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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 
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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). 
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Division, is acknowledged. 
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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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SUMMARY 

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 in 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 comparison 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. 

v 



:tHPLBKJ!lNTATIOH 

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 

Ill'l'RODUCTIOH 

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 
• Fatigue cracking 
• Permanent deformation 

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

• 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. 

Fatigue cracking, also called alligator cracking, is caused by 
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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 life 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 urban 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. In 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. 
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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. 

PROJBCT OBJBCTIVBS 

To study some of the concepts of asphalt modification, the 

~exas 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 • 
s. To monitor field performance for future long-term 

evaluation. 

REPORT ORGANIZATION 

~is 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 
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monitoring proqram 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 proqram, experimental field proqram 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 
s. 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. 
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CHAPTER 2 

B:XPBRIJIBN'l'AL PROGUK 

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. 

B:XPBRIJIBN'l'AL ~IBLD PROGUK 

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 
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Note: Numbers indicate Texas 
SDHPT districts. 

II Seal Coats · 
~HMAC 

Fig 2.1 Location of field test sections. 
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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 bind~rs were preblended. The mixing temperatures were 
between 310•F and 350·F. The initial breakdown compaction 
occurred between 250 and 2ao•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. In 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. 
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TABLE 2.1 S....ry of Materials for Field Test Projects 

Location Test Aggregates Asphalt 
source 

& 
Grade 

Binder Content, X Polymer Pol,_r Appendix* 
of Field Section 
Project Number 

1 
2 

District 15 3 
4 

San Antonio 5 
6 
7 

TFA AC·10 
Sandstone 311 TFA AC·10 
L hnestone 27% TFA AC·20 
Limestone TFA AC-20 
Screenings 19X TFA AC·10 
Field Sand 23% TFA AC·10 

TFA AC·20 

••·•··•••••••••••• ••••••••••••••·•••••••••••••••••• Content 
Field + Design ++ Source Type Designation X 

4.6 . Goodyear SIR UP70 3X A 
4.6 . Elf SBS Styrelf-13 3X A 
4.6 4.8 . - - . A 
4.6 . Exxon EVA Polybilt 103 3X A 
6.3 6.3 Crafco Recy. tires Genstar C107 18X A 
4.6 . Polysar SBR NS 175 3X A 
4.6 . Dow SBR/Polyolefin 5X A 

-·······························-·······-·-·-----········-················----------····------·······-···········-··-······ 
District 11 1 

LtWt. Type D 56% 
Coarse Sandstone Texaco AC-20 6.8 6.8 . . - - B 

lufkin 2 Screenings 10% Texaco AC-10 6.8 . Elf SBS Styrel f·13 3X B 
3 Fine Sndstone Texaco AC·10 6.8 . Goodyear SBR UP 70 3X 8 

Screenings 15% 
Field Sand 19% 

1 Shamrock AC·20 5.0 5.4 . . - . c 
District 25 2 Crushed Gravel 51X Fina AC·10 5.0 5.8 Goodyear SBR UP 70 3X c 
Childress 3 Screenings 49% Fina AC-10 5.0 5.4 Elf SBS Styrelf·13 3X c 

4 Lime 1% by weight Fina AC·10 5.0 5.0 Shell SBS !Craton D1101 3X c 
5 of aggregates Fina AC·10 5.0 5.4 Shell SBS !Craton D1101 6X c 

-----------·······-----------·······----~------·-------···········----·······---------····------·····------------------···· 1 Total AC·20 4.6 4.9 . . . . D 
District 10 2 Crushed Stone 65% Fina AC·10 4.6 . Goodyear SBR UP70 3X D 

Tyler 3 Screenings 15% Fina AC·10 4.6 - Elf SBS Styrelf-13 3X D 
4 Field Sand 20% Exxon AC-10 4.6 - Exxon EVA Polybi l t 103 3X D 
5 Gulf AC-10 4.6 - Shell SBS !Craton D 1 101 3X D 

-------·-···-------------------------------------------····---·············-·······----------------------·············-----1 Ffna AC·5 0.35 Gal/SqYd Goodyear SBR UP 70 2X E 
District 17 2 Pre· Coated Flna AC·10 0.35 Gal/SqYd - . . - E 

Bryan 3 Aggregates Exxon AC-10 0.35 Gal/SqYd Shell SBS !Craton D1101 3X E 
4 Exxon AC·10 0.35 Gal/SqYd Elf SBS Styrelf·13 3X E 

-------------····-------------···-.-------------------·-----------·-----------·-----------------------------------------··-· 1 Fina AC·5 0.35 Gal/SqYd 
District 6 2 Pre· Coated Ffna AC·5 0.35 Gal/SqYd 

Odessa 3 Aggregates Fina AC·5 0.35 Gal/SqYd 
4 Fine AC·5 0.35 Gal/SqYd 

* Details are contained in the iridicated Appendices 
+ Binder content used for the field test project mixtures 
++ laboratory design optl111.111 binder content 

Exxon 
Shell 

Goodyear 
-

EVA Pol ybf l t 103 3.21 E 
SBS Kraton D1101 4.5% E 
SBR UP 70 2X E - . - E 



Field cores were taken immediately following construction and 
each year for a period of five years. These cores were 
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. 

TBST MBTBODS 

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 05) @ 77•F and 39.2•F 
• Kinematic Viscosity (ASTM 02170) @ 275•F 
• Viscosity (ASTM 02171) @ 140•F 
• Softening Point (ASTM 02398) 
• Rolling Thin Film oven (ASTM 02872) 

The following materials properties were obtained for each 
binder. 

Temperature Susceptibility: 
• 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 
• Stiffness-Temperature Susceptibility 

Cracking Temperature 

• Limiting Stiffness Method 
• Critical Stress Method 

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

Schweyer Constant Stress Rheometer (Ref 2) 

• Shear susceptibility 

• Apparent Viscosity 

• Constant Power Viscosity 

• Constant Power Viscosity-Temperature Susceptibility 

Compatibility 
• 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 loading, 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 05. 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 liquid 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 14o·F using a Cannon-Manning vacuum viscometer. The 
14o•F temperature is selected because it approximates the maximum 
HMAC pavement surface temperature during summer in the United 
states. Since asphalt binders at 14o•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 (RTFOTl , 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 02872. This test approximates the change in 
properties of asphalt during conventional hot-mixing at 
approximately 31o•r as indicated by viscosity measurement. 

Penetration Index CPil. 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: 

or 

where 

and, 

20-PI _ SO X lHog (pen) 
10-PI 6T 

PI. 20-SOOA 
1+50A 

A_ logPen II T2- logPen 11 Tl 
T2- Tl 

T1 and T2 are two temperatures at which penetration is measured. 
Penetration index determined from the above relationship will 

be referred to as PI(PenjPen) 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 
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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: 

where, 

PI • 30 - 10 
1 + 90 (PTS) 

PTS _ log (800) - log (Pen) 
TRt.B- TPsn 

PTS = Penetration Temperature susceptibility 

TR&B = Softening Point, F 
Pen = Penetration at 77"F 

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(PenjSP) in the remainder of this report. 

Penetration Viscosity Nu1Uber (PYNl o 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 o The PVN used in this research is based upon penetration at 
77•F and viscosity at 27S·F. PVN can also be determined for 
penetration at 77"F and viscosity at 140"F. 

PVN can be calculated using the following relationship: 

where, 

PVN _ 4.258-0.7967 (log (Pen)) .:.log (Vis) X( -1. 5 ) 
0.7591-0.1858(log(Pen)) 

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 temperat.ure drop exceed the 
tensile strength of HMAC mixtures. It 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 semiloqarithmic 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, at, 
developed in asphalt as it cools, can be calculated from the 
following relationship: 
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where, 
Si = Asphalt stiffness at a one hour loading time at a series 

of temperature intervals, AT. 
aA == Coefficient of linear thermal contraction. It is assumed 

to be 2 x 10E-4 in/inj•c 

Using asphalt penetration data, asphalt stiffness at 18*F 
(1o•c) intervals from 32•F down to -ss·F is determined. When 
required, the temperature range can be modified to accommodate 
various asphalt grades. The thermal stress, at, is calculated by 
summing the individual stress increments. 

Hills concluded from semi-theoretical considerations and from 
mix cracking observations that pavement cracking occurred at a 
temperature corresponding to a calculated thermal stress, at, of 
about 73 psi. The calculated cracking temperature is taken as the 
temperature at which a stress of 73 psi is induced. 

Force Ductility. The force ductility test is a modification 
of the asphalt ductility test (ASTM 0113). 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 em which produces a deformation rate of 0.74±0.01 
cmjmin between the gage marks of the test specimen at a fixed 
loading rate of 1 em/min (Ref 4). 
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11.9 em± 0.1 em 

Rad. 1.60 ± 0.025 em 

w.l 1--'-1 ...~..1-...~...l.u..l 1_--~.~1 l..L..l -.~...1 __.~1--L-JI I I 0.99 to 1.01 em 

Figure 2.2 ASTM 0113 Ductility Mold 

11.9em±0.1 em 

Rad. 1 .60 ± 0.025 em 
I 

0.68 to 0.72 em 

lu I--Ll --''___..J....W......---I..!.....L._J.._I __\,1.-L...JI i }Q19 to 1.01 em 

Figure 2.3 Force - Ductility Mold 

18 



The following properties are measured from a force ductility 
test: 

• Asphalt Modulus 
• Asphalt - Polymer Modulus 
• Maximum True stress 
• Maximum True Strain 
• 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 o. 74 em/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: 

where, 

e -e 

£e = Engineering strain 

A.Lo 
Lo 

ALo = Change in gage length 
Lo = Initial gage length 

True strain, £t, is obtained by summing all engineering 
strains and evaluating the limit as dL approaches zero or, 

ee• J f'o ~; - ln (L) - ln (Lo) - ln ( (Lo+!J.Lo) I Lo) 

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 Bbeometer. 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: 

Apparent Viscosity - Shear Stress 
Shear Rate 
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22 



Units of shear stress (r) , rate of shear (y) and apparent 

viscosity (~) 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: 

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<1) 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 t~st 

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, 77oF, and 140°F for aged and unaged materials used in the 

District 15 project. These properties were obtained at 39°F, 60°F, 

77 oF, 90 oF,_ and 140 oF 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 (r · y=105 ) was computed. To 

measure the viscosity-temperature susceptibility, viscosity vs. 
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test temperature is plotted on a ~emiloqarithmic scale. The slope 
of the best fitted line 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. In this study a hot storage 
stability test was used. Samples of modified binders were stored 
for two days at 16o·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: 

• Compatible - less than 10% difference in penetration 
between the top and bottom. 

• 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: 

• Marshall Stability Test (ASTM 01559) 

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

• Indirect Tensile Strength Test (Tex-226-F) 
• Indirect Tensile Strength 
• Tensile strain at Failure 
• Secant Modulus 

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

• Indirect Tensile Fatigue Test 
• Fatigue Constants, K1 and K2 
• Permanent Deformation Characteristic Parameters (Alpha 

and Gnu) 

• Indirect Tensile Creep Test 
• Tensile Creep Compliance 

• 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 loading 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 o. 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: 

where 

S = Hveem Stability, % 

Pv = Applied vertical pressure (160 psi) 

Ph = Transmitted horizontal pressure at Pv=160 psi, psi 

D2 = Displacement of the stabilometer fluid to increase the 

horizontal pressure from 5 to 100 psi, measured in revolutions of 

a calibrated pump handle. 

: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) Co~?ressive load being ap?lie~. 

(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 (J9•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: 

where, 

Pmax se - o .156 t 

St = Tensile strength, psi 
P•x = Total applied vertical load at failure, lbs 
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: 

where, 

0.1185u+.03896 
er- AH 0.02494u + 0.0673 

Ef = Strain at failure 
AH = Horizontal deformation in inches at failure or 

deformation at maximum or peak load 
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u = Poisson's ratio 

Resilient Modulus. Resilient modulus was determined using the 
repeat-load indirect tensile test as described in ASTM 04123. 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 0.1-second load duration and 
o. 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 load cycles. The equation used to 
calculate the resilient modulus was 

where, 
E1 = Resilient modulus, psi 
P1 =Applied repeated load, lbs (Fig 2.10) 
t = Specimen thickness, in 
H1 = Horizontal resilient deformation, in 
u1 = Resilient Poisson's ratio 

Poisson 1 s Ratio. Poisson 1 s ratio ( u) was calculated from both 
horizontal and vertical movements in accordance with ASTM 01423 
using the following relationship: 

u= 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 Fatigue 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 0.1-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 fatigue 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: 

where 
N1 = Number of repetitions or load applications to failure. 
K1 and ~ = Fatigue constants (Regression constants) • 
E•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 k1 is the intercept of Y-axis and -Kz 
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: 

where 

alpha = 1-s 
Gnu = IS/£r 

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. 
£r = 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 Dt 

is then calculated by dividing the strain by the applied stress as 
follows: 

De - ..!.! at any test temperature T 
ao 

where, 
et = Strain at time t 
o

0
= 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 useful 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, go•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 compliance measured at each 
temperature were fitted with a curve of the form 

where 
D(t) = Tensile creep compliance, in x in/lb 
t = Time, sec 
m and Dl = 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 go•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, ar, as follows: 

where 
tro = 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 

where 
p = The temperature susceptibility constant 
T0 = 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 

lo (a ) - -cl ( T-To> 
g T ( c2 + T - To} 

where 
c1 and c2 = The material constants. The constant C2 serves as 

a temperature susceptibility constant. 

In this study the values of shift factor, log(a1), 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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where 

TSR _ St(conditioned) 
St (unconditioned) 

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 o•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). In 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 I 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 1 laboratory 
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 I Laboratory Compacted Mixtures 

samples of field mixtures were obtained at the asphalt mixing 
plants. The samples were transported to the laboratory and 
subsequently compacted using the standard and modified compaction 
procedures. It was necessary to reheat the samples to achieve a 
compaction temperature of 2so•F. The testing program for the plant 

38 



mixed 1 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 I 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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CBAP'I'BR 3 

ANALYSIS OF TBST RBSULTS OM UHMODIFIBD ABO MODIFIBD ASPHALTS 

Results of laboratory tests conducted on unmodified and 
polymer-modified asphalt binders for Districts 15, 11, 25 and 10 
are listed 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 ~lpha = 0.05. 

PBBBTRATIOB at 3t.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 modifi~d 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 $1,m118ry of Test Results of Penetration, Viscosity and Softening Point for Unnodified 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 UP70 ELF 

Penetration a 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 a 77 F, 100g, 5 Sec. 
before RTFOT 102 100 101 93 79 70 70 66 71 87 93 

(I() (j,k) (k) (h) (d) (b) (b) (a) (b) (f) (h) 

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

Pen. Ratio (Pen. Retained) 0.63 0.67 o.n 0.75 0.65 0.70 0.65 0.65 0.58 o.n 

Viscosity Q 140 F, Poises 
before RTFOT 1131 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) (l) (h) (C) (f) 

Viscosoty Ratio a 14~ F 2.65 3.00 1.90 2.87 3.55 7.97 6.08 2.95 1.86 1.92 

Viscosity Q 275 F, Centistoke& 
before RTFOT 297 503 754 495 416 919 1202 496 822 715 

(8) (C) (g) (C) (b) (i) (k) (c) (h) (f) 

after RTFOT 464 n9 967 682 697 1830 2329 751 1049 897 
(a) (C) (f) (b) (b) (k) (l) (C) (h) (d) 

Viscosoty Ratio a 275 F 1.56 1.45 1.28 1.38 1.68 1.99 1.94 1.51 1.28 1.26 

Softening Point, F 
before RTFOT 117 122 132 122 138 126 133 139 126 127 130 

(a) (b) (g,h) (b) (j)) (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 EXXOM GULF 
AC-10 AC-10 AC-10 AC-20 AC-10 AC-10 AC-10 AC-10 

& & & & & & & 
ELF 3~ 01101 6~ D1101 UP 70 ELF Polybilt 3~ 01101 

Penetration a 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 a 77 F, 100g, 5 Sec. 
before RTFOT 90 82 98 74 93 89 96 89 

(g) (e) (i,j) (C) (h) (f,g) (i) (f,g) 

after RTFOT 56 47 67 44 56 61 63 56 
(e) ( b,c,d) (h,i) (a,b) (e) (f) (f,g) (e) 

Pen. Ratio (Pen. Retained) 0.63 0.57 0.69 0.59 0.60 0.69 0.66 0.63 

Viscosity a 140 F, Poises 
before RTFOT 2770 8127 2037 2373 2904 2375 3470 

(f) (l) (c,d) (e) (g) (e) (j) 

after RTFOT 7481 13749 4798 5140 7416 5819 7280 
(i) (j) (d) (e) (i) (f) (i) 

Viscosoty Ratio a 140 F 2.70 1.69 2.36 2.17 2.55 2.45 2.10 

Viscosity a 275 F, Centistokes 
before RTFO.T 781 584 1013 510 650 763 640 782 

(g) (d) (j) (c) (e) (g) (e) (g) 

after RTFOT 1009 736 1050 917.5 942.5 1097.5 1242.5 1055 
(g) (C) (h) (d,e) (e, f) (i) (j) (h) 

Vfscosoty Ratio a 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,g) (k) (l) (c,d,e,f) (e,f,g) (i) (k) (l) 

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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PBNBTRATXOB 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. 

Effect of Polvmer. The effects of polymer on penetration for 
the TFA asphalt cements before and after RTFOT aging are shown in 
Figure 3.2. In 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. 
in Figure 3 • 3 • 

The results are shown in Table 3.1, and are plotted 
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. 

VXSCOSXTY 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. 

Effect of Polymer, As shown in Figure 3. 4 The 
polymer-modified asphalt binders showed an increase in viscosity at 
14o•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 27s•p 
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. 

Effect of Polymer. Similar to viscosity at 14o•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 14o•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 SOPTEHIHG POINT 
Average values of softening point are shown in Figure 3.8, 

and listed in Table 3.1. Softening 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. 

PEHBTRATIOH INDEX AND PERBTRATIOH VISCOSITY HUMBER 
Table 3.2 presents the values of PI(PenjPen), PI(Pen/SP), and 

PVN for the unmodified and modified asphalt binders. The results 
are plotted in Figure 3.9. PI(PenjPen) Values were substantially 

lower than PI(penjsp) 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(penjpen) 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(PenjPen) 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). 

51 



0 

~ 
:;:. 1.0 
'ii 
0 

~ 
> 

0 

tl 

o.5 

o.o 

2 

.fi.. 

0:: 1 .o-
f 
0 
u ., 
> 

0 
=g 
0:: 

0 .s-

o. t\. 

2.0 

1.5 

:;:. t.O 
"ii 

~ 
> 

0.5 

0.0 

1.56 

0 
~ 

I 
0 
< 

~ 

1.51 

0 
"{ 
0 
< 
8 
0 

! 

1.56 

7 
0 

"' J 

DISTRICT 15 

1..S 

1.28 

:fj!,., 
0 ·~ ::f.i,.... OJ_ 

i~ XI 
H 

<(I) 

~M 

~~ ,., 

DISTRICT 11 

1.28 1.26 

f!R f! 
~~ 

.. ,., 
0~ 

H 
.-I 
I:!: 

~t 
I(/) M 

!~ "" 

DISTRICT 10 

1.45 

::f.iR 
i~ 

~~ ~ 
! 
li:~ ,., 

1.38 

il'l 

f!~ 
~~ 
Jl 
:.f 
I!:M 

2 

0 

tl 
0:: 

]:;-1 
'ii 
0 
u ., 
> 

0 

0 

1.44 

f!,., ..... 
OJ_ 

~~ 
!~ 
li:,., 

1.68 

,....] ~ 
o¥ I 
.-: 0 
OiJ < 

~ io 
~~ 
~ 

.(). 

.1) 1.43 

,(). 
0 
N 
I 

0 
< 

.5- 1 
" 

1.94 

::f.in 
'i~ 
o_ 
I= o:!-
"'.f 
Jr4 

1 99 1.94 

::f.jl"' ::f.i -0 

·~ i 
0~ ~~ N-
I~ lc 
~;e 0~ <II') 

~~ ~ 

DISTRICT 25 

1.29 1.26 

1.04 

§,., 
:6 ... _o =-..... •:: _o 

o.L oc •:: 
Xl Is oc 

~~ Is 
'I((/) o ... 

~~ ~~ ·~ 
~~ 

1.35 

:6 ... _o ..... ... 
oc 

~~ 
(j~ 

Fig 3.7 Viscosity Ratio at 275 F for Unmodified and Modified Binders. 

52 



1-rj 
1-'· 0 ~ 
lQ 

w . 
co 

~g> 

~~ 
• ::l 

~-
lQ 

'U 
0 
~-
rt 

Hl 
0 
11 

c 
U1 [ w 

1-'· 
Hl 
1-'· a 
[ 
[ 
1-'· 
Hl 
1-'· a 
o::J 
1-'· 

~ 
11 

~ 
Hl 
0 
11 
(0 

Softenlr;~g Poln~ F 
~ ~ ~ 8 

Total AC-20 

Flna AC-1 0 with 
3" Coocl)'wcr LP 70 

Flna AC-10 with 
3" Sl)ftlf-13 

Exxon AC-10 with 
3" Poi)OIIt 103 

Q.Jif AC1-0 with 
3" Kratan 01101 

... 
I>) 
0 

... 
~ 

... 
~ 
01 

... 
"' 0 

..... 

"' 01 

0 
(/) 
-I 
:;u 
(") 
-I 
.... 
0 

... 
~ 

... 
• -.J 

... .. 
0 

j) '? 

~ 
0 

Softening Point, F 

'? '? ., ., 

Texaco AC-20 

Texaco AC-1 0 with 
3" Good)'ear LP 70 

Texaco AC-10 with 
3" Sl)ftlf-13 

Softening Point. F 

• 0> 01 0 
0 ., '? 0 

Shomrock AC-20 

Flna AC-1 0 with 
3:; Styrelf-13 

Flna AC-1 0 with 
3" Kraton 01101 

Flna AC-10 with 
s:; Kroton 01101 

Softening Point, F 

9 9 0 ~ ~ ~ ~ 8 ~ 
... 
~ 

... 
~ 

0 
(/) 0 
-I 

;:; :::u 
n 

0> -I 

... (/) 

TFA AC-10 ... -I 
-.J :::u 

n .... -I .... .... 
(]1 

TFA AC-10 with ;:; 
;:; 3:l Good)'ear LP 70 ~ 

-.J 

TFA AC-10 with "' 3:l Styrelf-13 ~ 

"' 0 

TFA AC-10 with 
~ 3:l Pol)'llcr NS 175 ~ 

~ • "' 0 '? 'T 

0 

TFA AC-10 with i:: 
Hill Genmr C1 07 01 

(/) 

;:; -I 
:;u 

-.J (") 
-I 

N TFA AC-20 ~ 
0> 

(.11 

;:; 
fD 

TFA AC-20 with "' "' ... 3:l Pol)"bllt 1 03 
~ 

... 
... 
• 

TF A AC-20 with "' s" o-
fD 

01 



Table 3.2 Penetration Index and Penetration Viscosity Number for 
Unmodified and Polymer-Modified Asphalt Binders. 

Binder Penetration Index 

Asphalt Polymer PI(PenjPen) PI(PenjSP) PVN 

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 01101 0.33 2.55 0.12 

Fina AC-10 6% kraton 01101 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 01101 1.06 3.48 0.71 
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Table 3.3 Decreasing Order of Temperature Susceptibility Properties (PI, PVN). 

I PJ(Pen/Pen) I PI(Pen/SP) I PVN 

1----------------------------- 1----------------------------- 1-----------------------------
ITexaco AC-20 JTFA AC-10 ITFA AC-10 

I I 1----------------
ITFA AC-20 JTFA AC-20 JTFA AC-20 

I I 1----------------
Jshamrock AC-20 !Shamrock AC·20 !Texaco AC-20 

1--------------------'--------------------'--------------------JTotal AC-20 !Texaco AC·20 JTotal AC-20 

I I 1----------------------
JTFA AC·10 JTFA AC-10 + Polysar NS 175 JShamrock AC-20 

I '----------------~----------------ITFA AC-10 + Goodyear UP 70 JTotal AC-20 ITFA AC-10 + Polysar NS 175 

1--------------------~--------------------'--------------------ITFA AC-10 + Polysar NS 175 JTFA AC-10 + Goodyear UP 70 JFina AC·10 + 3X kraton D1101 

'------------------------'------------------'---------------------JTFA AC-20 + Polybilt 103 JTexaco AC-10 +Goodyear UP 70 JTFA AC-10 + Goodyear UP 70 

'-----------------' '-----------------JTexaco AC-10 +Goodyear UP 70 JTFA AC-20 + Polybilt 103 JFina AC·10 +Goodyear UP 70 

I '-----------------'-----------------JFina AC-10 + Goodyear UP 70 JFina AC-10 + Styrelf··13 JExxon AC-10 + Polybilt 103 

'------------------'----------------~1------------------JTFA AC-20 +Dow JTexaco AC-10 + Styrelf-13 JTFA AC-20 + Polybilt 103 
J _________________ I _________________ I ________________ _ 

JFina AC-10 + Styrelf·-13 JFina AC-10 + Goodyear UP 70 JTexaco AC-10 + Styrelf·13 

'------------------'------------------'------------------!Exxon AC-10 + Polybilt 103 ITFA AC-20 +Dow JFina AC-10 + Styrelf-·13 

I I 1----------------
JFina AC·10 + Styrelf-13 JTFA AC-10 + Styrelf-13 JGulf AC-10 + 3X kraton D1101 

I I 1----------------
IFtna AC-10 + 3X kraton D1101JTFA AC-10 + Genstar C107 JFina AC-10 + Styrelf-13 

'------------------'------------------'------------------fTFA AC-10 + Styrelf-13 JFina AC-10 + Styrelf-13 (Texaco AC-10 + Goodyear UP 70 

'-----------------'--------------------------------------'-----------------!Texaco AC-10 + Styrelf-13 JFina AC-10 + 3X kraton D1101JTFA AC-10 + Styretf-13 

'------------------'------------------~------------------JFina AC-10 + 6X kraton D1101JExxon AC-10 + Polybilt 103 JTFA AC-20 +D~ 

'------------------'------------------'------------------ITFA AC-10 + Genstar C107 JGulf AC·10 + 3X kraton D1101JFina AC-10 + 6X kraton D1101J 

'----------------'----------------'----------------' lGulf AC-10 + 3X kraton D1101JFina AC-10 + 6X kraton D1101l I 
I I I I 
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The decreasing order of temperature susceptibility 
PI (penjpen) PI (Pen/SP) and PVN is shown in Table 

obtained by 
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 0-1101 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 TBMPBRATURB CRACKING 

Table 3.4 and Figure 3.10 present the results of low 
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 F ina asphalt 
binders (Table 3.4). 

2) The rubber (Genstar C107), Styrelf-13 and Kraton 01101 
(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 -49 

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 Gens tar 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 -43 

Texaco AC-10 Goodyear UP 70 -so -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 01101 -59 -61 

Fina AC-10 6% kraton 01101 -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 01101 -68 -66 
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PRBDICTIMG STIPPNBSS XODOLOS 
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/Polyolefin 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 
U!"'IIIdified and Polymer-Modified Asphalt Binders. 

I District 15 I District 11 

l···---------····---·-··--------------·-·--·--------------1--·-----------------· 
Test Parameter J TFA TFA TFA TFA TFA TFA TFA TFA ITEXACO TEXACO TEXACO 

I AC-10 AC-10 AC-10 AC-10 AC-10 AC-20 AC-20 AC-20 I AC-20 AC-10 AC-10 
I & & & & & &J & & 
1 UP 70 ELF NS 175 C107 Polybilt DOW 1 UP 70 ELF 

------------------' 1----------------JStiffness Modulus, I I 
I 839.2 F, psi I I 
I 5 Sec. Loading I 450 435 305 493 522 725 725 754 I 1015 508 363 
I 20 Sec. Loading I 145 203 160 232 261 305 319 392 I 348 246 174 
t ________ J '-----------
!Stiffness Modulus a 0.1 I I 
I Sec I I 
I 39 F I 5075 3625 2030 4785 2900 6960 5800 4640 I 7250 3190 2465 
I 77 F I 160 145 189 218 247 290 319 363 I 334 232 174 
I 104 F I 12 15 25 16 46 23 33 54 I 26 23 25 
I I J _____ _ 

!Stiffness/Temperature 1·0.073 ·0.067 ·0.053 -0.068 -0.050 -0.069 ·0.062 ·0.054 J-0.068 ·0.059 ·0.056 
ISlope I I 
I I I 
JStandard Error of Slope J0.0012 0.0000 0.0027 0.0033 0.0007 0.0021 0.0015 0.0007 J0.0028 0.0035 0.0005 
I I (a) (b) (d,e) (a, b,c) (e) (a,b) (c) (d) I (a) (b) (b) 
I I I ______ _ 

District 25 I District 10 I 
---------------·----------------l···---------------------------·····-··1 

Test Parameter SHAM. FINA FINA FINA TOTAL FINA FINA EXXON GULF I 
AC·20 AC-10 AC-10 AC·10 AC-20 AC-10 AC·10 AC·10 AC-10 

& & & & & & & 
ELF 3X 01101 6X D1101 UP 70 ELF Polybilt 3X 01101 

fStiffness Modulus, 

I 839.2 F, psi 

' 5 Sec. Loading 1160 464 435 232 

I 20 Sec. Loading 508 218 218 131 

I 
JStiffness Modulus Q 0.1 

I Sec 

I 39 F 7540 2900 2320 943 1 6525 2465 2175 2320 1600 
I 77F 334 203 232 160 I 290 174 181 218 232 

I 104 F 26 25 41 32 I 36 37 31 31 35 

I I 
!Stiffness/Temperature 1·0.068 -0.057 -0.049 -0.041 l-0.063 -0.051 -0.051 -0.052 ·0.046 1 
JSlope I I I 
I I I I 
fStandard Error of Slope 10.0026 0.0016 0.0007 0.0028 10.0011 0.0028 0.0001 0.0021 0.0041 I 
I I (a) (b) (C) (d) I (a) (b) (b) (b) (C) I 
J I 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. 

I'ORCB 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 TRUB TBNSILB 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 C-107 
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 TRUB TBNSILB . 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 
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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. FJNA FINA 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 OCN UP 70 ELF ELF 3X 01101 6X 01101 

Maxinun True Stress, psi 
before RTFOT 59 84 387 124 130 101 289 174 60 75 210 120 289 474 596 

(a) (a) (f) (b) (b) (b) (e) (c) (a) (a) (d) (b) <e> (g) (h) 

after RTFOT . . - - - - - . 154 522 265 204 456 424 416 
(a) (f) (c) (b) (e) (d) (d) 

Maxfnun True Stress Ratio 2.57 6.99 1.26 1.70 1.58 0.89 0.70 

Maximum True Strain, 1n/1n 
before RTFOT 2.95 3.51 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) (g) (d) (g) (a) (b,c) (C) (b,c) (b,c) (h) (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) Cc,d) (d) (d) 

Maximum True Strain Ratio 0.94 0.99 0.82 0.66 0.86 0.84 0.92 

rue Area , ps1 
before RTFOT 115 159 404 248 125 121 363 198 83 150 269 136 332 473 347 

0\ (b) (d) (i) (f) (b,c) (b,c) (h) (e) (a) (c,d) (f) (b,c,d) (g) (j) (g,h) 
VJ 

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) Cb,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) (g) (c) (a) (e) (b) (d) (f) (h) (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 61naers for a given test parameter 
at alpha = 0.05. 



the lowest failure strain of 1.39 injin. After RTFOT all the 
modified AC-10 binders showed significantly higher failure strain 
than the AC-20 control binders. The effect of a9ing 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 URDBR STRBSS-STRAXH CURVB. Addition of the polymers except 
Genstar C-107 increased area under the curve significantly. The 
UP-70, Dow, and NS-175 modifiers had relatively less 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. 

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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ASPBALT-POLYMBR IIODULUS. 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. 

SCHWBYER 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 'C', 
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 (105 units) are reported in 
Tables A-6, A-7, B-6 and C-6. 

SBBAR SUSCEPTI:BJ:LJ:TY. 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. 
0.1 to 10, and 10 

temperatures of 39"F, 

Shear rates were approximately 0.001 to 0.1, 

to 1000 in reciprocal seconds for test 

77 • F, and 14 0 • 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 t~e 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 less 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. In 
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 6o·F. 

The effects of aging on shear susceptibility a+e shown in 
Figures A-40 and Table 3.8. It appears that either aged binders 
were 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 S.,_ry of Sheer SUSceptibility for Umodified end Polyn~er Modified Asphalt Binders 

II I District 15 II District 11 II District 25 II 
II 1·························································11·····················1 ································II 
II Test Per~~~~eter I TFA , TFA TFA TFA TFA TFA TFA TFA I TEXACO TEXACO TEXACO I SHAM. FINA FINA FINA II 
II I AC-10 AC·10 AC-10 AC-10 AC-10 AC-20 AC-20 AC-20 I AC-20 AC-10 AC-10 I AC·20 AC•10 AC·10 AC·10 II 

I I & & & & & & I & & I & & & II 
I I UP70 ELF NS 175 C107 Polybilt D~ I UP70 ELF I ELF 31 01101 61 0110111 
I I I I II 
IShear SUSceptibility a 39 F I I I II 
I Before RTFOT 1 o.602 o.747 1.135 0.110 o.535 o.638 o.5o7 o.511 1 o.646 o.747 1.211 1 0.490 1.235 0.799 o.777 II 
I 1 (c,d) (b) (8) (b) (d,e) (C) (e) (e) I (C) (b) (e) I (C) (8) (b) (b) II 
I I I I II 
I after RTFOT 1 o.584 o.612 1.213 0.697 . 0.607 o.5o8 o.485 1 . . - I . . . - II 
I (C) (C) (8) (b) (C) (d) (d) I I II 
I I II II 
JSheer Susceptibility a 60 F I II II 
1. Before RTFOT . . . . - - . . II o.804 o.892 1.167 II o.696 1.215 0.876 o.828 II 

0\ II II (C) (b) (e) II (d) (e) (b) (c) II 
...,J 

'I II II II 
ISheer Susceptibility a 77 F II II I 
I Before RTFOT 0.879 0.816 1.069 0.858 0.678 0.778 o.627 o.519 11 o.804 o.803 1.152 II o.664 1.076 0.889 o.m 
I I (b) (c) (8) (b) (e) (d) (f) (g) II (b) (b) (8) II (d) (8) (b) (C) 

I I II I 
II after RTFOT 1 o.796 o.no 1.156 o.764 . 0.715 o.614 o.486 II . . . I 
I (b) (d) (8) (C) (d) (e) (f) II I 
I II I 
IShear Susceptibility a 90 F II I 
I Before RTFOT . . - . . . . . II o.83o o.794 1.131 II o.761 1.089 0.886 0.809 

I II (b) (b) (e) I I (C) (8) (b) (C) 

I II II 
JShear Susceptfbil tty a 140 F II II 
I Before RTFOT 0.938 0.952 1.019 0.967 0.699 0.840 o.713 o.777 11 o.832 o.aao o.971 11 o.894 1.o18 0.885 o.m 
I (c) (C) (8) (b) (f) (d) (f) (e) II (C) (b) (e) II (b) (e) (b) (C) 

I II II 
I after RTFOT 0.850 0.856 1.016 0.913 - 0.803 0.623 o.690 I I . . . II 
I (C) (C) (a) (b) (d) (f) (e) II II 
I II II II 
Note: letters of the s~~~~e type fn parentheses within e district indicate no significant difference exists between binders for • given test parameter 

at alpha "' 0.05 



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

I Binder I Shear Susceptibility II Shear Susceptibility II Shear Susceptibility II 
1·····--···---------------- 1--------·-············----·-··ll····-------···················ll··-··------------------------·ll 
I Asphalt Polymer !Before RTFOT After RTFOT fiBefore RTFOT After RTFOT IIBefore RTFOT After RTFOT II 

I I II II II 
I I II II II 
I I Test Temperature 39 F II Test Temperature 77 F I Test Temperature 140 F II 
I I II I II 
ITFA AC-10 - I 6.024E·01 5.836E-01 I 8.186E-01 7.957E-01 I 9.378E-01 a.498E-o1 11 
I I (a) (a) I (a) (b) I (a) (b) II 
I I I I II 
ITFA AC-10 Goodyear UP 70 I 7.470E·01 6.116E·01 I 8.159E·01 7.200E·01 I 9.518E-01 8.563!·01 11 
I I (a) (b) I (a) (b) I (a) (b) II 
I I I I II 
ITFA AC-10 Styretf-13 II 1.135E+OO 1.213E+OO I 1.069E+OO 1.156E+OO I 1.019E+OO 1.016E+OO II 

0\ II (b) (a) I (b) (a) I (a) (a) II (X) 

I I II 
ITFA AC·10 Pol ysar NS 175 7.699E-01 6,968E·01 8,576E·01 7.637E-01 I 9.670E-01 9.128E-o1 11 
I (a) (b) I (a) (b) II 
I I II 
ITFA AC-10 Genstar C107 5.349E-01 - 6.778E·01 - I 6.990E·01 - II 
I I II 
I I II 

IITFA AC-20 - 6.376E·01 6.067E·01 7.778E·01 7.154E·01 I 8.400E·01 8.034E-01 II 

II (a) (a) (a) (b) I (a) (a) II 
II I II 
lfTFA AC-20 Pot ybil t 103 5.070E·01 5,075E·01 6.269E·01 6.143E·01 I 7.133E·01 6.226E-o1 11 
II (a) (a) (a) (a) I (a) (b) II 
II I I I II 
IITFA AC·20 Dow I 5.107E·01 4.853E·01 I 5.189E·01 4.863E-01 I 1.me-o1 6.899E·01 II 

II I (a) (a) I (a) (a) I <a> .<b> II 
II I I I II 

Note: Letters of the same type in parentheses within a test temperature indicate no significant difference exists between 
shear susceptibility before and after RTFOT at alpha= 0.05 



Table 3.9 Effect of Test Teq:~erature on Shear Susceptibility for Unalodifiecl and Modified Asphalt Binders. 

II Binder II Shear Susceptibility 

11-------------------------- I --··--------------------------------------------------------·--------------------------
II Asphalt Polymer I 39 F 60F nF 90F 140 F 39 F 60 F nF 90F 140 F 
II I 
II I before RTFOT after RTFOT 

II I ··----------- -------------
IITFA AC-10 I 0.602 0.879 0.938 0.584 0.796 0.850 

II I (C) (b) (a) (C) (b) (a) 

II I 
IITFA AC·10 Goodyear UP 70 I 0.747 0.816 0.952 0.612 0.720 0.856 

II I (C) (b) (a) (c) (b) (a) 

II 
IJTFA AC-10 Styrelf-13 1.135 1.069 1.019 1.213 1.156 1.016 

II (c) (b) (a) (C) (b) (a) 

II I 
l ITFA AC-10 Polysar NS 175 o.no 0.858 0.967 0.697 0.764 0.913 

II (C) (b) (a) (C) (b) <a> 
II 
IJTFA AC-10 Genstar C107 0.535 0.678 0.699 

II (b) (a) <a> 
II 
JITFA AC-20 0.638 o.n8 0.840 0.607 0.715 0.803 

II (C) (b) (a) (c) (b) (a) 

II 
JTFA AC-20 Polybilt 103 0.507 0.627 0.713 0.508 0.614 0.623 

I (c) (b) (a) (b) (a) (a) 

I 
ITFA AC-20 Dow 0.511 0.519 O.n7 0.485 0.486 0.690 

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

I 
JTexaco AC-20 0.646 0.804 0.804 0.830 0.832 

I (b) (a) <a> (a) (a) I 
I 
JTexaco AC-10 Goodyear UP 70 I 0.747 0.892 0.803 0.794 0.880 

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

I I 
!Texaco AC-10 Styrelf-13 I 1.2n 1.167 1.152 1.131 0.971 

I I (a) (b) (b) (b) (c) 

I I 
JShamroclc: AC-20 I 0.490 0.696 0.664 0.761 0.894 

I I (e) (C) (d) (b) <a> 
1 I 
JFina AC·10 Styrelf-13 I 1.235 1.215 1.076 1.089 1.018 

I I (a) (a) (b) (b) (C) 

I I 
IFina AC·10 3X Kraton 01101 I 0.799 0.876 0.889 0.886· 0.885 

I I (b) (a) (a) <a> (a) 

I I 
JFina AC·10 6X Kraton 01101 I O.n7 0.828 o.m 0.809 o.m 
I I (b) (a) (b) (a,b> (b) 

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

at alpha = 0.05 
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COIISTUT POWBR VISCOSITY. 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 Wjm3 (T x y = 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. 

It was desirable to compare absolute viscosity at 14o•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 Unmodified and Modified 
Asphalt Binders. 

