermal cracking, permanent
deformation and temperature susceptibility, respectively.
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Table 5.3 Comparison of Test Methods Used in Temperature Susceptibility
Evaluation.
PI(pen/pen) PI(pen/sp) PVN STIFFNESS vIs.
DISTRICT TEMP TEMP.

SUSCEP. SUSCEP.

15 AC-20 AC-10 AC-10 AC-10 NS-175

15 AC-~10 AC~20 AC-20 AC-20 AC-20

15 NS-175 NS-175 NS§-175 NS-175 POLYBILT

15 Up-70 Up-70 UP-70 UPpP-70 UP-70

15 POLYBILT POLYBILT POLYBILT POLYBILT AC-10

15 DOW DOW STYRELF DOW STYRELF

15 STYRELF STYRELF DOW STYRELF DOW

15 GENSTAR GENSTAR GENSTAR GENSTAR

11 AC-20 AC-20 AC-20 AC-20 UP-70

11 UP-70 UP-70 STYRELF UP-70 AC-20

11 STYRELF STYRELF UP-70 STYRELF STYRELF

25 AC-20 AC-20 AC-20 AC-20 3% KRATON

25 STYRELF STYRELF 3% KRATON STYRELF 6% KRATON

25 3% KRATON 3% KRATON STYRELF 3% KRATON AC-20

25 6% KRATON 6% KRATON 6% KRATON 6% KRATON STYRELF

10 AC-20 AC-20 AC=-20 AC-20 -

10 UP 70 UPp 70 UPp 70 POLYBILT -

10 POLYBILT STYRELF POLYBILT STYRELF -

10 STYRELF POLYBILT STYRELF Up 70 -

10 KRATON KRATON KRATON KRATON -

Note: Binders and mixtures are listed in ascending order
of reducing temperature susceptibility as measured

by each test method in a given district.
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Table 5.4 Comparison of Test Methods used in Thermal Cracking Evaluation.

[VISCOSITY  MAXIMUM ~ MAXIMUM CURVE ASPHALT STIFFNESS CRACKING TENSILE TENSILE SECANT RESILIENT
| I9F TRUE TRUE AREA MODULUS MODULUS TEMPERATURE STRENGTH STRAIN MODULUS MODULUS
DISTRICT | STRESS STRAIN 39F I9F 9F 39F 9F I9F 39F
| 9Ff 39F
I
15 |POLYBILT AC-10 GENSTAR AC-10 DOW AC-20 AC-20 AC-20 AC-20 AC-20 POLYBILT
15 |STYRELF upP-70 DOW AC-20 POLYBILY POLYBILT POLYBILT STYRELF POLYBILT POLYBILT STYRELF
15 IAC-ZO AC-20 AC-20 GENSTAR AC~20 AC-10 NS-175 AC-10 DOW DOM AC-10
15 | GENSTAR NS-175 POLYBILY upP-70 NS=-175 NS-175 AC-10 DOM up-70 up-70 AC-20
15 |NS-175 GENSTAR STYRELF DoM GENSTAR pou DOV NS-175 NS-175 NS-175 upP-70
15 IDW DOW AC-10 NS-175 STYRELF ppP-70 up-70 up-70 AC-10 AC-10 NS-175
15 IUP-TO POLYBILT upP-70 POLYBJLT up-70 GENSTAR GENSTAR POLYBILT STYRELF STYRELF DOW
15 |AC-10 STYRELF NS-175 STYRELF AC-10 STYRELF STYRELF GENSTAR GENSTAR GENSTAR GENSTAR
|
1 Jup-70 AC-20 AC-20 AC-20 AC-20 AC-20 AC-20 uP-70 uP-70 up-70 AC-20
1" |AC-20 up-70 STYRELF up-70 UP-70 ppP-70 up-70 STYRELF AC-20 AC-20 UpP-70
1" ’ |STYRELF STYRELF up-70 STYRELF STYRELF STYRELF STYRELF AC-20 STYRELF STYRELF STYRELF
[
25 |3% KRATON  AC-20 AC-20 AC-20 AC-20 AC-20 AC-20 STYRELF AC-20 AC-20 AC-20
25 ,6% KRATON  STYRELF 6% KRATON  STYRELF 3X KRATON  SBTYRELF STYRELF 3X KRATON  STYRELF STYRELF 3X KRATON
25 |AC-20 3X KRATON  STYRELF 6% KRATON  STYRELP 3X KRATON  3X KRATON  AC-20 3X KRATON 3% KRATON  STYRELF
25 |STYRELF 6% KRATON  3X KRATON  3X KRATON 6% KRATQH 6% KRATON 6% KRATON 6% KRATON 6% KRATON 6% KRATON  6X KRATON
|
10 } - - - - - AC-20 AC-20 up 70 UP 70 up 70 STYRELF
10 | - - - - - up 70 up 70 STYRELF AC-20 STYRELF AC-20
10 | - - - - - POLYBILT STYRELF KRATON STYRELF AC-20 KRATON
10 | - - - - - STYRELF POLYBILT AC-20 KRATON KRATON up 70
10 | - - - - - kRATW KRATON POLYBILT POLYBILT POLYBILT POLYBILT
| .
ote: Binders and mixtures are listed {n ascending order of reducing thermal cracking susceptibility as measured by each

test method in a given district.
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Table 5.5 Comparison of Test Methods used in Permanent Deformation Evaluation.

] |VISCOSITY  STIFFNESS  MARSHALL HVEEM TENSILE SECANT RESILIENT  ALPHA CREEP
IDISTRICT | 140 F 104 F STABILITY  STABILITY  STRENGTH MODULUS MODULUS 77 F COMPLIANCE
| | 104 F 104 F 1064 F 1000 sec.
I I

| 15 |AC-10 AC-10 AC-10 _UP-70 AC-10 GENSTAR GENSTAR AC-10 AC-10

| 15 |NS-175 uP-70 STYRELF STYRELF GENSTAR AC-10 AC-10 AC-20 STYRELF

| 15 upP-70 NS-175 UuP-70 AC-10 uP-70 STYRELF STYRELF NS-175 NS-175

| 15 |AC-20 AC-20 GENSTAR GENSTAR STYRELF uP-70 NS-175 UP-70 upP-70

| 15 |POLYBILT STYRELF POLYBILT POLYBILT NS-175 NS-175 uP-70 GENSTAR GENSTAR

| 15 |STYRELF POLYBILT DOW Dow POLYBILT POLYBILT POLYBILT STYRELF AC-20

| 15 {pow GENSTAR NS-175 NS-175 AC-20 AC-20 AC-20 POLYBILT POLYBILT

| 15 | GENSTAR DOW AC-20 AC-20 DOMW DOwW DOW Dow Dow

I I

| 1" jac-20 up-70 STYRELF STYRELF STYRELF STYRELF STYRELF uP-70 STYRELF

| 1 |uP-70 STYRELF AC-20 UP-70 AC-20 uP-70 © upP-70 AC-20 AC-20

| 1" | STYRELF AC-20 uP-70 AC-20 uP-70 AC-20 . AC-20 STYRELF up-70

| |

| 25 |ac-20 STYRELF AC-20 6X KRATON  AC-20 6% KRATON 6% KRATON  AC-20 6% KRATON

] 25 |STYRELF AC-20 6% KRATON  STYRELF 6% KRATON  3X KRATON  3X KRATON 3X KRATON  STYRELF

| 25 {3% KRATON  3X KRATON  STYRELF AC-20 3X KRATON  STYRELF STYRELF STYRELF 3X KRATON

] 25 |6% KRATON  6X KRATON 3% KRATON  3X KRATON  STYRELF AC-20 AC-20 6X KRATON  AC-20

I |

| 10 |AC-20 STYRELF POLYBILT POLYBILT  POLYBILT KRATON STYRELF KRATON AC-20

| 10 up 70 POLYBILT KRATON KRATON KRATON POLYBILT up 70 up 70 POLYBILT
| 10 {POLYBILT KRATON - AC-20 AC-20 up 70 STYRELF POLYBILT STYRELF KRATON
] 10 | STYRELF AC-20 up 70 STYRELF STYRELF up 70 KRATON AC-20 STYRELF
| 10 | KRATON up 70 STYRELF up 70 AC-20 AC-20 AC-20 POLYBILT up 70

|

Note: Binders and mixtures are listed in ascending order of reducing permanent deformation susceptibility
as measured by each test method in a given district.



Temperature Susceptibility. Table 5.3 shows the ranking of
binders which reflect their temperature susceptibility.
Five parameters, PI (Pen/Pen), PI (Pen/Sp), PVN, stiffness-
temperature slope and viscosity-temperature slope were used
in determining temperature susceptibility. As shown in
Table 5.3, PI (Pen/Pen), PI (Pen/Sp) PVN and the stiffness
temperature slope will generally produce the same ranking
or performance prediction. Therefore, only one of these
parameters needs to be evaluated in future studies.

Thermal Cracking. Table 5.4 shows the ranking of binders
and their corresponding mixtures as related to thermal
cracking. Eleven parameters were used in determining
thermal cracking susceptibility. As shown in Table 5.4,
maximum strength at 39°F and the area under the stress
strain curve yielded approximately the same ranking. 1In
addition, stiffness at 39°F and cracking temperature also
yielded approximately the same ranking. For mixture tests,
tensile strain and secant modulus at 39°F produced exactly
the same ranking.

Permanent Deformation. Table 5.5 shows the ranking of
binders and mixtures as related to permanent deformation.
The nine parameters shown in Table 5.5 were used to
determine the susceptibility to permanent deformation .
Viscosity at 140°F and stiffness at 104°F yielded
approximately the same ranking. In addition, tensile
strength at 104°F and secant modulus at 104°F also produced
approximately the same ranking.

At the present time, the actual field performance of
these binders has not been determined due to the short in-
service life of the test sections. When actual field
performance evaluations are completed, it will be possible
to identify tests which best predict field performance.
After identifying tests which predict pavement performance,
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mix design criteria can be established with the aid of the
data presented in previous chapters.
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CHAPTER 6

CONCLUSIONS

During the course of this study, 20 hot mix test sections were
constructed in four districts of the Texas Department of
Transportation. Seven different polymers were utilized in the
study. The polymer modified asphalt binders and their
corresponding HMAC mixtures were evaluated in a comprehensive
testing program. These materials were studied to evaluate the
effects of polymers on the properties of both the asphalt and HMAC
mixtures. In addition, several tests were evaluated in order to
determine the effectiveness of these test methods in characterizing
polymers. Once the field performance of the test sections is
determined after long-term performance evaluations, the results
presented in this report can be used to develop a comprehensive
mixture design and analysis method for polymer-modified hot-mixed

asphalt concrete.
% Based on the conditions of this study and the results of the
data analysis the following conclusions appear warranted:

A. Test Method

1. Both the empirical and the fundamental tests evaluated in
this study may be useful for identifying polymer-modified
binder properties. However, viscoéity tests (ASTM D2170
and ASTM D2171) are inadequate in characterizing the
polymer modified binders unless the shear rate is
measured. All modified binders demonstrated non-
Newtonian behavior.

2. Conventional capillary viscometer tests may provide
misleading results for mixing and compaction temperatures
of asphalt concrete due to the differences in shear rate
which exist between mixing plants and capillary
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B.

viscometers. Most polymer-modified binders show shear-
thinning behavior. Therefore these binders exhibited low
viscosity at the high shear rates which exist in plant
production processes.

The Schweyer constant stress rheometer is a reliable
testing device for the evaluation of rheological
properties of binders. It is possible to construct flow
diagrams over a wide range of shear stress, rate of
shear, and test temperature using this rheometer.
Constant power viscosity eliminates the need for
excessive extrapolation of viscosity from one shear rate
to another. This parameter can be used for comparison of
binder viscosity, particularly at low temperatures.

The flow behavior of the binders used in this study can
be described by the power law formula.

At a given shear rate viscosities obtained with the
capillary tube viscometer and the Schweyer Rheometer are
comparable. '

As a result of this study, a comparison is made between
various test methods which are commonly used to predict
thermal cracking, permanent deformation and temperature
susceptibility. This comparison may help to identify
tests which predict field performance after actual field
performance data is obtained.

Binder Properties

1.

Temperature susceptibility is significantly decreased for
modified binders as measured by either penetration index
or penetration viscosity number.

The addition of polymers decreased stiffness temperature
susceptibility. The effect was very pronounced for both
the SBS and Genstar C107.

The Genstar C107 and SBS polymers appear to be very
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effective in lowering the predicted pavement cracking
temperature, but for the asphalt rubber this may not be
directly linked to the polymer itself. This is due to
the presence of up to 30% light oils in the ground tire
rubber.

Rolling thin film oven aging generally affected
properties of SBS binders less than SBR binders.

The addition of polymers significantly increased tensile
strength and the area under stress-strain curves of the
binder. This may indicate a higher resistance to
cracking of these binders.

Of all polymer-modified binders evaluated, only Dow did
not exhibit the second slope in the stress-strain curve.
This may indicate the non-compatibility of the polymer
and asphalt cement.

The binders tested in this study exhibited non-Newtonian
flow behavior. The degree of non-Newtonian flow
increased with RTFOT aging, and decreased as the test
temperature increased.

Mixture Properties

1.

Hveem stability of mixtures was not significantly
affected by the polymers. Although Hveem stability is
quite sensitive to changes in binder quantity, it is not
sensitive to changes in rheological properties of the
binder.

Polymers generally increased the Marshall Stability of
mixtures containing AC-10 asphalt cements up to that of
the AC-20 control mixtures.

Indirect tension test results showed that polymers
generally increased the mixture tensile strength and
secant modulus at the high temperatures. This may
indicate an improved resistance to permanent deformation.
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However, resilient modulus of mixtures was not
significantly affected by the addition of polymers.
Tensile strain at failure of modified AC-10 mixtures were
significantly higher than that of the AC-20 controls at
low temperatures. This may be indicative of improved
resistance to thermal cracking where modified AC-10 is
used instead of AC~20 asphalt cement.

The polymers used in this study, especially SBS, improved
moisture damage resistance of the mixture. Addition of
1% lime to the mixtures in District 25 masked the effect
of the polymers due to the high tensile strength ratio
(TSR) exhibited by mixtures due to lime addition.
Fatigue response of mixtures containing AC-10 plus a
polymer was generally superior or equal to the control
mixtures which contain AC-20 with no polymer. The
Styrelf and Genstar C107 had the greatest improvement in
fatigque response among the polymers used in this study.
A linear regression relationship between log'K1 and K,
(fatigue constants) was developed as follows:

K, = 1.110 - 0.270 log K,

R = 0.986 Se = 0.135

Indirect tensile creep testing showed that addition of
polymer to mixtures improved permanent deformation
resistance. SBR modified binders showed more improvement
than SBS modified binders.

Plant Mixed vs. lLaboratory Mixed Properties

1.

Stepwise regression analysis was performed to predict
engineering properties of plant mixed mixtures from
engineering properties of laboratory prepared mixtures.
Other factors such as mixing temperature, air voids, test
temperature and aging indices were also included in the
regression analysis. It was found that for engineering
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properties such as Marshall Stability, Marshall Flow,
Hveem Stability, Tensile Strength, Tensile strain at
failure, secant modulus, resilient modulus, fatigue
constants and intercept and slope of creep compliance
curve, the laboratory prepared mixture properties may be
used to predict properties of plant mixed HMAC. .
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APPENDIX A

PRESENTATION OF TEST RESULTS - DISTRICT 15

The objectives of Appendix A are twofold: (1) to describe the
site-specific field operations of the test sections along with a
description of the materials, polymers, and construction techniques
used for this field project, and (2) to present the laboratory test
results of the unmodified and modified binders and laboratory mixed
and plant mixed mixtures for the experimental field study in
District 15 of the Texas Department of Transportation (TxDOT).

EXPERIMENTAL FIELD PROGRAM

The test pavements were constructed on US 281 in Comal County,
Texas, in April 1987, and involved pavement overlay of one lane of
the highway. The test sections are shown schematically in Figure
A-1l. Each test section was approximately .one to one and a half
inches thick, twelve feet wide, and 1500 feet long. A total of
seven test sections were constructed with six different polymers
plus a control. Field construction was conducted by District 15 of
the TxXDOT and assisted by the Center for Transportation Research,
the University of Texas at Austin. The average daily traffic (ADT)
was estimated at 2650 vehicles for the test pavement.

MATERIALS
ASPHALT CEMENT. AC-10 and an AC-20 asphalt cements were supplied

by Texas Fuel and Asphalt of Corpus Christi, Texas, and used
throughout this project.

AGGREGATE. Four aggregates, a grade No. 4 sandstone, a grade No.
5 limestone, a limestone screening, and a field sand, were combined
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to produce the project gradation. Gradations of individual
aggregates, the project gradation, percentage of each aggregate,'
and the gradation specifications are given in Table A-1. The
project gradation is plotted on a 0.45 power graph in Figure A-2.

POLYMER. Six polymers included in this field project consisted of
two types of Styrene Butadiene Rubber (SBR), one type of Styrene
block copolymer (SBS), a combination of SBR 1latex and
functionalized Polyolefin, an Ethylene Vinyl Acetate (EVA), and
recycled tires (rubber). Sources of‘ these polymers and
designations used for this study are shown below.

SOURCE TYPE DESIGNATION
Goodyear SBR UP 70
Polysar SBR NS 175

Elf SBS Styrelf-13
Dow SBR/Polyolefin -

Exxon EVA Polybilt 103
Crafco Recycled tires Genstar C107

Blending of the asphalts and the polymers was performed by the
polymer manufacturers or processors in the refinery or in a
distributor truck. No polymer was introduced into the asphalt
in-line injection system of the plant.

Styrene Butadiene Rubber. Styrene Butadiene latices are
available in a wide variety of monomer proportions, molecular
weight ranges, emulsifier types and other variations. Two products
specifically recommended for use in hot mix asphalt concrete, UP-70
and NS- 175, were included in this field project. The latex UP-70
and the polysar NS-175 were supplied by Textile Rubber and Chemical
Co. and BASF Co., respectively. The total amount of the UP-70 and
the NS-175 used in the TFA AC-10 was 3 percent in each blend.

Styrene Butadiene Styrene. The Styrelf-13 utilized was a
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copolymer of Styrene and Butadiene. The Styrelf modified binder
was blended by El1f Asphalt Co. with the TFA AC-~10 at 3% polymer by
weight of total binder.

SBR/Polyolefin. This polymer, a combination of a SBR latex
and a functionalized polyolefin, was supplied by Dow Chemical Co.
The modified binder contained 5 percent polymer (2 percent
polyolefin and 3 percent SBR solids) and 95 percent TFA AC-20.

Ethylene Vinyl Acetate. The polybilt 103, a copolymer of
Ethylene Vinyl Acetate (EVA), was obtained from Exxon Chemical Co.
This polymer had a permanent polarity which was associated with the
acetate group. The modified binder contained 97 percent TFA AC-20
and 3 percent polybilt 103.

Rubber. The Genstar Cl107 obtained from Crafco Co. consisted
of chiefly vulcanized SBR or polyisoprene. Blending of the TFA
AC-10 and the Genstar Cl107 was done in a distributor truck in the
plant at 350°F at high shear. The blend which contained 18 pércent
rubber (Genstar C017) by the weight of binder resulted in a highly
viscous and tacky asphalt binder.

FIELD OPERATION

Approximately 600 tons of each mix was produced using a batch
plant. Identical aggregates were utilized throughout the
experiment. Two grades , AC-10 and AC-20, of TFA asphalt cement
were utilized. The Ultra Pave 70 (3 percent), Genstar C107 (18
percent), Polysar NS-175 (3 percent) and Styrelf-13 (3 percent)
were blended with the TFA AC-10. The Dow (5 percent) and Polybilt
103 (3 percent) were preblended with the TFA AC-20.

Mixing temperature for the Polybilt 103, NS 175, Styrelf-13
and Dow mixtures was about 320°F and was increased to about 340°F
for the Genstar C107 and UP-70 mixtures. The control asphalt, TFA
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AC-20, was mixed at 315°F. The initial breakdown compaction
occurred between 250°F and 270°F except for the Polybilt 103
mixtures. The polybilt modified mixtures were allowed to cool down
to between 220°F and 230°F before 1rolling, and at these
temperatures the mixtures exhibited good handling characteristics.
The Genstar C107 modified mixtures were noticeably stiffer than the
other mixtures and did not lay as smoothly. The mixtures containing
UP-70 showed problems during construction. These problems were
confined to the mixture sticking to the dump trucks during delivery
and workability through the paver. Compaction of each test section
was achieved using a vibratory roller, a pneumatic roller and a
steel wheel roller. Environmental conditions during construction
were favorable, with early morning temperatures of approximately
70°F and afternoon temperatures of 95°F.

Twelve field cores were obtained from each test section soon
after the construction. These cores were approximately 4-inches in
diameter and one to one and a half inches in thickness. The field
cores were transported to the Center for Transportation Research
immediately after sampling.

PRESENTATION OF TEST RESULTS

Summaries of test results for the unmodified and modified
binders are presented in Tables A-6 through A-8 and are plotted in
Figures A-3 through A-47.

Summaries of test results for the unmodified and modified
mixtures are presented in Tables A-9 through A-26 and are plotted
in Figures A-48 through A-67.
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Table A-1 AGGREGATE GRADATION (DISTRICT 15)

Limestone
Sandstone Limestaone Screenings Field Sand
Sieve %X Sieve 275 Sieve 19% Sieve 23% Combined SDHPT
Analysfs Analysis Analysis Analysis Gradation Specification

Plus 172 in. 0,0 0.0 0.0 0,0 0.0 0.0 0.0 0.0 0.0 0
172 to 3/8 in 33,0 10,2 0.0 0,0 2.0 0.0 0.0 0.0 10.2 0-15
3/8 to No. & 57.1 17.7 50.5 13,6 0.0 0.0 0.0 0.0 31.3 21-53
No. 4 to No. 10 7.5 2,3 47.1 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 a,0 16.5 3.1 62.6 14.4 17.6 4-27
No. 80 to No. 200 0.3 0.1 a.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 3.7 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
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TABLE A-2 Experimental Testing Program for Unmodified and Polymer-Modified Asphalt Binders
Number of Test Repetitions (District 15)

Penetration Viscosity Softening Force Ductility Schweyer Rheology
--------------------------------------------------- Point Before RTFOT S
Binder Before RTFOT After RTFOT Before RTFOT After RTFOT Before 39.2 F Before RTFOT After RTFOT
---------------------------------------------------------------- RTFOT L LT L L LT T LR PP PP EP PR PP EE e
Asphalt Polymer 39.2F 77 F 77 F 140 F 275 F 140 F 275 F 39F 77 F 140F 39F 77F 140 F
TFA - 2 z 2 z 2 z 2 2 2 — 1 — 1
AC-10
TFA  Goodyear 2 2 2 2 2 2 2 2 2 1 1 1 1 1 1
AC-10 UP 70
TFA  Styrelf-13 2 2 2 2 2 2 2 2 2 1 1 1 1 1 1
AC-10
TFA  Polysar 2 2 2 2 2 2 2 2 2 1 1 1 1 1 1
AC-10 NS 175
TFA  Crafco 2 2 2 2 2 2 2 2 2 1 1 1 1 1 1
AC-10 Genstar C107
TFA - 2 2 2 2 2 2 2 2 2 1 1 1 1 1 1
AC-20 )
TFA  Exxon 2 2 2 2 2 2 2 2 2 1 1 1 1 1 1
AC-20 Polybilt 103
TFA Dow 2 2 2 2 2 2 2 2 2 1 1 1 1 1 1

AC-20
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TABLE A-2 Experimental Testing Program for Unmodified and Polymer-Modified Asphalt Binders
Number of Test Repetitions (District 15)

Penetration Vlscoslty Softening Force Ductility Schweyer Rheology
B L LD EE TR C PP PP PP vmeeemecaaee e---es--- Point Before RTFOT ~  ~-s-=cccocmcemcmmummaoman oo cccneaoaen
Binder Before RTFOT After RTFOT Before RTFOT After RTFOT Before 39.2°F Before RTFOT After RTFOT
------------------ sesesmessacs cmemcessies cececsearess somsece-e-- RTFOT B SRR T L L P T LR T PR EP TIPS
Asphalt  Polymer 39 2F 77F 77 F 140 F 275 F 140 F 275 F 39F 77F 140 F 39F 77F 140 F
TFA - 2 2 2 2 2 2 2 2 2 1 1 1 1 1 1
AC-10
TFA  Goodyear 2 2 2 2 2 ] 2 2 2 1 1 1 1 1 1
AC-10 uP 70
TFA  Styrelf-13 2 2 2 2 2 2 2 2 2 1 1 1 1 1 1
AC-10
TFA  Polysar 2 2 2 ] 2 F] 2 2 2 1 "1 1 1 1 1
AC-10 NS 175
TFA Crafco 2 2 2 2 2 2 2 2 2 1 1 1 1 1 1
AC-10 Genstar C107
TFA - 2 2 2 ] 2 2 2 2 2 1 1 1 1 1 1
AC-20
TFA  Exxon 2 2 2 2 2 pJ 2 2 2 1 1 1 1 1 1
AC-20 Polybilt 103
TFA Dow 2 2 2 F] 2 F] 2 2 2 1 1 1 1 1 1

AC-20
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TABLE A-3 Experimental Testing Program for Laboratory Compacted-Laboratory Mixed Mixtures
Number of Test Repetitions (District 15)

Modified Compaction Standard Compaction
Binder Resilient Modulus Hveem Marshall Creep Fatigue Moisture Resilient Modulus Hveem Marshall
------------------ & Indirect Tensile 140F 140F 2 Stress levels Resistance & Indirect Tensile 140F 140F
Asphalt Polymer strength 60F 77F 90F 15% 25% 50% Strength
39F 77F  104F 39F T7F  104F

TFA  Goodyear 3 3 3 3 3 2 2 2 2 2 2 3 3 3 3 3 3
AC-10 UP 70

TFA  Styrelf-13 3 3 3 3 3 2 2 2 2 2 2 3 3 3 3 3 3
AC-10

TFA .- 3 3 3 3 3 2 2 2 2 2 2 3 3 3 3 3 3
AC-20

TFA Exxon 3 3 3 3 3 2 2 2 2 2 2 3 3 3 3 3 3
AC-20 Polybilt 103

TFA  Crafco 3 3 3 3 3 2 2 2 2 2 2 3 3 3 3 3 3
AC-10 Genstar C107

TFA  Polysar 3 3 3 3 3 2 2 2 2 2 2 3 3 -3 3 3 3
AC-10 NS 175

TFA  Dow 3 3 3 3 3 2 2 2 2 2 2 3 3 3 3 3 3
AC-20

TFA - 3 3 3 3 3 2 2 2 2 2 2 3 3 3 3 3 3
AC-10

* TFA AC-10 mixture was not placed in the field test section.
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TABLE A-4 Experimental Testing Program for Laboratory Compacted-Plant Mixed Mixtures
Number of Test Repetitions (District 15)

Modified Compaction Standard Compaction
Binder Resilient Modulus Hveem Marshall Creep Fatigue Moisture Resilient Modulus Hveem Marshall
------------------ & Indirect Tensile 140F 140F ] Stress levels Resistance & Indirect Tensile 140F 140F
Asphalt Polymer Strength 60F 77F 9OF 15% 25% 50% Strength
39F 77F  104F 39F 77F  104F

TFA  Goodyear 3 3 3 3 3 2 ¢ 2 2 2 2 3 3 3 3 3 3
AC-10 UP 70

TFA  Styrelf-13 3 3 3 3 3 2 2 2 2 2 2 3 3 3 3 3 3
AC-10

TFA - 3 3 3 3 3 2 ¢ 2 2 2 2 3 3 3 3 3 3
AC-20

TFA  Exxon 3 3 3 3 3 2 2 2 2 2 2 3 3 3 3 3 3
AC-20 Polybilt 103

TFA  Crafco 3 3 3 3 3 2 2 2 2 2 2 3 3 3 3 3 3
AGC-10 Genstar C107

TFA  Polyser 3 3 3 3 3 2 2 2 2 2 2 3 -3 3 3 3 3
AC-10 NS 175

TFA  Dow 3 3 3 3 3 2 2 2 2 2 2 3 3 3 3 3 3

AC-20




TABLE A-5 Experimental Testing Program for Field Cores.
District 15

Binder Resilient Modulus Marshall
------------------ & Indirect Tensile 140F
Asphalt Polymer Strength
39F 77F 104F
TFA AC-10 Goodyear UP 70 3 3 3 3
TFA AC-10 Styrelf-13 3 3 3 3
TFA AC-20 - 3 3 3 3
TFA AC-20 Polybilt 103 3 3 3 3
TFA AC-10 Genstar C107 3 3 3 3
TFA AC-10 Polysar NS 175 3 3 3 3
TFA AC-20 Dow 3 3 3 3

lel
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Table A-6 Unmodified and Modified Asphalt Properties before RTFOT,

Parameter TFA AC-10 TFA AC-10 TFA AC-10 TFA AC-10 TFA AC-10 TFA AC-20 TFA AC-20 TFA AC-20
& & & & & &

3% Goodyear 3% Styrelf 3X Polysar 18% Crafco 3% Exxon 5% Dowm
Penetration @ 39.2 F (25 C) 15 15 17 13 16 9 10 9
100g, S Sec. 14 13 15 13 14 9 10 1
Avg, 14.5 14 16 13 15 9 10 10
Penetration @ 77 F (4 C) 101 99 101 92 78 69 69 67
100g, 5 Sec. 103 101 101 9% 80 n 70 65
Avg, 102 100 101 93 79 70 69.5 66
Viscosity @ 140 F (60 C) 1124 1300 3I%47 1320 - 2091 3300 5235
Poises 1138 1321 3’7 1316 - 2083 3291 5161
Avg, 1131 1310.5 3332 1318 - 2087 3295.5 5198
Viscosity @ 275 F (135 C) 298 500 750 490 - 414 927 1194
Centistokes 296 506 ™7 500 - 418 911 1209
Avg. 297 503 75%.5 495 - 416 919 1201.5
Softening Point, F 117 123 132 121 139 126 131 140
117 121 131 123 137 126 134 138
Avg. 117 122 131.5 138 126 132.5 139

122
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Table A-6 (Continued)

Parameter TFA AC-10 TFA AC-10 TFA AC-10 TFA AC-10 TFA AC-10 TFA AC-20 TFA AC-20 TFA AC-20
& & & & & &

3% Goodyear 3% Styrelf 3X Polysar 18% Crafco 3X Exxon 5X Dow
Maximum True Stress, psi 63.2 85.8 382.8 127.2 135.3 102.8 286.5 172.2
55.2 81.4 391.1 121.6 124.5 99.1 291.2 175.1
Avg. 59.2 83.6 386.95 124.4 129.9 100.95 288.85 173.65
Maximum True Strain, in/in 2.97 3.5 2.76 3.54 1.39 2.39 2.47 2.26
2.93 3.52 2.77 3.52 1.38 2.4 2.45 2.3
Avg. - 2.95 3.51 2.765 3.53 1.385 2.395 2.46 2.28
True Area , psi 117.8 156.4 392.8 245.4 125.1 124 363.3 194.7
112.4 161.3 414.5 251.2 126.7 118.8 361.8 201.5
Avg. 115.1 158.85 403.65 248.3 124.9 121.4 362.55 198.1
Asphalt Modulus, psi 132.2 210.8 238 304.9 222.6 339.8 320.5 405.3
158.8 217.2 216 286.4 267.9 313 371.22 420.6
Avg. 145.5 214 227 295.65 245.25 326.4 345.86 412.95
Asphalt-Polymer Modulus, - 90.9 409 132.1 51.2 - 213.2 -
psi - 87.6 374 129.3 48.7 - 196.3 -
Avg. - 89.25 391.5 130.7 49.95 - 204.75 -
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Table A-6 (Continued)

Parameter TFA AC-10 TFA AC-10 TFA AC-10 TFA AC-10 TFA AC-10 TFA AC-20 TFA AC-20 TFA AC-20
& & & & & &
3% Goodyear 3% Styrelf 3% Polysar 18X Crafco 3% Exxon 5% Dow
Shear Susceptibility
?@39.2F 6.024E-01  7.470E-01 1.135E+00 7.699E-01 5.349E-01 6.376E-01 S5.070E-01 S.107E-01
aT7TF 8.786E-01 B.159E-01 1.069E+00 8.576E-01 6.777E-01 7.778E-01 6.269E-01 5.189E-01
@10 F 9.3786-01 9.518e-01 1.0196+00 9.670E-01 6.990E-01 8.400E-01 7.133e-01 7.773E-01
Apperent Viscosity, pas-sec
at Shear Rate = 1 1/sec
239.2F 9.030E+06 1.766E+07 1.192E+08 2.905€+07 1.435E+07 2.182E+07 1.832E+07 1.216E+07
av7TF 1.115E+05  1.998E+05 @.213E+05 2.158E+05 3.543E+05 2.924E+05 2.834E+05 4.641E+05
@ 140 F 1.1986+402 1.476E+02 3.503e+02 1.381E+02 2.005E+03 2.879E+02 6.380E+02 6.875E+02
Constant Power Viscosity,
pas-sec
@39.2F 2.760E+07 3.736E+07 7.610B+07 6.072E+07 6.464E+07 7.183E+07 1.007e+08 5.759€+07
aTTF 1,1236405  2.143E+405 5.844E+05 2.289E+05 4.518E+05 3.343e+05 3.599E+05  7.548E+05
@ 140 F 9.651E+01  1.256E+02 3.691E+02 1.236E+02 1.003e+03 1.731E+02 2.7386+02 3.683E+02
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Table A-6 (Continued)

Parameter TFA AC-10 TFA AC-10 TFA AC-10 TFA AC-10 TFA AC-10 TFA AC-20 TFA AC-20 TFA AC-20
& & & & & &
3% Goodyear 3% Styrelf 3% Polysar 18X Crafco 3X Exxon 5% Dow
Penetration Index Pl(Pen/Pen) -0.18 -0.11 0.33 -0.11 1.04 -0.39 -0.04 0.17
Penetration Index PI(Pen/SP) -0.04 0.69 2.01 0.46 2.08 0.19 0.98 1.66
Penetration Viscosity Number, PVN -0.72 0.14 0.79 0.02 - -0.6 0.62 0.96
Stiffness Modulus @ 39.2 F, psi
5 Sec. Loading 450 435 305 493 522 725 725 754
20 Sec. Loading 145 203 160 232 261 305 319 392
Stiffness Modulus @ 0.1 Sec
39.2F 5075 3625 2030 4785 2900 6960 5800 4640
T7F 160 145 189 218 247 290 319 363
104F 12 15 25 16 46 23 33 54
Stiffness/Temperature Slope -0.073 -0.067 -0.053 -0.068 -0.050 -0.069 . -0.062 -0.054
Apparent Viscosity/Temp. Slope .
before RTFOT -0.087 -0.091 -0.098 -0.095 -0.068 -0.087 -0.079 -0.076
after RTFOT -0.083 -0.085 -0.106 -0.087 - -0.085 -0.069 -0.066
Constant Power Visco./Temp. Slope
before RTFOT -0.096 -0.097 -0.095 -0.101 -0.085 -0.100 -0.098 -0.093
after RTFOT -0.097 -0.099 -0.105 -0.096 - -0.101 -0.089 -0.084
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Table A-6 (Continued)

Parameter TFA AC-10 TFA AC-10 TFA AC-10 TFA AC-10 TFA AC-10 TFA AC-20 TFA AC-20 TFA AC-20
& & & & & &
3X Goodyear 3% Styrelf 3X Polysar 18% Crafco 3% Exxon 5% Dow
Penetration Ratio, 77 F 0.63 0.67 0,72 0.75 - 0.65 0.70 0.64
Viscosity Ratio 2.65 3.00 1,90 2.87 - 3.55 7.97 6.08
Kinematic Viscosity Ratio 1.56 1.45 1,28 1.38 - 1.68 1.9 1.94
Shear Susceptibility Ratfo
@39.2F 0.97 0.82 1,07 0.91 - 0.95 1.00 0.95
av7’F 0.91 0.88 1,08 0.89 - 0.92 0.98 0.94
8140 F 0.9 0.90 1,00 0.94 - 0.96 0.87 0.89
Apparent Viscosity Ratio
a39.2 F 1.98 1.84 4,39 1.19 - .41 1.07 1.17
Q77F 3.14 2.61 2,95 2.63 - 3.50 2.58 1.75
@ 140F 3.3 3.73 1.70 3.48 - 3.08 4.22 4.59
Constant Power Viscosity Ratio
¥39.2F 2.53 3.50 3,02 1.62 - 3.40 1.10 1.37
av7rF 3.59 3.18 2,55 3.13 - 4.50 3.27 2.22
Q140 F 2.62 2.9% 1,68 3.05 - 3.06 4.24 4.54
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Table A-7 Unmodified and Modified Asphalt Properties after RTFOT.

Parameter TFA AC-10 TFA AC-10 TFA AC-10 TFA AC-10 TFA AC-10 TFA AC-20 TFA AC-20 TFA AC-20
& & & & & &
3% Goodyear 3% Styrelf 3X Polysar 18% Crafco 3% Exxon 5% Dow
Penetration @ 77 F (4 C) 64 65 73 69 - 45 47 42
100g, 5 Sec. 65 68 72 70 - 46 50 43
Avg. 65 67 3 70 - 46 49 43
Viscosity @ 140 F (60 C) 2956 3960 6292 3765 - 7436 26109 31520
Poises 3044 3904 6370 3795 - 7365 26423 31663
Avg. 3000 3932 6331 3780 - 7401 26266 31592
Viscosity @ 275 F (135 C) 461 732 972 672 - 700 1849 2350
Centistokes 467 726 962 692 - 694 1810 2308
Avg. 464 729 967 682 - 697 1830 2329
Shear Susceptibility v
839.2F 5.836E-01 6.116E-01 1.213E+00 6.968E-01 - 6.067E-01 5.075€-01 4.853E-01
av7’F 7.957E-01 7.200E-01 1.156E+00 7.637E-01 - 7.154E-01 6.143E-01  4.863E-01
810 F 8.498E-01 8.563E-01 1.016E+00 9.128E-01 - 8.034E-01 6.226E-01 6.899€-01
Apparent Viscosity, pas-sec
Shear Rate = 1 1/sec )
839.2F 1.788E+07 3.247e+07 5.2386+08 3.468E+07 - 5.268E+07 1.966E+07  1.420E+07
877 F 3.498E+05 5.216E+05 1.836E+06 5.680E+05 - 1.023e+06 7.307E+05 8.131E+05
8 140 F 3.969€+02 5.509E+02 5.968E+02 4.809€+02 - 8.877E+02 2.690E+03  3.154E+03
Constant Power Viscosity,
pas-sec
839.2F 6.993e+07 1.309e+08 2.300E+08 9.859E+07 - 2.443E+08  1.104E+08  7.906E+07
877F 4 .034E+05 6.826E+05  1.488E+06  7.168E+05 - 1.504E+06 1.175E+06 1.67BE+06
810 F 2.533E+02 3.683E+02 6.220E+02 3.771E+02 - 5.304E+02 1.672€+03

1.160E+03



Table A-8 Constant Stress Rheometer Results for Urmodified and Modified Binders.

Shear Shear Apparent Shear Shear Apparent
Test Stress Rate Viscosity Stress Rate Viscosity
Temp. Pascal 1/Sec Pascal-Sec Pascal 1/Sec Pascal-Sec
TFA AC-10 TFA AC-10
Before RTFOT After RTFOT
T=140F 8.22E+04 1.04E+03 7.93E+01 6.95E+04  4.44E+02  1.56E+02
4.17TE+04 5.15E+02 8.09E+01 4.63E+04 2.67E+02 1.73E+02
2.24E+04  2.72E+02 8.22E+01 2.85E+04  1.48E+02 1.93E+02
1.36E+04 1.59£+402 8.55E+01 1.82E404 9.31E+01  1.95E+02
1.01E+04 1.12E+402 9.03E+01 1.25E+04 5.68E+01 2.19E+02
8.55E+03 9.41E+01  9.09E+01 7.30E+03 3.20E+01 2.28E+02
7.02E+03 7.55E+01 9.30E+01 4.996403 1.92E+01 2.60E+02
T=77F 8.81E+05 1.08e+01 . 8.15E+04 1.09E406 3.98E+00 2.75E+05
5.82E+05 6.24E+00 9.32E+04 7.41E+05 2.64E+00 2.80E+05
2.45E+05 2.51E+00 9.76E+04 4.33E405 1.39e+00 3.11E+05
1.74E405 1.67E+00  1.04E+05 2.27TE+05 S5.61E-01  4.05E+05
8.70E+404 7.50E-01 1.16E+05 1.036+05 2.13E-01  4.83E+05
5.44E+04  4.41E-01  1.23E+05 6.06E+04 1.11E-01  5.48E+05
T=39F 4.19E406 2.20E-01 1.90E+07 4 .4L6E+06 8.90E-02 5.02E+07
2.80E+06 1.57E-01  1.78E+07 3.32E+06 5.81E-02 5.72E+07
1.74E+06 7.71E-02 2.25E+07 2.46E+06 3.48E-02 7.08E+07
9.27E+405 2.88E-02 3.22E+07 1.42E406 1.25E-02 1.14E+08
5.48E+05 8.20E-03 6.68E+07 8.04E+05 4.97E-03  1.62E+08
3.54E+05 3.85E-03 9.206+07
2.24E+05 2 336-03  9.62E+4Q7
TFA AC-10 + 3X UP 70 TFA AC-10 + 3% UP 70
Before RTFOT Kfter RTFOT
T=10F 2.186+04 1.94E+02 1.126+02 6.7T1E+04 2.74E+02 2.45E+02
1.51E+06 1.29E+02 1.17E+02 4.02E404 1.51E+02 2.67E+02
1.096+04 8.93E+01 1.22E+02 2.43E+04  B8.24E+01  2.95E+02
5.596+03 4.54E+01  1.23E+402 1.63E404 5.15E+01  3.16E+02
Z.69E+03 2.11E+01 1.2BE+02 9.89E403 2.93E+01  3.38E+02
1.32E+03 1.01E+01  1.31E+02 5.45E+03  1.46E+01 3.73E+02
T=T77F B8.45E+05 5.96E+00 1.42E+05 T.79E+05 1.71E+00 4.56E+05
4.12E+05 2.51E+00 1.64E+05 4. 356405 7.82E-01 5.57E+05
2.17e+05 1.07e+00 2.02E+05 2.15e405 3.07e-01  7.00E+05
1.08E+05 4.42E-01  2.45E+05 1.07e+05 1.08E-01 9.98E+05
5.47E+04 2.04E-01 2.68E+05
2.71E+404 9.03E-02 3.00E+05
T=39F 3.238+06 9.55E-02 3.38E+07 4.16E+06 3.50E-02 1.19E+08
1.69E406 4.49E-02 3.76E+07 3.156+06 2.13e-02 1.4BE+08
8.66E+05 1.88E-02 4.61E+07 2.23E+06  1.24E-02 1.79E+08
4.37E+05 7.19E-03  6.08E+07 1.17E+06 4.73E-03  2.47E+08
2.22E+05 2.79E-03  7.96E+07 6.07E+05 1.43E-03  4.26E+08
1.11E+05 1.10E-03 1.01E+08
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Table A-8 (Continued)

Shear Shear Apparent Shear Shear Apparent
Test Stress Rate Viscosity Stress Rate Viscosity
Temp. Pascal 1/Sec Pascal -Sec Pascal 1/Sec Pascal -Sec
TFA AC-10 + 3X Styrelf TFA AC-10 + 3X Styrelf
Before RTFOT After RTFOT
T=140F 4. 566404 1.196+02 3.82E+02 8.996+04 1.39€+02 6.46E+02
1.77E+04  4.68BE+01 3.7BE+02 6.36E+04 9.8BE+01  6.44E+02
9.12E+03  2.45€6+01 3.72E+02 3.95E+404 6.19€+01 6.38E+02
4.85E+03  1.326+01 3.67E+02 2.06E+04 3.26E+401 6.32E+02
1.07e+04 1.72E+01 6.25E+02
T=77F 1.01E+06 1.52E+00 6.63E+05 1.70E+06 B.92E-01 1.91E+06
5.26E+05 8.74E-01 6.02E+05 1.26E406  7.25€-01 1.74E+06
2.63E+05 4.59E-01 5.72E+05 8.01E+05 5.01E-01 1.60E+06
1.10E+05 1.99E-01 S5.51E+05 4.T2E+05 3.23E-01  1.46E+06
5.91E+04 1.09€-01 5.42E+05 2.30E+05 1.67e-01  1.38E+06
3.07e+04 5.96E-02 5.14E+05 1.046+05 B.09E-02 1.29E+06
T=39F 2.7Te+06 3.49E-02 7.93E+07 3.87e+406 1.72E-02 2.25E+08
2.17E+06 3.03E-02 7.15E+07 2.83E+06 1.36E-02 2.08E+08
8.51E+05 1.31E-02 6.47E+07 2.09E+06 1.06E-02 1.96E+08
2.60E+05 4.47E-03 5.83E+07 1.57e+06 8.27e-03  1.89E+08
9.156+05 5.29€-03 1.73E+08
TFA AC-10 + 3X NS 175 TFA AC-10 + 3X NS 175
Before RTFOT After RTFOT
T=140F 2.28E404 1.96E+02 1.16E+02 8.66E+04 2.99E+02 2.89E+02
1.14E+04 9.63E+01 1.18E+02 6.25E+04 2.09E+02 2.99E+02
6.27E+03  5.18E+01 1.21E+02 3.51E+404 1.06E+02 3.31E+02
4.2BE+03  3.46E+01  1.23E+02 9.21E+03 2.56E+01 3.60E+02
1.90E+03  1.51E+01  1.26E+02 6.146+03  1.63E+01  3.76E+02
T=77F 3.10E+05 1.58E+00 1,96E+05 1.726+06 4.11E+00 4.17E+05
1.11E+05 4.32E-01 2.57E+05 1.296+06 2.93E+00 4.42E+05
6.52E+04 2.45E-01 2.65E+05 8.63E+05 1.79€+00 4.B2E+05
3.58E+04 1.28E-01 2.81E+05 5.39E+05 9.66E-01 5.58E+05
2.28E+04  7.29E-02 3.13E+05 2.16E+05 2.72E-01 7.93e+05
1.08E+05 1.14E-01 9.46E+05
T=39F 3.56E+06 5.98E-02 5.96€E+07 3.07E+06 3.16E-02 9.73E+07
1.71E+406 2.69E-02 6.37E+407 2.29E+06 1.97E-02 1.16E+08
9.79€+05 1.30E-02 7.53E+07 1.636406 1.17e-02 1.39E+08
5.01E+05 5.27e-03 9.51E+07 9.43E405 6.13E-03  1.54E+08
2.5TE+05 2.11E-03  1.22E+08 4. TTE+05 2.15E-03 2.22E+08
1.386405 9.27E-04 1.49E+408 2.52E+05 8.356-04 3.02E+08
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Teble A-8 (Continued)

Shear Shear Apparent Shear Shear Apparent
Test Stress Rate Viscosity Stress Rate Viscosity
Temp. Pascal 1/Sec Pascal-Sec Pascal 1/Sec Pascal-Sec
TFA AC-10 + 18X C107
Before RTFOT
T =140 F 1.42E+05 4.49E+02 3.17E+02
9.97E+04 2.63E+02 3.79E+02
6.84E+04  1.57E+02 4.35E+02
T=77F 1.07E+06 4.87e+00 2,20E+05
5.35e+05 1.88E+00 2.84E+05
2.73E405  7.11E-01  3.84E+05
1.39e405 2.61E-01 5.33E+05
7.54E+04 9.63E-02  7.83E+05
T=39F 3.75E+06 7.24E-02 5.18E+407
2.02E+06 2.92E-02 6.91E+07
1.08E+06 8.65E-03 1.25E+08
S.97E+05 2.37E-03 2.52E+08
TFA AC-20 TFA AC-20
Before RTFOT After RTFOT
T=140F 1.63E+04 1.24E+02 1.31E+02 5.70e+04 1.79E+402 3.19E+02
1.17e+06 B8.19E+01  1.43E+02 3.996+04 1.13E+02 3.55E+02
8.38E+03 5.386+01 1.56E+02 2.57TE+04  6.78E+01  3.78E+02
5.20E+03 3.19e+401  1.63E+02 1.01E+04 1.95E+01 5.19E+02
5.70E+03 1.05E+01 5.43E+02
T=77F 9.51E+05 4.80E+00 1,98E+05 1.07E+06 1.04E+00 1.03E+06
4.75E+05  1.83E+00 2.60E+05 6.44E+05 5.36E-01  1.20E+06
2.59E+05 8.21E-01 3.16E+05 3.33e+05 2.16E-01  1.54E+06
1.30E405 3.56E-01  3.64E+05 1.72E+05 8.03E-02 2.14E+06
6.70E+04  1.41E-01  4.75E+05
3.29E+04 6.44E-02 5.12E+05
T=39F 3.866406 5.77E-02 6.70E+07 5.18E+06 2.46E-02 2.11E+08
2.46E+06 3.38E-02 7.29E+07 3.60E+06 1.0BE-02 3.33E+08
1.556+06 1.75E-02 8.83E+07 2.44E+06 5.82E-03  4.20E+08
7.53E+05 6.21E-03  1.21E+08 1.26E+06 2.29€-03 5.51E+08
4.36E405 1.77e-03  2.46E+08
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Table A-8 (Continued)

Shear Shear Apparent Shear Shear Apparent
Test Stress Rate Viscosity Stress Rate viscosity
Temp. Pascal 1/Sec Pascal - Sec Pascal 1/Sec Pascal -Sec
TFA AC-10 + 3% Polybilt 103 TFA AC-10 + 3% Polybilt 103
Before RTFOT After RTFOT
T=140F 5.038+04 3.70E402 1.36E+02 7.12E404  1,.88E+402 3.79E+02
2.01E+04  1.35E+402 1.49E+02 4.996404 1.11E+02 4.47€+02
1.26E+04 6.13E+01  2.05E+02 2.85E+04  4.65E+01  6.12E+02
5.36E+03 2.37e+01 2.26E+02 1.78E+04  1.95E+01  9.15E+402
2.10E+03  7.94E+00 2.64E+02 1.286+04 1.23E+01  1.04E+03
9.22E402 1.38E+00 6.68E+02 8.90E+03  6.94E+00  1,28E+03
4.02E+02 4.36E-01 9.23E+02
T=77F 1.236+06 1.03E+01 1.20E+05 1.27e+06 2.39E+00 5.31E+05
5.52E+05 3.01E+00 1.83E+05 7.32E+05 9.58E-01  7.64E+05
2.02E405 5.80E-01  3.4BE+05 4 .TTE+05 5.88:E-01 8.11E+05
1.02E+05 1.80E-01 5.85E+05 2.76E+05 1.87e-01  1.48E+06
5.95E+04 8.79E-02 6.76E+05 1.27E+05 5.82E-02 2.19E+06
T=39F S5.19E+06 7.80E-02 6.65E+07 5.93E+06 8.61E-02 6.88E+07
3.49E+06 3.97e-02 8.80E+07 3.90E406 4.40E-02 8.87e+07
2.51E+06 2.10E-02 1.20E+08 2.71E+06 2.19E-02  1.24E+08
1.26E406 5.00E-03 2.53g+08 1.57e+06 6.66E-03  2.35E+08
6.61E405 1.41E-03  4.68E+08 8.85E+05 2.15E-03 4.11E+08
TFA AC-10 + 5% Dow TFA AC-10 + 5X Dow
Before RTFOT After RTFOT
T=140F 3.09E+04 1.37e+02 2.25E+02 7.87e+04 1.03E+02 7.67e+02
1.71E404  6.17e+401  2.77E+02 4.57e+04 S5.13E+01 8.92E+02
9.17e+03  2.71E+01  3.38E+402 2.17e+04  1.59E+01  1.37e+03
4.51E+03  1.12E+01  4.02E+02 9.75E+03 5.156+00 1.89E+03
1.71E403  3.29e+00 5.21E+02
T=77F 1.04E+06 4.17e+00 2.50E+05 1.036406 1.59E+400 5.49E+05
5.26E+05 1.53E+00 3.43E+05 7.64E+05 B.64E-01 8.85E+05
2.81E+05 3.97e-01 7.08e+05 5.01E+05 3.95E-01 1.27E+06
2.19E+05 2.20E-01 9.95E+05 2.69E+05 1.03E-01 2.60E+06
1.05e+05 5.51E-02 1.91E+06 1.50E+05 3.01E-02 4.98E+06
T=39F 3.995+06 1.02E-01 3.93E+07 3.04E+06 3.74E-02 8.12E+07
1.996406 2.67€-02 7.46E+07 2.16E+06 2.29€-02  9.45€+07
1.07e406 1.08E-02 9.94E+07 1.30E+06 8.02E-03 1.62E+08
5.42E+05 2.60E-03 2.09£+08 8.36E+405 2.66E-03 3.14E+08
2.22E+05 3.2BE-04 6.74E+08
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Table A-9 Marshall and Hveem Test Results for Laboratory Mixed/Laboratory Compacted

Mixtures Using Modified Compaction
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Table A-10 Marshall and Hveem Test Results for Laboratory Mixed/Laboratory Compacted

Mixtures Using Standard Compaction
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y Compacted

Table A-11 Marshall and Hveem Test Results for Plant Mixed/Laborator

Mixtures Using Modified Compaction
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y Compacted

Table A-12 Marshall and Hveem Test Results for Plant Mixed/Laborator

Mixtures Using Standard Compaction
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Table A-13 Indirect Temsile Test Results for Laboratory Mixed/Laboratory Compacted

Mixtures Using Modified Compaction

K

; TEST AR TNOIRECT STRAIN SECANT RESILIENT POISSON

! HIXTURE TEHP.  VOIDS TENSILE ~ AT  MODULUS MODULUS ~ RATIO |
, F Y STRENGTH FAILURE  KSI  KSI ,
! 23 |
T 6 1o N D A S 1L B Y | S I SR ki RN
, 00 w28 03 20 o - |
, 27 % 0% 18 9 -

} WG 7.4 A8 0 1 1% -

L Traac-0emwr0 39 56 299 029 205 %0 -

| 61 25 030 189 1% -

, 6.2 21 030 19 8 -

} AVG. 6.0 285 030 191 1R -
LA ac-10+ 38 styrelf 39 27 w7 048 135 1510 -

, 2.8 6 081 10 M2 -

! 29 2 08 1 189 -

: AVG. 7.8 319 050 127 U -

| TFAAC-0+3TNS LS 39 g6 29 031 19 9 -

| 700 2 08 1% ey -

, 69 306 929 24 95 -

! Y B T B R
| TFAAC-0 e 1820107 39 109 T 057 40 w -
| 3 meo0s 3% 4 -
| a0 0% 40 49 - |
! WG 1.2 112 08 40 48 -
| comtrol: TPAAC-20 39 63 a8 07 w0 91 - !
L 75 o7 3 14 - |
! 65 39 o % 1w -
} we. 7.0 20 08 30 a7 - |
ITFA AC-20 + 3% Polybilt 39 67 8¢ 009 295 158 - |
| 2% s 0l 28 s - |
| 30 % 0 % 12 - |
| VG, 7.2 28 009 302 ue -
TrAAC-10 450w 39 64 23 020 dg 987 -

! 6.0 325 019 W sl -

! 69 a8 023 29 sl -

: 6.4 %5 021 298 903 -
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Table A-13 (Continued)

; TR AR

| MIXTURE TENP. “VOIDS TENSILE AT  MODULUS HODULUS ~ RATI0
| F L STRENGTH FAILURE  KSI K]

| ST %

TS0 (U A X U | B W ) N | R
| 737 s L 87 w00 -
l 700 % 100 108 W -
} 73 s L0 98 a2 -
| TPAAC-10+3 W0 77 62 e 095 138 3 -
| 56 & 098 1393 8 -
, 9 & 089 150 0 -
} 59 6 0% w3 o -
TFAAC-0 ¢ Rstyrelf 7 75 M L 10 0 -
| B3 & L¥ 100 %0 -
, 75 8 13 122 91 -
} 7.8 7% 138 1.6 84 -
L TFAAC-0 e NS S T 68 2 083 124 w2 -
, 700 s 09 132 W -
| 68 939 17 L -
: 5.9 000N 18T 1’2 -
RN EUTEITELI R SN U N S N B S
! i35 ®  i® 35 s -
, %3S S ) B I SRS U B
} 23 % L8 40 B -
| control: TPAMC-20 77 7.2 8 081 30 Mg -
| B4 76 084 285 297 -
| 78 78 08 %2 W -
| 7.8 19 0% 92 ¥ -
TP ac-20 + 3t palbilt 77 67 18 055 282 W9 -
| | 7319 060 %1 a1 -
| 70 8 049 W1 483 -
| 700 80 055 295 A -
| Traac-20+Stow 77 66 12 0.3 297 43 -
| 77 7 0 N4 %l -
| 67 18 035 a6 &1 -
{ 7.0 4 036 412 s -
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Table A-13 (Continued)

i ST AT '
| MIXTURE TENP. VOIDS TENSILE AT MODULUS KODULUS  RATIO
! F T STRENGTH FAILURE  KSI KsI
! pS1 $
| —Tontrolr TFARC-I0 104 7T T 1.0 T3 -
| 7.2 13 098 27 s -
, 7.6 3 00 27 105 -
! 7913 L 2 B -
| traac-10 43t P 70 104 6.0 A 140 3.0 178 -
, 5.8 23 140 33 159 -
| 5.1 2 1.2 4 0 -
} 5.6 2 1.3 3.6 160 -
| 174 AC-10 + 3% Styrelf 104 7.0 27 1.98 2.7 TR
| 8.0 23 2.08 2.2 9 -
, 7.8 % 1N 2.9 120 -
! T I O S WO
| TFA AC-10 ¢ 3% NS 175 104 6.5 0 1.07 5.5 197 -
i 8.9 % 1.09 47 13 -
: 6.8 2% 0.9 5.7 s -
! 6.7 8 105 83 150 -
| TFA AC-10 + 183 CI0Z 104 110 15258 Ll n -
3 7 20 13 n -
| 1.5 3304 09 noo-
{ 10.9 15 2.1 1.1 noo-
b Control: TFA AC-20 104 7.1 2 0.8 8.3 -
, 7.8 2 0m 8.4 135 -
| 12 2083 7.6 1% -
! 7.4 20N 8.1 190 -
\1ea AC-20 + 3% Polybilt 104 7.3 2 0.8 7.7 140 -
! 89 ¥ 09 89 13 -
! 7.0 7 un 7.4 1 -
{ S U S B T X 49 -
| TRA AC-20 + 53 Dow 108 7.4 W 041 16.9 W2 -
i 7. ¥ 042 18,3 A9 -
! 7.6 % 047 152 1w -
} 7.5 % 0.43  16.8 207 -

178



Table A-14 Indivect Tensile Test Results for Laboratory Mized/Laboratory Compacted

Mixtures Using Standard Compaction

TEST AIR INDIRECT STRAITT* SECANT ~RESILIENT PUISSONS|

179

| NIXTURE TEWP. VOIDS TENSILE AT  MODULUS MODULUS ~ RATIO |
, f Y STRENGTH FAILURE  KSI KSI |
LT L 0 N T X - 1)
, - 3 88 038 204 163 -
, §3 we 03 a4 18 -
! MG 5.2 a8 0. 209 1812 - |
| TRAAC-l0+38 W0 9 2.9 412 029 283 188 - |
| 3203 0 97 13 |
| 29 %5 020 % w0 - |
} ME. 3.0 38 025 e e -
DR Ac-10 ¢ 3 styrelf 39 33 49 035 25 1a8 - |
, 3 0% 8 u¥ -
i 33 82 038 2% 406 - |
} WG 3.4 43 036 20 2231 - |
| FAAC-10 3T NS 7S 39 3.8 S 026 295 192 - |
| G W 028 23 W -
| LA LA IV B S V' B
! 6. &0 e 028 28 e -
| TFAAC-0 +28%Cl07 39 - - - - - -
| . ) ) ; . .
L |
} we. - - - - - -
| control: TFAAC-20 39 40 a1 02 770 98 - |
! 80 412 009 w007 22y -
! 29 459 odo 98 182 - |
b G 4.0 ¢ 0.0 902 a2l - |
ITFA AC-20 + 3 Polybilt 39 37 4% 0.3 30 2080 - |
! 39 4 020 M0 leos - |
| 3545 09 ded 17 - |
; AVG. 37 49 021 428 1St -
| TPAAC-20+S%0ow 39 3.0 480 08 sz 125 - |
, 28 a2 021 k3 i - |
| 25 9 ole sk w9 - |
| 2.8 47 009 523 % - |
i |



Table A-14 (Continued)

Yest - AIR CINDIRECT STRAIN  SECANT ~RESILIENT POISSUN'S
MIXTURE TEMP." VOIDS TENSILE AT MODULUS MODULUS  RATIO |
: F 1 STREE?TH FAI%URE KS1 KSI

i

!

|

|

AT E (0 55T I/ A W0 R ¥ SU 0 B VS S || N

| 51 6 18 13 2w -

, 51 s Lo 127w - |
! 50 e 09 w17 0w - |
L Taac-0e3mwr0 77 28 s 0.8 27 9 - |
! | TR U R T TS S | B
, 23 11 os 3 w4 - |
| 30 106 0.8 28 40 - |
| TEAAC-10 e styrelf T 34 10 19 0.2 4 - |
! TR R O | G 05 Y
, U ¢ I W TR SR i B
} w129 4w - |
OFAAC-10 43NS IS 77 46 9 091 206 4L - |
| g4 91 09 a4 s - |
| 37 % 08 25 w0 - |
{ 82 % 050 a8 e -
| TPAAC-l0 4 tetCl7 77 - - - - - -
t - . : - .
Ll e e |
I . . . . . .
| !
| Control: TFAAC-20 77 38 126 0.2 402 48 - |
! 3715 0ks B4 s - |
! a1 0 e s - |
} 319 18 0.6 01 50 - |
ITFaAc-20 ¢ R polybilt 77 37 1% oSt 23 40 - |
! | | B N Y R K S S S
! 37 1% o4 &7 &y - |
! 3 13 04 s s - |
| tPaAc-20 4530w 77 48 Mo 036 %6 7@ - |
! 29 Q% 042 ses S - |
! 29 1% 039 100 &8 - |
{ 3151 0 0.6 ek -
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Table A-14 (Continued)
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!
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|
I
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t
|
I
[
i
|
!
|
I
I
!
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|
I
!
I
i
I
|
]
!
|
|
|
I
|
|
]

MIXTURE

IEST AlR
TEMP.- VOIDS TENSILE AT
F ] STREE?TH FAIEURE

MODULUS  MODULUS
KSI KS1

RATIO

TontroF A RC-T0 100 48 &% L8 3] 10 -
€9 15 08 38 4 -
6 A Ll 3% 7 -
1 LM s 107 -
TFAAC-10+ 38 WP 70 104 3.1 4 108 82 206 -
20 st L8 9 180 -
I & 1 82w -
28 46 105 87 168 -
TFA AC-10 + 3% Styrelf 104 3.0 52 lds 11 29 -
320 8 Lo r2 13 -
6 4 1% 58 178 -
318 L 67 193 -
TFAAC-10+ 34 NS 175 104 4.0 ¥ L3 66 el -
g6 ¥ L s s -
| 48 M L5 59 {83 -
&5 % 11 63 s -
TPAAC-10 4 188 0107 104 - - - - - -
Control: TFAAC-20 104 3.7 8 - - w -
0 50 086 118 233 -
39 81 o8 120 27 -
38 2 0.4 1.8 29 -
1FA aC-20 + 3% Polybilt 104 3.8 61 03 167 184 -
39 &0 07 168 42 -
35 62 069 180 29 - |
37 e om a8 - |
TFAAC-20 4 S¥Dow 104 2.5 70 039 %1 41 - |
33 60 o4 %5 23 - |
31 b1 049 2.9 -
3.0 6 045 289 29 -
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TTable A-15 Indirect Tensile Test Results for Plant Hued/Laboratory Coppacted
Mixtures Using Modified Compaction

vesi™ — AIR INDIRECT STRAIN  SECANT ~RESILIENT POISSCNTS,

NIXTURE TEP. VOIDS TENSILE ~ AT MOULUS NODULUS ~ RATIO |
F v STRENGTH FAILURE  KSI  KSI |

ST % ,

LI L A T TR O B R /N | B B
69 299 0.7 18 16 - |

2.0 34 0.3 17 Wy -

N
—
(9.}
(=]
o
@
—
~J
[N
—
e
~o
Lo <)
L]

6
TFA AC-10 + 3% Styrelf 39 ;.
s

o
(=4
—
=4
F-
~0
—
o~
N
—
o~
~4
e -]
L]

AVG. 7
TFA AC-10 + X NS 178 39 2.
b.

rOPO WL
~4 =4
<« -~
=4 [ =]
«> <)
o O
— r
o o
e -~
- —
ao o
[N X=2-
«w» o~
L] L]

AVG. 6.6 91 0.3 156 1664 - ;
TFA AC-10 + 18% C107 39 7.2 17 0. ” ErC
77 66 0.37 7 2% - |
7.6 170 0.3 7% 9 - |
e 7.5 s 0.7 7 1 - }
Control: TFA AC-20 39 7.2 %7 0.3 224 1480 -
7.0 25 0.2 Pel e - |
6.9 260 0.2 238 87 - |
AVG. 7.0 %1 0.2 233 0 -
TFA AC-20 + 3t Polybilt 39 7.0 M3 026 240 1663 - |
72 0 0.9 212 s - |
76 %8 0.32 182 1669 - !
e, 7.3 32 029 a1 152 - |
TFAAC-20+S¥0ow 39 7.9 a4 009 284 1789 - |
' 7.9 283 0.20 286 e -
7.8 295 . 0.2 284 2 -

~4
~0
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o
S
<
.