I Binder Constant Power Viscosity I 
1---·------------------------- ;-------·-------------------···---·-··----·······1 
I Asphalt Polymer 39 F 60 F 77 F 90 F 140 F I 
I I 
I 
I ~~nm 
I ----·······-· 
ITFA AC-10 2.760E+07 1.123E+05 9.651E+01 
I 
JTFA AC-10 Goodyear UP 70 3.736E+07 2.143E+05 1.256E+02 
I 
ITFA AC·10 Styrelf·13 7.610E+07 5.844E+05 3.691E+02 
I 
ITFA AC·10 Polysar NS 175 6.072E+07 2.289E+05 1.236E+02 
I 
ITFA AC-10 Genstar C107 6.464E+07 4.518E+05 1.003E+03 
I 
ITFA AC-20 7.183E+07 3.343E+05 1.731E+02 
I 
ITFA AC-20 Polybilt 103 1.007E+08 3.599E+05 2.738E+02 
I 
JTFA AC·20 Dow 5.759E+07 7.548E+05 3.683E+02 
I 
JTexaco AC·20 5.126E+07 2.854E+06 3.699E+05 7.854E+04 1.949E+02 
I 
ITexaco AC-10 Goodyear UP 70 6.359E+07 2.519E+06 2.634E+05 5.046E+04 2.090E+02 
I 
jTexaco AC·10 Styrelf·13 4.014E+07 7.308E+06 3.945E+05 5.694E+04 2.891E+02 
I 
jShamrock AC·20 7.153E+07 3.372E+06 2.871E+05 5.491E+04 1.680E+02 
I 
IFina AC·10 Styrelf-13 5.839E+07 8.621E+06 5.003E+05 7.223E+04 3.077E+02 
I 
JFina AC·10 3X Kraton D1101 4.692E+08 8.506E+06 6.009E+05 9.326E+04 6.016E+02 
I 
IFina AC-10 6X Kraton D1101 4.667E+08 7.754E+06 4.969E+05 9.921E+04 6.500E+02 
I 
I after RTFOT 
I --------····-
ITFA AC-10 6.993E+07 4.034E+05 2.533E+02 
I 
ITFA AC·10 Goodyear UP 70 1.309E+08 6.826E+05 3.683E+02 
I 
ITFA AC·10 Styrelf·13 2.300E+08 1.488E+06 6.220E+02 
I 
ITFA AC·10 Polysar NS 175 9.859E+07 7.168E+05 3.771E+02 
I 
jTFA AC-10 Genstar C107 
I 
JTFA AC·20 2.443E+08 1.504E+06 5.304E+02 
I 
ITFA AC·20 Polybilt 103 1.104E+08 1.175E+06 1.160E+03 
I 
JTFA AC·20 Dow 7.906E+07 1.678E+06 1.672E+03 

1-----------------------------------------------------
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Table 3.11 Comparison of Viscosity at 140 F between Cannon Manning Viscometer 
and Schweyer Constant Stress Rheometer. 

I Binder Rate of Vis. 140 F, poises Vis. 140 F, poises I 
1----------------------------- Shear -------------~···--- -----------------···1 
I Asphalt Polymer 1/sec Cannon Manning constant Stress I 
I Viscometer Rheometer I 
I I 
I before RTFOT J 
I ... -... -........................... 

I 
JTFA AC·10 4.60 1131 1089 
I 
fTFA AC·10 Goodyear UP 70 8.17 1311 1333 
I 
ITFA AC-10 Styrelf-13 4.15 3332 3597 
I 
ITFA AC-10 Polysar NS 175 11.39 1318 1274 
I 
ITFA AC-10 Genstar C107 
I 
JTFA AC·20 7.20 2087 2099 
I 
jTFA AC·20 Polybilt 103 8.44 3296 3461 
I 
ITFA AC-20 Dow 2.89 5198 5428 
I 
!Texaco AC·20 4.61 2375 2546 
I 
JTexaco AC-10 Goodyear UP 70 5.88 2330 2448 
I 
JTexaco AC-10 Styrelf-13 4.54 3060 3011 
I 
I Shamrock AC • 20 5.72 1998 1959 
I 
JFina AC·10 Styrel f·13 5.00 2770 3007 
I 
IFina AC-10 3% Kraton 01101 1.70 8127 7592 
I 
IFina AC-10 6X Kraton 01101 
I 
I after RTFOT 
I -----------· 
fTFA AC·10 4.60 3000 3156 
I 
ITFA AC-10 Goodyear UP 70 7.10 3932 4157. 
I 
llFA AC·10 Styrelf-13 4.41 6331 6114 
I 
ITFA AC-10 Polysar NS 175 7.39 3780 4040 
I 
flFA AC-10 Genstar C107 
I 
(TFA AC-20 2.03 7401 m4 
I 
(TFA AC-20 Polybilt 103 1.06 26266 26312 
I 
ITFA AC-20 Dow 0.88 31592 32815 
! 
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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 

II II District 15 II District 11 II District 25 II 
I I 11········································--···············11·············--·-····11··-·······------····--··········11 
II Test Parameter II TFA TFA TFA TFA TFA TFA TFA TFA IITEXACO TEXACO TEXACO II SHAM. FINA FINA FINA II 
II II AC-10 AC-10 AC-10 AC-10 AC-10 AC-20 AC-20 AC-20 II AC-20 AC-10 AC-10 II AC-20 AC-10 AC-10 AC-10 II 
II II & & & & & & If & & II & & & II 
II II UP 70 ELF NS 175 C107 Polybilt DOW II UP 70 ELF II ELF 3X D1101 6X D1101ll 
II II II II II 
!!Temperature susceptibility II II II II 
II Before RTFOT 11·0.096 -0.097 ·0.095 -0.101 ·0.085 ·0.098 ·0.098 ·0.093 0 ·0.096 ·0.097 ·0.095 11·0.100 ·0.097 ·0.103 -0.102 0 
II I I (a) (a) (a) (a) (a) (a) (a) (a) II (a) (a) (a) II (a) (a) (a) (a) I I 

II II II II II 
II after RTFOT I I -0.097 ·0.099 ·0.105 ·0.096 ·0.401 ·0.089 ·0.084 II · · - II - · - - II 
II II ca> <a> ca> <a> <a> <b> <b> II I I II 
II II II II II 

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 Urmodified and Modified Asphalt Binders. 

I Binder I Temperature Susceptibility 

1----------·- ··-----------· 1-------------------------------·--·-
I Asphalt Polymer Before RTFOT After RTFOT 

I 
I 
ITFA AC-10 -0.096 ·0.097 

I (a) <a> 
I 
JTFA AC-10 Goodyear UP 70 -0.097 -0.099 

I (a) (a) 

I 
ITFA AC-10 Styrelf-13 ·0.095 -o. 105 

I <a> <a> 
I 
ITFA AC-10 Polysar NS 175 -0.101 -0.096 

I (a) (a) 

I I 
ITFA AC-10 Genstar C107 -0.085 - I 
I I 
I I 
JTFA AC-20 -0.100 ·0. 101 I 
I <a> (a) I 

II I 
IJTFA AC-20 Pol ybil t 103 -0.098 -0.089 I 
II (a) (a) I 
II I 
IITFA AC-20 Dow -0.093 ·0.084 I 
II (a) (a) I 
II 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 OP TBST RESULTS OH UHKODIPIBD AHD MODIPIBD 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. In 
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 OP 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: 

• Marshall Stability and Flow at 14o•F 
• Hveem Stability at 14o·F 
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Table 4.1 Engineering Properties of Laboratory Mixed I Laboratory Compacted Mixtures Using Standard Compaction. 

II II District 15 
II I --------······-···---------··········---------------------· 
II Test Parameter I TFA TFA 
I I AC-10 UP 70 Styrelf NS 175 C107 AC·20 Polybilt Dow 

'-------!Marshall Stability, lb 
I 
'-------!Marshall Flow, 0.01 in 
I 
'-------IHveem Stability, X 
I 
'-------ITensile Strength 
[at 39 F, psi 

'-------I Tensile Strength 
[at 77 F, psi 

1044 2305 2056 1591 
(a) (d) (c) (b) 

9.5 12.7 13.0 11.7 
(a) (b,c) (c) (b) 

41 41 44 41 
(a) (a) (a,b) (a) 

378 391 483 388 
(a) (a) (c) (a) 

64 104 132 96 
(a) (b) (c) (b) 

1985 
(C) 

2750 2412 
(e) (d) 

12.0 12.0 9.8 
(b,c) (b,c) (a) 

43 
(a) 

464 
(b,c) 

128 
(c) 

47 51 
(b) (C) 

439 487 
(b) (C) 

133 137 
(c) (c) 

I District 11 
1-·-----··------······ 
TEXACO 
AC·20 UP 70 Styrelf 

2303 2722 2339 
<a> (b) (a) 

12.0 13.7 12.8 
(a) (b) (a,b) 

43 
(a) 

452 
(a) 

117 
(a) 

41 
(a) 

486 
(b) 

152 
(C) 

42 
(a) 

530 
(C) 

126 
(b) 

'------- '------ITensile Strength 19 46 49 36 52 61 64 I 
[at 104 F, psi (a) (c) Cc,d) (b) (d) (e) (e) I 

40 
(a) 

49 
(b) 

37 
(8) 

'------- '-------ITensile Strain 0.37 0.25 0.36 0.28 0.10 0.21 0.19 I 
[at 39 F, X (d) (c) (d) (c) (a) (b) (b) I 

0.25 
(a) 

0.21 
(a) 

0.53 
(b) 

'-------- '------!Tensile Strain 0.97 0.85 1.17 0.90 0.64 0.49 0.39 I 1.07 
[at 77 F, X (c,d) (c) (d) (c) (b) Ca,b) (a) II (a) 

1.20 
(b) 

1.53 
(c) 

"------- II _____ -
IITensile Strain rr 1.04 1.05 1.46 1.13 0.86 0.71 0.45 II 1.04 1.23 1.53 
llat 104 F, X I (d) (d) (e) (d) (c) (b) <a> ll (a) Cb> (c) II 
II I -----------------11 ______ 11 
!(Secant Modulus I 209 316 270 281 902 428 523 II 355 469 205 II 
llat 39 F, ksi I (a) (a) (a) (a) (c) (b) (b) II (b) (c) (a) II 
11 I H II 
lfSecant Modulus I 14 25 23 22 40 54 71 II 22 26 17 II 
llat 77 F, ksi I (a) (b) (b) (b) (c) (d) (e) II (b) (e) (a) II 
II I II II 
J[Secant Modulus I 4 9 7 6 12 17 29 II e 8 5 II 
flat 104 F, lc.si I (a) (a,b) (a) (a) (b) (c) (d) II (b) (b) (a) II 
II I II II 
IIResil ient Modulus I 1512 1384 2231 1394 2121 1651 1076 II 667 952 651 II 
Jlat 39 F, ksi r (a,b) (a,b) (b) (a,b) (b) (a,b) (a) II (a) (a) (a) II 
II I I II 
![Resilient Modulus I 337 420 434 467 550 547 646 I 232 353 213 II 
(lat 77 F, ksi lL (a) (a, b) Ca,b) (b. c) (c) (c) (d) l (a) (b) (a) II 
II II I II 
UResilient Modulus II 107 168 193 165 239 289 239 I 86 102 69 H 
!I at 104 F, ksi II (a) (a,b) (a,b,c) (a,b) (b,c) (c) (b,c) I (a) (a) (a) II 
II II I II 
IIPoisson•s Ratio at 39 F II I 0.17 0.01 0.16 II 

II II I II 
[(Poisson's Ratio at 77 F II I 0.26 0.20 0.25 II 
II II I II 
![Poisson's Ratio at 104 Fll I 0.44 0.40 0.32 II 
II rr I II 

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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II 
II 
II 
II 

Table 4.1 (Continued) 

Test Parameter 

II ______ _ 

IJMarshall Stability, lb 
II 

"-------IIMarshall Flow, 0.01 in 
II 
"-------JIHveem Stability, X 
II Jl ______ _ 
!!Tensile Strength 
II at 39 F, psi 
II ______ _ 

JJTensile Strength 
II at n F, psi IJ ______ _ 
IITensile Strength 
flat 104 F, psi 

' '------IITensi le Strain 
Jlat 39 F, " 
Jl ______ _ 

IJTensile Strain 
JJat n F, X ,, ______ _ 
IJTensi le Strain 
Jlat 104 F, X ,, ______ _ 
JJSecant Modulus 
Jlat 39 F, ks i ,, ______ _ 
IJSecant Modulus 
II at n F, ksi 
J\ ______ _ 
II Secant Modulus 
JJat 104 F, ks i 

I District 25 I 

--------------------------------1 
SHAM. 
AC-20 Styrelf 3" 01101 6" D1101 

2400 
(a) 

14.7 
(a) 

43 
(a) 

569 
(b) 

121 
(a) 

38 
(a) 

0.22 
(a) 

0.87 
(a) 

1.25 
<a> 

525 
(d) 

27 
(c) 

6 
(b) 

3182 
(b) 

17.3 
(b) 

43 
(a) 

684 
(d) 

176 
(C) 

61 
(C) 

0.46 
(C) 

1.64 
(C) 

2.10 
(b) 

297 
(b) 

21 
(b) 

6 
(b) 

3136 
(b) 

16.3 
(b) 

43 
(a) 

625 
(C) 

168 
(c) 

58 
(c) 

0.36 
(b) 

1.24 
(b) 

1.96 
(b) 

348 
(c) 

27 
(C) 

6 
(b) 

3513 
(c) 

18.7 
(c) 

43 
(a) 

512 
(a) 

132 
(b) 

51 
(b) 

0.93 
(d) 

2.41 
(d) 

3.45 
(c) 

110 
(a) 

11 
(a) 

3 
(a) 

District 10 

TOTAL 
AC·20 UP·70 Styrelf POLYBILT 3X D1101 

1359 955 1305 987 880 
(b) (a) (b) (a) (a) 

10.3 10.0 10.3 9.5 9.7 
(a) (a) (a) (a) (a) 

45 45 45 43 42 
(a) (a). (a) (a) (a) 

446 489 516 396 454 
(b) (c) (c) (a) (b) 

135 108 149 73 83 
(c) (b) (d) (a) (a) 

39 26 39 19 19 
(c) (b) (c) (a) (a) 

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

----------------1 1.14 1.48 1.sa 1.10 1.46 1 
<a> <b> <b> <a> <b> 1 

----~--------------' 1.08 1.53 1.82 1.14 1.80 
(a) (b) (C) (a) (C) 

378 441 372 146 195 
(C) (d) (C) (a) (b) 

23 15 19 13 11 
(c) (a,b) (b) (a) (a) 

7.2 3.5 4.3 3.3 2.1 
(d) (b) (C) (b) (a) 

11------- I -------------------
IIResi I ient Modulus 1067 1032 933 663 I 2588 1490 2097 1934 3708 
flat 39 F, ksi (b) (b) (a,b) (a) I (a,b) (a) (a) (a) (b) 

Jl_______ I-------------
IIResilient Modulus I 319 296 316 169 I 873 455 553 428 351 
llat n F, ksi I (b) (b) (b) (a) I (c) (a,b) (b) (a,b) (a) 

II 1---------~-------------IJResilient Modulus I 101 80 71 62 I 171 103 143 115 95 
Jlat 104 F, ksi I (b) <a,b) (a) (a) I (a) (a) (a) (a) (a) 

II II 1-----------
JIPoisson's Ratio at 39 F II 0.16 0.19 0.17 0.26 I 

II II '------------JJPoisson's Ratio at n F II 0.30 0.33 0.30 0.32 I 0.11 0.49 0.37 0.43 0.41 

II II 1--------------
IIPoisson's Ratio at 104 F II 0.44 0.53 0.60 0.46 I 

II II '-------------Mote: 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 I Laboratory Compacted Mixtures Using Modified Compaction 

I II District 15 I District 11 II 
I 11·-------·········--·····------------·-···---------------··· 1··----··-·-··········11 
I Test Parameter II TFA TFA TEXACO II 
I II AC-10 UP 70 Styrelf NS 175 C107 AC-20 Polybilt Dow AC·20 UP 70 Styrelf I I II __________________ _ 

IMarshall Stability, lb II 500 878 
I I <a> (b) 

845 
(b) 

1070 
(b) 

953 1072 
(b) (b) 

1067 
(b) 

1067 
(b) 

I 1--------------------------------~ !Marshall Flow, 0.01 in I 8.2 12.0 13.5 12.2 26.3 11.2 10.8 9.8 
I I (a) (c,d) (d) (c,d) (e) (b,c) (b1c) (b) 

I '---------------------------------IHveem Stability, X I 37 33 35 40 37 41 38 39 
I l<a,b1c) (a) (a1b) (c) (a,b,c) (c) (b,c> (b,c) 

I 1----------------------------------

908 
(b) 

951 
(b) 

13.7 .15.7 
(a) (b) 

38 35 
(b) (a) 

684 
(a) 

16.0 
(b) 

33 
(a) 

IITenstte Strength I 318 285 319 286 112 320 284 305 303 363 304 
llat 39 f, psi I (b) (b) (b) (b) (a) (b) (b) (b) (a) (b) (a) I 

II 1----------------- I 
!!Tensile Strength I 52 67 76 70 36 79 80 74 70 84 64 I 
Jlat 77 F, psi I (b) (c) (c,d) (c,d) (a) (d) (d) (c,d) I (b) (c) (a) I 
II I I ------1 
!!Tensile Strength I 13 24 25 28 15 32 31 36 I 20 20 15 1 
Jlat 104 F, psi I (a) (b) (b) (b1c) (a) (c,d) (c,d) (d) I (b) (b) (a) I 
II I I II 
IITensile Strain I 0.37 0.30 0.50 0.32 0.56 0.18 0.19 0.21 I 0.36 0.35 0.73 I 
IJat 39 F, X I (c) (b) (d) (b) (e) (a) (a) (a) I (a) (a) (b) I 
II I I I 
IJTensile Strain I 1.07 0.94 1.38 0.90 1.80 0.55 0.55 0.36 I 1.28 1.51 2.15 I 
Jlat 77 f 1 X I (d) (c) (e) (c) (f) (b) (b) (a) I (a) (b) (c) I 
II II II I 
IJTensile Strain II 1.01 1.34 1.92 1.05 2.73 0.79 0.78 0.43 II 1.31 1.58 2.43 I 
II at 104 F 1 X ~I (blc) (d) (e) (e) (f) (b) (b) (a) II (a) (b) (c) I 
t I II II I 
ttsecant Modulus II 177 191 127 183 40 350 302 298 II 172 206 83 1 
II at 39 f 1 ksi II (b) (b) Cb) (b) (a) (c) (c) (c) II (b) (b) (a) I 
t I II II I 
!!Secant Modulus II 9.8 14.3 11.0 15.7 4.0 29.2 29.5 41.2 II 11.0 11.1 5.9 I 
(fat 77 F, tsi I I (b) (b,c) (b,c) (c) (a) (d) (d) (e) I I (b) (b) (a) I 
II II II I 
IJSecant Modulus II 2.6 3.6 2.6 5.3 1.1 8.1 8.0 16.8 II 3.0 2.6 1.2 I 
IJat 104 F. ksi II (b) (b) (b) (c) (a) (d) (d) (e) II (c) (b) (a) I 
II ll II I 
IIResil lent Modulus II 1236 1132 1414 907 428 \2\7 1497 903 II 623 615 564 I 
II at 39 f 1 ksi II (blc) (blc) (blc) (b) (a) Cb1c) (c) (b) II (a) (a) (a) I 
II II II I 
JIResilient Modulus II 212 327 284 352 131 352 414 475 II 138 209 115 I 
II at 77 f 1 ksi I I (a) (b,cld) (blc) (blcld) (a) Cblcld) Ccld) Cd) II (a) (a) (a) I 
II II II I 
II Res it tent Moclllus II 89 160 104 150 71 190 149 207 II 81 70 53 1 
llat 104 F, ksi II (a1b) (blc) (a,b) (b,c) (a) (c) (blc) (c) II (a) (a) (a) I 
II II II I 
!!Poisson's Ratio at 39 F II II 0.06 0.14 0.07 I 
II ll II I 
IIPoisson•s Ratio at 77 f ll II 0.31 0.22 0.29 II 
II II II II 
lJPoisson•s Ratio at 104 Fll II 0.\S 0.36 0.40 II 
II II II II 

Note: Letters of the same type fn 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) 

I 
I 

I District 25 II District 10 I 
J--------------------------------11---------------------··--------------··--····t 

I Test Parameter I SHAM. I 
I I AC-20 Styrelf 3X D1101 6X D1101J 

TOTAL 
AC·20 UP·70 Styrelf POLYBILT 3X D1101 

'-------------- '-------------------'---------------------------!Marshall Stability, lb I 1179 1644 1646 1462 I 
I I <a> <b> <b> <b> 1 

493 
(b) 

525 
(b) 

533 
(b) 

227 
(a) 

491 
(b) 

l I 1----------------------------
IMarshall Flow, 0.01 in I 16.3 20.3 20.0 22.7 10.8 11.7 14.0 11.3 12.8 
I I (a) (b) (b) (c) (a) Ca,b) (c) Ca,b) (b) 

I 1-----------------
IHveem Stability, X J. 36 36 36 33 
I I <b> <b> <b> (a) 

I 1-----------------
ITensile Strength I 399 
Jat 39 F, psi I (b) 

467 
(C) 

414 
(b) 

286 
(a) 

I '------------------ITensile Strength I 88 
lat n F, psi I (a,b) 

123 
(c) 

98 
(b) (a) 

80 

I '------------------!Tensile Strength II 27 
Jat 104 F, psi I (a) 

42 
(b) 

31 28 
(a) (a) 

'-------------- '-------------------ITensile Strain I 0.28 
lat 39 F, X I (8) 

0.40 
(b) 

0.41 
(b) 

1.03 
(c) 

I 1------------------
JTensile Strain J 0.58 
Jat n F, x 1 <a> 

1. 76 
(b) 

1.84 
(c) 

3.38 
(d) 

I '------------------JTensile Strain I 1.27 
Jat 104 F, X I (8) 

2.28 
(b) 

2.49 
(c) 

3.85 
(d) 

I '------------------Jsecant Modulus I 293 
Jat 39 F, ksi I (c) 

231 
(b) 

204 
(b) (a) 

55 

I 1----------------
Jsecant Modulus I 20.1 
Jat n F, ksi I (d) 

14.0 
(C) 

10.7 
(b) 

4.7 
(a) 

'--------------- ·---------------------!Secant Modulus I 4.2 3.7 2.5 
Jat 104 F, ksi II (d) (c) (b) 

1.5 
(a) 

I 1------------------
JResilient Modulus I 758 
Jat 39 F, ksi I (a) 

579 
(a) 

728 
(a) 

573 
(a) 

I '------------------[Resilient Modulus I 
Jat n F, ksi I 

313 
(b) 

254 
(b) 

221 
(b) (a) 

98 

I 1------------
IRestlient Modulus I 
lat 104 F, ksi I 

117 
(b) 

60 
(a) (a) 

51 46 
(a) 

I '---------IPoisson's Ratio at 39 F I 0.03 0.15 0.17 0.21 

I 1----------
IPoisson•s Ratio at n F I 0.18 0.21 0.24 0.41 

I '--------------IIPoisson•s Ratio at 104 F I 0.26 0.54 0.51 0.40 

II '------------

35 
(a) 

332 
(a,b) 

86 
(C) 

21 
(d) 

0.23 
(a) 

1.23 
(a) 

1.59 
(a) 

299 
(b) 

14 
(C) 

2.6 
(b) 

2120 
(b) 

394 
(a) 

174 
(a) 

0.44 

36 
<a> 

435 
(c) 

79 
(C) 

18 
(c) 

0.22 
(a) 

1.33 
(a) 

1.53 
(a) 

395 
(C) 

12 
(C) 

2.4 
(b) 

1827 
(a,b) 

495 
(a) 

119 
(a) 

0.32 

36 
(a) 

397 
(b,c) 

100 
(d) 

20 
(d) 

0.25 
(a) 

2.25 
(c) 

2.88 
(c) 

317 
(b) 

9 
(b) 

1.4 
(a) 

2643 
(b) 

425 
(a) 

95 
(a) 

0.43 

34 
<a> 

273 
(a) 

37 
(a) 

8 
(a) 

0.75 
(c) 

1.33 
(a) 

1.32 
(a) 

72 
(a) 

6 
(a) 

1.3 
(a) 

1238 
(a) 

270 
(a) 

132 
(a) 

0.36 

35 
(a) 

374 
(b,c) 

60 
(b) 

11 
(b) 

0.62 
(b) 

1.79 I 
(b) 

2.10 
(b) 

121 
(a) 

7 
(a,b) 

1.0 
(a) 

2064 
(b) 

405 
(a) 

145 
(a) 

0.36 

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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• Tensile Strength at 39•F, 77•F and l04•F 
• Tensile Strain at Failure at J9•F, 77•F and l04•F 
• Secant Modulus at 39•F, 77•F and 104•F 
• Resilient Modulus at 39•F, 77•F and l04•F 
• 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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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 lower 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). In 
general, addition of polymer to TFA AC-10 mixtures increased the 
tensile strain at 104•F and decreased it at J9•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 J9•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. 

Secant 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 J9•F. 
Also, the modified TFA AC-10 mixtures exhibited higher secant 
modulus than the Ac-io 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 
siqnificant at 77•F (Table 4.1). In Districts 11 and 10 secant 
modulus of the control mixtures was hiqher than that of the 
modified mixtures except for the UP-70 mixture at J9•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 J9•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. 
Kraton (at 6 percent) 

Based on the above statement the Dow and 
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 
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the assumption that asphalt mixtures are homogeneous, isotropic and 
elastic. However, values of Poisson 1 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. 

BVALUATXON OF ~RATORY KZXTURES (KODZPXBD COKPACTZON) 

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 
• Hveem Stability at 140•F 
• Tensile Strength at J9•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 
• 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 
• Creep Compliance at 6o•F, 77°F and go•F 
• 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 f~r 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 (Texaco 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 Stability 

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 largely 
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 Hveem 
stability between the control and modified mixtures in District 10. 

Tensile Strength 

Average values of tensile strength at three different test 
temperatures (J9•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 Styrel f exhibited the 
lowest values of tensile strength among the mixtures at all test 
temperatures. In 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 Polybil t 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). In 
general, addition of SBR polymer to the TFA AC-10 mixtures 
increased tensile strain at 104 •F and decreased it at J9•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). In District 11 the 
secant modulus of the control mixture was higher than that of the 
modified mixtures except for the UP-70 mixtures at J9•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 J9•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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Fatigue Life 
Results of the indirect fatigue 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. 

2. 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. 

3. 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. 

4. 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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Fatigue Constants, K1 and K2 

several researchers have postulated that a 1 inear 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 line 
resulting from this plot is as follows: 

K2 = 1.100 - 0.270 Log(K1) (R=0.986 Se=0.135) 

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

K2 = 1.350 - 0.252 Log(K1) ( 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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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 -------·---------------- Equation In This Equation 
K1 K2 Study K2 

District 15 Laboratory Mixtures 
TFA AC-10 4.74E·02 1.11 1.46 1.68 0.23 
TFA AC-10 + 3X UP 70 4.96E·05 2.14 2.26 2.43 0.17 
TFA AC-10 + 3X Styrelf 9.68E·04 1.82 1.91 2.11 0.20 
TFA AC·10 + 3X NS 175 4.36E·06 2.54 2.55 2;70 0.16 
TFA AC·10 + 18X C107 7.75E·05 2.43 2.21 2.39 o. 18 
TFA AC·20 4.02E·06 2.35 2.55 2. 71 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 4.72 0.01 

District 11 Laboratory Mixtures 
Texaco AC-20 7 .18E·04 2.01 1.95 2.14 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 3.31 o. 11 
Fina AC-10 + 3X Styrelf 1.59E-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 

I 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 

I Fina AC·10 + 3X Styrelf 2.13E·03 1.88 1.82 2.02 0.20 
Exxon AC-10 + 3X Polybilt 2.65E·03 1.64 1. 79 2.00 0.20 
Gulf AC-10 + 3X D1101 5.36E·03 1.61 1. 71 1.92 0.21 

District 15 Plant Mixtures 
2.571 TFA AC-10 + 3X UP 70 5.75E·06 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 o. 15 
TFA AC·10 + 18X C107 1.07E-08 3.58 3.25 3.36 0.11 
TFA AC·20 4.99E·08 3.16 3.07 3.19 0.12 
TFA AC-10 + 3X 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 0.11 I 
Texaco AC·10 + 3X UP 70 6.31E·07 2.87 2.77 2.91 0.14 
Texaco AC-10 + 3X Styrelf 1 .57E·04 2.24 2.13 2.31 o. 18 

District 25 Plant Mixtures 
Ffna AC-10 + 3X Styrelf 1.89E·07 2.95 2.91 3.04 0.13 
Fina AC·10 + 3X D1101. 2. 11E·07 2.99 2.90 3.03 0.13 
Fina AC-10 + 6X D1101 1 .38E-08 3.30 3.22 3.33 0.11 

District 10 Plant Mixtures 
Total AC·20 7.84E·04 1.95 1.94 2.13 0.20 
Fina AC-10 + 3X 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 + 3X Polybilt 2.01E·03 1.77 1.83 2.03 0.20 
Gulf AC·10 + 3X 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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1. 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. 

2. 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. 

3. 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. 

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

creep Compliance 

The results of creep compliance testing for laboratory 
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. 

2. 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. 

3. 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 high 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 6o·F, 77•F, and 
go•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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2. The mixture containing UP-70 had less creep compliance 
than the control at all test temperatures. This 
difference was more significant at 9o•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. 

3. 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: 

1. 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 converqe at longer loading time 
at go·F. 

2. 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. 

3. 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 result might be due to the fact that 
Shamrock asphalt cement is less temperature susceptible 

than Fina's asphalt. 
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Tensile Strength Ratio CTSRl 

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. 

OOXPARISOB BBTWEBB LABORATORY XIZTURBS AHD PLANT XIZTURBS 

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 ceinent in the 
labc;>ratory 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 ultrafine 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 lower 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. In 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, Kl 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 had 
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 --- --- ---
Marshall Flow XXX N/A --- --- ---
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, Kl. XXX N/A N/A --- ---
Fatigue constant, K2 XXX N/A N/A --- ---
Intercept of XXX --- N/A --- ---
Creep Curve, Dl 

Slope of creep XXX XXX N/A --- ---
curve, M 

. . . . . . Note: (XXX) 1nd1cates var1ables wh1ch are s1gn1f1cant. 
(---) 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 OF = 33 

MARSHALL FLOW-P = 2.68 + 0.848 (MARSHALL FLOW-L) 
R = 85.3% Se = 2.087 OF = 33 

HVEEM-P = 11.0 + 0.724 (HVEEM-L) 
R = 70.8% Se = 3.287 OF = 33 

SQRT(St-P) = 18.6 + 0.0187 (St-L) - 0.359 AV - 0.103 (TEMP) 
R = 98.4% Se = 1.085 OF = 101 

SQRT(Ef-P) = 0.410 + 0.291 (Ef-L) - 0.0033 (TEMP) - 0.0024 (300 - Tmix) 
R = 89.8% Se = 0.145 OF = 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 OF= 100 

SQRT(Er-P) = 28.6 + 0.0103 (Er-L) -0.170 (TEMP) 
R = 94.4% Se = 3.884 OF = 102 

LOG(Kl-P) = -1.11 + 0.963 (LOG(Kl-L)) 
R = 90.6% Se = 1.332 OF = 16 

K2-P = 0.312 + 1.01 (K2-L) 
R = 88.5% Se = 0.399 OF= 16 

LOG(Dl-P) = -1.07 + 0.803 LOG(Dl-L) 
R = 89.4% Se = 0.197 OF = 52 

M-P = -0.292 + 1.03 M-L + 0.00295 (TEMP) 
R = 83.4% Se = 0.080 OF = 51 

LEGEND 
P = PLANT 
L = LABORATORY 
st = Indirect Tensile Strength 
Ef = Tensile Strain at Failure 
Es = Secant Modulus 
Er = Resilient Modulus 
Kl and k2 = Fatigue Constants 
M and Dl = Slope and Intercept of Creep Curve 
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COKPARISOH OP BAND AND KBCBAHICALLY KIXBD 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-mixed 
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 12-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 4.6 Elpelimadall>r:lip b u..J 'tiL Mechuir:tl Milillc Study (N11111bc:r of Samples per Data Point) 

'l)peofMix Mechanical Mixing Hand Mixed 
Com. Temp=250 Mix. Temp=27S Com. Temp=250 Mix.Temp=27S 

St Manhall Hveem St Man hall Hveem 
77 140 140 77 140 140 

Temco AC-10 - - - - -
Styrelf-13 3 3 3 3 3 3 

Ught-Weight Agg. - - - - - -
Temco AC-10 - - - - - -
Goodyear SBR 3 3 3 3 3 3 

Ugbt-Weight Agg. - - - - - -
Exxon AC-10 - - - - - -
3%EVA 3 3 3 3 3 3 

Crushed Stone Agg. . - - - - -
Gulf AC-10 - - - - - . 

3%01101 SBS 3 3 3 3 3 3 

Crushed Stone - - - - - -

Hand Mixed Plant Mix 
Com. Temp=270 Mix. Temp=29S 

St Manball Hveem St Man ball Hveem 
77 140 140 77 140 140 

- - - - - -
3 3 3 3 3 3 

- - - - - -
- - - - - -
3 3 3 3 3 3 

- - . - - -
- - - - - . 

3 3 3 3 3 3 

- - - - - -

- - - - - -
3 3 3 3 3 3 

- - - - - -



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 Hve.em stability tests. The test results are 
summarized in Table 4.7. 

Results of laboratory 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. 

JIYea Stability 
Average values of the Rveem stability for the tested mixtures 

are plotted in Figure 4.2(. 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 St&bility 
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 w. Mecban.ical Mixing Study 

Hand Mixed Hand Mixed 
Com. Temp=2SO Mix.Temp=275 Com. Temp=270 Mix.Temp=295 

Hveem Marshall St Hveem Marshall St. 
71°F 

Teuc:oAC-10 39 1805 98 40 1968 12S 

3% Styrelf-13 37 1710 95 39 2102 132 

Ught-Weight Agg. ~ .!.!11 100 39 2205 122 
Average 38 1776 98 39 2092 122 

Teuc:oAC-10 36 1710 88 39 1950 127 

Goodyear SBR . 37 1711 92 40 1728 110 

Ught-Weight Agg. ~ 1653 .21 11 m.2 ill 
Average 37 1691 91 39 1963 123 

Buon AC-10 40 871 51 41 92S 6S 

3%EVA 41 1181 so 40 980 49 

Crushed Stone Agg. g_ ill ~ ~ ~ 72 

Average 41 959 48 40 908 62 

Oulf AC-10 39 1027 64 41 1140 75 

3%01101 SBS 39 1001 6S 37 1065 70 

Crushed Stone Agg. ~ !ill 62 41 W& ~ 

Average 40 1057 63 40 1133 68 

Mech. Mix Plant Mix 
Com. Temp=2SO Mix.Temp=275 

Hveem Marshall St. Hveem Marshall St. 

42 2206 12S 40 2197 155 

40 2350 124 40 2002 156 

~ ~ m ~ mi ~ 

42 2339 126 39 2138 153 

41 2407 159 42 1948 162 

42 2935 150 42 1928 164 

41 g ~ g 1m ~ 

41 2722 152 42 1873 162 

43 983 70 41 865 77 

44 990 77 39 792 73 

i1 - 1!! ~ ~ ~ -
43 987 73 40 869 74 

42 86S 78 42 1294 97 

40 931 83 43 1122 100 

4S 845 87 g_ ~ 21 
42 880 83 42 1153 96 
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Tensile strength 
Average values of tensile strength for different mixing 

procedures are plotted in Figure 4.26. In 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 procedures can be ranked as follows: 

1. Plant Mixing 
2. Mechanical Mixing 
3. Hand-Mixing at 29S•F 
4. Hand-Mixing at 27S•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 is 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 1 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 - l. 0.90 0.99 
Temp. 295"F 

Mechanically - - 1 0.83 
Mixed 

Plant Mixed - - - 1 

R-Squared 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. 27S•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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CBAP'l'BR 5 

BVALUATXOK OF BFFBCTS OP POLYKBRS ARD COKPARXSOK 
OF TBST KBTHODS 

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) Fatique 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 fatique 
crackinq 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. 

BPPBCTS OF POLYKBRS OK KBASURBD PROPBRTXBS 

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 may 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 laboratory 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, fJ=f}01 yc· 1 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 
I 
!Penetration , 77 F 102 67·74 79·101 66·70 
I 
I 39 F 15 9·10 13·16 10 
I 
!Viscosity, 140 F 1131 1998·2375 1311·8127 3296·5198 
I 
!Kinematic Viscosity, 275 297 416·624 495-1013 919·1202 
I 
!Constant Power Viscosity, 39 F 2.76E+07 5.13E07· 7.18E07 3.74E07·4.69E08 5.76E07·1.01E8 

I 77F 1.12E+05 2.87E05·3.70E05 2.14E05·6.01E05 3.6E05·7.55E05 
I 140 F 9.65E+01 1.68E02·1.95E02 1.24E02·1.00E03 2.74E02·3.68E02 
I 
!Viscosity-Temp. Susceptibility ·0.096 (·0.100)·(·0.096) (·0.103)·(·0.085) (·0.098)·(·0.093) 
I 
!Softening Point 117 126·128 122·147 133·139 
I 
!Penetration Index Pl(pen/pen) -0.18 (-0.43)·(·0.23) (·0.11)-(1.06) (·0.04)·(0.17) 
I 
!Penetration Index Pl(pen/sp> ·0.04 0.19-0.62 0.46-3.92 0.98·1.66 
I 
tPenetrat'f on Vf scos f ty ll\.lli)el" -o.n C-fJ.60)·(·0.0J) cr.oz-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 
1 77F 0.88 o...66-0.JIQ Cl.68·1.15 Cl.52.·0.63 
I f'O F 0.94 0.83·0.89 0.70-1.02 0.71·0.78 
l 
!Asphalt Stiffness Q 0.1 sec, 39 F 5075 6525·7540 943-4785 4640·5800 
i 77F \60 2.90·334 145·2.47 319·363 
I 104 F 12 23·36 15-46 33·54 
I 
!Stiffness-Temp. susceptibility ·0.073 (·0.69)·(·0.063) (·0.068)·(·0.041) (·0.062)·(·0.054> 
t 
!Penetration Retained 0.63 0.59·0.68 0.57·0.75 0.65·0.70 
l 
!Viscosity Ratio 2.65 2.60·3.55 1.69·3.00 6.08·7.97 
I 
lKinemetic Viscosity Ratio 1.56 1.43·1.80 1.04-1.94 1.94·1.99 
I 
lCracking Temperature ·48 (·44)·,·4\) (·74)-(·45) (·48)·(·43) 

I 
IMaxiaua True Stress 60 60·120 75·595 174·289 
I 
!Maximum True Strain 2.95 2.23·2.44 1.39·3.73 2.28·2.46 
I 
!Area under Stress·Strafn CUrve 115 83·136 125·473 198·363 
I 
fAsphal t Modulus 146 242·4n 115·296 346·413 
I 
1Asphalt·Po£ymer Modulus 50·819 0.0·205 
I 
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Table 5.2 Effect of Polymers on the Properties of TFA Asphalt Cement before RTFOT 

I Ribber 
JTest Parameter SBS SBR SBR/Polyolefin EVA C107 
I 
!Penetration , 77 F E E,D D E D 
I 39 F E E E E E 
I 
JViscosity, 140 F 
I 
fKinematic Viscosity, 275 
I 
IConstant Power Viscosity, 39 F D 
I 77F 
I 140 F 1 

I 
JViscosity·Temp. Susceptibility E E D D E 
I 
JSoftening Point 
I 
JPenetration Index 
I 
JPenetration Viscosity Number 
I 
JShear Susceptibility, 39 F D D E 
I 77F E,D D D D 
I 140 F E,l D D D 
I 
!Stiffness Modulus, 39 F D D D D D 
I 77F I I,D I I I 
I 104 F I 
I 
JStiffness·Temp. Susceptibility D E,D D D D 
I 
!Penetration Retained E 

I 
!Viscosity Rati~ D 
I 
!Kinematic Viscosity Ratio D D 
I 
JPower Viscosity Ratio, 39 F I,D D D 

I 77F D D D D 

I 140 F D I 
I 
JCracking Temperature E E 
I 
!Maximum True Stress E,l 
I 
JMaximum True Strain E E E D 

I 
JArea under Stress-Strain Curve E 
I 
IAsphal t Modulus E 
I 
fAsphalt·Polymer Modulus E 
I 
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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. 
Only 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 CPI) and Penetration Viscosity NuBiber 
CpYNl. Penetration Index and Penetration Viscosity Number 
increased through the addition of polymers. This indicates 
that modified asphalt binders are less 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 liquids. 
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 low 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 low stiffness at low temperatures and high 

stiffness at high temperatures. Polymers used in the study 

generally reduced stiffness at low 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 Table 5.1. 

Aging 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 Gens tar 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 -Go·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 useful 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 use 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 qenerally indicates 
that the asphalt has been polymer modified. The range of 
values are shown in Table 5 .1. 

COMPARXSOB OP ~BS~ HB~RODS 

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 ~his 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(penjpen) PI(penjsp) PVN STIFFNESS 
DISTRICT TEMP 

SUSCEP. 