~nN
<>
~
K
o
—
o~
~0
o

L)
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Table A-15 (Continued)

7
TFA AC-20 ¢+ 5% Dow n g
.

~J
L -]
’—
b=
~J
(=)
<>
o~
o
-0
o~
Y
>
s
L]

" TEST— AIR_TNDIRECT STRAIN SECANT RESTCTENT PUTSSON'S
| NIXTURE TEWP. VOIDS TENSILE ~ AT  KODULUS KODULUS ~ RATIO |
! F v STRENGTH FAILURE kST KSI 1
! ST % ,
30 U I B A IS W VRN /S |0 R 1 S
! 67 100 094 24 40 - |
, 69 9% 085 2.4 409 - |
{ 69 % 08 22 45 - |
| Traac-t0 e 3tstyrelf 7 700 19 Ll 208 42 - |
! 72019 te 21 & -
, 76 10 1y s % - |
| JC I TR NI R -
| TRAAc-l0e NS TS 77 69 8 05 236 %0 - |
, 69 91 o8 28 s - |
| 70 85 080 21 4l - |
! 69 88 080 2.1 % - |
| TPaac-10 e 1880107 77 6 L0 199 -
, 64 & 03 1 s - !
! 66 61 03 1.9 182 - |
! S TS B X B T R
| control: PAAC-20 77 7.0 89 0% 2.8 4y - |
! 6k 8 059 290 42 - |
| 70 80 046 246 g - |
j 6.9 85 059 288 406 . -

PR AC-20 ¢ W POl 77 68 f4 07 el N7 -

| 75 10 047 48 47 -

| 68 07 049 @8 7 -

|

I

|

!

|

!

i

!

o

(=)

e
)
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Table A-15 (Continued)

" ST AR

| MIXTURE TENP. VOIDS TENSILE AT MODULUS KODULUS  RATIO
| f % STRENGTH FAILURE  KSI  KSI

| pS1 t

(10100 381 Y T I R « R V5V ANy I S T S
! 6.8 5 10t 91 6 -
, 6.8 7109 8l s -
} 69 47 L2 84 1% -
L TEAAC-10 ¢ B styrelf 104 7.3 4 138 65 17 -
, 7.1 125 13 155 -
! 6.8 50 135 7.4 1y -
} 7.0 9L 7.1 o -
L Tra Ac-10 + 3 NS 175 104 6.4 2 0.9 8.4 39 -
! 64 q 10 81 W -
| 6.5 0.9 8.6 B3 -
! 6.5 Q0.9 8.4 137 -
| TEA AC-10 + 188 €107 104 7.3 % 0.3 5.1 o -
| 73 ¥ 037 54 e -
I 7.2 B 0.3 4k 9 -
! 7.3 ¥ 0.37 5.1 108 -
L control: TFA AC-20 108 3.6 39 0.85 9. 128 -
! 74 2 0.8 9.9 143 -
! 7.1 0 073 109 188 -
{ 7.0 0 0.8 10.0 152 -
TFA AC-20 + 3% Polybilt 104 6.8 2072 146 123 -
! : 71 8§ 067 164 9 -
! 7.2 073 137 122 -
} 7.0 52 070 14.9 128 -
LTFA AC-20 + 52 Dow 104 7.6 65 0.46 283 19 -
, 7:6 £ 048 293 -
! 77 9 046 26,0 %9 -
} 7.8 82 0.45 2.9 174 -
H
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Table A-16 Indirect Tensile Test Results for Plant Mixed/Laboratory Compacted
Mixtures Using Standard Compaction

T TSI AIR TROIREC] STRAIN  SECAN TEN N
, MIXTURE TENP, VOIDS TENSILE ~ AT~ MODULUS MODULUS ~ RATIO |
. F L STREMGTK FAILWRE  KSI  Ksl o
' P14 |
AL LT 300 (R BN P R N | B | Y | B
, 0 40 03 4w - |
, €2 o1 03 s less - |
{ WE. 42 410 030 20 150 -
LTFAAC10 e St Styrelf 3 43 s 0 w3 e - |
, VRN 7 S T TR ¢ R
, € s 0m o w wu - |
{ WG 4.0 S 031 %2 100 -

Diraac-ioe3sds s 39 L9 47 0.8 %6 16 -

, 2.0 4@ 0. %0 1s4) -

! 20 %0 030 M0 s -
| VT ST I A I 077 A
DoCRAac-lo et 0079 45 2y 0y 2 2 - |
| I o 35 A | S 4 B
| 39 a4 03 10 g2 -
: weo 43 x|
| comtrol: TFAAC-20 9 2.9 a8 0.2 @y -
| 300 a8 02 4 e - |
, R4S 0te sl i -
; G 3.0 0 020 ent sl - |
TP AC-20 ¢+ WRolybilt 39 33 s 0210 4S5 00 - |
| 33 4 04 9 jese -
| 33 e 025 W3 sl -
! WE. 3.3 86 0.28 4l 1888 - |
| TRAAC-20 ¢ S¥Dw B 29 6 020 49 107 - |
, 29 i o1 e 1t - |
| 30 e 0m e e - |
| 2.9 8 021 484 142 -
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Table A-16 (Continued)

TESF IR TWOIRECT STRATN  SECANT RESTCTERT POISSONTS |
TENP.  VOIDS TENSILE AT MODULUS MODULUS ~ RATIO
F % STRENGTH FAI%URE KSI KsI

MIXTURE

i

|

! |
. , Pal |
QR0 G 3 B A S T 1 N S | SR
, TSN R O G IV S S,
! LSRR N IR X R S
| 39 15 070 w6 45 - |
DTFAAC-10 ¢ 3 Styrelf 77 41 163 L4 33 4l - |
, 2 1 re A1 4 -
, 1w L ns 4 -
| L S TR W R 6 A
| TRAAC-10 43NS IS 7 22 10 0.0 454 40 - |
! 23 1o oy - |
| 20 1% 05 45 s - |
! 22 157 072 45 485 - |
DTaac-0 e 18t 77 44 91 0y 209 0 % - |
! S1 13 0y 29 w1 - |
! 37 13 0% 20 0 9 - |
} 04 100 037 216 by - |
| Control: FAAC-20 M 32 M9 0.5 S5 4y - |
! 30 18 0k w7 a0 - |
| RN Uy N S N 1 S
! 30 15 0% 5.5 4 - |
\TFA AC-20 + 3% Polybilt 77 O U S TS DO BT B
, 32 om0y nk o o4 - |
, 34 8 o4 758 a8 - |
| 2 om0 e a8 - |
| Traac-20 4550w 77 2.8 190 040 w8 g - |
, 27 10 o0 %o dm o -
| 26 190 0e 9 4% - |
- ..c N ML G

|

1

~n
~4
-—
~O
(=2
L=
L
L=
~O
-~
~0
FS
o~
o~
L]
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Table A-16 (Continued)

e e ———— e — —— —— e - —— —— —— . — . ———— —— e — . —— ——— —— — o= ——— ]

MIXTURE

TR 19
TEW. volDs TBMSILE

§  STRENGTH FAI&UR

AT
E

MODULUS  MODULUS
KSI KSI

RATIO

pS1
TRAC-T0 TR0 108 40 8 0% 103 18 -
; 2 8 099 106 185 -
&3 % 102 10 10 - |
2 s 0 109 1 -
TP AC-10 + 3% Styrelf 104 42 % 122 88 u9 -
. 3008 Ly 99 9 -
&2 %115 1m0 -
£ s ta w00 20 -
TFAAC-10 43X NS 175 104 2.2 &9 094 18 1 -
2.0 g6 0% 10 19 -
2.0 b0 s 09 -
20 %5 094 16 195 -
TPAAC-10 4 18X 0207 104 46 & 031 69 19 -
g2 g 0y 80 g -
¥oo@ 0% 14 1% -
2 o w18 o -
fontrol: TFPAAC-20 104 2.8 66 062 a8 2w -
ES N S Ry G A SR 1 B
32 100 05 18 us o -
00 0 00 194 29 -
TR AC-20 + 3% Polybilt 104 31 7 063 2.0 a3 -
32 ! 0% 28 1% -
70 8 0 85 B -
33 78 0.64 24.7 221 -
TFAAC-20 + St Dow 104 2.8 9% 0.5 335 298 -
300 % 05 %7 -
3.0 0 % 0% ¥o o 0 -
29 % o5 %7 W -

187



Table A-17 Alpha and Gnu Parameters for Laboratory Mixed/Laboratory Compacted Mixtures
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TEST AR .LOAD INDIRECT RESILIEN ALPHA QW ' Ea=IN'S R-SOIR !

KIXTURE TEP, VOIOS LBS TENSILE STRAIN e FR )

F ] STRESS  IWIN S LO0G(I) EazIN'S)

psI '

Control: TFAAC-10 77 7.6 106 7.23.6E-05 0.0743 1.5062 0.9257 -4.2275 0.99 |

7.0 106 7034605 0.0742 2.6049  0.9258 -4.0218 0.994 |

- e e i

AVG. 7.4 106 7.1 35605 0.0743  2.0585  0.9258 -4.1247 '

. ]

§

TFAM-10+ P70 77 6.2 1%  9.55.76-05 0.2574 0.6507  0.7426 -4.3000 0.998 !
§.6 137 9.35.56-05 02728 0.7682  0.7272 -4.2390 0.9%9 |

——— —— evee [}

AVG. 5.9 138 9.4 5.6E-05 0.2651 0.7094  0.7349 -4.26%5 H

\

TFA AC-10 + 3% Styrelf 77 7.0 161 109 7.86-05 0.2747  0.6857  0.7253 -4.1323 0.999 !
7.4 160 10.77.%-05 0.2810 0.6393  0.7190 -4.1889 0.999 !

AVG. 7.3 160 10.87.56-05 0.2779 0.6625 07222 -4.1406 |

TFAAC-1I0 ¢ ANS 1S 77 6.6 144 9.85.56-05 0.2455 0.398  0.7545 -4.5399 £.999 !
74 14 9.9 5.76-05 0.2662 0.4809  0.7338 -4.4261 0.999 !

AVG. 7.0 144 9.8 5.6E-05 0.2559 0.4398  0.72442 -4.48%0 |

]

!

TFAA-10+ 188 C107 77 134 N .8 7.%-05 0.2495 0.2474  0.7505 -4.6198 0.996 |
119 M 4.7 7.06-05 0.2925 0.2750  0.7075 -4.5641 0.%97 |

AVS. 127 T4 487205 0.2710 0.2612  0.72% -4.5920 :

]

]

Control: TFAAC-20 77 8.0 172 11.56.5-05 0.2232 0.0432  0.7768 -5.4418 0.9%4 |

77 171 11.56.5-05 0.2004  0.1063  0.7976 -5.0622 0.9%9 |

AVG. 7.8 171 11565605 0.2128 0.0748  0.7872 -5.2520 '

- . ‘

TFA AC-20 + 3t Polphilt 77 745 248 14.77.06-05 0.2927 0.1055  0.7073 -4.97%9 0.996 !
6.95 221  14.97.06-05 0.3606 0.0530  0.6394 -5.23%4 0.998 |

-——ve —ee= — ]

1

AVG. 7.2 20 14.87.06-05 0.3267 0.0792 0.7 -5.107 !

]

]

TAM-20+Dw 77 7.8 A7 14460605 0.3206 0.0188  0.6794 -5.7818 0.9%9 !

7.6 A6 140.46.06-05 0.2874 0.0119 0.7126 -5.99%0 0.999 !

7.7 A6 14,4 6.06-05 0.3040 0.0154  0.6960 -5.8904 '
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Table A-18 Alpha and Gmu Parameters for Plant Mixed/Laboratory Compacted Mixtures

TEST  AIR L0AD INDIRECT RESILIEN ALPHA QW EazIN'S R-SOR |

HIXTURE TEP. WOIDS LBS TEMSILE STRAIN eomemeee e FOR !
F t STRESS  IN/IN s LG(I) Ea=IN'S)
Pl -

TFAAC-L0+ R P70 77 7.4 194 137 49805 0.3042  0.2232  0.6958 -4.8000 0.9%8
6.9 194  13.8 S.&-05 0.4415 0.3523  0.5585 -4.4841 0.997

—— ——— -——

AVG. 7.2 194 137 5.0E-05 03729 0.2878  0.6272 -4.6421

TFA AC-10 ¢+ 3% Styrelf 77 713 28 161 6.8E05 0.3584 0470  0.6416 -4.2970

0.992
6.7 2% 16.57.&-05 0.3017 0.3595  0.6983 -4.4340 0.993
AVG. 7.0 230 16.37.0E-05 0.3301 0.4193  0.6700 -4.3685
TFAAC-I0 + RN 175 77 6.5 175 12.23.%-05 0.2023 0.1445  0.7977 -5.2302 0.9%9
y 6.6 176 12.34.26-05 0.25%2 0.2717  0.7438 -4.8182 0.9%8

AVG. 6.5 176 12,3 3.7E-0S 0.2293 0.2080  0.7708 -5.0242

o TFAAC-10 184 C107 7 7.6 31 9.1 3.4E-C5 0.4508 0.4063  0.5492 -4.6367 0
7413 9.3 47805 0.3496 0.1161 = 0.6504 -5.0780 0

VG, 7.5 1R 9.2 3.9E-05 0.4002 0.2612  0.5998 -4.8574

23

Control: TFAAC-20 77 7.4 172 11.93.6E-05 0.3375 0.1109  0.6625 -5.2213
7.0 171 11935605 0.3173 0.0768  0.6827 -5.4034

A6, 7.2 170 119 35605 03274 0.0939  0.6726 -S.3124

oo
3.

TFA AC-20 + 3% Polybilt 77 720 A8 16 ME0S 0761 05669 0.2 -4.0866 0.9
7.33 20 147 4.4E-05  0.5413 0.1603  0.4%67 -4.8112 0.9

AVG. 7.3 220 147 3.9E-05  0.6537  0.3636  0.3463 ~4.4489

Xy N1

TFAAC-20 + 53 Dow 77 7.8 A7 1524905 0.6000 0.0259  0.4000 -5.4958
7.6 26 151 4.8E-05 0.6767 0.0526  0.3233 -5.1067

1.7 26 151 4.%-05 0.6384 00392 0.3617 -5.3013

33

'
)
]
i
i
|
)
i
]
]
t
i
[}
)
}
[}
|
i
]
1
t
1
)
i
[}
I
i
1
1
!
¢
i
4
1
I
)
I
1
1
|
1
1
i
[}
i
i
1
]
1
!
i
|
1
[}
1
|
I
]
|
i
!
1
]
i
[}
[}
1
]
1
b
1
1
)
t
t
[}
I
]
]

189



Table A-19 Fatigue Parameter Values for Laboratory Mixed/Laboratory Compacted Mixtures

! HIXTWRE TEP. VOI0S- (BS  TENSILE MOOULUS STRAIN CYCLES --s--oe-sm—- R
, F s ° STRESS kST IWIN K K2 NRI(/Enin) X
l sl |
TGN X D N S SR I B X S 1 X B 2 AR B |
! 71 16 7.0 WIS 28 |
, 7418 126 BASEM 04 ,
, 73 18 124 RAEN M |
! 77 36 .55 BILEW 9 |
, 73 M B5 BEM 109 !
L1042 P00 7 62 18 95 Q2EM RS AR  2.u 0.99 |
! S5 17 93 2% M0 ,
! 6.0 25 161 QI 98 ,
! 63 05 160 Q180 98 |
! 64 48 6 Q704 185 !
! S5 4R B0 QIEW |
| Fasc-10 e R Strelf 77 70 161 109 3 3SEU S0 96804 182 0.9 |
, 740 160 107 3 A4 1500 !
| 7705 182 NS 10 |
| 735 186 N b.0E-0F 826 ,
! 68 8 18 AN L0 21 !
! 72 W9 W0 LI 25 !
D A0+ RS 77 66 14 98 2800 AR5 4.ME06 2.5 0.% |
| 74 W 99 BAKD  40% |
| 72 U6 166 BGE-0h 13 |
| 68 247 168  BASEM 150 |
, $9 S5 28 BI04 — 205 |
, 69 506 M8 W10603 22 !
DIaAc-10 018007 77 134 T 48 LLAMEDE 630 70505 263 0.97 |
l 3 M 47 1 4EM 11755 |
, Ha 131 8% WIEM 4w ,
! 16 131 8.6 17804 2540 !
! 22 A 03 HUEn  wm |
, 19 20 15 1UE6 5 |
DoControl: A K- 7T B0 M4 96 10294505 180 L0E06 2.3 0.98 |
! 77 M3 96 10294605 90 ,
! 74 /1902 10219%-00 24 !
, 76 W 192 10216 2646 ,
! 69 S8l B8 1003804 35 !
! 63 581 B9 10238-04 503 ,
lFaRC-20+ R Polbilt 7 74 10 113 03 LIEM 1510 LSE 3.0 0.9 |
! 69 168 113 1031.1E-04 26100 I
| 76 B 193 1031%-04 29 ,
! 77 B/ 192 1031%-M 2410 !
, 69 S84 1.5 1033804 %4 !
! 67 B4 N6 10338-M 20 !
TR+ S0 77 78 1% 103 126805 BIM04JEM 440 0.9 |
| 76 18 105 1526.9%-05 7% |
| 64 2 180 182 1.%-04 16900 ,
! 67 68 179 121.%-00 835 !
: 72 85 %1 182400 3 ,
! 7% S5 %1 1S22.4E-04 399 !
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Table A-20 Fatigue Paraseter Values for Plant Mixed/Laboratory Compacted Mixtures

———— —

TEST AIR - L0AD
NIXTURE TEPP. w

TENSILE MODULUS STRAIN (CYCLES
KSI INVIN

Kl -

TR T

TFA AC-10 ¢ 3% Styrelf M
TAAC-10¢+ 3N 128 77
o TFAAC-I0 £ 183 Cl107 7

Control: TFA AC-20 77
TFA #C-20 + 32 Polybilt 77

(
|
|
|
|
|
|
|
|
|
|
|
|
i
i
i
|
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|
|
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j
!
i
|
|
|
|
|
|
|
|
|
|
|
|
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|
|
D OTAK-20+ 0w T
|

b

|

|

}
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I3C
w
e e e e - e e . o e e e e w
OO PO LD DD 0 (N OO

©D QO

P R | O™~ O~ O~ O~
P

O =~ O~
O D . - - - Py
BEEBRUw Nomiuon

o~ o

s

o tn
SSEERSS YRBBS S

oo~ o~ O

2as HeE

el
—n O LD
QEas
OO O
mwroRi-l o WONO O RLO EErooLwWw—

L

O Uroo -
==

NV rocoom ond

o el S ~ O~
- b\‘\‘ -’:_.- ;\_,. .
gt gt Pt

3R
IV CAPRD BD = e VORI P +— &Azwv—-—a

PR OOV —_ —a AV N S S ——

b BV BN B )
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=

R
33

-0

LLLULE SRR EH

——

QE-04
-0
-04

oo~ 00 OO
— e pa

R RINNRT RRRRRR WRnm
e e

-04
JE-04

TO GO £ 2 PO P ey B RS ER YN Y N — D A BN LD GO N Y
el . -
KRR
[] ] []
<> [=d L=
-

2

BFRZRR BRIIRR BBBLBL
333

RYBREE SAskseR
sepdd 2

194 2.76-04

G604

4145
4057
852
178

5623 8.52€-05
4948
1489
1622
M
k) 74

13700 3.54E-06
0300

4051
3492
3%
566

112300 1.07E-08

76500 4.99€-08
70650
4130
15750

1427
1440

260300 1.66E-12
181350
16250
20980

920
1108

191250 1.38E-13
98400

K2 Nf=Ki(

17800 5.6 2.5 0.5
14900 '

2.2

2.59

3.58

kB

430

4.43




Table A-21 Creep Compliance Properties for Laboratory Mixed/

Laboratory Compacted Mixture Using Modified Compaction.

Log( '

MIXTURE TEMP. 01 m SHIFT  BETA |

F FACTOR) '

]

- ]

Control: TFA AC-10 60 1.86E-06 0.84 0.77  0.033 |

77 8.01E-06 0.84 !

90 2.70E-05 0.71  -0.27 '

]

1

TFA AC-10 + 3% UP 70 60 2.615-06 0.56 0.79  0.063 |

77 5.18E-06 0.63 :

90 2.21€-05 0.64 =-1.04 :

]

]

TFA AC-10 + 3% Styrelf 60 2.97E-06 0.70 0.58  0.040 |

77 1.24€-05 0.62 :

90 3.288-05 0.5  -0.60 :

]

TFA AC-10 + 3% NS 175 60 2.90E-06 0.54 0.83  0.042 !

77 5.18€-06 0.63 :

90 1.06E-05 0.62  -0.44 '

1

TFA AC-10 + 18% C107 60 6.56E=07 0.70 1.03  0.059 !
77 3.80E-06 0.67

90 1.14€-05 0.69 -0.75 :

t

Control: TFA AC-20 60 9.936-07 0.58 1.05  0.073 |
77 4.28E-06 0.57

90 1.55€-05 0.62  -1.10 '

]

]

TFA AC-20 + 3% Polybilt 60 1.976-06 0.41 1.19  0.089 !

' 77 5.24E-06 0.45 '

90 2.425-05 0.41 -1.41 :

]

)

TFA AC-20 + 5% Dow 60 1.38E-06 0.31 1.26  0.083 !

77 2.11£-06 0.42 ot

90 6.126-06 0.4 -1.20 :

1

[}
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Table A-22 Creep Compliance Properties for Plant Mixed/
Laboratory Compacted Mixture Using Modified Compaction.

e o e o — =~ e - = = = = T = = = s - = - o o = - = - -

Log(
MIXTURE TEMP, D1 n SHIFT  BETA

F FACTOR)

TFA AC-10 + 3% UP 70 60 2.30E-06 0.46 0.97  0.090
77 3.46E-06 0.59
90 3.21E-05 0.58  -1.61

TFA AC-10 + 3% Styrelf 60 3.,90E-06 0.47 0.9  0.055

77 9.24€-06 0.50
90 1.50E-05 0.58 -0.7t

TFA AC-10 + 3% NS 175 60 2.27E-06 0.44 1.15  0.064
77 4.04E-06 0.56
90 1.68E-05 0.46  -0.78

TFa AC-10 + 18% C107 60 5.50E-07 0.63 1.29  0.079
77 3.58E-06 0.63
90 1.43E-05 0.66  -1.07

Control: TFa AC-20 60 7.026-07 0.49 1.21 0.077
77 2.51E-06 0.51
90 1.17€-05 0.45  -1.07

TFA AC-20 + 3% Polybilt 60 1.91E-06 0.30 0.81  0.074

77 1.986-06 0.42
90 5.90E-06 0.45  -1.30

TFA AC-20 + 5% Dow 60 2.10E-06 0.14 1.01  0.053
77 1.53E-06 0.29
90 1.826-06 0.36  -0.60
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Table A-23  Creep Coapliance of Laboratory Mixed / Laboratory Cospacted Mixtures Using
Modified Compaction.

TINE TOTAL TENSILE  TENSILE TIME T0TAL TENSILE  TENSILE
SEC.  HORIZONTAL  STRAIN CREEP SEC.  HORJZONTAL  STRAIN CREEP

DEFORMATION  IN/IN  COMPLIANCE DEFORMATION  IN/IN  COMPLIANCE

IN IN"2/L8 IN IN"2/L8

TFR AC-20
TEST TEMP = 60 , IIGMA = 7.648 PS]

1.6 2.85E-04
6.2 3.90E-04
0.0 5.35€-04
7.8 7.35€-04
6.2 1.03E-03
2.3 1.43e-03
0.0 2.09E-03
1778.3  2.99E-03
3162.3  4.30E-03
3600.0  4.60E-03
7200.0  4.13E-03

1.48E-04
2.03E-04
2.78E-04
3.828-04
$.33E-04
7.41E-04
1.08E-03
1.55€-03
2.24E-03
2.39E-03
2.15€-03

9.69E-06
1.33€-05
1.82€-05
2.50E-05
3.49€-05
4.85E-05
7.09€-05
1.01E-04
1.46E-04
1.56E-04

TFA 4C-20
TEST TEMP = 77 , 1IGMA=5.570 PSI

31.6  4.50€-04
5.2 6.25E-04
100.0  8.50E-04
177.8  1.18E-03
316.2  1.63E-03
562.3  2.25€-03
1000.0  3.30E-03
1778.3  4.95E-03
3162.3  7.80E-03
3600.0 8.63E-03
7200.0  8.25€-03

2.34E-04
3.25E-04

3.64E-04
4.03E-04

3.2 3.00E-04
5.6 4.75E-04
0.0 6.50E-04
7.8 1.03e-03
1.6 1.43€-03
6.2 1.98E-03
0.0 2.60E-03
177.8  3.8%E-03
316.2  5.45€-03
$62.3  8.50E-03
1000.0  1.55€-02

1.56E-04
2.47E-04
3.38E-04
§.33E-04
7.41E-04
1.03E-03
1.35€-03
2.00E-03
2.83E-03
4.42E-03
8.06E-03

2.798-05
4.42€-05
6.04E-05
9.53E-08
1.326-04
1.84E-04
2.42E-04
3.58E-04
5.07E-04
7.90E-04
1.44E-03

194

AC-20

TrA
TEST TEMP = 60 , ZIGMA = 7.648 PSI

31,6 3.20E-04
56.2  4.50E-04
100.0  6.10€-04
177.8  B.40E-04
36,2 1.15€-03
562.3 1.,60E-03
1000.0  2.24E-03
1778.3  3.13E-03
3162.3  4.40E-03
3600.0 4.72E-03
7200.0  4.19E-03

1.66E-04
2.34E-04
3.17€-04
4.376-04
5.98E-04
8.32€-04
1.17e-03
1.63€-03
2.29E-03
2.45E-03
2.18E-03

5.66E-06
7.96E-06
1.08E-05
1.49€-05
2.03€-08
2.83E-05
3.96E-05
5.53E-05
7.78E-05
8.35€-05

TFA AC-20
TEST TEMP = 77 , 11GMA=3.917 PSI

316 6.50E-04
56.2  9.00E-04
100.0  1.20£-03
177.8  1.65€-03
36,2 2.15E-03
562.3  2.86E-03
1000.0  3.95E-03
1778.3  5.63E-03
3162.3  8.13E-03
3600.0  8.90E-03
7200.0 8.83E-03

3.38E-04
4.68E-04
6.24€-04
8.58E-04
1.12E-03
1.50E-03
2.05E-03
2.93E-03
4,23E-03
4 .63E-03
4.59E-03

4.32E-05
5.98E-05
7.97€-05
1.10E-04
1.43E-04
1.91E-04

5.91E-04

TFA AC-20
TEST TEMP = 90 , 11GMA=1.405 PSI]

3.2 1.40E-04
5.6 1.9%E-04
0.0 2.65E-04
7.8 3.70E-04
1.6 5.10E-04
6.2 7.00E-04
0.0 9.50E-04
177.8  1.35€-03
316.2  1.95€-03
562.3  2.82E-03
1000.0  4.26€-03

7.28E-05
1.01E-04
1.38E-04
1.928-04
2.65E-04
3.64E-04
4.94E-04
7.00E-04
1.01E-03
1.47€-03
2.22E-03

2.59E-05
3.61£-05
4.90E-05
6.85E-05
9.44E-05
1.30E-04
1.76E-04
2.49E-04
3.60E-04
5.22E-04
7.88E-04



Table A-23 {Continued)

TSIt  TENSILE

TTRE TOTAL TENSICE  TENSILE TIRE T0TAL
SEC.  HORIZONTAL ~ STRAIN CREEP SEC.  HORIZONTAL  STRAIN CREEP
DEFORMATION  IN/IN  COMPLIANCE DEFORMATION IN/IN  COMPLIANCE
IN IN"2/L8 IN IN2/LB

TFA RC-20 + 3% POLYBILT 103
TEST TEMP = 60 , IIGNA = 7.700 PSI

1.6 2.75E-04  1.43E-04  9.29E-06

56,2 3.50E-04 1.82E-04 1.18E-0S

100.0  4.60E-04  2.39E-04  1.5SE-05

177.8  6.15€-04  3.20E-04  2.08E-05

316.2  8.00E-04  4.16E-04  2,70E-05

562.3  1.036-03 5.33E-04  3.46E-05
1000.0  1.30E-03 6.76E-04  4.39E-05
1778.3  1.67€-03  8.66E-Q4  5.62E-05
3162.3  2.08E-03 1.08E-03 7.01E-05
3600.0  2.18E-03 1.13E-03 7,35E-05
7200.0 1.50£-03  7.80E-04

TFA AC-20 + 3% POLYBILT 103
TEST TEMP = 77 , 71GMA=6.103 PSI

31.6  6.006-04  3.12E-Q4 2.56E-05
56.2 7.85E-04  4.08E-04  3,34E-05
100.0  1.00E-03  5.20E-04  4.26E-05
177.8  1.30E-03  6.76E-04  5.S4E-05
316.2  1.69E-03  8.76E-04 7.18E-05
562.3  2.25E-03 1.17E-03  9.59E-05
1000.0  3.04E-03 1.58E-03 1.29E-04
1778.3  4.20E-03  2.18€-03 1.79E-04
3162.3  S.90E-03 3.07E-03 2.51E-04
3600.0  6.40E-03  3.33E-03  2.73E-04
7200.0  5.70E-03  2.96E-03

TFA _AC-20 + 3% POLYBILT 103

TEST TEXP = 90 , IIGMA=3.300 PSI

5.056-04  2.63E-04 3.98E-05
6.30E-04  3.28E-04  4.96E-05
7.70E-04  4.00E-04  6.07E-QS
1.00E-03  S5.20E-04 7.88E-05
1.28E-03  6.63E-04  1.00E-04
1.59e-03  8.27E-04 1.25€-04
2.05E-03  L1.07E-03 1.62E-04
2.628-03  1.36E-03  2.06E-04
3.34E-03  1.73E-03  2.63E-04
4.14E-03  2.15E-03  3.26E-04
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TFA AC-20 + 3% POLYBILT 103
TEST TENP = 60 , IIGMA = 7.750 PSI

31,6 4.30E-04  2.24E-04  7.50E-06

$6.2  S.15E-04 2.68E-04  8.99E-06

100.0  6.15E-04  3.208-04  1.07E-0S

177.8  7.20E-04  3.74E-04 1.26E-05
316.2  8.30E-04 4.32E-04 | .45E-0S
$62.3 1.08E-03 5.62E-Q4 1.88E-0S
1000.0  1.38E-03  7.18E-04  2.41E-05
17786.3  1.78E-03  9.26E-04  3.11E-05
3162.3  2.34E-03 1.22€-03  4.08E-05
3600.0  2.48E-03 1.29E-03  4.32E-05
7200.0  1.778-03  9.19E-04

TFA AC-20 + 3% POLYBILT 103
TEST TEMP = 77 , T1GMA=6.061 PSI
S.S0E-Q4  2.86E-04
7.256-04  3.77E-04
8.90E-04  4.63E-04
1.19€-03  6.19E-04 5.
1.536-03  7.93E-04 6.
1.956-03  1.01E-03 . 8.



Table A-23 (Continued)

TINE TOTAL  TENSILE  TVENSICE TIKE T0TAL TeNSILE  TENSILE
SEC.  HORIZONTAL  STRAIN CREEP SEC.  HORIZONTAL  STRAIN CREEP
DEFORMATION  IN/IN  COMPLIANCE DEFORMATION  IN/IN  COMPLIANCE
IN IN"2/L8 IN IN"2/LB
TFA AC-20 ¢ 3% DON » TFA AC-20 + 353 DOW
TEST TENP = 60 , 1IGMA = 7.333 PSI TEST TEMP = 60 , IIGMA = 7,395 PSI
31.6 1.75E-04 9.10E-0S 6.21E-06 31,6 1.20E-04 6.24E-05  2.19E-06
56.2 2.05E-04 1.07E-04 7.27E-06 56.2  1.30E-04  6.76E-05  2.38E-06
100.0  2.40E-04 1.256-04 8.51E-06 :00.0 1.53E-04  7.93E-05  2.79E-06
177.8 2.93t-04 1.52E-04  1.04E-05 177.8  1.73E-04  B.97E-05  3.15E-06
316.2  3.50E-04 1.82E-04 1.24E-05 316.2  2.08E-04 1.08E-04  3.80E-06
$62.3  4.20E-04 2.18E-04 1.49E-05 962.3  2.33E-04 1.21E-04  4.25E-06
1000.0  5.156-04 2.68E-04 1.83E-05 1000.0  2.60E-04 1.35E-04  4.76E-06
1778.3  6.35E-04  3.30E-04  2.25E-05 1778.3  2.98E-04 1.55E-04  5.44E-06
3162.3  7.85E-04  4.08E-04 2.78E-05 3162.3  3.45E-04 1.79E-04  6.31E-06
3600.0 8.28E-04 4.30E-04  2.93E-05 36000 3.57e-04  1.86E-04  6.53E-06
7200.0  3.70E-04 - 1.92E-04 : 7200.0
TFA AC-20 + 5% DOW TFA AC-20 + 5% DOW
TEST TEMP = 77 , 1IGMA=4.690 PSI TEST TEMP = 77 , 11GMA=6.058 PSI
31.6 1.50E-04 7.80E-05 B.32E-06 1.6 2.25E-04  1.17E-Q4  9.66E-06
56,2 2.10E-04 1.09E-04 1.16E-05 $6.2  2.70E-04  !.40E-04 1.1BE-QF
100.0  2.75E-04 1.43E-04 1.52E-05 100.0  3.20E-04  1.66E-04 1.37E-0S
177.8  3.70E-04  1.92E-04  2.0SE-0S 177.8  4,10E-04  2.13E-04 1.76E-05
316.2  4.75E-04  2.47E-04  2.63E-05 316.2  5.10E-04  2.65E-04  2.19E-0%
562.3 5.90E-04 3.07E-04 3,27E-05 $62.3  6.30E-04 3.2BE-04  2.70E-05
1000.0  7.65E-04  3.98E-04  4.24£-05 1000.0 8.156-04  4.24E-0&4  3.50E-0S
1778.3 . 9.60E-04  4.99E-04  5.32%-05 1778.3  1.05E-03 S5.46E-04  4.S1E-05
3162.3  1.21E-03  6.27E-04  6.68E-QF 31623 1.38€-03  7.15E-04  5.90E-05
3600.0 1.28E-03 6.63E-04 7.07E-05 3600.9  1.48E-03 7.67E-04  6.33E-05
7200.0  9.15E-04  4,76E-04 7200.0  1.03E-03  5.33E-04

TFA AC-20 + 5% DOW
TEST TEMP = 90 , 11GMA=3.363 PSI
31,6 3.60E-04 1.87E-04  2.78E-05
56.2 4.90E-04 2.55E-04  3.79E-05
100.0  6.40E-04  3.33E-04  4.95€-0S
177.8  8.00E-04  4.16E-04 6.19E-05
316.2  1.00E-03 §5.20E-04 7.73E-085
$62.3 1.26E-03  6.55E-04  9.74E-CS

1000.0 1.65E-03 8.58E-04 1.28E-04
1778.3  2.16E-03 1.12€-03 ..67E-04
3162.3  2.90E-03  1.S1E-03  2.24E-04
3600.0  3.1BE-03 1.65E-03 2.46E-04
7200.0  2.83E-03 1.47E-03
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Table A-23 (Continued)

T0TAL TENSICE  TENSILE TIRE TUTAL TENSILE  TENSILE
SEC.  HORIZONTAL  STRAIN CREEP SEC.  FORIZONTAL ~ STRAINM CREEP
DEFORMATION  IN/IN  COMPLIANCE DEFORMATION  IN/IN  COMPLIANCE
IN IN"2/LB IN IN"2/L8
TrA AC-10 TFA AC-10 ,
TEST TEMP = 60 , ZIGMA = 4.830 PSI TEST TEMP = 60 , 7IGMA = 4.769 PSI
3.6 1.50E-03 7.80E-04 8,08E-05 3.6 1.25€-03  6.50E-04  3.55E-05
$6.2  2.10E-03  1.09E-03 1.13E-04 56.2 1.85E-03 9.82E-04  5.25E-0%
100.0  2.80E-03  1.46E-03 1.S1E-04 100.0  3.00E-03 1.56E-03 8.51E-05
177.8  4.206-03  2.18E-03  2.26E-04 177.8  5.006-03  2.60E-03 1.42t-04
316.2  6.00E-03  3.12E-03  3.23E-04 316.2  B.S0E-03  4.42E-03 2.41E-04
$2.3 1,55€-02 B.06E-03  4,4QE-04
1000.0  2.50E-02 1.30E-¢2 7.09E-04
1778.3  4.256-02 2.21€-02 1.21E-03
3162.3  7.15E-02 3.72E-02  2.03E-03
3600.0  8.30E-02 4.32€-02 2.35E-03
7200.0  8.30£-02  4.32E-02 :
TFA AC-10 TFA AC-10
TEST TEMP = 77 , L1GNA=0.774 PSI TEST TEMP = 77 , IIGMA=0.921 ¢!
1.6 4,00E-04 2.08E-04 1.34E-04 3.6 5.50E-04 2.868-04 1.74%-C4
$6.2  6,50E-04 3.3BE-04 2.18E-04 56.2 8.50E-04 4.42f-04 2.69E-04
1000 1.10E-03 5.72E-04 3.70E-04 100.0  1.25E-03  6.5CE-C4  3.96E-04
177.8  1.80E-03  9.,36E-04  6.05E-04 177.8  2.00E-03  1.04£-03  6.34E-04
6.2 2.90E-03 1.51E-03  9.74E-04 316.2  3.00E-03 1.56E-03  9.50E-04
5623 5.00E-03  2.60E-03 1.68E-03 562.3 5.00E-03 2.60E-03 !.58E-03
1000.0 1.00E-02 5.20E-03  3.36E-03 1000.0  8.20E-03  4.26E-03  2.60E-03
TFA AC-10 TFA AC-!
TEST TEMP = 90 , 11GMA=0.734 PSI TEST TEMP = 90 , 11GMA=0.585 PSI
3.2 2.50E-04  1.30E-04 1.11E-04
5.5 3.50E-04 1.82E-04 ]1.S6E-04
10.0  4.50E-04 2.34E-04  2.00%-04
17.8  6.25E-04  3.25E-04 2.78E-04
31.6  6.50E-04 3.38E-04 2.30E-04 316 8.70E-04  4.526-04  3.87E-04
56.2  1.00E-03 5.20E-04  3.54E-04 56.2  1.30E-03 6.76E-04 5.78E-04
100.0  1.40E-03 7.28E-04  4.96E-04 100.0  2.00E-03 1.04E-03 8.89E-04
177.8  2.05€-03 1.07E-03  7.26E-04 177.8  3.08E-03  1.60E-C3 1.37€-03
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Table A-23 (Continued)

TIRE TOTAC TENSICE  TERSILE T TOTAC TENSILE  TERSILE
SEC.  HORIZONTAL  STRAIN CREEP SEC.  HORIZONTAL  STRAIN CREEP
DEFORMATION  IN/IN  COMPLIANCE OEFORMATION  IN/IN  COMPLIANCE
IN N“2/L8 IN IN"2/L8
TFR AC-10 + 3% P 70 TFR AL-10 + 9% UP 70
TEST TEMP = 60 , ZIGMA = 6.505 PSI TEST TEHP = 60 , 1IGMA = 6.58] PSI
31,6 6.00E-04  3.12E-04  2.40E-05 3.6 e.ooz 04  4.16E-04 1.64E-05
$6.2 7.50-04 3.90E-04  3.00E-05 56,2 1.056-03 5.46E-04  2.16E-05
100.0  9.50E-04 4.945-04  3.80E-05 100,90 1.385-03  7.155-04  2,83E-05
177.8  1.30E-03 6.76E-04  5.20E-05 177.8  1.95€-03  1.01E-03  4.01E-05
316.2  1.80E-03  9,36E-04  7.19E-05 316,2  2.60E-03  1.35€-03  5.34E-05
562.3  2.456-03 1.27€-03  9.79E-0S 562.3  3.50E-03 1.82E-03  7.19E-05
1000.0  3.53E-03  1.83E-03 1.41E-04 1000.0 4.78E-03  2.48E-03  9.81E-0S
1778.3  5.15E-03  2.68E-03  2.06E-04 1778.3  6.70E-03  3.48E-03 1.38E-04
3162.3  7.75E-03  4.03E-03  3.10E-04 3162.3  9.90E-03  S5.15E-03  2,03E-04
3600.0 8.556-03 4.456-03 3.42E-04 3600.0 1.09E-02 S5.64E-03  2.23E-04
7200.0  7.90E-03
TEAAC-10 ¢ 3L UP T TEA AC-10 ¢ 33 LP 70
TEST TEMP = 77 |, 11GMA=2,616 PSI TEST TEMP = 77 , I15MA=1.080 PSI
3.6 5.505-04  2.865-04 S.47E-C 3.6 2.50E-04 1.30E-04  4.05E-05
86,2 8.00E-04 4.1SE-04  7.95E-0% 6.2 3.50E-C4 1.82E-04  S.66E-05
109.0  1.10E-C3  S.726-04  1.09E-04 105.0  4.65E-04  2.420-04  7.52€-05
177.8  1.656-03  8.56E-04 1.64E-04 177.8  6,256-04  3.25E-04 1.01E-04
316.2  2.30E-03 1.20E-C3  2.29E-04 316.2  8.90E-04  4.63E-04 1 .4dE-04
562.3  3.10£-03  1.61E-03  3.08E-0d 562.3  1,286-03  6.43E-04  2,06E-04
100C.0  4.90E-03  2.556-03  4.87E-04 1000.0  1.836-03 9.526-04  2.96E-04
1778.3  7.25E-03  3.77E-03  7.21E-04 1778.3  2.48E-03 1.29E-03 4.01E-04
3162.3  1.16€-02  6.03E-03 1.15€-03 3162.3  3.43E-03  1.78E-03  5.55E-04
3600.0 1.32€-02 6.87€-03 1.31E-03 3600.0  3.7SE-03  1.95E-03  6.07E-04
7206.0 1.28E-02  6.66E-03 7200.0  3.70E-03  1.92E-03
TFA AC-10 + 3% UP 70 TFA AC-10 + 3% UP 70
TEST TEMP = 90 , 1IGMA=!.054 PS! TEST TENP = 90 , ZIGMA=1,080 PSI
31.6  6.505-04 3.38E-04 1.60E-04 31.6 1.056-03  S.46E-04  2.53E-0¢
86,2 1.006-03 5.20€-04 2.47E-04 §6.2 1.50E-03  7.80E-04  3,61E-04
100.0 1.40E-03 7.28E-04  3.45E-04 100.0  2.00E-03  1.04E-03  4.82E-04
177.8  2.05E-03 1.07E-03  5.06E-04 1778 2.80E-03  1.46E-03  6.74E-04
316.2  3.10E-03  1.61E-03  7.65E-C4 31,2 3.905-03  2.03E-03  9.39E-04
562.3 4,356-03  2.26E-93  1.07E-03 562.3  5.90E-03  3.07E-03  1.42€-03
10065  6.55E-C3  3.41E-03 1.62E-C3 1005.%  9.80£-3  S.10E-03  2.36E-C3
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Table A-23 (Continued)

T TIRE TOTAL  TERSILE TERSILE TINE T0TAL -
SEC.  HORIZONTAL  STRAIN CREEP SEC.  HORIZONTAL  STRAIN (REEP
DEFORMATION  IN/IN  COMPLIANCE DEFORMATION  IN/IN  COMPLIANCE
IN IN"2/LB IN IN"2/L8

TFA AC-10"+ 33 STYRELF
TEST TEMP = 60 , ZIGMA = 7.375 PSI

31,6 2.00E-03  1.04E-03  7.05E-05

$6.2  2.65E-03 1.38E-03 9.34E-0S

100.0  3.456-03 1.79E-03 1.22E-04

177.8  4.75E-03  2.47E-03  1.67E-04

316.2  6.30E-03 3.28E-03 2.22E-04

562.3 8.90E-03 4.63E-03 3.14E-04
1000.0  1.33E-02 6.89E-Q3 4.67E-04
1778.3  2.10E-02 1.09E-02  7.40E-04
3162.3  3.84E-02  2.00E-02  1.35€-03
3600.0  4.56E-02 2.37E-02 1.61E-03
7200.0  4.17E-02

TFA AC-10 ¢ 3% STYRELF
TEST TEMP = 77 , 7IGMA=1.356 PSI
6.00E-04  1.05E-0¢
8.50E-04 1.53E-04
1.20£-03
1.73E-03

TFA AC-10 ¢ 3% STYRELF

TEST TEMP = 90 , 7IGMA=0.848 PSI

2.506-04  1.30E-04 7.67E-05
3.25E-04  1.69E-04  9.97E-05
4.50E-04 2.34E-04  1.38E-04
6.50E-04 3.3BE-Q4 1.99E-04
9.00E-04 4.68E-04 2.76E-04
1.28E-03  6.63E-04  3.91E-04
1.85€-03  9.62£-04  5.67E-04
2.736-03  1.42E-03  8.36E-04
4.206-03  2.188-03 1.29€-03
6.706-03  3.48E-03  2.0SE-03
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TFA AC-10 + 3% STYRELF
TEST TEMP = 60 , 2IGMA = 7.355 PS]

100.0  2.40E-03 1.25E-03 4.41E-CS
(77,89 3.90E-03  2.03E-03  7.17E-05
316.2  5.50E-03 2.86E-03 1.01E-04
562.3 8.30E-03 4.32E-03 1.53E-04
1000.0  1.26€-02 6.53E-03 2.31E-04
1778.3  2.0SE-02 1.07E-02 3.77E-04
3162.3  3.60E-02 1.87E-02 6.62E-04

TFA AC-10 ¢ 3% STYRELF
TEST TEMP = 77 , 1IGMA=.595 PSI

L6 8.G0E-04 4.16E-C4  3.50E-04
56.2  1.20E-03 6,24E-04  5,24E-04
100.0  1.75€-03 -9.10E-04  7.65E-0¢
77,8 2.70E-03 1.40E-03 1.18E-03
36,2 3.90E-03 2.03€-03 1.705-03
$62.3  5.80£-02  3.028-03  2.536-03
1000.0 9.10E-C3  4.732-03  3.98E-03
TFA AC-10 + 3% STYRELF
TEST TEMO = 9C¢ |, IIGMA=0.595 PSI

3.2 1.50E-04 7.80E-05  6.86E-0S
5.6 1.90E-C4 9.8BE-05  8.30E-0QS
10.0  2.55E-04 1.33t-04 1.!1E-04
17.8  3.65E-04  1.90E-04  1.60E-04
1.6 4.90E-04  2.55E-04  2.14E-04
56,2 5.50E-04 3.38E-04 2.84£-04
106.0  8.80E-04  4.58E-04  3.85E-04
$77.8 1.20E-03  6.24E-04  5.24E-04
316,22 1.63E-03  8.45€-04 7.10E-04
562.3  2.45E-03 1.27E-03 1.07E-03
1000.0  3.43E-03 1.78E-03 1.50E-03
1778.3  5.35E-03  2.78E-03  2.34E-03
3162.3  9.109-03  4.73E-03  3.98E-03
3600.0  1.09E-02  5.676-03  4.76E-03



Table #-23 {Continued)

TIAE TOTAC TERSILE  TENSICE
SEC.  HORIZONTAL  STRAIN CREEP

TP RIS
SEC.  HORIZONTAL

STRAIN CREEP

OEFORMATION  IN/IN  COMPLIANCE OEFORMATION  IN/IN  COMPLIANCE
N IN"2/L8 IN IN"2/LB
PR AL=10 ¢+ 3¢ NS IS THA AC-10 ¢+ 3R NS 175
TEST TEMP = 60 , 1IGMA = 6.890 PSI TEST TEMP = 60 , IIGMA = 6.843 PSI
31,6 6.50E-04 3.38E-04  2.4SE-05 31.6 6.00E-04  3,126-04 1.19E-05
$6.2  9.25E-04 4.B1E-04  3.49E-05 56.2 8,25E-04  4.29E-04 1 .63E-05
1000 1.30E-03  6.76E-04  4.91E-05 100.0  1.1CE-03  S.72E-04  2.17€-(S
177.8  1.785-03  9.236-04  6.70E-05 177.8  1.4SE-03  7.54E-04  2.87E-05
36,2 2.352-03  1,226-03  8.87E-05 36,2 1.93tE-03  1,00E-03  3.B0E-05
$62.3  3.1SE-03 1.64E-03 1.19E-04 $62.3 2.38E-03 1.34E-03 5.09E-05
1000.0  4.23E-03  2.20E-03  1.59€-04 1000.0  3.56E-03 1.85€-03  7.04E-09
1778.3  5.80E-03 3.02E-03 2.19E-04 1778.3  5.00E-03 2.60E-03  9.88E-05
3162.3  8.ISE-03  4.24E-03  3.08E-04 3162.3  7.05E-03  3.67€-03 1.39E-04
3600.0  B8.90E-C3  4.63E-03  3.36E-04 36000 7.70E-03  4.00E-03 1.52E-04
7200.0  7.97¢-03 6.73E-03
TFA AC-10 + 33 NS 175 TFA AC-10 + 3% NS 175
TEST TEMP = 77 , TIGMA=].684 PSI TEST TEMP = 77 , 11GMA=2.124 PSI
31,6 3.508-04 1.825-04  5.40€-05 1.6 3.40E-04  1.77E-04  4.16E-05
56.2  S.I0E-04  2.65€-04 7.88E-(S $6.2  4.70E-04  2.44E-04  5.75E-05
1000 7.00E-04  3.64E-04 1.08E-04 1000 6.10E-04  3.17E-04  7.47€-05
177.8  1.05E-03  5.46E-04 1,62E-04 177.8  8.30E-04 4.32E-04 1,02E-04
316.2  1.506-03  7.80E-04  2.326-04 316.2  1.1BE-03  6.14E-04 1.44E-04
562.3  2.056-03 1.07€-C3  3.17€-04 562.3 1.87€-03  9.73E-04  2.29E-04
1000.0  2.88E-03  1.50E-03  4.45E-04 1000.0  3.00E-03  1.56E-03  3.67E-04
1778.3  3.956-03 2.05E-03 6.10E-04 1778.3  4.656-03  2.426-03  5.69E-04
3162.3 'S.40€-03  2.81E-03  8.34E-0¢ 3162.3  7.10E-03  3.69E-03  B8.69E-04
3600.0 5.80E-03  3.026-03  B8.96E-04 3600.0 7.80E-03 4.06E-03  9.55E-04
7200.0  5.85€-03  3.04E-03 7200.0  7.5SE-03  3.93E-03
TFA AC-10 + 33 NS 175 TFA AC-10 ¢ 33 NS 175
TEST TEMP = 90 , IIGMA=1.104 PSI TEST TENP = 90 , 7IGMA=.81! PSI
3.2 6.00€-05 3.12E-05 1.92¢- 05
5.6 9.50E-05 4,94E-05 3,05€-05
10.0  1.356-04 7.02E-05  4.33E-05
37.8 1.80E-04  9.36E-05 5.77E-0%
31,6 4.00E-04 2.08E-04  9.42€-05 1.6 2.60E-04 1,35E-04  8.34E-05
$6.2  S.75E-04 2.99E-C4  1.3SE-04 $6.2  J.9CE-04 2.03E-24 1.25€-0
100.0 7 60E-04  3.95E-04  1.79E-04 100.0  5.80E-C4  3.02T-04  !.86E-04
177.8  {.0S5E-C3  5.46E-C4 2.47E-04 177.8  B.55E-04 4 45E-04  2.74E-04
316.2  1.40E-03 7.28E-04  3.30E-04 36,2 1.23E-03  6.37E-04  3.93E-04
$62.3  1.93t-03 L1.00E-03 4.53E-04 $62.3  1.78E-03  9.23E-04  5.69E-04
1000.0  3.08€-03  1.59E-03 7.18E-04 1000.0  2.63E-03  1.37€-03  8.42€-04
1778.3  4.056-03  2.11E-03 1.30E-03
3162.3  6.45€-03  3.3SE-03  2.07€-03
3600.0  €.75E-03  3.816-03  2.16E-03
7200.0  6.75€-03

200



Table 4-23 (Continued)

TINE 107AL  TENSILE  TENSILE
SEC.  HORIZONTAL  STRAIN CREEP
OEFORMATION  IN/IN  COMPLIANCE
IN IN°2/L8

~TOTAL TENSILE  TENSILE

HORIZONTAL  STRAIN CREEP

JEFORMATION  IN/IN  COMPLIANCE -
IN IN°2/LB-

TFA AC-10 ¢+ 183 (107
TEST TENP = 60 , ZIGMA = 9.889 PSI
.6 2.50€-03  1.30E-03 6.57E-05
$6.2  3.75E-03 1.95€-03  9.86E-05
100.0  5.28E-03  2.73€-03  1.38E-04
177.8  7.15€-03  3.72E-03  1.88E-04
316.2  9.80E-03  5.10E-03  2.58E-04

TFA AC-10 + 18% 107
TEST TEMP = 90 , I1GMA=1.283 PSI

3.2 1.50E-C4 7.80E-05  3.04E-05
5.6 2.10E-04 1.09€-04  4.26E-0%
10.0  3.00E-04 1.56E-04  6.08E-05
17.8  4.70E-04  2.44E-04  9,53E-0S
31,6 7.25E-C4  J.77E-04  1.47E-04
$6.2 1.08E-U3 5.59E-04  2.18E-C4
1000  1.55€-03 8.06E-04  3.14E-04
177.8  2.256-03  1.17E-03  4.56E-04
316.2  3.155-03  1.64E-03  6.38E-04
$62.3  4.45E-03  2.31£-03  9.02E-04
10000 7.03E-03  J3.65E-03 1.42€-03
1778.3 1.13E-02  §.85E-03  2.28E-03
31623 L.75E-02  9.08E-03  3.54E-03
3600.0  1.90E-02 9.88E-03  3.83E-03
72000 1.86E-02 9.675-03  3.77e-03
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TR AL-10 ¢ 183 {10/

TEST TEMP = 60 , ZIGMA = 5.920 PS]

3.50E-04 1.82E-04 8.00E-06
4 ,50E-04  2.34E-04 1.03E-05
6.50E-04  3.38E-04 1.49E-CS

1.60E-03  8.32E-04  J3.66E-05
2.45E-03  1.27E-03  5.60E-05
3.75£-03  1.956-03 8.57E-03

6

:
g 1.00E-03  5.20E-04  2.28E-05
§2.3

0

1778.3  S.40E-03 2.81E-03 1.23E-4
3162.3  7.60E-03  3.95E-03 [.74E-04
3600.0 8.28E-03 4.30E-03 1.89E-04
0.0 6.208-03

TFA AC-10 ¢ 18% T107
TEST TEMP = 77 , 1I3MA=2.884 PSI

.................................

---------------------------------

.b0E-04  B.32E-05  3.27E-05
J07E-04  4.18E-CS
JOCE-04  7.86E-05
1.12E-04

. 1.79E-04
J37E-04  2.50E-04
. 3.49E-04
1.30E-03  5.10E-04
.89E-03  7.40E-04
.B9E-03  1.13E-03
A7E-03  1.76E-03
616-03  2.59E-03
L238-03 2.84E-03



Table A-24

Creep Compliance of Plant Mixed / Laboratory Compacted Mixtures Using

Modified Compaction.

TIME TOTAL TENSILE TENSILE TIME TOTAL ‘TENSILE TENSILE
SEC. HORIZONTAL  STRAIN CREEP SEC. HORIZONTAL  STRAIN CREEP
DEFORMATION  IN/IN  COMPLIANCE DEFORMATION  IN/IN  COMPLIANCE
IN IN“2/LB IN IN"2/LB
TFA AC-20
TEST TEMP = 60 , ZIGMA = 8.271 PSI
31.6 1.25E-04 6.50E-05 3.93E-06
56.2 1.60E-04 8.32E-05 5.03E-06
100.0 2.05E-04 1.07E-04 6.45E-06
177.8 2.85E-04 1.48E-04 B.96E-06
316.2 3.75e-04 1.95E-04  1.1BE-05
562.3 4.90E-04 2.55E-04 1.54E-05
1000.0 6.40E-04 3.33e-04 2.01E-05
1778.3 8.70E-04 4.52E-04 2.74E-05
3162.3 1.17e-03 6.06E-04  3.66E-05
3600.0 1.25E-03 6.50E-04 3.93E-05
7200.0 7.00E-04  3.64E-04
TFA AC-20 TFA AC-20

TEST TEMP = 77 , ZIGMA=8.935 PSI

3162.3
3600.0
7200.0

4.25E-04 2.21E-04  1.24E-05
5.65E-04 2.94E-04 1.64E-05
7.10E-04 3.69€-04 2.07E-05
9.40E-04 4.89E-04 2.74E-05
1.23e-03 6.37e-04 3.57€-05
1.65E-03 8.58E-04 4.80E-05
2.24E-03  1.16E-03  6.50E-05
3.13e-03 1.63E-03 9.10E-05
4.50E-03 2.34E-03 1.31E-04
4.87E-03 2.54E-03 1.42E-04
4.33E-03 2.25E-03

TFA AC-20

TEST TEMP = 90 , ZIGMA=2.060 PSI

1000.0
1778.3
3162.3
3600.0
7200.0

4.00E-04 2.08E-04 5.05E-05
5.50E-04 2.86E-04 6.94E-05
7.50E-04 3.90E-04 9.47E-05
1.00E-03 S5.20E-04 1.26E-04
1.31E-03 6.81E-04 1.65E-04
1.68-03 8.71E-04 2.11E-04
2.12e-03  1.10E-03 2.67E-04
2.65e-03  1.386-03 3.35E-04
3.286-03 1.70E-03 4.13E-04
3.45E-03 1.79E-03 4.36E-04
3.286-03 1.70E-03

202

TEST TEMP = 77 , 2IGMA=8.733 PSI

1000.0
1778.3
3162.3
3600.0
7200.0

5.50E-04
8.0DE-04
1.10E-03
1.48E-03
1.95€e-03
2.5Te-03
3.39e-D3
4.51E-03
6.10E-03
6.55E-03
6.20E-03

2.86E-04
4.16E-04
5.72E-04
7.72E-04
1.01e-03
1.33e-03
1.76€E-03
2.35e-03
3.17e-03
3.41E-03
3.22E-03

1.64E-05
2.38E-05
3.28E-05
4.42E-05
5.81E-05
7.64E-05
1.01E-04
1.34E-04
1.82E-04
1.95e-04



Table A-24 (Continued)
TIME TOTAL TENSILE TENSILE TIME TOTAL TENSILE TENSILE
SEC. HORIZONTAL  STRAIN CREEP SEC. HORIZONTAL  STRAIN CREEP
DEFORMATION IN/IN  COMPLIANCE DEFORMATION IN/IN  COMPLIANCE
IN IN"2/LB IN IN*2/LB

TEST TEMP = 60 , ZIGMA = 10.416 PSI

TFA AC-20 + 3X POLYBILT 103

562.3
1000.0
1778.3
3162.3
3600.0
7200.0

562.3
1000.0
1778.3
3162.3
3600.0
7200.0

2.25E-04
2.65E-04
3.10E-04
3.62E-04
4.20E-04
5.05E-04
6.10E-04
7.45E-04
9.05E-04
9.40E-04
5.25E-04

TFA AC-20 +
TEST TEMP = 77

2.00E-04
2.70E-04
3.50E-04
4 .40E-04
5.50E-04
6.75E-04
8.30€-04
1.00€-03
1.21E-03
1.28-03
7.90E-04

TFA AC-20 +
TEST TEMP = 90

2.00E-04
2.75E-04
3.75E-04
5.00E-04
6.75E-04
8.50E-04
1.10€-03
1.35-03
1.65E-03
1.78E-03
3.38-03

4.71E-04
4 .89E-04
2.73E-04

5.62E-06
6.62E-06
7.74E-06
9.05E-06
1.05€E-05
1.26€-05
1.52E-05
1.86E-05
2.26E-05
2.35E-05

3% POLYBILT 103
, ZIGMA=6.764 PSI

.................................

1.04E-04
1.40E-04
1.82€-04
2.29E-04
2.86E-04
3.51e-04
4.32E-04
5.20E-04
6.29£-04
6.63E-04
4.11E-04

1.04E-05
1.35€-05
1.69e-05
2.11E-05
2.60E-05
3.19€-05
3.84E-05
4.65E-05
4.90E-05

3X POLYBILT 103
. ZIGMA=2.01 PSI

1.04€-04
1.436-04
1.956-04
2.60E-04
3.51E-04
4.42E-04
5.72E-04
7.02E-04
8.58E-04
9.23E-04
1.76€-03

2.59€-05
3.56E-05
4.85€-05
6.47E-05
8.73E-05
1.10€-04
1.42€-04
1.75e-04
2.13E-04
2.30E-04

203

3162.3
3600.0
7200.0

TFA AC-20 + 3% POLYBILT 103
TEST TEMP = 77 , ZIGMA=9.729 PSI

3.00E-04
3.75E-04
5.00E-04
6.50E-04
8.30E-04
1.08E-03
1.41E-03
1.84€-03
2.31€-03
2.44E-03
1.80E-03

1.95E-04
2.60E-04
3.38E-04
4.326-04
5.62E-04
7.33E-04
9.57E-04
1.20E-03
1.27£-03
9.36E-04



Table A-24 (Continued)

TIME TOTAL TENSILE TENSILE
SEC. HORIZONTAL  STRAIN CREEP
DEFORMATION IN/IN  COMPLIANCE

IN IN"2/LB

TIME
SEC.

TOTAL
HORIZONTAL
DEFORMATION

IN

TENSILE
STRAIN
IN/IN

TENSILE
CREEP
COMPLIANCE
IN"2/LB

TFA AC-20 + 5% DOW

TEST TEMP = 60 , ZIGMA = 10.775 PSI
31.6 1.37e-04 7.15E-05 3.32E-06
56.2 1.52E-04 7.93E-05 3.68E-06
100.0 - 1.68E-04 B8.71E-05 4.04E-06
177.8  1.82E-04 9.49E-05  4.40E-06
316.2 2.01E-04 1.05E-04 4.B6E-06
562.3 2.22E-04 1.16€E-04 5.37€-06
1000.0 2.40E-04 1.25E-04 5.79E-06
1778.3  2.456-04 1.27E-04 5.91E-06
3162.3  2.65E-06 1.38E-04  6.40E-06
3600.0 2.73E-04 1.42E-04  6.58E-06

7200.0 6.25E-05 3.25E-05

TFA AC-20 + 5% DOW
TEST TEMP = 77 , ZIGMA=6.764 PSI

31.6 1.60E-04 8.32E-05 3.80E-06

56.2 1.90E-04 9.88e-05 4.51E-06
100.0 2.35E-04 1.22E-04 5.58e-06
177.8 2.90E-04 1.51E-04 6.88E-06
316.2 3.55E-04 1.85E-04 B.43E-06
562.3 4.35E-04 2.26E-04 1.03E-05
1000.0 5.35E-04 2.78E-04 1.27E-05
1778.3 6.85E-04 3.56E-04 1.63E-05
3162.3 8.80E-04 4.58E-04 2.09E-05
3600.0 9.256-04 4.81E-04 2.20E-05
7200.0 3.15E-04 1.64E-04

TFA AC-20 + 5% DOW
TEST TEMP = 90 , Z1GMA=4.250 PSI
31.6 1.00E-04 5.20E-05 6.12E-06
56.2 1.15E-04 5.98e-05 7.04E-06
100.0 1.40E-04 7.28E-05 8.57€-06

177.8 1.70E-04 8.84E-05 1.04E-05

316.2 2.00E-04 1.04E-04  1.22E-05
562.3 2.35E-04 1.22E-04  1.44E-05
1000.0 3.00E-04 1.56E-04  1.84E-05
1778.3 4.00E-04 2.0BE-04  2.45E-05
3162.3 4.55E-04 2.37€-04 2.78E-05
3600.0 4.TOE-04 2.44E-04  2.8BE-05
7200.0 1.55E-04 8.06E-05

204

TFA AC-20 + 5% DOW
TEST TEMP = 77 , ZIGMA=7.695 PSI

1.45E-04
1.65E-04
1.88E-04
2.08E-04
2.25E-04
2.36E-04
2.67E-04
3.08e-04
3.85e-04
4.05€E-04

7.54E-05
8.58e-05
9.75E-05
1.08€E-04
1.17e-04
1.23e-04
1.39E-04
1.60E-04
2.00E-04
2.11E-04

4 .90E-06
5.58E-06
6.34E-06
7.01E-06
7.60E-06
7.98E-06
9.01E-06
1.04E-05
1.30E-05
1.37e-05



Table A-24 (Continued)

TINE TOTAL
SEC. HORIZONTAL
DEFORMATION
IN

TENSILE
STRAIN
IN/IN

TENSILE
CREEP

COMPL IANCE

IN"2/LB

TIME
SEC.

TOTAL
HORIZONTAL
DEFORMATION

IN

TENSILE
STRAIN
IN/IN

TENSILE
CREEP
COMPL IANCE
IN*2/LB

TFA AC-10 + 3X UP 70

TEMP = 60 , ZIGMA = 9.723 PSI

4.25E-04
5.40E-04
6.95E-04
9.25E-04
1.20E-03
1.55€-03
2.06E-03
2.73E-03
3.42E-03
3.60E-03
2.91E-03

TFA AC-10 + 3% UP 70

2.21E-04
2.81E-04
3.61E-04
4.81E-04
6.24E-04
8.06E-04
1.07e-03
1.42E-03
1.78€-03
1.87e-03
1.51-03

1.14E-05
1.44E-05
1.86E-05
2.4TE-05
3.21E-05
4.15€-05
5.52€-05
7.29€-05
9.13e-05
9.63E-05

TEST TEMP = 77 , ZIGMA=9.251 PSI

7200.0

1.05€-03
1.40E-03
1.85€-03
2.50E-03
3.45E-03
4.75E-03
6.70E-03
1.00E-02
1.63E-02
1.86E-02
1.78E-02

TFA AC-10 + 3% UP 70

5.46E-04
7.28E-04
9.62E-04
1.30E-03
1.79€-03
2.47E-03
3.48e-03
5.20€-03
8.45E-03
9.65E-03
9.23e-03

3.94E-05
5.20E-05
7.03E-05
9.70E-05
1.34E-04
1.88E-04
2.81E-04
4.5TE-04
5.21E-04

TEST TEMP = 90 , ZIGMA=1.094 PSI

1.10€-03
1.50E-03
1.95e-03
2.60E-03
3.55€-03
4 .85E-03
7.65E-03
1.07E-02
1.57E-02
1.71E-02
1.62E-02

7.80E-04
1.01e-03
1.35e-03
1.85€E-03
2.52E-03
3.98e-03
5.54E-03
8.17e-03
8.89€-03

1.15€-03
1.82e-03
2.53E-03
3.73e-03
4.06E-03

205

1000.0
1778.3
3162.3
3600.0
7200.0

TFA AC-10 + 3X UP 70
TEST TEMP = 77 , ZI1GMA=9.480 PSI

1.00E-03
1.40€E-03
1.90e-03
2.75e-03
3.75e-03
5.00E-03
6.85E-03
1.00e-02
1.49€-02
1.65e-02
1.58E-02

5.20E-04
7.28E-04
9.88E-04
1.43e-03
1.95€-03
2.60E-03
3.56E-03
5.20€-03
7.72E-03
8.58E-03
8.22E-03

5.21E-05
7.54E-05
1.03E-04
1.37e-04
1.88E-04
2.T4E-04
4.07E-04
4.53E-04



Table A-24 (Continued)

TIME TOTAL TENSILE TENSILE TINE TOTAL TENSILE TENSILE
SEC. HORIZONTAL  STRAIN CREEP SEC. HORIZONTAL  STRAIN CREEP
DEFORMATION IN/IN  COMPLIANCE DEFORMATION  IN/IN  COMPLIANCE
IN IN"2/LB IN IN*2/LB
TFA AC-10 + 3% STYRELF
TEST TEMP = 60 , ZIGMA = 11.188 PSI
31.6 9.00E-04 4.68E-04 2.09E-05
56.2 1.15E-03 5.98e-04 2.67E-05
100.0 1.42E-03 7.41E-04 3.31E-05
177.8 1.83E-03 9.49E-04 4.24E-05
316.2 2.30E-03 1.20E-03 5.35E-05
562.3 3.05e-03 1.59€-03 7.09E-05
1000.0 4.05E-03 2.11E-03 9.41E-05
1778.3 5.47e-03 2.85E-03 1.27E-04
3162.3 7.65E-03 3.98e-03 1.78E-04
3600.0 B8.24E-03 4.29E-03 1.92E-04
7200.0 7.62e-03 3.97e-03
TFA AC-10 + 3% STYRELF TFA AC-10 + 3X STYRELF
TEST TEMP = 77 , ZIGMA=4.392 PSI TEST TEMP = 77 , ZIGMA=4.402 PS]
31.6 1.50E-03 7.80E-04 8.88E-05 31.6 9.00E-04 4.68BE-04 5.32E-05
56.2 2.25e-03 1.17e-03  1.33e-04 56.2 1.20E-03 6.24E-04 7.09E-05
100.0 3.00E-03 1.56E-03 1.78E-04 100.0 1.55e-03 8.06E-04 9.16E-05
177.8  4.50E-03  2.34E-03 2.66E-04 177.8  2.05e-03 1.07e-03 1.21E-04
316.2 6.25E-03 3.25E-03 3.70E-04 316.2 2.80E-03 1.46E-03 1.65E-04
562.3 1.08e-02 5.59E-03 6.37e-04 562.3 3.85E-03 2.00E-03 2.27€-04
1000.0 2.00E-02 1.04E-02 1.18E-03 1000.0 5.05e-03 2.63E-03 2.98E-04

TFA AC-10 + 3X STYRELF
TEST TEMP = 90 , ZIGMA=1.091 PSI
31.6 4.50E-04 2.34E-04 1.07E-04
56.2 6.75E-04 3.51E-04 1.61E-04
100.0 9.25E-04 4.81E-04 2.20E-04
177.8 1.2BE-03 6.63E-04 3.04E-04
316.2 1.75e-03 9.10E-04 4.17E-04
562.3 2.40E-03 1.25E-03 5.72E-04
1000.0 3.53E-03 1.83E-03 8.40E-04

206



Table A-24 (Continued)

TIME
SEC.

TOTAL
HORIZONTAL

DEFORMATION

IN

TENSILE
STRAIN
IN/IN

TENSILE
CREEP

COMPLIANCE

IN"2/LB

TIME
SEC.

TOTAL
HORIZONTAL
DEFORMATION

IN

TENSILE
STRAIN
IN/IN

TENSILE
CREEP
COMPLIANCE
IN*2/LB

TFA AC-10 + 3% NS 175

TEST TEMP = 60 , ZIGMA = 8.813 PSI

3162.3
3600.0
7200.0

3.25E-04
4.458-04
5.75E-04
8.00E-04
1.08E-03
1.38£-03
1.70-03
2.10E-03
2.55€-03
2.65E-03
1.83€-03

TFA AC-10 + 3X NS 175

1.69€-04
2.31E-04
2.99E-04
4.16E-04
5.62E-04
7.186-04
8.84E-04
1.09€-03

1.33e-03

1.38E-03
9.49E-04

9.59€-06
1.31€-05
1.70E-05
2.36E-05
3.19E-05
4.07E-05
5.02E-05
6.20E-05
7.52E-05
7.82E-05

TEST TEMP = 77 , ZIGMA=9.177 PSI

TFA AC-10 + 3X NS 175

6.50E-04
9.10E-04
1.17e-03
1.69€-03
2.26€E-03
3.30E-03

3.54E-05
4.96E-05
6.38€-05
9.21E-05
1.23€-04
1.80€-04

TEST TEMP = 90 , ZIGMA=1.070 PSI

3.25E-04
4.50E-04
5.90E-04
7.70E-04
9.90E-04
1.28€-03
1.64€-03
2.15e-03
2.8B4E-03
3.02e-03
2.96E-03

3.07E-04
4.00E-04
5.15e-04
6.63€-04
8.56E-04
1.12€-03
1.47€-03
1.57e-03

7.90E-05
1.09E-04
1.43E-04
1.87E-04
2.41E-04
3.10e-04
4.00E-04
5.21E-04
6.89E-04
7.34E-04
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100.0
177.8
316.2
562.3
1000.0
1778.3
3162.3
3600.0
7200.0

TFA AC-10 + 3X NS 175
TEST TEMP = 77 , ZIGMA=5.637 PSI

9.50€E-04
1.30E-03
1.70E-03
2.35e-03
3.25€e-03
4.50E-03
6.65€-03
7.35e-03
7.00E-03

4.94E-04
6.76E-04
8.84E-04
1.22€-03
1.69-03
2.34E-03
3.46E-03
3.82e-03
3.64E-03

4.38E-05
6.00€-05
7.84E-05
1.08€E-04
1.50€E-04
2.08E-04
3.07e-04
3.39€-04



Table A-24 (Continued)

TIME TOTAL TENSILE  TENSILE TIME TOTAL TENSILE  TENSILE
SEC.  HORIZONTAL  STRAIN CREEP SEC.  HORIZONTAL STRAIN CREEP
DEFORMATION  IN/IN  COMPLIANCE DEFORMATION  IN/IN  COMPLIANCE
IN IN“2/LB N IN*2/LB
TFA AC-10 + 3% C107
TEST TEMP = 60 , ZIGMA = 10.477 PS!
31.6 2.40E-04 1.25E-04 5.96E-06
56.2 3.05E-04 1.59€-04 7.57€-06
100.0 3.85E-04 2.00E-04 9.56E-06
177.8 5.35E-04 2.78E-04 1.33E-05
316.2 7.10E-04 3.69€-04 1.76E-05
562.3 9.75E-04 5.07E-04 2.42E-05
1000.0 1.53E-03 7.98E-04 3.81E-05
1778.3 2.60E-03  1.35E-03  6.45E-05
3162.3  4.10E-03  2.13E-03  1.02E-04
3600.0 4.50E-03 2.34E-03  1.12E-04
7200.0 1.83E-03 9.49E-04
TFA AC-10 + 3X C107 TFA AC-10 + 3X C107
TEST TEMP = 77 , ZIGMA= 10.338 PSI TEST TEMP = 77 , Z1GMA=9.103 PSI
31.6 1.65E-03 B8.58E-04 4.15E-05 31.6 1.00E-03 5.20E-04 2.86E-05
56.2 2.20E-03 1.14E-03 5.53E-05 56.2 1.40E-03 7.2BE-04 4.00E-05
100.0 2.85E-03 1.48E-03 7.17€-05 100.0 2.00E-03 1.04E-03 5.71E-05
177.8  4.00E-03 2.08E-03 1.01E-04 177.8  2.80E-03 1.46E-03  8.00E-05
316.2 5.60E-03 2.91E-03  1.41E-04 316.2 3.756-03 1.956-03  1.07€-04
562.3 B.60E-03 4.47E-03 2.16E-04 562.3 5.20E-03 2.70E-03  1.49E-04
1000.0  1.19€-02 6.19E-03 2.99E-04 1000.0 7.25E-03 3.77E-03 2.07E-04
1778.3  1.82E-02 9.47E-03  4.58E-04 1778.3 1.00E-02 5.20E-03 2.86E-04
3162.3 3.39E-02 1.76E-02 8.51E-04 3162.3  1.386-02 7.156-03 3.93E-04
3600.0 4.19E-02 2.18£-02 1.05E-03 3600.0 1.48E-02 7.67E-03  4.21E-04
7200.0 3.83E-02 7200.0 1.356-02 7.02E-03

177.8
316.2
562.3
1000.0
1778.3
3162.3
3600.0
7200.0

TFA AC-10 + 3X C107
TEST TEMP = 90 , ZIGMA=2.084 PS]

4.00E-03
5.00€-03
7.00€-03
1.05€e-02
1.45E-02
2.54E-02
2.84E-02
2.60E-02

2.08E-03
2.60E-03
3.64E-03
5.46E-03
7.54E-03
1.32€-02
1.48€-02
1.35€e-02

4.99E-04
6.24E-04
8.73E-04
1.31€-03
1.81€-03
3.17E-03
3.54E-03
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Table A-25 Moisture Sensitivity Test Results for Laboratory Mixed/Laboratory
Compacted Mixtures Using Modified Compaction.

i Ory Condition Wet Condition T
| MIXTURE TEST AR TEWIE. ~ AR TEMIE . TR |
, TEMP.  VOIDS STRENGTH  VOIDS = STRENGTH |
! F X pSI 2 psI !
| —Tontrol7 TFA AC-T0 77 7% 5] 73 0 {
, 7.3 50 7.5 14 |
, 7.0 58 7.4 18 !
{ 73 52 7.4 17 0.33 |
| TFaAC-10+3xUP 7O 77 6.2 66 5.7 % }
1 56 69 519 51 ,
, 5.9 67 61 % ,
| 5.9 67 5.9 2 0.63 |
| TFAAC-10 + 3 Styrelf 77 7.5 77 8.1 52 |
| 8.3 69 7.0 47 !
, 7.5 83 7.5 52 |
{ 7.8 76 7.5 50 0.66 |
| TFAAC-10 + 3% NS 175 77 6.8 72 7.2 38 {
, 7.0 4 6.7 51 ‘
, 6.8 74 6.8 39 |
,' 6.9 70 6.9 a3 0.6 |
| TFaaC-l0 4185 Cl07 77 119 37 11.3 21 }
, 12 32 112 20 |
, 12.4 40 111 20 ,
| 123 3 1.2 21 0.57 |
| control: TFA AC-20 7 7.2 84 6.9 40 }
, 8.4 76 7.5 37 |
! 7.8 78 7.5 3 ,
{ 78 719 7.3 ® 0.8 |
ITFa AC-20 + 3% Polybilt 77 6.7 78 7.6 49 {
| 7.3 79 7.0 4 ‘
| 7.0 84 6.2 59 |
} 7.0 80 6.9 a7 0.59 |
| TFA AC-20 + 5% Do 77 6.6 72 7.2 62 |
! - 7.7 72 7.3 59 !
, 6.7 78 7.4 52 |
} 7.0 74 7.3 58 0.78 |
| I
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Table A-26 Moisture Sensitivity Test Results for Plant Mixed/Laboratory
Compacted Mixtures Using Modified Compaction.

i Dry Condition Wet Condition v
{ MIXTURE TEST TAIR TEMIE. T AR TEMIE - TSR |
| TEMP.  VOIDS STRENGTH  VOIDS ~STRENGTH ,
, F % psI % PsI |
W (T R 71 37 79 5 {
| _ 6.7 100 7.3 78 ,
, 6.9 9 6.7 91 |
{ 6.9 98 7.0 8 0.9 |
L TFa aC-10 + 3% Styrelf 77 2.0 119 6.8 122 {
! 72119 7.2 112 |
! 76 110 7.2 121 ,
! 73 16 7.1 18 1.02 |
| TFA AC-10 + 3% NS 175 77 6.9 89 6.7 78 }
| 6.9 91 6.5 76 |
! 7.1 85 6.6 7 !
! | 6.9 88 6.6 75 0.85 |
| TFA AC-10 + 183 C107 77 6.5 71 7.3 49 !
| 6.4 62 7.3 53 |
, 6.6 67 7.3 49 !
: 6.5 67 7.3 50 0.7 |
| Control: TFA AC-20 7 7.0 89 7.5 61 f
! 6.6 86 7.2 64 ,
| 7.0 80 7.0 66 |
! 6.9 85 7.2 64 0.75 |
|TFa AC-20 + 3% Polybilt 77 6.8 104 6.9 93 :
| 7.5 100 7.5 77 ,
, 68 107 7.4 % |
! 7.0 104 7.3 88  0.85 |
L TFa AC-20 + 5% Dow 77 8.0 98 7.6 85 {
| | 75 13 7.6 79 ,
| 78 11l 7.6 86 |
! 7.8 107 7.6 83 0.78 |
1 1
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Table A-27 AGGREGATE GRADATION OF EXTRACTED CORES (DISTRICT 15)

Combined Design SDHPT Polysar Exxon TFA Goodyear Styrelf DOW Rubber
Gradation Specification
AC Content 4.63 4.47 4.52 4.57 4.52 4.45
0.0 0
10.2 0-15 11.5 10.4 8.8 6.1 9.4 12.5 We Could
313 21-53 315 37 36.2 321 36.7 34.6 Not Separate
18.5 11-32 18.8 16.5 24.1 214 19.7 17.5 The Rubber
60.1 54-74 61.8 63.9 69.1 59.6 65.8 64.6 From Agg & AC
13.6 | 6-32 144 13.9 13 18.2 15 179 Some of The Fine
17.6 4-27 13.8 13.6 10.7 14.1 12.3 118 Agg’s Might
6.6 3-27 6.9 6.5 4.8 5.9 54 44  Have Been Counted
2.1 1-8 3.1 2.1 24 22 1.5 13 As AC
100.0 100.0 1000 100.0 100.0 100.0  206.2

Aggregate produced by Vulcan Whites Mines, using delta grade 4 sandstone, limestone (grade 5), limestone screenings from Vulcan
Materials, and field sand.



212

(Cibolo River

District 15 Field Test Sections
US281 — Comal County, Beginning North Of Cibolo River
Date Placed: April 1987
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Fig A-1 Schematic Illustration of Field Test Sections.
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Using Modified Compaction.
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APPENDIX B
PRESENTATION OF TEST RESULTS - DISTRICT 11

The objectives of Appendix B are twofold: (1) to describe the
site-specific field operations of the test sections along with a
- description of the materials, polymers, and construction techniques
used for this field project, and (2) to present the laboratory test
results of the unmodified and modified binders and laboratory mixed
and plant mixed mixtures for the experimental field study in
District 11 of the Texas Department Transportation (TxDOT).

EXPERIMENTAL FIELD PROGRAM

The test pavements were constructed on US 190 in Polk County,
Texas, in April 1989, and involved pavement overlay of four lanes
of the highway. The test sections are shown schematically in
Figure B-1. Each test section was approximately one to one and a
half inches thick. A total of three test sections were constructed
with two different polymers plus a control. Field construction was
conducted by District 11 of the TxDOT and assisted by the Center
for Transportation Research, the University of Texas at Austin.

MATERIALS

ASPHALT CEMENT. AC-10 and an AC-20 asphalt cements were supplied
by Texaco of Port Neches, Texas, and used throughout this project.

AGGREGATE. Four aggregates, a red lightweight type D, a coarse
sandstone screening, a fine sandstone screening, and a field sand,
were combined to produce project gradation. Gradations of
individual aggregates, the project gradation, percentage of each
aggregate, and the gradation specifications are given in Table B-1.
The project gradation is plotted on a 0.45 power graph in Figure
B-2.
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POLYMER. Two polymers included in this field project consisted of
a Styrene Butadiene Rubber (SBR), and a Styrene block copolymer
(SBS). Sources of these polymers and designations used for this
study are shown below.

SOURCE TYPE DESIGNATION
Goodyear SBR UP 70
Elf SBS Styrelf-13

Blending of the asphalts and the polymers was performed by the
polymer manufacturers or processors in the refinery or in a
distributor truck. No polymer was introduced into the asphalt
in-line injection system of the plant.

Styrene Butadiene Rubber. One type of Styrene Butadiene
Rubber, Ultra Pave 70, was included in this field project. The
latex UP 70 was supplied by Textile Rubber and Chemical Co. The
total amount of the UP 70 used in the Texaco AC-10 was 3 percent.

Styrene Butadiene Styrene. The Styrelf-13 utilized was a
triblock copolymer of styrene and butadiene. The Styrelf modified

binder was blended by E1f Asphalt, Baytown, Texas, with Texaco
AC-10 at 3% Styrelf-13 by weight of total binder.

FIELD OPERATION

Approximately 12,000 tons of each mix were produced using a
drum mix plant. Identical aggregates were utilized throughout the
experiment. Two grades , AC-10 and AC-20, of Texaco asphalt cement
were utilized. The Ultra Pave 70 (3 percent) and the Styrelf-13 (3
percent) were preblended with Texaco AC-10. The AC-20 was used for
the control test section.

Mixing temperature for the UP 70, and the styrelf-13 mixtures
was about 320°F. The control asphalt, Texaco AC-20, was mixed at
305°F. The initial breakdown compaction occurred between 250°F and
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270°F for all mixtures. The Styrelf mix on this project seemed to
hold its heat for quite a long time. Mixing, production, and
paving operation went well for all mixtures. Compaction of each
test section was achieved using a vibratory roller, a pneumatic
roller, and a steel wheel roller. Environmental conditions during
~construction were favorable with early morning temperatures of
approximately 68°F and afternoon temperatures of 93°F.

Twelve field cores were obtained from each test section soon
after the construction. These cores were approximately 4-inch in
diameter and one to one and a half inches in thickness. The field
cores were transported to the Center for Transportation Research
immediately after sampling.

PRESENTATION OF TEST REBULTS

Summaries of test results for the unmodified and the modified
binders are presented in Tables B-6 through B-8 and are plotted in
Figures B-3 through B-30.

Summaries of test results for the unmodified and the modified
mixtures and the cores are presented in Tables B-9 through B-26 and
are plotted in Figures B-31 through B-50.
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Table B-1 AGGREGATE GRADATION (DISTRICT 11)

Sandstone Sandstone
Red LtWt Coarse Screenings Fine Screenings Field Sand
Sieve 56% Sieve 10% Sieve 15% Sieve 19% Combined SDHPT
Analysis Analysis Analysis Analysis Gradation Specification
% By Volume % By Volume % By Volume % 8y Volume
Plus 172 in. 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0
1/2 to 3/8 in 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0-15
3/8 to No. & 68.8 38.5 4.1 0.4 0.0 0.0 0.0 0.0 38.9 21-53
No. 4 to No. 10 30.0 16.8 25.6 2.6 6.5 1.0 0.4 0.1 20.4 11-32
Plus No. 10 59.3 54-74
No. 10 to No.40 0.6 0.3 43.2 4.3 20.3 3.0 8.7 1.7 9.4 6-32
No. 40 to No. 80 0.0 0.0 8.0 0.8 27.7 4.2 57.1 10.8 . 15.8 4-27
No. 80 to No. 200 0.0 0.0 17.3 1.7 - 40.7 6.1 22.8 4.3 12.2 3-27
Minus No. 200 1-8

0.6 0.3 1.8 0.2 4.8 0.7 11.0 2.1 3.3

Total

100.0 56.0 100.0 10.0 100.0 15.0 100.0 19.0 100.0
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TABLE B-2 Experimental Testing Program for Unmodified and Polymer-Modified Asphalt Binders
District 11

Penetration Viscosity Softening Focce Ductility
--------------------------------------------------- Point  -------mmoooecee-
Binder Before RTFOT After RTFOT Before RTFOT After RTFOT Before Before After

---------------------------------- RIFOT  RTFOT  RIFOT
Asphalt  Polymer 39.2F 77°F 77F  140F 275F 140F 275F  =memmem emmmee-

Schueyer Rheology

9.2F 39.2F
Texaco - 2 2 2 2 2 2 2 2 2 2 1 1 1 1 1
AC-20
Texaco Styrelf-13 2 2 2 2 2 2 2 2 2 2 1 1 1 1 1
ACc-10
Texaco Goodyear 2 2 2 2 2 2 2 2 2 2 1 | | | 1

AC-10 WP 70
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TABLE 8-3 Experimental Testing Program for Laboratory Compacted-Laboratory Mixed Mixtures
District 11

Modified Compaction Standard Coapaction
' Binder Resilient modulus Hveem Marshall  Creep Fatique Hoisture Resilient modulus Hveem Marshall
------------------ & Indirect Tensile 140F  140F (] Stress levels Resistance & Indirect Tensile 140F  140F
Asphalt  Polymer Strength 60F 77F 90F 15% 25% 50% Strength
9F TP 104F 39F  77F  104F

Texaco - 3 3 3 3 3 2 2 2 2 2 2 3 3 3l 3 3 3
AC-20

Texaco Styrelf-13 K} 3 3 3 3 2 2 2 2 2 2 3 3 3 3 3 3
aCc-10

Texaco Goodyear I 3 3 3 302 2l2 2 2 2 3 313 3 3 3

AC-10 UP 70
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TABLE B-4 Experimental Testing Program for Laboratory Compacted-Plant Mixed Mixtures
District 11

Modified Compaction Standard Compaction
Binder Resilient modulus Hveem Marshall  Creep fatique Moisture Resilient modulus Hveem Marshall
------------------ 8 Indirect Tensile 140F  140F ¢ Stress levels Resistance & Indirect Tensile 140F  140F
Asphalt  Polymer Strength 60F 77F 90F 15% 25t 50%t Strength
96 77F 104F 39F  77F 104F

Texaco - 3 3 3 3 3 2 2 2 2 2 2 3 3 3 3 3 3
AC-20

Texaco Styrelf-13 3 3 3 3 3 2 2 2 2 2 2 3 3 3 3 3 3
AC-10

Texaco Goodyear 3 3 3 3 3 2 2 2 2 2 2 3 3 3 3 3 3

AC-10 UP 70




TABLE B-5 Experimental Testing Program for Field Cores.
Bistrict 11

Binder Resilient modulus Marshall
------------------ & Indirect Tensile 140F
Asphalt Polymer Strength

39F  77F 104F

Texaco AC-20 - 3 3 3 3
Texaco AC-10 Styrelf-13 3 3 3 3
Texaco AC-10 Goodyear UP 70 3 3 3 3
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Table B-6 Unmodified and Modified Asphalt Properties before RTFOT.

Parameter

Texaco
AC-20

Texaco
AC-10
&

Texaco
AC-10
&

3% Goodyear 3% Styrelf

Penetration @ 39.2 F (25 C)
100g, 5 Sec.

Penetration @ 77 F (4 C)
100g, 5 Sec.

Viscosity & 140 F (60 C)
Poises

Viscosity @& 275 F (135 C)

Centistokes

Softening Point, f

Maximum True Stress, psi

Maximum True Strain, in/in

True Area , psi

Avg.

Avg.

Avg.

Avg.

Avg.

Avg.

Avg.

Avg.

9 12 15

9 14 15

9 13 15

7 87 92
70 86 9%
7 87 93
2380 2348 3025
2370 2312 3095
2375 2330 3060
500 841 703
492 802 726
496 822 715
126 128 130
126 126 130
126 127 130
58 [£] 204
62 76 216
60 £ 210
2.48 3.74 3.35
2.40 3.n 3.40
2.44 3.3 3.38
80 149 266
85 151 are
83 150 269
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Table B-6 (Continued)

Parameter

Texaco Texaco
Texaco AC-10 AC-10
AC-20 & &
3X Goodyear 3X Styrelf

Asphalt Modulus, psi

Avg.

Asphalt-Polymer Modulus, psi

Avg.

Shear Susceptibility
@39.2F
@60 F
a7TF
Qa9 F
@ 140 F

Apparent Viscosity, Pascal-Second
Shear Rate = 1 1/sec,
839.2F
@60 F
a77F
@9 F
@ 140 F

Constant Power Viscosity,
Pascal -Second
?39.2F
@60 F
QamrF
89 F
8 160 F

249 225 151

236 223 157
242 226 154
- 103 170
- 108 168
- 105 169

6.459E-01 7.468E-01 1.277E+00
8.043E-01 8.925E-01 1.167E+00
8.040E-01 8.028E-01  1.152E+00
8.301E-01 7.940E-01 1.131E+00
8.321E-01 8.796E-01 9.713E-01

1.699E+07 2.808E+07  9.222E+07
2.056E+06 2.118E+06  1.046E+07
3.254E+05 2.394E+05  4.380E+05
8.017e+04 5.414E+04  5.488E+04
3.291E+02 3.030E+02  3.144E+02

5.126E+07 6.359E+07  4.014E+07
2.854E+06 2.519E+06 7.308E+06
3.699E+05 2.634E+05  3.945E+05
7.854E+04 5.046E+04  5.694E+04
1.9498+02 2.090E+02 2.891E+02
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Table B-6 (Continued)

Parameter

Texaco Texaco
Texaco AC-10 AC-10
AC-20 & &
3% Goodyear 3% Styrelf

Penetration Index PI(Pen/Pen)
Penetration Index PI(Pen/SP)
Penetration Viscosity Number PVN
Stiffness Modulus @ 39.2 F, psi
5 Sec. Loeding
20 Sec. Loading
Stiffness Modulus @ 0.1 Sec
39.2F
77F
104F
Stiffness/Temperature Slope
Apparent Viscosity/Temp. Slope
Constant Power Visco./Temp. Slope
Penetration Ratio, 77 F
Viscosity Ratio
Kinematic Viscosity Ratio
Maximum True Stress Ratio
Maximum True Strain Ratio
True Area Ratio

Asphalt Modulus Ratio

Asphalt-Polymer Modulus Ratio

-0.43 0.12 0.39
0.23 0.97 1.6
-0.32 0.76 0.63
1015 508 363
348 246 174
7250 3190 2465
334 232 174
26 23 25
-0.068 -0.059 -0.056
-0.084 -0.088 -0.100
-0.096 -0.097 -0.095
0.65 0.58 0.72
2.95 1.86 1.92
1.51 1.28 1.26
2.57 6.99 1.26
0.94 0.99 0.82
2.19 4.60 1.20
1.87 1.83 1.62

- 4.33 1.37
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Table B-7 Unmodified and Modified Asphalt Properties after RTFQT.

Texaco Texaco
Parameter Texaco AC-10 AC-10
AC-20 & .

3% Goodyear 3% Styrelf
Penetration @ 77 F (4 C) 46 50 66
100g, 5 Sec. 47 50 68
Avg. 46 50 67
Viscosity 8 140 F (60 C) 6975 4351 5895
Poises 7029 4302 5868
Avg. 7002 4327 5882
Viscosity 8 275 F (135 C) 741 1045 895
Centistokes 761 1052 899
Avg. 751 1049 897
Maximum True Stress, psi 152 520 264
155 524 266
Avg. 154 522 265
Maximum True Strain, in/in 2.31 3.68 2.79
2.27 3.70 2.74
Avg. 2.29 3.69 2.77
True Area , psi 181 688 321
182 690 322
Avg. 181 689 322
Asphalt Modulus, psi 499 395 246
406 425 251
Avg. 453 410 248
Asphalt-Polymer Modulus, psi - 465 228
‘ - 447 235
Avg. - 456 232
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Table 8-8 Constant Stress Rheometer Results for Unmodified and Modified Binders,

Shear Shear Apparent Shear Shear Apparent
Test Stress Rate Viscosoty Stress Rate Viscosoty
Temp. Pascal 1/Sec  Pascal-Sec Pascal 1/Sec  Pascal-Sec
Texaco AC-20 Texaco AC-10 + 3% UP 70
T =140 F 8.18E+04 7.06E+02 1.16E+02 8.44E+404 6.16E+02  1.37E+02
4.356+04  3.56E+02  1.22E+02 4 176404 2.62E+02  1.59E+02
2.40E+04  1.B6E+02 1.29E+02 2.19E+04 1.33E402 1.65E+02
1.20E+04 2 ,08E+01  1.49E+02 1.27E404  €.77E+01  1.88E:C2
9.00E+03  5.20E+01  1,73E:02 7.24E403  3.73E+01  1.94E+02
3.60E+03  1.68E+01 2.14E+02 4.395+03 2.11E+01 2.08E+02
T=90F 7.22E+05 1.30E+01 5.54E+04 5.93E+05 1.84E+01  3.21E+04
§.29E+05 7.82E+00 5.48E+04 4 .00E+05 1.25E+01 3.20E+04
2.43E+05  3.98E+00 6.:1E+04 2.32E405 6.74E+00  3.44E+04
1.39E405  2.03E+00  6.86E+(4 1.36E+05  3.41E+00  3.98E+04
7.29E+04 8.99E~01 8.1:E+04 7.50E+04 1.58E+00  4.75E+04
3.865+04  3.93E-01  9.83E+04 3.86E+04 5.90E-01  6.53E+04
T=77F 1.04E+06 4.20E+00 2.48E+05 1.23E406  7.19E+00  1.72E+05
$.49E405  2.37E+400  2.74E+05 7.90E+05 4.20E+00 1.88E+05
4 .33E+05  1.42E+00  3.05E+05 4.27E+05  2.20E+00  1.95E+05
2.44E+05  7.05E-01  3.45E+05 2.06E+05 9.75E-01 2.11E+05
9.96E+04  2.36E-01 4.22€+05 1.08E+05 3.69E-01 2.93E+0S
6.93E+04 1.42E-01 4.89E+05 4,98E+04 1.28E-01  3.89E+0S5
T=60F S5.88E+05 - 2.10E-01 2.81E+C6 1.65E+06  7.61E-01  2.17E+06
3.81E+05 -~ 1.25E-01  3.05E+06 1.06E+406 4.57E-01  2.3LE+06
2.21E+05  6.16E-02  3.60E+CE 6.02E+05  2.46E-01  2.45E+06
1.32E405  3.34E-02 3.94E+06 2.87E+05  1.06E-0: 2.70E+06
9.69E+04  2.22E-02 4.37E+06 1.47E+05 4.89E-02 3.01E+06
7.69E+04  2.49E-02  3.09%+06
T=39F 4,12E+06 9.49E-02 4.34E+07 2.87E+06  4.71E-02  6.09E+07
2.928406  6.84E-02  4.26E+07 1.90E+06 2.92E-C2  6.52£+07
1.82E+06  3.52E-02  5.16E+07 1.10E+06 1.03E-02 1.07E+08
1.00E+06 1.39E-02 7.21E+07 5.956+05 6.84E-03  8.49E+07
6.06E+05 5.725-03  1.064E+08 2.77E+05  2.30E-03 1.21£+08
3.34E405 2.08E-03  1.61E+08 1.64E+405 9.07E-04 1.81E+08
1.77E405  8.54E-04  2.08E+08
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Table B-8 {Continued)

Shear Shear Apparent
Test Stress Rate Viscosoty
Temp. Pascal 1/Sec Pascal-Sec

Texaco AC-10 + 3% Styrelf

T=140F 9.98E+04 3.76E+02 2.65E+02
5.23E+04  1.93E402  2.70E+02
2.02E+04 7.24E+01  2.79E+0Q2
1.12E+04  3.95E+01  2.83E+02
6.53E403  2.27E401  2.87E+02

T=90F 4.73E+05 6.61E+00  7.15E+04
2.516+05 3.92E+00 6.40E+04
1.29E405 2.14E+00 46.04E+04
6.59E+04  1.17E+00  5.64E+04
4 .30E+04 7.96E-01  5.40E+04
2.192+04 4 . 46E-01  4.89E+04

T=77F 1.43E+06 2.51E+00  5.46E+05
8.67E+05 1.75E+00  4.94E+0S
4.39E+05 1.10E+C0  4.00E+05
2.63E+05  6.86E-01  3.84E+05
§.32E+04  2,59E-01  3.59E+CS
6.14E+04  1.76E-0L  3.49E+405
3.18E+04 1.00E-01  3.17E+05

T=60F 2.07E+06 2.36E-C1  8.76E+06
1.35E406  1.77E-01  7.66E+06
8.77E+05  1.25E-01  7.02E+06
4.99E+05  7.49E-02  6.66E+06
2.85E+05 4.58E-02 6.23E+06
1,21E+05 2.14E-02  5.66E+06

T=39F 3.78E+06 B8.18E-02  4.62E+(7
1.89+06 4.77E-02  3.96E+07
1.008406  2.93E-02  3.43E+Q7
4.72E405 1.60E~02  2.94E+07
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Table B-9 Marshall and Hveem Test Results for Laboratory Mixed/Laboratory Compacted
Mixtures Using Modified Compaction

; i AR AVEER T AIR  WARSHALL VALUES |
! MIXTURE | voIbs sTABILITY! voIDs STABILITY fLcd |
| | % LI Ibs .01 in |
|~ TontrolT Texaco ACD | 80 ¥ 70 8% 135

! , 6.8 391 64 9 135
, ! 6.2 vl 6 80 14!
{ lave. 6.3 B! 67 w8 137
| Texaco AC-10 + 34 P 70 | 6.9 %! 69 97 15.0
| ! 7.2 ¥ 71 %8 170 |
| ! 6.8 !l 70 98 150
{ lave. 7.0 B 7.0 9L 157 |
| Texaco AC-10 + 3% Styrelf | 6.7 2| 66 66 16.0 |
! , 6.3 ¥ 64 62 160 |
| \ 6.2 34 | 6.8 = 16.0 I
! lave. 6.4 B 66 e84 160 |
i |

Table B-10 Marshall and Hveem Test Results for Laboratory Mixed/.aboratory Compacted
Mixtures Using Standard Compaction

; ; AR HVEEW T AIR  WARSFALL VALTES |
: MIXTURE | volbs sTaBILITY! woIps STABILITY cfLod |
; | % 0, % lbs .01 in

| —Tontrol* Texaco AC-20 | 1 & 20 27 20
! ! 2.4 s | 22 28 120!
, | 2.9 2 21 29 2.0
| lave. 2.5 30 2.1 203 120
| Texaco aC-10 + WP 70 | 2.8 al 26 27 13.0!
! | 32 a2l 36 9% 13|
! | 2.9 a3 823 145
} lave. 3.0 al 31 22 137
| Texaco AC-10 + 3% Styrelf | 1.3 2!l 15 200 13.0]
, , 1.4 60! 12 3% 125 |
| | 1.5 4l 1l a2 130
! lave. 1.4 2! 1.4 2339 128
i |
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Table B-11 Marshall and Hveem Test Results for Plant Mixed/Laboratory Compacted
Mixtures Using Modified Compaction

e ——— e ——————— — e — o —

; AR AVEEW_ T AIR  WARGHALL VALUES |

MIXTURE | voxos STABILITY voxos STABILITY FLO |
Control: Texaco AC-20 { /.4 38 ' 6.1 944 11,5 !
, 7.8 7l e g2 1200 |

| 7.5 34 | 8.9 81  12.5 |

e, 7.6 1 72 e 120

Texaco AC-10 + 3% WP 70 | 7.1 37 | 6.5 943 14.0 |
| 6.3 !l 70 820  13.0 |

, 7.0 %! 87 800 1315 |

lave. 6.8 e 854 135 |

Texaco AC-10 + 3% Styrelf | 6.6 28 | 5.7 459 16.0 |
, 7.2 29 I 6.3 - - l

! 6.3 21 70 509 17.0 |

lave. 6.7 29 63 484 16.5 |

Table B-12 Marshall and Hveem Test Results for Plant Mixed/Laboratory Compacted
Mixtures Using Standard Compaction

e ——— a— — —

T AR RVEEN T AIR WARGRALL VALUES

MIXTURE | VoIS STASLLITY| VODs STABILITY' FLO4 |

i % ;% Ibs .01 in |

~Tontrol? Texaco AT | 38 @, 33 B0 00|
| 3.0 41 38 1845 1035

, 3.6 ) a6 178 110 |

Ve, 3.5 sl 39 191 108

Texaco AC-10 + 3% WP 70 | 3.2 421 2.8 1948 - 12.5 |
! 3% 20209 19 118

, 3.4 2] 33 14 1235

lave. 3.4 82 3.0 1873 12.2 |

Texaco AC-10 + 3% Styrelf | 0.6 ! 09 2y 1301
| 10 ! 0 2002 1235

, 0.6 ¥ 003 2k 130

lave. 0.7 B! 07 aw 128

!
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Table 8-13 Indirect Tensile Test Results for Laboratory Mixed/Laboratory Coapacted

Mixtures Using Modified Compaction

{ NIXTURE TENP,  VOIDS TENSILE AT MODULUS MODULUS  RATIO }
| F t  STRENGTH FAILURE  KSI ksl |
| ps1 $ !
} tontrol: Texaco AL-Z0 39 6.5 35 0.42 IS 491 O.ZFi
| 6.4 295 0.35 167 644 0.02 |
, 7.0 300 0.30 198 7 -0.08 |
} AVG. 6.6 03 0.3 172 623 o.os}
| Texaco AC-10 + 33 UP 70 39 6.9 39 0.3 206 922 -0.04 |
| 7.2 3% 0.38 185 52 024 |
| 6.6 . 34 0.4 22 om0 |
} AVE. 6.9 %3 0.35 206 615 o.u}
}Texaco AC-10 + 3% Styrelf 39 6.4 38 0.73 8 678 0.01 }
! 6.6 A6 0.74 85 508 011 |
! 6.4 70N 7% S5 0.09 |
} AVE. 6.5 304 0.73 83 564 0,07 }
{ Control: Texaco AC-20 77 6.8 69 1.23 112 129 0.3 |
| 6.1 W 121 122 162 0.2 |
| 6.9 68 140 9.7 2 0.3 |
} WG, 6.6 70 128 1.0 138 031
{ Texaco AC-10 + 33 UP 70 77 7.1 81 1.5 04 186 0.2 {
| 7.1 8  1.52  i1.2 29¢ 0.8 |
! 7.0 7 14 119 T 0% |
{ AVG. 7.1 8 151 111 209 0.2
:Texaco AC-10 + 33 Styrelf 77 6.4 62 2.13 5.8 7 0.49

! 6.3 65 2.13 60 123 0.2

| 6.0 65 2.18 5.9 6 0.14 |
} WG, 6.2 84 205 59 s 0.9
| Control: Texaco AC-20 104 6.5 19 1.29 3.0 9% 0.04 |
| 65 0 129 31 68 0.25 |
‘ | 6.4 A 1% 31 9 0.1 |
} AVG. 6.5 20 1.31 3.0 8 0.5 |
| Texaco AC-10 + 35 WP 70 104 7.6 20 1.61 2.4 ¢ 0.5 !
, 6.7 20 1.56 2.6 106 010 |
| 6.7 A 1.5 2.7 5§ 0.44 |
: AVG. 7.0 20 1.58 2.6 70 o.as{
ITexaco AC-10 + 3% Styrelf 104 6.3 18 2.60 1.4 N 0.3
! 68 o 23 12 Q0
! 6.3 1 2.3 1.2 8 0.2 |
} AVG. 6.5 15 2.4 1.2 53 0.40
1
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Table B-14 Indirect Tensile Test Results for Laboratory Mixed/Laboratory Compacted
Mixtures Using Standard Compaction

TEST AR INOIRECT STRAIN ~ SLCANT RESIL [ENT POISSONTS,

1

} NIXTURE TEKP.  VOIDS TENSILE ~ AT NODULUS MODULUS ~ RATIO |
| F % STRENGTH FAILURE  KSI ,
, pS] t !
| ToRtrolT Teraco AT O [ N RN S S T v
| 2.2 430 0.24 359 626 012 |
! 4 48] 0.5 3 62 0.22

| WG 2.0 452 025 15 667 0.7 |
| Texaco AC-10 + 33 WP 70 19 3.0 488 0.19 521 1042 -0.01 |
| 30 492 02 %0 1043 <0103 |
‘ 4 47T 02 4% % 0.06 |
| WG 3.1 des 021 469 92 0.0 |
}Texaco AC-10 + 3% Styrelf 39 1.4 517 0.4 237 42 0.24 }
, 15 554 0.5 23 67 017 |
, 14 520 0.62 167 872 0.0 |
{ AVE. 1.4 530 0.53 205 651 0.16 |
: Tontrol: Texaco AC-20 77 2.3 118 1.04 22.7 264 0.20 :
! 2.2 1y 112 246 0.20 |
‘ 2.6 15 1.0 221 187 0139 |
} V6. 2.4 117 107 224 2 0.2
| Texaco AC-10+ WP 7O 77 32 18 125 288 8 021
. 15 150 1.08 27.8 2 0.2 |
, 23 148 1.6 234 ¥ 017 |
! AVG. 3.1 152 1.0 25.6 1’ 0.20 |
7exaco AC-10 + 3t Styrelf 77 2.0 125 1.5 16.0 00 0.2 |
| 13 128 151 164 20 0.3 |
| 18 129 15 171 a1 07 |
} WE. 17 126 153 165 a3 0.5
L Control: Texaco AC-20 104 2.1 2099 8.5 123 0.9 |
! 23 TSR, 6 8 0.7 |
j 27 ¥ 106 7.3 78 0.45 |
{ AVG. 2.4 80 1.04 7.8 8  0.44 {
{ Texaco AC-10 + 3% UP 70 104 2.9 8 1.5 7.7 1 0.m {
! 3.5 59 1.0 8.9 2 0.y |
| 24 B1s 72 L0351
} AVG. 2.9 9 1L 8.0 102 0.40 |
Texaco AC-10 + 3¢ Styrelf 104 .8 7 1.5 4.7 53 0.43 {
i 1.3 39 183 5.1 B .18 |
! 13 ¥ 18 48 6 037 |
! AVG. 1.5 LR 49 69 0.32 |
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Table B-15 Indirect Tensile Test Results for Plant Mixed/Laboratory Compacted
Mixtures Using Modified Cospaction

; TEST AR TRDTRECT STRAIN  SECANT RESILTENT POTSSONST
. MIXTURE TENP.  VOIDS TENSILE ~ AT  MODULUS NODULUS ~ RATIO |
! F % STRENGTH FAILURE  KSI  KSI ,
, pS1 t |
: Control: Texaco AC-ZO 39 7.0 38/ 0.31 221 334 - i
I 67 W9 0.3 200 woo- |
i 8.3 352 0.2 270 5 -
{ AVG. 7.3 39 0.31 231 w -
| Texaco AC-10 + 31 UP 70 39 6.6 337 0.3 202 2 -
, 7.1 U3 0.43 159 g -
| 67 383 030 238 “woo-
! AVG. 6.8 344 0.35 200 mo -
}Texaco AC-10 + 3% Styrelf 39 7.7 34 0.69 91 507 - :
, 65 39 019 83 g -
! 6.3 35 0.41 155 woo-
{ AVE. 6.8 W9 0.63 110 e - }
| Control: Texaco AC-20 77 7.6 107 120 178 21 - |
| 7.3 108 1.6 172 28 - |
| 6.4 101 120 16,9 o -
! AVG. 7.1 106 1.2 17.3 25 - :
| Texaco AC-10 4 33 WP 70 77 6.8 02 135 15.0 e -
. 701 107 18 158 9r - |
! 71 103 43— 1500 24 -
{ AVG. 7.0 1048 137 152 21 - ',
} exaco AC-10 + 3% Styrelf 77 7.8 68 2.02 6.8 192 -
, 6.1 69  1.82 76 06 - |
| 6.5 80 172 93 -
: AVG. 6.8 77 1.8% 7.9 1 -
| Control: Texaco AC-20 104 7.2 3145 4.3 % 0.28 |
, - 770 3103 48 8 0.8 |
! 66 N1 45 8 0.3 |
} AVG. 6.9 N 1.40 4.6 8 0.3 }
| Texaco AC-10 + 38 UP 70 104 7.1 % 1.4 3.0 7 03|
| 6.9 % 1.8 32 182 0.09 |
| 6.9 29 18 3% 9 017 |
l WG 7.0 27 e 33 18 0.2t |
{Texaco AC-10 + 3% Styrelf 104 6.1 19 .37 1.6 180 -0.10 |
| 72 2 I 201 a1 012 |
! 6.1 19 2.28 17 6 0.2 |
} AVG. 6.5 20 2.2 1.8 172 0.00

]

264



Table B-16 Indirect Tensile Test Results for Plant Mixed/Laboratory Compacted
Mixtures Using Standard Compaction

:

TEST AlR INDIRECT STRAIN  SECANT RESTLTENY POTSSONTS,

! NIXTURE TENP.  VOIDS TENSILE AT  NODULUS MODULUS  RATIO |
! F t STRENGTH FAILURE  KSI XSl 1
PSI %
| | a
} Control: Texaco AC-20 39 3.0 446 0.23 381 %2 - i
1 €2 a9 0 e om0 - |
, 38 4k 022 4 M3 - |
} 6. 36 w6 022 413 s - |
|Texsco AC-10 438U 70 39 34 47 026 %9 47 - |
, TS A T T/ S
, 28 413 026w 7% - |
| 6. 33 49 026 %0 2 - |
Teraco AC-10 + 3t Styrelf 39 1.9 515 0.0 53 - |
| 09 312 0w w85 - |
! 13 sS4 038 85 68 - |
: We. 1.4 Slo 023 300 519 - |
| Control: TexacoAC-20 77 41 tel 088 3.4 283 - |
| 330 1% roee 96 w0 - |
l 31 1% L 87 2w - |
! MG 35 18 Lol 1S 9 - |
| Texaco AC-10+®WP 0 77 32 2 130 29 290 - |
! 28 s 120 73 s - |
, 24 18 120 %6 90 - |
| WG 28 12 128 263w - |
Texaco AC-10 + R Styrelf 77 09 18 139 23 2% - |
] 14 1% 1% 29 1m0 - |
| 09 10 131 198 4 - |
| U/ USRS U I VY B ST A <
| control: Texaco s€-20 104 S S8 12 95 202 0.5 |
! 3 B 1% el 12 03|
| SV YA O T O IR N I
| WG, 81 S6 125 9.0 WS 0.28 |
reacoc-10+ 2070 106 32 S0 159 64 14 0.7 |
, 26 9 L 1 e 030!
| 28 %0 1k 62 18 038
} WG, 2.9 S0 L6l 62 116 0.31]
ltexaco AC-10 + 3% Styrelf 104 1.0 SL L7 4 103 0.2 |
! 04 48 168 58 8 0.3 |
, 08 S0 16 62 102 021
} WG, 07 S0 172 5.8 % 0.7 |

265



Table B-17 Alpha and Gnu Parameters for Laboratory Mixed/Laboratory Compacted Mixtures

TS AIR LOAD mmnm—cm—-rm—‘w
NIXTURE TEMP. WVOIDS - LBS TENSILE STRAIN = =—eseeeemweemeee- l
F ) STRESS  IN/IN S LOG(T) Ea= IN‘S

pst

Control: Texaco AC-20 /7 W 155 T 38605 0.2362 0.%70  0.06%8 4.5 0.959
155 9.5 3.8-05 0.1196 0.2333  0.8804 -5.0005 0.988

——- enee

I
l
!
!
|
l
i
} G, 6.9 155 9.6 3.86-05 0.1779 0.3001 0.8221 -4.8713
:TexacohClO*?AUPN 7 7.0 185  11.36.26-05 0.1508 0.1536  0.8492 -4.9473
I
i
|
|
[
|
I
]
|
i

23
—O

|
|

|

|

|

|

|

7.0 185 1104 6.26-05 0.1640 0.1665  0.8360 ~4.9055 }
|

i

|

|

|

|

i

g

AV, 7.1 185 11.46.26-05 0.1574 0.160!  0.8426 -4.9264

Texaco AC-10 + 3% Styrelf 77 6.3 140 8.6 5.2-05 0.2046 0.6955  0.7954 ~-4.3423 0.994
6.0 140 8.6 5.2-05 0.2192 0.7118  0.7808 -4.3242 0.993

avG. 6.2 140 8.6 5.26-05 0.2119 0.7036  0.7881 ~-4.33%3

Table B-18 Alpha and Gnu Parameters for Plant Mixed/Laboratory Compacted Mirtures

~ T AR LA h AR W l

MIXTURE TEe. VOIS LBS TENSILE STRAIN = eemeecemeeeceeee- |
; H STRESS  IN/IN §  Lo6(1) Ea N‘sI
a pst 1
| ool Teraco - T 8% 29 BSOTEEDS UMW WA OTr TR 0% |
, 20 21 WITEE0S 02008 02354 07292 -4590 0993 |
{ AVG. 6.8 20  15.07.86-05 0.3074 03404  0.6927 -4.43% !
| Teraco 010 + W70 77 65 20 1527505 0.0%05 01901 0.895 47777 0.999 |
| 0 70 IS.07E5 0218 0.3 0822 -4.6340 0.98 |
} AVG. 6.8 230 150 7.3-05 0.196 0.2142  0.8059 -4.7159 !
Nexaco AC-10 + B Styrelf 77 62 160 10312604 0.200 01845  0.7297 -4.52% 0.983 |
! 68 162 104 LOE04 0436 010 08674 -4.4255 0994 |
! WG, 65 161 10.4 LIE-04 02015 0.2488  0.7986 -4.4773 !
| |
, |
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Table B-19 Fatigue Parameter Values for Laboratory Mixed/Laboratory Compacted Mixtures

~

TEST AR LOAD INDIRECT STATIC INITIAL L0AD  FATIGUE CONGIANT §:§5U§ '

{ MIXTRE TEWP. WOI0S  LBS  TENSILE MODULUS STRAIN CYCLES =----see——oeome ,
, Py sm?s kST IVIN R Nf=Kl(1/E|1x)K
|

} TonErolT Tewaco m—ms——w—mmw 700 Rk ‘
| 98 155 9.5 293.%-04 6750

! 6.2 260 162 29 5.66-04 2890

, 6.6 260 160 295504 3150

, 6.2 75 M4 BILEN W

, 68 775 475 2916603 240

teraco A-10 4 P70 77 7.0 185 113 03800 4N 2260 207 0.890
, 71 185 114 30 3eE-04 8IS

| 700 30 192 06404 125

| 7.2 030 191 30 6.4E-04 1020

! 72 W0 WA 0103 55

| 6.9 60 2 N1ED 5B

{Texaco A-10 #38Styrelf 77 6.3 140 8.6 14 6.E-DF 3120 4.656-03  1.82 0.9
| 60 140 86 I46IE-D4 3458

! 6.4 220 140 1410603 130

| 65 25 146 14 1.06-03 1410

| 6.9 40 289 1420603 320

1 63 470 288 1421603 406

|

1]

Table 8-20 Fatigue Parameter Values for Plant Mixed/Laboratory Compacted Mixtures

T () G - ,
l NIXTURE TEP. VOIDS LBS  TENSILE MODULUS STRAIN CYCLES -=---s-omeemeere- FR
, Fooy STESE?S XSl IN/IN X1 K2 NF=K1(1/Eaix)X]
[

{ Control: Texaco AC-20 7/ 6.6 219 5.0 44 3 4E-04 6160 2.89E-05  2.40 0,993 i
| 70 2 149 4 34E-08 5880 o
, 65 37 252 A4STE-04 1720 |
, 67 36 251 4 5TE-04 2260 |
! 66 79 504 41603 320 |
, 85 782 503 44 1.E-03 M0 |
} Texaco AC-10 + X W70 77 6.5 20 152 45 3.4E-04 5620 6.31E-07  2.87 0.969 }
| 70 20 150 453.%-04 4750 |
| 6.0 M X9 455804 1860 ,
| 730 20 255 4557604 1500 |
, 660 %2 N2 ALEN 20 !
, 670 763 504 ASLIE03 1% ‘
{Texaco A-10+ B Styrelf 77 6.2 160 103 19 5.4E-04 2560 1.57€-04 2.2 0.938 {
, 6.8 162 104 1955604 2560 |
| 630 %5 173 199.0E-04 1300 ‘
| 600 260 175 199604 1650 |
! 620 5% /1 1918603 185 ‘
| 700 530 M0 191803 180 |
( |
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Table B-21 Creep Compliance Properties for Laboratory Mixed/

Laboratory Compacted Mixture Using Modified Compaction.