15 AC-20 AC-10 AC-10 AC-10 
15 AC-10 AC-20 AC-20 AC-20 
15 NS-175 NS-175 NS-175 NS-175 
15 UP-70 UP-70 UP-70 UP-70 
15 POLYBILT POLYBILT POLYBILT POLYBILT 
15 DOW DOW STYRELF DOW 
15 STYRELF STYRELF DOW STYRELF 
15 GENS TAR GENS TAR GENSTAR 

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

25 AC-20 AC-20 AC-20 AC-20 
25 STYRELF STYRELF 3% KRATON STYRELF 
25 3% KRATON 3% KRATON STYRELF 3% KRATON 
25 6% KRATON 6% KRATON 6% KRATON 6% KRATON 

10 AC-20 AC-20 AC-20 AC-20 
10 UP 70 UP 70 UP 70 POLYBILT 
10 POLYBILT STYRELF POLYBILT STYRELF 
10 STYRELF POLYBILT STYRELF UP 70 
10 KRATON KRATON KRATON KRATON 

. . . . Note: B1nders and m1xtures are l1sted 1n ascend1ng order 
of reducing temperature susceptibility as measured 
by each test method in a given district. 
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TEMP. 
SUSCEP. 

NS-175 
AC-20 
POLYBILT 
UP-70 
AC-10 
STYRELF 
DOW 
GENSTAR 

UP-70 
AC-20 
STYRELF 

3% KRATON 
6% KRATON 
AC-20 
STYRELF 

-----



Table 5.4 COIIflllrfson of Test Methods used in Thermal Creclcil'lf Eveluatton. 

JVISCOSITY MAXIMUM - MAXIIUf CURVE ASPHALT STIFFNESS CRACKING TENSILE TENSILE SECANT RESILIENT 

I I 39 F TRUE TRUE AREA MOOULU. fQ)ULUS TEMPERATURE STRENGTH STRAIN MOOULUS MOOULUS 
JDISTRICT I STRESS STRAIN 39 F 39 F 39 F 39 F 39 F 39 F 39 F 

I 39F 39 F 

I 
15 JPOLYBILT AC-10 GENSTAR AC-10 DOW AC-20 AC-20 AC-20 AC-20 AC-20 POLYBILT 
15 JSTYRELF UP-70 D~ AC-20 POUBILT PQLYBILT POLYBILT STYRELF POLYBILT POLYBILT STYRELF 
15 JAC-20 AC·20 AC-20 GENS TAR AC•20 AC-10 NS-175 AC-10 D~ D~ AC-10 
15 JGENSTAR NS-175 POLYBILT UP-70 NS•175 NS-175 AC-10 D~ UP·70 UP-70 AC·20 
15 JNS-175 GENS TAR STYitELF D~ GEifSTAR p~ D~ NS-175 NS-175 NS-175 UP·70 
15 ID~ D~ AC-10 NS-175 STYRElf a,IP-70 UP-70 UP-70 AC-10 AC•10 NS·175 
15 JUP·70 POLYBILT UP·TO POLYBJLT UP•70 GENSTAR GENSTAR POLYBILT STYRELF STYRELF D~ 

15 IAC-10 STYRELF NS-175 STYRELF AC•10 STYRELF STYRELF GENSTAR GENSTAR GENSTAR GENSTAR 

...... ' I 

.Ill. I 11 IUP-70 AC-20 AC-20 AC-20 AC·20 AC-20 AC-20 UP-70 UP·70 UP-70 AC-20 
(\.) 

11 JAC-20 UP·70 STYitELF UP-70 UP•70 a,IP-70 UP-70 STYRELF AC-20 AC·20 UP·70 
11 ISTYRELF STYRELF UP-70 STYRELF STYRELF IITYRELF STYRELF AC-20 STYRELF STYRELF STYRELF 

'·······- -
25 I3X KRATON AC-20 AC-20 AC-20 AC-20 AC-20 AC-20 STYRELF AC-20 AC-20 AC-20 
25 J6X ICRATON STYRElf 6X KRATON STYRELF 3X KRATON STYRELF STYRELF 3X KRATON STYRELF STYRELF 3X KRATON 
25 IAC-20 3X KRATON STYRELF 6X KRATON STYRELP 31 KRATON 3X KRATON AC-20 3X KRATCIN 3X KRATON STYRELF 
25 ISTYRELF 6X KRATON 3X !CRATON 3X KRATON 6X KRATQM 6X KRATON 6X KRATON 6X KRATON 6X KRATON 6X KRATON 6X KRATON 

I 
10 I - . - - - AC-20 AC-20 UP 70 UP 70 UP70 STYRELF 
10 I - . . - - UP 70 UP 70 STYRELF AC-20 STYRELF AC-20 
10 I - . - . . POLYBILT STYRELF KRATON STYRELF AC-20 KRATON 
10 I - . . . - ITYRELF POLYBILT AC-20 KRATON KRATON UP70 
10 I - . . . . icRATON KRATON POLYBILT POLYBILT POLYBILT POLYBILT 

I 
Note: Binders and mixtures are listed fn ascending order of reducing thermal cracking susceptibility as measured by each 

test method in a gfven district. 



Table 5.5 c~rison of Test Methods used in Permanent Deformation Evaluation. 

--
I I VISCOSITY STIFFNESS MARSHALL HVEEM TENSILE SECANT RESILIENT ALPHA CREEP 
JDISTRICT I 140 F 104 F STABILITY STABILITY STRENGTH MOOULUS MOOULUS 77F CtlltPLIANCE 

I I 104 F 104 F 104 F 1000 sec. 

I I 
I 15 JAC-10 AC-10 AC-10 UP·70 AC-10 GENS TAR GENSTAR AC-10 AC-10 

I 15 INS-175 UP-70 STYRELF STYRELF GENSTAR AC-10 AC-10 AC-20 STYRELF 

I 15 IUP-70 NS-175 UP-70 AC-10 UP-70 STYRELF STYRELF NS·175 NS-175 

I 15 IAC-20 AC·20 GENSTAR GENSTAR STYRELF UP-70 NS-175 UP-70 UP-70 

I 15 IPOLYBILT STYRELF POLYBILT POLYBILT NS-175 NS-175 UP-70 GENSTAR GENSTAR 

I 15 ISTYRELF POLYBILT DOW DOW POLYBILT POLYBILT POLYBILT STYRELF AC-20 

I 15 I DOW GENSTAR NS-175 NS·175 AC·20 AC-20 AC-20 POLYBILT POLYBILT 

I 15 JGENSTAR DOW AC-20 AC-20 DOW DOW DOW DOW DOW 

I I 
~ I 11 JAC-20 UP-70 STYRELF STYRELF STYRELF STYRELF STYRELF UP·70 STYRELF 
.t>o 

I 11 JUP-70 STYRELF AC-20 UP-70 AC-20 UP-70 UP-70 AC-20 AC-20 w 
I 11 ISTYRELF AC·20 UP-70 AC-20 UP-70 AC-20 AC-20 STYRI:LF UP-70 

I I 
I 25 IAC-20 STYRELF AC-20 6%. !CRATON AC-20 6X KRATON 6%. !CRATON AC·20 6%. KRATON 

I 25 ISTYRELF AC-20 6X KRATON STYRELF 6X KRATON 3%. KRATON 3X !CRATON 3X !CRATON STYRELF 

I 25 I3X KRATON 3X KRATON STYRELF AC-20 3%. KRATON STYRELF STYRELF STYRELF 3%. KRATON 

I 25 I6X KRATON 6%. KRATON 3%. KRATON 3% KRATON STYRELF AC-20 AC-20 6%. KRATON AC·20 

I I 
I 10 fAC-20 STYRELF POLYBILT POLYBILT POLYBILT KRATON STYRELF !CRATON AC-20 

I 10 IUP 70 POLYBILT KRATON KRATON KRATON POLYBILT UP 70 UP70 POLYBILT 

I 10 IPOLYBILT KRATON · AC-20 AC-20 UP 70 STYRELF POLYBILT STYRELF KRATON 

I 10 ISTYRELF AC-20 UP 70 STYRELF STYRELF UP 70 KRATON AC·20 STYRELF 

I 10 JKRATON UP 70 STYRELF UP 70 AC-20 AC·20 AC-20 POLYBILT UP 70 

I I 
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 (PenjPen), 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. In 
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 ranld .. nq. 

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 I04"F yielded 
approximately the same ranking. In addition, tensile 
strength at l04"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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CJIAP'l'BR 6 

COHCLOSIOHS 

During the course of this study, 20 hot mix test sections were 
constructed in four districts of the Texas Department of 
Transportation. 
study. The 

Seven different polymers were utilized in 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, viscosity 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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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. 

3. 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. 

4. 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. 

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

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

7. 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. 

B. Binder Properties 

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

2. The addition of polymers decreased stiffness temperature 
susceptibility. The effect was very pronounced for both 
the SBS and Genstar Cl.07. 

3. 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. 

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

5. 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. 

6. 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. 

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

c. 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. 

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

3. 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. 

4. 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. 

5. 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 
fatigue response among the polymers used in this study. 

6. A linear regression relationship between log 1<1 and Kz 
(fatigue constants) was developed as follows: 

1<2 = 1. 11 o - o • 2 7 o log 1<1 

R = 0.986 Se = 0.135 
7. 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. 

D. Plant Mixed ys. Laboratory 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 

PRBSENTATI05 0~ TEST RESULTS - DISTRICT 15 

The objectives of Appendix A are twofold: (1) to describe the 
site-specific field operatiQns 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 ~IELD 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 Fiqure 
A-1. 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 TxDOT 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. 

D'l'BRIALS 

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 qradation. Gradations of individual 
aqqreqates, the project qradation, percentaqe of each aqqreqate, 
and the qradation specifications are qiven in Table A-1. The 
project qradation is plotted on a 0.45 power qraph in Fiqure 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 latex and 
functionalized Polyolefin, an Ethylene Vinyl Acetate (EVA), and 
recycled tires (rubber). Sources of these polymers and 
desiqnations used for this study are shown below. 

SOURCE TYPE llESIGNATIOH 
Goodyear SBR UP 70 
Polysar SBR NS 175 
Elf SBS styrelf-13 
Dow SBR/Polyolefin 
Exxon EVA Polybilt 103 
Crafco Recycled tires Genstar C107 

Blendinq 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 
weiqht ranqes, emulsifier types and other variations. Two products 
specifically recommended for use in hot mix asphalt concrete, U~-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 Elf 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 polybil t 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. 

Bubber. The Genstar C107 obtained from crafco co. consisted 
of chiefly vulcanized SBR or polyisoprene. Blending of the TFA 
AC-10 and the Genstar C107 was done in a distributor truck in the 
plant at 3so•y at hiqh shear. The blend which contained 18 percent 
rubber (Genstar C017) by the weight of binder resulted in a highly 
viscous and tacky asphalt binder. 

J'IBLD OPBRA'l'ION 

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 Cl07 (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 32o·F and was increased to about 340•F 
for the Gens tar 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 2so•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 rolling, and at these 
temperatures the mixtures exhibited good handling characteristics. 
The Genstar Cl07 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 gs•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 OP 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 limestQne Screeni,ngs Field Sand 

Sieve 31X Sieve 2~ Sieve 19% Sf eve 23X Corilined SDHPT 
Analysis Analysis Analysis Analysis Gradation Specification 

....... 
Ul 
0'\ Plus 112 ln. o.o o.o o.o o.o 0.0 0.0 0.0 o.o o.o 0 

112 to 3/8 In 33,0 10.2 0.0 0,0 Q.O 0.0 0.0 0.0 10.2 0-15 
3/8 to No. 4 57.1 17.7 50.5 13,6 o.o 0.0 0.0 o.o 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 5~.4 10.3 12.2 2.8 13.6 6-32 
No. 40 to No. 80 0.1 0.0 0.1 0,0 16.5 3.1 62.6 14.4 17.6 4-27 
No. 80 to No. 200 0.3 0.1 0.5 0.1 7.6 1.4 21.4 4.9 6.6 3·27 
Minus No. 200 1.5 0.5 0.5 0.1 3.2 0.6 3.7 0.9 2.1 1-8 

Total 100,0 31.0 100.0 21',0 100.0 19.0 100.0 23.0 100.0 



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

Penetration Viscosity Softening Force Ductility Schweyer Rheology 
·····-··---·········--··· ·························- Point Before RTFOT ------·--------------------·-------------

Binder Before RTFOT After RTFOT Before RTFOT After RTFOT Before 39.2 F Before RTFOT After RTFOT 
-----------------· ·----------- -------·-·· ··---------- ................... -.. RTFOT ------------------------------------·----Asphalt Polymer 39.2 F T7F T7F 140 F 275 F 140 F 275 F 39 F T7F 140 F 39 F T7F 140 F 

TFA - 2 2 2 2 2 2 2 2 2 
AC·10 

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

TFA Styrelf-13 2 2 2 2 2 2 2 2 2 
AC·10 

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

..... 
Ul TFA crafco 2 2 2 2 2 2 2 2 2 -...] 

AC-10 Genstar C107 

TFA - 2 2 2 2 2 2 2 2 2 
AC·20 

TFA Exxon 2 2 2 2 2 2 2 2 
AC·20 Polybil t 103 

TFA Dow 2 2 2 2 2 2 2 2 2 
AC·20 



..... 
U1 
(X) 

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

Penetratfon Viscosity-- Softening Force Ductility 
·······-----············· ···•·•··•···••··•••··••••• Point Before RTFOT 

Binder Before RTFOT After RTFOT Before RTFOT After RTFOT Before 39.2 F 
---··········-···- ·•···•••·••· ··········· ···•···••··· ·••••••••·· RTFOT 
Asphalt Polymer 39.2 F 77 F 77 F 140 F 275 F 140 F 275 F 

TFA 2 2 2 2 2 2 2 - -z 2 
AC-10 

TFA Goodyear 2 2 2 2 2 r·2 2 2 
AC-10 UP 10 

TFA Styrelf-13 2 2 2 2 ----- · 2 · -2- --2- ----- 2 2 
AC·10 

TFA Polysar 2"2 2 a 2 2 2 2 2 
AC-10 NS 175 

TFA crafco 2 2T - 2 2 2 2 2 2 2 
AC-10 Genstar C107 

AC·20 . z 2 2----- 2 2 2 2- 2 2 

fFA Exxon 2 2 2 2 2 2 - 2 2 2 
AC·20 Polybilt 103 

TFA Dow Z 2 2 -z . 2 2 2 2 2 
AC·20 

Schweyer Rheology 

Before RTFOT After RTFOT 

39 F 77 F 140 F 39 F 77 F 140 F 
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TABLE A-3 Experimental Testing Program for Laboratory Coq:l&cted·Laboratory Mixed Mixtures 
Number of Test Repetitions (District 15) 

Modified Coq:l&Ction Standard Coq:l&Ction 
-----------·-------·-------·------------------------------------··-------------- --------------------------------------

Binder Resilient Modulus Hveem Marshall creep Fatigue Moisture Resilient Modulus Hveem Marshall 
•••••••••••••••••• & Indirect Tensile 140F 140F Gl Stress levels Resistance & Indirect Tensile 140F 140F 
Asphalt Polymer Strength 60F 77F 90F 15X 25X SOX Strength 

39F 77F 104F 39F 77F 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 
U1 ---·· ---·· ----·· --- ---·· ---·· ---·· --. 
\0 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 l 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. 



TABLE A~4 Experimental T•stlng Program for Laboratory Compected-Pla"t Ml~ed Mixtures 
Number of Test Repetitions <District 15) 

MOdified Compaction Standard Compaction 
·······-------········---~---·-·····--·----·-······-·-·-----------------······ ---------------------------······-----

Binder Res ill ent Modulus Hveem Marshall CrteP Fatigue Moisture Resil lent Modulus Hveem Marshall 
--·--------------- & Indirect Tensile 140F 140F • Stress levels Resistance & Indirect Tensile 140F 140F 
Asphalt Polymer Strength $IF nF 90F 15X 25X sox Strength 

39F nF 104F 39F nF 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 j 3 3 ~ 2 2 2 2 3 3 3 3 3 3 
AC-10 .... 

~ TFA - 3 3 l 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 Polybllt 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 a 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 Gens tar Cl07 3 3 3 3 

TFA AC-10 Polysar NS 175 3 3 3 3 

TFA AC-20 Dow 3 3 3 3 
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Table A·6 Unmodified and Modified Asphalt Propertie• before RTFOT, 

=======··=··=···==·============================•===8•===··==···===•========================================··=···=======··=··===== 
Parameter TFA AC·10 TFA AC-10 TF~ AC·10 TFA AC-10 TFA AC·10 TFA AC-20 TFA AC·20 TFA AC·20 

~ & & & & & 
3X Goodyear 3X Styrelf 3X Polysar 18X Crafco 3X Exxon 5X Dow 

·======·===·=======•===·==·=··======================•===~·===•====•================================·=···=·======···············=·· 
Penetration a 39.2 F (25 C) 15 15 17 13 16 9 10 9 

100g, 5 Sec. 14 13 15 13 14 9 10 11 

- --- --- ---
Avg. 14.5 14 16 13 15 9 10 10 

Penetration a 77 F (4 C) 101 99 101 92 78 69 69 67 
...... 100g, 5 sec. 103 101 101 94 80 71 70 65 
0"1 
N - - ---

Avg. 102 100 101 93 79 70 69.5 66 

Viscosity a 140 F (60 C) 1124 1300 3347 1320 - 2091 3300 5235 
Poises 1138 1321 1317 1316 - 2083 3291 5161 

--- ---
Avg. 1131 1310.5 !332 1318 - 2087 3295.5 5198 

Viscosity a 275 F (135 C) 298 500 750 490 - 414 927 1194 
Centis tokes 296 506 757 500 - 418 911 1209 

- --- --- --- ---
Avg. 297 50] 753.5 495 . 416 919 1201.5 

Softening Point, F 117 12] 132 121 139 126 131 140 
117 121 131 123 137 126 134 138 

---
Avg. 117 122 131.5 122 138 126 132.5 139 



Table A-6 (Continued) 
==================•=•======================================================================:==============zaa::::::z:::::::::::::: 

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 3X Styrelf 3X Polysar 181 Crafeo 3X Exxon 51 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 m 
w --- --- --- --- ---

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 
112.4 161.3 414.5 251.2 124.7 118.8 361.8 201.5 

--- ---
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 



Table A-6 (Continued) 

=============·=·····=============·==·=========•===·~·~=====···===•========================================·=··=···=·=···========== 
PariMRI!ter 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% styretf 3% Polysar 18% Crafco 3% Exxon 5% Dow 

==================~==··~===·==================•===~·===··==·•====•====•·===================================·======·······=·======= 
Shear Susceptibility 

a 39.2 F 6.024E·01 7.470E·01 1.135E+OO 7.699£-01 5.349E-01 6.376E-01 5.070£-01 5.107£-01 
an F s.786e-o1 8.159E·01 1.069£+00 8.576E·01 6.n7E-01 7.778E·01 6.269E·01 5.189E·01 
a 140 F 9.378E·01 9.518E·01 1-019£+00 9.670E·01 6.990E·01 8.400E·01 7.133E·01 7.773E·01 

Apparent Viscosity, pas-sec 
....... at Shear Rate = 1 1/sec 
~ a 39.2 F 9.0301!+06 1.766E+07 1-192f+08 2.905E+07 1.435E+07 2.182E+07 1.832E+07 1.216E+07 

an F 1.115!+05 1.998E+05 t.213e+o5 2.158E+05 3.543E+05 2.924E+05 2.834E+05 4.641E+05 
a 140 F 1.1981:+02 1.476E+02 3.503E+02 1.381E+02 2.005£+03 2.879E+02 6.380E+02 6.875E+02 

Constant Power Viscosity, 
pas-sec 

a 39.2 P 2.760e+o7 3.736E+07 7.610!+07 6.072E+07 6.464E+07 7.183E+07 1.007£+08 5.759E+07 
an F 1,123!+05 2.143E+05 5.844E+05 2.289E+05 4.518E+05 3.343E+05 3.599E+05 7.548£+05 
a 140 F 9.651!+01 1.256E+02 3.691E+02 1.236E+02 1.003E+03 1.731E+02 2.738£+02 3.683E+02 



Table A-6 (Continued) 
=====•a•••========••••=•=•==•===========================================================================================••======== 

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 3X Exxon 5X Dow 

=======•==•==••••===========================================z========================================•==============•=••••======== 
Penetration Index PI(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 0.19 0.02 . -0.6 0.62 0.96 

Stiffness Modulus a 39.2 F, psi 
...... 5 See. Loading 450 435 305 493 522 725 725 754 0\ 
U1 20 See. Loading 145 203 160 232 261 305 319 392 

Stiffness Modulus Iii 0.1 See 
39.2F 5075 3625 2030 4785 2900 6960 5800 4640 

77F 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 . ·O.Q62 -0.054 

Apparent Viscosity/Temp. Slope 
before RTFOT -0.087 ·0.091 -0.098 -0.095 ·0.068 ·0.087 -0.019 -0.076 
after RTFOT -0.083 ·0.085 -0.106 ·0.087 - ·0.085 ·0.069 -0.066 

Constant Power Vtsco./Temp. Slope 
before RTFOT -0.096 -0.097 -0.095 -o. 101 ·0.085 ·0.100 ·0.098 ·0.093 
after RTFOT -0.097 ·0.099 ·0.105 -0.096 - -o. 101 ·0.089 ·0.084 



Table A-6 (Continued) 

•====•===•=•=•••===•===••======================•===~~========•===••===============================•=•••====zz-=========•~=•======= 

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 3X Styrelf 3X Polysar 18X Crafco 3X Exxon 5X Dow 

==========~===s:::::c===================•===========~========•==••••===============================•=•••••=•••============~==z•z== 

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 1.4, 1,28 1.38 . 1.68 1.99 1.94 

...... Shear Susceptibility Ratto 0\ 
0\ a 39.2 F 0.97 0.8~ 1,07 0.91 . 0.95 1.00 0.95 

a77F 0.91 0.88 1,08 0.89 . 0.92 0.98 0.94 
a 140 F 0.91 0.90 1,00 0.94 - 0.96 0.87 0.89 

Apparent Viscosity Ratio 
a39.Z F 1.98 1.84 4,39 1.19 . 2.41 1.07 1.17 
an F 3.14 2.61 2,95 2.63 . 3.50 2.58 1. 75 

a 140 F 3.31 3.73 1.70 3.48 . 3.08 4.22 4.59 

Constant Power Viscosity Ratio 
a 39.2 F 2.53 3.50 3,02 1.62 . 3.40 1.10 1.37 

a 77 F 3.59 3.18 2,55 3.13 . 4.50 3.27 2.22 
a 140 F 2.62 2.93 1,68 3.05 . 3.06 4.24 4.54 



Table A-7 UI"'IIIdified and Modified Asphalt Properties after RTFOT. 

=========================~=======================================~=======================================z=================== 

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 3X Styrelf 3X Polysar 18X Crafco 3X Exxon 5X Dow 
·========•==·=======···=·============================================================================================--=====· 
Penetration &I 77 F (4 C) 64 65 73 69 - 45 47 42 
100g, 5 Sec. 65 68 72 70 - 46 50 43 

---
Avg. 65 67 73 70 - 46 49 43 

Viscosity a 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 a 275 F (135 C) 461 732 972 672 - 700 1849 2350 

"' Centis tokes 467 726 962 692 694 1810 2308 -...] -
--- --- --- --- ---

Avg. 464 729 967 682 - 697 1830 2329 

Shear Susceptibility 
a 39.2 F 5.836E-01 6. 116E·01 1.213E+OO 6.968E·01 . 6.067E·01 5.075E-01 4.853E·01 
a77F 7.957E-01 7.200E-01 1.156E+OO 7.637E·01 - 7.154E·01 6.143E·01 4.863E·01 
&I 140 F 8.498E·01 8.563E·01 1.016E+OO 9.128E·01 - 8.034E·01 6.226E·01 6.899E·01 

Apparent Viscosity, pas-sec 
Shear Rate = 1 1/sec 

a 39.2 F 1.788E+07 3.247E+07 5.238E+08 3.468E+07 . 5.268E+07 1.966E+07 1.420E+07 
&I 77 F 3.498E+05 5.216E+05 1.836E+06 5.680E+05 - 1.023E+06 7.307E+05 8. 131E+05 
a 140 F 3.969E+02 5.509E+02 5.968E+02 4.809E+02 . 8.877E+02 2.690E+03 3.154E+03 

Constant Power Viscosity, 
pas-sec 

a 39.2 F 6.993E+07 1.309E+08 2.300E+08 9.859E+07 - 2.443E+08 1.104E+08 7.906E+07 
a77F 4.034E+05 6.826E+05 1.488E+06 7.168E+05 . 1.504E+06 1.175E+06 1.678E+06 
a 140 F 2.533E+02 3.683E+02 6.220E+02 3.771E+02 - 5.304E+02 1.160E+03 1.672E+03 



Table A-8 Constant Stress Rheo.eter Results for Unmodified and Modified Binders. 

Shear Shear Apparent Shear Shear Apparent 
Test Stress Rate Viscosity Stress Rate Viscosity 
Teq:,. Pascal 1/Sec Pascal-Sec Pascal 1/Sec Pascal-Sec 

TFA AC-10 TFA AC-10 
Before RTFOT After RTFOT 

T = 140 F 8.22E+04 1.04E+03 7.93E+01 6.95E+04 4.44E+02 1.56£+02 
4.17E+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 1.59E+02 8.55E+01 1.82E+04 9.31E+01 1.95E+02 
1.01E+04 1.12E+02 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 4.99E+03 1.92E+01 2.60E+02 

T = 77 F 8.81E+05 1.08E+01 8.15E+04 1.09E+06 3.98E+OO 2.75E+05 
5.82E+05 6.24E+OO 9.32E+04 7.41E+05 2.64E+OO 2.80E+05 
2.45E+05 2.51E+OO 9.76E+04 4.33E+05 1.39E+OO 3.11E+05 
1.74E+05 1.67E+OO 1.04E+05 2.27E+05 5.61E·01 4.05E+05 
8.70E+04 7.50E·01 1.16E+05 1.03E+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 = 39 F 4.19E+06 2.20E·01 1.90E+07 4.46E+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 2.46£+06 3.48E·02 7.08E+07 
9.27E+05 2.88E·02 3.22E+07 1.42E+06 1.25E·02 T. T4E+08 
5.48E+05 8.ZOE-03 6.68E+07 8.04E+05 4.97E-03 1.62E+08 
:J.54E+OS 3.115£-03 9.20E+07 
Z.Z4E+05 Z-33E-Ol 9.6ZE+07 

TFA AC-10 + 3X UP 70 TFA AC-10 + 3X UP 70 
Before IITFOT After RTFOT 

T = 140 F 2.18E+04 1.94E+02 1.12E+02 6. 71E+04 2.74E+02 2.45E+02 
1.51E+04 1.29E+02 1.17E+02 4.02E+04 1.51E+02 2.67E+02 
,.09E+04 8.93E+01 1.22E+02 2.43E+04 8.24E+01 2.95E+02 
5.59E+03 4.54E+01 1.23E+02 1.63E+04 5.15E+01 3.16E+02 
2'.69E+03 2.11E+01 1.28C+OZ 9.89E+03 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 = 77 F 8.45E+05 5.96E+OO 1.42E+05 7.79E+05 1. 71E+OO 4.56£+05 
4.12E+05 2.51E+OO 1.64E+05 4.35E+05 7.82E·01 5.57E+05 
2'. T7E+05 1.07E+OO 2.02E+05 2'.15E+OS 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 
2.7\E+04 9.03E·02 3.00E+05 

T = 39 f' 3.23E+06 9.55E·02 3.38E+07 4.16£+06 3.50E·02 1.19E+08 
1.69E+06 4.49E·02 3.76£+07 3.15E+06 2.13E·02 1.48E+08 
8.66£+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 4.26£+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 
Teq>. 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 • 140 F 4.56E+04 1.19£+02 3.82E+OZ 8.99£+04 1.39£+02 6.46E+02 
1.T7E+04 4.68E+01 3.78E+02 6.36E+04 9.88E+01 6.44E+02 
9.12E+03 2.45E+01 3.72E+02 3.95E+04 6.19£+01 6.38E+02 
4.85E+03 1.32E+01 3.67E+02 2.06E+04 3.26E+01 6.32E+02 

1.07E+04 1. 72E+01 6.25E+02 

T • 77 F 1.01E+06 1.52E+OO 6.63E+05 1.70E+06 8.92E·01 1.91E+06 
5.26E+05 8.74E·01 6.02E+05 1.26E+06 7.25E-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 5.51E+05 4.72E+05 3.23E-01 1.46E+06 
5.91E+04 1.09E-01 5.42E+05 2.30E+05 , .67E-01 1.38E+06 
3.07E+04 5.96E·OZ 5. 14E+05 1.04E+05 8.09E-02 1.29E+06 

T = 39 F 2.T7E+06 3.49£·02 7.93E+07 3.87E+06 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 

9.15E+05 5.29E·03 1. 73E+08 

TFA AC·10 + 3X NS 175 TFA AC·10 + 3X NS 175 
Before RTFOT After RTFOT 

T = 140 F 2.28E+04 1.96E+02 1.16E+02 8.66E+04 2.99£+02 2.89E+02 
1.14E+04 9.63E+01 1.18E+02 6.25E+04 2.09E+02 2.99£+02 
6.27E+03 5.18E+01 1.21E+02 3.51E+04 1.06E+02 3.31E+02 
4.28E+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 6.14E+03 1.63E+01 3.76E+02 

T = 77 F 3. 10E+05 1.58E+OO 1.96E+OS 1. 72E+06 4.11E+OO 4.17E+OS 
1.11E+05 4.32E-01 2.57E+OS 1.29E+06 2.93E+OO 4.42E+05 
6.52E+04 2.45E·01 2.65E+05 8.63E+05 1.79E+OO 4.82E+05 
3.58E+04 , .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+OS 

, .08E+05 1. 14E-01 9.46E+05 

T = 39 F 3.56E+06 5.98E-02 5.96E+07 3.07E+06 3.16E-02 9.73E+07 
1. 71E+06 2.69E·02 6.37E+07 2.29E+06 1.97E·02 1.16E+08 
9.79E+OS 1.30E-02 7.53E+07 1.63E+06 1.17E·02 1.39E+08 
5.01E+05 5.27E-03 9.51E+07 9.43E+05 6.13E·03 1.54E+08 
2.57E+05 2.11E-03 1.22E+08 4.T7E+05 2.15E-03 2.22E+08 
1.38E+05 9.27E·04 1.49E+08 2.52E+OS 8.35E-04 3.02E+08 
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Table A-8 (Continued) 

Shear Shear Apparent Shear Shear Apparent 
Test Stress Rate Viscosity Stress Rate Viscosity 
Teq:». 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 ,. T7 F 1.07E+06 4.87E+OO 2 •. 20E+05 
5.35E+05 1.88E+OO 2.84E+05 
2.73E+05 7.11E·01 3.84E+05 
1.39E+05 2.61E·01 5.33E+05 
7.54E+04 9.63E·02 7.83E+05 

T = 39 F 3.75E+06 7.24E·02 5. 18E+07 
2.02E+06 2.92E·02 6.91E+07 
1 .08E+06 8.65E·03 1.25E+08 
5.97E+05 2.37E-03 2.52E+08 

TFA AC-20 TFA AC-20 
Before RTFOT After RTFOT 

T = 140 F 1 .63E+04 1.24E+02 1.31E+02 5.70E+04 1.79E+02 3.19E+02 
1.17E+04 8.19E+01 1.43E+02 3.99E+04 1.13E+02 3.55E+02 
8.38E+03 5.38£+01 1.56E+02 2.57E+04 6.78E+01 3.78E+02 
5.20E+03 3. 19E+01 1.63E+02 1.01E+04 1.95E+01 5.19E+02 

5.70E+03 1.05E+01 5.43E+02 

T = T7 F 9.51E+05 4.80E+OO 1.98E+05 1.07E+06 1.04E+OO 1.03E+06 
4.75E+05 1.83E+OO 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 
1.30E+05 3.56E·01 3.64E+05 1.ne+os 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 = 39 F 3.86E+06 5.77E-02 6.70E+07 5.18E+06 2.46E·02 2.11E+08 
2.46E+06 3.38£-02 7.29E+07 3.60E+06 1.08E-02 3.33E+08 
1.55E+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 2.291:-03 5.51E+08 
4.36E+05 1.77E·03 2.46E+08 
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Table A-8 (Conti rued) 

Shear Shear Apparent Shear Shear Apparent 
Test Stress Rate Viscosity Stress Rate Viscosity 
Teq:l. Pascal 1/Sec Pascal-Sec Pascal 1/Sec Pascal-Sec 

TFA AC-10 + 3X Polybilt 103 TFA AC·10 + 3X Polybilt 103 
Before RTFOT After RTFOT 

T = 140 F 5.03E+04 3.70E+02 1.36E+02 7.12E+04 1.88E+02 3.79E+02 
2.01E+04 1.35E+02 1.49£+02 4.99E+04 1.11E+02 4.41E+02 
1.26E+04 6.13E+01 2.05E+02 2.85E+04 4.65E+01 6.12E+02 
5.36E+03 2.31E+01 2.26E+02 1.78E+04 1.95E+01 9.15E+02 
2.10E+03 7.94E+OO 2.64E+02 1.28E+04 1 .23E+01 1.04E+03 
9.22E+02 1.38E+OO 6.68E+02 8.90E+03 6.94E+OO 1.28E+03 
4.02E+02 4.36E-01 9.23E+02 

T = n F 1.23E+06 1.03E+01 1.20E+05 1.21E+06 2.39E+OO 5.31E+05 
5.52E+05 3.01E+OO 1.83E+OS 7.32E+OS 9.58E·01 7.64E+05 
2.02E+05 5.80E·01 3.48E+05 4.m+Os 5.88E-01 8.11E+OS 
1.02E+05 1.80E·01 5.65E+05 2.76E+05 1.81E-01 1.48E+06 
5.95E+04 8.79E-02 6.76E+05 1.21E+05 5.82E·02 2.19E+06 

T = 39 F 5.19£+06 7.80E·02 6.65E+07 5.93E+06 8.61E•02 6.88E+07 
3.49£+06 3.91E-02 8.80E+07 3.90E+06 4.40E·02 8.81E+07 
2.51E+06 2.10E·02 1.20E+08 2.71E+06 2.19£-02 1.24E+08 
1.26E+06 S.OOE-03 2.53E+08 1.51E+06 6.66E·03 2.35E+08 
6.61E+05 1.41E·03 4.68E+08 8.85E+05 2.15E·03 4.11E+08 

TFA AC-10 + SX Dow TFA AC-10 + SX Dow 
Before RTFOT After RTFOT 

T = 140 F 3.09E+04 1.31E+02 2.25E+02 7.81E+04 1.03E+02 7.61E+02 
1. 71E+04 6.11E+01 2.nE+02 4.51E+04 5.13E+01 8.92E+02 
9.11E+03 2.71E+01 3.38E+02 2.11E+04 1.59E+01 1.31E+03 
4.51E+03 1.12E+01 4.02E+02 9.75E+03 5.15E+OO 1.89E+03 
1. 71E+03 3.29E+OO 5.21E+02 

T • n F 1.04E+06 4.11E+OO 2.50E+05 1.03E+06 1.59E+OO 6.49E+05 
5.26E+05 1.53E+OO 3.43E+OS 7.64E+05 8.64E·01 8.85E+05 
2.81E+05 3.91E-01 7.08E+05 5.01E+05 3.95E·01 1.21E+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+OS 3.01E·02 4.98E+06 

T • 39 F 3.99E+06 1.02E·01 3.93E+07 3.04E+06 3.74E·02 8.12E+07 
1.99E+06 2.61E·02 7.46E+07 2.16E+06 2.29E-02 9.45E+07 
1.01E+06 1.08E-02 9.94E+07 1.30E+06 8.02£·03 1.62£+08 
5.42E+05 2.60E·03 2.09E+08 8.36E+05 2.66E-03 3.14E+08 
2.22E+05 3.28E·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 .. 