Log(
MIXTURE TEMP, D1 n SHIFT BETA
F FACTOR)
Control: Texaco AC-20 60 2.69E-06 0.58 1.14 0.072
77 1.21E-05 0.58
90 4.55E-05 0.58 -1.00
Texaco AC-10 + 3% UP 70 60 1.05e-06 0.62 1.03 0.062
77 3.63E-06 0.70
90 4.11E-05 0.41 -0.82
Texaco AC-10 + 3% Styrelf 60 9.43E-06 0.53 1.06 0.051
77 3.29E-05 0.55
90 6.50E-05 0.55 -0.52

Table B-22 Creep Compliance Properties for Plant Mixed/
Laboratory Compacted Mixture Using Modified Compaction.

Log(
MIXTURE TEMP, Dl . m SHIFT BETA
F FACTOR)
Control: Texaco AC-20 60 5.00E-06 0.40 1.13 0.063
77 1.09E-05 0.49
90 2.32E-05 0.54 -0.78
Texaco AC-10 + 3% UP 70 60 1.76E-06 0.49 1.60 0.074
77 9.27E-06 0.55
90 1.72E-0% 0.63 -0.70
Texaco AC-10 + 3% Styrelf 60 1.09E-05 0.46 1.14 0.049
77 3.22E-05 0.51
90 4.47E-05 0.56 -0.39
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Table B-23  Creep Compliance of Laboratory Mixed / Laboratory Compacted Mixtures Usirg

Nodified Compaction.

TIME TOTAL TENSILE  TENSILE
SEC.  HORIZONTAL  STRAIN - CREEP

OEFORMATION ~ IN/IN  COMPLIANCE

IN IN"2/L8

TIME TOTAL
SEC.  HORIZONTAL
DEFORMATION
IN

TENSILE
STRAIN
IN/IN

TENSILE
CREEP

COMPLIANCE

IN"2/L8

~ TEXACO AC-20
TEST TEMP = 60 , ZIGMA = 6.913 PSI

$.50E-05  2.86E-05  2.07€-06
9.00E-05 4.68E-05  3.39E-06
1.20E-04  6.24E-05 4.51E-06
2.00E-04  1.04E-04  7.52E-06
2.75E-04  1.43E-04  1.03E-05
3.98E-04  2.07E-04  1.50€-05
5.38E-04  2.80E-04  2.02E-05
7.18E-04  3.73E-04  2.70E-0%
100.0 1.086-03 5.62E-04  4.06E-05
177.8  1.53E-03  7.93E-04  5.74E-05
36,2 2.11E-03  1.10E-03  7.94E-05
$62.3  3.00E-03 1.56E-03 1.13E-04
1000.0  4.25E-03  2.21E-03  1.60E-04
1778.3  5.95E-03  3.09E-03  2.24E-04
3162.3  8.78E-03  4.56E-03  3.30E-04
3600.0  9.64E-03  5.01E-03  3.62E-04
7200.0  8.40E-03  4.37E-03

D -
« e e s e e e
~N oON O O O N OO

O —= O O O L) e

(7,

TEXACO AC-20
TEST TEMP = 77 , TIGMA = 2.263 0SI

1.0 9.50E-05 4.94E-05  1.09E-05
1.8 1.40E-04 7.28E-05 1.61E-0S
3.2 1.80E-04  9.36E-05  2.07E-0S
5.6 2.50E-04 1.306-04 2.87€-05
10.0  3.35E-04 1.74E-04  3.85E-05
18.0  4.60E-04 2.39E-04 5.29E-05
31,6 6.20E-04  3.22E-04  7.12E-05
56.2 8.10E-04  4.21E-04 9.31E-0S
100.0  1.08E-03 5.59E-04 1.24E-04

177.8  1.456-03  7.54E-04 1.67E-04
316.2  2.13E-03  1.11E-03  2.44E-04
$62.3  3.07E-03  1.59E-03  3.32%-04
1000.0  4.38E-03 2.28E-03 - ¢ :I-04
1778.3  6.63E-03  3.45E-03  ".51I-04
3162.3  1.04E-02 5.38E-03 1.0 :£-03
3600.0  1.16E-02 6.02E-03 @ I3E-03
7200.0  1.12E-02 5.81E-03
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TEXACO AC-20
TEST TEMP = 60 , TIGMA = 6.983 PS]

1.0 9.50E-05
1.8 1.30E-04
3.2 1.60E-04
5.6 2.15E-04
0.0 2.70E-04
8.0 3.53-04
1.6 4.65E-04

6.2 6.05E-04

100.0  8.20E-04

177.8  1.14E-03
36,2 1.50E-03
562.3  2.28E-03
1000.0  3.30€-03
1778.3  4.97E-03
3162.3  7.84E-03
3600.0  8.54E-03
7200.0  7.50E-03

§.94E-05
6.76E-05
8.32E-05
1.12E-04
1.40E-04
1.83E-04
2.42E-04
3.15E-04
4,26E-04
5.90E-04
7.80E-04
1.18€-03
1.72€-03
2.58E-03
4.08E-03
4 44E-03
3.90E-03

TEXACC 4C-20

TEST TENP = 77

, LIGMA =

3.54E-06
4.84E-06
5.96E-06
8.01E-06
1.01E-05
1.31E-08
1.73€-05
2.25E-05
3.05€-05
4,23E-05
5.59€-05
8.47E-05
1,23E-04
1.85E-04
2.92E-04
3,18E-04

2,452 PSI

1.15€-04
2.00E-04
2.45E-04
3.70E-04
5.05E-04
7.30E-04
1.06E-03
1.40€~03
100.0  1,96E-03
177.8  2.68E-03
316.2  3.88E-03
562.3  5,53E-03
1000.9  8.23E-03
1778.3  1.26E-02

D = e
N OO O o 0O

O — A0 O UV L =

on

5.98E-05
1.04E-04
1.278-04
1.92E-04
2.635-04
3.80E-04
5.51E-04
7.28E-04
1.02E-03
1.398-03
2.02E-03
2.87€-03
4,288-03
6.54E-03

2.60E-05
3.92E-05
5.36E-05
7.74E-05
1.12€-04
1.48E-04
2.08E-04
2.84E-04
4. 11E-04
5.86E-04
8.72E-04
1.33€-03



Table 8-23 {Continued)

TINE TOTAL
SEC.  HORIZONTAL
DEFORMATION
IN

TENSILE
STRAIN
IN/IN

TENSILE
CREEP
CONPLIANCE
IN"2/L8

TINE TOTAL
SEC.  HORIZONTAL
DEFORNATION
IN

TENSILE
STRAIN
IN/IN

TENSILE
CREEP

COMPLIANCE

IN2/L8

TEXACO AC-20

TEST TEMP = 90 , IIGMA = 0.678 PSI

1.10E-04
1.55€-04
2.00E-04
2.85E-04
3.75E-04
5.30E-04

—
O U WD

S O DO U W) e
L= T N I o ol = B = JN o R0 (N I - - I =

w —
- -~
o~ ~2
~ w
(3
o
o~
m™m
]
(=2
w

562.3  4.91E-03
1006.0  7.16E-03
1778.3  1.29E-02
3162.3  2.74E-02
36000 3.51E8-02

5.726-05
8.06€-05
1.04E-04
1.48E-04
1.95€-04
2,76E-04
4.06E-04
6.09E-04
8.66E-04
1.33E-03
1.70E-03
2.55¢€-03
3.726-03
6.71£-03
1.436-02
1.82E-02

4,22E-05
§.95€-08
7.67€-05
1.09€-04
1.44E-04
2.03E-04
2.99E-04
4. 49E-04
6.39E-04

9.82E-04:

1.256-03
1.88E-03
2.75E-03
4.95€-03
1.058-02

40

TEXACO AC-10 +.32 UP 70
TEST TEMP = 60 , TIGMA = 8.128 PS]

---------------------------------

5.50E-05
8.00E-05
1.05E-04
1.60E-04
2.10E-04
3.05€-04
4.20E-04
5.64E-04
100.0 7.88E-04
177.8  1.10E-03
316.2 1.49E-03
$62.3  2.028-03
1000.0  2.20€-03
1778.3  3.64E-03
3162.3  4.50E-03
3600.0  5.37€-03
7200.0  4.60E-03

D e
O = GO D UYL = e
N oOCOoO O NN OO

o

2.86E-05
4.16E-05
5,46E-05
8.326-05
1.09E-04
1.59E-04
2.18E-04
2.93E-04
4.10€-04
5.72E-04
7.72E-04
1.05€-03
1.14E-03
1.89€E-03
2.34E-03
2.798-03
3.39e-03

1.76E-06
2.56E-06
3.36E-06
5.12E-06
6.72E-06
§.76E-06
1.34E-05
1.80E~05
2.52E-05
3.52E-05
4.75€-05
6.45€-05
7.04E-05
1.16E-04
1.44E-04
1.72€-04
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TEXACO AC-20
TEST TEMP = 90 , LIGMA = 0.746 PSI

1.40E-04
2.00E-04
2.85E-04
4.20E-04
5.80€-04
8.30E-04
1.10E-03
1.46E-03
100.0 1.93€-03
177.8  2.54E-03
36,2 3.83E-03
562.3  5.02E-03
1000.0  7.45€-03

W o
O~ — 00 O Uv L) +— —
N OO O O OO

o

7.28E-05

1.04E-04
1.48E-04
2.18E-04
3.02E-04
4.32E-04
5.72E-04
7.59E-04
1.00€-03
1.32€6-03
1.832-03
2.61E-03
3.87E-03

4.88E-05
6.97€-05
9.93€-05
1.46€-04
2.02E-04
2.89E-04
3.83E-04
5.09E-04
6.73E-04
8.84E-04
1.23€-03
1.75€-03
2.605-03

TEXACO AC-10 + 3% UP 70
TEST TEMP = 60 , 7IGMA = 8.112 PS]

7.80E-96
1.04E-05
1.56E-05
2.00E~05
2.34E-05
3.90E-05
5.98E-05
9.54€-05
1.66E-04
2.99E-04
4,426-04
6.76E-04
1.12€-03
1.79€-03
2.896-03
3.128-03
2,598-03

4.81E-07
6.41E-07
9.62E~07
1.23E-06
1.44E-06
2.40E-06
3.69E-06
5.88E-06
1.03E-05
1.84E-05
2.728-05
4.17€-05
6.89E-05
1.11E-04
1.78E-04
1.928-04



Table 8-23 (Continued)

TINE TOTAL TENSILE  TENSILE
SEC.  HORIZONTAL  STRAIN CREEP

OEFORMATION  IN/IN  COMPLIANCE

IN IN"2/L8B

TINE TOTAL TENSILE  TENSILE
SEC.  HORIZONTAL  STRAIN. CREEP
CEFORMATION  IN/IN  COMPLIANCE

TEXACO AC-10 + 3% UP 70
TEST TEMP = 77 , TIGMA = 2,199 PSI
3.00E-05 {.S6E-05 3.55E-06
4.20E-05  2.21E-05  5.03E-06
5.00E-05  2.60£-05  5.91E-06
7.00E-05  3.64E-05 8.28E-C6
1.00E-04 5.20£-05 1.18E-05
1.35€-04  7.02E-05 1.60E-05
1.85E-04  9.62E~05 2.19E-05
2.65E-04  1,38E-04  3.13E-05
100.0  3.S0E-04 1.82E-04 4,14E-05
177.8  5.20E-04  2.70E-04 6.15E-05
316.2  7.80E-04 4.06E-04  9.22E-05
$62.3  1.29E-03 6.68E-04  1.52€-04
1000.0  2.09E-03  1.08E-03  2.47E-04
1778.3  3.19E-03  1.66E-03 3.77E-04
3162.3  5.19E-03  2.70E-03  6.14E-04
3600.0 S.BOE-03  3.02E-03  6.86E-04
7200.0  5.88E-03  2.90E-03

Ca) »—=
e e e e e w s
N OO O OO

O —= OO < Ut G =

o

TEXACO AC-10 + 3% UP 70

TEST TEMP = 90 , LIGMA = 0.760 PSI
6.50E-05  3.38E-05  2.22E-05
9.50E-05 4.94E-05  3.25E-05
1.20€-08  6.24£-05 4.11E-05

2.15E-04  1.12E-04  7.36E-0S
2.83E-04 1.47E-04  9.67£-05
3.70E-04  1.92E-04  1.27E-04
2 4.88E-04  2.54E-04  1.67E-04
100.0  6.755-04  3.51E-04 2.31E-04
177.8  8.90E-04 4.63E-04  3.05E-04
316.2  1.09E-03  S.64E-04  3.71E-04
562.3 1.27E-03  6.58E-04  4.33E-04
1000.0 1.642-03 8.50E-04  5.59E-04
1778.3  2.16E-03  1.12E-03  7.39E-04
3162.3  2,87E-03  1.49E-03  9.80E-04
3600.0  3.20E-03  !1.66E-03  1.09E-02
72000 2.99E-03  1.55E-03

- —
O+ = 00 S UV LD += =
~N OO O O O

o

1.70E-04  8.84E-05 5.82E-05 -

IN IN"2/L8
TEXACO AC-10 ¢ 3% UP 70
TEST TEMP = 77 , IIGMA = 1.869 PSI

3.006-05  1.56E-05 4.17E-06
§.50E-05 2.34E-05  6.26E-06

6.00E-05  3.12E-05 8.35E-06
1.15E-04  5.98E-05 1.60E-05
1.756-04  9.105-05  2.43E-05
2.756-04  1.43E-04  3.83E-0%
4.40E-04  2.29E-04  6.12E-05
6
{

@ =
O — D O U D e e
« . e T
NN OO

e

. JS0E-04  3.38E-04  9.04E-05
100.0  1.04E-03  S.3BE-04  1.44E-04
177.8  1.60E-03  8.32€-04  2.23E-04
316.2  2.45E-03  1.27E-03  3.41E-04
§62.3  3.50E-03 1.82E-03 4.87E-04

100.0  4.80E-03 2.S0E-03  6.68E-C4

1778.3  6.70E-03  3.48E-03  9.32E-04

3162.3  9.85E-03  S.12E-03  1.37%-03

TEXACD AC-10 ¢ 33 U0 70

TEST TEMP = 9C , IIGNA = $.754 PSI
1.50E-04  7.80E-05 5.17E-05
2.00E-04  1.04E-04 6.90E-05
2.40E-04  1.25E-04 8.28E-0S
3.205-04  1.66E-04 1.10E-04
4.005-04 2.08E-04 1.38E-04
5.0SE-04  2.63E-04  1.74E-04
6.65E-04  3.46E-04  2.29E-04
8.80E-04 4.58E-04  3.04E-04
1.095-C3  S.64E-04  3.74E-04
177.8  1.30E-03  6.76E-04  4.48S-04
316.2  1.832-03  7.96E-04  5.28E-04
$62.3  1.88E-03  9.76E-04 6.485-04
1000.0  2.25€-03  1.17€-03  7.76E-04
1778.3  2.57€-03  1.33E-03 8.8%E-04
3162.3  3.15E-03  1.64E-03  1.09€-03
3600.0 3.286-03  1.70E-03  1.136-03

S U WD e e
D O DO U D

DO O N ONO OO OO

—
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Table 8-23 {Continued)

TINE TOTAL TENSILE  TENSILE TINE TOTAL TENSILE  TENSILE
SEC.  HORIZONTAL ~ STRAIN  CREEP SEC.  HORIZONTAL  STRAIN CREEP
DEFORMATION  IN/IN  COMPLIANCE DEFORMATION  IN/IN  COMPLIANCE
IN IN"2/1L8 IN IN"2/LB
TEXACO AC-10 + 33 STYRELF TEXACO AC-10 + 3% STYRELF
TEST TEMP = 60 , IIGMA = 6.999 PSI TEST TEMP = 60 , IIGMA = 6.958 PSI
1.0 2.50E-04 1.30E-04 9.29E-06 1.0 . 2.30E-04 1.20E-04 8.60E-06
1.8 3.75E-04 1.95€-04 1.39E-05 1.8 3.40e-04 1.77€-04 1.27E-05
3.2 5.00E-04 2.60E-04 1.86E-05 3.2 4.45E-04  2.31E-04  1.66E-05
5.6 7.10E-04 3.69E-04  2.64E-05 5.6 6.35E-04 3.30E-04 2.37E-05
10.0  9.356-04 4.86E-04  3.47E-05 10.0  8.00E-04  4.16E-04  2.99E-05
18.0  1.31E-03 6.B1E-04  4.87E-05 18.0  1.126-03 5.80E-04 4.17€-05
3.6 1.79E-03  9.31E-04  6.65€-05 31,6 1.44E-03  7.49E-04  5.38E-05
$6.2  2.3BE-03 1.24E-03 8.82E-0F $6.2  1.94E-03 1.01E-03 7.25E-05
100.0  3.14E-03  1.63€-03 1.16E-04 100.0  2.69E-03  1.40E-03 1.00E-04
1778 3.87E-03  2.01E-03  1.44E-04 177.8  3.63E-03  1.89E-03  1.35E-04
316.2  S.376-03  2.79E-C3  1.99E-04 316.2  4.80E-C3  2.50E-C3  1.79E-04
$62.3 7.47E-03  3.88E-03 2.77E-04 §62.3  6.9CE-03  3.41E-03  2.45E-04
1009.0  1.0SE-02 5.47E-03  3.91E-04 10000 9.288-03  4.82E-03 3 47E-0¢
7783 177802 9.21E-03  6.58E-04 1778.3  1.34E-02  6.96E-03  5.00E-C4
3162.3  2.345-02  1.226-C2  B.68E-04
36000 2.64E-02  1.37E-02  9.80E-04
72000 2.37E-02  1.23E-02
TEXACC AC-10 + 3% STYRELF TEXACO AC-10 ¢ 3% STYRELF
TEST TEMP = 77 , 11GMA = 1.240 PSI TEST TEMP = 77 , TIGMA = 1.845 PSI
1.0 1.10E-04  5.72E-05  2.31E-05 1.0 2.50E-04 1.30E-04 3.52E-05
1.8 1.70£-04 8.84E-05 3.57E-05 1.8 4.00e-04 2.08E-04 5.64E-05
3.2 2.25E-04  1.17e-04  4.72E-05 3.2 S5.75E-04  2.99E-04 8.10E-05
5.6 3.35E-04 1.74E-04 7.03E-05 5.6 8.50E-04 4.42E-04 1.20E-04
10,0 4.25E-04  2.21E-04  8.91E-05 10.0  1.15E-03  5.98E-04 1.62€-04
18.0 5.70E-04  2.96E-04 1.20E-04 18.0  1.45E-03  7.54E-04  2.04E-04
31,6 8.75E-04  4.55E-04 1.84E-04 31,6 1.88E-03  9.7SE-04  2.64E-04
56.2 1.20E-03  6.24E-04  2.52€-04 $6.2  2.476-03 1.28E-03  3.47E-04
100.0  1.64E-03  8.50E-04  3.43t-04 100.0  3.32€-03 1.72E-03  4.67E-04
177.8  2.20E-03  1.14E-03  4.61E-04 177.8 4. 48E-03  2.33E-03  6.31E-04
316.2  2.94E-03 1.53E-03  6.17E-04 316.2  6.,35E-03  3.30E-03 8.95€-04
562.3 3.98E-03  2.07E-03  8.3SE-04 $62.3  9.35E-03  4.86E-03  1.326-03
1000.0  5.39E-03  2.80E-03 1.13E-03 1009.0  1,45€-02  7.52£-03  2.04E-03
1776.3  7.92E-03  4.126-03  1.66E-03
3162.3  1.20E-02 6.22E-03  2.S1E-03
36000 1.44E-02  7.46E-03  3.01E-0
7200.8  1.40E-C2  7.28E-03
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Table B-23 {Continued)

TENSILE

TINE TQTAL TENSILE  TENSILE TINE TOTAL TENSILE
SEC.  HORIZONTAL  STRAIN CREEP SEC.  HORIZONTAL  STRAIN CREEP
DEFORMATION  IN/IN  COMPLIANCE DEFORMATION  IN/IN  COMPLIANCE
IN IN“2/LB IN IN"2/L8
TEXACC AC-10 + 3% STYRELF TEXACC AC-10 + 3% STYRELF
TEST TEMP = 90 , ZIGMA = 0.413 PSI TEST TEMP = 90 , ZIGMA = 0.688 PSI
1.0 1.00E-04 §.20E-05 6.30E-05 1.0 1.75E-04  9.10E-05 6.61E-05
1.8 1.40E-04 7.2BE-05 8.82E-05 1.8 2.50E-04 1.30E-04 9.45E-05
3.2 1.80E-04 9.36E-05 1.13E-04 3.2 3,10E-04  1.61E-04 1.17E-04
5.6 2.65E-04 1.38E-04 1.67E-04 5.6 4.50E-04 2.34E-04 1.70E-0¢
10.0  3.40E-04 1.77E-04  2.14E-04 19.0  6.35E-04 3.30E-04  2.4CE-04
18.0  4.55E-04  2.37E-04  2.86E-04 18.0  9.20E-04 4.782-04  3.48E-04
31,6 6.15E-04 3,20E-04  3.87E-04 31,6 1.25E-03  6.48E-04 4.71E-04
56.2 8.65E-04 4.S0E-04  5.45E-04 $6.2  1.92E-03  9.96E-04  7.24E-04
100.0 1.25€-03 6.50E-04 7.87E-04 100.0  2.49E-03 1.29E-03  9.39E-04
177.8  1.70E-03  B.B4E-04  1.07E-03 177.8  3.15E-03  1.64E-03 1.19E-03
316.2  2.55E-03 1.33E-03 1.615-03 316.2 3.158-C3  1.64E-03  1.19£-03
562.3  J.75E-03  1.95E-03  2.36E-03 562.3  4.45E-03 - 2.31E-03 1.68E-03
1000.0  5.40E-03 2.81E-03  3.40E-03
1778.3  8.106-03 4.21E-03  S5.10E-03
3162.3  1.29E-02  6.68E-03  8.09E-03
3600.0  1.46E-02  7.59E-03  9.19E-03
7200.0  L1.41E-02  7.33E-03
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Table B8-24

Creep Compliance of Plant Mixed / Laboratory Compacted Mixtures Using

Modified Compaction.

TIME
SEC.

TOTAL
HORIZONTAL

DEFORMATION

IN

TENSILE
STRAIN
IN/IN

TENSILE
CREEP
COMPLIANCE
IN"2/L8

TINE
SEC.

TOTAL
HORIZONTAL

DEFORMATION

IN

TENSILE
STRAIN
IN/IN

TENSILE
CREEP
COMPLIANCE

IN"2/L8

O D =
S O~ = D O UV O

.0
8
2
b
A0
0
6
2
0

10
177.8
316.2
562.3
1000.90
1778.3
3162.3
3600.0
7200.0

TEXACO AC-20
TEST TEMP = 60 , ZIGMA = 5.547 PSI

1.40E-04
1.90E-04
2.00E-04
2.30E-04
2.75E-04
3.25E-04
3.70E-04
4.75E-04
6.35E-04
8.30E-04
1.15€-03
1.50€-¢3
2.04E-03
2.82E-03
3.548-03
3.72E-03
2.77€-03

7.28E-05
9.88E-05
1.045-04
1.20E-04
1.43E-04
1.69E-04
1.92E-04
2.47E-04
3.305-04
4.32E-04
5.96E-04
7.80E-04
1.06E-03

TEXACO AC-20
TEST TEMP = 77 , TIGNA =

1.90E-04
2.80E-04
3.50€-04
4.60E-04
6.10E-04
7.85€-04
1.02€-03
1.30€-03
1,75€-03
2.28E-03
3.05€-03
3.95€-03
6.10E-03
9.35£-03
1.52€-02
1.73E-02
1.498-C2

9.88£-05
1.46E-04

5.28E-04
6.76E-04
9.10E-04
1.18E-03
1.59E-03
2.056~02
3.47€-03
4.86E-03
7.92€-C3
9.00E-03
7.72E-03

6.56E-06
8.91E-06
9.38E-06

2.23E-05
2.98E-05
3.89E-05
5.37€-05
7.03E-05
9.56E-05
1.32E-04
1.66E-04
1.74E-04

5.629 PSI

8.78E-06
1.29E-05
1.62E-05
2.138-05
2.82E-05
3.63E-05
4.69E-05
6.01E-05
8.08E-08
1.05€-04
1.41E-04
1.82E-04
2.82E-04
4,326-04
7.93E-04
7.99E-04
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100.
177.8
3i6.2
562.3
1000.0
1778.3
3162.3
3600.0
7200.0

318.2
562.3
1000.0
1778.3

TEXACC AC-20
TEST TEMP = 60 , IIGMA = 7.112 PSI

1.00E-04
1.60E-04
1.95E-04
2.55E~04
3.20E-04
4,00E-0¢4

5.20E-0S
8.32E-05
1.01€-04
1.33e-04
1.66E-04
2.08E-04
2.55E-04
3.20E-04
4.00E-04
5.02E-04
6.06E~04
7.20E-04
8.87E-04
1.09E-03
1.378-03
1.45€-03
8.74E-04

TEXACO AC-20
TEST TEMP = 77 , 1IGMA =

3.10E-04
4,25E-04
5.25e-04
6.60E-04
8.25E-04
1.04E-03

1.61E-04
2.21E-04
2.73E-04
3.435-04
4.295-04
5.41€-04
7.33E-04
9.62E-04
1.228-¢3
1.67€-03
2.31£-43
3.078-03
4.818-03
8.146-03

3.66E-06
5.85E-06
7.13E-06
9.32E-06
1.17€-05
1 .46E-05
1.79E-05
2.25€-05
2.82E-05
3.53€-05
4.26E-05
5.06E-05
6.23E-05
7.70-05
9.636-05
1.026-04

5.597 PSI

3.07€-95
3.83E-05
4.83E-05
6.55€-05
8.60£-05
1.09E-04
1.49E-04
2.07E-04
2.83E-04
4,30E-04
7.27E-04



Table 8-24 (Continued)

TIME TOTAL TENSILE  TENSILE TINE TOTAL TENSILE  TENSILE
SEC.  HORIZONTAL  STRAIN CREEP SET.  HORIZONTAL  STRAIN CREEP
DEFORMATION  IN/IN  COMPLIANCE DEFORNATION  IN/IN  COMPLIANCE
N IN"2/L8 N - IR
TEXACO AC-20 TEXACD AC-20
TEST TEMP = 90 , ZIGMA = 1.298 PSI TEST TEMP = 90 , IIGMA = 1.654 PST.
1.0 1,20E-04  6.24E-05  2.40E-05 1.0 1.40E-04 7.28E-05 2.20E-05
1.8 1.55E-04 8.06E-05 3.11E-05 1.8 2.00e-04 1.04E-04  3,14E-05
3.2 2.00E-04 1.04E-04 4.01E-05 3.2 2.85E-04  1.4BE-04 4.48E-05
§.6 2.75E-04 1.43E-04 5.51E-05 5.6 4.20€-04 2.1BE-04  6.60E-0S
10.0 3.60E-04 1.87E-0¢ 7.2!E-05 (0.0 5.80E-04  3.02E-04 9.:25-05
8.0 4.80E-04 2.50E-04 9.62E-0S (8.0 B8.30E-04 4.326-04  1,30E-04
31,6 6.65E-04  3.46E-04 1,33E-04 31,6 1.10E-03  S5.72E-04  1.73E-04
56,2 9.05E-04 4.71E-04 1.81E-04 56.2 1.46E-03  7.59E-04  2.30E-04
100.0  1.20E-03  6.22E-04  2.39E-04 100.0  1.93E-03  1.00E-03  3.03E-04
177.8  1.59E-03  8.27E-04  3.19E-04 177.8  2.%4E-03  1.32E-03  3.99E-04
316.2 2.188-03  1.13E-03  4.36E-04 316,22 3.83E-03  1.B3E-03  5.54E-04
$62.3  2.99E-03  1.55E-03  5.9BE-04 562.3  5.02E-03  2.61E-03 7.88E-04
10000 4.23E-03  2.20E-03  8.46E-04 10000 7.45E-03  3.878-03  L.I7E-03
1778.3  6.20E-03  3.22E-03  1.24E-03
3162.3  9.80E-03  S.I0E-03  l.96%-03
3600.0  1.095-02  5.6BE-03  2.19E-02
7200.0  1.05E-02  5.47E-03
TEXACO AC-10 ¢ 33 WP 70 TEXACC AC-10 4 3% UR.XC
TEST TEMP = 60 , IIGMA = 8.726 PSI TEST TEMP = 6C , IIGMA = 8.72% PSI
1.0 8.00E-05 4.18E-05  2.38E-06 0 B.0CE-05  4.16E-05  2.38E-06
1.8 9.50E-05 4.94E-05  2.83E-06 1.8 9.00E-0S  4.4BE-05  2.¢8E-06
3.2 1.10E-04 5.72E-05 3.28E-06 3.2 1.18E-04 5.982-05  3.43E-06
5.6 1.30E-04 6.76E-05 3.87E-06 5.6 1.35E-04 7.02E-05  4.02E-0
10,0 1.60E-04 8.32E-05 4.77E-06 9.0 1.656-04  B.SBE-CS  4.92E-06
18.0  2.00E-04  1.04E-04  5.98E-06 (8.0 2.105-04  1.09E-04  6.26E-06
316 2.6CE-04  1.358-C4  7.7SE-06 316 2.60E-04  1.35E-C4  7.7SE-06
56.2  3.45E-04  1.79E-04 1.03E-05 $6.2  3.50E-04 1.B2E-04 1.04E-0S
100.0  4.70E-04  2.44E-04  1.40E-05 100.0 4.75E-04  2.47E-04  1.42E-05
177.8  7.30E-04 3.80E-04 2.18E-05 i77.8 6.75E-04  3.SIE-04  2.01E-05
316.2  1.04E-03 5.38E-04  3.08E-CS 316.2  9.45E-04  4.91S-04  2.82E-05
§62.3 1.42B-03 7.36E-04  4.22E-C5 $62.3  1.3SE-03  7.02E-C4  4.02E-05
100€.0  1.90E-03  9.88E-04  5.86E-CS 1300.0  1.80E-03  9.36E-04  5,36E-CS
1778.3  2.56E-03  1.33E-03  7.63€-05 1778.3  2.40E-03  1.25E-03 7.15E-05
3162.3  3.59E-03  1.86E-03 1.07E-04 3162.3  3.25€-03  1.69E-03  9.69E-05
3600.0 3.87E-03 2.01E-03  !.1SE-04 36000 3.50E-03  1.82E-C3 1.04E-C4
7200.0 2.71E-03  1.41E-C3 7200, 2.405-03  1.28E-M3
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Table 8-24 (Continued)

TINE TOTAL TENSILE  TENSILE TIXE TOTAL TENSILE  TENSILE
SEC.  HORIZONTAL  STRAIN CREEP SEC.  HORIZONTAL  STRAI! CREEP
DEFORMATION  IN/IN  COMPLIANCE DEFORMATION  IN/IN  COMPLIANCE
IN : IN"2/LB IN IN"2/L8B
TEXACO AC-10 ¢ 33 UP 70 TEXACS AC-10 ¢ 3% UP 70
TEST TEMP = 77 , IIGMA = 4.318 PSI TEST TEMP = 77 , 1IGMA = 3.615 PSI
1.0 1.50E-04 7.80E-05 9.03E-C6 1.0 2.008-04  1.04E-04 1.44E-05
1.8 1.65E-04 8.5BE-05  9.94€-06 1.8 3.28E-04  1.69€-04  2.34E-0S
3.2 1.80E-04  9.36E-05 1.08E-0S 3.2 4.10E-04  2.13E-04  2.95E-05
S.6 2.C0E-04 1.04E-04 1,20E-05 5.6 S.I5E-04  2.68E-04  3.70E-0S
10,0 2.50E-04  1.30E-04  !.S1E-05 10.0  6.10E-04  3.175-04  4.39E-05
(8.0 J.ISE-04 L.64E-04  1.90E-0S 18.0  8.256-04  4.29E-04  5.93E-05
31,6 4.5CE-04  2.34E-04  2.7:E-05 3.6 1.07E-03  5.57E-04  7.70E-05
£6.2  6.5SE-04  3.41E-04  3.94E-05 $6.2  1.40E-03 7.28E-04 1.01€-04
1000 9.00E-04  4.68€-04  5.42E-05 100.0  1.90E-03 9.88E-04 1.37E-04
77.8 1.14E-03 5.93E-04  6.87E-05 778 2.58E-03  1.34E-03  1.BSE-04
316.2  1.64£-03  8.S3E-04 9.8BE-05 316,20 3.53E-03  1.B3E-03  2.54E-C4
562.3  2.64E-03 1.37E-03  1.59%-04 $62.3  4.95E-03  2.57€-03  3.56E-04
1090.0  4.435-03  2.305-03  2.66E-04 1000.¢  7.39E-03  3.84E-03 5.31£-04
1778.3  7.85E-03  4.08E-03  4.73E-04 1778.3  1.06£-02  S5.51E-03  7.63E-04
3162.3  1.48E-02 7.70E-03  B.9IE-04 3162.3  1.67E-02  8.692-03  1.20€-03
3600.0  1.72E-02  B.95E-03  1.04E-03 3600.0 1.88E-02  9.76E-03  1.35E-03
72000 1.S6E-02  8.12E-0 7200.0  1.71E-C2 8.90E-03
TEXACO AC-10 + 3% UP 70 TEXACO AC-1C # 2% WP 70
TEST TEMP = 90 , IIGMA = 1.322 PSI TEST TEMP = 90 , IIGMA = 0.886 PSI
1.0 L.I0E-04  5.728-05  2.16E-0S 1.6 5.505-05 2.88E-05  1.61E-05
1.8 1.55E-04 B.06E-05  3.05E-0S 1.8 7.50£-05 3.90E-0S  2.20E-05
3.2 2.158-04  1.126-04  4.23E-05 3.2 1.056-04  5.46E-05  3.08E-0S
5.6 3.00E-04 1.S6E-04  5.905-05 5.6 1.40E-04 7.28E-05  4.11E-0F
1.0 4.25E-04  2.21E-G4  B.36E-0S 10,0 1.95E-04  1.01£-04  §.72E-05
8.0 6.20E-04 3.22E-04 1.22E-04 18.0  2.90E-04  1.5iE-04  €.51E-0S
31,6 8.352-04  4.34£-04  !.64E-04 1.6 4.208-04  2.18E-04  1.23E-04
56.2 1.16E-03 6.01E-04 2.27€-04 $6.2  S.7SE-04  2.99E-04  1.69-04
1060 1.60E-03 8.32€-04  3.155-C4 100.0  B.65E-04  4.S0E-04  2.54E-04
S477.8 0 2.228-03  1.156-03  4.36E-04 177.8 1.34E-03 6.94E-04  3.92¢-04
316.2  3.10E-03  1.61E-03  6.10%-04 316.2  2.07E-03  1.07€-03  6.06E-04
562.3  4.45E-03  2.31E-03  9.75E-C4 £62.3  3.03t-03  1.57E-03  8.g8E-0¢
(0000 6.59E-03  3.428-03  1.308-03 0000 4.775-03  2.485-02  1.408-02
1778.3  1.10E-02  §.728-03  2.16E-03 1778.3  7.84E-03 . 4.07E-03  2.30E-03
3062.3  1.278-02  5.58E-03  3.71E-03
3600.0 1.428-02 7.408-C2  4.185-03
72000 1.378-02  7.L4E-00
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Table B-24 {Continued)

TINE T0TAL
SEC.  HORIZONTAL
DEFORMATION
IN

TENSILE  TENSILE
STRAIN  CREEP

IN/IN  COMPLIANCE
IN"2/L8

Tk
SEv.

TeTAL
HORIZONTAL
DEFORMATION

IN

TENSILE
STRATN
IN/IN

TENSILE

CREEP

COMPLIANCE

IN2/L8

.-

W —
O~ = QO €3 UV D) ==

e e A e e e e e
S B ol e BN e BE BN S BN - - B = )

€8T TEMO = 77

TEXACO AC-10 + 3% STYRELF
TEST TEMP = 60 , LIGMA = 7,652 PS!

2.75E-04
4 55E-04
5.60E-04
7.50E-04
9.65€-C4
1.28E-03
1.69€8-03
2.21E-03
2.93€-03
3.68E-03
4.832-03
6.29€-03
8.£882-03
1.19€-22
1.748-02
1.9%8-02
1.588-02

2

2.915-04  1.90E-05
3.90E-04  2.55E-05
5.026-04  3.28E-05
6.86E-04  4.35E-05
B.79E-04  5.74E-05
1.15E-03  7.49E-08
1.526-03  9.94E-05
1.91E-03  1.25E-0¢4
2.51E-03  L.64E-04
3.276-03  2.04E-04
445603 2.91E-04
6.198-02 & Q4E-Q¢
9.055-03  5.91E-04
e

0 .91€+03 - 6-47E-34

TEXACC AT-10 ¢ 2% STYRELF

, LIGMA = 3.515 PS]

O U LD -2
~ D O~ QO O N LD e e

—

17

L9 )
—
o~

2.738-04 3
4.03E-04 §
5.33E-04  7.5BE-CS
7.15E-04 1
9.62e-04 !
L28E-03 8
1.64E-03  2.34E-04
2.16E-03  3.07E-04
2.88E-03  4.09E-04
3.77E-03  5.36E-04
$.10E-03  7.25E-04
6.68E-C3  9.51E-04

277

TEXACD AC-10 + 3% STYRELF
TEST TEMP = 60 , 2IGMA = 5,613 PSI

4,80E-05
5.,395-05
8.25E-05
102804
1.295<0¢
LOH4E-24
2.128-04
2.80€-04
3
¢

9/\!-‘\1
.

2.25E-05
2.97€-35
4.24E-05
§.65E-0¢
7.632-C8
1O7E-04
1.51E-04
2.528-04
2.74E-C4
3.66E-04
4.8iE-08
6.705-04
9.405-04
1.37€-03
2.07E-03
2.29E-23

1.0 2.10E-04 1.09E-04
1.8 3.60E-04 1.87E-04
3.2 4.50E-04  2.34E-04
5.6 5.50E-04  2.86E-04
100 6.70E-04  3.48E-04
8.0 B8.40E-04  4.37E-04
3.6 1.04E-03  5.38E-04
£6.2  1.38E-03 7.18E-04
100.0 1.78E-03  9.26E-04
177,89 2.20E-03  !.14E-03
316.2 2.795-03  1.45E-03
£62.3  3.55€-03 1 .85E-02
1000.0  4.608-C3  2.39%-03
7780 5.04E-03 3I4E-02
3162.3 8.42E-02 238603
L0 9.008-T3 Lege-0d
100.0 7.24E-0 377603
TEXACO AC-10 ¢ 3% STVRELF
TEST TEMP = 77 , 1IGMA = 1.840 PSI
1.0 1.605-04  8.328-05
1.8 2.10E-04  1.09E-04
3.2 3.00E-04  1.56E-C4
£.6 4.00E-04  2.08E-04
100 5.40£-04  2.815-04
(8.0 7.506-04  3.95E-04
L6 1.07E-03  5.57E-04
$6.2  1.43E-C3  7.44E-3
100.0  1.94E-03  1.01E-03
1778 2.598-02 1,35E-03
316,22 3.40E-03  1.775-03
$62.3  4.74E-03  2.47€-03
1090.0  6.65E-03  3.46E-03
1778.3  9.68E-03  5.03E-03
3162.3  1.47E-02  7.626-03
36000 1.62E-02  8.43E-02
72008 3.508-02  7.805-03



Table B-24 {Continued)

TIME TOTAL TENSILE  TENSILE TIME TOTAL TENSILE  TENSILE

SEC.  HORIZONTAL  STRAIN CREEP SEC.  HORIZONTAL  STRAIN CREEP
DEFORMATION  IN/IN  COMPLIANCE DEFORMATION  IN/IN  COMPLIANCE

IN IN"2/L8 IN IN“2/L8

TEXACO AC-10 + 3% STYRELF TEXACO AC-10 ¢+ 3% STYRELF

TEST TEMP = 90 , ZIGNA = :.148 PSI TEST TEMP = 90 , IIGNA = 1.250 PSI
1.0 2.00E-04 1.04E-04  4.53E-05 1.0 2.50E-04  :.305-04  5.20E-05
1.8 3.00E-04 1.56E-04 6.80E-05 1.8 3.50E-04 1.828-04 7.28E-0%
3.2 4.00E-04 2.08E-04 9.06E-05 3.2 4.50E-04  2.34E-04  9.36£-05
5.5 4.60E-08  2.395-04  1.04E-04 5.6 S.ECE-04 2.88E-04 1 U4E-C4
0.0 6.60E-04 3.43E-04 1.50E-04 0.0 7.508-04  3.908-04  1.56E-04
18,0 9.00E-04 4.68E-D4 2.04E-04 18.0  1.05E-03  §.46E-04  2.188-04
3.6 1.24E-03  6.42E-04  2.80E-04 31,6 1.45E-03  7.54E-04  3.026-04
56,2 1.66E-03 B.63E-04 3.76E-04 $6.2  1.95E-03 1.91E-03  4.06E-04
100.0  2.31E-03  1.20E-03  §.23t-04 100.0  2.70£-03  1.40E-03  5.62E-04
7.8 3.30E-03 1.728-03  7.48E-04 L77.8 3.6SE-03  1.90E-03  7.59E-04
316.2 4.90£-03 2.55-03 1.1lE-C3 36,2 5.50E-03  2.86E-03 1,14£-03
$62.3  7.26E-03 3.78E-03 1.64E-03 562.3  8.25E-03  4.29E-03  1.72E-03
1000.0  1.15€-02 5.99E-C3  2.61E-03 1000.¢  1.27€-02 6.58E-C3  2.63E-C3
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Table 8-25 Moisture Sensitivity Test Results for Laboratory Mixed/Laboratory Compacted

Mixtures Using Modified Compaction.

~ Dry Condition
MIXTURE TEST

Wet Condition

1 Y
l |
{ TR TERNE AR TERIE . TR |
| CTEWP.  VOIDS STRENGTH  VOIDS  STRENGTH ,
| F v Rl £ Rl ,
| —Tontrol: Teraco -0 77 580 5 T !
! . 61 7.3 i ,
l 69 8 73 3 !
! We. 66 70 7.0 % 0.5 |
| Texaco AC-10 ¢ 38 WP 70 77 218 7.4 50 {
! i 8 6.8 65 |
! 70 8 6.9 62 !
} VT U 7.0 59 0.7 |
Texaco AC-10 + 3 Styrelf 77 6.4 62 6.1 5 |
! 63 6 6.2 §7 ,
! 60 6 6.6 56 |
| NG, b2 b4 6.3 5 0.88 |
| !
i |

Jable 8-26 Moisture Sensitivity Test Results for Plant Mixed/Laboratery Compacted

Mixtures Using Modified Compaction.
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] Dry Condition Wet tondition i
} MIXTURE TEST R TG AR EMIE. TR |
, TERP. VOIDS STRENSTH  YOIDS  STRENGTH !
‘ F t pS1 pS1 !
: Control: Texaco AC-20 77 7.6 107 6.5 86 i
, 73 108 7.7 79 ,
| 6.4 101 7.5 90 |
| G T 108 7.2 8 0.81 |
[ exaco aC-10 438 W 70 77 6.8 102 6.9 86 }
! 7.1 107 68 86 |
! 7.1 103 6.7 96 |
! VG, 7.0 104 6.8 89 0.86 |
Texaco AC-10 + 3% Styrelf 77 78 68 6.8 7" !
! 61 69 6.7 75 !
| 6.5 80 6.8 7 ,
{ AVG. 6.8 1 6.7 1 1.00 |
] 1
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Table B-27 AGGREGATE GRADATION OF EXTRACTED CORES (DISTRICT 11)

Combined SDHPT AC-20 Latex Styrelf
Gradation Specification AC=6.91 AC=6.72 AC=6.88.
0.0 o o o o
0.0 0-15 0 0 0
38.9 21-53 38.7 38.8 37.5
20.4 11-32 19.4 20.5 19.8
59.3 54-74 58.1 59.3 57.3
9.4 6-32 9.7 9.4 9.6
15.8 4-27 19.4 15.8 17.8
12.2 3-27 9.7 12.2 12.1
3.3 1-8 3.1 3.3 3.2
100.0 _ 100.0 100.0 100.0
Source
Red Light wt. Type D. TXI-Clodine Pit
Coarse Sandstone Screenings Lafarge, Oakwood Pit
Fine Sandstone Screenings Lafarge, Oakwood Pit

Field Sand Champion Pit
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District 11 Field Test Sections
US59 — Polk County, Beginning South Of

Livingston, Texas At US190

Date Placed: April 1989

——AL>
143+00 27400 66+50 113490
: : — ;
5 =2 i : §
e o e E—— 5
§ =z § P bt
) H H '
' Z5+00 T/+75 &
71450 79450 g
Y e
: 2 H
T AR A SR Femm e eacmsaacr—mmaseasna—— S O ;
i = | |
143100 30400 80100 113+90

Fig B-1 Schematic Illustration of Field Test Sections.



Z8e
PERCENT PASSING

GRADATION CHART — SIEVE SIZES RAISED TO 0.45 POWER

100 ()
DISTICT 11 /
56% Red Ltwt. Type D
80 10X Crae Sandstone Scrdenings 7 20
15Z Fine Sandstone Scrqengings ‘. :
19% Field Sond A /7
"7
," a
/ b2
60 Z
0.45 POWER L 40 ¢
LINE . =
\— e o
l,, ‘—
A :
40 - 80 O
s DESIGN &
ﬁ'/ GRADATION a
! .
e |
20 D 80
Zd
i a
’
¢
] ' : 100
#200 §80 40 #10 #4 /et 1/2¢ s/8" 7/8" 1"
SIEVE SIZES

Fig B-2 Aggregate gradation Chart
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Fig B—6 Viscosity ot 140 F for Unmodified and Modified Texaco Binders
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Fig B—7 Viscosity Ratio at 140 F for Unmodified and Modified Texaco Binders
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Log Shear Stress, Pascal

Log Viscosity, Pas—Sec
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Fig B-22 Shear Stress vs. Shear Rate for Texaco AC-20 at
Different Test Temperatures.

sl \
T=39 F

\

T=90 F

2-L T

T=140 F

1 } + : + ¢ t
-3.5 -2.5 -1.5 -0.5 0.5 1.5 2.5
Log Shear Rate, 1/Sec
Fig B-23 Viscosity vs. Shear Rate tor Texaco AC-20 at

Different Test Temperatures.

i 293



Log Shear Stress, Paacal

Log Viscosity, Pas—Sec

7.0 T
6.5+
8.0 +
55+
T=39 F
Mo,
FoPig 1A T=60 F .
4.5+ C=.892 T=77 F *
: Se=.0058 Cw=.B03 T=90 F
R~2=.999 Sem.0260 C=-794
4.0 4 . R~2=.996 T=m140 F
( C=.880
Se=.0088
3.5+ R~2=,999
3.0 } l } t { :
-3.5 -2.5 -1.5 -0.5 0.5 1.5 2.5

Log Shear Rate, 1/Sec
Fig B-24 Shear Stress vs. Shear Rate for UP-70 Modified
Binder at Different Test Temperatures.

T=39 F

6+ T=60 F

sl T=77F

T=80 F

T=140 F

1 + +

-35 -25 -1.5 -0.5 0.5 1.5 2.5
Log Shear Rate, 1/Sec

Fig B-25 Viscosity vs. Shear Rate for UP-70 Modified Binder at

Different Test Temperatures.

294



Log Shear Stress, Pascal

Log Viscosity, Pas—Sec

7.0 T
8.5+
6.0 +
T=39 F
J Cm=1.277
5.5+ Se=.0064
R~2=,999
8.0t T=60 F
g:"?)g;?
45+ Raze.
2=.998 T=77 F T=90 F
C=1,182 &-183&0
404 Se=.0236 -.
R~2=,998 Cm.971
Se=.0009
3.8+ R~2=.999
3.0 } — —t— — $ —t
-3.5 -2.5 -1.5 -0.5 0.8 1.5 2.5

Log Shear Rate, 1/Sec

Fig B-26 Shear Stress vs. Shear Rate for Styrelf Modified
Binder at Different Test Temperatures.

9
gl
e

T=38 F
74

e
) T=60 F
64

_——.—'—_—-——_
54 T=77 F
e ————————
T=80 F

4-1-
3+
2l T=140 F
! f ; = + — -
-3.5 -25 -1.5 -0.5 0.5 1.3 2.5

Fig B-27 Viscosity vs. Shear Rate for Styrelf Modified Binder

Log Shear Rate, 1/Sec

at Different Test Temperatures.

295



TEX% AC-20

80 100 120 140

Test Tempercture, F

60

1.3+

1.2+

1

L]
-
-
-

[

T
«
o

0.8 +

Q

—

2 ‘AQjiiqndeseng oeys

'

3
~
o

0.6+~
20

Fig B-28 Shear Susceptibility vs. Test Temperature for Modified

‘ and Unmodified Texaco Binders.

7.8

4.7 48

-

n C1~mAg xo
o | w01 -0V coems]

0L dn 2eSpoon T
WaQL—-JY oosmey

(4}
o
3| 0T-ov osoxay

e

L3

CI~HoS XT

WIM 01 —DV odoxe]

0L dn oekpooy Xg
yim 01—V 03DXB]

4.9

0TIV odoxe]

-

3.6

CIAs XC

RI& 0L —JY oo0x0)

3.4

0L dn »oefpoon X¢
WM 0L—JV ovoxe)

5.8

0Z—Jv oo0xe]

e _nealie we

P I VD

RBis 01—V odoX8]|

0L dn oefpoon XC
PiA 01 -2V 0o0XBL

85 8.4

0Z—JV ooxm|

Cl—HaS XC
QA 01 -0V odoxe]

0L dn 084pooy X£
© \§|a Qi—JV 0o0Xe|

0Z—J0V od0xe]

0 77 78

1
¥
Q
™~

6.0

80+

4.0 4

304
204
1.0+
0.0

PUODeS —|DIED] ‘A}SOISIA Jomod Jupysua) Bo

SOF TTF SOF 10 F

Fig B-29 Constant Power Viscosity for Unmodified and Modlifled Texoco Binders

3F

296



Log Constant Power Viscosity, Pas—Sec

10}(
QWL
8+
74
.L Styrelf—-13
8 AT 990
.Sm~.0945 ;DéACgQSC-ZO
ol Se=.0055  R-2=.999
Se=.0017
4t v /
uwr-70
3+ R~2w.993
Sw—.0966
Se=.0047
2 t — +— }- 4 ]
0 10 20 30 40 50 60

Test Tempercture, C
Fig B-30 Constant Power Viscosity vs. Test Temperature for
Unmedified and Modified Texaco Binders.

297



2722

2339

CL—paS XC
WA 0} ~JV 0o0xe)

0L dn Defpooy X¢
Qi 01 -0V 0o0xe)

2303

3000 -

2500 +

0Z-Jv od0xe|

q1 ‘A0S jjoysop

Marshall Stability for Laboratory Mixtures Using Standard Compaction

Fig B-31

12.8

s X¢
@is 01—V 00Ky

13.7

0L dn mapooy x¢
Ris 01 —JYy e30xa}

12.0

QZT—JV oexey

14T

12+

104

U] 10°0 ‘mol4 1ioYSON

Fig B—32 Marshall Flow for Laboratory Mixtures Using Standard Compaction

298



50?-
43
o 420
40+
304+
"
2
3 $
8 5
& 204 £R o7
E -] 05 |=
o~ - (3]
2 g 3 <%
< sn
10 L g g 5
T 4
2 kb
0 .

fig B~33 Hveem Stability for Laboratory Mixtures Using Standard Compaction

600

Styrelf—13

500 -

100 -

el

30 40 50 60 70 80 90 100 110
Test Temperature, F
Fig B-3%4 Tensile Strength vs. Test Temperature for Laboratory

Mixtures Using Standard Compaction.

0 -+ —

i 299



Styrelf—13

Texaco AC~-20

UP 70

Fig B-35 Tensile Strain at Failure vs. Test Temperature for

—t—

80

Test Temperacture, F

Laboratory Mixtures using Standard Compaction.

500 4

8 3
o (=]
1 L
t ¥

So;:’mt Modulus, kai
o
o

100 4

¥

0

30

Fig B-36 Secant Modulus vs. Test Temperature for Laboratory

70
Test Temperature, F

Mixtures Using Standard Compaction

300

100



1000 +

900 +

800 +

700+ Texaco AC-2

-~

~

Reslilent Modulus, kst
v @
o o
e o

w004
300 t
200+ 0 ==l
10+  T=Ea
0 : — : ' ; 4 -+ —
30 40 50 60 70 80 80 100 110

Test Temperature, F
Fig B-37 Resilient Modulus vs. Test Temperature for Laboratory
Mixtures Using Standard Compaction.

1000 +
951
208
900 <
800
700 < 684
2 6004
2
= 300+
- s
= 400+ 5R a7
- = e
8 o% S
300 ! 1 <&
2 I g g 2
»
o gn
200+ 8 g g
R o
1004
0 —

Fig B—~38 Marshall Stability for Laboratory Mixtures Using Modified Compaction

301



16.0

€1-Hes x¢
\RiA 04 —DV o50x8)

33

CL—H%AS XE
Qs 0| —~9Y od0xe]

18.7

QL dn oefpoon x¢
W4 042V od0xe)

0L dh Defpoon x¢
WA 04-3Y oc0Ne)

1.7

07—V odoxe}

0Z—Jv ooxe}

14J-

16 -
12+

U] 10°0 ‘Mmo]j |jpysoN

Fig B—39 Marshall Flow for Laboratory Mixtures Using Modifled Compaction

'}
uJ
o © © - o~
-

10+

1
¥
o
N

X ‘AlIEIS weeay

30+

302

Fig B—40 Hveem Stabillty for Laboratory Mixtures Using Modified Compaction



Tensile Strength, psi

Tensile Strain, X

0.0 t + u } { t + {

400

3004
200+
100+
Styrelf—13
0 + 4 4 — + t + {
30 40 50 60 70 80 90 100 110

Test Temperature, F
Fig B41 Tensile Strength vs. Test Temperature for Laboratory

Mixtures Using Modified Compaction.

25—

20+

Styrelf—13

1.5+

ol

Texaco AC-20

05+

30
. . . Test Temperature, F
Fig B42 Tensile Strain at Failure vs. Test Temperature for

Laboratory Mixtures Using Modified Compaction.

303



250 +

200 4+

Secant Modulus, ksl

700 +

Resiifent Modulus, ksl

8

:

8 (S [+

o o
o o o
3 Y 3
t T T

(2]

o

o
—3
Y

200 -

100 4L

Styrelf—13
0

'y Y
¥ L]

30 40 50 80 70 80 90 100 110
Test Temperature, F

Fig B43 Secant Modulus vs. Test Temperature for Laboratory
Mixtures Using Modified Compaction.

0 $ y — — t ~ f —
30 40 S0 80 70 80 90 100 110

Test Temperature, F
Fig B44 Resilient Modulus vs. Test Temperature for Laboratory

Mixtures Using Modified Campaction.

304



Alpho

Gnu

03—

0.21
0.2+
0.18
0.16
]
Fm
A 21
1 o o Lo
0.1 E 'I' » gé
< 2% e
8 0 "
8 i K
o S
- M
0.0
Fig B=45 Alpha Values for Laboratory Mixtures Using Modified Compaction
0.8 T
0.70
0.7+
0.6 +
0.5+
0.4+
]
3n
03+ X0 24
[s) [
<
oll\
+ o *
02 & 0.16 £"
Q -
< 0o 8
0.1+ b gTéS
g 03
s < 'l'{,
0.0

Fig B—46 Gnu Values for Laboratory Mixtures Using Modified Compaction

305




o

»
1
¥

Texaco AC-20

w
N
3
T

Styrelf-13

Log Load Applications, Nf

N
[ ]
3
1

g

[+
3

4—

4 — — — —_y — } i
2-3.5 ~34 =33 =32 =31 -3 -2.9 -2.8 =27 -2.6
Log Tensile Strain
Fig B47 Relationship between Fatigue Life and Applied Strain

for Laboratory Mixtures Using Modified Compaction.

-3.0-
%_3‘5 1 Styreif—13 e
v Texaco AC—~20 el
8404+ : i
8 T
-43+
g
[
S uP'70
2 -5.0- .
® .-
5 e
i\ .
[ ,a"
S8-55 -:,”
-6.0 + — — —— + $ — -
0 0.5 1 1.5 2 2.5 3 3.5 4

Log Time, sec
Fig B48 Creep Compliance Curves at 60 F for Laboratory Mixtures
Using Modified Compaction.

306



=25+

[}
o
o

1

T

-3.5+

Log Tensile Creep Complionce, Inxin/Ib
oL
e ©

|
o
o

s

Styrelf—13

Texaco AC-20

-5.5
0

i
T T T L T 1

1 1.5 2 2.5 3 35 A
Log Time, sec

Fig B49 Creep Campliance Curves at 77 F for Laboratory Mixtures
Using Modified Compaction.

-2.5+

-3.0-

1
o
W

4

~4.0-

Log Tensile Creep Compliance, inxin/Ib
»
n

Texaco AC-20

-5.0
0

i | L] 1

1 1.5 2 2.5 3 35 4
Log Time, sec

-
-+

Fig B-50 Creep Compliance Curves at 90 F for Laboratory Mixtures
Using Modified Compaction.

307



308



APPENDIX C

PRESENTATION OF TEST RESULTS8 - DISTRICT 25

309



APPENDIX C

PRESENTATION OF TEST RESULTS8 = DISTRICT 25

The objectives of Appendix C are twofold: (1) to describe the
site-specific field operations of the test sections along with a
description of the materials, polymers, and construction techniques
used for this field project, and (2) to present the laboratory test
results of the unmodified and modified binders and laboratory mixed
and plant mixed mixtures for the experimental field study in
District 25 of the Texas Department of Transportation (TxDOT).

EXPERIMENTAL FIELD PROGRAM

Two test sections, control and latex UP 70, were constructed
on US 287 in Donley County, Texas in September 1988. Three test
sections, Styrelf-13 and Kraton D1101 at two 1levels of
concentration, were placed in April 1989 followed by the test
sections constructed in September 1988. The test sections are
shown schematically in Figure C-1 and involved pavement overlay of
one lane of the highway. Each test section was approximately one
to one and a half inches thick. Field construction was conducted by
District 25 of the TxDOT and assisted by the Center for
Transportation Research, the University of Texas at Austin. The
decision to include this field project in this study was made after
the firsﬁ two test sections (control and UP 70) had been placed.
Therefore, loose samples of plant mixtures and samples of binders
were not obtained from the control and UP 70 test sections.

MATERIALS

ASPHALT CEMENT. An AC-10 asphalt cement supplied by American
Petrofina Co., Big Spring, Texas, and an AC-20 supplied by Shamrock
Co., Sunray, Texas, were used for polymer modified and control
mixtures, respectively.

AGGREGATE. Two aggregates, a crushed gravel and a sandstone
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screening, were combined to produce project gradation. Gradations
of individual aggregates, the project gradation, percentage of each
aggregate, and the gradation specifications are given in Table C-1.
The project gradation is plotted on a 0.45 power graph in Figure
c-2.

POLYMER. Three polymers included in this field project consisted
of a Styrene Butadiene Rubber (SBR), and a Styrene block copolymer
(SBS). Sources of these polymers and designations used for this
study are shown below:

SOURCE TYPE DESIGNATION
Goodyear SBR UP 70

Elf SBS Styrelf-13
Shell SBS Kraton D1101

Blending of the asphalts and the polymers was performed by the
polymer manufacturers or processors in the refinery or in a
distributor truck. No polymer was introduced into the asphalt
in-line injection system of the plant.

Styrene Butadiene Rubber. One type of Styrene Butadiene
Rubber, Ultra Pave 70, was included in this field project. The
latex UP 70 was supplied by Textile Rubber and Chemical Co. The
total amount of the UP 70 used in the Fina AC-10 was 3 percent.

Styrene Butadiene Styrene. The Styrelf-13 utilized was a
triblock copolymer of Styrene and Butadiene. The Styrelf modified
binder was blended by Elf Asphalt Aquitaine Co, Lubbock, Texas, for
Fina AC-10 at 3% Styrelf-13 by the weight of total binder. The
Kraton D1101 which consisted of a triblock copolymer of Styrene and
Butadiene was obtained from Shell Development Co. Blends of Fina
AC-10 were used at 3% and 6% kraton D1101 by weight of total
binder.
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FIELD OPERATION

Approximately 3000 tons of each mix were produced using a drum
mix plant. Identical aggregates were utilized throughout the
experiment. The Ultra Pave 70 (3 percent) , the Styrelf-13 (3
percent), and the Kraton D1101 (3 percent and 6 percent) were
preblended with Fina AC-10. The Shamrock AC-20 was used for the
control test section. ,

Mixing temperature for the Styrelf-13 and Kraton D1101 (3
percent) mixtures was about 310°F and was increased to about 350°F
- for mixtures containing 6 percent Kraton D1101. The initial
breakdown compaction occurred between 250°F and 270°F for all
mixtures. Compaction of each test section was achieved using a
vibratory roller, a pneumatic roller and a steel wheel roller.

Twelve field cores were obtained from the test sections which
were constructed in April 1989 soon after the construction. These
cores were approximately 4 inches in diameter and one to one and a
half inches in thickness. The field cores were transported to the
Center for Transportation Research immediately after sampling.

PRESENTATION OF TEST RESULTS

Summaries of test results for the unmodified and modified
binders are presented in Tables C-6 through C-8 and are plotted in
Figures C-3 through C-32.

Summaries of test results for the unmodified and the modified
mixtures and the cores are presented in Tables C-9 through C-26 and
are plotted in Figures C-32 through C-52.
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Table C-1 AGGREGATE GRADATION (DISTRICT 25)

Crushed Gravel Screenings
Sieve 51% Sieve 49% Combined SDHPT
Analysis Analysis Gradation Specification
Plus 1/2 in. 0.0 0.0 0.0 0.0 0.0 0
172 to 3/8 in 12.8 6.5 0.0 0.0 6.5 0-15
3/8 to No. &4 59.2 30.2 0.0 0.0 30.2 21-53
No. & to No. 10 25.6 13.1 17.0 8.3 21.4 11-32
Plus No. 10 58.1 54-74
No. 10 to No.40 1.2 0.6 49.1 26.1 24.7 6-32
No. 40 to No. 80 0.3 0.2 16.4 8.0 8.2 4-27
No. 80 to No. 200 0.3 0.2 11.1 5.4 5.6 3-27
Minus No. 200 0.6 0.3 6.4 3.1 3.4 1-8

Total 100.0 51.0 100.0 49.0 100.0
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TABLE C-2 Experimental Testing Program for Unmodified and Polymer-Modified Asphalt Binders
Number of Test Repetitions (District 25)

Penetration Viscosity Softening Force Ductility
--------------------------------------------------- Point smeesecssccaccnen
Binder Before RTFOT After RTFOT Before RTFOT After RTFOT Before Before After
---------------------------------------------------------------- RTFOT RTFOT  RTFOT
Asphalt Polymer 39.2F 77F 77 F 140 F 275 F 140 F 275 F = ----c-- ccv----

39.2F 39.2°F

Schweyer Rheology

Shamrock 2 2 2 2 2 2 2 2 2 2 1 1 1 1 1
AC-20

Fina Styrelf--13 2 2 2 2 2 2 2 2 2 2 1 1 1 1 1
AC-10

Fina 3% kraton 2 2 2 2 2 2 2 2 2 2 1 1 1 1 1
AC-10 1101

Fina 6% kraton 2 2 2 2 2 2 2 2 2 2 1 1 1 1 1

AC-10 p1101
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TABLE (-3 Experimental Testing Program for Laboratory Compacted-Laboratory Mixed Mixtures
Dﬁstrict 25

Hodified Compaction Standard Compaction
Binder Resllient modulus Hveea Marshall  Creep Fatique Moisture Resilient modulus Hveem Marshall
------------------ t Indirect Tensile 140F  140F ] Stress levels Resistance & Indirect Tensile 140F  140F
Asphalt  Polymer Strength 60F 77F 90F 153 25% 50% Strength
9F  77F  104F 39F  77F  104F

Shaarock 3 3 3 3 3 2 2 2 2 2 2 3 3 3 3 3 3
aCc-20

Fina  Goodyear 3 3 3 3 3 2 2 2 2 2 2 3 3 3 3 3 3
aC-10 up 70

Fina Styrelf--13 3 3 3 3 3 2 2 2 2 2 2 3 3 3 3 3 3
AC-10

Fina 3% kratonm 3 3 3 3 3 2 2 2 2 2 2 3 3 3 3 3 3
ac-10 D1101 '

Fina 6% kraton 3 3 3 3 3 2 2 2 2 2 2 3 3 3 3 3 3

AC-10 D1101
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TABLE C-4 Experimental Testing Program for Laboratory Compacted-Plant Mixed Mixtures
District 25

‘Nodified Compaction Standard Compaction
Binder Resilient modulus Hveem Marshal!  Creep Fatique Noisture Resilient modulus Hveem Marshall
------------------ § Indirect Tensile 140F 140F ¢ Stress levels Resistance & Indirect Tensile 140F  140F
Asphalt  Polymer Strength 60F 77F 9OF 15% 25%  50% Strength
I9F  7IF 104F 9F  77F  104F

Shamrock - - - - - - - - - - - - - - - - -
AC-20

Fina  Goodyear - - - - - - - - - - - - - - - -
AC-10 up 70

Fina Styrelf--13 3 3 3 3 3 2 2 2 2 2 2 3 3 3 3 3 3
AC-10

Fina 3% kraton K} 3 3l 3 3 2 2 2 2 2 2 k] 3 3 3 3 3
AC-10 D1101

Fina 6% kraton 3 3 3 3 3 2 2 2 2 2 2 3 3 3 3 3 3
AC-10 D1104

* Plant mixed mixtures were mot obtained.



TABLE C-5 Experimental Testing Program for Field Cores.

District 25

Binder Resilient modulus Marshall
------------------ & Indirect Tensile 140F
Asphalt Polymer Strength
39F 77F 104F
Shamrock AC-20 - 3 3 3 3
Fina AC-10 Goodyear UP 70 3 3 3 3
Fina AC-10 Styrelf--13 3 3 3 3
Fina AC-10 3% kraton D1101 3 3 3 3
Fina AC-10 6% kraton D1101 3 3 3 3
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Table C-6 Unmodified and Modified Asphalt Properties before RTFOT.

Fina Fina Fina
Parameter Shamrock AC-10 AC-10 AC-10
AC-20 & & &
3% Styrelf 3% Kraton 6% Kraton

Penetration @ 39.2 F (25 C) 9 13 12 16
100g, 5 Sec. 9 14 14 15
Avg. 9 14 13 16

Penetration @ 77 F (4 C) 67 91 83 96
100g, 5 Sec. 66 89 81 99
Avg. 67 90 82 98

Viscosity @ 140 F (40 C) 2004 2760 817 -
Poises 1992 2780 8083 -
Avg. 1998 2770 8127 -

Viscosity @ 275 F (135 C) 628 5 589 1020
Centistokes 620 787 579 1005
Avg. 624 781 584 1013

Softening Point, F 126 128 140 147
127 130 142 148

Avg. 127 129 141 148

Maximum True Stress, psi 124 293 467 625
116 284 481 566

Avg. 120 289 474 596

Maximum True Strain, in/in 2.42 2.94 3.1 2.81
2.03 2.94 3.14 2.75

Avg. 2.23 2.94 3.13 2.78

True Area , psi 143 340 469 370
128 324 476 325

Avg. 136 332 473 347
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Tabte C-6 (Continued)

Fina Fina Fina
Parameter Shamrock AC-10 AC-10 AC-10
AC-20 & & &
3% Styretf 3% Kraton 6X Kraton
Asphalt Modulus, psi 479 219 253 138
464 201 246 93
Avg. 472 210 250 115
Asphal t-Polymer Modulus, psi - 292 438 840
- 267 467 799
Avg. - 27 452 819
Shear Susceptibility
839.2F 4.903E-01 1.235E+00 7.989€-01 7.768E-01
Q60 F 6.961E-01  1.215E+00 8.764E-01 8.283E-01
Qa77F 6.637E-01  1.074E+00 8.892E-01 7.717E-01
Q9 F 7.609E-01 1.089E+00 8.841E-01 8.088E-01
8160 F 8.940E-01  1.018E+00 8.852E-01 7.717e-01
Apparent Viscosity,
Pascal -Second
Shear Rate = 1 1/sec
@39.2F 1.340E+07 1.236E+08 2.005E+08 1.818E+08
Q60 F 1.976+06 1.392E+07 6.463E+06 5.337E+06
a7F 2.405E+05 5.321E+05 5.441E+05 4.138E+05
89 F 5.899E+04  7.120E+04 9.363E+04 9.928E+04
8140 F 2.357E+02 2.922E+02 8.048BE+02 1.1SSE+03
Constant Power Viscosity,
Pascal -Second
@ 39.2F 7.153E+07 5.839E+07 4.692E+08 4.66TE+08
Q60 F 3.3726406 8.621E+06 8.S06E+06 7.754E+06
877F 2.871E+05  S.003E+05  6.009E+05 &.969E+0S
@89 F S.491E+04  7.223E+04  9.326E+04 9.921E+04
@140 F 1.680E+02 3.077E+02 6.016E+02 6.S00E+02
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Table C-6 (Continued)

: Fina Fina Fina
Parameter Shamrock AC-10 AC-10 AC-10
AC-20 & & &
3% Styrelf 3X Kraton 6X Kraton
Penetration Index PI(Pen/Pen) -0.25 0.26 0.33 0.44
Penetration Index PI(Pen/SP) 0.21 1.35 2.55 3.92
Penetration Viscosity Number -0.03 0.73 0.12 1.25
Stiffness Modulus & 39.2 F, psi
5 Sec. Loading 1160 464 435 232
20 Sec. Loading 508 218 218 131
Stiffness Modulus 8 0.1 Sec
39.2F 7540 2900 2320 943
77F 334 203 232 160
104F 26 25 41 32
stiffness/Temperature Slope -0.068 -0.057 -0.049 -0.041
Apparent Viscosity/Temp. Slop -0.086 -0.103 -0.095 -0.091
Constant Power Visco./Temp. S -0.100 -0.097 -0.103 -0.102
Penetration Ratio, 77 F 0.68 0.63 0.57 0.69
Viscosity Ratio 2.60 2.70 1.69 -
Kinematic Viscosity Ratio 1.43 1.29 1.26 1.04
Maximum True Stress Ratio 1.70 1.58 0.89 0.70
Maximum True Strain Ratio 0.66 0.86 0.84 0.92
True Area Ratio 1.20 1.46 1.08 1.05
Asphalt Modulus Ratio 0.91 1.66 1.56 1.77
Asphalt-Polymer Modulus Ratio - 1.43 0.81 0.51
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Table C-7 Unmodified and Modified Asphalt Properties after RTFOT.

Fina Fina
Parameter Shamrock AC-10 AC-10
AC-20 & &
3% Styrelf 3% Kraton

Penetration @ 77 F (4 C) 44 56 47 68
100g, 5 Sec. . 46 57 47 67
Avg. 45 56 47 67

Viscosity 8 140 F (60 C) 5210 7465 13788 -
Poises 5194 7496 13709 -
Avg. 5202 7482 13749 -

Viscosity @ 275 F (135 C) 892 1017 746 1052
Centistokes 896 1001 725 1048
Avg. 894 1009 736 1050

Maximum True Stress, psi 203 460 424 412
205 451 422 419

avg. 204 456 424 416

Maximum True Strain, in/in 1.63 2.54 2.66 2.56
1.30 2.54 2.58 2.56

Avg. 1.47 2.54 2.62 2.56

True Area , psi 167 512 527 366
158 457 495 361

Avg. 163 485 511 364

Asphalt Modulus, psi 433 356 388 209
422 341 392 198

Avg. 428 349 390 204

Asphalt-Polymer Modulus, psi - 407 375 421
- 393 356 413

Avg. - 400 365 417
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Table C-B Conctant Stress Rheometer Results for Unmodified and Modified Binders.

Shear Shear Apparent Shear Shear Apparent
Test Stress Rate Viscosoty Stress Rate Viscosoty
Temp. Pascal 1/%e¢  Pascal-Sec Pascal 1/%ec  Pascal-Sec
Shamrock AC-20 Fina AC-10 + 3% Styrelf
T=140F 7.17E+04 6.09E+02 1.18E+02 1.77E+05  5,39E+402  3.28E+02
4.78E+04 3.74E+02 1.28E+02 1.13E405  3.49E+02 3.23E+Q2
2.23E+04  1,60E+02 1.40E+02 6.19E+04 1.92E+402 3.22E+02
1.45E+04 1.00E+402 1.44E+02 2.885+04 9.08E+01  3.17E+02
1.00E+04 6.72E+01 1.49E+02 1.43E404 4.56E+01 3.13E+02
6.16E+03  3.94E+01 1.57E+02
4 08E+03 2.38E+01 1.71E+02
T=90F 6.13E+05 2.16E+01 2.84E+04 8.99E+05 9.76E+00 9.21E+04
3.675405 1.126401 3.27E+04 5.73E+05 6.82E+00 8.40E+04
2.50E+05  6.83E+00  3.66E+04 4 .01E+05 S5.10E+00 7.86E+04
1.5CE+05 3.25E+00 4.61E+04 2.72E405  3.51E+00 7.75E+04
7.138404  1.27E400 5.635+04 1.585+05 2.10E+00 7.50E+04
3.7.5+04 5.55E-01 6.58E+04 6.81E+04 9.31E-01 7.31E+04
3.73e+04 5.50E-01 6.77E+04
T=77F L1.30E+06 1,16E+01 1.,12E+05 1.73E+406 2.99E+00 5.78E+20S
7.69E+405  6.47E+0C  1.19E+0S 1.08E+06 1.92E+CC  5.64E+05
4.27E405 2.49E+00 1.71£+05 6.24E+05 1.14E+00 5.49E+0S
2.51E+405 1.05E+400 2.39E+05 4 .38E+05 8.68E-01 5.C5E+0S
1.60E+05 5.00E-01  3.20E+05 2.03E+405 4.04E-01 S.01E+05%
9.07E+04  2.325-0X  3.91£+05 1.02E+05 2.17E-01 4.72E+05
5.44E+04 1.09E-01 5.01E+05 S.70E+04 ! .25E-01 4 .S57E+0S
T=60F 1.5E+06 7.36E-01 2.12€+06 2.52E+06 2.34E-01  1.08E+(Q7
1.25E+06 4.97E-01 2.51E+06 1.326406 1.48E-01 8,9QE+06
7.276+05  2.40£-0%  3.03E+06 8.00E+05 9.79E-02 8.17E+06
3.54E+05 8.66E-02 4.08E+06 5.43E4+05 7.15E-02 7.59E+06
1.90E+05 3.34E-02 5.70E+06 2.64E+05  3.66E-02 7.22E+06
1.126405 1.64E-C2 6.81E+06
T=39F 4.48E+406 9.125-02 4.9i£+07 4,225406 6.08E-02 6.94E+07
3.44E+06 6.77E-02  5.08E+07 2.75E+406 4. 46E-02  6.15E+07
2.24E+406  3.00E-02  7.47E+07 2.12E+06  3,94E-02 5.38£+07
1.426+06 1.08E-02 1.32E+08 1.32E+06 2.75E-02 4.78E+07
8.50E+05 3.24E-03 2.63E+08 5.94E+05  1.33E-02 4.46E+07
4.7.E+C5 1.09E-03 4 .33E+08 3.05E+05 7.395-03 4,13E+07
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Table ¢C-8 (Continued)

Shear Shear Apparent Shear Shear Apparent
Test Stress Rate Viscosoty Stress Rate Visccsoty
Temp. Pascal '1/Sec Pascal-Sec Pascal 1/Sec Pascal-Sec
Fina AC-10 + 3% D1101 Fina AC-10 + 6% 01101
T=140F 252757  654.6625 386 - 1.11E+05 3.58E+02 3.11E+02
125428  286.1959 438 5.99E+04  1.66E+02 3.61E+02
58153  128.4989 453 3.42E404 B8.40E+01 4.07E+02
38009 81.7783 465 1.77E+04  3.67E401  4.81E+02
22805 45,3805 503 8.55£403 1.25E+01  6.83E+(2
11022 17.9958 613
T=90F 715175 9.6567 74060 7.36E405 1.095+01 6.75E+04
464864 $.0527 76803 4 ,36E+05 6.29E400  6.93E+04
354012 4.4168 80151 2.79E+05 3.85E+QC  7.23E+04
232432 2.842% 81781 1.43E+C5  1.74E+00 8.21E+04
114428 1.3806 82881 6.28E404 S5.14E-01 1.22E+05
64366 0.6438 99980
35759 0.2220 111064
T=77F 761617 T 1.4764 515861 £.96E+05  2.3792+00 3.77E+05
391689 0.6949 563665 5.29E+05 1.38£+400 3.83£+0S
304647 0.5236 581804 3.29E+05 B8.19E-01  4.02E+0S
174084 0.2660 654336 1.895+05  4,085-0%  4.64E+05
108802 0.1631 667269 1,13E+05 1.99E-01 5.70E+05
59841 0.0856 699101 5.29E+04 6.015-C2 8.80E+0S
T=60F 1257023 0.1514 8305253 1.67E+06  2.50E-01  6.66E+06
817065 0.0923 8855215 1.24E+06 1.68E-C1  7.37E+406
488842 0.0568 8612855 B.19E+05  1.C2£-01 8.025+06
237438 0.0225 10534952 5.28E+05 6.27E-02 8.42E+06
146653 0.0131 11157969 2.78£+05 2.81E-02 9.89E+06
T=39F 4888710 0.0096 509796267 3.756+0%  7.31£-03 5.13£+08
2190286 0.0034 641791231 2.37E406  3,40E-03  6.95£+08
1244304 0.0018 676990317 1.26E+06 1.665-C3 7.61E+08
901718 0.0011 812140444 9.14£405 1.07E-03 8.51E£+08

5.38E+05 5.79E-04 9.31E+08
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Table C-9 Marshall and Hveem Test Results for Laboratory Mixed/Laboratory Compacted
Mixtures Using Modified Compaction

AIR HVEEM | AIR  MARSHALL VALUES

E

! MIXTURE | VoIDs STABILITY| vOIDS STABILITY FLOW |
| i 9 | % lbs Ol in |
|~ Tontrol T Shanrock AC-20 | RE: Y S (- N VO
| ‘ 8.5 %) 75 198 160 |
| , 6.5 %1 67 1249 160 |
! lave, 6.8 ¥ 7.2 19 163
| Fina AC-10 + 3% Styrelf | 6.5 !l 70 s 200
| , 6.5 | 70 0 20!
! ! 66 ¥, 7.4 ied 20|
! lave. 6.5 B 7.2 e 203
| Fina ac-10 + 3x D110 | 7.3 73 w0 200
! , 7.4 i 71 12 2000 |
| ! 7.1 % 7.2 145 200
! lave. 7.3 ! 7.2 e 200 |
| Fina AC-10 + 6% D101 | 6.9 2] 75 119 250!
! ! 7.6 2| 73 1321 20|
| | 2SR S R DGR TV S SO
! lave. 7.2 ni 73 ue 27|
! ;

Table C-1C Marshall and Hveem Test Results for Laboratory Mixed/Laboratory Compacted
Mixtures Using Standard Compactiom

i ; AR AVETR T AIR  WARGPALL VALUES T
1 MIXTURE | voIos STABILITY| vOiDs STSILITY' FLod |
14 o0 1
| Controlt Sramrock AC-20 30 &, 3z 27 17,
! ! 2.7 el 23 %8s sl !
, | 33 4| 31 280 1500 |
} lave. 3.0 29 200 147
| Fina AC-10 + 3% Styrelf | 2.5 2] 23 2y .9
! / ! 2.5 @l 22 o5 el |
! , 2.7 o1 22 3 1700
! Ve, 2.6 93] 22 e 7.3
L Fina AC-10 + 3% D1101 | 3.0 41 2.6 3200 16.0 )
i ‘ 2.4 91 30 3014 60|
, i 2.9 a4 25 2 7.0
| v, 2.8 ) 27 3% 163
| Fina AC-10 + 6% 01101 | 1.7 42 19 ;18 180
! | 1.7 3] 22 w0 19|
, , 2.6 51 24 30 1900 |
} ave. 2.9 ) 22 B3 187
1 - i
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Table C-11 Marshall and Hveem Test Results for Plant Mixed/Laboratory Compacted
Mixtures Using Modified Compaction.

|
|
|
|
|
!
]
|
|
|
]
|
i
|
I
|
[
I
1
|
|
}

T AR RVEEN T AIR  FARGHALL VALUES |
MIXTURE L voIos STABILITY| vOIDS STABILITY FLOW |

| E E i S 1bs 01 in |

FIna AC-10 ¥ % Styrelf | T8 R 7E X% 20
! 7.6 21 77 1% 2000 |

, 73 gl 7% w2 20|

lave. 7.6 42 { 7.7 2000 210 |

Fina AC-10 + 3% D101 | 6.7 B!l 66 123 2.0

! 69 N1 67 2013 280

! 6.8 ¥ 68 18% 240 |

lave. 6.8 ¥l 67 18 2.3

Fina AC-10 + 6% D1101 | 6.4 221 69 2218 2000 |

, 6.9 21 66 2416 2000 |

! 6.7 2| 67 212 19|

lave. 6.7 ! 67 202 198 |

Table C-12 Marshall and Hveem Test Results for Plant Mixed/Laboratory Compacted
Mixtures Using Standard Compaction.

T T AIRRVEEW T AIR  WARGEALL VALUES |
! MIXTURE | voIbs STABILITY; voIbs STABILITY FloM |
| i ;% Ibs .01 in
| TR ACTO ¥ 3% StyvelT | 37 B 37 BB B0
! ! 4.0 31 33 3 195 |
! , 41 5] 41 3.6 185
! lave. 3.9 s ] 39 35 193]
| Fina ac-10 + 3% D101 | 2.8 2! 29 ;2 w5
, g 2.7 S0 3% k% 19
! , 2.9 Bl 27 um 200
! lave. 2.8 3] 27 s 19.0 |
| Fina AC-10 + 6% D101 | 3.5 a !l 37 w0 195
, | 34 a7 37 307 185 |
! , 3.2 ! 38 3y 185 |
! lave. 3.4 451 37 %18 18.8 |
1 '
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Table C-13 Indirect Tensile Test Results for Laboratory Mixed/Laboratory Compacted
Mixtures Using Modified Compaction.

; Tyee TEST IR TROTRECT SYRATN SECANT RESICIERT POISSON'ST
! NIXTURE TEWP. . VOIDS TENSILE AT NODULUS NODULUS ~ RATIO |
! F v STRENGTH FAILURE  KSI Kl |
! pSI % ,
QG0 S TIC . o B A v BN R b/ SO || B v/ B W
, 26 402 02 39 s 0.2 |
! 240 46 033 34 8k 0.05 |
! WG 7.0 299 028 293 %8 0.03
| Finac-10+ % styrelf 3 7.0 w2 042 a5 46 008 |
! 6.6 491 040 A5 w1 00|
! 70 4 040 25 e 02|
} MG 69 de7 040 21§19 015 |
| Fina AC-10 #330100 39 72 409 040 204 S0 0.28 |
| 74 4te 040 27 8SS 0.0¢ |
! 73 48 042 201 86 0.18 )
! WG 7.3 a0 4 728 0.7 ]
| FinaACloevOlOl 3 73 298 LM 7 el 0.6 |
| 720N L0 s e 018
| 65 %8 Lok 81 45 029 ]
} WG 7.0 26 103 % 3 01|
| Control: Shasrock AC-20 77 7.6 9t 5.8 2. o a0
i 75 e - : 06 021 |
! 7i 8 08 190 a4 022!
; WG 7.4 88 087 200 313 018
| Fina AC-10 + 3t Styrelf 77 7.0 0 128 19 139 222 0.4 |
| YU T U5/ N L S 5/ B S U
! 68 2 17 26 2% 020 ]
! WG b6 123 176 W0 s 0.2t
| Finaac-10+WOU0L 77 69 9% 182 0.8 10 039
! 75 0 fe it a8 02|
| 70 % 1e o 2 26 02|
! ave. 7.1 9% Let 107 21 0.2 |
L Finaac-10 46301001 77 7.0 80 338 4.8 % 0.43 ]
! S S B I 7 00|
| 70 & 3% 52 10 029
! WG 7.0 80 338 47 9% 0.41 ]
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Table C-13 (Continued)

" 1) G T

! NIXTURE TEWP.  VOIDS TENSILE AT MODULUS NODULUS ~ RATIO
! F 3 STRENGTH FAILURE K

| | I

| Tontrol: Shaarock AC-20 104 W15 1%
| 27 19 121 01
1 % 1.2 2 0y
{ 212 1o 0.2
| Fina AC-10 + 3¢ Styrelf 104 LR XY 57 0.58
| 6226 6 0.50
, ¥ 2 59 0.54
! 2 2.28 60 0.5
| Fina AC-10 + 3 DI1OL 104 124 5 0.5
! W24 5 051
! 258 5 0.4
! A 249 51 0.51
| Fina AC-10 + 63 D1201 8 1.9 i 0.6
, 20 364 5§ 0.2
, 29 4.00 9030
i 8 3.85 6 0.40
:'




Table C-14 Indirect Tensile Test Results for Laboratory Mixed/Laboratory Coapacted
Mixtures Using Standard Compaction.

i TEST AR 1 A A T

, NIXTURE TENP. - VvOIDS TENSILE ~ AT MODULUS MODULUS  RATIO
| F Y STRENGTH FAILURE  KSI  KSI

| pS] %

} Tontrol: Shaarock -0 N W) LS S - -1 ) (WL
, 2.8 803  0.25 483 933 0.20
, 2.8 587 0.22 525 1292 0.09
{ AVG. 2.9 569  0.22 525 1067 0.16
} Fina AC-10 + 3% Styrelf 39 2.4 666 0.4 301 1093 0.16
| 2.0 75 0.47 305 974 0.15
| 23 670 0.47 286 1029  0.25
! AVG. 2.2 684 0.46 297 1032 0.19
} Fina AC-10 + 3% D101 39 2.6 646 0.3 U5 1182 0.08
, 2.9 02 035 345 75 0.1
| 2.4 27 0.35 354 83 0.3
: AVG. 2.6 625 0.3 U8 933 0.17
} Fina AC-10 + 6% D1101 39 1.5 520 0.9 113 §92  0.28
, 17 519 0.96 108 642 0.24
! 9 196 0.90 109 655  0.25
j AVG. 1.7 512 0.93 119 663 0.26
} Control: Shamrock AC-20 77 1.0 22092 26.8 21 0.18
| 33 120 082 : 3’5 0.2
! 30 122 088 2.5 81 0.48
: VG, 30 2 087 2nt 19 0.30
DFinaac-10+ 3t Styrelf 77 2.2 w5 189 2.0 301 0.3
| 2.2 177 163 217 03 0.3
| 1.9 77U 200 23 0.3
{ AVG. 2.1 176 1.64 2.4 29 0.3
| Fina aC-10 + 3301001 77 3.1 167 1.5 267 293 0.30
! 2.8 71 17 9 22 0.3
! 3.1 %6 1.2 252 B2 0.3
! AVE. 3. 168 1.4 20,0 A6 0.30
{ Fina AC-10 + 6% D1101 77 2.0 132 2.4 108 185 0.24
| 1.9 W0 23 120 160 0.40
! 1.9 122 2.4 1001 183 0.3
{ AVG. 1.9 132 2.1 109 169 0.3
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Table C-14 {Continued)

62 0.46

T T AR T .
| HIXTURE TEP.  VOIDS TENSILE AT  NODULUS HODULUS  RATIO
! F % STRENGTH FAILURE ~ KSI  KsI

! ST %

: Control: Shaarock AC-20 104 4.4 8 L.O 6.1 103048
| 30 ¥ LA 60 9 0.4
, 28 ¥ L6 61 102 039
} . 27 38 125 61 01 0.M
| Fina ac-10 + 3% Styrelf 14 2.5 60 208 5.9 90 0.41
| 22 & 218 52 8 0.5
, 28 61 2@ 59 6 047
} V. 2.5 61 210 5.8 80 0.53
L Fina AC-10 43801101 14 31 s 208 5.3 o1 0.64
, - T O 90 0.4
, 29§ LM 62 2 0.72
! MG 29 S8 1.9 5.9 0.0
L Fina AC-10 + 63 D1101 23 % M 27 68 0.38
‘ 22 % 329 67 07
1 18 83 320 33 2 0.8
} MG 2.1 S 345 30

1
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Table C-15 Indirect Tensile Test Results for Plant Mixed/Labaratery Compacted
Mixtures Using Modified Cospaction.

T —TE3T ATR TNOTRECT STRAIN  SECANT RESTLIENT POTSSONS
! MIXTURE TENP. VOIS TENSILE AT MODULUS MODULUS  RATIO

| F t  STRENGTH FAILURE  XSI  KSI

| pSI t

RATER 0 U 15T S N Y R & R I B 1] E—

| 17 4 043 219 m -

, 7.6 456 0.4] 224 5 -

} AVG. 7.7 452 040 - 225 505 -

L Fina ac-10 + 3t 01101 39 6.7 426 0.42 202 915 -

, 67 403 047 172 622 -

| 67 411 047 175 854 -

: AVE. 6.7 M3 0.45 183 o -
| Fina AC-10 + 6201101 39 6.7 404 0.7 105 68 - |
! 6.8 38  0.78 99 -
! 6.8 387 0.7 101 et - |
} AVG. 6.8 393 0.77 102 57 - |
Lfina -t vttt 7 77 w1 29 a9 - |
! 7.6 26 1.2 202 2% - |
, 17 40 1.6 24.0 o
| AVG. 7.7 135 1.0 22.4 % -
| Finaac-t0e3m0uor 77 70 12 173 owo 2w - |
, 71 118 1.60 147 199 - |
, 6.8 15 183 1206 23 - |
! we. 7.0 ms 12 17 28 - |
| Finaac-10 4 6301001 77 6.5 16 1.9 129 19 - }
! ! 6.8 121 197 12.3 ug -
, 6.8 111 2.08  10.6 00 - |
{ AVE. 6.7 16 195  11.9 166 - :
} Fina AC-10 + 3% Styrelf 104 7.7 5 1.69 5.3 101 0.2 :
! 7.4 % 1.8 5.5 139 013 ]
| 7.8 IS ) B 31 0.2 |
} AVG. 7.5 v 5.5 126 0.2 }
| Fina AC-10 + 3% D101 104 7.0 B 2.09 3.7 83 o.ze{
! 65 0 2.1 37 o 0!
! 6.9 7 2.3 32 17 0.25 |
! AVE. 6.8 39 2.9 1.5 91 o.34}
| Fina AC-10 + 63 DUI01 104 6.4 41 249 3 57 0.38 |
| 6.3 43 249 15 65 0.3 |
! 6.5 326 31 63 0.44 |
} WG 64 B 265 3.2 60 0.9 ]
| |
] ]
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Table C-16 Indirect Tensile Test Results for Plant Mixed/Laboratory Compacted
Mixtures Using Standard Compaction.

TeST RIR
MIXTURE TENP, VOIDS TENSILE AT MODULUS MODULUS  RATIO
F ] STREP;(IETH FAIIiURE KsI KSI

i

|

|

|

SR o N 3607 R B S £ R | QR v/ RN 1 S

| 38 6 033 w102 -

i 39 6 028 48 78 -

! WG 3.8 67 031 423 e85 -

D Finaac-10+3xD110t % 2.6 el 028 4 62 -

, 2.4 6% 03¢ 30 e -

| 2.9 68 03 B0 98 -

| AVE. 2.6 630 033 386 936 -

| Fina AC-10 + 6301101 39 3.3 495 068 M6 5 -

| 359 000 183 402 -

, ¥ Sy 0w 128 S -

{ AVE. 3.4 520 0l w2 68 -
LFina ac-10 0 3t styrelf 77 37 a3 L1 w4 %3 -

, ¥ v T

| 39208 109 380 43 -

} WG, 3.8 210 035 32 4 -

D finaac-t0+3t000 77 27 24 125 26 w2 -

, 2.6 200 1240 R ¥ -

' 24 1% 119 28 18 -

! V. 2.6 20 123 w7 M -
Drimac0+ g0t 7 34 om0 182 188 28 -

, 33 18 18 s 19 -

| 3l 1Bl U8 19 -

j AVe. 3.4 166 1.83 181 200 -

| Fina AC-10 + 3% Styrelf 104 40 75 163 9.2 12 0.33
| I TS F B O A N S 0 B

! 3 18 18 98 18 -

: AVG. 3.8 “oo1s 99 143 0.33
| Fina Ac-10 + 3 0u01 104 285 73 L8 &1 1 0.2
, 27 n 1 83 15 0%
, 29 13 16 88 123 0.8
! VG, 2.7 3L 8 21 0.3
L Fina ac-10 + 6% D101 35 60 249 4.8 79 0.1
, W 23 8y 8 0.8
| 35 60 262 4 83 039
! WE. 35 60 241 5.0 B 0.3
|

1
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Table C-17 Alpha and Gnu Parameters for Laboratory Mixed/Laboratory Compacted Mixtures.

. Contro.: SHAMRUCK AC-20 // 7319 130S%

™ T AR lwma= = |
MIXTURE rr.m VOIDS LBS TENSILE SIRAIN L
: srg%s IVIN S Loa(I) Ea-IN‘s|

|

I

I

]

:

; 68 195 132505 0.39% 0.2000 o.so7o -4.7661 o.m}
} NG 70 195 1LIS2605 0378 0068 042 -4gnt |
}Fma AC-10 + tStyrelf 77 7.5 21 18.38.0E05 0.4424 0.5312  0.5576 -4.1147 o.997{
| 6.6 2 1BAGIEHDS 0503 0.2 04%1 4.7 0989 |
{ M. 71 21 18.38.IE05 04T 0452  0.5269 -4.1660 }
D OFin A0 JDUOL 77 73 S MSEHES 0098 0.2 0.6002 -4.3934 0.9 |
| 75 25 WAGZES 0351 0317 0.8 440 0.991 |
! NG 74 S MAGSEDS 0.07% 0.6 0.4 -daan |
| Fina AC-10 4630101 77 7.6 175 MLSLIE-O 0520 0.72 0.47%0 -3.7083 o.m}
, 65 175 116 LIEOC 04910 0.3749  0.50% -4.1050 0.995 |
} AG. 7.0 175 116 1.IE-04 05080 0.62%  0.4920 -3.9067 {
| |
Table C-18 Alpha and Gru Parameters for Plant Mixed/Laboratory Compacted Mixtures.

, ) g =

B NIXTURE TP, VOIDS L8 TENSILE STRAIN S S !
! 3 H STRESS  IN/IN s LaI) Ea'IN“S
' 3

U S BT /A Y N B T 0 T. {
, 78 2 19079{-05 0AT 0 03B A4 0.9%9 |
} We. 70 B 78S 0427 0.3® 05T AXS |
{ Fina AC-10 + 3% 01101 77 6.8 20 17.58.6E-05 0.4018 0.3584  0.5982 -4.2890 0997{
| 66 20 17805 0414 0.7 0887 442 098 |
! MG, 6.7 20 17.68.56-05 0.4071 0.2955  0.5929 -4.385 }
Drina a-10 4 60101 77 64 259 170100 0402 0292 0.898 -4.7053 0991{
, 6.8 280 UL 0.500 04103 03000 -4.0177 0.994 |
! AVG., 6.6 259 1.0 1.6-04 04521 03833  0.5479 -4.1265 }
i |
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Table C-19 Fatigue Parameter Values for Laboratory Mixed/Laboratory Compacted Mixtures,

i TEST AR L0 TRORECT STATIC INITTAL L0AD FATIGE CORTANT  RSOR |
, NIXTURE TEP. VOIDS L85 TEMSILE MOOUUS STRAIN CYCLES ——--emoe—  FR |
| Foooy | STRESS XS IMIN KL X2 NfKI(1/Eix ),
l Pl |
I TIT G s 8 N B S X R W R B W2 T3 |
, 68 195 132 1091604 140220 ,
, 7.0 320 2.5 1092.06-04 18000 ,
‘ 66 35 22 109 2.06-04 37500 1
! 69 686 441 10940604 239 ,
‘ 73 646 432 10940604 1806 ,
Lrina aC-10 ¢ 3t stmelf 77 7.5 271 183 102 1BE-04 19200 LSO 3.02 0.94 |
! 66 1 184 10218604 5940 ,
! 67 451 0T 1023.06-04 873 !
, 7.2 454 .- 102 3.06-04 5760 !
! 7.0 90 60 1025.%-04 8y !
! 64 90 6l 102 6.0E-04 975 ,
DR A0+ ROU0L 77 73 25 15 TBLEM 29600 2607 298 0.9 |
| 75 A5 144 8 1.86-04 28800 |
, 7.0 % 242 18IE0L 8000 |
! 72 % 7 1BIEE TH0 ,
| 75 703 469 786.06-04 100 !
, 7405 47 18efE-04 750 ,
| Finaac-10+ 01Ot 77 76 175 116 63LEE-0 18786 LA%-0)  3.03 0.8 |
! 65 15 116 63 18- 1334 !
! 72 290 190  633.0604 4575 !
‘ 89 290 190 6330604 S22 l
| 68 585 89 636204 1268 ,
! 76 50 B9 636X 640 ,

Table C-20 Fatigue Paraseter Values for Plant Mixed/Laboratory Compacted Mixtures.

T 3 TR -
{ NIXTIRE THP. VOI0S LB TENSILE MODIAUS STRAIN CYCLES —-—ei-- R |
i Foy STRESS  KSI IN/IN K K2 AR /Eaix)X]
i : |
: 1na AL-10 ¢ yre . . R B2 5 :
! 78 22 190 1017 2180 ,
, 72 513 B2 10360 4 i
| 19 N3 WS 100 709 i
, 13 100 87 106.0EM SY ,
| 75102 659 U06EM 8 ,
Drima-0 4 %0100 77 68 20 1.5 812200 16210 21E0 299 0.99 |
, 66 20 17 820 19100 ,
| 67 42 89 8130 50 ,
! 69 44 20 8130 40 |
| 6.9 84 563 81700 60 i
l 67 83 %1 BL6%M 513 |
| FIa A0+ RD101 77 64 259 170 BS206-04 18700 138 3.%0 0.99 |
! 68 %0 10 820600 26100 ,
, 66 48 283 840 400 ,
, 68 44 BS  8IE0 3K ,
, 66 B0 53  8ETE-M 4 |
| 65 85 582 86680 30 ‘
] !
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Table C-21 Creep Compliance Properties for Laboratory Mixed/

Laboratory Compacted Mixture Using Modified Compaction.

Log(
MIXTURE TEMP. 01 m SHIFT  BETA
F FACTOR)
Control: SHAMROCK AC-20 60 2.18E-06 0.42 0.96  0.044
77 4.15€-06 0.52
90 4.96E-06 0.61  -0.40
Fina AC-10 + 3% Styrelf 60 3.53E-06 0.45 1.14  0.067
77 1.07E-05 0.48
90 3.01E-05 0.45  -0.87
Fina AC-10 + 3% D1101 60 2.44E-06 0.52 1.30  0.056
77 1.33€-05 0.45
90 2.77€-05 0.38  -0.45
Fina AC-10 + 6% D1101 60 9.45E-06 0.43 1.05 0.048
77 2.99E-05 0.39
90 5.92E-05 0.31  -0.46

Table C-22 Creep Compliance Properties for Plant Mixed/
- Laboratory Compacted Mixture Using Modified Compaction.

Log(
MIXTURE TEMP. D1 m SHIFT  BETA
F g FACTOR)
Fina AC-10 + 3% Styrelf 60 2.94E-06 0.38 1.91  0.075
77 1.49€-05 0.39
90 2.56E-05 0.36 -0.50
Fina AC-10 + 3% D1101 60 4.27E-06 0.38 1.36 0.056
77 1.18E-05 0.45
90 1.75€-05 0.45 -0.41
Fina AC-10 + 6% D1101 60 5.50E-06 0.38 0.93 0.047
77 1.76E-05 0.29
90 2.51E-0% 0.28 -0.51
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Table C-23  Creep Compliance of Laboratory Mixed / Laboratory tolpacted Mixtures Using
Modified Compaction.

TINE TOTAL TENSILE  TENSILE TIME TOTAL TENSILE  TENSILE
SEC.  HORIZONTAL  STRAIN CREEP SEC.  HORIZONTAL  STRAIN CREEP
DEFORMATION IN/IN  COMPLIANCE DEFORMATION  IN/IN  COMPLIANCE
IN IN"2/L8 IN IN"2/LB
SHAMROCK AC-20 SHAMROCK AC-20
TEST TEMP = 60 , ZIGMA = 10.122 PSI TEST TEMP = 60 , I1GMA = 10.170 PSI
1.0 1.10E-04 5.72E-05 2.83E-06 1.0 1.25E-04 6.50E-05 3.20E-06
1.8 1.25E-04  6.50E-05 3.21E-06 1.8 1.40E-04 7.28E-95  3.58E-06
3.2 1.39E-04 7.23E-05 3.57E-06 3.2 1.50E-04 7.80E-05 3.84£-06
5.6 1.80E-04 9.36E-05 4.62E-06 5.6 1.80E-04 9.36E-05 4.60E-06
10.0  2.18E-04 1.13E-04 5.59E-06 10.0  2.00E-04 1.04E-04 S.11E-06
18,0 2.776-04  1.44E-04 7.10E-06 18.0  2.19E-04 1.14E-04  5.59E-06
1.6 3.53E-04 1.84E-04  9.07E-06 3.6 2.29E-04  1.19E-04  S.B4E-06
$6.2  4.45E-04 2.31E-04 1.14E-05 §6.2 2.50E-04 1.30E-04 6.39E-06
100.0  5.95E-04  3.09E-04 1.53£-05 100.0  3.20E-04  1.66E-04 8.18E-06
177.8  8.20E-04  4.26E-04 2.11E-05 177.8  4.50E-04  2.34E-04  !.15E-0S
316.2  1.10E-03 5.72E-04  2.83E-05 316.2  7.30E-04 3.80E-04 1.87E-05
§62.3 1.S0E-03 7.78E-04  3.84E-05 $62.3 1.12E-03 5.80E-04  2.85E-05
1000.0  2.02E-C3  1.0SE-03  S5.19€-05 1000.0  1.48E-03 7.70E-04 3.78E-0S
1778.3  2.598-03  1.35E-03  6.65E-0S 1778.3  1.89E-03  9.23t-04  4.93E-~CS
3162.3  3.37E-03  1.75E-03  6.66E-05 3162.3  2.55E-03  1.33E-03 6.52E-05
3600.0  3.59€-03 1.86E-03 9.21E-05 3600.0  2.69E-03  1.40E-03 6.87E-05
7200.0  3.01E-03 1.57€-03 7200.0  1.93E-03. 1.00E-03
SHAMROCK AC-20 SHAMROCK AC-20
TEST TEMP = 77 , IIGMA =4.052 PSI TEST TENP = 77 , IIGMA = 4.037 PSI
1.0 5.75€-05  2.99E-05  3.69E-06 1.0 8.50E-05 4.42E-05 5.48E-06
1.8 7.00E-05 3.64E-05  4.49E-06 1.8 1.10e-04 5.72E-05 7.09€-06
3.2 9.50E-05 4.94E-05  6.10E-06 3.2 1.33E-04  6.89E-05  B.54E-06
5.6 1.33t-04 6.89E-05 8.50E-06 5.6 1.85E-04  9.62E-05 1.19€-05
10.0  1.73E-04 8.976-05 1.11E-05 10.0  2.40E-04 1.25€-04 1.SSE-05
18.0  2.30E-04 1.20E-04 1.48E-05 18.0  3.35E-04  1.74E-04  2.16E-05
3.6 2.95E-04  1.53E-04  1.89E-05 31,6 4.45E-04  2.31E-04  2.87E-0S
56.2  4.15E-04  2.16E-04  2.66E-05 56.2 S.75E-04  2.99E-04  3.70E-05
100.0  6.10E-04 3.17E-04  3.91E-05 100.0  7.35€-04  3.82E-04  4.73E-05
177.8  8.55E-04 4 45E-04 5.49E-05 - 177.8  1.03E-03  5.36E-04  6.43E-05
316.2  1.23E-03  6.37E-04  7.86E-05 316.2  1.40E-03  7.26E-04 8.99E-0S
562.3 1.756-03  9.10E-04 1.12E-04 562.3  1.76E-03  9.15€-04 1.13c-04
1000.0  2.36E-03  1.23E-03 !.S1E-04 1000.0  2.56E-03  1.33E-03 1.65E-04
1778.3  3.01E-03 1.576-03  1.93E-04 1778.3  3.478-03  L.BOE-03 2.24E-04
3162.3  3.64E-03  1.89E-03  2.33E-04 3162.3  4_£8F-03  2.445-03  3.02E-04
3600.0  4.10E-03  2.13E-03  2.63E-04 3600.0 5.02E-03 2.61E-03  3.23E-04
7200.0  3.B0E-03 1.98E-03 72000 4.55E-03  2.38E-03
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Table €-23 (Continued)

TINE TOTAL
SEC.  HORTZONTAL
DEFORMATION
N

TENSILE
STRAIN
IN/IN

TENSILE
CREEP

COMPLIANCE

IN2/L8

TINE

TOTAL TENSILE  TENSILE

SEC.  HORIZONTAL  STRAIN CREEP
DEFORMATION IN/IN  COMPLIANCE

IN IN‘2/L8

SHAMROCK AC-20
TEST TEMP = 90 , ZIGMA = 0.830 PSI

1.60E-05
2.75E-05
3.458-05
5.00E-08
6.50E-05
9.50E-05
1.53€-04
2.60E-04
100.0  4.15E-04
177.8  6.00E-04
316.2  8.00E-04

“ e
O r= O S OV LW = e
e e e e e e e
~N OO O OO

$62.3  1.10E-03
1000.0  1.40E-03
1778.3  1.58E-03
3162.3  1.94E-03

1
3600.0  1.95E-03
1.95E-03

8.32E-06
1.43E-05
1.79E-05
2.60E-05
3.38E-05
4 94E-05
7.93E-05
1.35E-04
2.16E-04
3.12E-04
4.16E-04
§.72E-04
7.28E-04
8.19E-04
1.01E-03
1.01E-03
1.01€-03

5.01E-06
8.62E-06
1.08E-05
1.57€-05
2,04E-05
2.98E-05
4.78E-05
8.15E-05
1.30E-04
1.88E-04
2.51E-04
3.45E-04
4,39E-04
4.93E-04
6.06E-04
6.11E-04

FINA AC-10 + 3% STYRELF

TEST TEMP = 60 , IIGMA = 12.292 PSI

1.65E-04
2.20E-04

3.90E-04
$.102-04
6.83E-04
8.85E-04
1.19€-03

._.
S UV LD =

S O~ = 00 O U LD = -
oMo oo o ®Oo

—
~4
~4
©
—
oo
~O
™
[}
L=d
>

36,2 2.37€-03
$62.3  2.90E-03
1000.0  3.52E-03
1778.3  4.23E-03
3162.3  5.28E-03
3600.0  5.53E-03
7200.C  4.49E-03

2.70E-04

8.58E-05
1.14E-04
1.40E-04
2.03E-04
2.65E-04
3.55E-04
4.60E-04
6.16E-04
7.88E-04
9.80E-04
1.23E-03
1.51E-03
1.83€-03
2.20E-03
2.74E-03
2.87€-03
2.33E-03

3.49E-06
4 .65E-06

'5.71E-06

8.25E-06
1.08E-05
1.44E-05
1.87€-05
2.51E-08
3.21E-05
3.99E-05
5.00E-05
6.126-05
7 .44E-05
8.94E-05
1.126-04
1.17E-04
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TEST

SHAMROCK AC-20
TEMP = 90 , ZIGMA = 0.853 PS]

> -

O~ = O S UV D = -
« e e e e e e
N DO O OO O

UV D+ e
O = O O UV LD +=
N
~N OO O OO

—
<>
>
>

177.8
316.2
562.3
1000.0
1778.3
3162.3
3600.0
7200.0

1.30E-05  6.76E-06  3.96E-06
1.85E-05  9.62E-06  5.64E-06
2.50E-05 1.30E-05 7.82E-06
3.75E-05  1.95£-05  1.14E-05
5.10E-05  2.65E-05  1.SSE-05
7.65E-05 3.98E-05  2.33E-05
1.206-04  6.24E-05  3.66E-05
1.80E-04  9.36E-05 5,49E-05
2.51E-04  1.31E-04  7.65€-0S
3.55E-04 1.85€-04 1.08E-04
4.60E-04  2.39E-04 1.40E-04
6.75€E-04  3.51E-04  2.06E-04
9.25E-04 4.B1E-04 2.82E-04
1.176-03  6.06E-04  3.55E-04
1.626-03  B.40E-C4  4.92E-04
1.B5E-03  9.60E-04  5.62E-04
1.81E-03  9.39E-04

FINA AC-1C ¢+ 3% STYRELF
TEMP = 60 , ZIGMA = 12.197 PSI

1.656-04  B.58E-05  3.52E-06
1.956-04  1.01E-04 4.16E-06
2,156-04  1.12E-04 4.58E-06
3.08E-04  1.60E-04  6.56E-06
3.90E-04 2.03E-04 8.32E-0¢
5.55€-04  2.89E-04 1,18E-0S

7.90E-04  4.11E-04 1,68E-05
LU1E-03  S.75E-04  2.36E-0S
1.48E-03  7.70E-04  3,18E-05
1.88E-03  9.78E-04  4.01E-0S
2.415-03  1.286-03  S5.13E-05
3.076-03  1.0E-03  6.55E-0S
3.828-03  1.99E-03  B.14E-05
4.79E-03  2.49E-03 1.02E-04
5.976-03  3.1CE-C3 1.275-0¢4
6.29E-03  3.278-03  1.34E-04
5.376-03  2.79E-03 ~



Table €-23 {Continued)

TINE TOTAL TENSILE  TENSILE TINE TOTAL TENSILE  TENSILE
SEC.  HORIZONTAL  STRAIN CREEP SEC.  HORIZONTAL  STRAIN (REEP
DEFORMATION  IN/IN  COMPLIANCE OEFORMATION  IN/IN  COMPLIANCE
IN IN2/L8 N IN"2/L8
FINA AC-10 + 3% STYRELF FINA AC-10 ¢ 3% STYRELF
TEST TEMP = 77 , TIGMA = 5.756 PSI TEST TEMP = 77 , 1IGMA = §.783 PSI
1.0 1.35E-04 7.026-05 6.10E-06 1.0 2.00E-04 1.04E-04 B.99E-06
1.8 2.50E-04 1.30E-04 1.13E-08 1.8 3.00E-04 1.56E-04 1,35E-05
3.2 3.50E-04 1.82E-04 1.58E-CS 3.2 3.85E-C4 2.00E-04 1.73E-05
5.6 5.55E-04 2.89E-04  2.51E-0% 5.6 5.b0E-04 2.91E-04  2.52E-05
10.¢  B.05E-04  4.19£-04  3,64E-05 10,0 7.35E-04 3.82E-04  3.31E-05
18.0 1.26E-03 6.53E-04 5.67E-05 18.0  1.02€-03  S5.31E-04  4.59E-05
1.6 1.80E-03 9.36E-04 8,13E-05 3.6 1.35E-03  7.02E-04  6.07E-05
$6.2  2.43E-03 1.26E-03 1.10E-04 $6.2  1.75E-03 9.08E-04 7.85-0%5
100.0  3.08E-03  1.60E-03 1.39E-04 100.0  2.28E-03  1.17E-03 1.0lE-04
177.8  3.85E-03  2.00E-03 1.74E-04 177.8  2.80E-03  1.46E-03 1.26E-04
316.2  4.55E-03  2.37E-03  2.06E-04 316.2  3.49E-03 1.81E-03 1.57€-04
$62.3  6.00E-03  3.12E-03  2.71E-04 $62.3  4.30E-03  2.24E-03  1.93E-04
1000.0  7.30E-03  3.B0E-03  3.30£-04 1000.0  5.30E-03 2.76E-03 2.38E-C4
1778.3  8.50E-03  4.42E-03  3.B4E-%4 1778.3  6.65E-03  3.46E-03  2.99E-04
3162.3  1.0SE-02 5-44E-03  4.726-0¢ 3162.3  8.60E-03 4.47E-03 3.87E-04
3600.0 1.11E-02 5.77E-03 S.01E-C4 3600.0 9.156-03 4.76E-03 4.11E-04
7200.0  1.00E-02  5.20E-03 7200.0  8.13E-03  4.23E-03
FINA AC-10 ¢ 3% STYRELF FINA AC-10 + 3% STYRELF
TEST TEMP = 90 , ZIGKA = 0.880 PSI TEST TENP = 90 , IIGMA = 0.881 PSI
1.0 8.00E-05 4.16E-05 2.36E-05 1.0 9.50€-05 4.94E-05 2.80E-0S
1.8 1.15E-04 5.98E-05  3.40E-05 1.8 1.4CE-04 7.28E-05 4.13E-05
3.2 1.50E-04  7.80E-05 4.43E-05 3.2 1.80E-04 9.36E-05 - 5.31E-05
§.6 2.08E-04 1.08E-04 6.15E-05 $.6  2.9%E-04 1.33E-04 7.53E-05
10.0  2.68E-04 1.39E-04 7.90E-05 10.0 3.306-04  1.72E-04 9.74E-05
18,0  3.48E-04 1.B1E-04 1.03E-04 1.0 4.35E-04  2.26E-04 1.28E-04
1.6 4.56E-04 2.37E-04 1.35E-04 31,6 5.62E-04  2.92E-04  1.66E-04
$6.2  6.256-04 3.25€-04 1.85E-04 56.2  6.85E-04  3.56E-04 2.02E-04
100.0 8,75E-04  4.SSE-04  2.59E-04 100.0 8.95E-04  4.65E-04  2.64E-04
7.8 1.18E-03  6.11E-04  3.47E-04 177.8 1L23E-03  6.405-04  3.83E-04 .
36,2 1.53E-03  7.96E-04  4.528-04 316.2  1.65€-03 B.5BE-04 4.87E-04
$62.3  2.03E-03  1.05€-03  §.98E-04 $62.3  2.03E-03  1.06E-03  5.99E-04
1000.0 2.51E-03 1.31E-03 7.42t-04 1000.0 2.42€-03  1.26E-03  7.13E-04
17783 2.97E-03  1.54E-03  8.76E-04 1778.3  2.87E-03  1.498-03 8.47E-04
3162.3  3.458-03  1.79E-03 1.02E-03 3162.3  3.40E-C3  !.77E-03  1.00E-03
3660.0  3.98E-03  1.8KE-03  1.06£-03 3600.9  3.85€-03 1.856-03  1.(5E-03
7200.0  3.39E-03  1.76E-03 7200.0  3.41E-03  1.776-03
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Table €-23 {Continued)