I AIR HVEEM I AIR MARSHALL VALUES 
MIXTURE I VOIDS STABILITY~ VOIDS STABILITY FLOW I % % lbs .01 in I % I I 

Control: TFA AC-10 I 7.(; 39 I 7.1 509 I 
I 8.5 I 

7.8 36 I 7.7 446 7.5 I I 7.5 37 I 7.0 545 -~~= I I ---- I I 7.6 37 I 7.2 500 I 
1AVG. I 8.2 I 

TFA AC-10 + 3% UP 70 I 6.0 33 I 5.5 898 I 11.5 I I 6.1 33 I 6.2 854 13.0 I I 5.8 33 I 5.9 882 ::~: I I ---- I I 6.0 33 I 5.9 878 I 
1AVG. I 12.0 I 

TFA AC-10 + 3% Styrelf I 8.0 35 I 6.2 1071 I 13.0 I I 7.6 35 I 7.5 808 14.5 I I e.o 36 I 7.6 655 ::~~ I I --'-- I I 7.9 35 I 7.1 845 I 
i 1AVG. I 13.5 I 
I TFA AC-10 + 3% NS 175 I 7.0 44 I 7.0 1043 I 
I I 7.2 40 I 7.0 1064 

12.0 I 
I I 37 I 

12.0 I 
I I 6.9 

---- I 
7.1 1102 :~~= I 

I I 7. ~ 40 I 7.0 1070 I 
I 1AVG. I 42.2 I 
I TFA AC-10 + 18% C107 I 12.1 38 I 11.6 751 I 
I I 25.0 I 

11.9 34 I 11.0 907 27.0 I I I 39 I 
I I 10.9 

---- I 
10.3 1200 ~:~~ I 

I I 11.6 37 I 10.9 953 I 
I 1AVG. I 26.3 I 
I Control: TFA AC-20 I 7.4 40 I 7.4 1105 I 
I I 7.0 44 I ~.2 1000 

10.5 I 
I I 40 I 

12.5 I 
I I 6.2 

---- I 
6.9 1112 :~;= I ---- ~ I I 6.9 41 I 6.8 1072 I 

I 1AVG. I 11.2 I 

I TFA AC-20 + 3% Polybilt 103 I 7.3 37 I 6.6 1158 I 
I 7.2 38 I 7.2 981 

11.5 i 
I I 40 I 

11.0 I 
I I 6.8 

---- I 
7.1 1061 10.0 I 

I I 7.1 38 I 7.0 1067 
---- I 

I 1AVG. I 10.8 I 
I TFA AC-20 + 5% Dow I 7.6 39 I 6.7 1123 i 
I I 39 I 

10.0 I 
I I 7.5 

38 I 
7.4 1070 10.0 I 

I I 6.9 
---- I 

7.5 1008 -~.:: I 
I I 7.3 39 ! 7.2 1067 I 
I I 9.8 I 
I 
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Table A-10 Marshall and Hveem Test Results for Laboratory Mixed/Laboratory Compacted 
Mixtures Using Standard Compaction 

I AIR HVEEM I AIR MARSHALL VALUES I 

MIXTURE I VOIDS STABILITY I VOIDS STABILITY ·FLOW I 
I 

' \ lbs .01 in I 
I ' I I 

Control: TFA AC-10 I 40 I I 3.8 4.3 1114 9.5 I I 4.7 41 I 4.2 1045 9.5 I 
I 5.1 42 I 4.2 972 9.5 I 
I ---- I I 4.5 41 I 4.3 1044 

---- I 

1AVG. I 9.5 I 

TFA AC-10 + 3\ UP 70 I 2.9 42 I 3.0 2443 I 13.0 I I 2.1 41 I 2.3 2256 13.0 I I 3.0 41 I 2.3 2217 12.0 I I ---- I I 2.6 41 I 2.6 2305 
---- I 

1
AVG. I 12.7 I 

TFA AC-10 + 3% Styrelf I 4.2 42 I 3.2 2127 I 14.0 I I 3.3 43 I 3.3 2025 12.5 I I 4.0 48 I 4.2 2017 ::~~ I I 
---- I 

I 3.8 44 I 3.5 2056 I 
1
AVG. I 13.0 I 

TFA AC-10 + 3% NS 175 I 4.0 41 I 4.9 1402 I 11.0 I I 4.2 41 I 4.4 1489 12.0 I I 3.4 40 I 3.4 1882 ~:~~ I I ---- I I 
41 ! 1591 I 

I iAVG. 3.9 4.2 - 11.7 i 
I I 
I TFA AC-10 + 18\ C107 I I I 
I I -I -I 
I I -I -I 
I I - -I - - ---= I --· ... ---- I ---- ----I I I 
I 1AVG. -I -I 
I Control: TFA AC-20 I 3.7 42 I 3.4 2129 I 
I I 12.0 I 

4.2 42 I 3.8 1995 12.0 I I I 3.7 44 I 3.7 1830 12.0 I I I ---- I ---- ---- I I I 3.9 43 I 3.6 1985 I 1
AVG. I 12.0 I 

: TFA AC-20 + 3% Polybilt 103 I 3.6 49 I 3.S 2920 I 12.0 I I 3.6 SO I 3.3 2675 12.0 I I I 3.6 42 I 3.8 2656 12.0 I I I ---- I I I 3.7 47 I 3.5 2750 
---- I 

I 1AVG. I 12.0 I 
I TFA AC-20 + 5% Dow I 2.6 50 I 2.8 2423 I 
I I 51 I 

10.0 I 
2.9 2.3 2364 9.5 I I I 3.3 51 I 2.9 2451 :~:~ I I I 

---- I I I 2.9 51 ! 2.6 2412 I 
I ,AVG. 9,8 1 

I 
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Table A-ll Marshall and Hveem Test Results for Plant Mixed/Laboratory Compacted 
Mixtures Using Modifi_ed Compaction 

I I AIR HVEEM I AIR HARSHALL VALUES 1 

HIXTURE I VOIDS STABILITY~ VOIDS STABILITY FLOW I 
I t t lbs .01 in I 
I t I I 
1 I I 

TFA AC-10 + 3% UP 70 I 6.6 38 I 6.6 771 I 
I 14.0 I 

6.6 36 I 6.5 664 15.0 I I 6.9 35 I 6.9 681 1~~~-1 I ____ I 
I 6.7 36 I 6.7 705 I 
1AVG. I 14.7 I 

TFA AC-10 + 3% Sty·elf I 7.1 37 I 7.2 595 I 13.0 I I 6.9 40 I 7.2 596 12.0 I I 7.5 38 I 6.8 594 1:~~-' I 
____ I 

I 7.2 38 I 7.1 595 I 
1AVG. I 12.3 I 

TFA AC-10 + 3% NS 175 I 6.7 35 I 6.8 553 I 
I 6.8 39 I 6.8 523 

14.0 I 
I 6.7 37 I 6.6 520 

14.0 I 
I ____ I 1:.:~_1 

i I 6.7 37 I 6.7 532 I 
I 1AVG. I 13.5 I 
I TFA AC-10 + 18\ Cl07 I 7.4 42 I 7.3 808 I 
I i 38 I 

23.0 I 
7.5 7.1 811 23.5 I I I 7.5 38 I 6.8 801 2~.:~_1 i I 

____ I 

i I 7.4 39 I 7.1 806 I 
I 1AVG. I 23.5 I 
I Control: TFA AC-20 I 6.9 34 I 6.9 709 I 
1 I 35 I 

21.0 1 
6.7 6.8 663 19.5 I I I 7.0 36 6.7 667 1~.:~_1 I I 

I I 6.6 35 6.8 680 I 
I 1AVG. 19.8 I 

: TFA AC-20 + 3% Polybilt 103 I 7.0 40 7.0 707 I 
I 14.0 I 

7.7 41 7.1 655 13.0 I I I 7.3 42 7.3 666 14.0 I I i 
I I 7.3 41 7.2 677 

----1 
I 1AVG. 13.7 I 
I TFA AC-20 + 5\ Dow I 8.2 44 7.7 846 I 
I I 9.0 I 
I I 7.1 44 8.0 871 8.5 I 
I I 7.6 45 7.9 874 !.:~-' I I 7.7 44 7.9 864 I 
I ,AVG. 9.0 I 
I 

174 



Table A-12 Marshall and Hveem Test Results for Plant Mixed/Laboratory Compacted 
Mixtures Using Standard Compaction 

I I AIR HVEEM I AIR MARSHALL VALUES I I 
I MIXTURE I VOIDS STABILITY: VOIDS STABILITY FLOW 
I I % % I % lbs .01 in I 
I TFA AC-10 t 3% UP 70 I 4.3 43 I 4,4 1117 I 
J I 39 I 

13.S I 
I I 4.3 4.0 1199 14.0 I 

4.3 42 I 4.3 1159 14.0 I I I ----' I I 4.3 41 I 4.3 1159 
----1 

I 1AVG. I 13.8 I 
I TFA AC-10 t 3% Styrelf I 4.2 41 I 4.0 1025 I 
I I 43 I 

12.0 I 
I I 3.9 

47 I 
4.0 921 12.0 I 

' I 3.7 ____ I 3.8 1043 12.0 I ----I I 3.9 44 I 3.9 996 
----1 

I 1
AVG. I 12.0 I 

I ·rFA AC-10 t 3% NS 175 I 2.2 41 I 1.9 1300 I 
I I 46 I 

12.0 I 
2.0 1.9 1179 11.5 I I I 2.4 47 I 2.3 1240 13.0 I I I ____ I 

I I 2.2 45 I 2.0 1240 
----1 

I 1
AVG. I 12.2 I 

I TFA AC-10 t 18% C107 I 4.7 40 I 3.8 1072 I 
I I 22.0 I 
I I 3.8 42 I 4.0 1057 22.0 I :.o 41 I 4.2 1112 22.0 I I i 

____ I 

I I 4.1 41! 4.0 1080 
----1 

I 1AVG. 
I 

22.0 I 
I Control: TFA AC-20 I 3.1 43 I 2.9 1405 I 
I I 44 I 

14.0 I 
I I 3.2 

45 I 
3.2 1549 14.0 I 

I I 3.4 I 2.9 1358 1=~~-' I I 3.2 -44- 1 3.0 1437 I 
I 1

AVG. I 13.7 I 

I TFA AC-20 + 3% Polybilt 103 I 3.3 45 I 3.2 1402 I 12.0 I I 3.3 47 I 2.8 1409 11.5 I I I 3.2 43 I 
I I 

' ----' ----: I I 3.3 45 I 3.0 1406 I 1
AVG. I 11.6 I 

I TFA AC-20 t 5% Dow I 2.7 48 I 3.2 1630 I 
I I 12.0 I 

2.8 47 I 2.6 1656 12.0 I I I 52 I 
I I 2.7 ----' 2.9 1665 12.0 I 
I I 2.7 49 ! 2.9 !650 ----, 
I 1AVG. 12.0 I 
I 
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Table A-13 Indirect Tensile Test Results for Laboratory Mixed/Laboratory Co1pacted 
Hixtures Using ftodified Coapaction 

I f£st • AIR INDIRECT STRAIN SECANT RESILIENT PotssoN'Si I ftlXTURE TEHP. VOIDS TENSILE AT "ODULUS "ODULUS RATIO I . I F ' STRENGTH FAILURE KSI KSI 1 I PSI \ I I 
I Control: TFA At-to 34 7.6 319 0.44 146 1394 I 
I 7.0 328 0.32 203 1334 I 
I 7.1 306 0.34 181 981 I 
I I 
I AYG. 7.4 318 0.37 . 177 1236 I 
I I 
I TFA At·10 + 3\ UP 70 39 5.6 . 299 0.29 205 960 I 
I I 
I 6.1 285 0.30 189 1556 I 
I 6.2 271 0.30 179 879 I ----· I AYG. 6.0 285 0.30 191 1132 I 
I I 
I TFA AC-10 + 3\ Styrelf 39 7.7 327 0.48 135 1510 I 

7.8 306 0.51 120 1102 \ 
I 7,9 323 0.51 127 1629 I 
I ---- I 

AYG. 7.6 319 0.50 127 1414 I 
I 

TFA AC-10 + 3\ ~S !75 39 6.6 279 0.31 179 937 
7.0 272 0.35 156 879 
~.9 306 0.29 214 905 

AVS. 6.8 28~ c.n 183 907 
I 

TFA AC-10 + 18' C107 39 10.9 l16 0.57 40 467 I 
I 11.3 H4 0.58 39 407 I 11.4 105 0.52 40 409 I 

AYG. 11.2 112 0.56 40 428 I 
I 

Control: TFA AC-20 39 6.9 318 0.17 370 951 I 
I 7.5 304 0.17 354 1504 I 

I 6.5 339 0.21 325 1198 I --·-I AYG. 7.0 320 0.18 350 1217 I 
I I 
lTFA AC-20 t 3' Polybilt 39 6.7 284 0.19 295 1528 I 

I 
I 7.5 275 0.21 258 1461 I 
I 7.3 294 0.17 353 1502 I ---- ....... 
I AYG. 7.2 284 0.19 302 1497 I 
I I 
I TFA AC-10 + 5' Dow 39 6.4 323 0.20 318 987 I 
i 6.0 325 0.19 347 821 I 
I 6.9 268 0.23 229 901 I 
I I 
I 6.4 305 0.21 298 903 I 
I I 
j I 
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Table A-13 (Continued) 
I TEST . AIR INOIRECT STRAIN SECANT RESILIENT POISSON'Si I 
I MIXTURE TE"P. VOIDS TENSILE AT "ODULUS "ODULUS RATIO 1 
I F l STRENGTH FAILURE KSI KSI I 
I PSI ' I 
I Control: TFA AC·lO 77 7.6 49 1.01 9.8 2ee I 
I 7.3 50 1.14 8.7 200 I 
I I 
I 7.0 58 1.07 10.8 147 I 
I 7.3 52 1.07 9.8 212 I 
I I 
I TFA AC·10 + 3l UP 70 77 6.2 6'6 0.95 13.8 397 I 
I I 
I 5.6 69 0.98 13.9 282 I 
I 5.9 67 0.89 15.0 301 I 
I 5.9 67 0.94 14.3 327 I 
I I 

l TFA AC·10 t 3' Styrelf 77 7.5 77 1.39 11.0 270 I 
I 

I 8.3 69 1.39 10.0 290 I 
I 7.5 83 1.36 12.2 291 I 
I 7.8 76 !.38 11.0 284 I 
I I 
I iFA AC-10 + Jt N5 175 77 6.8 72 0.83 17.4 322 I 
I 7.0 64 0.97 13.2 363 I 6.8 74 0.99 16.7 371 

~.9 70 0.90 15.7 352 

TFA AC·!O • !S% C!C7 .,., 
II :: . 9 - 37 :. es !.0 'I'" ··' 12.5 32 !.79 3.5 145 

12.4 40 l.77 4.6 148 

i ~2.3 36 1.90 4.0 131 
I Control: TFA AC-20 77 7.2 84 0.51 33.0 415 I 
I 8.4 76 0.54 28.5 297 
I 7.8 78 0.59 26.2 343 ......... . ........ ----I 
I 7.8 79 0.55 29.2 352 

iTFA AC·20 + 3' Polybilt 77 6.7 78 0.55 28.2 379 
I 7.3 79 0.60 26.1 411 
I 7.0 84 0.49 34.1 453 ----I 7.0 eo 0.55 29.5 414 I 
I TFA AC-20 t 5' Oow 77 6.6 72 0.36 39.7 433 I 7.7 72 0.36 39.4 361 I 6.7 78 0.35 44.6 631 I 
I 7.0 74 0.36 41.2 475 I 
I 
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Table A-13 (Continued) 

t£st AIR !RbtRECf STRAIN SECANT RESIL1£Rf PO[ssON'Si 
tiiXTURE TEtiP. 'VOIOS TENSILE AT "OOULUS "OOULUS RATIO 1 F ~ STRENGTH FAILURE KSI KSI I 

PSI ~ I 
i control: fFA Ac-io 104 7.2 l3 1.07 2.4 86 I 
I I 
I 7.2 13 0.98 2.7 75 I 
I 7.o 13 l.OO 2.7 lOS I 
I 

...... 
I 

I 7.3 13 1.01 2.6 89 I 
I TFA AC-10 + 3~ UP 70 104 o.O 21 1.40 3.0 178 I 
I 5.8 23 1.40 3.3 159 I 
l 5.1 28 1.22 4.6 143 I 
I ---- I 
I s.o 24 1.34 3.o 160 I 
I I 

~ TFA AC-10 + 3~ Styrelf 104 7.0 27 1.98 2.7 94 I 
8.0 23 2.08 2.2 99 I 

l 7.5 25 1.72 2.9 120 l 
I I 
I 7.5 25 1.92 2.6 104 I 
I I 
I TFA AC-10 + 3% NS 175 104 6.5 30 1.07 5.5 197 I 
I 6.9 25 1.09 4.7 137 I 

&.8 28 0.99 5.7 115 I 
I ---- I b.7 28 !.OS 5.3 150 I 

~FA AC-10 + 18% :!OL 104 1!.~ 15 2.58 L1 70 
::.3 :7 2.56 ; . 3 72 
10.5 13 3.04 0.9 71 

10.9 !5 2.73 1.1 71 

Control: TFA AC-20 !04 7.1 32 0.78 8.3 238 
7.8 32 0.77 8.4 135 
7.2 32 0.83 7.6 196 ----i 

I 7.4 32 0.79 8.1 190 

~T~A AC·20 + 3\ ~olybilt 104 7.3 32 0.83 7.7 140 
6.9 35 0.79 8.9 136 I 7.0 27 0.73 7.4 172 ----
7.1 3! 0.78 8.0 149 

TFA AC-20 + 5t Do~ 104 7.4 34 0.41 16.9 242 
7.5 38 0.42 18.3 219 
7.6 36 0.47 15.2 160 .... 
7.5 36 0.43 16.8 207 
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Table A-14 Indirect Tensile Test Results for Laboratory "ixed/Laboratory Compacted 
"ixtures Using Standard Coapaction 

I fEst AIR 1Nb!RECT STRAIN SECANT RESILIENT POISSON'S! I 
I MIXTURE TEMP. VOIDS TENSILE AT "ODULUS MODULUS RATIO I 
I F ' STRENGTH FAILURE KSI KSI 1 
I PSI ' I 
I Control: IFA At-1o 39 5.0 368 1647 I 
I I 
I 5.3 388 0.38 204 1663 I 
I 5.3 378 0.35 214 1225 I 
I ···- ----· 
I AVG. 5.2 378 0.37 209 1512 
I TFA AC-10 t 3t UP 70 39 2.9 412 0.29 283 1826 I 
I 3.2 395 0.27 297 1346 
I 2.9 365 0.20 369 980 
I 

........... 

I AVG. 3.0 391 0.25 316 1384 

: TFA AC-10 t 3\ Styrelf 39 3.3 469 0.35 265 1848 
I 3.6 527 0.36 289 2439 
I 3.3 452 0.35 256 2406 
I AVG. 3.4 483 0.36 270 2231 

iFA AC-10 t 3t NS 175 39 3.8 385 0.26 295 1292 
4.6 369 0.28 263 1456 
3.7 409 0.29 285 1433 

I 
AVG. 4.0 3e8 0.28 281 :394 

I TFA AC-10 + 18\ C107 39 I 
I 
I 
I AVG. -I 
I Control: TFA AC-20 39 4.0 461 0.12 770 ! 925 I 4.0 472 0.09 1007 2625 I 3.9 m 0.10 928 1812 I -----I AVG. 4.0 464 0.10 902 2121 I 
:TFA AC-20 t 3\ Polybilt 39 3.7 436 0.23 380 2080 
I 3.9 447 0.20 440 1606 
I 3.5 435 0.19 464 1267 ...... 

AVG. 3.7 439 0.21 428 1651 

TFA AC-20 t 5\ Dow 39 3.0 480 0.18 542 1225 
2.8 482 0.21 463 711 
2.5 499 0.18 564 1293 ----- ----
2.8 487 0.19 523 1076 
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Table A-14 (Continued) 
I fESt AIR IND!R£Cf STRAIN SECANT R£5Ill£Nf P0155oR'5i I 
I "IXTURE TE"P.' VOIDS TENSILE AT "ODULUS "ODULUS RATIO I 
I F % STRENGTH FAILURE KSI KSI I 
I PSI % I 
I control: TFA AC-to 77 4.7 62 6.73 17.1 318 I 
I I 
I 5.1 66 1.16 11.3 322 I 
I 5.1 64 1.00 12.7 372 I 
I 

....... 
I 

I 5.0 64 0.97 13.7 337 I 
I TFA AC-10 + 3% UP 70 77 2.6 96 0.66 22.7 394 I 
I I 
I 3.3 103 0.63 24.6 494 I 
I 2.9 111 0.64 26.3 374 I --·· I I 
I 3.0 104 0.65 24.6 420 I 
l TFA AC-10 + 3% Styrelf 77 3.4 130 1.29 20.2 453 I 

4.0 129 1.21 21.1 430 I 
I 3.4 136 1.01 27.2 418 I 
I I 
I 3.6 !n 1.!7 22.9 434 I 
I I 
I !FA AC-10 t 3% NS 175 77 4.4 94 0.91 20.6 411 I 
I 4.4 97 0.90 21.4 530 I 
I 3.7 98 0.67 22.5 460 I 
I I 
I 4.2 96 0.90 21.5 467 I 
I I 
I TFA AC-10 + !9% C!07 11 I 
I I 
I I 
I I 
I J 
I I 
I Control: TFA AC-20 77 3.8 126 0.62 40.2 495 I 
I 3.7 125 0.65 38.4 580 I 
I 4.1 132 0.63 41.6 576 I 
I I 
I 

......... 
I 3.9 128 0.64 40.1 550 

lTFA AC-20 + 3% Polybilt n 3.7 136 0.51 52.1 490 
4.2 123 0.47 52.6 576 I 3.7 138 0.46 57.7 575 I 

I 3.8 133 0.49 54.4 547 I 
I TFA AC-20 + 5~ Dow 77 4.6 ~40 0.36 76.6 733 I 2.9 135 0.42 64.6 566 I 2.9 138 0.39 70.7 638 I ---- -----I 3.5 137 0.39 70.6 646 I 
I 
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Table A-14 (Continued) 

' TEST AIR INDIREct STRAIN SECANT RESILIENT PolssON'sj I 
I "IXTURE TE"P.· YO IOS TENSILE AT "OCULUS "OCULUS RATIO I 
I F l STRENGTH FAILURE KSI KSI I 
I PSI l I 
I control: TFA Ac-io to4 4.8 2o 1.09 3.7 110 I 
I I 
I 4.9 15 0.88 3.5 124 I 
I 4.6 21 1.14 3.6 87 I 
I 4.8 19 1.04 3.6 107 I 
I I 
I TFA AC-10 + 3l UP 70 104 3.1 43 1.06 8.2 206 I 
I I 
I 2.1 51 1.05 9.8 150 I 
I 3.1 42 1.04 8.2 147 I 
I ----- ---- I 
I 2.8 46 1.05 8.7 168 I 

l TFA AC-10 t 3l Styrelf 104 3.1 52 1.46 7.1 269 I 
3.2 51 1.40 7.2 131 I 

I 3.6 44 1.52 5.8 178 I 
I I 
I 3.3 49 1.46 6.7 193 I 
I I 
I TFA AC-10 t 3\ NS 175 104 4 .0 37 1.!3 6.6 161 I 
I 4.6 37 1.12 6.5 151 I 
I I 
I . 4.8 34 1.15 5. 9 183 .. ...... 
I 
i 4.5 3~ ! .!3 6.3 165 
I TFA AC-10 + 19\ Cl07 10~ I 
I 
I 
I 
I 
I Control: TFA AC-20 104 3.7 53 266 I 
I 4.0 50 0.86 11.6 233 
I 3.9 51 0.86 12.0 217 ---· I 
I 3.8 52 0.86 11.8 239 

!TFA AC-20 + 3% ~olybilt 104 3.8 61 0.73 16.7 184 
I 3.9 60 0.72 16.5 412 
I 3.5 62 O.b9 18.0 269 
I 3.7 61 0.71 17.1 289 I 
I TFA AC-20 + 5% Dow 104 2.5 70 0.39 36.1 241 I 3.3 60 0.47 25.6 233 I 3.1 61 0.49 24.9 244 I -----I 3.0 64 0.45 28,9 239 I 
I 
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TTable A·15 Indirect Tensile Test Results for Plant "!xed/Laboratory Co1pacted 
"ixtures Using Modified Co1paction , 

I TEST' AIR INDIRECT STRAIN SECANT RESILIENT POISSCN'Si I 
I MIXTURE TE"P. VOIDS TENSILE AT "OCULUS "ODULUS RATIO 1 
I F l STRENGTH FAILURE KSI KSI 1 
I PSI l I 
I TFA At-!o t 3t UP 70 39 6.8 3o3 0.37 164 1418 I 
I I 
I 6.9 297 0.37 158 1624 I 
I 7.0 304 0.36 167 1437 I 
I -·--- I 
I AYG. 6.9 301 0.37 163 1493 I 
I TFA AC-10 + 3l Styrelf 39 7.1 415 0.48 173 1528 I 

7.0 386 0.45 170 1688 I 
I 7.1 401 0.49 164 1678 I 
I I 
I AYG. 7.1 400 0.47 169 1632 I 
I I 
I TFA AC-10 t 3l NS 175 39 6.4 307 0.39 157 1566 I 
I 6.5 299 0.38 157 1601 I 
I 6.8 , 273 0.35 154 1823 I 
I I 
I AYG. 6.6 293 0.37 156 1664 I 
I I 
I i~A AC-10 + 18l C107 39 7.2 172 0.37 77 1320 i 
I 7 .6 !66 0.37 13 1236 I 
I 7.6 170 0.36 76 879 I 
I I 
I AVG. 7.5 ;~9 0.37 7~ !145 I 
I I 
I :ontro!: TFA AC-20 39 7.2 257 0.23 224 1480 - I 
I 7.0 265 0.22 237 1463 I 
I 6.9 260 0.22 238 1287 ........... ----· I AYG. 7.0 261 0.22 233 1410 I 
:TFA AC-20 t 3l Polybilt 39 7.0 313 0.26 240 1663 
I 7.2 304 0.29 212 1625 
I 7.6 288 0.32 182 1669 

···-- ---·-I AYG. 7.3 302 0.29 211 1652 I 
I TFA AC-20 t 5% Dow 39 7.9 274 0.19 284 1789 I 7.9 283 0.20 286 1774 I 7.8 295 , 0.21 284 1523 I -----I 7.9 284 0.20 285 1695 I 
I 
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Table A·lS (Continued) 
I TEST·. AIR INOIRECT STRAIN SECANT RE5rl1ENI POI55oN'Si I 
I "IXTURE TEMP. VOIDS TENSILE AT "ODULUS MODULUS RATIO 1 
I F ' STRENGTH FAILURE KSI KSI I 
I PSI ' I 
I TFA AC·lO + 3\ UP 70 77 7.1 97 6.75 25.8 415 I 
I I 
I 6.7 100 0.94 21.4 420 I 
I 6.9 95 0.85 22.4 409 I 
I ----- I 
I 6.9 98 0.85 23.2 415 I 

: TFA AC-10 t 3\ Styrelf 77 7.0 119 1.14 20.9 422 I 
7.2 119 1.08 22.1 490 I 

I 7.6 110 1.17 18.8 394 I 
I I 
I -·--· I 
I 7.3 116 1.13 20.6 435 I 
I TFA AC·10 t 3\ NS 175 77 6.9 89 0.75 23.6 350 I 
I I 
I 6.9 91 0.85 21.5 405 I 
I 7.1 85 0.80 21.1 413 I 
I 6.9 88 0.80 22.1 389 I 

I 

TFA AC-10 t 18' Cl07 77 &.S 71 0.37 199 I 
6.4 62 0.37 11.9 165 
u 67 0. 36 11.9 182 

I 
~.5 67 ~.37 11.9 !82 

i ~ontrol: TFA AC-20 77 7.0 -s9 0.54 32.8 417 I 
I u 86 0.59 29.1 422 
I 7.0 eo 0.64 24.6 376 
I 6.9 85 0.59 28.8 406 I 

i!FA AC-20 ~ 3\ Polybilt 77 6.8 104 0.47 44 .! 397 
I 7.5 100 0.47 42.5 407 I 
I 6.8 107 0.49 43.8 407 
I 7.0 104 0.48 43.5 404 I 
I TFA AC·20 t 5\ Dow 77 8.0 98 0.36 53.7 420 I 
I 7.5 113 0.33 69.1 446 
I 7.8 1!1 0.40 56.1 436 

7.8 107 0.36 59.6 434 
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Table A-15 (Continued) 
I TEST. AIR lRbiREtt StRAIN SEcANT RESILIENt PO!SSoN'Sj I MIXTURE TEHP. VOIDS TENSILE AT HODULUS HODULUS RATIO 1 I 
I F \ STRENGTH FAILURE KSI KSI I 
I PSI \ I 
I TFA At-io t 3t UP 7o Io4 '.0 43 1.17 7.4 127 I 
I I 
I 6.8 51 1.11 9.1 164 I 
I 6.8 47 1.09 8.6 115 I 
I 

....... 
I 

I 6.9 47 1.12 8.4 136 I 

I TFA AC-10 + 3\ Strrelf 104 7.3 44 1.35 6.5 117 I 
I 

I 7.1 46 1.25 7.3 155 I 
I 6.8 50 1.35 7.4 149 I ·-·--I 7.0 47 1.32 7.1 140 I 
I I 
I TFA AC·10 t 3\ NS 175 104 6.4 42 0.99 8.4 139 I 
I 6.4 41 1.01 8.1 142 I 
I 6.5 43 0.99 8.6 131 I 
I I 
I 6.5 42 0.99 8.4 137 I 
I TFA AC-10 + 18% C107 104 7.3 36 0.37 5.1 117 I 7.3 35 0.37 5.4 !16 I 7.2 35 0.36 4.6 n I ........ 
I 7.3 35 0.37 5.1 108 I 
I Control: ~FA AC-20 104 :.& 39 0.8S 9.3 124 I 7.4 42 0.84 9.9 143 I 7.1 40 0.73 10.9 188 I 
I 7.0 40 0.81 10.0 152 I 

lTFA AC·2~ t 3~ Polybilt 104 6.8 52 0.72 14.6 123 
7.1 55 0.67 16.4 140 I 7.2 50 0.73 13.7 122 I 

I 7.0 52 0.70 14.9 128 I 
I TFA AC·20 t 5\ Dow 104 7.6 65 0.46 28.3 179 I 7.6 62 0.42 29.3 174 I 7.7 ~0 0.46 26.0 169 I ......... 
I 7.6 62 0.45 27.9 174 I 
l 
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Table A-16 Indirect Tensile Test Results for ?!ant Mixed/Laboratory Co1pac~ed 
~ixtures Using Standard Co•paction 

tEst AIR INDIRECT STRAIN SECANT RESILIENT POISSON'{i 
MIXTURE TE"P. VOIOS TENSILE AT "OOULUS "OOULUS RATIO I 

F \ STRENGrH FAILURE KSI KSI · 1 
I 

PSI \ I 
I fFA At-Io t 3t UP 7o 39 4.2 4t8 0.31 261 1588 I 
I I 
I 4.0 420 0.31 274 1704 I 
I 4.2 401 0.29 275 1658 I 
I AVG. 4.2 410 0.30 270 1650 I 
I I 
: TFA AC-10 t 3' Styrelf 39 4.3 554 0.30 373 1613 I 

3.7 572 0.31 366 1754 I 
I 4.1 542 0.31 347 1734 I 
I ........ I 
l AVG. 4.0 556 0.31 362 1700 I 
I I 
I TFA AC-10 t 3\ NS 175 39 1.9 457 0.25 366 1762 I 
I 2.1 487 0.27 360 1640 I 
I 2.1 504 0.30 340 1765 I 

I 

AVG. 2.1 483 0.27 355 1722 I 
I 

:FA AC·!O • 18~ C107 39 4.5 2:9 0.37 172 1032 
4 .4 272 0.37 180 11:9 
3.9 274 0.36 170 1452 

~vs. 4.3 :~e ~.37 174 :zc~ 

Control: TFA AC-20 39 2.9 ::s 0.20 441 !797 
3.0 478 0.21 459 1935 
3.1 ~55 0.:8 514 l]qo 

I AVG. 3.0 460 0.20 471 1841 I 

:TFA AC-20 + 3\ Polybilt 39 3.3 485 0 .21" 455 !600 
I 3.3 484 0.24 395 1856 
I 3.3 489 0.25 383 1511 
I AVG. 3.3 486 0.24 411 1655 I 

TFA AC-20 + 5' Oow 39 2.9 :~& 0.20 499 1707 
2.9 5~6 C.21 484 1864 
3.0 500 0.21 469 1655 

2.9 508 0.21 484 1742 
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Table A-16 (Continued) 

TESf AIR tRorR£tf stRAIN SECANT RESILIENT POissoR'si 
"IXTURE TE"P. VOIDS TENSILE AT "ODULUS "ODULUS RATIO 1 F ' STRENGTH FAILURE KSI KS! I 

I 
PSI ' I 

I TFA Ac-io t 3\ UP 7o 77 3.6 134 o.7o 38.4 so a I 
I 4.1 140 0.71 39.4 506 
I 4.1 130 0.69 37.9 476 
I ----· 
I 3.9 135 0.70 38.6 495 

~ TFA AC-10 t 3\ Styrelf 77 4.1 163 1.04 31.3 461 i 
I 4.2 162 1.04 31.1 459 i 
I 4.1 166 1.02 32.8 436 I 
I 

......... . .... 
I 

I 4.1 164 1.03 31.7 453 I 
I TFA AC-10 t 3\ NS 175 77 2.2 160 0.70 45.4 470 I 
I I 
I 2.3 154 0.70 43.7 484 I 
I 2.0 156 0.75 41.5 501 I -----I 
I 2.2 157 0.72 43.5 485 
I TFA AC-10 t 18\ C107 77 4.4 93 0.37 20.9 392 I 
I 5.1 103 0.37 21.9 401 
I 3.7 103 0.36 22.0 ~29 

I 4. 4 100 0.37 21.6 441 I 
I Control: TFA AC-20 77 3.2 149 0.54 55.1 457 I 
I 3.0 153 0.52 58.7 470 
I 3.1 162 0.55 56.6 us 
I 3.1 155 0.54 57.5 457 I 

:TFA AC-20 t 3\ Polybilt 77 3.1 165 0.46 71.3 498 
3.2 172 0.47 73.6 489 
3.4 !78 0.47 75.8 us ----- -----
3.2 172 0.47 73.6 488 

TFA AC-20 t 5\-Dow 77 2.8 !90 0.40 94.8 539 
2.7 190 0.40 96.0 423 
2.6 191 0.41 93.9 06 

2.7 190 0.40 94.9 466 
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Table A-16 {Continued) 

tEst. AIR INo!REtr STRAIN SECANT RESIL!ERt POISSON'5i 
KIXTURE TEMP. VOIDS TE~SILE AT KODULUS "ODULUS RATIO 1 

F ' STRENGTH FAILURE KSI KSI I 
I 

PSI ' I 
I TFA AC-10 t 3t UP 7o 104 4.0 53 6.97 Io .9 198 I 
I I 
I 4.2 53 0.99 10.6 185 I 
I 4.3 56 1.02 11.0 190 I --··· -----I I 
I 4.2 54 0.99 10.9 191 I 
I TFA AC-10 + 3t Styrelf 104 4.2 56 1.27 8.8 179 I 

3.7 59 1.19 9.9 209 I 
I 4.2 65 1.15 11.2 220 I 
I I 
I 4.0 ~0 1.21 10.0 202 I 
I I 
I TFA AC-10 t 3l NS 175 104 2.2 ()9 0.94 14.8 176 I 
I 2.1 ()6 0.94 14.0 199 I 
I I 
I 2.0 71 0.94 lS .1 209 I 
I 2.1 69 0.94 14.6 !95 I 
I I 
I TFA A~·!O + 16% C107 104 4.6 !6 ~.37 6.9 179 I 

4.2 0 0.37 e.o 148 I 

3.7 '8 0.36 7.6 19C I 
I 

4.2 t7 0.37 7.5 :n I 
I 

eontrol: TFA AC-20 !04 2.8 68 0.62 21.8 222 I 
i 3.1 63 0.71 17.6 249 I 
I I 
I 3.2 70 0.75 !8 .7 215 I ·----I I 
I 3.0 67 0.70 19.4 229 I 

iTFA AC-20 + 3t Polybilt 104 3.1 76 0.63 24.0 213 I 
3.2 78 0.59 26.5 198 I 

I 3.7 81 0.69 23.5 252 I 
I I 
I 3.3 78 0.64 24.7 221 I 
I I 
I TFA AC-20 + 5' Dow 104 2.8 95 0.57 33.5 298 I 
I I 
I 3.0 96 0.53 36.7 241 I 3.0 9~ 0.52 37.0 201 I ----- -----

2.9 96 0.54 35.7 247 I 
I 
\ 
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Table A·17 Alpha and Gnu Para.eters for Laboratory "ixedllaboratory COIPacted "ixtures 

I TEST AIR ._LOMl lti)IRECT RESILIEII fi.PHA GHJ Ea=IlfS R·~ l I 
I "lXlUl£ TEIF. YO lOS L8S TENSIL£ STRAIN ----- FOO : I 
I F ' STRESS lNIIN s LOG{ I) Ea=nrs: I 
I PSI I 
I I 
I I 
I Control: TFA.AC-10 77 7.6 106 7.2 3.6E-o5 0.0743 1.5062 0.9257 ·4.2275 0.999 : I 
I 7.1 106 7.0 3.4E-o5 0.0742 2.6049 0. 9258 ·4 .0218 0.994 : I 
I --- I 
I I 
I AYG. 7.4 106 7.1 3.5E-o5 0.0743 2.0555 0.9258 ·4.1247 I 
I I 
I I 
I I 
I TFA AC·10 t 3t UP 70 77 6.2 138 9.5 5.7E-o5 0.2574 0.6507 0.7 426 . ·4.3000 0.998 : I 
I 5.6 137 9.3 5.5E-Q5 0.2728 0.7682 0.7272 ·4 .2390 0.999 : I 
I --- I 
I I 
I AYG. 5.9 138 9.4 5.6E-o5 0.2651 0.7094 0.7349 -4.2695 I 
I I 
I I 
I I 

: TFA AC·10 t 3t Styrelf 77 7.1 161 10.9 1 .BE-o5 0.2747 0.6857 o.ns3 -4.1323 0.999: 
7.4 11>0 10.7 7 .3E-o5 0.2810 0.6393 0.7190 -4.1889 0.999: 

--------
AYG. 7.3 160 10.8 7 .SE-o5 0.2719 0.6625 0.7222 ·4.1606 

I 
I 

TFA AC·10 t 3t NS 175 77 6.6 144 9.8 S.SE-o5 0.2455 0.3986 0.7545 ·4.5399 0.999 : 
7.4 144 9.95.7E-Q5 0.2662 0.4809 0.7338 ·4 .4261 0.999 : 

---· -------- ------- ------' I AVG. 7.0 144 9.8 5.6E-o5 0.2559 0.4398 0.7442 ·4.4830 I 
I I 
I I 
I TFA AC·10 t 1~ C107 77 13.4 74 4.8 7 .3E-o5 0.2495 0.2474 0.7505 -4.6198 0.996 : I 
I 11.9 74 4.7 7 .OE-05 0.292S 0.2750 0.7075 ·4.5641 0.997 : I 
I --------- I 
I I 
I AYG. 12.7 74 4.8 7 .2E-o5 0.2710 0.2612 0 .7290 -4.5920 I 
I I 
I I 
I I 
I Control: TFA AC-20 77 8.0 172 11.5 6.SE-o5 0.2232 0.0432 0.7768 -5.4418 0.994 : I 
I 7.7 171 11.5 6.SE-o5 0.2024 0.1063 0.7976 ·5.0622 0.999: I 
I ---I 
I AYG. 7.8 171 u.5 6.SE-o5 0.2128 0.0748 0.7872 ·5.2520 I 
I I 
I I 

:TFA AC·20 t 3t PolYbilt 77 7.45 218 1u 1 .CE:-o5 0.2927 0.1055 0 .7073 -4.9799 0.996 : 
6.95 221 14.9 7 .CE:-o5 0.3606 0.0530 0.6394 ·5.2354 0.998 : -------- I 

I 

AYG. 7.2 220 14.8 7 .CE:-os 0.3267 0.0792 0.6734 ·5.1077 I 
I 
I 
I 

TFA AC-20 t ~ Dow 77 7.8 217 14.4 6.CE:-05 0.3206 0.0188 0 .6794 -5.7818 o.m : 
7.6 216 14.4 6.CE:-o5 0.2874 0.0119 0.7126 ·5.9990 o.999: 

---------
7.7 216 14.4 6.DE-Q5 0.3040 0.0154 0.6960 ·5 .8904 
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Table A·1'1 Fatigue Para.eter Values for Laboratory l'lixedJLabontory Colpacted "ixtures 

1 TEsT AIR LOAD It«nR£tt sTATit tNmAL tbAo FAtiGUE cONStANT Htut l 
I'IIXME TEJII. VOIDS· LBS TENSILE tm.LUS STRAIN CYCLES ----------- FM 

I F \ STRESS KSI IH/IM K1 K2 Nf:Kl( llbix )"'K 11 I ~I I 

I Control: fFA AC-to 77 7.6 106 7.2 28 2.6E-o4 575 4.74£-62 1.11 0.84 I 
I 7.1 106 7.0 28 2 .SE-o4 288 I 
I 7.4 184 12.6 28 UE.04 304 I 
I 7.3 182 12.4 28 4.4E-o4 283 I 
I 7.7 376 . 25.5 28 '1.1E.04 93 I 
I 7.3 313 25.5 28 9 .1E-o4 109 I 

I TFA AC-10 t ~ t.P 70 77 6.2 138 9.5 42 2.3E-o4 3245 4.96E·05 2.14 0.99 : 
I S .6 137 9.3 42 2 .2E.04 3400 I 
I 6.0 235 16.1 42 3.8E-o4 945 I 
I 6.3 235 16.0 42 UE-04 982 I 
I 6.4 478 32.6 42 7 .8E.04 185 I 
I S.S 482 33.0 42 7. 9E.04 277 I 

I TFA AC-10 t ~ Styrelf 77 7.1 161 10.9 31 3.SE-o4 2450 9.68£.04 1.82 0.961 
I 7.4 160 10.7 31 3.4E·Q.4 1500 I 
I 7.7 275 18.2 31 5.9H4 720 I 
I 7.3 275 18.6 31 6.0E.04 826 I 
I 6.8 508 33.8 31 l.lE-03 221 I 
I 7.2 509 34 .0 31 l.lE-03 252 I 

: TFA AC-10 t 3t NS 175 77 6.6 144 9.8 35 2.8E-04 4825 U6E·06 2.54 0.96 : 
I 7.4 144 9.9 35 2 .8E.04 4035 I 
I 7.2 246 16.6 35 4.8E·04 1344 I 
I 6.8 247 16.8 35 4 .8E-04 :..5!0 I 
I 6.9 505 27.8 35 7 .9E·04 - 205 I 
I 6.9 506 34.8 35 l.OH3 242 I 

I TFA AC-10 +let t107 77 13.4 74 4.8 11 4.4E-04 8700 7.75E~5 2.43 0.97 : 
I 11.3 74 4.7 11 4.3E.04 11755 1 I 11.4 131 8.5 11 7 .7E-'04 4340 I 
1 11.6 131 8.6 11 7 .SE-04 2540 I 
I 12.2 271 17.3 11 1.6E-03 377 I 
I 11.9 267 17.5 11 1.6£-03 521 I 

I Control: TFA At-20 77 8.0 144 9.6 102 9.4E-05 13680 4.02E-06 2.35 0.98 l 
I 7.7 143 9.6 102 9 .4E .05 9470 I 
I 7.1 286 19.2 102 1.9E-04 2847 I 
I 7.6 286 19.2 102 UE.04 2646 1 I 6.9 581 38.8 102 3.8E.04 353 I 
I 6.8 581 38.9 102 3.8Eoo04 503 I 

jTFA AC-20 t 3t Polybilt 77 7.4 167 11.3 103 1.1H4 15120 l.S.E.09 3.30 0.98 : 
I 6.9 168 11.3 103 1.1E.04 26100 I 
I 7.6 286 19.3 103 1.9E-o4 2392 I 
I 7.7 286 1'1.2 103 1.9E-o4 2410 I 
I 6.'1 584 39.5 103 3.8E.04 364 I 
I 6.7 584 39.6 103 3.8E-o4 260 I 

: TFA At·20 + St Dow 77 7.8 1S6 10.3 152 6.8E.05 81340 4.31E·14 4.40 0.981 
I 7.6 158 10.5 152 6.9E.05 73620 1 I 6.4 267 18.0 152 1.2E·04 16900 I 
1 6.7 268 17.9 152 1.2E·04 8345 
1 7.2 545 36.1 152 2.4E-04 316 
1 7.6 545 36.1 152 2.4E·04 359 

·------------------------------------------------------------
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Table A·20 Fati~e Pameter Values for Plant Mixed/laboratory CQ~Pacted Kixtures 
I tEst AIR -LOAO tflltREtt StAT!t tRITIAC LOAb FATI!a t!IIST1Jlf R·SM I 

I I 
I IIIXTU!E TE!t'. YO IDS t.BS TENSILE !Qlll\IS STRAIN CYCLES .. ·--- FOR 
I F ~ STRESS KSI IN! IN K1 K2 Nf:K1(1/Eiix rx: 
I PSI I 
I TFA I!C-io t 3\ IJI 7o 77 7.4 194 13.7 66 2.1£!04 17860 5.75E""06 2.$7 o.ml I 
I 6.9 194 13.8 66 2.1E-o4 14900 I 
I 6.7 332 23.7 66 3.6E-o4 4145 I 
I 6.8 332 23.6 66 3.6E-o4 4057 I 
I 7.0 6n 48.0 66 7.~-o4 552 I 
I 6.1 674 48.1 66 7.~-o4 na I 
: TFA AC-10 t ~ Styrelf n 7.3 228 16.1 57 2.8E-o4 5623 8 • S2E -o5 2.20 I 0.992 I 
I 6.7 232 16.5 57 2.9E-o4 4948 I 
I 6.86 395 28.1 57 4.9E-o4 1489 I 
I us 398 28.1 57 4.9£-04 1622 I 
I 7.32 m 56.4 57 9.9E-o4 292 I 
I 6.92 802 57.1 57 1.0E-o3 392 I 
I TFA AC-10 t ~ NS 175 n 6.5 175 12.2 61 2.0E-o4 13700 3.54E-o6 2.59 I 
I 0.983 I 
I 6.6 176 12.3 61 2.0E-o4 10300 I 
I 6.71 303 21.3 61 3.5E-o4 4051 I 6.66 302 21.2 61 3.SE-o4 3492 I 6.91 625 43.6 61 7.1E-04 396 I 6.55 606 42.6 61 7 .OE-o4 566 I 

TFA AHO t 18% C107 77 7.6 131 9.1 39 2.3E-04 112300 1.07E-oB 3.58 I o.m 
1 7.4 133 9.3 39 2.4E·04 108400 i 7.00 229 15.9 39 4.1E-o4 15985 I 7.30 230 15.9 39 UE-04 13825 I 

i 7.55 465 32.4 39 8.3E-o4 1156 I 
I 7.16 467 32.4 39 8.3E-04 1235 I 
I Control: TFA AC·20 77 7.4 172 11.9 88 1.3E·04 76500 4. 99£·08 3.16 I 
I 0.990 I 
I 7.0 171 11.9 88 1.4E-o4 70650 I 
I 7.10 294 20.4 88 2.3E-o4 21130 I 
I 6.85 294 20.2 88 2.3E-04 15750 I 
I 7.53 607 41.7 88 4.7E-o4 1427 I 
I 7.05 601 41.8 88 4.7E-o4 1440 I 
:TFA AC-20 + 3% Polybilt 77 7.32 218 14.6 138 1.1E-o4 260300 1.66E·12 4.30 I 

7.33 Z21 14.7 138 1.1E-o4 181350 
0.995 I 

I 7.23 375 25.0 138 1.8E'-o4 16250 I 
I 7.04 376 25.3 138 1.8E-o4 20980 I 
I 7.10 762 51.0 138 3.7E-o4 920 I 
I I 
I 7.42 764 51.1 138 3.7E-o4 1105 I 
I TFA AC-20 t ~ Doll 77 7.8 217 15.2 194 7 .BE-OS 191250 1.3SE-13 4.43 I 
I 7.6 216 15.1 194 1 .SE-o5 198400 

0.986 I 
I 7.62 363 25.4 194 t.3E-o4 22250 I 
I 7.86 3n 26.2 194 U£-o4 34100 I 
I 7.83 755 52.8 194 2.7E-o4 970 I 
I 7.94 759 52.8 194 2.7E-o4 640 I 
I I 
' I 
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Table A-21 Creep Compliance Properties for Laboratory Mixed/ 
Laboratory Compac~ed Mixture Using Modified Compaction. 