- TIME TOTAL TENSILE  TENSILE TINE TOTAL TENSILE  TENSILE
SEC.  HORIZONTAL  STRAIN CREEP SEC.  HORIZONTAL  STRAIN CREEP
DEFORMATION  IN/IN  COMPLIANCE: DEFORMATION  IN/IN  COMPLIANCE
IN IN2/L8 IN IN"2/L8
FINA AC-10 + 3% XRATON D1101 FINA AC-10 ¢+ 3% KRATON 01101
TEST TEMP = 60 , ZIGMA = 10.634 PSI TEST TEMP = 60 , 1IGNA = 10.523 PSI
1.0 7.00E-05 3.64E-05 1.71E-06 1.0 1.20€-04 6.24E-05 2.97E-06
1.8 1.05E-04 5.46E-0S 2.57E-06 1.8 1.556-04 8.06E-05 3.83E-06
3.2 1.30E-04 6.76E-05  3.18E-06 3.2 1.90E-04 9.88E-05  4.70E-06
5.6 2.03E-04 1,05€-04  4.95E-06 §.6 2.75E-04  1.43E-04  6.B0E-06
10,0 2.74E-04  1.42E-04  6.69E-06 10.0  3.75E-04  1.95E-04 9.27E-06
18.0 3.95€-04  2.05E-04  9.66E-06 18,0 S.00E-04 2.60E-04 1.24E-05
31.6  5.65E-04  2.94E-04  1.38E-05 31.6  6.50E-04 3.38E-04 1.61E-05
56.2 7.38E-04 3.84E-04 1.80E-05 $6.2  8.80E-04 4.58E-04 2.17E-05
100.0  1.i3E-03 5.85E-04  2.75E-05 100.0  1.24E-03  6.42E-04  3.CSE-0S
177.8  1.52€-03  7.88E-04  3.70E-05 1778 1.74E-03  9.0SE-04 4 30E-05
316.2  2.08E-03 1.08E-03 §5.07E-05 316.2  2.39E-03 1.24E-03  5.89E-05
§62.3  2.70E-03 !1.40E-03  6.60E-05 562.3 3.23E-03  1.6BE-23 7.97%-0%
1003.8  3.44E-03  1.79E-03  8.40E-05 1000.0  3.84E-03  1.995-03  9.48E-0S
1778.3  4.33E-03  2.25E-03  1.06E-04 1778.3  4.53E-03  2.38€-03 112804
3162.3  S.37E-03  2.79E-03  1.31E-04 3162.3  5.63t-03  2.93E-03  1.39E-04
3600.0  5.67E-03  2.95E-03  1.39E-04 3606.0  5.93E-03  3.08E-T3  1.46E-04
7200.0  4.65E-03  2.42€-03 7200.0  5.0BE-03 2.64E-03
FINA AC-10 + 3% XRATON D101 FINA AC-10 + 3% KRATON D110}
TEST TEMP = 77 , TIGMA =4.613 PSI TEST TEMP = 77 , I1GMA = 4.581 PSI
1.0 1.40E-04 7.28E-05 7.895-06 1.0 2.40E-04 1.25E-04  1.36E-05
1.8 2.30E-04 1.20E-04  1.30E-05 1.8 3.30e-04 1.72t-04 1.87E-0S
3.2 3.ISE-04  1.64E-04 1.78E-05 3.2 4.408-04  2.29E-04  2.50E-05
5.6 4.90E-04  2,SS5E-04  2.76E-05 §.6  5.65E-04 2.94E-04 3.21E-05
10.0 6.80E-04 3,54E-04  3.83E-0S 10.0 7.25E-04 3.77¢-04 4 12E-0S
18.0  9.55E-04  4.97E-04  5.3BE-0S 18.0  9.50E-04  4.94E-04  5.39E-0S
31.6  1.33E-03  6.89E-04  7.47E-05 3.6 1.23E-03  6.376-04  6.95E-0S
$6.2  1.75E-03 9.10E-04 9.87E-0S §$6.2  1.61E-03 8.35E-04 9.11E-0S
106.0  2.24E-03  1.16E-03  1.26E-04 100.0  2.06E-03 1.07€-03  1.17€-04
177.8  2.73E-03  1.42E-03 1.54E-04 177.8  2.70£-03  1.40E-03 {.53E-¢
316.2  3.405-03  1.776-03  1.92-04 316.2 3.35E-03  1.74E-C3  1.90E-04
$62.3  4.18E-03  2.17€-03  2.35E-04 $62.3  4.23E-03 2.20E-C3  2.40E-04
1000.0  5.03E-03 2.61E-03  2.83E-04 1000.0  §.33E-03 2.77e-03  3.02E-04
1778.3  6.15E-03  3.20E-03  3.47E-04 1778.3  6.78E-03  3.52E-03  3.85E-04
3162.3  7.81E-03  3.91E-03  4.23E-04 3162.3  8.65E-03  4.505-C3  4.91E-04
3600.0 7.89E-03  4.10E-03  4.45E-04 3600.0  9.15€-03  4.76E-03  5.19E-04
7200.0  6.90E-03  3.59E-03 7200.0  8.13E-03  4.23E-03
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Table C-23 (Continyed)

TINE TOTAL TENSILE  TENSILE TINE TOTAL TENSILE  TENSILE
SEC.  HORIZONTAL  STRAIN CREEP SEC.  HORIZONTAL  STRAIN CREEP
DEFORMATION ~ IN/IN  COMPLIANCE DEFORMATICN  IN/IN  COMPLIANCE
N IN“2/L8 N IN"2/L8
FINA AC-10 ¢+ 3% KRATON 01101 FINA AC-10 + 3% KRATON D1101
TEST TEMP = 90 , ZIGMA = 0.801 PSI TEST TEMP = 90 , IIGMA = 0.811 PSI
1.0 5.50E-05 2.86E-CS 1.79€-05 1.0 8.00E-05 4.16E-05 2.57E-05
1.8 8.25E-05 4.29E-C5  2.68E-05 1.8 1.15E-04 5.98E-05  3.69E-05
3.2 1.028-04  5.282-05  3.3CE-08 3.2 1.50E-04 7.805-05 4.81%-0%
§.6 1.50E-04 7.80E-05 4.87E-05 §.6 2.05E-04 1.07E-04  6.57€-C5
0.0 1.90£-04 9.88E-05 6.175-05 0.0 2.556-04 1.33t-04 8.18E-05
18.0  2.54E-04 1.32E-04 8,23E-0S 18,0 3.C0E-04 1.S6E-04  9.62E-0S
31.6  3.25E-04  1.69E-04  1.06E-04 31,6 3.75E-04  1.95E-04  1.20E-04
$6.2  4.056-04 2.11E-04 1.31E-04 56,2 4.70E-04 2.44E-04 1,SI1E-O04
100.0  5.132-04  2.67E-04  1.66E-04 100.0  S.95E-04  3.09E-04 !.91E-04
i77.8 6.40E-04  3.33E-04  2.08E-04 778 7.25E-04  3.77E-04  2.32E-04
316.2 8.15E-04 4.24E-04  2.65E-04 3.6.2  8.75E-04  4.SSE-04  2.8LE-04
£62.3 1.00E-03 S5.20E-04  3.25E-04 £62.3  1.03E-03 5.33E-04  3.29E-04
1000.0  1.20E-03  6.24E-04 3.90E-04 1000.0  1.185-03  6.11E-04  3.77E-C4
1778.3  1.41E-03 7.33E-04 4 S8E-04 (7783 1.3GE-03 7.0CE-04  4.31E-%4
31623 1.67E-CY B.B6E-C4  5.41E-04 3.62.3  1.53E-03  7.92E-04  4.89E-C4
3600.0  1.73E-03  9.00E-04  5.62E-04 600.0  1.58E-03  £.19E-04  5.05E-04
7200.0  1.625-03  8.43%-04 7200.0  1.54E-C3  7.98¢-04
FINA AC-10 + 6% XRATON D1101 FINA AC-10 + 63 XRATCN D110!
TEST TEMP = 60 , ZIGMA = 7.433 PSI TEST TEMP = 60 , IIGMA = 7.430 PSI
1.0 2.20E-04 1.14E-04 7.70E-06 1.0 2.50E-04 1.30E-04 8.75E-06
1.8 3.:0E-04 1.61E-04 1.08E-05 1.8 3.65E-04 1.90E-04 1.28E-05
3.2 3.70E-C4  1.92E-04  1.29E-0S 3.2 4.50E-04 2.34E-04 !.SSE-CS
$.6 5.45E-04 2.83E-04  1.91E-05 5.6 6.35E-C4 3.30E-04  2.22E-05
100 6.85E-04  3.56E-C4 2.40E-0S 10.0 7.80E-04  4.06E-04  2.72E-0S
18.0 9,256-04 4.81E-04 3.24E-0% 18.0  1.0SE-03  S.44E-04  3.66E-05
316 1.22E-03  6.35E-04  4.278-05 3.6 LLE-03  7.33E-04  4.94E-05
56.2 1.59E-03 - 8.27E-04  §5.56E-0S £6.2  1.79E-C3  9.31%-04  6.27E-05
10,0 2.:2€-03  1.10E-03  7.4CE-0S 1060 2.288-03  1.198-C3  7,98E-CS
177.8 2.69E-03  1.40E-03  9.39E-08 177.8  2.88E-03  1.50E-03 1.01E-04
36,2 3.40E-03  1.775-03  1.19E-04 316.2 3.525-03 1.836-03  1.23€-04
562.3  4.39E-03  2.28E-03  l.54E-04 §62.3  4.25E-0)  2.24E-03  1.52E-C4
1000.0  5.485-C3  2.85E-03  1.92%-04 10900 £.33E-03 2.778-03  1.87E-04
1778.3  6.78E-03  3.S2E-03  2.37%-04 1778, 6.43E-03  3.34E-03  2,25E-04
3162.3  8.26%-03  4.30E-03  2.89E-04 3082.3 7.685-C3  3.998-03  2.69E-04
360C.0 B.63E-03  4.49E-D3  3.02%-04 38000 8.04E-C3 4.18E-03  2.81E-04
7200.0  6.80E-32  3.54E-03 7200.0  6.77E-03  3.52¢-%3
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Table €-23 (Continued)

TINE TOTAL TENSILE  TENSILE TINE TOTAL TENSILE  TENSILE

SEC.  HORIZONTAL  STRAIN CREEP SEC.  HORIZONTAL  STRAIN CREEP
DEFORMATION  IN/IN  COMPLIANGE DEFORMATION  IN/IN  COMPLIANCE

IN IN"2/L8 IN IN"2/L8

FINA AC-10 + 6% KRATON 01101 FINA AC-10 + % XRATCN D110t
TEST TEMP = 77 , TIGMA =3.208 PSI TEST TEMP = 77 , TIGMA = 3.311 PSI
1.0 3.50E-04 1.828-04 2.B4E-05 1.0 2.25E-04  1.17€-04 1.775-05
1.8 5.00E-04 2.60E-04  4,05€-05 1.8 3.256-04  1.69E-04 2.55E-05
3.2 6.35E-04 3.30E-C4  S.15E-CS 3.2 4.65E-C4  2.425-04  3.65E-CS
5.6 8.85E-04 4.60E-04 7.17€-05 5.6 6.75E-04 3.51E-04  5.30E-05
10,0 1.14E-03  5.90E-04  9.20£-05 10.0  8.60E-04 4.47E-04  6.75E-0S
18.0  1.51€-03  7.BSE-04 1.22€-04 18,0 1.14E-03  S5.93E-04  8.95E-05
31.6  1.87€-03  9.73E-04 1.52E-04 3.6 1 49E-03  7.72E-04 1.17€-04
$6.2  2.26E-03 1.18E-03 1.83E-04 5.2 1.88E-03 9.7SE-04 1.47E-04
100.0  2.85E-03  1.48£-03  2.31E-04 1000 2.37€-03  1.23T-03  1.BGE-04
177.8  3.45E-03  1.79E-03  2.80E-04 177.8  2.928-03  1.528-03  2.29E-04
316.2 4.03E-03  2.10E-03  3.27E-04 36,2 3.70E-03  1.92€-03  2.91E-04
562.3  4.73E-03  2.46E-03  3.83E-04 562.3  4.68E-03  2.432-03  3.67%-04
1000.0  5.53E-03  2.87E-03  4.48E-04 16090 5.608-03  2.91E-03  4,40%-C4
1778.3  6.52E-03  3.39E-03  5.28E-04 17783 6.65E-03  3.46%-03  5.22E-04
3152.3 7.68E-03  3.995-03  6.228-04 3062.3 7.50E-03  3.908-02—5.89E-C4
36000 7.95E-03 4.135-03  6.44E-04 3600.0  7.85E-03 4.08E-03  6.17E-M4
72000 6.88E-03  3.58E-03 7200.¢  7.00E-03  3.645-03
FINA AC-10 ¢ 4% KRATON Dii0! FINA AC-10 ¢+ 6% XRATCN D10}
TEST TENP = 90 , IIGMA = 0.801 PSI TEST TEMP = 90 , IIGMA = 0.818 PSI
1.0 1.35E-04  7.02E-05  4.38E-0S 1.6 1.70E-04 8.84E-05  5.40£-05
1.8 1.90E-04 9.88E-05 6.17E-05 1.8 2.10E-04  1.09E-C4  6.68E-IS
3.2 2.50E-04 1.30E-04 B8.12E-05 3.2 2.45E-04  1.278-04  7.79E-05
5.6  3.40E-04 1.77E-04 1.10E-04 $.6  3.10E-04 1.61E-0¢  9.86E-CS
10,0 4.35E-04  2.265-04  1.41E-04 100 3.58E-04  1.8£E-04  1.14E-C4
18.0  5.60E-04 2.91E-04 1.82€-04 18,0 4.18E-04  2.178-04  1.33E-04
31,6 6.90E-04 3.59E-04  2.24E-04 3.6 5.25E-04  2.73E-04  1.47E-04
$6.2 B.38E-04  4.36E-04 2.72E-04 $6.2  5.85E-04  3.04£-24  1.86E-04
109.0  1.01E-03 S5.25E-04  3.28E-04 100.0  8.00E-04  4.16E-C4 2.54E-04
(77.8  1.23E-03  6.37E-04  3.98E-04 177.8 9.50E-04 £ 94E-04 3.02E-04
316.2  1.44E-03  7.49E-04  4.68E-04 316.2  1.095-03  S.64E-04  3.45E-24
§62.3  1.67€-03 8.66E-04  5.41E-C4 $62.3  1.15E-C3  5.985-04  3.66E-04
1000.0 1.87E-03 9.73E-04  6.07E-04 1000.0  1.285-03  6.63E-04  4.0SE-04
1778.3  2.128-03  1.10E-03  6.87E-04 17783 1.46E-03  7.59E-04 4 .64E-04
3162.3  2.345-03  1.228-03  7.60E-04 3162.3  1.695-03  8.765-0¢  5.36E-C4
3600.0 2.298-03  1.24E-03  7.74E-04 3600.0  1.76E-C2  9.13E-04  5.60C-04
7200.0  2.23E-03  1.l6E-03 7200.0  1.69€-03  8.79%-0¢
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Table C-24  Creep Compliance of Plant Mixed / Laboratory Co:pac:ed Mixtures Using

Modified Compaction,

TIME TOTAL TENSILE  TENSILE TINE

SEC.  HORIZONTAL  STRAIN CREEP SEC.

DEFORMATION  IN/IN  COMOLIANCE
IN IN"2/L8

T0TAL TENSILE  TENSILE

HORIZONTAL  STRAIN CREEP

DEFORMATION  IN/IN  COMPLIANCE

IN N°2/L8

FINA AC-10 + 3% STYRELF
TEST TEMP = 60 , ZIGMA = 10.072 PSI
1.50E-04  7.80£-05
1.7%8-04  9.108-0%
2.00E-04 1.04c-04

O = 0D <> U G 04
. « . - . . . .

Uy (D - s-e
N OO O OO
w
L=
<
m
]
<
F_
—
e e e e a4 .
o
o~
n
[
<
-
LS I S L Y. ST I S

1€-03  8.37E-04 4 16E-05
3E-03  1.06E-03  5.242-05
4E-03  1.27E-23  6.295-05
J95E-03  1.53E-03  7.62E-35
L0E-03  !.61E-03  8.00E-0S
S

FINA AC-10 + 3% STYRELF
TEST TEMP = 77 , 7IGMA = 5.372 PSI
0 2.20E-04 1.14E-04 1.06E-05
B 3.1SE-04  1.64E-04 1.52E-05
2 4.108-04 2,13E-04  1.98E-05
6 5.10E-04 2.65E-04 2.47E-05
7 6.30E-04 3.28E-04  3.05E-05
0 7.98E-04 4 15E-04  3.86E-05
6 1.01E-03 5.25E-04 4 .€9E-C5
2 1.30E-03  6.74E-04 6.27E-0S
0 9E-03  8.76E-04  8,16E-0S
8 SE-03  1.06E-C3  9.9CE-0S
2 0E-03  1.30E-03 1.21E-04
3 26-03  1.62-03  1.51E-04
76-C3  2.01E-03  1.87E-04
SE-03  2.47€-03  2.3CE-04
SE-03  3.09E-03  2.885-04
J26E-03  3.25E-03  3.03E-04

341

TEST

un LD e

FINA AC-10 + 3% STYRELF

TEMP = 60 , IIGMA = 10.1SS PSI
1.50E-04  7.80E-05  3.84E-06
1.58E-04  8.06E-05  3.97€-06
1.60E-04  8.326-05 4.1CE-06
1.65€-04 8.58E-05  4.23E-06
1.756-04  9.10E-05  4.48E-06
1.90E-04 9.886-05  4.87E-06
2.30E-04 1.20E-04  5.89E-06
2.50E-04  1.30E-04  6.40E-06
3.308-04  1.72E-04  B.4SE-06
4.65E-04  2.426-04  1.19E-05
6.856-04  3.56E-C4 1.73E-05
$.00E-03  5.20E-04  2.56E-05
1.326-03  6.84E-04  3.37E-(S
1.74E-03  9.0SE-94  4.45E-05
2.156-03  1.126-03  §.51E-0S
2.25E-03  1.17E-03  S.76E-0S
1.00E-03  5.20€-C4

FINA AC-10 + 3% STYRELF
TEMP = 77 , 1IGMA = 5,372 PSI

3.35E-04  1.74E-04 1.62£-0S
4.45E-04  2.31E-04  2.15E-05
5.60E-04  2.91E-04 2.71E-CS
7.00E-04  3.64E-04  3.39E-0S
8.90E-04 4.63E-04 4.31E-05
1.27€-03  6.09E-04  5.68E-09

1.48E-03  7.70E-04  7.16E-0S
1.85€-03  9.625-04  8.96E-05
2.28E-03  1.188-03  !.10E-04
2.775-03  1.44E-03  1.34E-04
3.34E-03  1.73E-03  1.61E-04
3.95E-03  2.0SE-03  1.91E-04
4.85€-03  2.52€-03  2.35E-04
6.09E-03  3.16E-03  2.9SE-04
7.808-03  4.085-C3  3.78E-04
8.355-03  4.34€-03  4.04E-04
6.81€-03  3.54¢€-03



Table C-24 {Continued)

TINE TOTAL
SEC.  HORIZONTAL
DEFORMATION
IN

TENSILE  TENSILE

STRAIN CREEP
IN/IN  COMPLIANCE
IN"2/L8

TIME TCTAL
SEC.  HORIZONTAL
DEFORMATIC
IN

TENSILE
STRAIN
IN/IN

TENSILE
CREEP

COMPLIANCE

IN"2/L8

FINA AC-10 ¢ 3% STYRELF

TEST TEMP = 90

1.55E-04
2.10E-04
2.65E-04
3.50E-04
4,50E-04
5.75E-04
7.00E-04
8.50E-04
1.01E-03
1.18E-03
1.356-03
$.53E-03
1

i

.70E-03
.93E-€3
2.49E-03
2.50E-03
2.10E-03

~d €O U LD b~

>a -
D D €D O 22 O UV LD s b
D O PO G DR O O OO U L) e

e

oou(oouNQbNoooowmo

» LIGMA = 1,523 PSI

8.06E-05  2.65€-05
1.09E-04  3.59E-05
1,38€-04  4.52€-05
1.82E-04  5.98E-05
2.34E-04  7.68E-05
2.99E-04  9.82E-05
3.64E-04  1.20E-04
4.42E-04  1.45E-04
5.256-04  1.725-04
6.14E-04  2.01E-04
7.025-04  2.31€-04
7.93-04  2.40E-04
8.84E-C4  2.992-04
1.00E-03 3.30e-04
1.25E-C3 4.100-04
1.30E-63  4.278-04
1.09E-03

FINA AC-10 ¢+ 3% XRATON D1:01

TEST TEMP = 60

1.45E-04
1.70E-04

2.40E-04
2.80E-04
3.30E-04
3.80E-04
4.30E-04
5.30E-04
6.8CE-04
316.2  8.60E-04
$62.3 1.15E-03
1000.0  1.44€-03
1778.3  1.74E-03
3162.3  2.14E-03
3600.0  2.28E-93
7200.0  1.23E-03

OV W =
S O = OO N e s

ORI OO ®O

— e
~ <>
~J
a0

2.055-04

, LIGMA = 7.496 PSI

7.54E-05  §.03E-06
8.84E-05  5.90E-06
1.07€-04  7.11E-06
1.256-04  8.33E-06
1.46E-04  9.71E-06
1.726-04  1.:4E-05
1.986-04  1.32E-05
2.24E-04  1.49E-05
2.76E-04  1.84E-05
3.54E-04  2.36E-05
4 47E-04  2.98E-05
§.96E-04  3.97€-05
7.46E-04  4.98E-05
9.026-04  6.02E-05
1.115-03  7.42€-05
176-03  7.81E-05
6.37E-04

342

FINA AC-10 + 3% STYRELF
TEST TEMP = 90 , IIGMA = 1.574 PSI

1 1.00E-04
8 1.30E-04
2 1.65E-04
6 2.25E-04
0 2.95E-04
8 3.75E-04
6 S5.00E-04
2 4.15E-04
.0 7.8CE-C4
8 9.8%E-04
2 1.248-03
3 1.53E-03
f 1.83-03
3 2.20E-03
3 2.74E-02
T 2.87E-03
¢ 2.44E-03

5.20E-05
6.76E-05
8.58E-C5
LLATE-04
1.53€-04
1.95E-04
2.60E-04
3.208-04
4 .06E-04
5.02¢-04
6.458-04
.96E-C4
.52€-0¢
. 4E-03
1.428-03
1.498-03
1.276-33

- O~

1.65E-C5
2..58-05
2.73E-C5
37283

4.87E-05
6.20E-05
8.26£-05
1.028-04
.29E-04
1.638-04
2.055-04
2,83E-04
3.026-04
3.82E-04
4,528-0¢
4.748-04

[P

FINA AC-10 + 3% XRATCN D110t
TEST TENP = 60 , TISMA = 10.143 PSI

W LD
— e .

€ €D W W O W r DO PO A O PN OO e
~0
Pavy
N
™
1
L=
F .

2.08E-03
2.73E-03
3.38E-03
§.265-02
4.478-03
3.045-03

€D O rO O O N O D O



Table C-24 (Continued)

TINE TCTAL TENSILE  TENSILE TINE TOTAL TENSILE  TENSILE
SEC.  HORTZONTAL  STRAIN CREEP SEC.  HORIZONTAL  STRAIN CREEP
DEFCRMATION  IN/IN  COMPLIANCE OEFORMATION  IN/IN  COMPLIANCE
N IN"2/L8 N IN°2/8
FINA AC-10 + 3% KRATCN D110 FINA AC-10 + 3% XRATON D110t
TEST TEMP = 77 , IIGMA = 5.496 PSI TEST TEMP = 77 , 7IGMA = 5.347 PSI
1.0 1.90e-04 9.88E-05 8.99E-06 1 3.00E-04 1.86E-04 1.46E-0S
1.8 2.60E-04 1,35E-04 1.23E-0S 1.8 4.00E-04 2.08E-04  1.9SE-05
3.2 3.30E-04 1.72E-C4  1.S6E-DS 3.2 5.00E-04  2.60E-04  2.43E-CS
5.6 4.40E-04 2.29E-04  2.08E-0S 5.6 6.00E-04 3.12E-04  2.92E-05
10,0 6.35E-04 3.30E-04  3.00E-0S 10 7.15E-04  3.72E-04  3.48E-0S
18,0 8.10E-04 4.21E-04 -3.83E-05 18 9.45E-04 4.91E-04  4.60E-0S
31.6  1.10E-C3 5.72E-04  §5.20E-05 3.6 1.25E-03  6.48E-04  6.06E-0S
$6.2 1.50E-03 7.80E-04 7.10E-05 56,2 1.57E-03  8.14E-04  7.61E-05
100.0 1.96E-03  1.02E-03  9.27E-05 100.0  1.94E-03  1.01E-03  9.41E-05
177.9 2.45E-03  1.27E-03  1.l16E-~04 177.8  2.45E-03  1.27€-03  1.19E-04
316.2  3.19E-03  1.66E-03 1.S1S-04 316.2  3.13E-03 1.63E-03 1.52E-04
562.3  4.09E-03  2.13E-03  1.94E-04 562.3  4.10E-03  2.13E-03  1.99E-04
1000 5.33E-03  2.77E-03  2.52E-04 1000.0  5.19€-03  2.70E-03  2.52E-04
17783 7.02E-03  3.65E-03  3.32E-04 1778.3  6.69E-03  3.48E-03  3.2%E-04
3.62.3  9.55E-03 4.97E-03  4.52E-04 3162.3  8.798-03  4.S7E-(3  &.27E-Cd
366C.0  1.03E-02 5.33E-C3  4.85E-04 3660.0  9.39E-03 4.88E-03  4.56E-04
7200.C B.46E-03  4.40%-03 7200.0  7.56E-03  3.93E-03
FINA AC-10 + 3% KRATON Dild1 FINA AC-10 + 3% XRATON C11D{
TEST TEMP = 90 , ZIIGMA = 1.610 PSI TEST TENP = 90 , IIGNA = 1.595 PSI
1.0 9.00E-05  4.68E-05  !.45E-0S ! 1.10E-04 5.72E-05 1.79E-05
1.8 1.20E-04 6.24E-05 1.94E-3S 1.8 1.55E-04 B.06E-05  2.53E-05
3.2 !1.5SE-04 B.06E-0S  2.50E-0S 3.2 72.005-04  1.04E-04  3.26E-0S
5.6 2.0SE-04 1.07E-04 3.3:€-0% 5.6 2.95E-04 1.40E-04  4.65E-08
0.0 2.58E-04  1.34E-C4  4.16E-CS 10 4.00E-04  2.08E-C4  6.52E-0¢
18,0 3.33E-04  1.73E-08  5.37E-0S 18 S.1SE-04 2.68E-04 B8.40E-0S
316 4.40E-04  2.298-04  7.118-05 316 6.508-C4  3.38E-C4  1,06E-04
56.2  5.20E-04 2.76E-04 8.56C-45 56.2 B.50E-04  4.42€-04  1.29E-04
100.0  6.4CE-04  3.33c-04  1.03E-0 100.0  L1.09E-03  5.67E-C¢  1.78E-04
177.8  7.45E-04  3.87E-04  1.20€-C4 7.8 1.47E-03 7.65E-04  2.40E-04
316.2  9.%0E-04  4.426-04  1.37E-04 316.2  1.83E-C3  9.495-04  2,985-04
$62.3  2.09E-02  1.08E-03  2.40E-04
1000.0  2.35E-03  1.226-03  3.832-04
778.3  2.76E-03  1.44E-03 450804
3162.3  3.385-C3  1.745-03  5.51E-0¢
3600.2  3.558-03  1.85€-C3  5.79E-04
7200.0  3.045-03  1.58€-03
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Table €-24 (Continued)

TINE TOTAL
SEC.  HORIZONTAL
DEFORMATION
IN

TENSILE
STRAIN
IN/IN

TENSILE

" CREEP
COMPLIANCE

IN"2/L8

TINE
SEC.

TOTAL
HORIZONTAL
DEFCRMATION

IN

TENSILE
STRAIN
IN/IN

TENSILE
CREEP

COMPLIANCE

N8

FINA AC-10 + 6% KRATON D1101
TEST TENP = 60 , IIGMA = 10.575 pS!

2.35E-04
2.80E-04
3.70E-04
4.938-04
6.65€-04
8.75€-04

Uy D v

O = Q0 O (Y D = =
« e m e e e s s
N OO O O O

>
<>
<>
<>

1.6
1778 2.0
6.2 2.4
562.3 3.0

1000.0 3.6
1778,
382,
3600.9  5.59€-03
72009 3.556-03

> W
o
>
o
113l
[
>
9

FINA AC-10 + 63 KRATQ!

1.22E-04
1.46E-04
1.92E-G4
2.87E-04
3.46E-04
4 .SSE-04
6.01E-04
7.57€-04
8.66E-04
L.C6E-03
:.305-03
1.58E-C3
1.898-03
2.3:8-03
2.795-02
2.91E-03
1.85€-03

5.78E-06
6.89E-06
9.10E-06
1.228-05
1.64E-05
2.15E-CS
2.84E-05
3.58E-05
4.09e-C
4.99E-05
6.128-08
7.46E-CS
8.95¢-05
1.09E-04
1.2E-C

137834

s

TEST TEMP = 77 , IIGMA = 5.370 oS!

1.0 4.10E-04
1.8 5.50E-04
3.2 6.30E-C4
5.6 7.10E-C4
1.0 7.608-04
18.0  8.55E-04
3.6 1.04E-03
§6.2 1.23E-03
100.0 1.48E-03
177.8  1.82E-03
362 2.18E-03
$62.3  2.38E-03

1003.0  3.05E-C3
1778.3  3.71E-03
3162.3  4.62E-C3
3600.0  4.85E-C3
7200.0  2.555-03

2.13E-04
2.86E-04
3.28E-C4
3.69€-C4
3.95E-04
4.45E-04
5.38E-04
6.40E-04
7.70E-04
9.44E-04
113803
1.34E-03
1.59E-03
1.93E-03
2.405-03
2.528-03
123803

1.15E-04
1.44€-04
1USIE-Te

344

FINA AC-10 + 6% XRATIN D110t

TEST TEMP = 60 , IIGMA =

0.158 PSI

---------------------------------

aaaaa

1.20E-04
2.05E-04
3.25E-04
4.75E-C4
5.75E-04
6,65E-04
7.50£-04
8.60E-04
1.06E-63
1.268-73
1.878-00
2.30E-02
2.47E-03
3.232-22
£.08E-02
4.26E-03
2.456-03

FINA AC-L

6.50E-04
8.65E-04
Q2803
280

49803
1.79€-03
1.98€-03
2.33E-03
2.728-03
3.19E-03
3.60¢-03
4,15€-03
4.85E-03
6.01E-03
7.288-02
7.882-C2
5.35¢-03

- o pa

6.24E-05
1.076-04
1.69E-04
2.478-34
2.992-04
3.46E-04
3.90E-04
4 47E-04
§.51E-04
6.53E-04
g.17e-¢4
1.048-02
1.288-03
1.488-03

1
1

B k]
]

L228-03
1203

+ 6% XRATON D101
TEST TEMP = 77, UIGMA = 5.485 PSI

9.28E-04
1.03E-03
LL2LE-03
1.418-03
1.66E-03
1.87€-03
2,56E-03
2.528-03
3.33E-03
3.798-43
2.94-¢

2.78E-03



Table C-24 (Continued)

TINE TeTAL TENSILE  TENSILE TINE TOTAL TENSILE  TENSILE

SEC.  HORIZONTAL  STRAIN CREE® SEC.  HORIZCNTAL  STRAIN CREEP
DEFORMATION  IN/IN  COMPLIANCE DEFORMATION  IN/IN  COMPLIANCE

N IN"2/.8 IN IN"2/LB

FINA AC-10 + 63 KRATON 110! FINA AC-10 + 6% XRATON D1101
TEST TEMP = 90 , IIGMA = 1.683 PSI TEST TEMP = 90 , ZIGMA = 1.609 PSI
$.0 $.S0E-04 7.80E-05  2.32E-0S 1 8.50E-05 4.42E-05 1.37E-0%
1.8 2.03t-04 1.0SE-04 3.13E-05 1.8 1.35E-04 7.02E-05 2.:gE-¢
3.2 2.305-C4  1.20E-04  3,SSE-05 3.2 1.956-04  1.0%E-04  3.156-0S
5.6 2.80E-04 1.46E-04  4,33E-05 5.6 2.50E-04 1.30E-04  4.04E-0S
10.0  3.60E-04 1.87E-04  §,56E-0S 10 2.956-04  1.83E-04 4.778-0S
18,0 4.60E-04  2.39E-04 7.I1E-0S 18 3.3BE-04 1.76E-04  5.45E-05
31.6  S.BOE-04 3.02E-24  8,96E-05 3.6 3.98E-04 - 2.07E-04  6.42E-08
6.2 7.40E-04 J.85E-04 1.14E-04 §6.2  4.60E-04 2.39E-04  7.43E-05
100.0 8.60£-04 4.47€-04  1.33E-04 100.¢  5.20E-04 2.705-04  B.40E-0S
1778 9.40E-04 4.89E-C4 1.45E-04 . 177.8  5.75E-04  2.99E-%4  9.29E-05
3162 1.015-C3  5.25E-04  1.56E-04 316.2  6.60E-04 3.43E-04 1.07E-04
562.3  1.UBE-03  5.628-04  1.67E-C4 §62.3 7.38E-04  3.84C-04 l.:9E-T4
1000.0 1.20E-03  6.228-04  1.85E-04 1000.0  8.45E-04  4.39E-04  1.37E-C
37783 1U34E-03 6.94E-C4  2.TBE-04 1778.3  L.00E-03  5.20E-04  L.628-0
3162.3  1.485-03  7.87€-34 2.28E-04 3162.3  1.22E-03  5.352-04  1.97E-04
3600.0  1.53E-03  7.96E-04  2.36E-04 3600.0  1.A7€-03  £.6iE-04 2.05E-04
1205.6 L.l18-03 0 5.7%E-04 7200.0  8.705-04  4.52t-04

345



Table C-25 Moisture Sensitivity Test Results for Laboratory Mixed/Laboratory Compacted
Mixtures Using Modified Compaction.

i Dry Condition Wet Condition |
| MIXTURE TEST . AR TEWILE. T AR TEWIE . TSR |
| TEMP. VOIDS STRENGTH  VOIDS  STRENGTH |
! F % PSI % 3 ,
| Tontrolr Shanrock AC-20 77 TS 31 T3 73 |
‘ 7.5 89 7.1 81 |
| 71 84 7.6 85 |
! VG 7.4 88 7.2 82 0.93 |
| Fina AC-10 + 3% Styrelf 77 7.0 128 6.4 120 }
, 6.1 133 6.5 112 ,
| 6.8 112 7.1 115 |
! AVG. 6.6 123 6.7 116 0.94 |
| Fina AC-10 + 3x D1101 77 6.9 98 6.9 100 !
! 7.5 101 7.4 88 ,
‘ 7.0 9% 7.5 92 !
} avG, 7.1 98 7.3 93 0.95 |
| Fina AC-10 + 6% D1101 77 7.0 80 6.6 88 |
, 7.1 72 7.0 77 ,
! 7.0 87 7.0 69 |
f aVG. 7.0 80 6.9 78 0.98 |

Table C-26 Moisture Sensitivity Test Results for Plant Mixed/Laboratory Compacted
Mixtures Using Modified Compaction.

- Dry Condition Wet Condition ﬁ'

MIXTURE TEST RS T 1-131-3 (R Y (R TSR !

TENP . VOIDS STRENGTH  VOIDS  STRENGTH :

F % pSI % pSI ,

Fing AC-10 ¥ 3% Syrelf 77 77 T4t TS % }
7.6 124 7.2 110

7.7 140 7.6 141 :

AVG. 7.7 135 7.4 130 0.96 |

Fina AC-10 + 3% 01101 77 7.0 121 6.8 118 }

7.1 118 6.9 116 |

6.8 115 6.8 120 (

AVG. 7.0 118 6.8 118 1.00 |

Fina AC-10 + 6% D1101 77 6.5 116 6.6 108 }

6.8 121 6.4 118 |

6.8 111 6.5 114 ,

VG, 67 116 6.5 13 0.98 |

|
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Table C-27 AGGREGATE GRADATION OF EXTRACTED CORES (DISTRICT 25)

P— N— —_— e ——

c 3% 6%

Combined SDHPT Styrelf Kraton Kraton

Gradation Specification AC=4.94 AC=5.08 AC=4.89

0.0 0

6.5 0-15 6.8 6.7 ‘ 6.5
30.2 21-53 29.9 29.5 30.5
21.4 11-32 22.5 20.9 20.8
58.1 54-74 59.2 57.1 57.8
24.7 6-32 23.4 25.2 25.0
8.2 4-27 8.5 8.3 8.4
5.6 3-27 5.7 5.9 . 5.7
3.4 1-8 3.2 3.5 3.1
100.0 — _ 100.0 100.0 100.0

51% Jarrett Pit Coarse
49% Jarrett Pit Screenings
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District 25 Field Test Sections |
US287 — Donley County, Beginning At The Donley—Hall County
Line @ 1 Mile North Of Memphis, Texas
Date Placed: September 1988—Station 1968+91 To 1721400

April 1989—Station 1721+00 To 1465400

1465400 1529435 1594485 1721400 1826457 1968+91
'(AC—10 ﬁ:E’\‘ =10 14 =10 i Ac—10 ; 5
1|6% Krator{ }|3% Kratory ! - % Lated ! Ac=29 -

L1101 JiCa01 ) 3% Styrelf 5 up-=70) ! : =
becccccwecnducccccccecscadocccccncnerocnecccecvceecndeccneccsccccscnnrnecccccdcccccnncceccccccccsccaaasa ]

; -

: : P

a =

TN ©

-

-

<

.

NOTE: All sections contain 1% lime
Fig C-1 Schematic Illustration of Field Test Sections.
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PERCENT PASSING

GRADATION CHART — SIEVE SIZES RAISED TO 0.45 POWER

100 /J’ —3 (]
DISTICT 25
80 51% CRUSHED GRAVEL - 20
49X SCREENINGS /S
A 7
e o
9 z
60 4 Zz
0.45 POWER 40 <
LINE .~ G
\ il @
P —
VN :
40 > N 60 O
P DESIGN G
el GRADATION o
20 -t 80
[/
M 8
0 (P 100
#200 §BO 40 #0 #4 3/8"  1/2°  5/8" 7/8" 1"

SIEVE SIZES
Fig C-2 Aggregate gradation Chart
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Fig C—4 Penetration at 77 F for Unmodified Shomrock and Modified Fina Binders
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Fig C—5 Retained Penetration at 77 F for Unmodified Shamrock end Modified Fina Binders
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Fig C—~7 Viscosity Ratio at 140 F for Unmodified Shamrock and Modified Fina Binders
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Fig C—9 Viscosity Ratio at 275 F for Unmodified Shomrock and Modified Fing Binders
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Penetration Index or PVN
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Fig C—11 Penetration Index and PVN for Unmodified Shamrock and Modified Fina Bindaers.
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Fig C—12 Cracking Temperature for Unmodified Shamrock and Modified Fina Binders
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Test Temperature, C

Fig C-14 Asphalt Stiffness vs. Test Temperature for Unmodified
Shamrock and Modified Fina Binders.
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Fig C—15 Asphalt Madulus at 39 F for Unmodified Shamrock and Modifled Fina Binders
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APPENDIX D
PRESENTATION OF TEST RESULTS -~ DISTRICT 10

The objectives of Appendix D are twofold: (1) to describe the
site-specific field operations of the test sections along with a
description of the materials; polymers, and construction techniques
used for this field project, and (2) to present the laboratory test
results of the unmodified and modified binders and laboratory mixed
and plant mixed mixtures for the experimental field study in
District 10 of the Texas Department Transportation (TxDOT).

EXPERIMENTAL FIELD PROGRAM

The test pavements were constructed on US 69 in Smith County,
Texas, in July 1990, and involved pavement overlay of two lanes of
the highway. The test sections are shown schematically in Figure
D-1. Each test section was approximately two inches thick, twenty
four feet wide, and 1000 feet long. A total of five test sections
were constructed with four different polymers plus a control.
Field construction was conducted by District 10 of the TxDOT and
assisted by the Center for Transportation Research, the University
of Texas at Austin. The average daily traffic (ADT) was estimated
at 15500 vehicles for the test pavement.

MATERIALS

ASPHALT CEMENT. AC-10 asphalt cements were supplied by Gulf
States Asphalt and Fina 0il & Chemical Co. and used for
polymer-modified mixtures. An AC-20 asphalt cement supplied by
Total Co. was used for the control test section.

GGREGATE. Four aggregates, a type C limestone, a type D
limestone, a limestone screening, and a field sand, were combined
to produce the project gradation. Gradations of individual

aggregates, the project gradation, percentage of each aggregate,
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and the gradation specifications are given in Table D-1. The
project gradation is plotted on a 0.45 power graph in Figure D-2.

POLYMER. Four polymers included in this field project consisted of
one type of Styrene Butadiene Rubber (SBR), two types of Styréne
"block copolymer (SBS) and an Ethylene Vinyl Acetate (EVA). Sources
of these polymers and designations used for this study are shown
below.

SOURCE TYPE DESIGNATION
Goodyear SBR ' UP 70

Elf SBS Styrelf-13
Exxon EVA Polybilt 103
Shell SBS Kraton D1101

Blending of the asphalts and the polymers was performed by the
polymer manufacturers or processors in the refinery or in a
distributor truck. No polymer was introduced into the asphalt
in-line injection system of the plant.

Ethylene Vinyl Acetate. The polybilt 103, a copolymer of
Ethylene Vinyl Acetate (EVA), was obtained from Exxon Chemical Co.

This polymer had a permanent polarity which was associated with the
acetate group. The modified binder contained 97 percent Fina AC-10
and 3 percent polybilt 103.

Styrene Butadiene Rubber. One type of Styrene Butadiene
Rubber, Ultra Pave 70, was included in this field project. The
latex UP 70 was supplied by Textile Rubber and Chemical Co. The
total amount of the UP 70 used in the Fina AC-10 was 3 percent.

Styrene Butadiene Styrene. The Styrelf-13 utilized was a
triblock copolymer of Styrene and Butadiene. The Styrelf modified

binder was blended by Elf Asphalt Co., Lubbock, Texas, for Fina
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AC-10 at_3%'Styrelf-13 by weight of total binder. The Kraton D1101 .
which consisted of a triblock copolymer of Styrene and Butadiene
was obtained from Shell Development Co. The Blend of Gulf AC-10
was used at 3% Kraton D1101 by weight of total binder.

FIELD OPERATION

Approximately 600 tons of each mix were produced using a drum
mix plant. Identical aggregates were utilized throughout the
experiment. Two grades of asphalt cement, AC-10 and AC-20, were
utilized. The Ultra Pave 70 (3 percent), Polybilt 103 (3 percent)
and Styrelf-13 (3 percent) were blended with the Fina AC-10. The
Kraton D1101 (3 percent) was preblended with the Gulf AC-10.

Mixing temperatures for the polybilt 103 and Styrelf-13
mixtures were 325°F, which was incdreased to 330°F for the UP 70
mixtures. The control asphalt, Total AC-20, and the Kraton blend
were mixed at 315°F and 320°F, respectively. The initial breakdown
compaction occurred between 250°F and 270°F, except fbr the
Polybilt 103 mixtures. The polybilt modified mixtures were allowed
to cool to between 200°F and 220°F before rolling, and at these
temperatures the mixtures exhibited good handling characteristics.
The Goodyear UP 70 modified mixture was noticeably stiffer than the
other mixtures, and did not lay as smoothly. Compaction of each
test section was achieved using a vibratory roller, a pneumatic
roller and a steel wheel roller. Environmental conditions during
construction were favorable, with early morning temperatures of
approximately 65°F and afternoon temperatures of 85°F.

Twelve field cores were obtained from each test section soon
after construction. These cores were approximately 4 inches in
diapeter and two inches in thickness. The field cores were
transported to the Center for Transportation Research immediately
after sampling.

PRESENTATION OF TEST RESULTS
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Summaries of test results for the unmodified and modified
binders are presented in Tables D-6 through D-8 and are plotted in
Figures D-3 through D-14.

Summaries of test results for the unmodified and modified

mixtures are presented in Tables D-9 through D-26 and are plotted
in Figures D-16 through D-34.
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Table D-1 AGGREGATE GRADATION (DISTRICT 10)

Limestone
TY C CR. Limestone TY D CR. Limestone Screenings Field Sand
Sieve 30% Sieve 35% Sieve 15% Sieve 20% Combined SDHPT
Analysis Analysis Analysis Analysis Gradation Specification
7/8 to 5/8 in. 5.5 1.7 0.0 0.0 0.0 0.0 0.0 0.0 1.7 0
5/8 to 3/8 in 77.9 23.4 9.2 3.3 0.0 0.0 0.0 0.0 26.7 0-5
3/8 to No. 4 12.1 3.6 53.6 18.8 1.6 0.2 0.2 0.0 22.6 16-42
No. 4 to No. 10 1.6 0.5 29.9 10.5 9.7 1.5 0.2 0.0 12.5 11-37
Plus No. 10 97.1 29.2 92.7 32.6 11.3 1.7 0.4 0.0 63.5 564-72
No. 10 to No.40 1.0 0.3 5.5 1.8 63.3 9.5 0.4 0.2 1.8 6-32
No. 40 to No. 80 0.4 0.1 0.5 0.2 17.5 2.6 43.5 8.7 11.6 4-27
No. 80 to No. 200 0.7 0.2 0.7 0.2 5.5 0.8 51.2 10.2 11.4 3-27
Minus No. 200 0.8 0.2 0.6 0.2 2.4 0.4 4.5 0.9 1.7 1-8

Total 100.0 30.0 100.0 35.0 100.0 15.0 100.0 20.0 100.0
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TABLE D-2  Experimental Testing Program for Unmodified and Polymer-Modified Asphalt Binders

District 10

Penetration Viscosity Softening
--------------------------------------------------- Point
8inder Before RTFOT After RTFOT Before RTFOT After RTFOT Before
------- B Rt (1))

Asphalt  Polymer 39.2F 77°F nE 140 F 275 F 140 F 275°F

Total - 2 2 2 2 2 2 2 2
AC-10

Fina Goodyear 2 2 2 2 2 2 2 2
AC-10 UP 70

Fina Styrelf-13 2 2 2 2 2 2 2 2
AC-10

Exxon Exxon 2 2 2 2 2 2 2 2

AC-10 Polybilt 103

Gulf Shell 2 2 2 2 2 2 2 2
AC-10 Xraton D110}
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TABLE D-3 Experimental Testing Program for Laboratory Compacted-Laboratory Mixed Mixtures
District 10

Modified Compaction Standard Compac{fbn
Binder Resilient modulus Hveem Marshall Creep Fatique Moisture Resilient modulus HQeem Marshall
------------------ 4 Indirect Tensile 140F  140F ] Stress levels Resistance & Indirect Tensile 140F  140F
Asphalt  Polymer Strength 60F 77F 90F 15% 25%  50% Strength
9F  77F  104F I9F  77F  104F

Total - 3 3 3 3 3 2 2 2 2 2 2 3l 3l 3l 3 3l 3.
AC-10

Fina Gdodyear 3 3 3 3 3 2 2 2 2 2 2 3 3 3 3 3 3
AC-10 UP 70

Fina Styrelf-13 3 3 3 3 3 2 2 2 2 2 2 3 3 3 3 3 3
AC-10

Exxon Exxon 3l 3 3 3 3 2 2 2 2 2 2 3 3 3 3 3 3
AC-10 Polybilt 103

Gulf shell I 3 2 2 2 2 2 2 3 B 13

AC-10 Xraton D1101
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TABLE D-4 Experimental Testing Program for Laboratory Compacted-Plant Mived Mixturec
District 10

Modified Compaction Standard Compaction
Binder Resilient modulus Hveem Marshal! Creep Fatique Moisture Resilient modulus Hveem Marshal!l
------------------ 4 Indirect Tensile 140F  140F ] Stress levels Resistance 3 Indirect Tensile 140F  140F
Asphalt  Polymer Strength 60F 77F 90F 15% 2%%  50% Strength
39F  77F  104F 39F  77F  104F

Total - 3 3 3 3 3 2 2 2 ? 2 ? 3 3 3 3 3 1
AC-10

fina Goodyear 3 3 3‘ 3 3 2 2 2 2 ; 2 3 3 3 3 3 7
AC-10 UP 70

Fina Styrelf-13 3 3 3 3 1 2 2 2 2 2 2 3 R NN
AC-10

Exxon Exxon 3 3 3 3 3 2 2?2 2 2 2 2 3 3 3 3 3 3
AC-10 Polybilt 103

Gulf Shell 3 3 3 3 3 2 2 2 2 2 2 3 3 3 3 3 3

AC-10 Kraton D1101




TABLE D-5 Experimental Testing Program for Field Cores.

District 10

Binder Resilient modulus Marshall
------------------ & Indirect Tensile 140F
Asphalt Polymer Strength
39F 77F 104F
Total AC-20 - 3 3 3 3
TFA AC-10 Goodyear UP 70 3 3 3 3
TFA AC-20 Styrelf-13 3 3 3 "3
TFA AC-20 Polybilt 103 3 3 3 3
TFA AC-10 Kraton D1101 3 3 3 3

386



Table D-6 Unmodified and Modified Asphalt Properties before RTFOT.

Fina Fina Exxon Gulf States
Parameter Total AC-10 AC-10 AC-10 AC-10
AC-20 & & & &
3% UP-70 3% Styrelf 3X Polybilt 3% Kraton

Penetration @ 39.2 F (25 C) 10 14 14 14 16

100g, 5 Sec. 9 14 13 15 17

Avg. 10 1% 1% 15 17

Penetration @ 77 F (4 C) 3 92 90 95 90

100g, 5 Sec. e 94 88 97 88

Avg. 74 93 89 96 89

Viscosity @ 140 F (60 C) 2026 2245 2928 2340 3425

Poises 2048 2500 2880 2410 3515

Avg. 2037 2373 2904 2375 3470

Viscosity @ 275 F (135 C) 508 634 750 635 788

Centistokes 512 665 ., 15 645 76

Avg. 510 650 763 640 782

Softening Point, F 128 129 135 140 147

127 130 134 141 146

Avg. 128 130 135 141 147

Penetration Index PI(Pen/Pen) -0.23 0.14 0.30 0.28 1.06

Penetration Index Pl(Pen/SP) 0.62 1.60 2.10 3.07 3.48

Penetration Viscosity Number -0.22 0.47 0.67 0.49 0.71
Stiffness Modulus @ 0.1 Sec ‘

39.2F 6525 2465 2175 2320 1600

T7F 290 174 181 218 232

104F 36 37 31 31 35

Stiffness/Temperature Slope -0.063 -0.051 -0.051 -0.052 -0.046

Penetration Ratio, 77 F 0.59 0.60 0.69 0.66 0.63

Viscosity Ratio 2.36 2.17 2.55 2.45 2.10

Kinematic Vicosity Ratio 1.80 1.45 1.44 1.94 1.35
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Table D-7 Unmodified and Modified Asphalt Properties after RTFOT.

Fina Fina Exxon Gulf States

Parameter Total AC-10 AC-10 AC-10 AC-10

AC-20 & & & &

3X UP-70 3X Styrelf 3X Polybilt 3X Kraton
Penetration @ 77 F (4 C) 43 55 60 63 55
100g, 5 Sec. 45 57 62 63 57
Avg. 44 56 61 63 56
Viscosity @ 140 F (60 C) 4756 5120 7214 5718 7210
Poises 4840 5160 7618 5920 7350
Avg. 4798 5140 7416 5819 7280
Viscosity & 275 F (135 C) 910 925 1100 1220 1042
Centistokes 925 960 1095 1265 1068
Avg. 918 943 1098 1243 1055
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Table D-8 Summary of Predicted Cracking Temperatures for
Unmodified and Modified Asphalt Binders (District 10)

Binder Cracking Temperature

Asphalt Polymer Limiting Critical

Stiffness Stress

Method - Method
Total AC-20 -43 -44
Fina AC-10 Goodyear UP70 ~-54 -55
Fina AC-10 Styrelf--13 -58 ~57
Exxon AC-10 Polybilt 103 -66 -63
Gulf AC-10 3% kraton D1101 ~-68 -66

389



Table D-9 Marshall and Hveem Test Results for Laboratory Mixed/Laboratory Compacted
Mixtures Using Modified Compaction

| | AIR  NVEEM | AIR MARSHALL VALUES |
| MIXTURE I VOIDS STABILITY| VOIDS STABILITY FLOW |
I I % * | % lbs .01 in |
I I I I
I Control: Total AC-20 I 7.1 36| 6.7 529 12.0 |
l l 6.7 3|74 459 9.5 |
| I 6.8 37| 6.8 49 11.0 |
| s |omme e e I
| |AVG. 6.9 3| 6.9 493 10.8 |
I I I I
|  Fina AC-10 + 3% UP 70 | 6.7 36| 6.4 488 12.0 |
| | 6.9 37| 7.0 39 11.0 |
| | 6.7 36| 6.4 693  12.0 |
I I | ommmm e eeees |
| |Ave 6.8 36| 6.6 525  11.7 |
I I I |
| Fina AC-10 + 3% Styrelf | 6.7 36| 7.4 538 14.0 |
| | 7.3 38| 7.0 531 14.0 |
| | 7.2 [ 7.4 531 14.0 |
I I [ ommeee e el I
| |Ave 7.1 36| 7.2 533 14.0 |
I I I I
| Exxon AC-10 + 3% Polybilt | 6.6 %] 7.3 25 12.0 |
| | 7.0 % 7.2 208 1.0 |
| | 7.3 2| 6.8 196  11.0 |
I I [ ommmee e e I
| |Ave 7.0 %] 74 227 1.3 |
I I I I
| Gulf AC-10 + 3% Kraton D1101 | 6.6 3| 7.3 463 13.0 |
I | 6.7 | 7.2 519 12.5 |
| I 7.0 34 | I
I I [ ommeee e e |
| [Ave. 6.8 35| 7.3 49 12.8 |
I
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Table D-10 Marshall and Hveem Test Results for Laboratory Mixed/Laboratory Compacted
Mixtures Using Standard Compaction

I I AIR  HWVEEM | AIR MARSHALL VALUES |
| MIXTURE | VOIDS STABILITY| VOIDS STABILITY FLOW |
| | % x | % lbs .01 in |
I I I I
[ control: Total AC-20 | 4.5 45| 4.2 1307 10.0 |
I | 4.3 4] 3.8 w72 1.0 |
I | 4.2 43 ] 44 1298 10.0 |
I I b | ommemm e e I
| |AvG. 4.3 45 ] 4.1 1359 10.3 |
| I I I
|  Fina AC-10 +3XUP 70 | 4.5 45| 47 1102 10.0 |
| | 4.8 S| 5.2 931  10.0 |
[ | 5.0 46| 4.7 8322  10.0 |
I I e e | ommeee e e [
| [AvG. 4.8 L ) 955  10.0 |
I I I I
| Fina AC-10 + 3% Styrelf | 4.4 5] 4.8 1181 10.0 |
| | 4.1 451 41 1360 10.0 |
[ I 5.2 3| 44 1373 1.0 |
| [ b | omemme e e |
I |AVG. 4.6 45 ) 44 1305 10.3 |
I | | I
| Exxon AC-10 + 3% Polybilt | 3.2 3| 3.4 983 9.5 |
I I 3.7 4| 3.4 990 9.5 |
| | 3.8 41 | |
I [ et [ ommemm mmmes e !
| [Ave. 3.6 3] 3.4 987 9.5 |
| I | I
| Gulf AC-10 + 3% Kraton D1101 | 5.0 2] 4.8 865 9.0 |
| | 4.9 0] 4.3 931 11.0 |
| | 4.7 51 4.7 845 9.0 |
I I I A L |
| [AVG. 4.9 2] 4.6 880 9.7 |
!
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Table D-11 Marshall and Hveem Test Results for Plant Mixed/Laboratory Compacted
Mixtures Using Modified Compaction

AIR HVEEM | AIR  MARSHALL VALUES

| | |
| MIXTURE | VOIDS STABILITYI VOIDS STABILITY FLOW |
I | x x | % lbs .01 in |
| I | l
| Control: Total AC-20 | 7.4 38 | 7.5 700 12.0 |
| | 7.1 36 | 7.2 731 14.0 |
| | 7.4 36 | 7.2 700 13.0 |
| | R [ b I
] |AVG. 7.3 37 | 7.3 710 13.0 |
| | I |
] Fina AC-10 + 3X UP 70 | 7.3 30 | 7.0 357 15.0 |
| | 6.8 31 6.8 452 14.0 |
| | 7.4 28 | 6.9 363 14.0 |
| | I |
| JAVG. 7.2 30 | 6.9 391 14.3 |
| | | |
| Fina AC-10 + 3X Styrelf | 7.0 35 | 7.4 775 16.0 |
| | 7.3 32 | 6.7 781 14.0 |
| | 7.2 32 | 6.9 750 14.0 |
| e [ ommems e e |
| |AVG. 7.2 33 | 7.0 769 14.7 |
I | | {
| Exxon AC-10 + 3% Polybilt | 7.1 33 | 7.1 363 11.0 |
| | 6.8 34 | 7.0 338 11.0 |
| | 6.9 3% | 6.8 338 10.0 |
| I S | ommmmm e e |
| |AVG. 6.9 33 | 7.0 346 10.7 |
] I I I
| Gutf AC-10 + 3% Kraton D1101 | 6.9 34 | 6.7 713 15.0 |
| ] 6.7 38 | 7.4 528 12.0 |
| ] 7.1 35 | 6.5 620 12.0 |
| | i | IR LLLD ]
| |AVG. 6.9 36 | 6.9 620 13.0 |
|
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Table D-12 Marshall and Hveem Test Results for Plant Mixed/Laboratory Compacted
Mixtures Using Standard Modified Compaction

AIR HVEEM | AIR  MARSHALL VALUES

I I I
| MIXTURE | VOIDS STABILITY| VOIDS STABILITY FLOW |
| | % x | % lbs .01 in |
l I I [
|  control: Total AC-20 | 5.1 2] 5.0 1610  10.0 |
| | 4.4 47 44 1703 1.0 |
| | 5.2 6| 4.7 1637 1.0 |
I I e e bty I
I [AVG. 4.9 45| 47 1650  10.7 |
I I I |
|  Fina AC-10 + 3X UP 70 | 3.7 S| 3.2 151 1.0 |
| [ 3.6 42 3.7 1333 1.0 |
[ | 3.5 4 | 3.2 1360  11.0 |
I I mme e | o=mm e e |
| |ave. 3.6 4 | 3.4 - 1621 11.0 |
I I I : I
| Fina AC-10 + 3% Styrelf | 4.8 37| 44 1769 11.0 |
[ | 4.5 ‘38| 3.9 189  11.0 |
| | 4.1 40 4.7 158 1.0 |
I I I I
| [AVG. 4.5 3| 43 12 1.0 |
I I I I
| Exxon AC-10 + 3% Polybilt | 4.1 1] 4.5 865 8.0 |
| | 4.0 39| 4.4 792 9.0 |
| | 4.2 39| 4.0 950 9.0 |
I I A | oommem e e ol
| [AVG. 4.1 40| 4.3 869 8.7 |
| I I I
| Gulf AC-10 + 3% Kraton D1101 | 4.0 42| 45 129  10.0 |
[ [ 4.8 3| 4.6 1122 10.0 |
[ | 5.3 4] 4.8 1043 10.0

I I e I I
I |AVG. 4.7 2] 4.6 1153 10.0 |
I
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Table D-13 Indirect Tensile Test Results for Laboratory Mixed/Laberatory Compacted
Mixtures Using Modified Compaction

TeST AIR INDIRECT STRAIN  SECANT RESILIENT POISSON’S;

i

! MIXTURE TEMP.  VOIDS TENSILE AT MODULUS MODULUS  RATIO |
! F % STRENGTH FAILURE  KSI KSI :
' PSI % i
i : |
! Control: Total AC-20 39 6.9 318 0.21 305 2084 -
! 6.7 372 0.21 357 2107 -
! 7.6 306 0.26 235 . 2167 -
e emeee  eemee eeces | eemecee | eceoeee 1
1 [}
! AVG. 7.1 332 0.23 299 2120 -
[} i
t i
! Fina AC-10 + 3% UP 70 39 6.3 423 0.22 387 2260 - |
! 6.8 453 0.23 395 1892 -
! 6.8 429 0.21 402 1329 -
i - cemee ceeme cee—e ]
i i
: AVG, 6.6 435 0.22 395 1827 -
t [}
1 i
' Fina AC-10 + 3% Styrelf 39 7.3 377 0.24 315 2151 -
! 7.6 363 0.20 357 2867 -
: 7.0 450 0.32 279 2912 -
Vo e eeeew |
} |
: AVG. 7.3 397 0.25 317 2643 -
1 i
] 1
1Exxon AC-10 + 3% Polybilt 39 7.2 282 0.7% 75 922 -
! 7.1 249 0.75 66 1536 -
: 7.3 288 0.75 76 1256 -
C e eeeee  eeece |  eceeee | eceeee  eeme— ]
' AVG. 7.2 273 0.75 72 1238 -
] [}
1 ]
! Gulf AC-10 + 3% Kraton 39 6.9 359 0.70 102 1980 -
: 7.0 340 0.57 119 1705 -
! 7.2 422 0.60 141 2506 -
\ t
| ]
: AVG. 7.0 374 0.62 121 2064 -
1

)
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Table D-13 (Continued)
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TEST AIR INDIRECT STRAIN SECANT RESILIENT POISSON'S;
MIXTURE TEMP. VOIDS TENSILE AT MODULUS MODULUS RATIO
F % STRENGTH FAILURE KSI KSI
pPsl %
Control: Total AC-20 77 7.0 89 1.17 15 333 0.70
7.1 83 1.2% 446 0.3%
7.2 85 1.27 13 402 0.26
avG., 7.1 86 1.23 14 394 0.44
Fina AC-10 + 3% UP 70 77 6.3 67 1.43 9 424 0.36
6.6 85 1.12 15 618 0.21
5.9 84 1.43 12 443 0.40
AVG. 6.3 79 1.33 12 495 0.32
Fina AC-10 + 3% Styrelf 77 7.1 103 2.26 9 395 0.40
7.1 104 2.34 9 339 0.66
7.1 95 2.16 9 542 0.23
avG, 7.1 100 2.25 9 425 0.43
Exxon AC-10 + 3% Polybilt 77 6.8 38 1.27 6 259 0.41
7.3 34 1.40 5 270 0.32
6.6 40 1.30 6 281 0.36
AVG. 6.9 37 1.33 6 270 0.36
Gulf AC-10 + 3% Kraton 77 6.5 52 1.77 [ 412 0.38
7.1 62 1.82 7 262 0.45
6.6 65 1.77 7 542 0.24
AVG. 6.7 60 1.79 7 408 0.36
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Table D-13 (Continued)

TEST AIR INDIRECT STRAIN  SECANT RESILIENT POISSON'S:

]

' MIXTURE TEMP. VOIDS TENSILE AT MODULUS MODULUS ~ RATIO |
' F % STRENGTH FAILURE  KSI KSI !
\ psI % :
: :
! Control: Total AC-20 104 6.9 22 1.61 2.7 174 - '
! 7.1 22 1.52 2.8 192 - i
' 7.0 19 1.64 2.3 156 -
- - comee $ eemeer | eeeme  eecee— ]
1 ]
' AVG. 7.0 21 1.59 2.6 174 -
1 ]
] 1
' Fina AC-10 + 3% UP 70 104 6.9 17 1.61 2.1 100 - !
' 7.2 19 1.30 2.8 110 -
' 6.6 18 1.66 2.1 148 - |
“r e eeeee | ecees o eeeee | eeces  ee——— ]
! AVG. 6.9 18 1.53 2.4 119 -
] i
| t
! Fina AC-1C + 3% Styrelf 104 7.0 20 2.50 1.6 62 - :
! 7.0 21 3.07 1.4 76 -
! 6.6 20 3.07 1.3 146 - :
T e —-— e eecee  ceecer  eceee  eeeee ]
i ]
: AVG. 6.9 20 2.88 1.4 95 -
H 1
i |
‘Exxon AC-10 + 3% Polybilt104 7.1 9 1.20 1.5 105 -
' 7.1 8 1.25 1.3 118 -
: 7.1 8 1.51 1.1 172 -
T emmm|| eeeee eeeme  eweee || eeceeme  eeceee ]
! AVG. 7.1 8 1.32 1.3 132 -
t ]
) R

! Gulf AC-10 + 3% Kraton 104 6.4 1 1.98 1.1 151 - !
' 6.3 11 2.13 1. 106 - |
' 6.7 11 2.18 1.0 177 - !
1 i
i i
' AVG, 6.5 11 2.10 1.0 145 -
1 |
i 1
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Table D-14 Indirect Tensile Test Results for Laboratory Mixed/Laboratory Compacted
Mixtures Using Standard Compaction

TEST AIR INDIRECT STRAIN  SECANT RESILIENT POISSON'S;

MIXTURE TEMP. VOIDS TENSILE AT MODULUS MODULUS  RATIO !

F % STRENGTH FAILURE  KSI KsI |

PSI % X

]

Control: Total AC-20 39 4.5 460 0.24 376 3491 - :

3.7 418 0.21 391 1793 - :

4.2 459 0.25 368 2480 - |

emmmw  eceee  eewes | eeccmw || eeees  eecee- I

]

AVG. 4.1 446 0.24 378 2588 -

)

[}

Fina AC-10 + 3% UP 70 39 4.5 504 0.22 461 1637 - !

4.1 466 0.21 437 1457 -

4 497 0.23 424 1375 -

______________________________ ]

I

AVG. 4.4 489 0.22 441 1490 - l

]

1

Fina AC-10 + 3% Styrelf 39 4.7 521 0.32 328 2212 -

4.2 499 0.26 383 2624 - |

H 5.0 528 0.26 406 1453 - |

«© o eeee || eewee eecwe | eceeee | eeeee ececee= ]

1 1

! AVG. 4.6 516 0.28 372 2097 - |

L I

1 1

'Exxon AC-10 + 3% Polybilt 39 2.9 383 0.47 163 1941 -

: : 3.3 388 0.55 142 1684 - !

! 3.7 416 0.62 133 2176 - :

e eeeee ecewe - - 1

1 I

! AVG. 3.3 396 0.55 146 1934 - i

[} . 1

' Gulf AC-10 + 3% Kraton 39 4.2 469 0.46 203 4206 -

! 4.2 445 0.44 201 4457 -

' 4.7 447 0.49 181 2460 - |

T - ]

] ]

! AVG. 4.4 454 0.47 195 3708 -
]
5
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Table D-14 {Continued)

@ h e P A o e e T o 8 e s b ot = e e . e As v o eh e e A e e e e e W A e B e o e o e Ae e = A - e = e A e

[}
]
i
[}
L}
1
t
1
[}
I
i
|
I
I

TEST AIR INDIRECT STRAIN SECANT RESILIENT POISSON’S)
MIXTURE TEMP. VOIDS TENSILE AT MODULUS MODULUS  RATIO
F % STRENGTH FAILURE  KSI KSI
PSI %
Control: Total AC-20 77 4.0 135 1.12 24 887 0.10
4.1 140 1.12 892 0.11
4.3 129 1.17 22 840 0.12
______________________________ '
AVG, 4.1 135 1.14 23 873 0.11 !
I
i
Fina AC-10 + 3% WP 70 77 5.0 123 1.33 19 546 0.34 !
4.9 108 1.34 16 448 0.44 |
5.6 93 1.77 11 370 0.70 |
i
............... -
AVG, 5.2 108 1.48 15 455 0.49 !
1
Tt
Fina AC-10 + 3% Styrelf 77 4.7 149 1.53 19 472 0.46 |
4.8 151 1.64 18 653 0.26 |
4.8 148 1.56 19 535 0.40 |
1
= TETEs TS TEESS TmEEmms memeT }
AVG. 4.8 149 1.58 19 553 0.37 |
t
Exxon AC-10 + 3% Polybilt 77 3.7 70 1.20 12 489 0.26. |
2.8 77 1.04 15 390 0.52 |
3.4 70 1.07 13 404 0.50 !
AVG. 3.3 73 1.10 13 428 0.43
Gulf AC-10 + 3% Kraton 77 4.4 78 1.43 11 352 0.47
4.5 83 1.51 11 413 0.29
4.5 87 1.46 12 288 0.49
AVG. 4.5 83 1.46 11 351 0.41
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Table D-14 (Continued)
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TEST AIR INDIRECT STRAIN SECANT RESILIENT POISSON'S
MIXTURE TEMP. VOIDS TENSILE aT MODULUS  MODULLUS RATIO
F % STRENGTH FAILURE KSI KSI
PSI %
Control: Total AC-20 104 4.1 38 1.09 7.0 158 -
4.0 41 1.07 7.6 141 -
4.2 38 1.09 6.9 214 -
AVG. 4.1 39 1.08 7.2 71 -
Fina AC-10 + 3% UP 70 104 4.1 26 1.40 3:8 90 -
4.8 27 1.40 3.9 131 -
5.6 25 . 1.77 2.8 89 -
AVG. 4.8 26 1.53 3.5 103 -
Fina AC-10 + 3% Styrelf 104 4.5 40 1.727 4.5 166 -
: 4.7 39 1.82 4.3 167 -
4.3 39 1.87 4.1 95 -
AVG. 4.5 39 1.82 4.3 143 -
(Exxon AC-10 + 3% Polybilt104 3.7 18 1.14 3.2 139 -
3.5 19 1.20 3.2 104 -
3.7 19 1.09 3.4 101 -
AVG. 3.6 19 1.14 3.3 115 -
Gulf AC-10 + 3% Kraton 104 4.9 18 1.82 1.9 83 -
4.5 19 1.77 2.2 107 -
4.8 19 1.82 2.1 96 -
AVG. 4.7 19 1.80 2.1 95 -
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Table D-15 Indirect Tensile Test Results for Plant Mixed/Laboratory Compacted

Mixtures Using Modified Compaction

TEST AIR INDIRECT STRAIN  SECANT RESILIENT POISSON'S;
MIXTURE TEMP.  VOIDS TENSILE AT MODULUS  MODULUS RATIO
F % STRENGTH FAILURE  KSI KSI
PSI % :
Control: Total AC-20 39 7.6 337 0.18 370 1857 -
7.2 312 0.18 383 2230 -
7.1 367 0.21 344 2238 -
AVG. 7.3 339 0.19 356 2108 -
Fina AC-10 + 3% UP 70 39 7.3 356 0.33 214 1402 -
7.3 347 0.38 180 1672 -
7.0 389 0.26 299 1200 -
AVG. 7.2 364 0.33 231 1425 -
Fina AC-10 + 3% Styrelf 39 6.9 400 0.34 236 1770 -
7.5 423 0.29 295 2056 -
7.3 410 0.27 303 2685 -
AVG. 7.2 411 0.30 278 2170 -
Exxon AC-10 + 3% Polybilt 39 6.7 31 0.65 95 1447 -
7.2 271 0.57 95 1562 -
7.2 244 0.57 85 1364 -
AVG. 7.0 275 0.60 92 1458 -
Gulf AC-10 + 3% Kraton 39 6.7 266 0.47 114 1230 -
6.8 304 0.52 117 2029 -
6.9 339 0.52 130 1351 -
AVG. 6.8 303 0.50 120 1537 -
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Table D-15 {Continued)

TEST AIR INDIRECT STRAIN  SECANT RESILIENT POIéSON'S

t

' MIXTURE TEMP. VOIDS TENSILE AT MODULUS MODULUS  RATIO
: F % STRENGTH FAILURE  KSI KsI

, pSI %

]

| Control: Total AC-20 77 7.5 95 1.14 17 621 -

: 7.2 92 1.14 654 -

X 7.3 90 1.20 15 742 -

t

! e mmmee o e oo e
: AVG. 7.3 92 1.16 16 672 -

1

]

! Fina AC-10 + 35 UP 70 77 7.2 73 1.77 8 314 -

: 7.3 71 1.77 8 329 -

: 7.5 78 1.98 8 241 -

! AVG. 7.3 74 1.84 8 294 -

§

I

' Fina AC-10 + 3% Styrelf 77 6.9 108 1.92 11 171 -

| 7.0 95 1.98 10 359 -

: 7.0 103 1.92 11 441 -

: ..... - cemmr | eemee eee——
: AVG, 7.0 102 1.94 11 324 -

i

'Exxon AC-10 + 3% Polybilt 77 7.2 40 1.66 5 249 -

' 6.6 47 1.51 6 221 -

. 6.8 46 1.69 5 218 -

1

L et e emmmn mmmee e mmeee
' AVG. 6.9 44 1.62 6 229 -

]

! Gulf AC-10 + 3% Kraton 77 7.0 65 1.64 8 265 -

H 6.9 72 1.59 9 423 -

: 7.0 68 1.66 8 273 -

b et e mmeme mmmee e e
1

‘

i

AvG. 7.0 69 1.63 8 320 -
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Table D-15 (Continued)

|
i
[}
[}
1
]
1
1
1
l
)
1
]
H
L]
i
[}
i
1
1
{
i
i
i
1
|
1
'
1
1
|
1
1
1
1
i
1
i
)
1
1
1
1
|
t
[}
}
1
1
1
'
1
'
t
t
1
i
)
i
1
i
|
1
)
!
]
1
1
1

|
i
i
|
!
|
[
i
|
1
|
i
¥
|
t
1
1
i
I
|
1
1
i
1
|
1

TEST AIR INDIRECT STRAIN SECANT RESILIENT POISSON’S|
MIXTURE TEMP. VOIDS TENSILE AT MODULUS  MODULUS RATIO
F %X STRENGTH FAILURE KSI KSI
pSI %
Control: Total AC-20 104 7.3 24 1.46 3.3 234 -
7.3 25 1.51 3.3 177 -
6.9 24 1.51 3.2 160 -
AVG. 7.2 24 1.49 3.2 190 -
Fina AC-10 + 3% UP 70 104 7.4 10 1.98 1.1 133 -
7.2 12 1.87 1.3 204 -
7.3 13 2.03 1.3 199 -
AVG., 7.3 12 1.96 1.2 179 -
Fina AC-10 + 3% Styrelf 104 6.9 24 2.50 1.9 184 -
7.1 23 2.08 2.2 148 -
7.2 22 2.18 2.0 202 -
AVG. 7.1 23 2.25 2.0 178 -
Exxon AC-10 + 3% Polybilt104 6.6 1 1.46 1.5 165 -
7.1 8 1.33 1.2 163 -
7.2 8 1.40 1.2 133 -
AVG. 7.0 9 1.40 1.3 154 -
Gulf AC-10 + 3% Kraton 104 7.1 13 1.82 1.4 11 -
6.5 1 2.18 1.0 130 -
6.6 14 1.98 A 186 -
AVG. 6.7 13 1.99 1.3 142 -
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Table D-16 Indirect Tensile Test Results for Plant Mixed/Laboratory Compacted
Mixtures Using Standard Compaction

TEST AIR INDIRECT STRAIN  SECANT RESILIENT POISSON’S;

[}

]

! MIXTURE TEMP. VOIDS TENSILE AT MODULUS MODULUS  RATIO !
X F % STRENGTH FAILURE  KSI KsI |
: PSI % |
: :
! Control: Total AC-20 39 4.6 459 0.21 441 3495 - :
t 47 455 0.21 437 2758 -
; 5.0 450 0.21 432 2295 -
] [}
G TEEEs TEEss TEEes TEEss mEEms mEees i
: AVG. 4.8 455 0.21 437 2849 -
1 1
] ]
! Fina AC-10 + 3% UP 70 39 3.4 495 0.21 475 2290 -
! 3.5 566 0.29 388 1351 - i
: 4.1 565 0.29 395 1368 - '
] }
. TEEEs TmEEEs TEEEs mEEss 0 mEEss mEems {
! AVG. 3.7 542 0.26 419 1670 - |
1 I
] 1
! Fina AC-10 + 3% Styrelf 39 4.3 562 0.23 479 2677 - )
! 4.3 525 0.21 504 2640 -

' 3.8 584 0.25 467 3466 - :
Y mee || eeeee | ececee eemece eecece  cewe— )
i I
' AVG. 4.1 557 0.23 484 2928 - |
1 1
] 1
JExxon AC-10 + 3% Polybilt 39 4.0 373 0.57 130 1812 - :
' 4.1 384 0.57 134 2051 - :
: 3.7 384 0.52 147 1854 - |
i t
\ = i
! AVG. 3.9 380 0.55 137 1906 - :
] ]
] i
| Gulf AC-10 + 3% Kraton 39 4.3 466 0.39 239 2106 -
! 4.5 485 0.52 186 1821 - :
: 4.7 443 0.47 189 2194 -
) 1
v EEESs EEess EEEss memss messs mmess ]
! AVG, 4.5 465 0.46 205 2040 -

\

{
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Table 0;16 (Continued)
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TEST AIR INDIRECT STRAIN  SECANT RESILIENT SOISSON’S!
MIXTURE TEMP. VOIDS TENSILE AT MODULUS MODULUS RATIO
F % STRENGTH FAILURE KSI KSI
Psl %
Control: Total AC-20 77 4, 144 0.78 37 847 -
5.1 137 0.73 629 -
4, 140 0.68 41 676 -
AVG., 4.7 140 0.73 39 717 -
Fina AC-10 + 3% UP 70 77 3.3 143 1.25 23 831 -
3.3 133 1.14 23 472 -
3.9 128 .25 21 891 -
AVG. 3.5 135 1.2 22 731 -
Fina AC-10 + 3% Styrelf 77 4.0 164 1.52 22 561 -
3.8 in 1.46 23 598 -
4.3 156 1.56 20 741 -
AVG, 4.0 164 1.51 22 633 -
Exxon AC-10 + 3% Polybilt 77 3.5 77 1.12 14 244 -
4.0 73 1.14 13 447 -
4.0 72 1.14 13 379 -
AVG. 3.8 74 1.14 13 357 -
Gulf AC-10 + 3% Kraton 77 5.4 97 1.27 15 593 -
4.5 100 1.30 15 327 -
4.7 91 1.40 13 291 -
AVG. 4.9 96 1.33 15 404 -




Table D-16 (Continued)

TEST AIR INDIRECT STRAIN  SECANT RESILIENT POISSON’S,

|

|

! MIXTURE TEMP. VOIDS TENSILE AT MODULUS MODULUS  RATIO

' F % STRENGTH FAILURE  KSI KSI

' pSI %

]

I

' Control: Total AC-20 104 5.1 40 1.25 6.3 217 -

' 4 45 1.09 8.2 150 -

| 4.1 44 1.09 8.1 241 -

3 |
S TEEEs mEETs wEEss mEEss TEEes wEes—— ]
! AVG. 4.6 43 1.14 7.5 203 - !
1 ]
] |
! Fina AC-10 + 3% UP 70 104 3.2 33 1.25 5.3 206 -
! 3.5 31 1.22 5:1 218 - |
' 3.3 32 1.30 5.0 144 - |
L eee|| ewmee eememe | cemeee | ecocee  comwe ]
| 1
: AVG., 3.3 32 1.2 5.1 189 - i
] {
[} 1
' Fina AC-10 + 3% Styrelf 104 4.4 40 1.66 4.8 254 - ;
' 3.6 43 1.61 5 150 - !
! 3.6 44 1.72 5.1 152 - :
1 cocee  cecee cocee ]
i i
! AVG. 3.9 43 1.66 5.1 185 - :
t 1
1 ]
‘Exxon AC-10 + 3% Polybilt104 4.0 19 1.09 3.4 145 - -
! 4.4 16 1.25 2.6 161 - :
' 3.6 20 1.04 3.8 - 148 - |
L me|||| ceowme  ecemeer  eemee ececcme eee—— i
1 ]
: AVG., 4.0 18 1.13 3.3 151 - :
1 1
i 1
' Gulf AC-10 + 3% Kraton 104 4.6 22 1.98 2.2 169 - |
' 4.1 22 1.66 2.6 141 -
' 4.3 21 1.56 2.7 164 -
1 - i
] \
! AVG. 4.3 22 1.73 2.5 158 - :
t ]
1 4
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Table D-17 Alpha and Gnu Parameters for Laboratory Mixed/Laboratory Compacted Mixtures.

‘ TEST AIR - LOAD INDIRECT RESILIEN ALPHA aNY tazIN'S R- SOUR |
NIXTURE TEMP. VOIDS LBS TENSILE STRAIN  =seccvesccccocoos
F ] STRESS  IN/IN § LoG(1) Ea"N SI
PSI
Control: TOTAL AC-20 /77 7.0 &3 8.5 2.3E-05  0.23%)  0.2600  0.7645 -3.1056 0.99%
6.9 63 4.5 2.3E-05 0.2149 0.2150  0.7851 ~-5.2030 0.994
AVG. 7.0 63 4.5 2.3E-05 0.2252 1 0.2385  0.7748 -5.1543
Fina AC-10 + 3% UP-70 77 6.7 53 3.9 1.6E-05 0.2114 0.4565  0.7886 =-5.0390 0.998
6.9 53 3.9 1.6E-05 0.1799 0.1787  0.8201 -5.4634 0.993
AVG. 6.8 53 3.9 1.6E-05 0.1957 0.3176  0.8044 -5.2512
Fina AC-10 + 3% Styrelf 77 6.9 68 4.8 2.4E-05 0.2366 0.2365  0.7634 -5.1340 0.996
. 7.2 68 4.8 2.4E-05 0.1991 0.4662  0.8009 -4.8601 0.996

AvG. 7.1 68 4.8 2.4E-05 0.2179 0.3513  0.7822 -4.9971

7
Fina AC-10 + 3% POLYSILT 77 1.2 23 1.6 1.26-05 0.3459 1.7545 0.6541. -4.4887 0.990 |
7.4 23 1.6 1.26-05 0.3218 1.9318  0.6782 -4.4626 0.989

AvG. 7.3 23 1.6 1.26-05 0.3339 1.8432  0.6662 -4.4757
Fina AC-10 + 3% D1101 77 6.9 38 2.7 1.5€-05 0.1342 0.2879  0.8658 -5.3103 0.99%
6.7 38 2.7 1.56-05 0.1816 0.7615  0.8184 -4.8634 0.997

AvG. 6.8 38 2.7 1.5€-05 0.1579 0.5247  0.8421 -5.0869

- —— s . e —— i A — — v s e e A —— s i — i . ]
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Table D-18 Alpha and Gnu Parameters for Plant Mixed/Laboratory Compacted Mixtures.

; ST AIN LORD TROTRECT TESILIEN ALPRE SN0 LIS R-3T0R
! MIXTURE TENP. VOIDS LBS TENSILE STRAIN eemeeceecmeleeane FOR, |
| F 2 STRESS  IN/IN $ LOG(T) Ea=IN"S]
! pS] |
| —TontrolT TOTAL AC-20 77 7T % JOZIE0 0205 L0098 U005 T3 0.988 |
! 73 98 7.0 21E-05 03344 09440 06636 -4.528 0.980 !
| AVG. 7.3 98 7.0 2.1€-05  0.3170  1.1769  0.6831 -4.4494 {
} Fina AC-10 + 33 UP-70 77 71 58 4.0 2.8E-05  0.1442 0.2726  0.8558 -5.0474 0.994 |
, 71 88 4.1 201E-05  0.2159 0.3080  0.7841 -5.0863 0.995 |
! VG, 7.1 S8 4.1 2.56-05  0.1801  0.2903  0.8200 ~-5.0669 }
! Fina AC-10 + 3t Styrelf 77 6.9 98 7.0 S.UE-05  0.4094 0.6712  0.5906 -4.2404 0.998 |
, €9 98 6.9308E-05 03362 07298 06638 -4.3827 0997 |
} AVE. 6.9 98 6.9 4.4E-05 0.3728  0.7005  0.6272 -4.3116 |
}rina AC-10 + 3% POLYBILT 77 69 23 1.7 1.5E-05 0.1721 0.4687  0.8279 -5.0857 0.993 |
, 6.6 38 2.7 24E-05  0.1236 0.3390  0.6764 -5.0332 01998 |
} AVG. 6.8 31 2.2 1.9E-05 0.1479 0.4039  0.8522 -5.0595 |
L Fina ac-10 + 3t 01101 77 70 48 3423605 0.1528 03744 0.8472 -5.0000 0.999 |
‘ 7.0 28 2.0 1L3-05 0.22712 0.6162  0.7728 -4.9778 0999 |
{ AVG. 7.1 38 2.7 1.8E-05  0.1900 0.4953  0.8100 -4.9889 :
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Table D-19 Fatigue Parameter Values for Laboratory Mixed/Laboratory Compacted Mixtures.

i TEST AIR  LOAD INDIRECT STATIC INITIAL LOAD FATIGUE CONSTANT R-SQUR
|

MIXTURE TEMP. VOIDS LBS  TENSILE MODULUS STRAIN CYCLES ----==-e--eeeeeem FOR

i F % STRESS  KSI  IN/IN Kl K2 Nf=K1(1/Emix)"K
. pSI

! Control: TOTAL AC-20 ~ 77 7.0 63 £.5 46 9.76-05 23235 5.04E-03  1.66 0.980
' 6.9 63 4.5 46 9.76-05 21688

i 7.1 178 12.6 46 2.7€-04 5330

' 7.7 178 127 46 2.8E-04 4969

X 7.0 298 213 46 4.6E-04 1766

. 7.0 298 213 46 4 .6E-04 1404

1

i

! Fina AC-10 + 3% UP-70 77 6.7 83 3.9 37 1.0E-04 16575 4.32E-04  1.91 0.992
; 6.9 53 3.9 37 1.0E-04 18550

' 6.7 163 11.8 37 3.2€-04 2028

' 6.9 163 118 37 3.26-04 1931

‘ 6.7 269 19.3 37 5.26-04 1000

X 6.6 269 19.5 37 5.3€-04 670

]

! Fina AC-10 + 3% Styrelf 77 6.9 68 4.8 25 1.9E-04 22915 2.13E-03  1.88 0.996
, 7.2 68 4.8 25 1.96-04 18600

: 7.0 208 14.6 25 5.96-04 2850

i 6.9 208 14.7 25 5.9E-04 2738

| 7.2 348 4.9 25 1.06-03 881

! 7.0 348 25.0 25 1.0E-03 930

H

'Fina AC-10 + 3% POLYBILT 77 7.2 23 1.6 16 9.9E-05 10225 2.65€-03  1.64 0.994
: 7.4 P& 1.6 16 1.06-04 9935

' 7.0 78 5.5 16 3.4E-04 1106

' 7.2 718 5.4 16 3.46-04 1500

! 6.8 128 8.9 16 5.56-04 626

! 7.2 128 8.9 16 5.6E-04 586

t

|

' Fina AC-10 + 33 D1101 77 6.9 38 2.7 28 9.8E-05 16938 5.36E-03  1.6! 0.957
: 6.7 38 2.7 289.76-05 12719

: 0.8 123 8.9 28 3.2E-04 3864

i 6.6 123 8.9 28 3.26-04 2220

; 7.5 208 147 28 5.36-04 849

' 7.0 208 15.0 28 5.3E-04 909

)

!
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Table D-20 Fatigue Parameter Values for Plant Mixed/Laboratory Compacted Mixtures.

TEST AIR  LOAD INOIRECT STATIC INITIAL LOAD FATIGUE CONSTANT R-SQUR

28 6.0E-04 754

' MIXTURE © TEMP. VOIDS LBS  TENSILE MODULUS STRAIN CYCLES ==-=--=--v-coueu- FOR !
' F 3 STRESS  KSI  IN/IN K1 K2 Nf=K1(1/Emix)"K
! pSI

'

' Control: TOTAL AC-20 77 7.3 98 7.0 43 1.6E-04 14313 7.84E-04  1.95 0.954
! 7.3 98 7.0 43 1.6E-04 21213

! 7.3 188 13.6 43 3.26-04 5794

' 7.6 188 13.6 43 3.2E-04 6975

! 7.2 38 2.7 43 5.3E-04 1928

! 7.2 318 22.9 43 5.3E-04 1485

1

i Fina AC-10 + 3% UP-70 77 7.1 58 4.0 25 1.6E-04 16738 5.89€-03  1.66 0.967
' 7.0 KK 2.3 25 9.3E-05 23308

' 7.0 158 11.1 25 4.5E-04 2746

' 6.9 98 6.9 25 2.8E-04 3660

! 7.2 258 18.0 25 7.2E-04 878

! 7.2 258 17.9 25 7.2E-04 920

1

' Fina AC-10 + 3% Styrelf 77 6.9 98 7.0 29 2.4E-04 19790 7.90E-03  1.74 0.979 !
' 6.9 73 5.1 29 1.8E-04 20510

! 6.9 208 15.0 29 5.2E-04 4350

' 6.6 208 14.9 29 5.1€-04 4410

‘. 7.2 358 25.4 29 8.86-04 1470

: 6.9 358 25.6 29 8.8E-04 1560

'Fina AC-10 + 3% POLYBILT 77 6.9 23 1.7 14 1.2E-04 17996 2.01€-03  1.77 0.991 !
| 6.6 38 2.7 14 2.0E-04 5940

! 7.2 88 6.3 14 4.5E-04 1950

! 7.3 88 6.2 14 4 .4E-04 1823

! 7.0 148 10.6 14 7.5E-04 595

! 7.2 148 10.7 14 7.6E-04 620

1

' Fina AC-10 + 3%3 D1101 77 7.2 48 3.4 28 1.26-04 18088 7.23E-04  1.86 0.990
! 7.2 28 2.0 28 7.1E-05 32070

¢ 6.8 138 10.0 28 3.6E-04 2185

! 6.9 138 9.7 28 3.5E-04 1884

! 7.0 23 16.6 28 5.9E-04 668

' 7.0 233 16.8

]
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Table D-21 Creep Compliance Properties for Laboratory Mixed/

Laboratory Compacted Mixture Using Modified Compaction.

7 Lo9o(

: MIXTURE TEMP. 01 m SHIFT BETA

' F FACTOR)

' Control: Total AC-20 60 1.46E-06 0.67 0.77 0.038
: 77 5.26FE-06 0.6%

' 90 7.16E-06 0.73 -0.41

] .

' Fina AC-10 + 3% UP 70 60 2.09€-06 0.44 0.4 n.129
: 77 4.06E-06 0.67

: 90 6.53E-06 0.¢8 -0.32

1

! Fian AC-10 + 3% Styrelf 60 2.83E-06 0.63 0.40 0.034
: 7?2 S5.8lE-06 0.60

, 90 9.44E-06 0.69 -0.59

‘Exxon AC-10 + 3% Polybilt 60 8.64E-06 0.62 0.39 0.016
: 77 1.34E-05 0.66

, 950 1.8%9E-05 0.61 -0.12

'Gulf AC-10 + 3% Kraton 60 1.84E-06 0.70 0.63 0.039
X 77 S.76E-06 0.66

: 90 1.37E-05 0.65 -0.53

]

Table D-22 Creep Compliance Properties for Plant Mixed/
Laboratery Compacted Mixture Using Modified Compaction.

\ Log(

: MIXTURE TEMP. N1 m SHIFT BETA

! F FACTOR)

! Control: Total aC-20 60 2.23E-06 0.522 1.01 0.066
! 77 4.79E-06 0.682

! 90 9.53E-06 0.961 -0.95%

' Fina AC-10 + 3% UP 70 60 2.66E-06 0.661 0.71 0.038
! 77 7.89E-06 0.662

: 90 1.68E-05 0.638 -0.45

1

' Fian AC-10 + 3% Styrelf 60 3.02E-06 0.580 0.52 0.028
' 77 4.63E-06 0.656

' 90 7.03E-06 0.680 -0.34

]

'Exxon AC-10 + 3% Polybilt 60 5.32E-06 0.632 0.43 0.027
) 77  7.94E-06 0.707

f 90 1.76E-05 0.658 -0.38

qulf AC-10 + 3% Kraton 60 2.46E-06 0.662 0.32 0.033
! 77 4.63E-06 0.623

' 90 1.09E-05 0.638 -0.63:
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Table D-23

Creep Compliance of Laboratory Mixed / Laboratory Compacted Mixtures Using

Modified Compaction.

TIME TOTAL TENSILE TENSILE TIME TOTAL TENSILE TENSILE -

SEC. HORIZONTAL  STRAIN CREEP SEC. HORIZONTAL  STRAIN CREEP
DEFORMATION  IN/IN  COMPLIANCE DEFORMATION  IN/IN  COMPLIANCE

IN IN"2/LB IN IN"2/L8

TOTAL AC-20 TOTAL AC-20
TEST TEMP = 60 , ZIGMA = 7.279 PSI TEST TEMP = 60 , ZIGMA = 7.422 PSI
1.0 4.50E-05 2.34E-05 1.61E-06 1.0 6.25E-05 3.25E-05 2.19E-06
1.8 5.50E-05 2.86E-05 1.96E-06 1.8 8.75E-05 4.55€-05 3.07E-06
3.2 6.50E-05 3.38E-05 2.32E-06 3.2 1.13E-04 S5.85E-05 3.94E-06
5.6 9.00E-05 4.68E-05 3.22E-06 5.6 1.55E-04 8.06E-05 5.43E-06
10.0  1.25E-04 6.50E-05 4.47E-06 10.0  2.15e-04 1.12E-04 7.53E-06
18.0 1.90E-04 9.88E-05 6.79E-06 18.0 3.15E-04 1.64E-04 1.10E-05
31.6 2.8S5E-04 1.48E-04  1.02E-05 31.6 4.73E-04 2.46E-04 1.66E-05
56.2 4.80E-04 2.50E-04 1.71E-05 56.2 7.10E~04 3.69E-04 2.49E-05
100.0 7.20E-04 3.74E-04  2.57E-0S 100.0 1.01E-03 5.25E-04 3.54E-05
177.8  1.156-03 5.98E-04 4.11E-05 177.8  1.45E-03 7.54E-04 5.0BE-05
316.2 1.80E-03 9.36E-04 6.43E-05 316.2 2.03E-03 1.05E-03 7.10E-05
$62.3 2.95€-03 1.53E-03 1.0SE-04 $62.3 2.69E-03  1.40E-03 9.43E-0S
1000.0 4.70E-03  2.44E-03 1.68E-04 1000.0 4.00e-03 2.08E-03  1.40E-04
1778.3 7.38E-03  3.84E-03  2.63E-04 1778.3  5.75E-03  2.99E-03  2.01E-04
3162.3  1.28E-02 6.63E-03  4.56E-04 3162.3 8.40E-03 4.37E-03  2.94E-04
3600.0 1.40E-02 7.26E-03  4.98E-04 3600.0 9.15E-03  4.76E-03  3.21E-04
7200.0 1.27e-02 6.61E-03 7200.0 B8.60E-03  4.47E-03  3.01E-04
TOTAL AC-20 TOTAL AC-20
TEST TEMP = 77 , ZIGMA = 2.415 PSI TEST TEMP = 77 , ZIGMA = 2.514 PSI
1.0 3.00E-05 1.56E-05 3.23E-06 1.0 8.50E-05 4.42E-05 8.79E-06
1.8 3.90E-05 2.03E-05 4.20E-06 1.8 1.40E-04 7.28E-05 1.45E-05
3.2 5.00E-05 2.60E-05 5.3BE-06 3.2 1.70E-04 8.84E-05 1.76E-05
5.6 6.15E-05 3.20E-05 6.62E-06 5.6 2.256-04 1.17E-04 2.33E-05
10.0 B8.50E-05 4.42E-05 9.15E-06 10.0 2.85E-04 1.48E-04  2.95E-05
18.0 1.46E-04 7.59E-05 1.57E-05 18.0 4.03E-04 2.09E-04 4. 16E-05
31.6 2.49E-04 1.30E-04 2.6BE-05 31.6  6.35E-04 3.30E-04 6.57E-05
56.2 4.35E-04 2.26E-04  4.68E-05 56.2 1.05E-03 5.46E-04 1.09E-04
100.0 6.68E-04 3.47E-04  7.19E-05 100.0  1.64E-03 8.53E-04 1.70E-04
177.8  9.50E-04 4 .94E-04 1.02E-04 177.8  2.08E-03 1.08E-03  2.15E-04
316.2 1.356-03 7.02E-04  1.45E-04 - 316.2  2.34E-03  1.21E-03  2.42E-04
562.3 1.95E-03 1.01E-03 2.10E-04 562.3 2.98E-03 1.55E-03  3.08BE-04
1000.0 2.80E-03  1.46E-03  3.02E-04 1000.0  4.63E-03 2.41E-03 4.78E-04
1778.3  4.45E-03 2.31E-03 4.79E-04 1778.3 7.80E-03 4.06E-03 8.07E-04
3162.3 9.20E-03 4.78E-03 9.91E-04 3162.3 1.30E~02 6.74E-03  1.34E-03
3600.0 1.13E-02 5.88E-03 1.22E-03 3600.0 1.46E-02 7.59E-03 1.51E-03
7200.0 1.12E-02 5.83E-03 7200.0  1.42€-02 7.37E-03
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Table D-23 (Continued)

TIME TOTAL TENSILE  TENSILE TIME ToTAL TENSILE  TENSILE

SEC. HORIZONTAL  STRAIN CREEP SEC. HORIZONTAL - STRAIN _ CREEP
DEFORMATION  IN/IN  COMPLIANCE DEFORMATION  IN/IN  COMPLIANCE

IN IN"2/LB IN IN"2/LB

TOTAL AC-20 TOTAL AC-20
TEST TEMP = 90 , ZIGMA = 1.366 PSI TEST TEMP. = 90 , ZIGMA = 1.005 PSI
1.0 7.50E-05 3.90E-05 1.43E-05 1.0 1.50E-05 7.80E-06 3.88E-06
1.8 9.00E-05 4.68E-05 1.71E-05 1.8 2.20E-05 1.14E-05 5.69E-06
3.2 1.50E-04 7.80E-05 2.86E-05 3.2 2.70E-05 1.40E-05 6.99E-06
5.6 2.00E-04 1.04E-04 3.81E-05 5.6 3.60E-05 1.87E-05 9.32E-06
10.0 2.50E-04 1.30E-04 4.76E-05 10.0 5.25E-05 2.73E-05 1.36E-0S
18.0 3.50E-04 1.82E-04 6.66E-05 18.0 8.75E-05 4.55e-05 2.26E-0S
31.6 7.00E-04 3.64E-04 1.33E-04 31.6 1.30E-04 6.76E-05 3.36E-05
56.2 9.00E-04 4.68E-04 1.71E-04 56.2 2.08E-04 1.08E-04 5.37€-05
100.0 1.75E-03 9.10E-04 3.33E-04 100.0 3.60E-04 1.87E-04 9.32E-05
177.8  2.75€-03  1.43E-03  5.24E-04 177.8  6.25E-04 3.25E-04 1.62E-04
316.2  4.25E-03 2.21E-03 8.09E-04 316.2 1.04E-03 S5.38E-04 2.68E-04
562.3 7.25E-03 3.77E-03  1.38E-03 $62.3 1.74E-03 9.02E-04 4 .49E-04
1000.0 9.25E-03 4.81E-03 1.76E-03 1000.0 2.85€-03 1.48E-03 7.37E-04
1778.3  1.25E-02 6.50E-03  2.38BE-03 1778.3  3.65E-03 1.90E-03 9.44E-04
3162.3  1.63t-02 8.45E-03  3.09E-03 3162.3 5.95E-03 3.09E-03 1.54E-03
3600.0 1.68E-02 8.71E-03  3.19€-03 3600.0 6.08E-03  3.16E-03 1.57E-03
7200.0 1.62E-02 8.43E-03 7200.0 9.93E-03 5.16E-03
FINA AC-10 + 3% UP-70 FINA AC-10 + 3% UP-70
TEST TEMP = 60 , ZIGMA = 7.525 PSI TEST TEMP = 60 , ZIGMA = 7.515 PSI
1.0 5.00E-05 2.60E-05 1.73E-06 1.0 9.00E-05 4.68E-05 3.11E-06
1.8 6.70E-05 3.48E-05 2.32E-06 1.8 1.25E-04 6.50E-05 4.33E-06
3.2 8.00E-05 4.16E-05 2.76E-06 3.2 1.73E-04 8.97E-05 5.97E-06
5.6 1.15E-04 5.98E-05 3.97E-06 5.6 2.40E-04 1.25E-04 B8.31E-06
10.0 1.80E-04 9.36E-05 6.22E-06 10.0  3.30e-04 1.72E-04 1.14E-05
18.0 2.53t-04 1.31E-04 8.73E-06 18.0 4.78E-04  2.48E-04 1.65€-05
31.6 3.28E-04 1.70E-04 1.13E-05 31.6 6.95E-04 3.61E-04 2.41E-0S
56.2 4.63E-04 2.41E-04 1.60E-05 56.2 1.04E-03 S5.41E-04  3.60E-05
100.0 7.03E-04 3.65E-04 2.43E-05 100.0 1.58E-03 8.19E-04  5.45E-05
177.8  1.04E-03 5.38E-04 3.58E-05 177.8  2.138~03 1.11€-03 7.35E-05
316.2  1.48E-03 7.67E-04 5.10E-05 316.2  2.95E-03 1.S3E-03 1.02E-04
562.3 2.30E-03 1.20E-03  7.95E-0S 562.3 3.93E-03 2.04E-03 1.36E-04
1000.0  3.40E-03 1.776-03 1.17€-04 1000.0 6.356-03  3.30E-03 2.20E-04
1778.3 5.25E-03 2.73E-03 1.81E-04 1778.3  9.10e-03  4.73E-03 3.15E-04
3162.3 B.85E-03 4.60E-03  3.06E-04 3162.3 1.526-02 7.91E-03  5.26E-04
3600.0 9.73E-03 5.06E-03  3.36E-04 3600.0 1.71E-02 B.89E-03  5.92E-04
7200.0 8.48E-03  4.41E-03 7200.0 1.71E-02 8.89E-03
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Table D-23 (Continued)

TIME TOTAL
SEC. HORIZONTAL
DEFORMATION
IN

TENSILE
STRAIN
IN/IN

TENSILE
CREEP
COMPLIANCE
IN"2/LB

TIME TOTAL TENSILE TENSILE
SEC. HORIZONTAL  STRAIN CREEP
DEFORMATION  IN/IN  COMPLIANCE
IN IN"2/L8

FINA AC-10 + 3% UP-70
TEST TEMP = 77 , ZIGMA = 1.376 PSI

—
o
o

OO WWOWNOBONGTTOOOTN OO

L —

o
o
QO WWOWMNODONGTTOOOCN®O

18.
31.

100.
177.

316.

562.
1000.
1778.
3162.
3600,
7200.0

.00E-05
.00E-05
.75E-05
.25E-05
.00E-05
.75E-05
.10E-04
.70E-04
.63E-04
.35E-04
.25€-04
.60E-03
.23E-03
.23e-03
.13E-02
.30E-02
.29E-02

— 0N W NWON NNV e W

1.56E-05
2.08E-05
2.47E-05
2.73E-05
3.12E-05
4 .03E-05
S.72E-05
8.84E-05
1.376-04
1.74E-04
3.77E-04
8.32E-04
1.68E-03
3.24E-03
5.85E-03
6.74E-03
6.68E-03

5.67E-06
7.56€-06
8.98E-06
9.92E-06
1.13e-05
1.46E-05
2.08E-05
3.21E-05
4 96E-05
6.33E-05
1.37€-04
3.02E-04
6.09E-04
1.18E-03
2.13E-03
2.45E-03

FINA AC-10 + 3% UP-70

2.00E-05
J18E-05
J7SE-05
.25E-05
.55E-04
L65E-04
.30E-04
.BOE-04
.58E-04
.11E-03
.45E-03
.96E-03
.75E-03
.10E-03
.40E-03
.15E-03
.20E-03

NN BN - OO W

1.04E-05
1.64E-05
2.47E-05
4.29E-05
8.06E-05
1.38E-04
2.24E-04
3.54E-04
4.46E-04
5.77e-04
7.52E-04
1.02E-03
1.43E-03
2.13E-03
3.33E-03
3.72E-03
3.74E-03

5.99E-06
9.44E-06
1.42E-05
2.47E-05
4 64E-05
7.94E-05
1.29€-04
2.04E-04
2.57E-04
3.33E-04
4.33E-04
5.87E-04
8.24E-04
1.23€-03
1.92€-03
2.14E-03
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FINA AC-10 + 3% UP-70
TEST TEMP = 77 , ZIGMA = 1.389 PSI

1.0 3.75E-05 1.95E-05 7.02E-06
1.8 5.75E-05 2.99E-05 1.08E-0S
3.2 7.90E-05 4.11E-0S 1.48E-05
5.6 1.03E-04 5.33E-05 1.92E-05
10.0 1.27E-04 6.61E-05 2.38E-05
18.0 1.63E-04 8.48E-05 3.05E-05
316 2.10E-04 1.09E-04 3.93g-05
56.2 2.33E-04 1.21E-04  4.35E-05
100.0 2.68E-04 1.39E-04 5.01E-05
177.8  4.50E-04 2.34E-04 8.43E-05
316.2  7.60E-04 3.95E-04 1.42E-04
562.3 1.23E-03 6.37e-04 2.29E-04
1000.0  1.95€-03 1.01E-03  3.65E-04
1778.3  2.80E-03  1.46E-03  5.24E-04
3162.3  4.46E-03  2.32E-03 8.35E-04
3600.0  4.97E-03  2.58E-03 9.30E-04
7200.0 4.63E-03  2.41E-03
FINA AC-10 + 3% UP-70
TEST TEMP = 90 , ZIGMA = 0.875 PSI
1.0 1.75E-05 9.10E-06 5.205-06
1.8 2.65E-05 1.38E-05 7.88E-06
3.2 3.75E-05 1.95E-05 1.11E-05
5.6 5.40E-05 2.81E-05 1.60E-05
10.0 7.75E-05 4.03E-05 2.30E-05
18.0 9.75E-05 S5.07E-05  2.90E-05
31.6 1.29E-04 6.71E-05 3.83E-05
56.2 1.90E-04 9.88E-05 5.55E-05
100.0 2.65E-04 1.38E-04 7.88E-05
177.8  3.75E-04 1.95E-04 1.11E-04
316.2 5.45E-04 2.83E-04 1.62E-04
562.3 8.40E-04 4.37E-04 2.50E-04
1000.0  1.30E-03 6.76E-04  3.86E-04
1778.3  2.34E-03  1.226-03  6.95E-04
3162.3 4,00E-03 2.08E-03 1.19E-03
3600.0 4.55E-03 2.37E-03  1.3%€-03
7200.0 4.57E-03  2.37E-03



Table D-23 (Continued)

TIME TOTAL TENSILE TENSILE TIME TOTAL TENSILE TENSILE

SEC. HORIZONTAL  STRAIN CREEP SEC. HORIZONTAL  STRAIN CREEP
DEFORMATION  IN/IN  COMPLIANCE DEFORMATION  IN/IN . COMPLIANCE

IN IN"2/LB IN IN"2/.8

FINA AC-10 + 3% STYRELF FINA AC-10 + 3% STYRELF
TEST TEMP = 60 , ZIGMA = 7.348 PSI TEST TEMP = 60 , ZIGMA = 7.371 PSI
1.0 5.50E-05 2.86E-05 1.95E-06 1.0 1.156-04 5.98E-0S 4.06E-06
1.8 8.7SE-05 4.S5€E-05 3,10E-06 1.8 1.50E-04 7.80E-05 §5.29E-06
3.2 1.30E-04 6.76E-05 4.60E-06 3.2 2.00E-04 1.04E-04 7.06E-06
5.6 2.30E-04 1.20E-04 8.14E-06 5.6 2.60E-04 1.35E-04 9.17E-06
10.0  3.23e-04 1.68E-04 1.14E-05 10.0  3.65e-04 1.90E-04  1.29E-05
18.0 4.70E-04 2.44E-04 1 66E-05 18.0 5.10E-04 2.65E-04 1.80E-05
31.6 7.10E-04 3.69E-04 2.S1E-05 31.6 7.35E-04 3.82E-04 2.59E-05
56.2 9.28E-04 4.82E-04 3.28E-05 56.2 1.07E-03 S5.57E-04  3.78E-05
100.0  1.33e-03 6.89E-04 4.69E-0S 100.0 1.53E-03 7.93E-04 5.3BE-05
177.8 1.88E-03 9.7SE-04  6.64E-05 177. 2.15E-03 1.12E-03  7.59E-05
316.2  2,65E-03 1.38E-03 9.38E-05 316.2  3.10E-03 1.61E-03 1.09E-04
562.3 3.83E-03 1.99e-03 1.35E-04 562.3 4.55E-03 2.37E-03 1.61E-04
1000.0 S.50E-03  2.86E-03  1.95E-04 1000.0 6.70E-03  3.48E-03 2.36E-04
1778.3  8.30E-03  4.32E-03  2.94E-04 1778.3 1.01E-02  5.23E-03  3.5SE-04
3162.3  1.29E-02 6.7tE-03  4.57E-04 3162.3  1.56E-02 8.09E-03  5.49E-04
36C0.0 1.43E~02 7.44E-03 5.06E-04 3600.0 1.73E-02 8.97-03 6.09E-04
7200.0 1.25E-02 6.50E-03 7200.0 1.60E-02 8.32E-03
FINA AC-10 # 3% STYRELF FINA AC-10 + 3% STYRELF
TEST TEMP = 77 , ZIGMA = 3.834 PSI TEST TEMP = 77 , IIGMA = 3.771 PSI
1.0 1.05E-04 5.46E-05 7.12E-06 1.0 7.00E-05 3.64E-05 4.83E-06
1.8 1.60E-04 8.326-05 1.09E-05 1.8 1.05E-04 5.46E-05 7.24E-06
3.2 2.20E-04 1.14E-04 1.49E-05 3.2 1.50E-04 7.80E-05 1.03E-0S
5.6 3.20E-04 1.66E-04 2.17E-05 5.6 2.00E-04 1.04E-04 1.38E-0S
10.0 4.238-04 2.20E-04 2.87E-05 10.0 2.58E-04 1.34E-04 1.78E-0S
18.0 5.58E-04 2.90E-04 3.78E-05 18.0  3.75E-04 1.95E-04 2.59E-0S
31.6 7.75E-04 4.03E-04 5.26E-05 31.6 4.55E-04 2.37E-04  3.14E-05
56.2 1.14E-03 5.90E-04 7.70E-05 56.2  6.30E-04 3.28E-04 4.34E-05
100.0  1.47€-03 7.62E-04 9.94E-05 100.0 9.43E-04 4.950E-04 6.50E-05
177.8  1.95€-03 1.01E-03 1.32E-04 177.8 1.35E-03 7.02E-04 9.31E-05
316.2 2.75E-03 1.43E-03 1.87E-04 316.2  2.10E-03  1.09E-03 1.45E-04
562.3 3.88E-03 2.02E-03  2.63E-04 $62.3 2.80E-03  1.46E-03 1.93E-04
1000.0  5.60E-03 2.91E-03  3.80E-04 1000.0 3.70E-03  1.92E-03  2.5S5E-04
1778.3 8.58E-03  4.46E-03  5.82E-04 1778.3  5.40E-03 2.81E-03 3.72E-04
3162.3  1.44E-02 7.46E-03 9.73E-04 3162.3  1.10E-02 5.726-03  7.59E-04
3600.0 1.65E-02 8.58E-03 1.12E-03 3600.0 1.356-02 7.02E-03 9.31E-04
7200.0  1.66E-02 8.61E-03 7200.0 1.32E-02  6.84E-03
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Table 0-23 (Continued)

TIME TOoTAL TENSILE TENSILE TIME TOTAL TENSILE TENSILE

SEC. HORIZONTAL  STRAIN CREEP SEC. HORIZONTAL  STRAIN CREEP
DEFORMATION  IN/IN  COMPLIANCE DEFORMATION  IN/IN  COMPLIANCE

IN IN"2/L8 IN INT2/LR

FINA AC-10 + 3% STYRELF TEXACO AC-10 + 3% STYRELF
TEST TEMP = 90 , ZIGMA = 0.847 PSI TEST TEMP = 90 , ZIGMA = 0.849 PSI
1.0 2.50E-05 1.30E-05 7.68E-06 - 1.0 S5.00E-05 2.60E-05 1.53E-CS
1.8 4.,00E-05 2.08E-05 1.23E-05 1.8 7.00E-05 3.64E-05 2.14E-05
3.2 5.50E-05 2.86E-05 1.69E-05 3.2 9.50E-05 4.945-05 2.91E-05
5.6 7.50E-05 3.90E-05 2.30E-05 5.6 1.40E-04 - 7.28E-05 4.29E-05
10.0  9.00E-05 4.68E-05 2.76E-05 10.0  2.00E-04 1.04E-04 6.13E-05
18.0 1.10E-04 5.72E-05 3.38E-05 18.0 2.95E-04 1.53E-04 9.04E-05
31.6  1.456-04  7.54E-05  4.45E-05 31.6 4.20E-04 2.18E-04 1.29E-04
56.2 2.20E-04 1.14E-04 6.75E-05 56.2 5.75E-04 2.99E-04 1.76E-04
100.0 3.95E-04 2.0S5E-04 1.21E-04 100.0  7.90E-C4 4.11E-04  2.42E-04
177.8  7.25E-04 3.77E-04  2.23E-04 177.8  1.20E-03  6.24E-04  3.68E-04
316.2 1.10E~C3 5.72E-04 3.38E-04 316.2 1.90E-03 9.88E-04  5.82E-04
562.3 1.58E-03 B.19E-04 4.B4E-04 562.3 2.90E-03 1.51E-03 8.88E-04
1600.0  2.58E-03  1.34E-03  7.91E-04 1000.0  4.40E-03 2.29E-03 1.35E-C3
1778.3  4.25E-03 2.21E-03  1.30E-C3 1778.3  6.60E-03  3.43E-03  2.02E-23
3162.3 9.40E-03 4.89E-03 2.89E-C3 3162.3  1.10E-02 S5.70E-03  3.35E-C2
3600.0 1.00E-02 5.20E-03  3.07E-03 3600.0 1.296-02 6.71E-03  3.95E-03
7200.0 6.20E-03  3.22E-03 7200.0  9.95E-03 S5.17E-C3
FINA AC-10 + 3% POLYBILT FINA AC-10 + 3% POLYBILT

TEST TEMP = 60 , ZIGMA = 3.817 PSI TEST TEMP = 60 , ZIGMA = 3.779 DSI
1.6 1.50E-04 7.80E-05 1.02E-05 1.0 1.10E-04 £.72E-05 7.57E-06
1.8 2.1CE-04 1.09E-04 1.43E-0S 1.8 1.75E-04 9.10E-08  1.20E-05
3.2 3.00E-04 1.56E-04 2.04E-05 3.2 2.35E-04 1.22E-04 1.62E-0S
5.6 4.30E-04 2.24E-04 2.93E-05 5.6 3.20E-04 1.46E-04  2.20E-05
10.0 5.80E-04 3.02E-04  3.95E-05 10.0  4.40E-04 2.29E-04 3.03E-0S
18.0 8.45E-04 4.39E-04 5.76E-05 18.0 6.25E-04  3.25E-04  4.30E-0S
31.6  1.26E-03  6.53E-04  8.55E-05 31.6  9.15e-04 4.76E-04 4.30E-05
56.2 1.73E-03 8.97E-04 1.18E-04 56.2 1.36E-03 7.056-04  9.32E-0S
100.0 2.46E-03 1.28E-03 1.67E-04 100.0 1.99E-03 1.03E-03 1.37%-04
177.8  3.35E-03 1.74E-03 2.28E-04 177.8  2.75E-03  1.43E-03 1.8B9E-04
316.2 4.55E-03 2.37E-03  3.10E-04 316.2  4.10E-03 2.13E-C3 2.82FE-04
562.3 6.40E-03 3.33E-03 4.36E-04 562.3 5.95E-03 3.09E-03  4.09E-04
1000.0 9.40E-03 4.89E-03 6.40E-04 1000.0 9.35E-03  4.86E-03 6.43E-04
1778.3  1.59€-02 8.27E-03  1.08E-C3 1778.3  1.65E-02 B8.58E-D3  1.14E-03
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Table D~23 (Continued)

TIME T0TAL TENSILE TENSILE TIME TOTAL TENSILE TENSILE
SEC. HORIZONTAL  STRAIN CREEP SEC. HORIZONTAL  STRAIN CREEP
DEFORMATION  IN/IN  COMPLIANCE DEFORMATION  IN/IN  COMPLIANCE
IN IN"2/LB IN _ CINT2/LB
FINA AC-10 + 3% POLYBILT FINA AC-10 + 3% POLYBILT
TEST TEMP = 77 , ZIGMA = 0.998 PSI TEST TEMP = 77 , ZIGMA = 0.988 PSI
1.0 3.50E-05 1.82E-05 9.12E-06 1.0 6.50E-05 3.38E-05 1.71E-0S
1.8 6.00E-05 3.12E-05 1.56E-05 1.8 1.08e-04 5,59E-05 2.83E-05
3.2 7.25E-05 3.77E-05 1.89E-05 3.2 1.55e-04 B.06E-05 4.0BE-0S
5.6 9.75E-05 S5.07E-05 2.54E-QS $.6 2.35E-04 1.22E-04 6.19E-05
10.0 1.3BE-04 7.15E-05 3.SB8E-05 10.0 3.08E-04 1.60E-04 8.09E-0S
18.0 2.40E-04 1.25E-04 6.25E-C5 18.0 4.00E-04 2.08E-04 1,05E-04
31.6 3.8CE-04 1.98E-04 9.90E-05 31.6 5.68E-04 2.95E-04  1.49E-04
56.2 5.88E-04 3.06E-04 1.53E-04 56.2 8.43E-04 4,38E-04 2.22E-04
100.0 8.15E-04 4.24E-04 2.12E-04 100.0  1.29E-03 6.71E-04  3.40E-04
177.8  1.10E-03 5.72E-04 2.87E-04 177.8  2.00E-03  1.04E-03  5.26E-04
316.2  1.63E-03 8.45E-04  4.23E-04 316.2  3.25E-03  1.69E-03 8.55E-04
$62.3 2.53E-C3 1.31E-03 6.58E-04 562.3 4.90E-03  2.5SE-03  1.29E-03
1000.0 4.25E-03 2.2:1E-03 1.11E-03 1000.0 7.78E-03  4,03E-03  2.04E-03
1778.3  8.95E-03  4.65E-03  2.33E-03 1778.3  1.34E-02 6.94E-03 3.51E-03
FINA AC-10 + 3% POLYBILT FINA AC-10 + 3% POLYBILTY
TEST TEMP = 90 , ZIGMA = 0.840 PSI TEST TEMP = 90 , ZIGMA = 0.726 PSI
1.0 4.5CE-05 2.34E-05 1.39E-CS 1.0 6.00E-05 3.12E-05 2.15E-05
L8 7.25E-05 3.77E-05  2.24E-05 1.8 9.00E-05 4.68E-05 3.22E-0S
3.2 1.00E-04 5.20E-05 3.1QE-0S 3.2 1.20E-04 6.24E-05 4.30E-05
5.6 1.60E-04 8.32E-05 4.95E-05 5.6 1.70E-04 8.84E-05 6.09E-0S
10.0  2.48E-04 1.29E-04 7.66E-05 10.0  2.43E-04 1.26E-04 8.69E-05
18.0 3.33E-04 1.738-04 1.03E-04 18.0 3.48E-04 1.81E-04  1.24E-04
31.6 4.85E-04 2.52E-04 1.50E-04 31.6  4.93E-04 2.56E-04 1.76E-04
56.2 6.90E-04 3.59E-04 2.14E-04 56.2 6.83E-04 3.55E-04  2.44E-04
100.0  9.55E-04 4.97E-04  2.96E-04 100.0 9.88E-04 5.14E-04  3.54E-04
177.8  1.33E-03 6.89E-04 4.10E-04 177.8  1.35E-03 7.02E-04  4.84E-04
316.2  1.90E-03 9.88E-04 5.88E-04 316.2  1.78E-03  9.23E-04  6.36E-04
562.3 2.80E-03 1.46E-03 8.67E-04 562.3 2.39E-03 1.24E-03 8.56E-04
1000.0  4.10E-03  2.13E-03 1.27E-03 1000.0  3.13E-03 1.63E-03 1.12E-03
1778.3  6.58E-03  3.42E-03  2.04E-03 1778.3  4.30E-03  2.23E-03 1.54E-03
3162.3  1.03E-02 5.36E-03  3.19E-03 3162.3  6.09E-03  3.175-03  2.18E-03
3600.0 1.15e-02 5.97E-03  3.55E-03 3600.0  6.65E-03  3.46E-03  2.38E-03
72000  9.53E-03  4.95E-03 7200.0  4.65E-03  2.42E-03
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Table 0-23 (Continued)

TIME TOTAL TENSILE TENSILE TIME TOTAL TENSILE TENSILE
SEC. HORIZONTAL  STRAIN CREEP SEC. HORIZONTAL  STRAIN CReee
DEFORMATION  IN/IN ~ COMPLIANCE DEFORMATION  IN/IN  COMPLIANCE
IN IN"2/L8 N IN"2/LR
FINA AC-10 + 3% D1101 FINA AC-10 + 3% D1101

TEST TEMP = 60 , ZIGMA = 3.870 PSI

ba pa
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100.
277,
316,
562.
1000.
1778.
3162,
36C0.0
7200.0
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N O U W

NO O 00O W
DONTOOTN®O

n w
o
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1000.¢
1778.3
3162.3
3600.0
7200.0

4 .50E-05  2.34E-05
7.50E-05  3.90E-05
1.08E-04  5.59E-05
1.55E-04  8.06E-05
2.50E-04  :.30E-04
3.50E-04  1.82E-04
5.45E-04 2.83E-04
8.48E-04 4.41E-04
1.21E-03  6.25E-04
1.75£-03  9.10E-04
2.47E-03  1.28E-C3
3.53E-03 1.B3E-03
5.05E~03  2.63E-03
7.52E-C3  3.91E-03
1.16E-02  6.02E-03
1.28E-02  6.66E-03
1,13E-02  5.88E-03

FINA AC-10 + 3% D1l

TEMP = 77 , ZIGMA

6.00E-05  3.128-0S
1.00E-04  5.20E-05
1.43E-04  7.41E-0S
2.156-04 1.12E-04
3.05e-04  1.59E-04
4.43E-04  2.30E-04
6.50E-04  3.38E-04
9.70E-04  5,04E-04
1.426-03  7.36E-04
2.10E-03 1.0%E-03
2.85E-03 1.48£-03
4 .25E-03  2.21E-03
5.85£-03  3.04E-03
8.10E-03  4.21E-03
1.28E-02  6.63E-03
1.43E-02  7.44E-03
1.45E-02  7.54E-03

3.02E-06
5.04E-06
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3
5
7
8

0!