Log( 
MIXTURE TEMP. 01 Ill SHIFT BETA 

F FACTOR) 

Control: TFA AC-10 60 1.86E-06 0.84 0.77 0.033 
77 S.OlE-06 0.84 
90 2.70E-05 0.71 -0.27 

TFA AC-10 + 3% UP 70 60 2.61E-06 0.56 0.79 0.063 
77 5.18E-06 0.63 
90 2.21E-05 0.64 -1.04 

TFA AC-10 + 3% Styrelf 60 2.97E-06 0.70 0.58 0.040 
77 1.24E-05 0.62 
90 3.2eE-o5 0.59 -0.60 

TFA AC-10 + 3% NS 175 60 2.90E-06 0.54 0.83 0.042 
I 77 5.18E-06 0.63 I 
I 90 1.06E-05 0.62 -0.44 I 
I 
I 
I TFA AC-10 + 18% C107 60 6.56E"''7 0.70 1.03 0.059 I 
I 77 3.80E-06 0.67 I 
I 90 1.14E-05 0.69 -0.75 ' I 
I 
I Control: TFA AC-20 60 9.93E-07 0.58 1.05 0.073 I 
I 77 4.2BE-06 0.57 I 
I 90 1.55E-05 0.62 -1.10 I 
I 
I 

:TFA AC-20 + 3% Polybilt 60 1.97E-06 0.41 1.19 0.089 
77 5.24E-06 0.45 
90 2.42::-os 0.41 -1.41 

TFA AC-20 + 5% Dow 60 1.38E -06 0.31 1.26 0.083 
77 2 .llE-06 0.42 
90 6.12E-06 0.44 -1.20 
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Table A-22 Creep Compliance Properties for Plant Mixed/ 
Laboratory Comp~cted Mixture Using Modified Compaction. 

Log{ 
MIXTURE TEMP. 01 Ill 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-OS 0.58 -1.61 

TFA AC-10 + 3% Styrelf 60 3.90E-06 0.47 0.96 0.055 : 
77 9.24E-06 0.50 
90 1.50E-05 0.58 -0.71 

TFA AC-10 + 3% NS 175 60 2.27E-06 0.44 1.15 0.064 
77 4.04E-06 0.56 
90 1.6SE-05 0.46 -0.78 

TFA AC-10 + 18% C107 60 5.50E-07 0.63 1.29 0.079 
77 3.5SE-06 0.63 
90 1.43E-05 0.66 -1.07 

I Control: TFA AC-20 60 7.02E-07 0.49 1.21 0.077 
I 77 2.51E-06 0.51 I 
I 90 1.17E-05 0.45 -1.07 I 
I 
I 

:rFA AC-20 + 3% Polybilt 60 1. 91E-06 0.30 0.81 0.074 
I 77 1.98E-06 0.42 I 
! 90 5.90E-06 0.45 -1.30 I 
I 
I 
I TFA AC-20 + 5% Dow 60 2.10E-06 0.14 1.01 0.053 I 
I 77 1.53E-06 0.29 I 
I 90 1.82E-06 0.34 -0.60 I 
I 
I 
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Table A·23 Creep Co1pliance of Laboratory Mixed I Laboratory Co1pacted Mixtures Using 
Kodified Co1paction. 

fiRE TOTAL TEf~S ILE TENSILE TUIE TOTAL TENSILE TENSILE 
SEC. HORIZONTAL STRAIN CREEP SEC. HORIZONTAL STRAIN CREEP 

DEFORIIA TIOH IN/IN COMPLIANCE DEFORI!t\TIOH IN/IN COIIPliAHCE 
· IN INA2/LB IN lN .. 21LB 

tFA Ac-2o TFA AC-20 
TEST TEKP: 60 I ZIGIIA: 7.648 PSI TEST TEKP: 60 I ZIGIIA: 7.648 PSI 
--------------------------------- ---------·-----------------------31.6 2.8SE·04 1.48E·04 9.69E·06 31.6 3.20E-04 1.66E ·04 5.66E·06 

56.2 3.90E·04 2.03E·04 1.33E·05 56.2 4.50E·04 2.34E-04 7.96E·06 
100.0 5.3SE·04 2 .78E ·04 1.82E-OS 100.0 6 .lOE ·04 3.17E-04 1.08E ·OS 
177 .e 7.35E·04 3.82E·04 2.SOE-OS 177 .B 8.40E·04 4.37E-04 1.49E-05 
316.2 1.03E·03 S.33E·04 3.49E·05 316.2 1.1SE ·03 S.98E·04 2.03E·OS 
562.3 1.43E-03 7.41E-04 4 .SSE ·OS 562.3 1.60E·03 8.32E-04 2.83E-05 

1000.0 2.09E·03 1.08E ·03 7.09E·OS 1000.0 2 .24E·03 1.17E·03 3.96E-05 
1778.3 2.99E-03 l.SSE ·03 1.01E·04 1778.3 3 .13E·03 1.63E-03 5.53E-05 
3162.3 4.30E·03 2.24E·03 1.46E·04 3162.3 4.40E·03 2.29E·03 7.78E·OS 
3600.0 4.60E·03 2.39E·03 l.S6E ·04 3600.0 4.72E-03 2.4SE-03 8.3SE·OS 
7200.0 4 .13E-03 2.1SE-03 7200.0 4.19E·03 2.18E·03 

TFA AC-20 TFA AC-20 
TEST TEIIP : 77 I ZIGIIA=5.570 PSI TEST TEMP : 77 I ZIGIIA=3.917 PSI 
--------------------------------- --------------------------------· 31.6 4.SOE-04 2.34E-04 2.lOE·OS 3U 6.50E-04 3.38E·04 4.32E-05 

S6.2 6 .2SE·~ 3.25E-04 2.92E·OS 56.2 9.00E·04 4.68E-04 5.98E·OS 
100.0 8.50E·04 4.41E·04 3.97E·05 100.0 1.20E-03 6.24E·04 7.97E·OS 
177.8 1.18E·03 6.11E ·04 5.49E-OS 177 .e 1.6SE·03 8.58E·04 1.10E·04 
316.2 1.63E-03 8.45E·04 7 .59E ·05 316.2 2 .15E -03 1.12E·03 1.43E -04 
562.3 2.2SE·03 1.17E·03 1.05E·04 562.3 2.88E·03 l.SOE ·03 1.91E·04 

1000.0 3.30E-03 1. 72E·03 1.54E·04 1000.0 3.95E·03 2.0SE-03 2.62E·04 
1778.3 4.95E·03 2.57E-03 2.31E·04 1778.3 5.63E-03 2.93E·03 3.73E-04 
3162.3 7.80E·03 4.06E·03 3.64E-04 3162.3 8.13E·03 4.23E·03 5.39E-04 
3600.0 8.63E-03 4.49E·03 4.03E·04 3600.0 8.90E-03 4.63E-03 S.91E·04 
7200.0 8.25E-03 4.29E·03 7200.0 8.83E·03 4.59E·03 

TFA AC·20 TFA AC-20 
TEST TE"P ll '0 I ZIGIIA=2.797 PSI TEST TEKP = 90 I ZIGMA=1.405 PSI 
------------------·-------------· ---------------------------------3.2 3.00E·04 1.56E·04 2.79E-OS 3.2 1.40E·04 7.28E-OS 2.59E·OS 

5.6 4.7SE·04 2.47E-04 4.42E-OS 5.6 1.9SE·04 l.01E ·04 3.61E·OS 
10.0 6.50E·04 3.38E·04 6.04E-OS 10.0 2.65E·04 t.38E·04 4.90E·OS 
17.8 1.03E-03 5.33E-04 9.53E-05 17.8 3 .70E ·04 1.92E-04 6.85E·OS 
31.6 1.43E·03 7.41E·04 1.32E·04 31.6 5.10E·04 2.6SE·04 9.44E·OS 
56.2 1. 98E·03 1.03E·03 1.84E·04 56.2 7.00E·04 3.64E·04 1.30E·04 

100.0 2.60E·03 1.35E ·03 2.42E·04 100.0 9.SOE-04 4.94E·04 1.76E·04 
177.8 3.85E·03 2.00E·03 3.58E-04 177.8 1.35E·03 7.00E-04 2.49E·04 
316.2 5.4SE·03 2.83E·03 5.07E·04 316.2 1. 9SE ·03 l.OlE-03 3.60E-04 
562.3 e.SOE-03 4.42E·03 7.90E-04 562.3 2.82E·03 1.47E-03 5.22E·04 

1000.0 l.SSE·02 8.06E·03 1.44E·03 1000.0 4.26E-03 2.22E·03 7.88E·04 
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Table A-23 (Continued) 

II HE YO tAt fERsiCE TENSILE 
SEC. HORIZONTAL STRAIN CREEP 

OEFOR~ATION IM/lN COHPLIANCE 
IN INA21LB 

fFA Ac-2o t 3t POLYB!lt to3 
TEST TE~P = 60 I ZIGHA = 7.700 PSI 
----------------------···--------31.6 2 JSE-04 1.43E-04 9.29E-06 

56.2 3.SOE·04 1.82E·04 1.18E·05 
100.0 4.60E·04 2.39E·04 1.55E-OS 
177.8 6 .15E -04 3.20E-04 2.08E-OS 
316.2 S.OOE-04 4.16E·04 2.70E-OS 
562.3 1.03E-03 S.33E-04 3.46E-05 

1000.0 1.30E·03 6.76E-04 4.39E·05 
1778.3 1.67E-03 8.66E-04 5.62E·05 
3162.3 2 .OSE ·03 LOBE ·03 7.01E-05 
3600.0 2 .18E·03 1.13E·03 7 .35E·05 
7200.0 l.SOE ·03 7.80E·04 

TFA AC-20 t 3\ PCLYBILT 103 
TEST TEMP : 77 I ZIGIIA=6.103 PSI 
--------------------------------· 31.6 6.00£·04 3 .12E -04 2.56E·OS 

56.2 7.85E-04 4.0BE-04 3.34E-05 
100.0 1.00E·03 5.20E-04 4.26E·OS 
177.8 1.30E-03 6,76E-04 5.54E·05 
316.2 1.69E·03 8 .76E-04 7.18E·05 
562.3 2.25E-03 1.17E-03 9.59E-05 

1000.0 3.04E·03 1.58E·03 1.29E·04 
1778.3 4.20E·03 2 .18E-03 1.79E·04 
3162.3 5.90E-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 t 3' POLYBILT 103 
TEST TEMP = 90 I ZIGMA=3.300 PSI 
---------------------------------3.2 S.OSE-04 2.63E-04 3.98E·05 

5.6 6.30E-04 3.28E·04 4.96E·05 
10.0 7.70E·04 4.00E·04 6.07E·OS 
17.8 1.00E·03 S.20E·04 7.88E-OS 
31.6 1.28E-03 6.63E·04 l.OOE-04 
56.2 1.59E·03 8.27E·04 1.25E·04 

100.0 2.0SE·03 l.07E·03 1.62E·04 
177.8 2.62E-03 1.36E-03 2.06E·04 
316.2 3.34E-03 1.73E·03 2.63E·04 
562.3 4.14E-03 2.1SE-03 3.26E·04 

TIHE tOtAL fENs!LE TENSilE 
SEC. HORIZONTAL STRAIN CREEP 

DEFORPIATION IN/IN COIIPLIANCE 
IN INA2/LB . 

tFA AC-20 t 3t PO(YBILT 1o3 
TEST TEHP = 60 I ZIG"A = 7.750 PSI 
·------------------------------·-31.6 4.30E-04 2.24E-04 7.SOE·06 

56.2 S.1SE-04 2.68E·04 8.99E-06 
100.0 6 .15E-04 3.20E·04 1. 07E·OS 
!77.8 7.20E-04 3.74E-04 1.26E-OS 
316.2 8.30E-04 4.32E·04 1.45E-05 
562.3 1.08E -03 5.62E-04 1.88E·OS 

1000.0 1.38E·03 7 .18E-04 2 .41E·OS 
1778.3 1.78E·03 9.26E·04 3.11E-05 
3162.3 2.34E-03 1.22E·03 4.08E·05 
3600.0 2.48E·03 1.29E·03 4.32E-05 
7200.0 1.77E -03 9.19E·04 

TFA AC-20 + 3' POLYB!LT 103 
TEST TEIIP : 77 I ZIGMA=6.061 PSI 
---------------------------------31.6 S.SOE-04 2.86E·04 2.36E-05_ 

56.2 7.25E·04 3.77E·04 3.11E·OS 
100.0 8.90E·04 4.63E·04 3.B2E·05 
177.8 1.19E·03 6.19E·04 5.11E·05 
316.2 1.53E-03 7.93E·04 6.54E·05 
562.3 1. 95E -03 1.01E-03 . 8.37E·OS 
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Table A-23 (Continued) 

f!H£ tOtAL t£Nstt£ f£Nstt£ 
SEC. HORIZONTAL STRAIN CREEP 

DEFORMATION IN/IN COMPLIANCE 
IN INA2/LB 

fFA At-26 + 5\ boU 
TEST TEMP: 60 , ZIGMA = 7.333 PSI 
---------------------------------31.6 1.7SE-04 9.10E·OS 6.21E·06 

56.2 2.0SE·04 1.07E·04 7.27E·06 
100.0 2.40E-04 1.25E·04 8.51E·06 
177.8 2.93E-04 1.52E-04 1.04E·OS 
316.2 3.50E-04 1.82E·04 1.24E-05 
562.3 4.20E-04 2.18E·04 1.49E·OS 

1000.0 S.15E·04 2.68E·04 1.83E·OS 
1778.3 6.35E·04 3.30E·04 2.2SE-05 
3162.3 7.9SE·04 4.08E-04 2.78E-05 
3600.0 8.2BE-04 4.30E-04 2.93E·05 
7200.0 3.70E-04 1.92E·04 

T~A AC-20 + St DOW 
TEST TEHP: 77 I ZIG"A=4.690 PSI 
---------------------------------31.6 1.50E·04 7.80E-05 8.32E·06 

56.2- 2.!0E-04 l.09E·04 1.16E-05 
100.0 2.75E·04 1.43E-04 1.52E-05 
177.8 3.70E-04 1.92E-04 2.05E·OS 
316.2 4.7SE-04 2.47E·04 2.63E-OS 
562.3 5.90E·04 3.07E-04 3.27E·OS 

1000.0 7.65E·04 3.99E·04 4.24€-05 
1778.3 . 9.60E-04 4.99E-04 S.32E-OS 
3162.3 1.21E-03 6.27E-04 6.69E·OS 
3600.0 1.2BE-03 6.63E-04 7.07E-05 
7200.0 9.15E-04 4.76E·04 

TFA AC-20 + St DOW 
TEST TEMP : 90 I ZIGMA=3.363 p~' w• 
----------------------·----------31.6 3.60E·04 1.97E-04 2.79E·05 

56.2 4. 90E-04 2.55E·04 3 .79E-05 
100.0 6.40E·04 3.33E·04 4.95E-05 
177.9 B.OOE-04 4.16E·04 6 .19E·05 
316.2 1.00E·03 5.20E·04 7 .73E·05 
562.3 1.26E·03 6.55E·04 9 .74E·05 

1000.0 1.65E-03 8.5BE·04 UBE-04 
1779.3 2.16E·03 1.12E-03 ~ .67E-04 
3162.3 2.90E-03 1.51E·03 2.24E·04 
3600.0 3 .1BE-03 1.6SE-03 2.46E·04 
7200.0 2.83E·03 1.47E-03 
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f!R£ tOtAL t£Rs!l£ f£RSilt 
SEC. HORIZONTAL STRAIN CREEP 

DEFORMATION IN/!N COMPLIANCE 
IN INA2/LB 

TFA AC-20 + 5\ DOW 
TEST TEHP = 60 , ZIGHA: 7.395 PSI 
---------------------------------31.6 1.20E·04 6.24E·OS 2.19E·06 

56.2 1.30E·04 6.76E·05 2.3BE-06 
:co.o 1.53E·04 ·7.93E-05 2.79E·06 
177.8 1.73E-04 8.97E-05 3.1SE-06 
316.2 2.09E-04 1.09E-04 3.80E-06 
562.3 2.33E·04 1.21E·04 4.25E-06 

1000.0 2.60E-04 1.35E-04 4.76E-06 
1778.3 2.98E-04 1.55E-04 5.44E-06 
3162.3 3.45E·04 1.79E-04 6.31E·06 
3600.0 3.57E·04 1.86E·04 6.53E-06 
7200.0 

TFA AC-20 t St DOW 
TEST TEMP: 77 I ZIGMA=6.059 PSI 
·--------------·-----------------31.6 2.2SE-04 1.17E·04 9.66E-06 

56.2 2.70E·04. !.40E-04 !.!6E-05 
100.0 3.20E-04 1.66E-04 1.37E-05 
177.9 4.10E-04 2.13E-04 1.76E-OS 
316.2 S.lOE-04 2.65E-04 2.19E-05 
562.3 6.30E·04 3.2BE·04 2.70E-OS 

1000.0 B.lSE-04 4.24E·04 3.SOE-OS 
1778.3 1.05E·03 5.46E-04 4.51E-OS 
3162.3 1.38E-03 7.15E-04 5.90E-05 
3600.~ 1.4BE-03 7.67E·04 6.33E-05 
720~.0 1.03E-03 S.33E·04 



Table A~23 (Continued) 

ttHE totlll TENSILE 1£Hs!LE 
SEC. HORIZONTAL STRAIN CREEP 

DEFORMATION IN/IN COMPLIANCE 
IN IN4 2/LB 

ffll llc~Io 
TEST TEMP = 60 , ZIGHA : 4.830 PSI 

31.6 1.50E·03 7.80E·04 8.08E·OS 
56.2 2.10E~03 1.09E·03 1.13E~04 

100.0 2.80E·03 1.46E·03 1.51E·04 
177.8 4.20E·03 2.18E·03 2.26E·04 
316.2 6.00E·03 3.12E~03 3.23E·04 

TFA AC-10 
TEST TEMP : 77 , ZIGMA=0.774 PSI 
---------------------------------31.6 4.00E-04 2.08E·04 1.34E-04 

56.2 6.SOE·04 3.36E·04 2.18E·04 
100.0 l.lOE-03 5.72E·04 3.70E·04 
177.8 1.80E·03 9.36E·04 6.05E-04 
316.2 2.90E·03 1.51E-03 9.74E·04 
562.3 S.OOE-03 2.60E·03 1.68E ·03 

1000.0 1.00E·02 S.20E·03 3.36E-03 

TFA AC-10 
TEST TE"P : 90 , ZIGMA=0.734 PSI 

31.6 6.SOE~04 3.38E-04 2.30E·04 
56.2 l.OOE-03 S.20E·04 3.54E·04 

100.0 1.40E·03 7.28E·04 4.96E·04 
177.8 2.05E·03 1.07E·03 7.26E·04 
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f!P.E totlll fENstl£ TENSILE 
SEC. HORIZONTAL STRAIN CREEP 

DEFORMATION IN/IN COMPLIANCE 
IN IHA2/LB 

TFA llt~to . 
TEST TEMP : 60 , ZIG" A : 4 .769 PSI 
-·--------·---------·------------31.6 1.2SE·03 6.50E·04 3.55E·05 

56.2 1.85E·03 9.62E-04 5.25E·OS 
100.0 3.00E·03 1.56E~03 8.51E·OS 
177.8 5.00E·03 2.60E·03 1.42E·04 
316.2 8.50E·03 4.42E·03 2.41E·04 
562.3 1.5SE·02 8.06E·03 4.40E·04 

1000.0 2.50E·02 1.30E·02 7.09E·04 
1778.3 4.2SE·02 2.21E-02 1.21E·03 
3162.3 7.15E·02 3.72E·02 2.03E·03 
3600.0 8.30E·02 4.32E·02 2.35E·03 
7200.0 8.30E·02 4.32E·02 

TFA AC·!O 
TEST TE~P : 77 , ZIG~A=O.S2l PS! 
---------------------------------31.6 S.50E·04 2.86E-04 1.74~·C( 

56.2 e.SOE-04 4.42£·04 2.69E·04 
100.0 1.25E ·03 6.5CE-04 3.16E·04 
177.8 2.00E·03 1.04E·03 6.34E·04 
316.2 J.OOE-03 1.56E·03 9 .SOE-04 
562.3 S.OOE-03 2.60E·03 ~.59E·C3 

1000.0 8.20E·03 4.26E~03 2.60E·03 

-:n AC·!C 
TEST TEW.P : 90 , ZI~~A=O.S!S PS! 
---------------------------------3.2 2.50E·04 1.30E~04 1.11E·04 

5.~ 3.50E·04 1.82E·04 1.56E·04 
10.0 4.SOE·04 2.34E·04 2.00E~04 
17.8 6.25E·04 3.25E·04 2.78E-04 
31.6 8.70E·04 4.52E·04 3.87E·04 
56.2 1.30E·03 6.76E-04 5.78E·04 

100.0 2.00E-03 1.04E·03 B.89E·04 
177.8 3.08E·03 1.60E·OJ 1.37E·03 



Table A-23 (Continued) 

fiRE TOTAL tENsiLE TENSILE 
SEC. HORIZONTAL STRAIN CREEP 

DEFORMATION IN/IN COMPLIANCE 
IN IN"21LB 

tFA AC·lO + 3t UP 7o 
TEST TEMP : 60 , ZlGMA ~ 6.505 PSI 
----------····-··--------------·· 31.6 6.00E·04 3.12E·04 2.40E·OS 

56.2 7.50E·04 3.90E·04 3.00£·05 
100.0 9.50E·04 4.94E·04 3.80E-05 
177.8 1.30E-03 6.76E-04 5.20E·05 
316.2 1.80E·03 9.36E·04 7.19E·05 
562.3 2.45E-03 1.27E-03 9.79E·05 

1000.0 3.53E·03 1.83E·03 1.41E·04 
1778.3 S.15E·03 2.68E·03 2.06E·04 
3162.3 7.75E·03 4.03E-03 3.10E·04 
3600.0 8.55E-03 4.45E-03 3.42E-04 
7200.0 7 .90E-03 

TFA AC·lO + 3~ ~p 70 
TEST TE~P : 77 , Z!GMA=2.616 PSI 
------------------·--------------31.6 S.50E·04 2.86E·04 S.47E·C5 

56.2 S.~OE-~4 4.!bE·04 7.95E·OS 
lOO.O 1.1CE·03 S.72E·04 1.09E ·04 
177.8 1.65E·03 8.58E-04 1.64E ·04 
316.2 2.30E·03 1.20E ·03 2.29E·04 
562.3 3 .lOE-03 1.61E·03 3.08E·04 

1000.0 4.90E-03 2.5SE·03 4.87E-04 
1778.3 7.25E·03 3 .77E·03 7.21E·04 
3162.3 1.16E-02 6.03E·03 1.15£·03 
3600.0 1.32E·02 6.87E-03 1.31E·03 
720C.C 1.28E ·02 6.66E·03 

TFA AC-10 + 3' UP 70 
TEST TEHP: 90 I Z!G~A=t.054 PS! 
---------------------------------31.6 6.SOE·04 3.38E-04 l.60E -04 

56.2 LOOE-03 5.20E-04 2.47E·04 
100.0 1.40E -03 7.28E-04 3.4SE·04 
177 .a 2.05£-03 l.07E ·03 5.06E·04 
316.2' 3 .lOE ·03 l.61E-03 7.6SE-04 
562.3 4.35E·03 2.26E·03 1.07E ·03 

1000.0 6.55E·C3 3.41E·03 ~.62E-C3 
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TIME TOTAL t£Ns1LE fEN51LE 
SEC. HORIZONTAL STRAIM CREEP 

DEFORMATION IN/IN COMPLIANCE 
IN IN"2/LB 

fFA AC-10 + 3t UP 7o 
IEST TEMP = 60 , ZIGMA = 6.581 PSI 
----·----------------------------31.6 8.00E-04 4.16E-04 1.64E·05 

56.2 1.05E-03 S.46E·04 2.16E·05 
100.0 1.38E ·03 7.15:·04 2.83E-05 
177.8 1. 95E-03 1.01E -03 4.01E·05 
316.2 2 .60E ·03 1.35E·03 5.34E-05 
562.3 3.50E-03 1.82E-03 7.19E-05 

1000.0 4.78E-03 2.48E·03 9.81E-OS 
1778.3 6 .70E·03 3.48E-03 1.38E-04 
3162.3 9.90E-03 5.1SE-03 2.03E-04 
3600.0 1.09E-02 5.64E·03 2.23E·04 

TFA AC·!O t 3~ CP 70 
TEST TEMP= 77 , Z!GMA=1.080 PSI 
---------------------------------31.6 2.50E-04 l.30E·04 4.05E·05 

56.2 3.50E-04 1.82E·04 5.66E·OS 
lOC.O 4.6SE·04 2.42E·04 7 .52E·05 
177.8 6.25E·04 3.25E·04 1.01E-04 
316.2 a. 90E -04 4.63E·04 l.UE-04 
562.3 1.28E-03 6.63E·04 2.06E·04 

1000.0 Le3E·03 9.52E·04 2.96E·04 
1778.3 2.48E-03 1.29E-03 4.0lE-04 
3162.3 3.43E-03 1.78E -03 5.SSE·04 
3600.0 3 .7SE ·03 1. 9SE·03 6.07E·04 
7200.0 3.70E·03 1. 92E·03 

TFA AC-10 + 3' UP 70 
TEST TEMP : 90 I ZIGMA=l.080 PSI 
----------------------·----------31.6 l.OSE-03 5.46E·04 2.53E·O¢ 

56.2 1.50E·03 7.80E-04 3.61E-04 
100.0 2.00E·03 1.04E·03 4.82E-04 
l77 .8 2.80E·03 1.46E ·03 6.74E-04 
3!6.2 3.90E·03 2.03E·03 9.39E-04 
562.3 5.90E·03 3.07E-03 1.42E·03 
100~.0 9.8CE·C3 5.10E·03 2.36E·C3 



Table A-23 (Continued) 

TtH£ totAl · t£RsrlE TENSILE rm TOTAL fERstLE TENSILE 
SEC. HORIZONTAL STRAIN CREEP SEC. HORIZONTAL STRAIH CREEP 

DEF ORKA TI ON IN/IN COMPLIANCE DEF ORI1A Tl ON IN/IN COIIPLIANCE 
IN IN"21LB IN IN"21~9 

fFA AC·io t 3t STYRELF TFA AC·lO t 3\ sfYRELF 
TEST TEMP: 60 I ZIGKA: 7.375 PSI TEST TEKP: 60 I ZIGKA: 7.3SS PSI 
--------------------------------- ---------------------------------31.6 2.00£·03 1.04E·03 7.05E-05 

56.2 2.65E·03 1.38£·03 9.34E·OS 
100.0 3 .45E·03 1.79E·03 1.22£-04 100.0 2.40E·03 1.25E-03 4.41E·CS 
177.8 4.75E·03 2.47E·03 1.67E·04 ~77 .8 3.90E·03 2.m-o3 7 .17E·05 
316.2 6.30E·03 3.28E·03 2.22E·04 316.2 5.SOE·03 2.86E-03 1.01E·04 
562.3 8.90E·03 4.63E·03 3 .14E ·04 562.3 8.30E·03 4.32E·03 1.53E·04 

1000.0 1.33£·02 6.89E·03 4.67E·04 1000.0 1.26E·02 6.S3E·03 2.31E·04 
1778.3 2 .lOE ·02 1.09E·02 7.40E·04 1778.3 2.05E·02 1.07E·02 3.77E·04 
3162.3 3.84£·02 2.00E·02 1.3SE·03 3162.3 3.60E·02 1.87E·02 6.62E·04 
3600.0 4.56E·02 2.37E·02 1.61£·03 
7200.0 4.17E·02 

TFA AC-10 t 3\ STYRELF TFA AC·lO + 3~ STYRELF 
TEST TEMP: 77 I ZIGMA=1.356 PSI TEs; TE~P = 11 , Z!GIIA=.S9S PSI 
----------------------------····- ·----·--·-----------------------· 

31.6 S.SOE-04 6.00E-04 LOSE ·04 3!...6 a.OOE-04 U6E·CC 3.SOE-C4 
56.2 S.OOE-04 8.SOE·04 1.S3E ·04 56.2 1.2CE ·03 6r24E·04 5.24E·Ot 

100.0 1.10E·C3 1.20E·03 2.11E·04 !00.0 1.7SE·03 9.10E ·04 7.65E·04 
177.8 1.65E·03 1.73E·03 3 .16E ·04 177.8 2.70E·03 1.40E-~3 l.leE-o3 
316.2 2.30E-03 2.35E·03 4.41:·04 316.2 3.90E·C3 2.03E·03 1.70E ·03 
562.3 3.10E·03 3 .33E·03 S.95E·04 562.3 5.80E-03 3.02E-~3 2.S3E-~3 

1000.0 4.90E·03 4.SSE·C3 9.40E·Ct . !000.0 9.10E ·03 4.73::·03 3.9e::·o3 
1778.3 7.2SE·03 7 .lOE ·03 1.39E ·03 
3162.3 1.16E·02 1.11:-02 2.22::·03 
3600.0 1.32E·02 l.24E·02 2.53E·03 
7200.0 1.2eE-02 1.23E·02 

TFA AC·!O • 3~ STYRELF TFA AC·lO + 3~ STYR::~F 
TEST TEHP : 90 I ZIG~A=0.848 PS! ·Esr r£~o = 9c I ZIG~A=O.S9S PS! 
----------···-·------------------ ----------------------·--·----·--3.2 2.SOE·04 1.30E·04 7 .67E·05 3.2 l.SOE ·04 7.80E-05 6.56E·CS 

5.6 3.2SE·04 1.69E·04 9.97E·OS 5.6 1. 90E ·04 9.8BE·05 8.30E·OS 
10.0 4.SOE·04 2 .34E·04 ~.38E·04 10.0 2.SSE·04 1.33E ·04 l.t!E-04 
17.8 6.50E·04 3.3BE·04 1.99E·04 17.8 3.6SE·04 1.90E·04 1.60E·04 
31.6 9.00E·C4 4.68E·04 2 .76E·Ot 31.6 4.90E·04 2.55E·C4 2 .14E·04 
56.2 1.28E-03 6.63E-04 3.91E·04 56.2 6.SOE·04 3.38E·04 2.84E·C4 

!00.0 1.8SE ·03 9.62E·04 5.67E·04 100.0 8.80E·04 4.58E·04 3.8SE·04 
177.8 2 .73E·03 1.42E·03 8.36E-04 ~77 .8 1. 20E·03 6.24E·04 S.24E·04 
316.2 4.20E·03 2.18E·03 1.29E·03 316.2 1.63E ·03 8 .4SE·04 7.10E·04 
562.3 6 .70E ·03 3.48E·03 2.0SE-03 562.3 2.4SE·03 1.27E·03 1.07E·03 

1000.0 3.43E·03 1.78E·03 1.50E ·03 
1778.3 5.3SE-03 2.78E·03 2.34E·03 
3:62.3 9.10!·03 4.73E·03 3.98E·03 
3600.0 1.09E·02 5.67E·~ 4.76E·03 
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Table A-23 (Continued) 

riME totAl TENS!LE tENSilE 
SEC. HORIZONTAL STRAIN CREEP 

OEFORKATION IN/IN COKPLIANCE 
IN INA2/LB 

TFA Ac-io t 3t NS 175 
TEST TEI!P = 60 , ZIGI!A : 6.890 PSI 
------·--------------------------31.6 6.50E·04 3.38E·04 2.45E·05 

56.2 9.25E·04 4.81E·04 3.49E-05 . 
100.0 1.30E-03 6.76E·04 4.91E·05 
177.8 1.78E·03 9.23E·04 6.70E·OS 
316.2 2.35E-03 1.22E-03 8.87E-05 
562.3 3.1SE·03 1.64E·03 1.19E·04 

1000.0 4.23E-03 2.20E·03 1.59E·04 
1778.3 5.80E·03 3.02E-03 2.19E·04 
3162.3 8.15E·03 4.24E·03 3.08E·04 
3600.0 8.90E·03 4.63E·03 3.36E·04 
7200.0 7 .97E-03 

TFA AC-10 + 3t NS 175 
TEST TE~P: 77 , ZIG~A=1.684 PS: 
-----·---------------------------31.6 3.50E-04 1.82:·04 5.40E-OS 

56.2 S.!OE-04 2.6SE-04 7.BBE·CS 
100.0 7.00E-0¢ 3.64E·04 1.08E·04 
177.8 l.OSE-03 5.46E·04 1.62E·04 
316.2 l.SOE-03 7.80E·04 2.32E·04 
562.3 2.05E-03 1.07E·C3 3.17E·04 

1000.0 2.8BE·03 1.50E·03 4.45E·04 
1778.3 3.9SE-03 2.0SE·03 6.10E·04 
3162.3 ·s.40E·03 2.81E·03 8.34E·O¢ 
3600.0 5.80E·03 3.02E·03 8.96E·04 
7200.0 5.85E·03 3.04E·03 

TFA AC·10 + 3\ NS 175 
TES! TE~P : 90 I ZIGI!A=1.10C PS! 

31.6 4 .OOE·04 2.08E·04 9.42E·05 
56.2 5.75E·04 2.99E·C4 1.35E·04 

100.0 7.60E·04 3. 95E ·04 ~.79E·04 
177.8 LOSE-C3 S.46E·C4 2.47E-04 
316.2 1.¢0E·03 7.28£·04 3.30E·04 
562.3 l.93E·03 !.OOE-03 4.53E-04 

1000.0 3.05E·03 1.59£-03 7.18£·04 

200 

tiP.£ totAL f£Ns!LE fENs!lE 
SEC. HORIZONTAL STRAIN CREEP 

OEFORMA TION INIIH COI!PLIANCE 
IN IN"2/LB 

TFA Ac-to t 3t As 175 
TEST TEKP : 60 , ZIGKA : 6.843 PSI 
------·--------------------------31.6 6.00E·04 3.!2E·04 1.19E·05 

56.2 8.2SE·04 4.29E·04 1.63E·OS 
100.0 1.1CE·03 5.72E·0( 2.l7E·CS 
!77 .8 1.4SE-03 7.54E·04 2.87E·OS 
316.2 1.93E·03 l.OOE ·03 3.80E·OS 
562.3 2.58E·03 1.34E·03 5.09E·OS 

1000.0 3.56E-03 1.85E ·03 7.04E·05 
1778.3 S.OOE-03 2.60E·03 9.88E·OS 
3162.3 7.05E·03 3.67E-03 1.39E-04 
3600.~ 7.70E·03 4.00E·03 1.52E·04 

6.73E·03 

TFA AC·10 t 3t NS 175 
TEST TEI!P : 77 I ZIGMA=2.l24 PSI 
-·----··--------··---------··----31.6 3.40E·04 1.77E·04 4.16E·C5 

56.2 4.70E·04 2.44E·04 5.75E·05 
100.0 6.10E·04 3.17E·04 7.47E·OS 
177.8 8.30E·04 4.32E·04 1.02£·04 
316.2 1.18E-03 6.14E·04 1.44E·04 
562.3 1.87E·03 9.73E·04 2.29E·04 

1000.0 3.00E·03 1.56E·03 3.67E·04 
1778.3 4.6SE·03 2.42E·03 5.69E·04 
3!62.3 7.10E·03 3.69E·03 8.69E·04 
3600.0 7.90E-03 4.06£-03 9.55E-04 
7200.0 7.55E·03 3.93E·03 

iFA AC·!O • 3\ NS 175 
TEST TEMP : 90 , ZIGMA=.81t PSI 
---------------------------------3.2 6.00E·05 3.12E·05 1.92E·05 

5.6 9.SOE·05 4.94E·05 3.05E-05 
10.0 1.35E·04 7.02E·OS 4.33E·05 
17.8 1.80E·04 9.36E·05 5.77E·OS 
31.6 2.60E·04 1.35£·04 8.34E·05 
56.2 3.9CE·04 2.03E·04 1.25E·C4 

100.0 S.80E·C4 3.02~·04 :.86E-04 
177.8 8.55E·04 4.45E·04 2.74E·04 
316.2 l.23E·03 6.37E·04 3.93E·04 
562.3 1.78E-03 9.23E·04 5.69E·04 

1000.0 2.63E·03 1.37E·03 8.42E·04 
1778.3 4.0SE·03 2.11£·03 1.30E·03 
3162.3 6.4SE·03 3.3SE·03 2.07E·03 
3600.0 6.75E·03 3.5~:-03 2.l6E·03 
7200.0 6.75E·03 



Table A-23 (Continued) 
TIME 
SEC. 

fatAL TENSILE 
HORIZONTAL STRAIN 
OEFORMATION IN/IN 

IN 

TENSILE 
CREEP 

COMPLIANCE 
IN"2/LB 

TFA Ac-io t 18t cio7 
TEST TEMP : 60 I ZIGMA : 9.889 PSI 
---------------------------------31.6 2.50E·03 1.30E·03 6.57E·05 

56.2 3.7SE·03 1.9SE·03 9.86E·OS 
100.0 S.25E·03 2.73E-03 1.38E·04 
177.8 7.15E·03 3.72E·03 l.BBE-04 
316.2 9.90E-03 S.lOE-03 2.5BE-04 

TFA AC-10 + !8\ C!07 
TESi TEMP: 90 , ZIG~A=1.283 PSI 
---------------------------------3.2 l.SOE-04 7.80E·05 3.04E·05 

5.6 2.10E·04 1.09E-04 4.26E-05 
10.0 3.00E·04 1.56E·04 6.08E·05 
17.8 4.70E·04 2.44E-04 9.53E·05 
31.6 7.2SE·04 3.77E·04 1.47E·04 
56.2 1.08E·C3 5.59E·04 2.18E·C4 

100.0 1.55E-03 8.06E-04 3.14E·04 
177.8 2.25E·03 1.17E·03 4.56E·04 
316.2 3.15£·03 1.64E·03 6.38E·04 
562.3 4.4SE·03 2.31E-03 9.02E-04 

1000.0 7.03E-03 3.6SE-03 1.42E·03 
1778.3 1.13E·02 5.85E-03 2.28E-03 
3162.3 ~.7SE·02 9.08E·03 3.54E·03 
3600.0 !.90E·02 9.88E·03 3.85E·03 
7200.0 1.86E·02 9.67:·03 3.77E·03 

201 

fiHE 
SEC. 

fatAL TENSILE TENSILE 
HORIZONTAL STRAIN CREEP 
OEFORMATIOK IN/IN COMPLIANCE ~ 

IN IH.2/LB ~ 

TFA Ac-1o t 18\ c1o7 
TEST TEKP : 60 I ZIGMA : 5.920 PSI 
---------·-----------------------31.6 3.50E·04 1.82E·04 8.00E-06 

S6.2 4.SOE-04 2.34E·04 1.03E-05 
lCO.O 6.SOE·04 3.38E·04 1.49E·OS 
177.8 l.OOE-03 5.20E·04 2.2BE·OS 
316.2 1.60E-03 8.32E·04 3.66E·OS 
562.3 2.45E·03 1.27E·03 5.60E-OS 

10C~.O 3.7SE-03 1.95E·03 8.57E·05 
1778.3 S.40E-03 2.~1E-03 1.23E-04 
3162.3 7.60E·03 3.9SE-03 1.74E-04 
3600.0 8.28E·03 4.30E·03 l.89E·04 
7200.0 6.20E·03 

TFA A~·!O • !8\ ~~~7 
TEST TE~P = 77 I Z!~MA=2.8S~ os: 
--·------------------------------

;; . b 4.00~·04 2.C8E·04 2.64~·C5 
:~.2 ., "-1'1-t".,.I'\A 3.b4E·04 USE·QS • • vw ... .. 