22E-06
04E-05
68E-05
3I5E-05
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.69E-05
L13E-05
.18E-04
.66E-04
L37E-04
.39E-04
.0SE-04
.78E-04

60E-04

2.464 PSI
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.33E-06
.06E-05
.S0E-0S
.27E-05
.228-05
.67E-05
.86E-05
.02E-04
.49E-04
.22E-04
.01E-04
.49E-04
.17€-04
.55E-04
.35E-03
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Table D-23 {Continued)

TIME TOTAL TENSILE TENSILE TIME TOTAL TENSILE - TENSILE

SEC. HCRIZONTAL  STRAIN CREEP SEC. HORIZONTAL  STRAIN CREEP
DEFORMATION  IN/IN  COMPLIANCE DEFORMATION  IN/IN  COMPLIANCE

N IN"2/L8 IN IN"2/L8

FINA AC-10 + 3% D110: FINA AC-10 + 3% D1101
TEST TEMP = 90 , ZIGMA = 0.846 PSI TEST TEMP = 30 , ZIGMA = 0.873 PSI
1.0 6.00E-05 3.126-05 1.8B4E-05 1.0 2.00E-05 1.04E-CS 5.96E-Cé
1.8 1.00E-04 5.20E-05 3.07E-05 1.8 3.50E-05 1.82E-05 1.04E-05
3.2 1.50E-04 7.80E-05 4.61E-0% 3.2 5.25€-05 2.73E~05 1.86E-05
5.6 2.00E-04 1,04E-04 6.15E-05 5.6 7.90E-05 4 11E-05  2.35E-05
10.0  2.85E-04 1.48E-04 8.76E-05 1€.0  1.20E-04 6.24E-05 3.57E-05
18.0 4.20E-04 2.18E-04  1.29E-04 18.0 1.80E-04 9.36E-05 5.36E-0S
316 6.056-04 3.15E-04  1.86E-04 31.6 2.55E-04 1.33E-04 7.60E-05
56.2 8.65E-04 4.50E-04 2.66E-C4 56.2 3.60E-04 1.87E-04 1.07E-04
100.0  1.16E-03 6.01E-04  3.55E-04 100.C 5.28E-C4 2.74E-04 1.S7E-04
l77.8  1.70E-02 8.84E-04  5.23E-C4 177.8 7.65E-04 3.98E-04  2.2BE-04
3i6.2 2.50E-C3  1.30E-03 7.68E-04 316.2  1,10S-03 . 5.728-04 3.28E-04
562.3  3.65€-03 L.90E-03 1.12E-03 §62.3 1.53E-03 7.93E-04 4 .54E-C4
1000.¢ 5.50E-03 2.86E-03  i.6%9E-03 1000.0 2.14E-03  :.i1E-03  6.37E-04
1778.3  8.30E-C3  4.328-03  2.55E-03 1778.3  2.67E-03 1.39E-03 7.95E-04
3162.3  1.36E-02 7.07E-03  4.18£-03 3162.3  3.25E-C3  1.695-03  9.68E-04
360C.0 1.50E-C2 7.80E-03 4.61E-03 3600.0 3.35E-03 1.74E-03  9.98E-04
7200.0  1.24E-02  6.42E-03 7200.0 2.16E-03  1.12E-03
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Table D-24

Creep Compliance of Plant Mixed / Laboratory Compacted Mixtures Usizag

Modified Compaction.

TIME TOTAL TENSILE TENSILE TIME TOTAL TENSILE TENSILE

SEC. HYORIZCNTAL  STRAIN CREEP SEC. HORIZONYAL  STRAIN CREEP
DEFORMATION  IN/IN  COMPLIANCE DEFORMATION  IN/IN  COMPIANCE

N IN2/L8 IN INT2/.8

. TOTAL AC-20 TOTAL AC-20
TESY TEMP = 60 , ZIGMA = 7.480 PSI TEST TEMP = 60 , ZIGMA = 7.536 PSI
1.0 S5.00E-05 2.60E-05 1.74E-06 1.0 9.50E-05 4.94E-05 3.28E-0%
1.8 B8.50E-05 4.42E-05 2.96E-06 1.8 1.15E-04 5.98E-05 3.97E-0¢
3.2 1.10E-04 5.72E-05 3.82E-06 3.2 1.45E-04 7.54E-05 5.00E-06
5.6 1.45E-04 7.54E-05 S.04E-06 S.6 1.70E-04 8.84E-05 S5.87E-06
0.0 1.9CE-04 9.88E-05 5.61E-0% 10.0  2.158-04 1.12E-04 7.42E-06
8.0 2.4BE-04 1.29E-04 B.50E-06 18.0  2.70E-04  ©.40E-04 9.32E-06
3.6 2.53E-04 1.B3E-04 1.23E-05 31.6 3.53E-04 1.832-04 1.22-05
56,2 4.90E-04 2.S5E-04  1.7CE-05 $6.2 4.73E-04 2.46E-04 1 .63E-0S
10C.0 6.7CE-04 3.48E-04 2.33E-05 10C.0 6.55E-C4  3.418-04  2.26E-0S
177.8 8.30E-C4 4.32E-04  2.89E-0S 177.8 B8.S0E-04 4.42E-04 2.93E-05
316.2  1.37E-03 7.13E-04 4.76£-05 316.2  1.156-03 £.98E-04 3.97E-05
$62.3 2.10E-03 1.09E-03  7.30E-0S 562.3 1.51E-03 7.85E-04 S.21E-CS
1000.0  2.72E-03  1.41E-03  9.46£-05 1000.0 2.16E-C3 1.126-03 7.45E-05
1778.3  3.77e-03  1.96E-03  1.31E-04 1778.3  3.11E-C3  1.62E-03 1.07E-04
3162.3 4.828-03  2.51£-03  1.6BE-04 3162.3 4.50E-03 2.34E-03  1.55E-04
36C0.0 5.22E-03 2.71E-03  1.81E-04 3600.0 4.88E-03 2.54E-03 1.68E-04
7200.0  4,S57E-03  2.38E-03 7200.0  4.30E-03  2.24E-03 1.48E-04
TOTAL AC-20 TOTAL AC-20
TEST TEMP = 77 , IIGMA = 2.418 PS] TEST TEMP = 77 , ZIGMA = 3.87! PSI
$.0 4.00E-05 2.08E-05 4.30E-06 1.0 1.156-04 5.98E-05 7.73E-04
1.8 7.00E-05 3.64E-05 7.53E-06 1.8 1.70E-04 8.84E-05 1,l4E-CE
3.2 9.C0E-05 4.68BE-05 9.68E-06 3.2 2.25E-04 1.17€-04 ! S1E-0S
5.6 1.10e-04 5.726-05 1.1BE-0S 5.6 3,00E-04 !1.56E-04 2.02E-0S
10.0  1.40E-04 7.28E-05 1.51€-0%5 10.0  4.08E-04 2.12E-04 2.745-05
18.0 2.00E-04 1.04E-04 2.1S5E-05 18,0 5.08E-04 2.64E-04  3.41E-05
316 2.90E-04 1.51€-04 3.128-05 31.6  B8.10E-04 4.21E-04 5 .44F-05
56.2 4.70E-04 2.44E-04  5.05E-05 $6.2  1.13E-03 5.85E-04 7.S6E-05
. 100.0 8.10E-04 4.21E-04 8.71E-05 100.0 1.4BE-03 7.70E-04  9.94E-CS
177.8  1.20E-03  6.24E-04 1.29E-04 177.8  2.10E-03 1.09E-03 1.41E-04
316.2  1.75E-03 9.10E-04 1.88E-04 316.2  3.30E-03 1.72E-03  2.22E-04
562.3 2.50E-03 1.30E-03 2.69E-04 562.3 4.50E-03 2.34E-03 3.02E-04
1000.0  4.50E-03  2.34E-03  4.84E-04 1000.0  6.45E-03  3.356-03 4.33E-04
1778.3 8.50E-03  4.42E-03 9.14E-04 1778.3 1.04E-02 5.38E-03  6.95£-04
3162.3 1.83E-02 9.49E-03  1,96E-03 3162.3  2.13E-02 1.11E-02 1.43%-03
3600.0  2.23E-02 1.16E-02  2.39E-03 3600.0  2.5%E-02 1.33E-02 1.71E-02
7200.0 2.15E-C2  1.12E-02 7200.0 2.49E-02 1.30E-02
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Table D-24 {Continued)

TIME TOTAL TENSILE TENSILE TIME TOTAL TENSTLE TENSILE

SEC. HCRIZONTAL  STRAIN CREEP SEC. HORIZONTAL  STRAIN CRESP
OEFORMATION  IN/IN  COMPLIANCE DEFORMATION  IN/IN  COMPLIANCE

IN INT2/L8 N INT2/L8

TOTAL AC-20 TOTAL AC-20
TEST TEMP = 90 , ZIGMA = 1.348 PSI TEST TEMP = 90 , ZIGMA = 1.729 PSI
1.0 1.00E-04 S5.20E-05 1.93E-05 1.0 2.75E-05 1.43E-05 4.14E-Cé
1.8 1.75E-04 9.10E-05 3.38E-05 1.8 4.00E-05 2.08E-05 6.02E-06
3.2 2.35E-04 1.22E-04 4.53E-05 3.2 6.00E-05 3.12E-05  9.02E-06
5.6 4,00E-04 2.08E-04 7.72E-05 5.6 8.75E-05 4.55€-05 1.32E-05
0.0 7.35E-04 3.82E-04 1.42E-04 10.0 !.156-04 5.98E-05 1.73E-05
18.0 1.256-03 6.50E-04 2.41E-C4 8.0 1.65E-04 B.5BE-05 2.4BE-05
31,6 2.40E-03  1.28E-C3  4.63E-04 31,6 2.23E-04  1.16E-04 3.35E-05
$6.2 4.05E-03 2.11E-03 7.B1E-04 56.2 3.3CE-04  1.72E-04  4.96E-05
100,0  7.35E-03 3.82E-03  L.42E-03 100.0 5.25E-04 2.73E-04 7.90E-05
77,8 1.30E-02 6.76E-03  2.51E-03 177.8  8.5CE-04  4.42E-C4 1.28E-04
316.2  2.55E-02 1.33E-02 4.92E-03 316.2  1.65E-03 8.585-04 2.48E-04
€62.3 4.85E-C2 2.52E-02 9.36E-C3 $62.3  3.35€-03  1.74E-02  5.04E-04
1000.C 7.75E-02 4.03E-02 1.50E-02 1000.0 5.906-03 3.07E-03 8.87%-04
FINA AC-10 + 2% UP-70 FINA AC-10 + 2% UP-70
TEST TEMP = 60 , ZIGMA = 7.341 ©SI TEST TEMP = 60 , ZIGMe = 7,262 ©SI
1.0 8.50E-05 4.42E-05 3.0lE-06 1.0 9.50E-05 4.94E-05 3.40E-06
1.8 1.15€-04 5,98E-05 4.07E-08 1.8 1.256-C4 6.50E-05 4.48E-06
3.2 1.55E-04 B.06E-05 5.49E-06 3.2 1.656-04 B8.58E-05 5.91E-Cé
5.6 2.18E-04 1.13E-04 7.70E-C6 5.6 2.50E-04 1.30E-04 B8.95E-06
10.0  3.05-04 1.59E-04 1.08E-0S 10.0  3.70E-04 1.92E-04 1.32E-C5
18.0 4.20E-04 2.18E-04 1.49E-05 18.0 5.40E-04 2.8l1E-04 1.93E-05
31.6 5.70E-04 2.96E-04 2.02E~05 31.6 B.00E-04 4.16E-04 2.86E-05
56.2 8.40E-04 4.376E-04 2.98E-05 56.2 1.12E-03 5.80E-04 3.99E-05
100.0  1.26E-03 6.55E-04  4.46E-05 100.0 1.66E-03 8.63c-04 5.94E-05
177.8  1.84E-03 9.57E-04  6.52E-05 177.8  2.33€-03 1.21E-03 2.34E-05
316.2  2.64E-0C3  1.37E-C3 | 9.35E-05 316.2  3.33Ee-03 1.73E-03 1.1%9E-04
562.3 3.95E-C3 2.CSE-03  1.40E-04 562.3 5.08E-03 2.64E-03 1,82E-04
1000.0 5.55E-03 2.89E-03 1.97E-04 1000.0 8.13E-03 4.23E-03 2.91E-04
1778.3  7.95E-03 4.13E-03 2.82E-04 1778.3 1.3%E-02 7.04E-03  4.85E-04
3162.3  1.13e-02 5.88e-03  4.0CE-04 3162.3  2.48E-02 1.29E-02 8.B7t-04
360C.0  1.24E-02 6.45E-03  4.39E-04 3600.0 2.89E-02  1.50E-02  1.04E-03
720C.0  1.17E-02  6.06E-03 7200.0  2.74E-02  1.42E-02
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*able D-24 (Continued)

TIME TOTAL TENSILE TENSIE TiMe TOTAL TENSILE TENSILE
SET. HORIZONTAL  STRAIN CREED SEC. HORIZONTAL  STRAIN CReco
DEFORMATION  IN/IN  COMPLIANCE DESORMATICN  IN/IN  COMPLIANCE
N : IN"2/L8 IN IN2/R
CINA AC-10 + 3% UP-70 FINg 8C-1C + 3% LP-70
TEST TEMP = 77 , ZIGMA = 6.664 ©OSI TEST TEMP = 77 , I1GMp = 3.9C7 ©o¢I
1.0 3.25E-04 1.69E-04 1.275-CS . 1.0 B.50E-05 4.425-05  5.6£E-0%
1.8 4.50E-04 2.34E-04 1.76E-05 1.8 1.10E-04 5,728-05  7.328-06
3.2 5.656-04 2.94E-04  2.20E-CS 3.2 2.25e~C4 1.17E-04 I.SQ0E-0S
§.6 6£.45E-04 3.46E-C4 ~ 2.60E-05 5.6 3.2CE-04 . 1.66E-04 2.13E-05
0.0 9.5CE-C4  4,94E-04  3.715-05 10.0 4.40E-0¢ 2.29E-0¢  2.93E-05
8.0 1.33E-03 6.89E-04 5.17E-05 18.0 S5.75E-04 2.99E-04  3.83E-05
31.6 2.03e-03 1.0%E-03 7.90£-05 31.6 B8.4CE-04 4 37E-04 5.59¢-05
56.2 3.ISE-03 1.64E-03  1.23E-D4 56.2 1.36E-03 7.05E-04 9.025-05
i00.0  5.18E-03  2.69E-03  2.02£-04 100.0 1.68E-03 8.71E-04 1.11E-04
177.8 8.40E-03 4.37€-03 3.2BE-04 177.8  2.61E-03  1.35E-03 1.73E-04
316.2 1.098-C2 5.67£-03 4.25E-04 316.2  3.90E-03 2.03E-03 2.40E-04
£62.3 2.54E-02 1.328-02 9.9iE-C4 562.3 5.50E-03  2.86E-03  3.66E-C4
FINA AC-10 + 3% UP-70 FINA AC-10 + 3% UP-70
TEST TEMP = 90 , ZIGMA = 0.997 PSI TEST TEMP = 90 , ZIGMA = 0.839 ©0<I
©.C B.00E-05 4.16E-05 2.09E-05 1.0 S.00E-05 2.6CE-0S  !.SSE-05
1.8 L.I5E-04 S5.98E-05  3.00E-0S 1.8 7.50E-05 3.90E-05 2.32€-CS
3.2 1.48E-04 7.67E-05 3.85E-05 3.2 1.00E-04 S5.20E-05 3.:0E-0S
5.6 2.08E-04 1.08E-04 5.415-05 5.6 1.50E-04 7.80E~05 4.65€-05
10.0  2.75E~04 1.43E-04 7.175-05 0.0 2.00E-C4  1.04E-04 6,20E-0%
18.0 3.80E-04 1.98E-04 9.91E-0% 18.0 3.00E-04 1.56E-04 9.308-0%
31.6 5.40E-04 2.81E-04 1.41F-C4 31.6  4,00E-04 2.08E-04  1.24E-04
56.2 7.70E~04 4.00E-04 2.01E-04 56.2 6.00E-04 3.126-04 1.86E-D4
100.0  1.21E-03 6.29E-04 3.l6E-04 100.0  1.40E-03 7.28E-04 4.24E-04
177.8 1.B5E-03 9.62E-04  4.83E-04 177.8  1.88E~C3 9.75E-04 5.81E-04
316.2  2.75E-03 1.43E-03 7.17E-04 316.2  2.06E-03  1.078-03 6.37E-04
562.3 4.05€-03 2.13E-03  1.06E-03 562.3 2.36E-03  1.228-C3  7.3CE-04
1000.0 6.30E-03  3.28E-C3  1.64E-03 1000.0  3.11E-03  1.61E-03 9.62E-04
1778.3  1.098-C2 5.67E-03  2.84t-03 1778.3  4.608-03 2.39E-03  1.422-02
3162.3  0.00E+00  0.00E+00  0.00E+00
3600.0 0.Q00E+0C  0.00E+00  0.00E+00
72¢C.0  T.CCE+00  C.CCE+00
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Table D-24 (Continued)

TIME TOTAL TENSILE TENSILE TIME TCTAL TENSILE TENSILE

SEC. HORIZIONTAL  STRAIN CREED SEC. HORIZONTAL  STRAIN CRESC
DEFORMATION  IN/IN  COMPLIANCE DEFORMATION  IN/IN  COMPLIANCE

IN IN"2/L8 IN IN"2/18

FINA AC-10 + 3% STYREL® FINA AC-10 + 3% STYRELF
TEST TEMP = 60 , ZIGMA = 7.405 PSI TEST TEMP = 60 . ZIGMA = 7.408 PSI
1.0 1.00E-04 5.20E-05 3.51E-06 1.0 9.50E-05 4.942-05  3.33E-0%
1.8 1.40E-04 7.28E-05 4.92E-06 1.8 1.156-04 5,98E-05 4.04E-06
3.2 1.85E-04 9.62E-05 6.S0E-06 3.2 1.45E-04 7.54E-05  S.0Q9E-06
5.6 2.60E-04 1.35E-04 9.13E-06 5.6 1.90E-04 9.88E-05 6.67E-06
0.0 3.60E-04 1.87E-04 1.26E-CS 10.¢  2.56E-04 1.332-04 8.99E-06
18.C 5.C0E-04 2.60E-04 1,76E-C5 18.0 3.83E-04 1.99%-04 1.34E-05
315 6.60E-04  2.43E-04 2.32E-C5 31.6 5.85E-04 3.04E-04 2.05€-05
5¢.2 8.E5E-04  4.45E-04  3.00E-CS 56.2 9.0CE-C4 4.48E-04  3,18E-05
100.0  1.192-03  6.19E-04 4.1BE-CS 100.0  1.356-C3 7.00E-04 4.72€-05
177.8  1.58E-03 8.:9E-04 £.S3E-CS 177.8  1.8CE-D3 9.36E-04 5.32E-05
316.2  2.10E-03  1.09E-03 7.372-0% 316.2  2.50E-03  1.30E-03 8.78E-05
562.3 2.98E-03  1.55E-03 1.04E-04 562.3 3.43E-03 I1.78E-03 -1.20E-04
1000.0 4.33e-C3  2.25E-03 1.525-04 1000.0 4.78E-03 2.485-03  1.68E-04
1778.3  6.58E-03  3.42E-03  2.31E-04 1778.3  6.75E-03  3.81E-C3 2.375-C4
3162.3  1.028-02 5.32E-03  3.59%-04 3162.3  9.78£-C3  5.08E-03  3.43E-C4
3600.C 1.1iE-02 5.76E-03  3.89E-04 3600.0 1.C7E-C2 5.579-03  3.74E-04
7200.0 1.06E-02 5.50E-03 7200.0 9.8CE-C3  5.105-03
FINA AC-10 + 3% STYRELF FINA AC-10 + 2% STVRELF
TEST TEMP =.77 , ZIGMA = 1.350 PS! TEST TEMP = 77 , ZIGMA = 1.344 PSI
1.0 3.50E-05 1.826-05 6.74E-06 1.0 2.756-05 1.43E-05 5.328-C6
1.8 4.5CE-05 2.34E-05 8.67E-06 1.8 4.40E-05 2.29E-05 8.51E-06
3.2 5.50E-05 2.86E-05 1.06E-0S 3.2 5.60E-05 2.91E-05 1.08E-05
5.6 7.20e-05 3.74E-05 1.39E-05 5.6 8.10E-05 4.2:£-05 !.S7E-05
10.0 8.90E-05 4.63E-05 L1.71E-05 10.0 1.07E-04 5.54E-C5 2.06E-05
18.0 1.34E-04 6.97E-05 2.58E-05 18.0 1.36E-04 7.0S5E-CS  2.52E-0S
31.6 1.75E-04 9.10E-05 3.37E-05 1.6 2.13E-04 1.115-04 4,12€-CS
56.2 2.23E-04 1.16E-04 4.29E-CS 56.2 3.25E-04 !.69E-04  6.29E-0%
100.0  3.05E-04 1.59E-04 5.88E-CS 100.0 5.08E-04 2.64E-04 9.82£-05
177.8 4 .35E-04 2.26E-04 8.38E-05 177.8  8.005-04 4,16E-04 1.SS5E-0¢
316.2  7.20E-04 3.74E-04  1.39E-04 316.2  1.14E-03 5.93E-04 2.21S-C¢
562.3 1.13E-03 5.85E-04 2.:7E-04 562.3 1.62E-03 8.40E-04 3, 12E-04
1000.0  1.90E-03 9.88E-04  3.66E-04 1000.0 2.68E-03 1.39E-03 5.18E-04
1778.3  3.13E-03 1.63E-03 6.C2E-C4 1778.3  4.17E-03 2..175-03 8.06E-04
3162.3 5.30E-03 2.76E-03  1.02E-03 3162.3  6.55E-03  3.41E-03 1.27E-03
36C0.0  6.05E-03 3.15E-03 1.17E-C3 3600.0 7.28E-03 3.78E-03  1.41E8-02
7200.¢  5.55E-03  2.89E-43 7200.0 7.03E-C3  3.65E-C3
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Tahle D-24 {Continued)

TIME TOTAL TENSILE TENSILE TIME TOTAL TENSILE TENSILE
SEC. HCRIZCNTAL  STRAIN CREEP SEC. HCRTIIONTAL  STRAIN 7REED
DECCRMATION  IN/IN  COMPLTIANCE DEFORMATION  IN/IN  COMPLTANCE
N IN"2/.8 N N2/
FINA AC-10 + 3% STYRELF TEXACC AC-1C + 3% STYRELF
TEST TEMP = 90 , 7IGMA = 0.858 PSI TEST TEMP = 9C , ZIGMA = C.BS5 PSI
1.0 5.00E-06 2.60E-06 1.52E-06 1.0 "4.00E-05 2.08E-05 1.228-C5
1.8 1.00E-05 5.20E-06  3.CAE-06 1.8 6.00E-05 3.128-05 1.82¢-CS
3.2 1.50E-05 7.80E-06  4.56E-06 3.2 B.25E-05 4.295-05 2.51E-QS
5.6 2.00E-05 1.04E-05 6.08E-06 5.6 1.23E-04 6.37E-05 3.73E-05
0.0 4.00E-05 2.08E-05  1.22E-05 10.0  1.75E-04 9.1CE-05 5.32E-05
18.0 7.50E~05 3.90E-05 2.28E-05 18.C  2.53E-04 1.31E-04 7.68E-05
31.6  1.25E-04 6.50E-0S  3.80E-05 316 3.93E-04 2.04E-04 1.19E-04
§6.2 2.05E-04 1.079-04 6.24E-05 $6.2 5.95E-04 3.09E-04  1.81E-04
000 3.10E-04  1.61E-C4  9.43E-CS 100.¢  8.90E-04 4.632-04 2.71E-04
77.8 4.5CE-04 2.34E-04 1 .37E-04 177.8 1.20E-03 6.24E-04  3.65E-04
315.2  6.50E-04 3.38E-04 1.98E-04 3:6,2  1.55E-C3 8.06E-C4 4.71E-04
562.3 1.10E-03 5.72%-04 3.38E-04 £62.3 2.10E-03  1.09E-03  6.39E-04
100C0.C  1.85E-C3 9.625-04  5.63E-04 1000.0 2.926-03  1.52¢-C3 3.87E-C4
1778.3  3.15E-03 1.64E-03 9.S8E-C4 1778.3  4.05E-03  2.1iE-03 1.23e-72
3162.3  5.35E-C3  2.78E-03  1.63E-03 3162.3  6.18%-C2  2.21E-03  1.88E-C2
36C0.0 5.60E-03  2.91E-03  1.70E-03 3600.0  6.58E-C3  3.428-07 2.0CE-02
720¢.0  4.105-C3  2.13E-03 7200.0  5.13E-03  2.647E-03
FINA AC-10 + 3% POLYBILT FINA AC-10 + 3% PCLVBILY
TEST TEMP = 60 , ZIGMA = 3.868 PSI TEST TEM® = 6C , ZIGMA = 7.5C4 ©OtI
L0 1.10E-C4 5.728-05 7.40E-06 1.0 1.50E-04 7.80E-05 5.20E-06
1.8 1.50E-04 7.80E-05 1.0iE-0S 1.8 2.28E-04 1.17E-04 7.20E-0¢
3.2 1.90E-04 9.88E-05 1.288-05 3.2 2.95E-04 1.52€-04 1.,02E-(S
5.6 2.45E-04 1.27E-04 1.658-0% .6 4.20E-04 2.1BE-04 1.46E-0F
1.0 3.25E-04 1.69E-04 2.19E-05 10.0 5.l15E-C4 2.6BE-04 1.78E-05
18.0 4.60E-04 2.39E-04  3.09E-0S 18.0 7.05E-04 3.67¢-04  2.44E-05
31.6 6.70E-04 3.48E-04 4.50E-05 31.6  1.10E-C3 5.72€-04 3.8lE-CS
56.2 9.0S5E-04 4.71E-04 6.08E-05 56.2 1.72E~C3  8.95E-C4  S5.96E-CS
100.¢ 1.396-03 7.23E-04 9.35E-C5 100.0  2.728-03  1.41£-03 G.43E-05
177.8  1.93e-03 1.00E-03 1.29E-04 177.8  4.30E-03 2.24E-03 :.49E-24
316.2  2.75E-03 1.43E-03 1.85E-04 316.2  6.65E-03  3.46E-03 2.30t-04
$62.3 3.90E-03 2.03E-03 2.62E-04 - 562.3  9.40E-03 4.89E-03  3.24E-04
1000.0 5.75E-03 2.99e-03  3.87E-04 1000.0 1.97e-02 1.025-02 6.815-04
1778.3  B.95E-03  4.65E-03  6.02E-04
3162.3 1.46E-02 7.57E-C3  9.78E-04
3600.C  1.64E-02 8.50E-03 .1CE-03
7200.0 1.58E-02 8.19E-C3  1.06E-03



Table $-24 {Continued)

TIME TOTAL TENSILE TENSILE TIME TCTaL TENSILE TENSILE

SEC. HORIZCONTAL  STRAIN CREEP SEC. HORTIONTAL  STRAIN 7Rtes
DEFCRMATION  IN/IN  COMPLIANCE CEFORMATION  IN/IN  COMOL TANCE

IN IN"2/.8 N INT2/8

FINA AC-10 + 3% POLYBILT FINA AC-10 + 3% POLVYBILT
TEST TEMP = 77 , ZIGMA =1.225 PSI TESY TEMP = 77 , ZIGMA = 0.995 ©S!
1.0 3.50E-05 1.82E-05 7.43E-06 1.0 4.00E-05 2.08E-05 1.0SE-CS
1.8 5.50E-05 2.86E-CS  1.17E-05 1.8 S5.75E-05 2.99E-05  L,SQE-CS
22 7.75e-C5 4,03E-05  L.65E-05 3.2 7.75E-05 4.03E-05 2.03E-05
5.6 1.15E-D4 5,98E-05  2.44E-0S g6 1.1CE-04 5.72€-05 2.87E5-05
10.C 1.65E-C4 8,58E-QS  2.5CE-0 10.0 1.50E-04 7.80E-C5 2.92E-0S
:8.0 2.40E-04 1.28E-04  B.09E-0S 18.0 2.20E-04 !.14E-04 S.75E-05
31,6  3.458-04 1.79E-C4 7.326-CS 31.6  3.60E-04 1.87E-04 9 .41E-05
6.2 4.85E-04 2.82E-04 1,03E-C 5.2 5.93E-04 3.08E-04 1.55E-04
100.0 6.85E-04 3,56E-04 L .45E-04 10C.C 9.75%E-C4 5.07E-04 2.55E-04
i77.8  9,50E-C4 4 ,94c-04  2.02E-C4 177.8 1.55E-03 B.06E-04 4 05E-04
3i6.2 1.37E-03 7.1CE-04 2.90E-04 316.2  2.5CE-03 ~ 1.3CE-03 6.53E-04
562.3 2.028-03 1.05E-03 4.285-C4 £62.3 3.75E-03 1.95E-03 9.80E-C4
1C0C.0  3.03E-03 !1.57E-03 6.42€-04 1000.0 5.85£-03 3.04E-03 1.53E-02
1778.3 4,95%E-03 2.57E-03  1.CSE-03 1778.3  9.60E-03  4.99E-03 2.81€-¢3
FINA AC-10 + 3% POLYBIL FINA AC-10 + 3% POLYBILT
TEST TEMP = 90 , ZIGMA = 0.856 ©PSI TEST TEMP = 90 , ZIGMA = .87% P<I
1.0 5.50E-0S  2.B6E-0S  1,67E-05 1.0 7.00E-05 3.64£-05 2.08E-0S
1.8 9.00E-05 4.688-05 2.73E-CS 1.8 1.03E-04 5.33E-05 2.04E-7%
3.2 1.30E-04 6.76E-05  3.95E-05 3.2 1.,30E-04 6.76E-05 3.86E-05
5.6 1.85E-04 9.62E-05 5.628-05 5.6 1.70E-04 8.84E-05 5.052-C
10.0  2.70E-04 1.40E-04 8,20E-05 0.0 2.18E-04 1,13E-04 6.46E-05
18.0 4.08E-04 2,12€-04 1,24E-04 18.0 2.98E-04 +.S8E-04 B.83E-0°
31.6 6.20E-04 3.22E-04 1.88E-04 31.6 4.35E-04 2.26E-C4 1. 29E-C4
56.2 9.55E-04 4.97E-04 2.90E-D4 56.2 6.63E-04  3.45E-04 1.97E-04
100.0  1.50E-03 7.80E-04 4 .56E-04 1060.C  1.026E-03 £.31E-04 3.03E-74
177.8  2.10E-03 1.09E-C3 6.3BE-04 177.8  1.40E-03 7.28E-04 4. 16E-0¢
316.2 3.03E-03 1.57E-C3  9.19E-04 316.2 1.85E-03 9.62E-04 5. 49E-04
562.3 4.48E-03 2.33E-03 1.36E-03 562.3 2.66E-03  1.38E-03 7.90E-04
1000.0 7.40E-C3  3.85E-03  2.28E-03 1000.0 3.80E-93 1.98E-03  1.13E-03
1778.3  1.30E-02 6.76E-03  3.95E-C3 1778.3 5.48E-03 2.85E-03 1.635-03
3162.3  9.00E-03 4.68E-03 2.67%-03
3600.0 1.03E-02 5.34E-02 3.0%%-C3
7200.0 7.93E-03 4.12e-02
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Table D-24 {Continued)

TIME TOTAL TENSILE TENSILE TIME TOTAL TENGILS ToNels
<EC. HORIZONTAL  STRAIN CREEP SEC. HORIZONTAL  STRAIN ZRECC
DEFORMATION  IN/IN  COMPLIANCE CEFORMATICN  IN/IN  COMPLIANCE
N IN2/.8 IN INT2/8
FINA AC-10 + 3% D1101 FINA aC-10 + 2% D1101
TEST TEMP = 60 , ZIGMA = 3.194 PSI TEST TEMP = 60 , ZIGMA = 3.182 PSI
1.0 7.50E-06 3.90E-06 6.11E-07 1.0 5.00E-CS  2.60E-CS  4.13E-0¢
1.8 1.50E-05 7.80E-06 1.22E-06 1.8 B8.S0E-05  4.428-05  7.01t-0%
3.2 2.008-C5  1.04E-05 1.63E-06 3.2 1.IBE-04 6,LIE-0S 9.49E-06
5.6 3.00E-05 1.56E-05  2.44E-06 5.6 1.70E-04 8.84E-05  1.40E-05
16.0 4,00E-05 2.C8E-0S  3.26E-06 10.0  2.3CE-C4  1.202-04  1.90E-CS
18,0 S5.00E-05 2.6CE-05 4.07%-C6 18.0  3.43E-04  1.78E-04 2.33E-05
316 7.00e-05  3.64E-05  £.70E-06 31,6 5.04E-04  2.62°-C4 4 15E-0S
$6.2 1.02€-04 5.28E-05 8.2¢E-06 56.2 6.88E-04  3.%6F-04 £ 45E-05
00.0 1.33E-04 6.895-C5  {.QBE-CS 100.¢  1.01E-03  5.23¢-04  2.29E-(S
177.8 2.25€-04 1.,176-04 1.€3E-05 1772 1.48E-03 7.675-04  1,22C-04
36,2  3.85E-C4 2.005-04  3.13E-CS 316.2  2.18E-02  1.13%-C 1.795-04
562.3 6.40E-04  3.33E-04 5.215-CS 562.3 3.26E-03  1.7TE-03 2.49E-24
(0000 1.03E-03 5.33t-04 8.35E-05 1000.0 4.882-03  2.54E5-07 4 22¢-0¢
1778.2  1.78E-03 9.23E-04  l.45E-04 1778.3  6.93E-C3  3.60E-03 £ 7iE-72
3162.3  3.15E-03  1.64E-03  2.56E-04 3162.3  1.04E-C $.385-02  3.54c-0¢
360C.7  3.50E-03 1.82€-03  2.8S5E-04 3600.C  1.12E-C2 S5.84D-02  9,24C-04
7200,  2.986-03  1.S5E-03 7200.0 1.08E-C2 £.42¢-C3
FINA AC-10 + 3% D1101 FINA AC-10 + 3% DILC1 .
TEST TEMP = 77 , ZIGMA = 2.376 PSI TEST TEMP = 77 , ZIGMA = 2.47C ©°<I
1.0 5.00E-05 2.60E-05  5.47E-06 1.0 3.00E-CS  1.56%-0% . 3.165-26
1.8  8.50E-05 4.42E-05 9.30E-06 1.8 5.00E-05 2.£0E-0%  5.24E-7¢
3.2 1.10E-04 5.72E-05 1.20E-CS 3.2 7.35E-05 3.82E-CS 7.74E-04
5.6 1.70E-04 8.B4E-05 I .8B6E-0S 5.6 9.258-C5 4.8iE-08  9.74E-C¢
10.0 2.88E-04 1.50E-04 3.15E-05 10,0 1.228-04 6.328-05  1.28E-CS
18.0 3.45E-04 1.79E-04  3.78E-05 18.0 1.63E-04 8.458-05 !1.7:t-0S
1.6 5.00E-04 2.60E-04 5.47E-CS 31,6 2.03E-04  1.05E-04 2.13T-0¢
56.2 6.65E-04 3.46E-04 7 .28E-05 56.2 2.5CE-04  1.3CE-C4 2.43E-C0S .
100.0  1.03E-03 5.33E-04 1. 12E-04 100. 3.50E-04 1.825-04 3.68E-C¢
177.8  1.4BE-03 7.67E-04  1.61E-04 177.8  S.COE-04 2.6CE-04 £.26E-25
316.2  2.20E-03  i.14E-03  2.41E-04 316.2 9.85e-04 5.12E-04 1. 04E-(¢
562.3 2.78E-03  1.44E-03  3.04E-04 562.3 1.75E-03 9.:0E-04 1.B4E-C4
1000.0 3.80E-03 1.98E-C3  4.16E-04 1000.0  2.738-03  1.428-03 2.875-04
1778.3  5.13E-03 2.67E-03  S.61E-04 1778.3  3.76E-C3  1.96E-03 Z.94E-04
3162.3  7.23E-03  3.76E-03  7.91E-04 3162.3  6.45E-03  3.35E-03  5.79%-C4
3600.0 7.85E-03 4.08E-03 8.59E-04 3600.0 7.45E-93  3.87%-0% 7.e4E-C4
720C.C  7.75€-C3 4.03E-03 7200.0 7.30E-C3  3.805-C3

424



Tasle D-24 {Continued)

TIME TOTAL TENSILE TENSILE TIME TOTAL TINGILE TENCILE

SEC. NCRIZINTAL  STRAIN CRECO SEC. HCRIZCNTAL  STRAIN CRECP
DECCOMATION  IN/IN  COMPLIANCE DECORMATION  IN/IN  COMDUTANCE

N IN"2/18 IN INT2/L8

FINA AC-10 + 3% 01101 CINA AC-10 + 3% D110
TEST TEMP = 9C , ZIGMA = £.8358 ©0sSI TEST TEMP = 90 , ZIGMA = C.859 PSI
1.0 2.50E-05 !.30E-05 7.58E-06 1.0 2.50E-C5 1.308-C5 7.57¢5-(4
.8 7.50E-05 3.90E-05  2.27E-CS 1.8 3.50E-C5 1.828-05  1.Q6E-0S
3.2 9.5CE-C5  4.94E-CS  2.88E-(S 3.2 S.50E-CS  2.86S-0S  1.479-0S
§.6 1.25E-04 6.5CE-05  3.79E-05 5.6 8.0CE-05  4.16E-05  2.42E-05
0.0 1.756-C4 9.105-C5  5.3CE-CS 10.¢ 1.15e-04 5.98E-C 3.48€-C5
18.0 3.25E-04 1.69E-24 9 .85E-05 18.C 1.70E-04 8 .84E-05 ©.15E-0S
216 4.75E-C4  2.47E-04 ! .44E-C4 31.6  2.05E-C4 1.07%-04 6.21E-05
S6.2 8.28E-04 4.29E-04  2.SCE-04 56.2 3.35E-04 1.74E-04 !.C1E-04
100.0 1.30E-03 6.76E-04  3.94E-04 10¢.C 4.80E-C4 2.50E-04  1.45E-04
177.8  1.78E-03  9.23E-04 5.38E-04 177.8  7.45E-04  3.872-04  2,26E-04
316.2  2.188-03 !.13E-C3  6.59E-04 3i6.2  1.10E-C3 S.70E-C4  2.31E-C4
$62.3  2.63E-03  1.37E-03  7.96E-04 562.3 1.55€-03 B8.C6E-04  4.£9E-04
100C.0  3.33E-02  L.73E-C3  1.0!E-D3 1000.0  2.40E-03  1.25E-03  7.25E-04
17782 4.13E-C3 2.15E-03 1.28E-03 1778.3  3.55E-03  1.84E-03  1.07E-03
3.62.3  4,98E-03 2.59E-03  1.51£-03 3162.3 5.iCE-03  2.65E-C2  [.84E-03
30C.0  S5.18E-03 2.69E-03  1.87¢-03 3600.0 S.40E-03  2.81E-03  1.42E-02
72000 3.432-03  1.89E-C3 720C0.¢  3.60E-C3  1.87¢-02
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Table D-25 Moisture Sensitivity Test Results for Laboratory Mixed/Laboratory Compacted
Mixtures Using Modified Compaction.

i Dry Condition Wet Condition

]

, MIXTURE TEST AIR  TENSILE AIR  TENSILE TSR

! TEMP. VOIDS STRENGTH VOIDS  STRENGTH

! F % psl % ps1

]

]

i Control: Total AC-20 77 7.0 89 6.6 50

; ' 7.1 83 6.9 50

! 7.2 85 6.8 52

]

b s e ——- ————

' AVG. 7.1 86 6.8 51 0.59
]

]

| Fina AC-10 + 3% UP 70 77 6.3 67 6.7 61

i 6.6 85 6.8 54

! 5.9 84 6.9 67

e e eme || eceee ——— ———

[}

: AVG. 6.3 79 6.8 61 0.77
1

1

' Fina AC-10 + 3% Styrelf 77 7.1 103 7.2 57

i 7.1 104 7.0 72

i 7.1 95 7.4 52

: .......... ——— ——

: AVG. 7.1 100 7.2 61 0.60
]

1

'Exxon AC-10 + 3% Polybilt 77 6.8 38 6.8 26

| 7.3 34 6.5 32

: 6.6 40 7.0 29

] - -

i

' AVG. 6.9 37 6.8 29 0.78
|

[}

! Gulf AC-10 + 3% Kraton 77 6.5 52 7.2 41

! 7.1 62 6.8 50

' 6.6 65 7.2 45

]

]

: AVG. 6.7 60 7.1 45 0.76
]

]
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Table D-26 Moisture Sensitivity Test Results for Plant Mixed/Laboratory Compacted
Mixtures Using Modified Compaction. : .

Dry Condition

Wet Condition

MIXTURE TEST AIR TENSILE AlIR TENSILE TSR
TEMP. VOIDS STRENGTH VOIDS  STRENGTH
F % PSI % PSI

Control: Total AC-20 77 7.5 95 7.4 59
7.2 92 7.3 56
7.3 90 7.6 49

AVG. 7.3 92 7.4 55 0.59
Fina AC-10 + 3% UP 70 77 7.2 73 7.3 53
7.3 71 7.1 59
7.5 78 7.1 60

AVG. 7.3 74 7.2 57 0.77
Fina AC-10 + 3% Styrelf 77 6.9 108 7.2 80
7.0 95 7.0 78
7.0 103 6.8 72

AVG. 7.0 102 7.0 76 0.7%
Exxon AC-10 + 3% Polybilt 77 7.2 40 7.4 43
: 6.6 47 6.5 37
6.8 46 7.2 34

AvVG. 6.9 44 7.0 38 0.86
Gulf AC-10 + 3% Kraton 77 7.0 65 7.0 29
6.9 72 6.9 56
7.0 68 7.0 57

AVG. 7.0 69 7.0 47 0.69
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Table D-27 AGGREGATE GRADATION OF EXTRACTED CORES (DISTRICT 10)

Combined SDHPT AcC-20 Latex Styrelf

Exxon Kraton

Gradation Specification AC=4.81 AC=4.65 AC=4.67 AC=4.72 AC=4.73
1.7 0-5 o o o o o
26.7 16-42 26.9 28.1 30.2 26.8 27.1
22.6 11-37 23.2 22.4 22.2 24.2 22.5
12.5 11-32 12.8 13.7 12.1 12.5 13.5
63.5 54-72 62.9 64.2 64.5 63.5 63.1
11.8 6-32 11.5 9.5 10.2 11.6 12.5
11.6 4-27 11.3 11.1 11.4 11.5 11.6
11.4. 3-27 12.2 13.1 11.5 11.5 10.4
1.7 1-8 2.1 2.1 2.4 1.9 2.4
100.0 _ 100.0 100.0 100.0 100.0 100.0
Producer

Type C Coarse Limestone Boorheim Field Richland

Type D Coarse Limestone Boorheim Field Richland

Screenings Boorheim Field Richland

Field Sand Riley Pit
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District 10 Field Test Sections
US69 — Smith County
Date Placed: July 1990

lLindale, Texas]
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Fig. D-1 Schematic Illustration of Field Test Section.
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APPENDIX E

SEAL COAT TEST SECTIONS (Districts 17, 6)

Polymer modified asphalts are used in seal coats primarily
where a high volume of traffic is anticipated because it holds the
aggregates quicker and longer. In addition to better and longer
aggregate retention, the polymer modification will reduce bleeding
and shelling.

To evaluate the effectiveness of polymers on seal coat field
performance, two seal coat projects involving a total of eight test
sections (including controls) were constructed on U.S.'79 (District
17) and S.H. 18 (District 6) in August 1990 and September 1990
respectively. The test sections are shown schematically in Figures
E-1 and E-2. Aggregates, asphalts and polymers utilized in the two
projects are identified in Table 2.1. Identical pre-coated
aggregates were utilized for all test sections in a given district.

The aggregate rates were one cubic yard per 100 and 120 square
yards for Districts 17 and 6, respectively. The asphalt
application rate was 0.35 gallons per square yard for both the
projects. Specifics of each job are shown in Tables E-~1 and E-2.
Field construction was conducted by Districts 17 and 6 of the TxDOT
and assisted 'by the Center for Transportation Research, The
University of Texas at Austin. Condition surveys after
construction are being obtained to determine whether use of the
polymer modified binders will be beneficial in terms of long term
pavement performances.
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District 17 Field Test Sections
US79 — Robertson County, Beginning East Of Duck Creek
Date Placed: AUGUST 1990
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Fig E-1 Schematic Tllustration of Seal Conat Test Sections (District
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District 6 Field Test Sections
SH 18 — Winkler County, Beginning South of kermit
Date Placed: September 1990
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Fig E-2 Schematic Tllustration of Seal Coat Test Sections (District

6).
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Table E-1 Chip Seal Conditions (District 6)
Winkler County, SH18

Date of Application: 9-7-90 Weather: Clear
Contractor: Wagner & Sons

Control #292-2-31

Material AC5/3.2% EVA AC5/4.5% Kraton AC5/2% Latex

Rate (gal/yd?) .367 .375 .351

Aggregate CSA GR4 TY PB CSA GR4 TY PB CSA GR4 TY PB
Rate 1:116 1:119 1:120

Station #'s 1510+47 to 1635+44 1635+44 to 1763489 1763+89 togl§93+49

AC5/Control (FINA)
.354

CSA GR4 TY PB
1:119

1893+49 to 2021+23

Field notes indicate good aggregate retention in all test sections.
Some rutting was noted in the existing roadway.
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Table E-2 Chip Seal Conditions (District 17)
Robertson County, US79

Date of Application: 8/10/90 Weather: Clear
Contractor: Joe Richards, Inc.

Control #186-6-40

Material Fina Fina Exxon Exxon

AC5 2% UP-70 AC-10 AC-10 3% Kraton AC-10 3% Styrelf
Rate (gal/yd?) .348 .352 .357 .359
Aggregate @ 2= | —————=—=- Grade 4---Precoated---Type PB-—--—-- (Southwest Materials)-======-
Rate 1:100 1:100 1:100 1:100
Station #'s 685+62 to 744+42 744+42 to 803+22 803+22 to 862+02 862+02 to 922+89




APPENDIX F

DEVELOPMENT OF CREEP COMPLIANCE FORMULA USING THE
INDIRECT TENBILE TEST
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APPENDIX F

DEVELOPMENT OF CREEP COMPLIANCE FORMULA USING THE
INDIRECT TENSBILE TEST

The indirect tensile test involves loading of a circular
element with a compressive load acting along the vertical plane.
Hondros (Ref. 35) developed equations for stresses created in a
circular element subject to a strip loading (Fig. E.1l), assuming
the body forces are negligible. Later, Kennedy (Ref. 21) developed
equations for estimating the modulus of elasticity, Poisson's
ratio, and strain in terms of applied load and deformations
(horizontal and vertical). In order to obtain creep compliance, it
is necessary to develop elastic relationships based upon
deformations and material properties. These elastic relationships
can be transformed to a viscoelastic solution by utilizing the
correspondence principle which will be described in later sections.

It should be noted that the equation of creep compliance

D(t) - &8

0

cannot be used in indirect tensile creep test analysis since the
state of stress is not uniaxial.

EQUATIONS FOR COHPUTING STRESS AND DEFORMATIONS
Two analytical functions, ¥(Z) and ¢(2), for the concentrated
forces (0,-P) and (0,P) acting at the points 2, = Re'® and

Z, = Rei* of the edge of the circular disc (Fig. E.2) were

extracted from reference 36. These functions are as follows:
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Figure F-1

Figure F-2
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pi Z,-2 Z,-Z,
(Z) - =—|1lo e -lo V4
¢ Zn[ gz0 Zz 9 re

- (E.1)

{ yATYA A V4
v(2)-FLll10g2072, Lo __Zo
2n Zy»-Z 292 Z,-2

Formulas for displacement and stresses on the circular disc at any
arbitrary point Z can be expressed in the terms of the analytical
functions ¢(Z) and ¥(2) (Ref. 37) as follows

0x*0,, = 4R[9/(2)]
6,,-0,+21i0, =2 [Z¢"(2) +y/(2)] (E.2)

2p (U+1U,) =x9 (2)-Z 9'(2) + ¥(2)

where

x--A;BE
A+p

B = Shear modulus

A - -13_% = Lame’s constant

v = Poisson’s ratio
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The substitution of ¢'(2Z), e"(Z), ¥'(Z), e(Z) and the
conjugates of ¢'(Z) and ¥(Z) (which can be obtained from Equations

E.1) in the right-hand member of Equations E.2 yield

Oyy'f'OXJ{- 2_P - Cosel _ Cosez . Sina
= I, I, R

Cos20,Cosf, . C05292Cos62] .

. -2P
G, ~C _+21IC =
oo A I, I,

2Pi (Sin261Cos61 . SinZBZCosez) (E.3)
T I, I,
iUy =Pl I I _ _ (1-y) rSinaSin@
2p (U,+1U,) 5= [xlog I, +log I, +C0s20,-Cos20, A )
-75%((x-1)(91+62+n)—(Sin292+Sin291)+_££:Z)rﬁ§n“Cbse)

Equation E-3 is used for plane-strain problenms.

In the generalized plane-stress problems A must be used instead

of A and P must be conceived as the quantity P/h (h is the
thickness of the disc).

Solving the equations E.3 for plane-stress problem we get:
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g - e

2p| Sin%B,Cos®, Sin%0,CosP,| psina
>  =wh * *

I, I, ®hR

2p| Cos?6, Cos®0,| psina
g, =- + +
¥ =h| r, I, xR

; 2 ; 2
o _2 Slnelcos 91 _ SJHOZCOS 92 (E.4)
¥ =h r, I,

2 (1-v)XSina]

P [2 (1-v) (6,+6,) -Sin20,-5in26,-

U=~ 4dnhp (1+v) (1+V) R
-._P [_4 I _ _2(1-v)ySina
U, 41th|.l.[ Tov log r1+Cos;201 Cos26, Tev) R ]

Deformations in the x and y directions (U, and Uy) and stresses

(0,, a, and Tyy) for strip loading (Fig. E.1l) at any point can be

easily computed by integrating equation E.4. For example, the

deformations and stresses on the horizontal plane passing through
the origin (r,=r, 6,=6,) for uniformly distributed load with

intensity P/ha are as follows:

4Cos?y (i};-sin‘{)2
-Cos?y|dy

+y P
O=—1_
00 Y ahnCosy [(%;-Siny)"’+Cos""{]2
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' Y P 4COS“Y 2
S -Cos?y|dy
” -
f Y ahrnCosy [(L};-Siny)%Cosz‘{]2
o -0 - (E.5)

-— Y PR 2(1-V) -1 _ .
U, f‘Y 41t|.|.ha[ Ty - Tan 2 (X/R Sln‘{)/Cosy]

[ 4 (X/R-Siny)Cosy _ 2(1-v)XCosy ]d'Y
[(X/R-Siny)2+Cos2y] (1+v)R

Stresses at the center of the specimen (X=0) and displacement at
point B (X=R) can be obtained by performing the integration of
Equation E.5. '

2P

W o e— 1 3 - ]
O™ o7 (4/3 Sin3y-Siny)
___2P (Sin3y ; E.6
9, —ﬂha( 3 +2$1ny) ( )

PR [2(1-v
dnphal (1+v)

U (at point B) = - ) (my-28iny)-4Siny

For a 4-inch diameter specimen and half inch curved loading
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strip the stresses at the center of specimen are:

P
on- . 15555
P
Oyy-—.472971 (Eo7)

Creep Compliance Equation

The correspondence principle (Ref. 37) states that if a
viscoelastic material is subjected to a load function, P=P,g(t),
the resulting stresses at time t = t, are the same as those in
elastic material under the load P = Pog(t1). The strain and
displacements are derived from those of the elastic solution by
replacing the material properties (Poisson's ratio and modulus)
with S times their Laplace transforms and by substituting the
displacement and load function with their Laplace transforms. If
it is considered that asphalt concrete mixtures are isochronal in
shear (v is constant with time), then the displacement equation in
E.6 for a viscoelastic material and load function P(t) = P,g(t) can
be written as follows:

P_g(S) K

T(S) =+—=
Sp(9)

(E.8)

where

___R [2(1-v)
dnah| (1+v)

(ry-2S8iny)-4Siny
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g(S)=Laplace transform of g(t)

B (S)=Laplace transform of p(t)

Having J(S)p(S) ",]E"’ the convolusion of equation E-8 is as

follows
U(t) -Poxfg J(t)L‘i—t)dt (E.9)
where
Pyg(t) = load function
J(t) = shear creep compliance

Shear creep compliance can be computed from E.9 by knowing the
values of displacement and load functions which are recorded during
indirect creep test.

Several assumptions should be recognized when the creep
compliance formula, E.9, is utilized. The most important of these
are as follows:

1. The mathematical analysis assumes that the material is
isotropic and homogenous.

2. The state of plane stress exists in the specimen; but it
does not occur in the practical situation.

3. Materials are isochronal in shear, which means the
Poisson's ratio is not a function of stress or time.

4. Materials have Newtonian behavior.

5. The effect of heterogeneity on the general distribution
of stress has not been determined but is probably quite
small for steel loading strip.
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