; I'\ A f\ 9.00E·04 4.68E-04 8.20E·05 •"' .. ·"" :77.8 ! .40E-C3 7.28E·04 !.28E·C4 
3H.2 2 MC.~., 

.lofv. v-.~ 1.04E·C3 ! .82E ·04 
562.3 2.90E·C2 : .s::-n 2.6tE·C! 

11\1\J'\. 1\ 4.45E·C3 2.31E·03 ~.OSE-04 ;,.v~t~v.w 

!778.3 6.CCE·n 3.!2E·C3 5.47E-04 
3162.3 7 .78E·C3 4.04E·03 7.08:-c~ 
35CC.O 8 .!3E·03 4.23E·03 7 .40E ·04 
72CC.O 6.00E·03 

!FA AC-10 t 18t ::07 
'!'~5 1 TEW.P : 9~ , Z!GI!A=l.274 PS! 
·--------------------------------

5.6 1.60E·04 8.32E·CS 3 .27E·OS 
10.0 2 .OSE ·04 1.07E·04 4.18E·OS 
!1.8 3.85E·C4 2.0CE-04 7.86E·OS 
3!.6 S.SOE·C4 2.86E·04 1.12E·04 
56.2 8.7SE·04 4.SSE·04 1.79E·04 

100.0 1.23E-03 6.37E·04 2.50E·04 
177.8 1.71E·03 8.99E·04 3.49E·04 
3:b.2 2.SOE-03 1.30E-03 5.10E·04 
562.3 3.63E-C3 1.89E-03 7.(0E·04 

1000.0 S.SSE-03 2.89E·03 1.13E·03 
l778.3 8.60E-03 4.47E-03 !.76E·03 
316U ~.27E·02 6.61E·03 2.59E-03 
360C.~ -h-39E ·C2 1.m-c3 2.84E·C3 
72~~.0 1.33E-02 



Table A-24 Creep Compliance of Plant Mixed 1 Laboratory Compacted Mixtures Using 
Modified Compaction. 

TIME TOTAL TENSILE TENSILE 
SEC. HORIZONTAL STRAIN CREEP 

DEFORMATION IN/IN CIJ4PLIANCE 
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 8.96E-06 
316.2 3.75E-04 1.95E-04 1.18E-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 
noo.o 7.00E-04 3.64E-04 

TFA AC-20 
TEST TEMP = 77 , ZIGMA=8.935 PSI 

---------------------------------
31.6 4.25E-04 2.21E-04 1.24E-05 
56.2 5.65E-04 2.94E-04 1.64E-05 

100.0 7.10E-04 3.69E-04 2.07E-05 
177.8 9.40E-04 4.89E-04 2.74E-05 
316.2 1.23E-03 6.37E-04 3.57E-05 
562.3 1.65E-03 8.58E-04 4.80E-05 

1000.0 2.24E-03 1.16E-03 6.50E·05 
1778.3 3.13E-03 1.63E-03 9.10E-05 
3162.3 4.50E-03 2.34E-03 1.31E-04 
3600.0 4.87E·03 2.54E-03 1.42E-04 
noo.o 4.33E-03 2.25E-03 

TFA AC-20 
TEST TEMP = 90 , ZIGMA=2.060 PSI 

---------------------------------
31.6 4.00E-04 2.08E-04 5.05E-05 
56.2 5.50E-04 2.86E-04 6.94E·05 

100.0 7.50E-04 3.90E·04 9.47E-05 
177.8 1.00E·03 5.20E-04 1.26E-04 
316.2 1.31E·03 6.81E-04 1.65E-04 
562.3 1.68E-03 8.71E-04 2.11E-04 

1000.0 2.12E·03 1.10E-03 2.67E-04 
1778.3 2.65E·03 1.38E-03 3.35E·04 
3162.3 3.28E·03 1.70E-03 4.13E·04 
3600.0 3.45E-03 1.79E-03 4.36E-04 
noo.o 3.28E-03 1. 70E·03 

202 

TIME 
SEC. 

TOTAL TENSILE 
HORIZONTAL STRAIN 

TENSILE 
CREEP 

DEFORMATION IN/IN CIJ4PLIANCE 
IN IN"'2/LB 

TFA AC-20 
TEST TEMP= 77 , ZIGMA=8.733 PSI 

---------------------------------
31.6 5.50E-04 2.86E-04 1.64E-05 
56.2 8.0DE·04 4.16E-04 2.38E-05 

100.0 1.10E-03 5. nE-04 3.28E-05 
177.8 1.48E-03 7.nE-04 4.42E-05 
316.2 1.95E·03 1.01E-03 5.81E-05 
562.3 2.57E-03 1.33E-03 7.64E·05 

1000.0 3.39E-D3 1. 76E-03 1.01E-04 
1778.3 4.51E-03 2.35E-03 1.34E-04 
3162.3 6.10E-03 3.17E-03 1.82E-04 
3600.0 6.55E-D3 3.41E-03 1.95E-04 
noo.o 6.20E-03 3.22E·03 



Table A-24 <Continued) 

TIME TOTAL TENSILE TENSILE 
SEC. HORIZONTAL STRAIN CREEP 

DEFORMATION IN/IN CCIIPLIANCE 
IN IN"2/LB 

TFA AC·20 + 3X POLYBILT 103 
TEST TEMP = 60 , ZIGMA = 10.416 PSI 

---------------------------------
31.6 2.25E·04 1.17E·04 5.62E·06 
56.2 2.65E-04 1 .38E·04 6.62E·06 

100.0 3. 10E·04 1.61E·04 7.74E·06 
177.8 3.62E·04 1.89E-04 9.05E·06 
316.2 4.20E·04 2. 18E·04 1.05E·05 
562.3 5.05E·04 2.63E-04 1 .26E·05 

1000.0 6.10E·04 3. 17E-04 1.52E·05 
1778.3 7.45E·04 3.87E·04 1.86E·05 
3162.3 9.05E·04 4.71E·04 2.26E·05 
3600.0 9.40E·04 4.89E·04 2.35E·05 
7200.0 5.25E·04 2.73E·04 

TFA AC·20 + 3X POLYBILT 103 
TEST TEMP = 77 , ZIGMA=6.764 PSI 

-----··---··---------------------
31.6 2.00E·04 1.04E·04 7.69E·06 
56.2 2.70E·04 1.40E-04 1.04E·05 

100.0 3.50E·04 1.82E·04 1.35E·05 
177.8 4.40E·04 2.29E-04 1.69E·05 
316.2 5.50E·04 2.86E·04 2.11E·05 
562.3 6.75E-04 3.51E·04 2.60E·05 

1000.0 8.30E·04 4.32E·04 3.19E·05 
1778.3 1.00E·03 5.20E-04 3.84E·05 
3162.3 1 .21E·03 6.29E·04 4.65E·05 
3600.0 1.28E-03 6.63E·04 4.90E·05 
7200.0 7.90E·04 4.11E·04 

TFA AC·20 + 3X POLYBILT 103 
TEST TEMP = 90 , ZIGMA=2.01 PSI 

---------------------------------
31.6 2.00E·04 1.04E·04 2.59E-05 
56.2 2.75E-04 1.43E-04 3.56E·05 

100.0 3.75f·04 1.95E·04 4.85E·05 
177.8 5.00E·04 2.60E·04 6.47E·05 
316.2 6.75E·04 3.51E·04 8.73E·05 
562.3 8.50E·04 4.42E·04 1.10E·04 

1000.0 1.10E·03 5.72E·04 1.42E·04 
1778.3 1 .35E·03 7.02E·04 1. 75E·04 
3162.3 1.65E·03 8.58E·04 2.13E·04 
3600.0 1. 78E·03 9.23E·04 2.30E·04 
7200.0 3.38E-03 1. 76E·03 

203 

TIME TOTAL TENSILE TENSILE 
SEC. HORIZONTAL STRAIN CREEP 

DEFORMATION IN/IN CCIIPLIANCE 
IN IN"2/LB 

TFA AC·20 + 3X POLYBILT 103 
TEST TEMP = 77 , ZIGMA=9.729 PSI 

--·--------------------------·---
31.6 3.00E·04 1.56E·04 8.41f-06 
56.2 3.75E·04 1.95E·04 1.05E·05 

100.0 5.00E·04 2.60E·04 1.40E·05 
177.8 6.50E·04 3.38E·04 1.82E·05 
316.2 8.30E·04 4.32E·04 2.33E·05 
562.3 1.08E·03 5.62E·04 3.03E·05 

1000.0 1.41E·03 7.33E·04 3.95E·05 
1778.3 1.84E·03 9.57E·04 5. 16E-05 
3162.3 2.31E·03 1.20E·03 6.47E·05 
3600.0 2.44E·03 1.27E·03 6.82E·05 
7200.0 1.80E·03 9.36E·04 



Table A-24 (Continued) 

TIME TOTAL TENSILE TENSILE 
SEC. HORIZONTAL STRAIN CREEP 

DEFORMATION IN/IN CC14PLIANCE 
IN IN"2JLB 

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 8.71E·05 4.04E·06 
177.8 1.82E·04 9.49E·05 4.40E·06 
316.2 2.01E·04 1.05E·04 4.86E·06 
562.3 2.22E·04 1.16E·04 5.37E-06 

1000.0 2.40E·04 1.25E·04 5.79E-06 
1778.3 2.45E·04 1.27E-04 5.91E·06 
3162.3 2.65E·04 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·OS 3.80E·06 
56.2 1.90E·04 9.88E·OS 4.51E·06 

100.0 2.3SE·04 1.22E·04 S.SSE-06 
177.8 2.90E·04 1.51E·04 6.88E·06 
316.2 3.55E-04 1.85E·04 8.43E·06 
562.3 4.3SE·04 2.26E·04 1.03E·OS 

1000.0 5.35E·04 2.78E-04 1.27E·05 
1778.3 6.8SE·04 3.56E·04 1.63E·05 
3162.3 8.80E·04 4.58E·04 2.09E·OS 
3600.0 9.25E·04 4.81E·04 2.20E·OS 
7200.0 3.1SE·04 1.64E·04 

TFA AC·20 + 5% DOW 
TEST TEMP = 90 , ZIGMA•4.250 PSI 

---------------------------------
31.6 1.00E-04 5.20E·05 6.12E·06 
56.2 1.15E·04 5.98E·OS 7.04E·06 

100.0 1.40E·04 7.28E·05 8.57E-06 
177.8 1. 70E-04 8.84E·05 1.04E·05 
316.2 2.00E·04 1.04E·04 1.22E·OS 
562.3 2.3SE·04 1.22E·04 1.44E·05 

1000.0 3.00E·04 1.56E·04 1.84E·05 
1778.3 4.00E-04 2.08E·04 2.45E·05 
3162.3 4.SSE·04 2.37E·04 2.7BE·05 
3600.0 4.70E·04 2.44E·04 2.88E·05 
7200.0 1.55E·04 8.06E·OS 

204 

TIME 
SEC. 

TOTAL TENSILE 
HORIZONTAL STRAIN 

TENSILE 
CREEP 

DEFORMATION IN/IN CCI4PLIANCE 
IN IN"2/LB 

TFA AC-20 + 51 DOW 
TEST TEMP = 77 , ZIGMA=7.695 PSI 

--------·-·--·-------------------
31.6 1.4SE·04 7.54E·OS 4.90E·06 
56.2 1.6SE·04 8.58E·05 S.S8E·06 

100.0 1.88E·04 9.75E·05 6.34E·06 
177.8 2.08E-04 1.08E·04 7.01E·06 
316.2 2.2SE·04 1.17E·04 7.60E·06 
562.3 2.36E·04 1.23E·04 7.98E·06 

1000.0 2.67E·04 1.39E·04 9.01E·06 
1778.3 3.08E·04 1.60E·04 1.04E·OS 
3162.3 3.8SE·04 2.00E·04 1.30E·OS 
3600.0 4.0SE·04 2.11E·04 1.37E·05 



Table A·24 (Continued) 

TIME TOTAL TENSILE TENSILE 
SEC. HORIZONTAL STRAIN CREEP 

DEFORMATION IN/IN COMPLIANCE 
IN IN"2/L8 

TFA AC·10 + 3X UP 70 
TEST TEMP = 60 , ZIGMA = 9.723 PSI 

·---------------·····--··--------
31.6 4.25E·04 2.21E·04 1.14E·05 
56.2 5.40E·04 2.81E·04 1.44E·05 

100.0 6.95E·04 3.61E·04 1.86E·05 
177.8 9.25E·04 4.81E·04 2.47E·05 
316.2 1.20E·03 6.24E·04 3.21E·05 
562.3 1.55E·03 8.06E·04 4.15E·05 

1000.0 2.06E·03 1.07E·03 5.52E·05 
1778.3 2.73E·03 1.42E·03 7.29E·05 
3162.3 3.42E·03 1.78E·03 9.13E·05 
3600.0 3.60E·03 1 .87E·03 9.63E·05 
7200.0 2.91E·03 1.51E·03 

TFA AC-10 + 3X UP 70 
TEST TEMP = 77 , ZIGMA=9.251 PSI 

··----··--······-···-------------
31.6 1.05E·03 5.46E·04 2.95E·05 
56.2 1.40E·03 7.28E·04 3.94E·05 

100.0 1.85E·03 9.62E·04 5.20E·05 
177.8 2.50E·03 1.30E·03 7.03E·05 
316.2 3.45E·03 1. 79E·03 9.70E·05 
562.3 4.75E·03 2.47E·03 1 .34E·04 

1000.0 6.70E·03 3.48E·03 1.88E·04 
1778.3 1.00E·02 5.20E·03 2.81E·04 
3162.3 1 .63E·02 8.45E·03 4.57E·04 
3600.0 1.86E·02 9.65E·03 5.21E·04 
7200.0 1.78E·02 9.23E·03 

TFA AC·10 + 3X UP 70 
TEST TEMP = 90 , ZIGMA=1.094 PSI 

---------------------------------
31.6 1.10E·03 5.72E·04 2.61E·04 
56.2 1.50E·03 7.80E·04 3.57E·04 

100.0 1.95E·03 1.01E·03 4.64E·04 
177.8 2.60E·03 1.35E·03 6.18E·04 
316.2 3.55E·03 1.85E·03 8.44E·04 
562.3 4.85E·03 2.52E·03 1.15E·03 

1000.0 7.65E·03 3.98E·03 1.82E·03 
1778.3 1 .07E·02 5.54E·03 2.53E·03 
3162.3 1.57E-02 8. 17E-03 3.73E·03 
3600.0 1.71E·02 8.89E·03 4.06E-03 
7200.0 1 .62E·02 
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TIME TOTAL TENSILE TENSILE 
SEC. HORIZONTAL STRAIN CREEP 

DEFORMATION IN/IN COMPLIANCE 
IN IN"2/LB . 

TFA AC-10 + 3X UP 70 
TEST TEMP = 77 , ZIGMA=9.480 PSI 

----·------····------------------
31.6 1.00E·03 5.20E·04 2.74E·05 
56.2 1 .40E·03 7.28E·04 3.84E·05 

100.0 1.90E·03 9.88E·04 5.21E·05 
177.8 2.75E·03 1.43E·03 7.54E·05 
316.2 3.75E·03 1.95E·03 1.03E·04 
562.3 5.00E·03 2.60E·03 1.37E·04 

1000.0 6.85E·03 3.56E·03 1 .88E·04 
1778.3 1.00E·02 5.20E·03 2.74E·04 
3162.3 1.49E·02 7.72E·03 4.07E·04 
3600.0 1.65E·02 8.58E·03 4.53E·04 
7200.0 1.58E·02 8.22E·03 



Table ~-24 (Continued) 

TIME TOTAL TENSILE TENSILE 
SEC. HORIZONTAL STRAIN CREEP 

DEFORMATION IN/IN CCI4PLIANCE 
IN IN"2/LB 

TFA AC-10 + 3X 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 
1n.a 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 1.59E-03 7.09E-05 

1000.0 4.05E·03 2.11E·03 9.41E·05 
1178.3 5.47E·03 2.85E·03 1.27E·04 
3162.3 7.65E·03 3.98E·03 1.78E·04 
3600.0 8.24E·03 4.29E·03 1.92E·04 
noo.o 7.62E·03 3.97E·03 

TFA AC-10 + 3X STYRELF 
TEST TEMP • n , ZIGMA=4.392 PSI 

···········----------------------
31.6 1.50E·03 7.80E·04 8.88E-05 
56.2 2.25E·03 1.17E·03 1.33E·04 

100.0 3.00E·03 1.56£-03 1.78E-04 
1n.s 4.50E·03 2.34E·03 2.66E-04 
316.2 6.25E·03 3.25E·03 3.70E·04 
562.3 1.08E·02 5.59E·03 6.37E·04 

1000.0 2.00E·02 1 .04E·02 1.18E·03 

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 
1n.s 1.28E·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.nE-04 

1000.0 3.53E·03 1.83E·03 8.40E·04 
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TIME 
SEC. 

TOTAL TENSILE 
HORIZONTAL STRAIN 
DEFORMATION IN/IN 

IN 

TENSILE 
CREEP 

CCI4PLIANCE 
IN"2/LB 

TFA AC-10 + 3X STYRELF 
TEST TEMP = n , ZIGMA=4.402 PSI 

---------------·····-·-----------
31.6 9.00E·04 4.68E·04 5.32E·05 
56.2 1.20E·03 6.24E·04 7.09E·05 

100.0 1.55E·03 8.06E·04 9.16E·05 
1n.s 2.05E·03 1 .07E·03 1.21E·04 
316.2 2.80E·03 1.46E·03 1.65E·04 
562.3 3.85E·03 2.00E·03 2.27E·04 

1000.0 5.05E·03 2.63E·03 2.98E·04 



Table A-24 (Continued) 

TIME TOTAL TENSILE TENSILE 
SEC. HORIZONTAL STRAIN CREEP 

DEFORMATION IN/IN COMPLIANCE 
IN IN"2/LB 

TFA AC-10 + 3X NS 175 
TEST TEMP = 60 , ZJGMA = 8.813 PSI 

·----·-··----·---·---------------
31.6 3.25E·04 1.69E·04 9.59E-06 
56.2 4.45E·04 2.31E·04 1.31E·05 

100.0 5.75E·04 2.99E-04 1.70E·05 
1n.a 8.00E·04 4.16E-04 2.36E-05 
316.2 1.08E·03 5.62E·04 3.19E·05 
562.3 1.38E·03 7.18E·04 4.07E-05 

1000.0 1.70E-03 8.84E·04 5.02E·05 
1na.3 2.10E·03 1.09E·03 6.20E·05 
3162.3 2.55E·03 1.33E·03 7.52E·05 
3600.0 2.65E·03 1.38E·03 7.82E·05 
7200.0 1.83E·03 9.49E-04 

TFA AC·10 + 3X NS 175 
TEST TEMP= n, ZIGMA=9.1n PSI 

---------------------------------
31.6 1.25E·03 6.50E·04 3.54E·05 
56.2 1. 75E·03 9.10E·04 4.96E·05 

100.0 2.25E·03 1.17E·03 6.38E·05 
1n.s 3.25E·03 1.69E-03 9.21E·05 
316.2 4.35E·03 2.26E·03 1.23E-04 
562.3 6.35E-03 3.30E·03 1.80E·04 

TFA AC·10 + 3X NS 175 
TEST TEMP= 90 , ZIGMA=1.070 PSI 

------·--------------------------
31.6 3.25E·04 1.69E-04 7.90E·05 
56.2 4.50E·04 2.34E·04 1.09E-04 

100.0 5.90E·04 3.07E-04 1.43E·04 
1n.a 7.70E·04 4.00E·04 1.87E-04 
316.2 9.90E·04 5.15E·04 2.41E·04 
562.3 1.28E·03 6.63E·04 3.10E·04 

1000.0 1.64E·03 8.56E·04 4.00E·04 
1na.3 2.15E·03 1.12E·03 5.21E·04 
3162.3 2.84E·03 1.47E·03 6.89E·04 
3600.0 3.02E·03 1.57E·03 7.34E·04 
7200.0 2.96E·03 
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TIME TOTAL TENSILE TENSILE 
SEC. HORIZONTAL STRAIN CREEP 

DEFORMATION IN/IN COMPLIANCE 
IN IN"2/LB 

TFA AC·10 + 3X NS 175 
TEST TEMP = n , ZIGMA=5.637 PSI 

100.0 9.50E·04 4.94E·04 4.38E·05 
1n.s 1.30E·03 6.76E·04 6.00E·05 
316.2 1.70E·03 8.84E·04 7.84E·05 
562.3 2.35E·03 1.22E·03 1.08E·04 

1000.0 3.25E·03 1.69E·03 1.50E·04 
1n8.3 4.50E·03 2.34E·03 2.08E·04 
3162.3 6.65E-03 3.46E·03 3.07E·04 
3600.0 7.35E·03 3.82E·03 3.39E·04 
7200.0 7.00E·03 3.64E·03 



Table A-24 (Continued) 

TIME TOTAL TENSILE TENSILE 
SEC. HORIZONTAL STRAIN CREEP 

DEFORMATION IN/IN a»tPLIANCE 
IN IN"2/LB 

TFA AC-10 + 31 C107 
TEST TEMP • 60 , ZIGMA • 10.477 PSI 

----------·-·-········-----------
31.6 2.40E·04 1 .25E-04 5.96E-06 
56.2 3.05E·04 1.59£-04 7.57E·06 

100.0 3.85E·04 2.00E·04 9.56E·06 
177.8 5.35E·04 2.7'8e·04 1.33E·05 
316.2 7. 10E·04 3.69£·04 1.16E-os 
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 9.49£·04 

TFA AC·10 + 31 C107 
TEST TEMP = 77 , ZIGMA= 10.338 PSI 

---------------------------------
31.6 1.65E·03 8.58E·04 4.15E·05 
56.2 2.20E·03 1.14E-03 5.53E·05 

100.0 2.85E·03 1.48E·03 7.17E·05 
177.8 4.00E·03 2.08E·03 1.01E·04 
316.2 5.60E·03 2.91E·03 1.41E·04 
562.3 8.60E·03 4.47E·03 2.16E·04 

1000.0 1.19£-02 6.19£-03 2.99E-04 
1778.3 1.82E·02 9.47E·03 4.58E·04 
3162.3 3.39£-02 1.76E-02 8.51E·04 
3600.0 4.19E·02 2.18E-02 1.05E·03 
7200.0 3.83E·02 

TFA AC·10 + 31 C107 
TEST TEMP = 90 , ZIGMA=2.084 PSI 

177.8 4.00E·03 2.08E·03 4.99£-04 
316.2 S.OOE-03 2.60E·03 6.24E·04 
562.3 7.00E·03 3.64E·03 8.73E·04 

1000.0 1.05E·02 5.46E·03 1.31E·03 
1778.3 1.45E·02 7.54E·03 1 .81E·03 
3162.3 2.54E·02 1.32E·02 3.17E-03 
3600.0 2.84E·02 1.48E·02 3.54E·03 
7200.0 2.60E·02 1.35E·02 
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TIME TOTAL TENSILE TENSILE 
SEC. HORIZONTAL STRAIN CREEP 

DEFORMATION IN/IN COMPLIANCE 
IN IN"'2/L8 

TFA AC·10 + 31 C107 
TEST TEMP= 77, ZIGMA=9.103 PSI 

---------------------------------
31.6 1.00E·03 5.20E·04 2.86E·05 
56.2 1.40E·03 7.28E·04 4.00E·05 

100.0 2.00E·03 1.04E·03 5.71E·05 
177.8 2.80E·03 1.46E·03 8.00E·05 
316.2 3.75E·03 1.95E·03 1.07E·04 
562.3 5.20E·03 2.70E·03 1.49E·04 

1000.0 7.25E·03 3.77E-03 2.07E·04 
1778.3 1.00E·02 5.20E·03 2.86E·04 
3162.3 1.38E·02 7 .15E-03 3.93E·04 
3600.0 1.48E·02 7.67E·03 4.21E·04 
7200.0 1.35E·02 7.02E·03 



Table A-25 Moisture Sensitivity Test Results for Laboratory Mixed/Laboratory 
Compacted Mixtures Using Modified Compaction. 

I Dry Cond1t1on IIJe£ Cond1hon I 
I I 
I AIR AIR TENSILE I 
I MIXTURE TEST TENSILE TSR I 
I TEMP. VOIDS STRENGTH VOIDS . STRENGTH I 
I F % PSI ' PSI I 
I control: TFA AC-10 77 7.6 49 7.2 20 I 
I I 
I 7.3 50 7.5 14 I 
I 7.0 58 7.4 18 I 
I 7.3 52 7.4 17 I 
I 0.33 I 
I TFA AC-10 + 3% UP 70 77 6.2 66 5.7 38 I 
I I 
I 5.6 69 5.9 51 I 
I 5.9 67 6.1 39 I 
I ---- I 
I 5.9 67 5.9 42 0.63 I 

: TFA AC-10 + 3% Styrelf 77 7.5 77 8.1 52 I 
I 

I 8.3 69 7.0 47 I 
I 7.5 83 7.5 52 I 
I 7 .8 76 7.5 50 0.66 : I 
I TFA AC-10 + 3% NS 175 77 6.8 72 7.2 38 ! 
I 7.0 64 6.7 51 I 
I I 
I 6.8 74 6.8 39 I 
I 6.9 70 6.9 43 0.61 I 
I I 
I TFA AC-10 t 18% Cl07 77 11.9 37 11.3 21 I 
I I 
I 12.5 32 11.2 20 I 
I 12.4 40 11.1 20 I 
I 12.3 36 11.2 21 I 
I 0.57 I 
I Control: TFA AC-20 77 7.2 84 6.9 40 I 
I I 
I 8.4 76 7.5 37 I 
I 7.8 78 7.5 37 I 
I 7.8 79 7.3 38 I 
I 0.48 I 

:TFA AC-20 + 3% Polybilt 77 6.7 78 7.6 40 I 
I 

I 7.3 79 7.0 43 I 
I 7.0 84 6.2 59 I 
I ---- I 
I 7.0 80 6.9 47 0.59 I 
I TFA AC-20 + 5% Dow 77 6.6 72 7.2 62 I 
I I 
I 7.7 72 7.3 59 I 
I 6.7 78 7.4 52 I 
I 7.0 74 7.3 58 I 
I 0.78 I 
I 
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Table A-26 Moisture Sensitivity Test Results for Plant Mixed/Laboratory 
Compacted Mixtures Using Modified Compaction. 

I ~ry Cona1E1on ~eE Cona1t1on l 

I I 
I MIXTURE TEST AIR TENSILE AIR TENSILE TSR I 
I I 
I TEMP. VOIDS STRENGTH VOIDS STRENGTH I 
I F % PSI % PSI I 
I TFA AC-10 + 3% UP 7o 77 7.1 97 7.0 94 I 
I 6.7 100 7.3 78 I 
I I 
I 6.9 95 6.7 91 I 
I 6.9 98 7.0 88 I 
I 0.90 I 

I TFA AC-10 + 3% Styrelf 77 7.0 119 6.8 122 I 

7.2 119 7.2 112 I 
I 7.6 110 7.2 121 I 
I I 
I 7.3 116 7.1 118 I 
I 1.02 I 
I TFA AC-10 + 3% NS 175 77 6.9 89 6.7 78 I 
I 6.9 91 6.5 76 I 
I 7.1 85 6.6 71 I 
I I 
I 6.9 88 6.6 75 0.85 I 
I I 
I TFA AC-10 t 18% C107 77 6.5 71 7.3 49 I 
I 6.4 62 7.3 53 I 
I 6.6 67 7.3 49 I 
I ----- I 
I 6.5 67 7.3 50 0.76 I 
I l 
I Control: TFA AC-20 77 7.0 89 7.5 61 I 
I I 
I 6.6 86 7.2 64 I 
I 7.0 80 7.0 66 I 
I 6.9 85 7.2 64 I 
I 0.75 I 

~TFA AC-20 + 3% Polybilt 77 6.8 104 6.9 93 I 

7.5 100 7.5 77 I 
I 6.8 107 7.4 94 I 
I ----- ----- I 
I 7.0 104 7.3 88 I 
I 0.85 I 
I TFA AC-20 + 5% Dow 77 8.0 98 7.6 85 I 
I 7.5 113 7.6 79 I 
I 7.8 111 7.6 86 I 
I ----- ----- ---- I 
I 7.8 107 7.6 83 I 
I 0.78 I 
l 
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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 

31.3 21-53 31.5 37 36.2 32.1 36.7 34.6 Not Separate 

18.5 11-32 18.8 16.5 24.1 21.4 19.7 17.5 The Rubber 

"' ..... 60.1 54-74 61.8 63.9 69.1 59.6 65.8 64.6 FromAgg&AC 
..... 

13.6 6-32 14.4 13.9 13 18.2 15 17.9 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 5.4 4.4 Have Been Counted 

2.1 1-8 3.1 2.1 2.4 2.2 1.5 1.3 AsAC 

100.0 100.0 100.0 100.0 100.0 100.0 206.2 

Aggregate produced by Vulcan Whites Mines, using delta grade 4 sandstone, limestone (grade 5), limestone screenings from Vulcan 
Materials, and field sand. 
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APPENDIX B 

PRESENTATION OP 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 PIELD 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 
sandstone screening, a fine sandstone screening, 
were combined to produce project gradation. 

type D, a coarse 
and a field sand, 

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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PQLIMER. 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 nu ~ESifiHATIOH 

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 Elf Asphalt, Baytown, Texas, with Texaco 

AC-10 at 3% Styrelf-13 by weight of total binder. 

J'IBLD 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 32o•F. The control asphalt, Texaco AC-20, was mixed at 
3os•F, The initial breakdown compaction occurred between 2so•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 favorabl~ 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. 

PRBSBHTATION OP TBST RBSULTS 

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% Contlfned SDHPT 
Analysis Analysis Analysis Analysis Gradation Specification 
X By Volune 

N 
X By Volune X By Volune X By Volune 

A 
\0 Plus 1/2 in. o.o 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0 

1/2 to 3/8 fn o.o 0.0 0.0 0.0 o.o 0.0 0.0 0.0 0.0 0·15 
3/8 to No. 4 68.8 38.5 4.1 0.4 o.o 0.0 0.0 o.o 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 
Mii'MI No. 200 0.6 0.3 1.8 0.2 4.8 0.7 11.0 2.1 3.3 1·8 

Total 100.0 56.0 100.0 10.0 100.0 15.0 100.0 19.0 100.0 



T~BLE B-2 Experi1ental Testing Progra1 for Un1odified and Poly•er-Hodified ~sphalt Binders 

District t1 

Penetration Viscosity Softening Focce Ductility Schweyer Rheology 

------------------------- -------------------------- Point -----~-------~--- -------------------------
Binder Before RTFOT ~fter RTFOT Befor.e RTFOT ~fter RTFOT Before Before After Before RTFOT 

------------------ ------------ ----------- ------------ ----------- RTFOT RTFOT RTFOT -------------------------
~sphalt Poly1er 39.2 F 77 F 77F 140 F 275 F 140 F 275 F ------- ------- 39 F 60 F 77 F 90 F 140 F 

N 
U'l 
0 39.2 F 39.2 F 

Texaco - 2 2 2 2 2 2 2 2 2 2 

~C-20 

Texaco Styrelf-13 2 2 2 2 2 2 2 2 2 2 
~C-10 

Texaco Goodyear 2 2 2 2 2 2 2 2 2 2 
~C-10 UP 70 



TABLE 8-3 Experi1ental Testing Progra1 for laboratory tolpacted-laboratory Hixed Mixtures 

District 11 

Hodified to•paction Standard Co1paction 

------------------------------------------~---------------------------"---- -----------·-----~----------------

Binder Resilient 1odulus Hvee1 Marshall Creep Fatique Hoisture Resilient 1odulus Hvee1 Marshall 

------·---·------- & Indirect Tensile t40F 140F I Stress levels Resistance & Indirect Tensile 140F 140F 

Asphalt Poly1er Strength 60F 77F 90F 15' 25, so' Strength 

IV 39F 77F 
U'l 

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 

At-10 

Texaco Goodyear 3 3 3 3 3 2 2 I 2 2 2 2 3 3 3 3 3 3 

At-10 UP 70 



TABLE B-4 Experlaental Testing Prograa for Laboratory Coapacted-Plant Hixed Hixtures 

District 11 

Hodified Compaction Standard Coapaction 

-------------------------------~-----~~~-----·---------------·------------- -----------·----------------------
Binder Resilient aodulus Hveea Harshall Creep fatique Hoisture Resilient 1odulus Hveea Harshall 

------------------ & Indirect Tensile 140f UOF • Stress levels Resistance & Indirect Tensile UOF UOF 

Asphalt Polyaer Strength 60F 77F 90F 15\ 25\ 50\ Strength 

39f 77f 104f 39F 77F 104F 
N 
IJ'I 
I'V 

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 J 3 

AC-10 UP 70 



TABLE B-5 Experimenta~ Testing Program for Field Cores. 

District 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. 

==z=================================================================== 
Texaco Texaco 

Parameter Texaco AC-10 AC-10 
AC-20 & & 

3X Goodyear 3X Styrelf 

-========================================·========·=================== 
Penetration a 39.2 F (25 C) 9 12 15 
100g, 5 Sec. 9 14 15 

---
Avg. 9 13 -15 

Penetration a 77 F (4 C) 72 87 92 
100g, 5 Sec. 70 86 94 

---Avg. 71 87 93 

Viscosity S 140 F (60 C) 2380 2348 3025 
Poises 2370 2312 3095 

---
Avg. 2375 2330 3060 

Viscosity S 275 F ( 135 C) 500 841 703 
Centis tokes 492 802 726 

Avg. 496 822 715 

Softening Point, F 126 128 130 
126 126 130 

---
Avg. 126 127 130 

Maximum True Stress, psi 58 73 204 

62 76 216 

Avg. 60 75 210 

Maximum True Strain, in/in 2.48 3.74 3.35 
2.40 3.71 3.40 

---
Avg. 2.44 3.73 3.38 

True Area , psi 80 149 266 
85 151 272 

Avg. 83 150 269 
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Table B-6 (Continued) 

========···===========·=====•========================================= 
Texaco Texaco 

Parameter Texaco AC-10 AC-10 
AC-20 & & 

3X Goodyear 3X Styrelf 

·========-·========z==============================================~·== 

Asphalt Modulus, psi 249 225 151 
236 223 157 

---
Avg. 242 224 154 

Asphalt-Polymer Modulus, psi 103 170 
108 168 

Avg. 105 169 

Shear Susceptibility 
iil 39.2 F 6.459E·01 7.468E·01 1.277E+OO 

iil60F 8.043E·01 8.925E·01 1. 167E+OO 
iil 77 F 8.040E·01 8.028E·01 1.152E+OO 
iil 90 F 8.301E·01 7.940E·01 1. 131E+OO 

iil 140 F 8.321E·01 8.796E·01 9.713E·01 

Apparent Viscosity, Pascal-Second 
Shear Rate = 1 1/sec, 

iil 39.2 F 1.699E+07 2.808E+07 9.222E+07 
iil 60 F 2.056E+06 2.118E+06 1.046E+07 
iil 77 F 3.254E+05 2.394E+05 4.380E+05 
iil 90 F 8.017E+04 5.414E+04 5.488E+04 

iil 140 F 3.291E+02 3.030E+02 3.144E+02 

Constant Power Viscosity, 
Pascal-Second 

iil 39.2 F 5.126E+07 6.359E+07 4.014E+07 
iil 60 F 2.854E+06 2.519E+06 7.308E+06 
lil77F 3.699E+05 2.634E+05 3.945E+05 
a 90 F 7.854E+04 5.046E+04 5.694E+04 

ill 140 F 1.949E+02 2.090E+02 2.891E+02 
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Table B-6 (Continued) 

·===================================================================== 

Par-aneter- Texaco 
AC-20 

Texaco 
AC-10 

& 

Texaco 
AC-10 

& 
3X Goodyear- 3X Styrelf 

·===================··=======================================·=····=== 
Penetration Index PI(Pen/Pen) -0.43 0.12 0.39 

Penetration Index PI(Pen/SP) 0.23 0.97 1.6 

Penetr-ation Viscosity Number PVN -0.32 0.76 0.63 

Stiffness Modulus a 39.2 F, psi 
5 Sec. Loading 1015 508 363 

20 Sec. Loading 348 246 174 

Stiffness Modulus Q 0.1 Sec 
39.2F n5o 3190 2465 

77F 334 232 174 
104F 26 23 25 

Stiffness/Temperatur-e Slope -0.068 -0.059 -0.056 

Appar-ent Viscosity/Temp. Slope -0.084 -0.088 -0.100 

Constant Power- Visco./Temp. Slope -0.096 -0.097 -0.095 

Penetr-ation Ratio, 77F 0.65 0.58 o.n 

Viscosity Ratio 2.95 1.86 1.92 

Kinematic Viscosity Ratio 1.51 1.28 1.26 

Maximum Tr-ue Stress Ratio 2.57 6.99 1.26 

Maximum True Strain Ratio 0.94 0.99 0.82 

True Area Ratio 2.19 4.60 1.20 

Asphalt Modulus Ratio 1.87 1.83 1.62 

Asphalt-Polymer- Modulus Ratio 4.33 1.37 
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Table 8-7 Unmodified and Modified Asphalt Properties after RTFOT. 
====================================================================== 

Texaco Texaco 
Parameter Texaco AC-10 AC-10 

AC-20 & & 
3% Goodyear 3% Styrelf 

====================================================================== 
Penetratiop @ 77 F (4 C) 46 50 66 
100g, S Sec. 47 so 68 

Avg. 46 so 67 

Viscosity@ 140 F (60 C) 6975 43S1 5895 
Poises 7029 4302 5868 

Avg. 7002 4327 5882 

Viscosity@ 275 F (135 C) 741 !045 895 
Centistokes 761 10S2 899 

Avg. 7S1 1049 897 

Maximum True Stress, psi 152 520 264 
155 S24 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. 4S3 410 248 

Asphalt-Polymer Modulus, psi 465 228 
447 23S 

Avg. 4S6 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 l/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+04 6.16E+02 1.37E•02 
4.35E+04 3.56E+02 l.22E+02 4.17E+04 2.62E+02 1.59E+02 
2.40E+04 1.96E+02 1.29E+02 2.19E+04 1.33E+02 1.65E+02 
l.20E+04 S.OSE+Ol 1.49E+02 1.27E+04 6.77E+Ol 1.8BE"C2 
9.00E+03 5.20E+Ol !.73E+02 7.24E+03 3.73E+Ol 1.94E+02 
3.60E+03 1.68E+Ol 2.14E+02 4.39E+03 2.11E+Ol 2.08E+02 

T = 90 F 7.22E+OS 1.30E•Ol 5.54E+04 5.93E+05 1.84E+Ol 3.21E+04 
4.29E+05 7.82E+OO 5.48E+04 4.00E+05 1.25E+Ol 3.20E+04 
2.43E+05 3.98E+OO ·6.11E+04 2.32E+05 6.74E+OO 3.44E+04 
!.39E+05 2.03E+OO 6.86E~C4 1.36E+05 3.41E+OO 3.98E+04 
7.29E+04 8.99E-Ol 8.~:E•04 7.50E+04 l.SSE+OO 4.75E+04 
3.86E+C4 3.93E-Ol 9.83E+04 3.86E+04 5.90E-Ol 6.53E+04 

T : 77 F 1.04E+06 4.20E+OO 2.48E+05 1.23E+06 7 .19E+OO 1.72E+05 
6.49E+05 2.37E+OO 2.74E+05 7.90E+05 4.20E+OO 1.88E+05 
4.33E+05 1.42E+OO 3.05E+05 4.27E+05 2.20E+OO 1.95E+05 
2.44E+OS 7.05E-Ol 3.45E+05 2.06E+05 9.75E-01 2.11E+05 
9.96E+04 2.36E-01 4.22E•OS 1.08E+OS 3.69E-01 2.93Et05 
6.93E+04 1.42E-Ol 4.89E+05 4.98E+04 1.28E-Ol 3.89E+OS 

T : 60 F 5.88E+05 · 2 .lOE-01 2.81E+06 1.65E+06 7.61E-01 2 .17E+06 
3.81E+05 1.25E-Ol 3.0SE+06 1.06E+06 4.57E-Ol 2.31E+C6 
2.21E+05 6.16E-02 3.6CE+06 6.02E+05 2 .46E-01 2.45E+06 
1.32E+OS 3.34E-02 3.94E+06 2.87E+05 1.06E-01 2.70E+06 
9.69E+04 2.22E-02 4.37E+06 1.47E+OS 4.89E-02 3.01E+06 

7.69E+04 2.49E-02 3.09E•06 

T = 39 F 4.12E+06 9.49E-02 4.34E+07 2.87E+06 4.71E-02 6.09E•07 
2.92E+06 6.84E-02 4.26E+07 1.90E+06 2.92E-C2 6.52E+07 
1.82E+06 3.52E-02 S.l6E+07 1.10E+06 1.03E-02 1.07E+08 
l.OOE+06 1.39E-02 7.21E+07 5.95E+OS 6.84E-03 8.69E+07 
6.06E+05 5.72E-03 1.06E+08 2.77E+OS 2.30E-03 1.2!E+08 
3.34E•05 2.08E-03 1.61E+08 l.64E+OS 9.07E-04 1.81E+08 
1.77E+OS 8.54E-04 2.08E+08 

258 



Table B-8 (Continued) 

Shear Shear Apparent 
Test Stress Rate Viscosoty 
Temp. Pascal 1/Sec Pascal-Sec 

Texaco AC-10 + 3% Styrelf 
---------------------------

T :: 140 F 9.98E+04 3.76E+02 2.65E+02 
5.23E+04 1.93E+02 2.70E+02 
2.02E+04 7.24E+Ol 2.79E+02 
1.12E+04 3.9SE+Ol 2.83E+02 
6.53E+03 2.27E+Ol 2.87E+02 

T = 90 F 4.73E+OS 6.61E+OO 7.15E+04 
2.51E•05 3.92E+OO 6.40E+04 
l.29E+OS 2.14E+OO 6.04E+04 
6.59E+04 l.l7E+OO 5.64E+04 
4.30E+04 7.96E-Ol 5.40E+04 
2.19E+04 4.46E-Ol 4.89E+04 

T = 77 J:" l.43E+06 2.61E+OO S.46E+OS 
8.67E+OS 1.75E+OO 4.94E+OS 
4.39E+05 1.10E+CO 4...00E+OS 
2.63E+OS 6.86E-Ol 3.84E+OS 
9.32E+04 2.59E-Ol 3.59E+05 
6.14E+04 1.76E-Ol 3.49E+05 
3.18E+04 l.OOE-01 3.17E+05 

T = 60 F 2.07E+06 2.36E-Ol 8.76t1'06 
l.35E+06 ~.77E-Ol 7.66E+06 
8.77E+OS l.25E-Ol 7.02E+06 
4.99E+05 7.49E-02 6.66E+06 
2.85E+OS 4.58E-02 6.23E+06 
1.21E+OS 2.14E-02 5.66E+06 

T = 39 F 3.78E+06 S.lSE-02 4.62E+C7 
l.89E+06 4.77E-02 3.96E+07 
l.OOE+06 2.93E-02 3.43E+07 
4.72E+OS 1.60E-02 2.94E+07 

259 



Table 8-9 Marshall and Hveem Test Results for Laboratory Mixed/Laboratory Compacted 
Mixtures Using Modified Compaction 

I AIR HVEEM I AIR MARSHALL VALUES 
MIXTURE I VOIDS STABILITY: VOIDS STABILITY FLOW I 

I % % lbs .01 in I 
I % I I 

Control: Texaco AC·20 I 6.0 36 I 7.0 858 13.5 : I 6.6 39 I 6.4 976 13.5 I I 6.2 37 I 6.6 890 1~.:.:_1 I 
____ I 

I 6.3 38 I 6.7 908 13.7 i 1AVG. . I 
Texaco AC-10 t 3% UP 70 I 6.9 36 I 6.9 957 I 15.0 I I 7.2 35 I 7.1 968 17.0 I I 6.8 34 I 7.0 928 1~.:.~_1 i 

____ I 

I 7.0 35 I 7.0 951 I 
1AVG. I 15.7 I 

Texaco AC-10 + 3% Styrelf I 6.7 32 I 6.6 676 I 16.0 I I 6.3 34 I 6.4 692 16.0 I I 6.2 34 I 6.8 1~.:.~_1 I ____ I 

I 6.4 33 ! 6.6 684 I ,AVG. 16.0 I 

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

MIXTURE I vSl~s sr~~YtYTvj v~i~s ~~~~~ti~vVAkt5~ l % % 
1 

% lbs .01 in 
-....,c .... o....,nt,...r-ol .... :_,f,..e-xa-c-o ...,.A.,...C -"""2.,...0 --: ---.... 2...,.1...---~43_... t -~2"'"". o~-....2"'2o~7,...---.!"'i2". 01

1 I 2.4 44 I 2.2 2384 !2.0 I 
1 2.9 -~~-~ 2.1 2319 1~.:~-: 
:AVG. 2.5 43 : 2.1 2303 12.0 I 

II 2.6 41 II 2.6 2407 13.0 II 
3 2 42 3 6 2935 '3 5 l 2:9 41 : 3:1 2823 14:5 : 

IAVG. 3.0 41 : 3.1 2722 1J~7·: 

Texaco AC-10 + 3% UP 70 

Texaco AC-10 t 3% Styrelf l 1.3 :~ l 1.5 2206 13.0 l 
1 1.4 

44 
I 1.2 2350 12.5 I 

1 1.5 ____ I 1.4 2462 l~.:.~.l 

!AVG. 1.4 42 ! 1.4 2339 12.8 l 
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Table 8-11 Marshall and Hveem Test Results for Plant Mixed/Laboratory Compacted 
Mixtures Using Modified Compaction 

MIXTURE 
, I AIR HVEEM I 

1 VOIDS STABILITY~ 
I \ \ I 

--:c~o~nt~r~o rr-::....,T~e~xa~c~o...,A~c""'-2t'%o-- 1,---.... , ..... 4--'""'3""'8,...1

1 7 8 ,7 I · ; 4 I 
I 7.5 _: __ I 

( AVG • 7 . 6 36 ( · 
I 7 1 37 I I · , 7 I 
I 6.33 ~6 I I 7.0 ____ I 

Texaco AC-10 + 3\ UP 70 

:AVG. 6.8 37 : 

I 6 6 28 I 
I . 29 I 
I 7.2 29 I I 6.3 ____ I 

!AVG. 6.7 29 ! 

Texaco AC-10 + 3% Styrelf 

AIR MARSHA[[ VALUES I 
VOIDS STABILITY FLOW I 

% lbs .01 in l 
6.1 944 1!.5 l 
6.5 842 12.0 I 
8.9 861 12.5 i 

7.2 882 12~;;-: 
I 6.5 943 14.0 I 

7.0 820 13.0 I 
6.7 800 13.5 I 

----, 6.7 854 13.5 I 

5.7 459 16.0 : 
6.3 - I 
7.0 509 17.0 I 

----1 
6.3 484 16.5 I 

Table 8-12 Marshall and Hveem Test Results for Plant Mixed/Laboratory Compacted 
Mixtures Using Standard Compaction 

I AIR HVEER I AIR MARSHALl VALUES 1 VOIDS STABILITY: VOIDS STABILITY FLOW ! % % 1 % lbs .01 in 
MIXTURE I 

I 
I 

--,c~o-=:nt=-=r"="olr-::....,tr-. e~xa:-:c:-:-o-.A~c-...,2rl':'o--: 3 .a !6
0 

: 
I 3.0 42 I 

3.3 
3.8 
4.6 

1856 
1545 
1678 

11.6 I 
10.5 I 
11.0 I I 3.6 ____ I 

i I 
1
AVG. 3.5 41 I 

I 3 2 42 I 
I . 42 I 
I 3.6 42 I I 3.4 ____ I 

Texaco AC-10 + 3% UP 70 

:AVG. 3.4 42 : 

Texaco AC-10 + 3% Styrelf l 0.6 ~00 : 
I 1.0 38 I I 0.6 ____ I 

!AVG. 0.7 39 ! 

3.9 

2.8 
2.9 
3.3 

3.0 

0.9 
0.8 
0.3 

0.7 

1691 

1948 . 
1928 
1743 

1873 

2197 
2002 
2214 

2138 

----, 
10.8 I 

12.5 : 
11.5 I 
12.5 I 
----, 

12.2 I 

13.0 : 
12.5 I 
13.0 I ----, 
12.8 I 

------------------------------------------' 
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Table B-13 Indirect Tensile Test Results for Laboratory Hixed/Laboratory Co1pacted 
ttixtures Using "odified Co1paction 

I fEST AIR INDIRECT stRAIN SECANT RESILIENT PotssoR'5j I 
I HIXTURE TEitP. VOIDS TENSILE AT "OOULUS ltOOULUS RATIO I 

I F l STRENGTH FAILURE KSI KSI I 
I PSI l i 
l Control: Texaco At-2o 39 6.S 315 0.42 151 491 0.24 : I 
I 6.4 295 0.35 167 644 0.02 I 
I 7.0 300 0.30 198 733 -~:~~-' -----I AVG. 6.6 303 0.36 172 623 I 
I 0.06 I 

l Texaco AC-10 + 3\ UP 70 39 6.9 349 0.34 206 922 -0.04 : 
I 7.2 356 0.38 185 452 0.24 I 

I 6.6 394 0.34 227 471 ~:~:_1 
I AVG. 6.9 363 0.35 206 615 0.14 : I 
:Texaco AC-10 + 3t Styrelf 39 6.4 318 0.73 87 678 I 0.01 I 
I 6.6 316 0.74 85 508 0.11 I 
I 6.4 277 0.73 76 505 ~:~~-~ ---·-I AVG. 6.5 304 0.73 83 564 I 
I 0.07 I 
J Control: Texaco AC-20 77 6.8 69 1.23 11.2 129 I 
I 6.1 74 1.21 12.2 162 

0.38 I 
I 0. 21 J 

I 6.9 68 1.40 9.7 123 ~:::_, ----- -----I AVG. 6.6 70 1.28 11.0 138 I 
I 0.31 I 

l Texaco AC-10 + 3t UP 70 77 7.1 81 1.56 !0.3 186 J 0.24 I 
7.1 85 1.52 11.2 294 o.ce 

1 I 7.0 87 1.4b 11.9 rw- ~2~~-' i -----I AVG. 7.1 84 1.51 11.1 209 I 
I 0.22 I 

lrexaco AC-10 + 3\ Styrelf 77 6.4 62 2.13 5.9 77 0.49 : . 
I 6.3 65 2.13 6.0 123 0.24 I 
I 6.0 65 2.18 5.9 ~46 0.14 I 
I AVG. 6.2 64 2.15 5.9 !15 0.29 t I 
I Control: Texaco AC-20 104 6.5 !9 1.29 3.0 95 I 
l 6.5 20 1.29 3 .1 68 

0.04 I 
I 6.4 21 1.34 3.1 79 

0.25 i 
I ......... ~::~_I 
I AVG. 6.5 20 1.31 3.0 81 I 
I 0.15 I 

: Texaco AC-10 + 3\ UP 70 104 7.6 20 1.61 2.4 47 I 0.54 I 
I 6.7 20 1.56 2.6 106 0.10 I 
I 6.7 21 1.56 2.7 58 0.44 . -----' I AVG. 7.0 20 1.58 2.6 70 I 
I 0.36 I 

!Texaco AC-10 + 3t Styrelf 104 6.3 18 2.60 1.4 30 I 
6.8 14 2.34 1.2 43 

0.63 I 
I 6.3 14 2.34 1.2 as 0.34 I 
I ~~~:.I 
I AVG. 6.5 15 2.43 1.2 53 I 
I 0.40 I 
l 

262 



Table B-14 Indirect Tensile Test Results for Laboratory ~ixed/Laboratory Co1pacted 
~ixtures Using Standard Coapaction 

I!!XTURE 
TEST AIR INDIRECT STRAIN ~ECANT RESILIENT POtssoR'sj 
TE~P. VOIDS TENSILE FAAITLURE I!ODULUS I!OOULUS RATIO I 

F ' STRENGTH ~ KSI KSI I 
PSI ~ 1 

Control: Texaco AC-20 39 1.7 460 0.28 333 764 0.17 : 
2.2 430 0.24 359 626 0.12 I 

i 2.4 467 0.25 374 612 0.22 I 
: AVG.--i:i·-----;5;·----o~25·-----;55 _______ 667·----o:i;·: 

: Texaco AC-10 t 3' UP 70 39 3.0 488 0.19 521 1042 ·0.01 l 
I 3.0 492 0.22 450 1043 ·0 .03 I 
I 3.4 477 0.22 436 769 0.06 I 
: AVG.--3~i·--·-·;86·----o~2i·-----;6;·------952 _____ o:oi·: 

irexaco AC-10 t 3\ Styrelf 39 1.4 517 0.44 237 462 0.24 i 
1 1.5 554 0.52 213 617 0.17 I 
I 1.4 520 0.62 167 872 0.05 I 
: AVG.-·i:;·----·s;o·----o:5;·-----ios _______ 65i·----o:i6·: 

: Control: Texaco AC-20 77 2.3 118 1.04 22.7 264 0.20 l 
2.2 119 1.12 246 0.20 I 
2.6 115 1.04 22.1 187 0.39 i 

j 
AVG.--;~;------ii7·--·-i:o7·--·-;;:;··---·-;;;····-o:26- 11 

l Texaco AC-10 + 3' UP 70 77 3.2 159 1.25 25.5 355 0.21 l 
3.5 150 1.08 27.8 323 0.22 I I 

I 
I 
I 
i:exaco ~C-10 t 3t Styrelf 
I 

Control: Texaco AC-20 

77 

104 

2.7 148 1.26 23.4 381 0.17 I 

AVG.-·;:i·-----i52·--·-i:2o _____ i5:6·------;5;··--·;:;o·: 

2.0 125 1.56 16.0 202 . 0.26 l 
1.3 124 1.51 16.4 220 0.23 I 
1.8 129 1.51 17.1 217 0.27 I 

AVG.-·i:7··--··i26····-i:sl··-··i6:s···-···;ij-----O:is·: 

2.1 42 0.99 8.5 123 0.19 : 
2.3 41 1.07 7:6 58 0.67 I 
2.7 39 1.06 7.3 78 0.45 I 

I •••••••••••••••••••••••••••••••••••••••••••••••••·•·, 

I AVG. 2. 4 40 1. 04 7 . 8 86 0. 44 I 

l Texaco AC-10 + 3\ UP 70 104 2.9 48 1.25 7.7 113 0.33 : 
I 3.5 53 1.20 8.9 112 0.37 I 

! AVG.--l:i-------;;-----i:ii------i:i-------jii-----;:;;-1 

:Texaco AC-10 • 3t Styrelf 104 ~.8 37 1.56 4.7 53 0.43 : 
1.3 39 1.53 5.1 86 0.16 I 
1.3 36 1.49 4.8 67 0.37 I 

----------------------------------------------------, AVG. 1.5 37 1.53 4.9 69 0.32 I 
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Table B-15 Indirect Tensile Test Results for Plant Mixed/Laboratory Compacted 
"ixtures Using "odified Coapaction 

I t£st AIR INDIRECT STRAIN SECANT RESILIENT PotssoN'Sj I MIXTURE TE"P. VOIDS TENSILE AT "OOULUS MODULUS RATIO I i F ' STRENGTH FAILURE I PSI ' 
KSI KSI 

1 
I I 
I Control: Texaco AC-20 39 7.0 347 0.31 222 334 I 6.7 349 0.35 200 466 I 8.3 352 0.26 270 457 I 
I AVG. 7.3 349 0.31 231 419 I 

I Texaco AC-10 t 3\ UP 70 39 6.6 337 0.33 202 502 
7.1 343 0.43 159 450 I 6.7 353 0.30 238 466 I 

I AVG. 6.8 344 0.35 200 473 I 

lrexaco AC-10 t 3' Styrelf 39 7.7 314 0.69 91 507 
6.5 329 0.79 83 450 I 6.3 315 0.41 155 382 I ........... 

I AYG. 6.8 319 0.63 110 446 I 
I Control: Texaco AC-20 77 7.6 107 1.20 17.8 221 I 7.3 108 1.26 17.2 235 I 6.4 101 1.20 16.9 219 I 
I AVG. 7.1 106 1.22 17.3 225 i 
: Texaco AC-10 + 3\ UP 70 77 6.8 102 1.35 15.0 218 

7.1 107 us 15.5 191 i 7.1 103 ;. ,1j- 15.0 2S4 i 
I AVG. 7.0 104 1.37 15.2 221 I 

lrexaco AC-10 t 3' Styrelf 77 7.8 68 2.02 6.8 192 
6.l 69 1.82 7.6 106 I 6.5 80 1.72 9.3 1!3 I ............. 

I AVG. 6.8 73 1.85 7.9 137 I i 
I Control: Texaco AC-20 104 7.2 31 1.45 4.3 96 I 
I 0.28 I 

7.0 31 1. 31 4.8 80 0.28 I I 6.6 33 1.43 4. s 88 ~;=~_I I 
I AVG. 6.9 32 1.40 4.6 88 I 
I 0.31 I 

: Texaco AC-10 + 3\ UP 70 104 7.1 26 1.74 3.0 72 I 
6.9 25 1.57 3.2 182 

0.38 I 
I 6.9 29 1.61 3.6 99 

0.09 I 
I ........... ~~::_I I. AVG. 7.0 27 1.64 3.3 118 I 
i 0.21 I 

:Texaco AC-10 + 3' Styrelf 104 6.1 !9 2.37 1.6 180 -0.10 : 
I 7.2 22 2.12 2.1 271 -o .12 1 
I 6.1 19 2.28 1.7 65 ~~::.1 
I AVG. 6.5 20 2.26 !.8 172 I 
I 0.00 I 
I 
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Table 9·16 Indirect Tensile Test Results for Plant ~ixed/Laboratory Coapacted 
~ixtures Using Standard Compaction 

I TES1 AIR INDIRECT STRAIN SECANT RESILIENT POISSON'Si I 
I MIXTURE TEHP. VOIDS TENSILE AT MODULUS ~OOULUS RATIO l 
I f ' STRENGTH FAILURE KSI KSI I 
I PSI ' I 
I Control: Texaco AC·2o 39 3.6 446 6.23 381 562 I 
I I 
I 4.2 429 0.20 434 780 I 
I 3.5 464 0.22 425 443 I 
I AVG. 3.6 446 0.22 413 595 I 
I I 
: Texaco AC·10 + 3\ UP 70 39 3.4 467 0.26 359 457 I 

I 
I 3.8 467 0.26 358 374 I 
I 2.8 473 0.26 364 736 I 
I ·---- l 
I AVG. 3.3 469 0.26 360 522 I 

jrexaco AC·10 + 3\ Styrelf 39 1.9 515 0.00 513 I 
0.9 512 0.33 312 525 I 

I 1.3 504 0.35 289 698 I 
I ......... I 
I AVG. 1.4 510 0.23 300 579 I 
I I 
I Control: Texaco AC·20 n 4.! !61 0.88 36.4 283 I 
I 3.3 154 1.04 29.6 310 I 
I 3.1 159 1.11 28.7 287 I 
I ---- I 
I AVG. 3.5 158 1.01 31.5 293 I 
I 

: Texaco AC·10 + 3\ UP 70 77 3.2 162 1.30 24.9 290 
I 2.8 164 1.20 27.3 58! 
I 2.4 159 1.20 26.6 290 ---- --·--I AVG. 2.8 162 1.23 26.3 387 I i 
lrexaco AC·lO + 3\ Styrelf n 0.9 155 1.39 22.3 257 I 

I 
I 1.4 156 1.36 22.9 180 I 
I 0.9 150 1.51 19.8 254 I -----I AVG. 1.1 153 1.42 21.7 230 I 
I I 
I Control: Texaco AC-20 104 5.1 sa 1.21 9.5 202 I 
I 0.15 I 

3.5 53 1.30 8.1 102 0.36 I I 3.6 57 1.23 9.3 131 ~:::.1 I ......... 
I AVG. 4.1 56 1.25 9.0 145 I 
I 0.28 I 

l Texaco AC-10 + 3\ UP 70 104 3.2 so 1.59 6.4 114 I 0.27 I 
2.6 49 1.62 6.1 116 0.30 I I 2.8 so 1.62 6.2 !18 0.35 I I 

I AVG. 2.9 50 1.61 6.2 116 
-----1 

I 0.31 I 

lrexaco AC-10 + 3\ Styrelf 104 1.0 51 1.87 5.4 103 I 0.22 I 
0.4 48 1.68 5.8 84 0.38 I 
0.8 so 1.61 6.2 102 ~::~.1 

AVG. 0.7 so 1.72 s.e 96 I 0.27 I 
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Table B-17 Alpha and Snu Parateters for Laboratory Kixed!Laboratory Ccapaeted Mixtures 
I TEST AIR LOAb INDIRECT RESILIEN ALPWi Glil Ea=IN s R-50lJR i I 
I KIXME TEI!P. YOIOS . LBS TENSILE STRAIN ----------·---- FOR 
I F ' STRESS IN/IN s LOG( I) Ea=Irrsl 
I PSI I 
I control: Texaco Ac-20 77 6.9 155 9.7 3.8£::05 0.2362 0.3670 0.7638 ·4 .7420 0.989 : I 
I 6.8 155 9.5 3.8E-o5 0.1196 0.2333 0.8804 ·5.0005 0.988 I 
I --·- --- ---- -------- ------- ------- I 
I AYG. 6.9. 155 9.6 3.8E-o5 o.m9 0.3001 0.8221 ·4.8713 I 

l Texaco AC-10 t 3t VP 70 n 7.0 185 11.3 6.2E-o5 0.1508 0.1536 0.8492 -4.9473 0. 996 : 
I 7.1 185 11.4 6.2E-o5 0.1640 0.1665 ~·~ =~~~= 0.991 I -- ---· ----·-- ---I AVG. 7.1 185 11.4 6.2E-os 0.1574 0.1601 0. 8426 ·4. 9264 I 
I i 

lTexaco AC-10 t 3\ Styrelf 77 6.3 140 8.6 S.2E-OS 0.2046 0.6955 0.7954 ·4 .3423 I 0.994 I 
I 6.0 140 8.6 5.2E-05 0.2192 0.7118 0.7808 -4.3242 0.993 I --- ------ ---· -------- -------I AVG. 6.2 140 8.6 s.2E-os 0.2119 0.7036 0.7881 ·4.3333 I 
I I 
I I 
I I 

Table B-18 Alpha and Gnu Parameters for Plant Kixed!Laboratory Co~aeted Mixtures 

!£5' AIR LOAD =mtmEt:' RES!LIEN ALPHA GNU Ea=!s s R-SOURi 
i IIIXTURE TE!fl. VOl OS LBS TENSILE STRAIN ----------------- FOR 
I F \ STRESS IN/IN s LOG{ I) Ea=Itrs: 
I PS! I 
I Control: Texaco AC·20 77 6.6 219 15.o 7 .6E·05 o.J439 0.4454 0.6561 ·4.2761 o.m: I 7.0 221 14.9 7.8E-OS 0.2708 0.23S4 0.7292 -um 0.<173 I I -·-- -·--- --- ---- -----I AVG. 6.8 220 1s.o 7.ae-o5 0.3074 0.3404 0.6927 ·4 .4376 I 
I I 

l Texaco AC-10 + 3\ UP 70 77 6.5 230 15.2 7 .3E-o5 0.1705 0.1901 0.8295 -4.7777 I 0.999. 
I 7.0 230 15.0 7.~·05 0.2178 0.2383 0.7822 -4.6540 0.998 l ----- ------ ---- -----·- ---·--- ------I AVG. 6.8 230 15.1 7 .~·OS 0.1942 0.2142 0.8059 -4.7159 I 
I I 

:Texaco AC-10 + 3\ Styrelf 77 6.2 160 10.3 1.2E-o4 0.2703 0.1845 0.7297 -4.5290 I 0.983 I 
I 6.8 162 !0.4 l.OE-o4 0.1326 0.3131 0.8674 -4.4255 0.994 I ------ --------- -----· I AVG. 6.5 161 10.4 1.1H4 0.2015 0.2488 0.7986 -4.4773 I 
l 
I 
I 
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Table 8·19 Fatigue Parmter Values for Laboratory Kixed!Laboratory CQ~Pacted Kixtures 

TEST AIR LOAD INDIRECT STATIC INITIAL LOA6 FATIGil CONSTANT R-SQ\JR I 

KIXME IDIP. YO IDS .LBS TENSILE lf.XU.IJS STRAIN CYO..ES ··-·---··· FOR I 
F \ STRESS KSI IHIIN Kl K2 Nf=K1( 1/Eiix n: 

PSI I 
Control: Texaco AC-20 77 u 155 9.7 29 3.3£-04 5220 7 .18£::04 2.0[ o.983l 

9.9 155 9.5 29 3.3E-D4 6750 I 
I 6.2 260 16.2 29 5.6E-04 2890 I 
I 6.6 260 16.0 29 S.SE-D4 3150 I 
I 6.2 775 47.4 29 1.6E-D3 282 i 
I 6.9 775 47.5 29 1.6E-D3 240 I 

: Texaco AC-10 + 3\ UP 70 n 7.0 185 11.3 30 3.8E-D4 7434 2.21E·04 2.17 I 0.890 i 
I 7.1 185 11.4 30 3.8E-D4 8115 I 
I 7.1 310 19.2 30 6.4E-D4 1225 I 
I 7.2 310 19.1 30 6.4E-04 1020 I 
I 7.2 600 37.4 30 1.2E-D3 575 I 
I 6.9 600 37.2 30 1.2E-D3 535 I 

lTexaco AC·10 t 3% Styrelf 77 6.3 140 8.6 14 6.1E-D4 3120 4 .65E-D3 1.82 I 0.991 I 
I 6.0 140 8.6 14 6.1E-04 3458 I 
I 6.4 230 14.0 14 1.0E-D3 1320 I 
I 6.5 235 14.6 14 1.0E-D3 1410 I 
I 6.9 470 28.9 14 2 .1E-03 320 I 
I 6.3 470 28.9 14 2.1E-D3 406 I 
I I 
I L 

Table 8·20 Fatigue Paraaeter Values for Plant Kixed!Laboratory COIPacted Kixtures 

TEST AIR lOAD 114liREtt StAtiC !NITIAC LOAO FAt!Glt cONStANt R-50\JR I 

KIXTURE IDIP. VOIDS LBS TENSILE ~US STRAIN CYCLES --------··· FOR I 
F \ STRESS KSI IN/IN K1 K2 Nf=K1{ 1/Emix )"K: 

PSI I 
Control: Texaco AC-20 77 6.& 219 15.0 44 3.4£-64 616o 2.89£-os 2.40 0.993 : 

7.0 221 14.9 44 3.4£..04 5860 I 6.5. 367 25.2 44 5.7E·04 1720 
6.7 366 25.1 44 5.7E-D4 2260 I 

6.6 73<1 50.4 44 l.lE-03 320 I 
i 6.S 742 50.3 44 1.1E-D3 340 I 
I I 
l Texaco AC-10 + 3t UP 70 n 6.5 230 15.2 45 3.4E-D4 5620 6 .31E-D7 2.87 I 0.969 I 
I 7.0 230 15.0 45 3.3E-D4 47SO I 6.70 390 2S.9 45 5.8E-D4 1860 I 7.30 m 25.5 45 5.7E-D4 1500 I 
I 6.60 762 50.2 45 1.1E-D3 220 I 
I 6.70 763 50.4 45 1.1E-D3 130 I 
I I 
:Texaco AC-10 t 3t Styrelf 77 6.2 160 10.3 19 5.4E-D4 2560 1.57E ·04 2.24 I 

6.8 162 10.4 19 5.5E-D4 2560 
0.939 I 

I 6.30 265 17.3 19 9.1E-04 1300 I 
I 6.00 266 17 .s 19 9.2E-D4 1650 I 
I 6.20 535 35.1 19 1.8E-D3 185 I 
I 7.00 530 34.0 19 1.8E-D3 180 I 
I I 
I I 
I I 
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Table 8-21 Creep Compliance Properties for Laboratory Mixed/ 
Laboratory Compacted Mixture Using Modified Compaction. 

Log( 
MIXTURE TEMP. 01 m SHIFT SETA 

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 o.58 -1.00 

I Texaco AC-10 + 3~ UP 70 60 1.05E-06 0.62 1.03 0.062 
I 77 3.63E-06 0.70 l 
I 90 4 .llE-05 0.41 -0.82 I 
I 
I 

: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 8-22 Creep Compliance Properties for Plant Hi~ed/ 
Lab~tory Compacted Mixture Using Modified Compaction. 

Log( 
MIXTURE TEMP. 01 - m SHIFT BETA 

F FACTOR) 

Control: Texaco AC-20 60 5.00E-06 0.40 1.13 O.Ob3 
77 1.09E-05 0.49 
90 2.32E-05 0.54 -0.78 

I Texaco AC-10 + 3% UP 70 60 1.76E-06 0.49 1.60 0.074 I 
I 77 9.27E-06 0.55 I 
I 90 1.72E-05 0.63 -0.70 I 
I 
I 

:rexaco 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 Co1pliance of Laboratory ~ixed I Laboratory Co1pacted Mixtures Usir.g 
"odified Co1paction. 

TillE TOTAL TENSILE TENSILE TI~E TOTAL TENSILE TENSILE 
SEC. HORIZONTAL STRAIN · CREEP SEC. HORIZONTAL STRAIN CREEP 

OEFOR~ATION IN/IN COI!PLIAHCE 0 EFORI!A TI ON IN/IN COI'IPLIAHCE 
IN IN"21LB IN !N"2/LB 

TEXACO AC-20 TEXACO AC-20 
TEST TEMP : 60 I ZIGI!A : 6.913 PSI TEST TEI!P : 60 I ZIGI!A : 6.983 PSI 
--------------------------------- ---------------------------------

1.0 S.SOE-05 2.86E-OS 2.07E-06 1.0 9.SOE-OS 4.94E·OS 3.54E-06 
1.8 9.00E-OS 4.68E-OS 3.39E-06 1.8 1.30E·04 6 .76E-05 4.84E-06 
3.2 1.20E ·04 6.24E·OS 4.51E-06 3.2 1.60E-04 8.32E-OS 5.96E-06 
5.6 2.00E-04 1.04E-04 7.52E-06 5.6 2.15E-04 1.12E-04 8.01E·06 

10.0 2 JSE -04 1.43E-04 1.03E·OS 10.0 2 JOE-04 1.40E-04 l.OlE-05 
18.0 3.98E-04 2.07E·04 l.SOE ·OS 18.0 3.53E-04 1.83E ·04 1.31E·OS 
31.6 5.38E-04 2.80E·04 2.02E·OS 31.6 4.6SE·04 2.42E-04 1.73E-OS 
56.2 7.1BE-04 3.73E-04 2 .70E·OS 56.2 6.0SE•04 3.1SE-04 2.2SE-OS 

100.0 LOBE -03 5.62E·04 4.06E·OS 100.0 B.20E·04 4.26E-04 3.05E-OS 
177.8 1.53E-03 7.93E·04 5 .74E -05 177 .8 1.14E-03 5.90E-04 4.23E·05 
316.2 2.11E·03 l.lOE-03 7.94E·OS 316.2 l.SOE-03 7.BOE-04 5.59E-05 
562.3 3.00E·03 1. S6E-03 1.13E-04 562.3 2.2BE-03 1.18E·03 8.47E·05 

1000.0 4.25E-03 2.21E·03 1.60E·04 1000.0 3.30E-03 1.72E-03 1.23E·04 
1778.3 5.9SE-03 3.09E-03 2.24E·04 1778.3 4.97E-03 2.SBE-03 l.SSE-04 
3162.3 8.7BE-03 4.56E·03 3.30E-04 3162.3 7.84E-03 4.08E-03 2.92E·04 
3600.0 9.64E-03 5.01E-03 3.62E·04 3600.0 8.54E·03 4.44E·03 3.18E·04 
7200.0 8.40E-03 4.37E-03 7200.0 7.50E-03 3.90E-03 

TEX~CO AC-20 TEXACO AC-20 
TEST TE~P = 77 , ZIGI!A = 2.263 PSI TEST TEI!P : 77 I ZIG~A : 2.452 PSI 
---------------·----------------- ------------------------·--------

1.0 9.SOE·OS 4.94E-OS 1.09E -05 1.0 l.lSE-04 S.98E·05 1.22E-05 
1.8 1.40E-04 7.28E-05 1.61E·OS 1.8 2.00E·04 1.04E -04 2.:2E-05 
3.2· 1.80E·04 9.36E-OS 2 .07E-OS 3.2 2.45E·04 !.27E·04 2.60E-05 
5.6 2.50E-04 1.30E·04 2.87E·05 5.6 3.70E-04 1. 92E·04 3.92E·OS 

!0.0 3.35E·04 1.74E·04 3.85E·OS 10.0 S.OSE-04 2.63E·04 5.36E·OS 
18.0 4.60E-04 2.39E-04 5.29E·OS 18.0 7.30E·04 3.80E·04 7 .74E·OS 
31.6 6.20E-04 3.22E·04 7.12E-05 31.6 1.06E ·03 S.51E·04 1.12E·04 
56.2 8 .lOE-04 4.21E-04 9.31E·OS 56.2 1. 40E·03 7.28E-04 1.48E-04 

100.0 l.OSE-03 S.S9E·04 1.24E·04 100.0 1.96E·03 1.02E-03 2.08E-04 
177.8 1.45E·03 7.54E·04 1.67E -04 177.8 2.68E·03 1.39E-03 2.84E·04 
316.2 2 .13E-03 1.11E·03 2.44E-04 316.2 3.88E-03 2.02E·03 4.11E-04 
562.3 3.07E·03 1.59E ·03 3.52:·04 562.3 S.S3E·03 2.87E-03 5.86E·04 

1000.0 4.38E-03 2.28E-03 ~ ::£-04 1000.0 8.23E·03 4.28E·03 8.72E·04 
1778.3 6.63E·03 3.45E-03 ' '. 04 . "L.:.- 1778.3 1.26E-02 6 .S4E-03 1.33E·03 
3162.3 1.04E ·02 S.38E-03 . .. 03 ...... :. .. 
3600.0 1. !6E ·02 6.02E·03 : : 3E -03 
7200.0 1.12E ·02 S.81E·03 
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Table 8·23 (Continued) 

TIHE TOTAL TENSILE TENSILE TIME TOTAL TENSILE TENSILE 
SEC. HORIZONTAL STRAIN CREEP SEC. HORIZONTAL STRAIN CREEP 

OEF ORHA liON IN/IN COMPLIANCE DEFORMATION IN/IN COHPLIANCE 
IN 1N'"2/LB IN IN'"2/LB 

TEXACO AC-20 TEXACO AC-20 
TEST TEMP : 90 I ZlGMA: 0.678 PSI TEST TEHP : 90 I ZIGHA = 0.746 PSI 
-----------·---------·----------- ---------------------------·-----

1.0 l.lOE-04 5.72E-OS 4.22E·05 1.0 1.40E·04 7 .28E ·OS. 4.88E·05 
1.8 1.55E·04 8.06E-OS 5.95E·OS 1.8 2.00E-04 1.04E-04 6,97E-OS 
3.2 2.00E·04 t.o4E -o4 7.67E-OS 3.2 2.8SE-04 1.48E-04 9.93E·05 
5.6 2.85E·04 1.48E·04 1.09E·04 5.6 4.20E-04 2 .18E-04 1.46E-04 

10.0 3 .7SE·04 1.95E-04 1.44E-04 10.0 S.BOE-04 3.02E-04 2.02E-04 
18.0 5.30E-04 2.76E-04 2.03E-04 18.0 8.30E-04 4.32E·04 2.89E-04 
31.6 7 .SOE-04 4.06E-04 2.99E·04 31.6 l.lOE -03 5.72E-04 3.83E-04 
56.2 1.17E-03 6.09E-04 4.49E-04 56.2 1.46E·03 7 .59E-04 5.09E-04 

100.0 1.67E-03 8.66E·04 6.39E·04 100.0 1.93E-03 1. OOE-03 6 .73E-04 
177.9 2.56E·03 1 .33E-03 9.82E·04 177 .a 2.54E-03 1.32E-03 8.B4E·04 
316.2 3.26E-03 !. 70E -03 1.25E-03 3!6.2 3.53E-03 1.83E·03 1.23E-03 
562.3 4.91E-03 2.55E-03 1.88E-03 562.3 5.02E-03 2.61E-03 1.75E -03 

1000.0 7.16E-03 3 .72E -03 2.7SE-03 1000.0 7.45E-03 3.87E-03 2.60!-03 
1778.3 1.29E-02 6.71E-03 4.95E-03 
3162.3 2.74E·02 1.43E-02 l.OSE-02 
3600.0 3.51E-02 LB2E-02 1 .3~E-~2 

TEXACO AC-10 t_ 3~ UP 70 TEXACO AC-10 t 3~ UP 70 
!EST TEHP : 60 I ZlGHA: 8.128 PSI TEST TEMP : 60 I ZIGHA : 8.112 PSI 
--------------------------------- ---------------------------------

! .0 5.SOE-05 2.86E·05 1.76E-06 LO l.SOE-05 7.80E-06 4.81E-07 
1.8 B.OOE-05 4.16E·05 2.56E·06 1.8 2.00E-05 1.04E-05 6.41E-07 
3.2 l.OSE-04 5.46E-05 3.36E-06 3.2 3.00E·05 1.56E-05 9.62E·07 
5.6 1.60E-04 8.32E-05 S.l2E-06 5.6 3.85E-05 2.00E·OS 1.23E·06 

10.0 2.10E-04 1.09E-04 6 .72E-06 10.0 4.50E-OS 2.34E-05 1.44E-06 
18.0 3.0SE-04 1.59E·04 9.76E-06 18.0 7.50£-05 3.90E-05 2.40E-06 
31.6 4.20E-04 2.18E·04 1.34E -05 31.6 l.lSE-04 5.98E-05 3.69E-06 
56.2 5.64E-04 2.93E·04 1.80E-05 56.2 1.84E -04 9.54E·OS S.88E-06 

100.0 7.88E-04 4.10E-04 2.52E·05 100.0 3.20E·04 1.66E-04 1.03E-05 
177.8 l.lOE-03 5 .72E-04 3.52E·05 177.8 5 .75E-04 2.99E-04 1.84E-05 
316.2 1.49E-03 7 .72E-04 4.75E-05 316.2 8.50E·04 4.42E-04 2 .72E·05 
562.3 2.02E-03 1.05E·03 6.45E-05 562.3 1.30E·03 6 .76E-04 4.17E-05 

1000.0 2.20E·03 1.14E·03 7.04E-05 1000.0 2.15E·C3 1.12E-03 6.89E-OS 
1778 .3 3.64£-03 1.89E·03 1.16E-04 1778.3 3.45E·03 1. 79E ·03 l.llE-04 
3162.3 4.50E-03 2.34E-03 1.44E ·04 3162.3 5.55E·03 2.89E-03 1.78E-04 
3600.0 5.37E-03 2.79E·03 1.72E-04 3600.0 6.00E·03 3.12E-03 1.92E·04 
7200.0 4.60E-n l.. ~~!-03 7200.0 4.~6E·03 2.59E·03 
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Table B-23 (Continued) 

TIME TOTAL TENSILE TENSILE TIKE TOTAL TENSILE TENSILE 
SEC. HORIZONTAL STRAIN CREEP SEC. HORIZONTAL STRAIN CREEP 

DEFORMATION IN/IN CO"PliANCE DEFORMATION IN/IN COMPLIANCE 
IN IN"'21LB IN IN"'2/LB 

TEXACO AC-!0 + 3~ UP 70 TEXACO AC-10 + 3~ UP 70 
TEST TEMP : 77 , ZIGMA : 2.199 PSI TEST TEMP : 77 , ZIGMA = 1.869 PSI 
--------------------------------- -------------------------~-------

1.0 3.00E-OS 1.56E·OS 3.SSE·06 1.0 3.00E·OS 1.56E·OS 4.17E·06 
1.8 4.2SE·05 2.21E·OS S.03E-06 1.8 4.SOE-OS 2.34E-OS 6.26E·06 
3.2 S.OOE·OS 2.60E-OS S.91E·06 3.2 6.00E·OS 3 .12E-OS 8.3SE-06 
5.6 7.00E-05 3.64E·OS 8.28E·06 5.6 1.1SE ·04 5.98E-OS 1.60E ·OS 

10.0 l.OOE-04 5.20E·OS 1.18E·OS 10.0 1. 7SE·04 9.10E·CS 2.43E·OS 
18.0 1. 3SE-04 7.02E·OS 1.60E·05 18.0 2.7SE-04 1.43E·04 3.83E-05 
31.6 l.SSE-04 9.62E·OS 2.19E-05 31.6 4.40E·04 2.29E-04 6 .12E-OS 
56.2 2.65E·04 1.38E-04 3.13E-OS 56.2 6.50E-04 3.38E-04 9.04E-OS 

100.0 3.SOE·04 1.82E·04 4.14E-OS 100.0 1.04E-03 5.38E·04 1.44E-04 
177 .a 5.20E-04 2.70E·04 6.1SE-OS 177 .a 1.60E-03 a.32E·04 2.23E-04 
316.2 7.80E·04 4.06E·04 9.22E·OS 316.2 2.45E-03 1.27E -03 3.41E-.04 
562.3 1.29E·03 6.6aE-04 1.52E-04 562.3 3.50E-03 1.82E-03 4.87E·04 

1000.0 2.09E·03 1.08E·03 2.47E·04 1000.0 4.80E·03 2 .50E-03 6.6aE-04 
1778.3 3 .19E·03 1.66E-03 3.77E·04 t77a. 3 6 JOE-03 3.48E-03 9.32E-~4 
3162.3 5.19E-03 2.70E-03 6.14E-04 3162.3 9.85E-03 5.12E-03 1.37E-03 
3600.0 5.80E-03 3.02E-03 6.B6E·04 
7200.0 5.58E·03 2.90E·03 

TEXACO AC-10 t 3~ UP 70 TEXACO AC-10 + 3~ UP 70 
TEST TE~P = 90 , ZIG~A = 0.760 PSI TEST TEMP = 90 , ZIG~A: 0.754 PSI 
--------------------------·------ ---------------------------------

1.0 6.SOE-OS 3.3aE-OS 2.22E·OS 1.0 l.SOE -04 7.80E-05 5.17E-o5 
l.a 9.50E·OS 4.94E-OS 3.25E·05 1.8 2.00E·04 1.04E-04 6.90E·05 
3.2 1.20E-04 6.24E·05 4 .llE-05 3.2 2.40E·04 1.25E·04 a.28E·OS 
5.6 1.7CE-04 8.84E-05 5.82E-05 5.6 3.20£-04 1.66E·04 l.!OE -04 

10.0 2 .lSE-04 1.12E·04 7.36E-05 10.0 4.00:·04 2.08E·04 1.3aE-04 
18.0 2.83E·04 1. 47E-04 9.67£-05 !8.0 5.05E·04 2.63E-04 !.74E-04 
31.6 3 .70E ·04 1.92E·04 1.27E -04 31.6 6.6~E-04 3.46E·04 2.29E-04 
56.2 4.a8E·04 2.54E·04 1.67E·04 56.2 e.aOE-04 4.58E·04 3.04E·04 

100.0 6.75E-04 3.51E·04 2.31E·04 100.0 1.09~·C3 5.64E-04 3.74E·04 
177 .a 8.90E·04 4.63E·04 3.05E-04 177.8 1.30E·03 6.76E-04 4.4BE-04 
316.2 1.09E-03 5.64E·04 3 .71E ·04 316.2 1.53E·03 7.96E·04 5.28E-04 
562.3 1.27E·03 6.S8E·04 4 .33E -04 562.3 1.a8E·03 9 JaE-04 6.48E-04 

1000.0 1.64E-03 8.50E·04 5.59E-04 1000.0 2.25E·03 1.17E·03 7.76E-04 
1778.3 2.16E·03 1.12E ·03 7.39E-04 177a. 3 2.57E-03 1.33E·C3 8.85E·04 
3162.3 2.87E·03 1.49E·03 9.80E-04 3162.3 3.15E-03 1.64E·03 !.09E-03 
3600.0 3.20E·03 l.66E-03 l.09E-03 3600.0 3.28E-03 1.7CE ·OJ !.!3£·03 
7200.0 2.99E-03 l.55E-03 
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Table 8·23 (Continued) 

TillE TOTAL TENSILE TENSILE TillE TOTAL TENSILE TENSILE 
SEC. HORIZONTAL STRAIN CREEP SEC. HORIZONTAL STRAIN CREEP 

DEFORMATION IN/IN COIIPUANCE OEFORIIATION IN/IN COIIPLIANCE 
IN IH"2/LB IH IN"21LB 

TEXACO AC-10 t 3\ STYRELF TEXACO AC-10 t 3\ STYRELF 
TEST TEIIP = 60 , ZIGIIA = 6.999 PSI TEST TEIIP = 60 , ZIGHA = 6.958 PSI 
-----···----------------~-------- ----------------------------·----

1.0 2.50E-04 1.30E·04 9.29E·06 1.0 . 2.30E-04 l.20E·04 8.60E·06 
1.8 3.7SE-04 1.9SE-04 1. 39E·OS 1.8 3.40E-04 1.77E·04 1.27E-OS 
3.2 S.OOE-04 2.60E·04 1.86E·OS 3.2 4. 4SE·04 2.31E·04 1.66E·OS 
5.6 7 .lOE-04 3.69E-04 2.64E·OS 5.6 6.35E·04 3.30E·04 2.37E·OS 

!0.0 9.3SE·04 4.86E·04 3.47E·OS 10.0 8.00E-04 4 .16E ·04 2.99E·OS 
18.0 1.31E·03 6.81E·04 4.87E·OS 18.0 1.12E·03 s.eoE-04 4.17E-05 
31.6 1. 79E·03 9.31E·04 6.6SE·05 31.6 1.44E·03 7.49E·04 5.38E·05 
56.2 2.3BE·03 1.24E ·03 8.82E·OS 56.2 1. 94E-03 l.OlE-03 7.2SE-OS 

100.0 3.14E·03 1.63E·03 1.16E·04 100.0 2.69E·03 1.40E·03 l.OOE -04 
177. e 3.87E·03 2.01E-03 1.44E -04 177 .e 3.63E·03 1.89E ·03 1.3SE ·04 
316.2 S.37E-03 2.79E-e3 ~.99E·04 316.2 4.80E·03 2.SOE·C3 !.79E-04 
562.3 7.47E-03 3.88E·03 2 .77E·04 562.3 6.S5E·03 3.41E-03 2.45E·04 
!00~.0 l.OSE-02 5.47E-03 3.91E-04 1000.0 9.28£·03 4.82~·03 3.47E·Ct 
; 778.3 l.77E-02 9.21~·03 6.58E-04 1778.3 1.34E·02 6.96E-03 S.OOE·04 
3162.3 2.34~·02 l.22E -C2 e. 6S~:- ~4 
3600.0 2.64E·02 l.37E·02 q.8CE·04 
7200.0 2.37E·02 1.23E ·02 

JEXACC AC-10 + 3\ STYRELF TEXACO AC-10 + 3\ STYRELF 
TEST TE~P = 77 , ZIGIIA = 1.240 PSI iES! TEHP = 77 , ZIS~A = 1.845 PSI 
----------·------------------~--- ·----------------------------·---

1.0 L!OE-04 5.72E-05 2.3lE-05 1.0 2.SOE·04 1.30E·04 3.52E-05 
1.8 1.70E·04 8.84E·OS 3.57E·05 1.8 4.00E-04 2.08E-04 5.64E·OS 
3.2 2.2SE·04 1.17E·04 4.72E·05 3.2 5.75E·04 2.99E-04 8.10E·05 
5.6 3.35E·04 1.74E·04 7 .03E-OS 5.6 8.SOE·04 ·4.42E-04 1.20E·04 

10.0 4.25E·04 2.21E·04 8.91E·OS 10.0 l.lSE ·03 5.98E-04 1.62E·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 .75E·04 2.64E-04 
56.2 1.20E·03 6 .24E·04 2.52E·04 56.2 2.47E·03 1.28E-03 3.47E-04 

100.0 1.64E·03 8.SOE·04 3.43E·04 100.0 3.32E·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 8.95E-04 
562.3 3.9BE-03 2.07E-03 8 .3SE·04 562.3 9.35E·03 4.86E·C3 !.32E·03 

1000.0 S.39E·03 2.80E·03 1.13E·03 1000.0 1.4SE·02 7.52£·03 2 .04E·03 
!778.3 7.92E·03 4.12E-03 1.66E·03 
3162.3 1.20E·02 6.22£·03 2.S1E·03 
36CC.O 1.44E·02 7.46E-03 3.01E·C3 
7200...C. 1.40E·02 7.28E-03 
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Table B-23 (Continued) 

TIME TOTAL TENSILE TENSILE TIME TOTAL TENSILE TENSILE 
SEC. HORIZONTAL STRAIN CREEP SEC. ~ORIZONTAL STRAIN CREEP 

DEFORMATION IN/IN C011PLIANCE DEFORMATION IN/!N COMPLIANCE 
IN IN"2/LB IN !N"2/LB 

TEXACO AC-10 + 3t STYRELF TEXACO AC·!O + Jt STYRELF 
TEST TEMP : 90 I ZIGMA : 0.413 PSI TEST TEMP : 90 I Z!GHA : 0.688 DS! 

--------------------------------- ---------------------------------
1.0 l.OOE-04 5.20E-OS 6.30E-OS 1.0 1. 75E ·04 9 .lOE-05 6.61E-05 
1.8 1.40E-04 7.2BE·05 8.82E·OS 1.8 2.SOE·04 1.30E·04 9.4SE·OS 
3.2 1.80E·04 9.36E·05 1.13E-04 3.2 3.10E·04 1.61E-04 1.17E·04 
5.6 2.6SE-04 1.38E·04 1.67E -04 5.6 4.50E-04 2.34E-04 1.70E -04 

10.0 3.40E·04 1. 77E·04 2 .14E-04 10.0 6.3SE·04 3.30E-04 2.40E·04 
18.0 4.55E-04 2.37E-04 2 .B6E·04 18.0 9.20E·04 4.78~·04 3.t8E·04 
31.6 6.1SE-04 3.20E·04 3.87E·04 31.6 1.25E-03 6.48E·04 4.71E-04 
56.2 8.6SE·04 4.50E·04 5.4SE·04 56.2 1.92E-03 9.96E-04 7.24E-04 

100.0 1.2SE-03 6.SOE-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 .lSE -03 1.64E·03 l.l9E -03 
316.2 2.SSE·03 1.33E·03 1.61E-03 316.2 3.1SE·C3 1.64E·03 1.19E ·03 
562.3 3 .75E·03 1. 9SE·03 2.36E·03 562.3 4.4SE·03 · 2 .31E-03 l.68E·03 

1000.0 5.40E·03 2.81E-03 3.40E-03 
1778.3 8 .lOE -03 4.21E-03 5.10E·03 
3162.3 1.29E·02 6.6BE-03 8.09E-03 
3600.0 l. 46E-02 7.59E-03 9.! 9E-03 
7200.0 L41E·02 7.33E·03 
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Table 8·24 Creep Co1pliance of Plant Mixed I laboratory Co1pacted Mixtures Using 
Modified Co1paction. 

TillE TOTAL TENSILE TENSILE TIHE TOTAL TENSILE TENSILE 
SEC. HORIZONTAL STRAIN CREEP SEC. HORIZONTAL STRAIN CREEP 

DEFORHA TION IN/IN COMPLIANCE DEFORMATION IN/IN COMPLIANCE 
IN INA2/LB IN INA2/LB 

TEXACO AC·20 TEXACO AC·20 
TEST TEMP : 60 I ZIGMA : 5.S47 PSI TEST TEHP: 60 I ZIG~A: 7.112 PSI 
--------------------------------- ---------------------------------

1.0 1.40E·04 7.28E-OS 6.56E·06 1.0 1.00E·04 S.20E-OS 3.66E·06 
1.8 1.90E-04 9.88E-05 8.91E·06 1.8 1.60E-04 8.32E-OS S.BSE-06 
3.2 2.00E·0¢ 1.04E·O¢ 9.39E-06 3.2 1. 95E·04 1.01E·C4 7.13E·06 
5.6 2.30E-04 1.20E·04 LOSE ·OS 5.6 2.SSE·04 1.33E·04 9. 32E -06 

10.0 2.7SE-04 1.43E·04 1.29E·OS 10.0 3.20E-04 1.66E-04 1.17E·05 
18.0 3.2SE·04 1.69E ·04 1.52E·OS 18.0 4.00E·04 2.08E·04 1.46E-05 
31.6 3.70E·04 1. 92E-04 1.73E-OS 31.6 4.90E-04 2.SSE·04 1. 79E ·OS 
S6.2 4.7SE-04 2.47E-04 2.23E-OS 56.2 6 .lSE-04 3.20E-04 2.2SE·OS 

100.0 6.3SE·04 3.30E·04 2.99E·OS 100.0 7.70E·04 4.00E-04 2.82E-OS 
177.8 8.30E-04 4.32E-04 3.89E·OS 177.8 9.6SE-04 5.02E·04 3.53E-05 
316.2 USE -03 5.96E·04 S.37E·OS 3!6.2 1.17E-03 6.06E·04 4.26E·OS 
562.3 1.50E·C3 7.90E·04 7.03E-05 562.3 1.39E -03 7.20E·04 S.06E-05 

1000.0 2.04E·03 l.06E-03 9.56E·OS 1000.0 1.71E·03 9.87E·04 6.23E-05 
1778.3 2.82E-03 1.47E -03 ~.32E-04 1779.3 2.11E·03 1.09E·03 7.70E·OS 
3162.3 3.54E·03 1.94E·03 l.66E-04 31~2.3 2.64E-03 1.37E ·03 9.63E-OS 
3600.0 3 .72E·03 1.93E-03 1.74E·04 3600.0 2.79E-03 1.45E-03 1.02E-04 
7200.0 2.77E-03 1.44E ·03 7200.0 1.68E·03 8.74E-04 

TEXACO AC-20 TEXACO AC-20 
TEST TE"P = 77 , ZIGMA : 5.629 PSI TEST TEHP : 77 I ZIGMA : 5.597 PSI 
------------------------·-------- ---------------------------------

1.0 1.90E-04 9.89E-05 8.78E·06 1.0 3.10E·04 1.61E·04 1.u::-os 
1.8 2.80E-04 1.46E·04 1.29E-OS 1.8 4.2SE-04 2.21E·04 !.97E·OS 
3.2 3.SOE-04 1.82E-04 1.62E -OS 3.2 S' .2SE ·04 2.73E·04 2.44E-05 
5.6 4.60E·04 2.39E·04 2. !3E-OS 5.6 6.60E·04 3.43E·04 3.07E·OS 

10.0 6.10E-04 3.17E·04 2.82£-05 10.0 8.25E-04 4.29~·04 3.83E·OS 
18.0 7 .BSE-04 4.08E-04 3.63E-OS 19.0 1.04E·03 5.41£-04 4 .8'3E -os 
31.6 1.02E-03 5.28E-04 4.69E-OS 31.6 L41E ·03 7.33£-04 6.5SE·05 
56.2 1.30E-03 6 .76E-04 6.01E·05 56.2 l.BSE-03 9.62E·04 8.60E·OS 

100.0 l. 75£-03 9 .lOE-04 B.08E·05 lOC.C 2.36£-03 l.22E·C3 l.09E -04 
177 .e 2.28E-03 1.18E -03 1.05E·04 ~77 .8 3.2!£-03 1.67E-03 1.49E·04 
316.2 3.05E-03 1.59£-03 1.41E·04 316.2 4.45£-03 2.31E-03 2.07E-04 
562.3 3.9SE-03 2.05E-03 l.82E-04 562.3 6.1CE-03 3. !7£·03 2.83E-04 

1000.0 6.10E-03 3.17E-03 2.82E·04 1000.0 9.2SE·03 4.81E-~3 4.30E·04 
!778.3 9.3SE-03 4.B6E-03 4.32E-04 1778.3 1. 57E-02 8.~4E·03 7.27E-04 
3162.3 l.52E -02 7.92E·03 7.03E·04 
3600.0 ! .73E -02 9.00E-03 7.99£·04 
7200.0 1.49E-C2 7 .72E ·03 
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Table B-24 (Continued) 

TIKE TOTAL TENSILE TENSILE TIHE TOTAL !ENSILE TENSILE 
SEC. HORIZONTAL STRAIN CREEP SEC. HORIZONT~L STR~IN CREEP 

OEFORI!ATION IN/IN CO"PL!ANCE DEFOR"ATION !N/IN COI'!PLIANCE 
IN IN.2/LB IN IN.2/LB 

TEXACO AC-20 TEXACO AC-20 
TEST T~I!P = 90 , ZIGI!A = 1.298 PSI TEST TEI!P = 90 , ZIGMA: l.b54 PS! 
--------------------------------- ---------------------------------

1.0 1.20E·04 6.24E·05 2.40E-05 1.0 1.40E-04 7.28E·OS 2.20E·OS 
1.8 l.SSE-04 8.06E-OS 3.11E-05 l.S 2.00E·04 1.04E·04 3.14E-OS 
3.2 2.00E-04 1.04E ·04 4.01E·OS 3.2 2.8SE-04 1.48E·04 4.48E-05 
5.6 2.75E·04 1.43E-04 5.51E-05 5.~ 4.20E·04 2.1BE-04 6.bOE·05 

10.0 3.60E-04 1.87E·0( 7.2lE·OS 10.0 S.SOE-04 3.02E-04 9.~2~-~5 

!8.0 4.80E·04 2.50E-04 9.62E-05 !e.o 8.3CE-04 4.32E-04 1.30E·04 
31.6 6.65E-04 3.46E-04 l.33E-04 31.6 1.10E -03 5 .72E -04 l. 73E ·04 
56.2 9.05E-04 4.71E-04 1.81E -04 56.2 1. 46E-03 7 .59E·04 2.30E·OC 

100.0 1.20E-03 6.22E·04 2 .39E -04 100.0 1.93E-03 l.OOE -03 3.03E-04 
177.8 1.59E·03 8.27E-04 3.!9E-04 177.8 2.54E-03 ~ .32E-03 3.99E·04 
3!~.2 2.l8E-03 1.13E -03 4.36E-04 316.2 3.53E-03 L83E-03 S.S4E·04 
562.3 2.99E-03 l.SSE -03 5.9BE-04 562.3 5.02£-03 2.61E-03 7.99E-04 
~000.0 4.23E-03 2.2CE·03 8.46E-04 :cco.o 7.45E-03 3.97E·03 L ~ n:-c3 
1778.3 6.20E-03 3.22E-03 l.24E-03 
3!62.3 9.SOE-03 S.lOE-03 !.96~·03 

3eCC.C !.C9~·C2 S.eBE-03 2.!9E·C3 
7200.0 1.05E -02 S.47E·03 

:EXACO AC-10 + 3\ ~p 70 TEXACO A~-l~ • 3\ ~P. 70 
::s: TE~P: 60 I ZIGKA : 8.726 PS! TEST iE~o : 6C , Z!GMA = ~.72S PS! 
·---------------------------·---- ---------------------------------

l.O S.OOE-05 4.16E·05 2.38E-06 :.~ e.oc::-o5 U~E-05 2.38E-06 
1.8 9.50E-OS 4.94E-05 2.83E·06 1.8 9.00E-05 A.~eE-05 2 .~eE-06 
3.2 1.10E ·04 S.72E-OS 3.28E-06 3.2 l.!SE-04 5.98E-05 3 .43E-06 
5.6 1.30E-04 6.7bE-05 3.87E-06 5.6 !.35E·04 7.02E·OS 4.C2E-C6 

10.0 1.60E-04 8.32E-CS 4.77E-06 ~0.0 t.65E-04 e.5eE-05 4.92E-06 
18.0 2.00E-04 1.04E·04 S.96E-06 !8.0 2.!0E-04 1.09E·04 6.2~E-06 

3!.6 2.6CE·04 1.35E-C4 7.7SE-06 3~.6 2.60E·04 1. 35E ·04 7.7SE·06 
56.2 3.45E·04 1.79E -04 1.03E -OS 56.2 3.SOE·04 !.82E-04 1.04E·OS 

100.0 4.70E-04 2.44E-04 1.40E -OS 100.0 4.75E-04 2.47E·04 ~.42E·05 
177 .a 7.30E·04 3.80E·04 2.18E-05 !77 .a 6.7SE-04 3.51E·04 2.01E·OS 
316.2 1.04E -03 S.38E-04 3.0BE-CS 316.2 9.4SE-04 4.91E-04 2.82E·05 
562.3 1. 42E -03 7.36E·04 4.22E-CS 562.3 1.3SE-03 7.02E-04 4.02E-05 

1000.0 1.90E-03 9.88E-04 5.66E·OS 1000.0 t.80E -03 9.36E-04 S.36E-C5 
1778.3 2.56E-03 1.33E·03 7.63E-05 1778.3 2.40E·03 1.2SE ·03 7.~SE·OS 

3162.3 3.59E-03 1.86E-03 1.07E ·04 3162.3 3.m:-o3 ~.69E·03 9.69E-OS 
3600.0 3.87E-03 2.01E·03 l.lSE -04 3600.0 J.SOE-03 !.82E-C3 1.04E-04 
7200.0 2.71E·03 1.4tE-C3 7200.0 2.40~·03 ~. 25E..::j3 
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Table 8-24 (Continued) 

TIME TOTAL TENSILE TENSILE TI!'!E TOTAL TENSrLE TENSIL: 
SEC. HORIZONTAL STRAIN CREEP SEC. HORIZONTAL STRAIN CREEP 

OEFORI!ATION IN/IN COI!PLIA~CE OEFORI!ATION IN/IN COMPLIANCE 
IN IH .. 2/LB IN IN''2/~8 

TEXACO AC·!O t 3\ UP 70 rEXACO AC·!O + 3\ ~p 70 
TEST TEI!P : 77 I ZIGKA: 4.318 PSI TEST TEI!P : 77 I ZIG~A : 3.615 PSI 
--------------------------------- ---------------------------------

1.0 l.SOE ·04 7.80E-05 9.C3E·C6 !.0 2.00E·04 1.04E·04 1.44E ·OS 
:.a l.6SE-04 8.S8E-OS 9.94E·06 1.8 3.2~E-04 1.69E-04 2.34E-05 
3.2 l.BOE-04 9.36E·OS l.OSE·OS 3.2 4 .lOE-04 2 .13E-04 2.95E-OS 
5.6 2.COE-04 1.04E.;.04 l.20E ·OS 5.6 S.!SE-04 2.68E-OA -, '7111!' .M 

""·'"'- ¥-./ 

!0.0 2.50E·04 L30E -04 l.SlE-05 10.0 6.lOE-04 3.17:·04 4.39E-C5 
!8.0 3.!SE-C4 !.64E-04 l. 90E-05 18.0 8.25E·04 4.29E-04 5.93E·05 
31.6 4.50E-04 2.34E-~4 2.nE-OS 31.6 1.07E-03 5.57E-04 7.70E·05 
56.2 6.55E-04 3.41E-04 3.94E-OS 56.2 1.40E-C3 7 .28E·C4 l.OlE-04 

100.0 9.00E·04 4.68E-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 !77 .8 2.58E-C3 l. 34E·03 1.85E -04 
316.2 1.64E -03 8.53E-04 9.88E·05 31~.2 3.53E-03 1.83E -03 2.54E·C4 
562.3 2.64E-03 1.37E -03 L59E -04 562.3 4.95E-03 2.57E·03 3.S6E-04 

1000.0 4.43E-03 2.30E·03 2.66E-04 1000.0 7.39E-03 3.84E·03 5.31E·04 
!778 .3 7.8SE·03 4.08E-03 4.73E-04 1778.3 l.C6E·02 S.SlE-03 7.63E-04 
3162.3 !.48E-02 7.70E-03 8.91E-04 3162.3 l.67E-02 8.69E-C3 :.2~E-03 
3600.0 1.72E-02 8.95E·03 1.04E-03 36CO.C 1.88E·02 9.76E-~3 :.JSE-03 
7200.0 1.56E ·02 8.12E-03 7200.0 1.71E·C2 8.90E·03 

TEXACO AC-10 + 3% UP 70 :EXACO AC-10 + 3\ UP 70 
TEST :EMP = 90 , ZlG~A = 1.322 PSI TEST TEI!P = 90 , ZIGMA : 0.886 PSI 
--------------------------------- ---------------------------------

l.C !.lOE-04 5.72E-05 2.16E-OS l.C S.SOE-05 2.8&E·OS !.61E-OS 
1.8 1. SSE·04 a.oeE-os 3.05E-OS 1.8 7.50E·OS 3.90E-CS 2.20E-05 
3.2 2.1SE·04 l.!2E·04 4.23E-05 3.2 l.OSE-04 S.46E-OS 3.08E-OS 
5.6 J.OOE-04 !.SeE-04 S.90E-OS 5.6 1.40E·04 7 .28E·OS 4.11E-05 

10.0 4.2SE-04 2.2!E~C4 8.36E·OS 10.0 1.9SE·04 1.01E·04 S.72E-OS 
18.0 6.20E-04 3.22E·04 1.22E -04 18.0 2.90E-04 1. SlE ·C4 e.SlE-CS 
31.6 8.3SE-04 4.34E·04 1.64E·04 31.6 4.20E·04 2.18E-04 1.23E·04 
56.2 1.16E-03 6.01E-04 2.27E·04 56.2 5.75E-04 2.99E·04 1.69E-04 

!00.0 l.60E·03 8.32E-04 3.15~·04 lCO.O 8.6SE-C4 4.50E·04 2.54E·C4 
. !77 .8 2.22E·03 l.!SE-03 4.36E·04 ~77 .8 1.34E-C3 6.94E-04 3.92E-04 

316.2 3 .10E ·03 1.6lE -03 6.10E-04 316.2 2.07E·03 1.07E -03 6.06E·04 
562.3 4.45E-C3 2.31E-03 8 .75E-C4 562.3 3.03E-03 l.57E-03 8.eeE-ct 
:~~0.~ 6.59E-03 3.42E-C3 1.30E-03 ~ooc.c 4.77E-03 2.48E·C3 1.40E -C3 
~778.3 !.lOE-02 5.72E·03 2.!6E·C3 !778.3 7.84E·03 4.07E·03 2.30E·03 

3!62.3 1.27: ·02 6.SBE·C3 3.71E·03 
3600.0 1.42E-02 7 .40E-C2 4.!8E-03 
720C.C ! . 37E ·02 7 .14E-C3 
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Table 8·24 {Continuec) 

TH!E TOTAL TENS!LE TENSILE T!I!E TOTAL :'ENSI~E TENSILE 
SEC. HORlZQN;'AL STRAIN CREEP sE=. HORIZONrAL s:RA!~ CREEP 

DEFORPIATION IN/IN COPIPL!ANCE DEFORMATION IN/IN COMPL!ANCE 
!N INA2/LS !N ~Na2/LS 

TEXACO AC·10 t 3\ STYRELF TEXACO AC-10 t 3\ STYREL7 
TEST TE~P: 60 I ZIG~A: 7.652 PS! TEST TE~P : 60 I ZIGMA : 5.613 PS! 
-----·--------------------------- ---------------------------------

1.0 2 .7SE ·04 1.43E ·04 9.3SE·06 1.0 2 .lOE ·04 1.09E ·04 9 .73E ·06 
1.8 4.SSE-04 2.37E·04 1.5SE·OS 1.8 3.60E·04 l.B7E·04 1.67E·05 
3.2 5.60E·04 2.91E·04 1.90E·OS 3.2 4.SOE·04 2.34E·04 2.08E·OS 
5.6 7 .50E·04 3.90E·04 2.SSE·OS 5.6 5.50E·04 2.86E·04 2.55E·OS 

10.0 9.65~·04 5.02E·04 3.28E·CS 1~.0 6 .70E-04 3.48E·04 3.10E·05 
18.0 1.2BE-03 6.~6E·04 4.35E·05 :e.o 8.40E·04 4.37E·O~ 3.89E-05 
31.6 1.69E-03 B.79E·04 5.74E-05 31.6 1. 04E ·03 5.38E-04 4.80E·05 
56.2 2.2!E·03 l.!SE-03 7.49E·05 56.2 1.38E·03 7.!BE·04 6.39:-o5 

100.0 2.93E·03 1. 52E·03 9.94E·05 100.0 L78E·03 9.26E·04 8.25E·05 
177.8 3.68E·03 1. 91E ·C3 USE·Ot 177.8 2.20E·03 1.14E ·03 : .02E·N 
316.2 4.83E·03 2.51E·03 :.64E·04 3:6.2 2.79E·03 !.45E·03 Lm:•Ot 
562.3 6.29E·03 3.27~·C3 2.!4E·04 :62.3 3.55E·03 !.95E·03 :.64E·04 

1000.0 B.SSE-03 4.4SE·03 2.91:·04 lOCO.O 4.60E-03 2.39:-03 2. D:·C4 
!779.3 l.!9E·C2 6.!9~·02 t.C4E·Ot :ne.~ ~.C4E·C2 3.!4~-n 2.8CE·'4 
3!~2.~ ! .74:-02 q.cs::-n 5.91~·04 :::2.1 S.42E-C2 !.38E-C3 'J.90E·O~ 

3600.0 :.9!:·02 9.9!::·03 - 6-:·HE -C4 3cCC.O 9.oc:-:; ~ .6e::-~1 4 .:7:·:! 
7200.0 1.58::-n e.2CE-~3 720C.~ 7.24E·C2 1.m:-~: 

iEXACC A:-10 t 2% s~~RE~F TEXACO AC-!C ~ 3\ s;vR:~~ 
r:s~ TEMP = 77 , ZIG~A = 3.5:5 PS! TEST TE~P: 77 • Z!G~A = 1.840 PS! 
---~----------------------------- -----·---------------------------

1.0 5.25E·04 2.73E·04 3.8SE·CS l II .... 1.60E-04 8.32£-0S 2.2~£-05 
!.8 7.7SE-04 4.03E·04 5.73E-05 ! .8 2.lOE-~4 1. 09E·04 2.97E·05 
3.2 1.03E·03 5 .33E ·0( 7.SBE·CS 3.2 3.00E·04 ~.56E·C4 4.24E·~S 

5.6 1.38E-03 7.!5E·04 1.02E·04 ~.~ 4.0CE·04 2.08E-~4 5.65E-C5 
10.0 l.BSE ·03 9.62E·04 1.37:-04 111 II 5.40E·04 2.91E·04 7.~3~·C5 ••• v 

18.0 2.40E-03 ~.25E-C3 !.7BE·04 :e.~ 7 .60E·04 3.95E·04 :.07E·04 
31.6 3 .16E·03 1.64E·03 2.34E·04 3L6 L07E·C3 5.57E-04 1.5!E·04 
56.2 4.16E·03 2.16E-03 3.07E·04 56.2 1.43E-CJ 7.44E·04 2.nE-04 

100.0 5.53E·03 2.8BE·C3 4.09E·04 100.0 1. 94E·03 l.OlE-03 2 .74E-C4 
!77 .a 7 .2SE·03 3.77E·03 S.36E·04 177.8 2.59:-c; :.35E·C3 3.66E·04 
316.2 9.80E·03 S.lOE-03 7.25E·04 316.2 3.40E·03 1.n:-o3 4.8::·04 
562.3 l.29E-02 6.68E-03 9.5!E·04 562.3 4.74E·03 2.47E-03 6.70E·04 

~000.0 6.65E·03 3.46E·03 9.40:·04 
1778.3 9.68E·03 S.03E·03 1.37E -C3 
3162.3 !.47E-02 7.62E-03 2.C7E·03 
3600.0 ~.62E·02 S.43E·03 2.29E-~3 

72~0.0 .:.SOE-02 7.eo::-o1 
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Table B-24 (Continued) 

TIME TOTAL TENSILE TENSILE TillE TOTAl TENSILE TENS!LE 
SEC. HORIZONTAL STRAIN CREEP SEC. HORIZONTAL STRAIN CREEP 

DEFORIIA !ION IN/IN CeHPliANCE DEFORMATION IN/!N CO~PliANCE 
IN INA21LB IN !NA2/lB 

TEXACO AC-10 t 3\ STYRELF TEXACO AC-10 t 3\ STYRELF 
TEST TE!IP : 90 , Z!GHA: 1.148 PSI TEST TEMP : 90 I ZIG!IA : ~.250 PSI 
-~------------------------------- -----------------·---------------

1.0 2.00E·04 l.C4E-04 4.53E·OS 1.0. 2.50E·04 1.30£ ·04 5.20E-OS 
1.8 3.00E-04 1.56E -04 6.80E·05 1.8 3.50E-04 1.B2E-04 7.28E·OS 
3.2 4.00E·04 2.08E·04 9.06E·OS 3.2 4.50E·C4 2.34E·04 9.36E·OS 
5.~ 4.6CE·04 2.;9E-04 1.04E·04 5.6 S.SCE·C4 2.!6E·C4 !.!4E·C~ 

'" " .v.v 6.60E·04 3.43E·04 l.SOE-04 !0.0 7.50E·04 3. 90E·04 !.56E·04 
!9.0 9.00E·04 4.68E·04 2.04E·04 18.0 1.0SE·03 5.46E·04 2 .~8:·04 
3!.6 1.24E ·03 6.42E-04 2.80E-04 31.6 1.45E·03 7.54E·04 3.02E·04 
56.2 l.66E-03 8.63E·04 3.76E·04 56.2 1.9SE-03 l.OlE-03 4.06E·04 

100.0 2.31E-03 1.20E-03 5.23E·04 100.0 2.70E-03 1.40E·03 5.62E·04 
:n .8 3.30E-03 1.72E-03 7.48E·04 !77 .8 3.65E-03 1.90E·03 7 .59E·04 
3!6.2 4.90E·03 2.SSE-03 UlE-03 3:o.2 5.50E·03 2.86E·03 1.:4:·03 
562.3 7.26E·03 3 .78E ·03 1.64E·03 562.3 8.2SE·03 4.29E·03 1.72E ·03 

1000.0 l.lSE-02 5.99E·03 2.61E·03 1000.0 !.27E·02 6.58E·C3 2.63E·C3 
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Table B-25 Moisture Sensitivity Test Results for Laboratory Mixed/Laboratory Co1pacted 
Mixtures Using Modified Compaction. 

I Dry Cond1 bon llet Cond1hon I 
I I 
I AIR AIR tENSILE I 
I "IXTURE TEST TENSILE TSR I 
I . TEMP. VOIDS STRENGTH VOIDS STRENGTH I 
I F \ PSI \ PSI I 
I Control: Texaco AC-20 77 t>.8 &9 6.5 44 I 
I I 
I 6.1 74 7.3 37 I 
I 6.9 68 .7 .3 37 I 
I AVG. 6.6 70 7.0 39 I 
I 0.56 I 

l Texaco AC-10 t 3\ UP 70 77 7.1 81 7.4 50 I 
7.! 85 6.8 65 I 

I I 
I 7.0 97 6.9 62 I 
I 

........ 
I 

I AVG. 7.1 84 7.0 59 0.71 I 

:Texaco AC-10 + 3\ Styrelf 77 6.4 62 6.1 55 I 
I 

I 6.3 65 6.2 57 I 
I 6.0 65 6.6 56 I -----I AVG. 6.2 64 6.3 56 I 
I 0.88 I 
I I 
I I 

:rab.l.e B-26 ~oisture Sensitivity Test Results for Plant Mixed/Laboratory Coapacted 
Mixtures Using "odified Co1paction. 

I Dry Cond1Elon weE Cond1E1on I 
I I 
I "IXTURE TEST AIR TENSILE AIR TENSILE TSR I 
I I 
I TE"P. VOIDS STRENGTH VOIDS STRENGTH I 
I F t PSI t PSI I 
I Control: Texaco AC-20 77 7.6 167 6.5 86 I 
I I 
I 7.3 108 7.7 79 I 
I 6.4 101 7.5 90 j. 

I ----- ----- I 
i AVG. 7.1 106 7.2 as 0.81 I 

I Texaco AC-10 t 3\ UP 70 77 6.8 102 6.9 86 I 
I 

I 7.1 107 6.8 86 I 
I 7.1 103 6.7 96 I 
I AVG. 7.0 !04 6.8 89 I 
I 0.86 I 

:Texaco AC-10 + 3\ Styrelf 77 7.8 68 6.6 74 I 
6.1 69 6.7 75 I 

I 6.5 eo 6.8 7l I 
1 I 
I AVG. 6.8 73 6.7 73 I 
I 1.00 I 
I 
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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 0 0 0 0 

o.o 0-15 0 0 0 

38.9 21-53 38.7 38.8 37.5 
1\.) 
()) 20.4 11-32 19.4 20.5 19.8 0 

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 
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Fig B-1 Schematic Illustration of Field Test Sections. 
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APPBNDIX C 

PRBSBNTATION OP TBST RESULTS - 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). 

BXPBRIMBNTAL PIBLD 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 levels 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 i~clude this field project in this study was made after 
the first 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. 

JIATBRIALS 

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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screeninq, were combined to produce project qradation. Gradations 
of individual aqqreqates, the project qradation, percentaqe of each 
aqqreqate, and the qradation specifications are qiven in Table c-1. 
The project qradation is plotted on a 0.45 power qraph in Fiqure 
C-2. 

PQLXMER. 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 desiqnations used for this 
study are shown below: 

SOURCE 
Goodyear 
Elf 
Shell 

TYPE 
SBR 
SBS 
SBS 

DESIGNATION 
UP 70 
styrelf-13 
Kraton 01101 

Blendinq 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 sutadiene 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 weiqht of total binder. The 
Kraton 01101 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 01101 by weiqht of total 
binder. 
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J':IBLD OPBRA'l':IOH 

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 01101 (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 01101 (3 

percent) mixtures was about 31o•F and was increased to about 35o•F 
for mixtures containing 6 percent Kraton 01101. 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. 

PRBSENTA'l'IOH OP 'l'ES'l' RBSUL'l'S 

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 

---
steve 51 X sieve 49X Combined SDHPT 

Analysis Analysis Gradation Specification 

Plus 112 fn. o.o 0.0 0.0 0.0 0.0 0 
112 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. 4 to No. 10 25.6 13.1 17.0 8.3 21.4 11-32 

w Plus No. 10 58.1 54-74 
1-J No. 10 to No.40 1.2 0.6 49.1 24.1 24.7 6-32 w 

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 Foree Ductility Sehweyer Rheology 
•••···•••·····•··•·····•• ······•····••·•····••••··• Point ····••••····••••• ·············-----······· 

Binder Before RTFOT After RTFOT Before RTFOT After RTFOT Before Before After Before RTFOT 

·•····•••···•·•••· ••••··•••••· ··········· •····••····• ••··••••·•· RTFOT RTFOT RTFOT 

Asphalt Polymer 39.2 F 77 F 77F 140 F 275 F 140 F 275 F 39 F 60 F 77 F 90 F 140 F 

39.2 F 39.2 F 

Shamrock 2 2 2 2 2 2 2 2 2 2 
AC·20 

Fina Styrelf··13 2 2 2 2 2 2 2 2 2 2 

AC-10 

Fina 31 ltraton 2 2 2 2 2 2 2 2 2 2 

AC·10 D1101 

Fina 61 ltraton 2 2 2 2 2 2 2 2 2 2 

AC·10 D1101 



TABLE t-3 Experiaental Testing Progral for laboratory toapacted-laboratory Hixed "ixtures 
District 25 

"odified toapaction Standard Coapaction 
-·--·--··----------------------·------~----------··--------·-···----------- --------·-·--------------------·-· 

Binder Resll ient aodutu·s Hveea Marshall Creep Fatique Moisture Resilient aodulus Hvee1 Marshall 
·----------------- & Indirect Tensile 140F 140F t Stress levels Resistance & Indirect Tensile UOF UOF 
Asphalt Polraer Strength 60F 77F 90F 1St 2S\ SO\ Strength 

39F 77F 104F 39F 77F l04F 

Sha1rod 3 3 3 3 3 2 2 2 2 2 2 3 3 3 3 3 3 
At-20 

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

w Fina Styrelf--13 3 3 3 3 3 2 2 2 2 2 2 3 3 3 3 3 3 .... 
Vt AC-10 

Fina 3\ baton 3 3 3 3 3 2 2 2 2 2 2 3 3 3 3 3 3 
AC-10 01101 

Fina 6\ baton 3 3 3 3 3 2 2 2 2 2 2 3 3 3 3 3 3 
AC-tO DUOl 



w ..... 
en 

TABLE C-4 Experi•ental Testing Progra• for Laboratory Co1pacted·Plant Hixed Mixtures 
District 25 

·Modified Coapaction 

Binder Resilient 10dulus Hvee1 "arshall Creep Fatique 

Standard Co1paction 

Moisture Resilient 1odulus Hveu Marshall 
--·~-------·------ & Indirect Tensile 140F 140F I Stress levels Resistance & Indirect Tensile 140F 140F 
Asphalt Poly1er Strength 60F 11F 90F 15\ 25\ 50\ Strength 

39F nF 104F 39F 17F 104F 

Sha1rock 
AC-20 

Fina Goodyear 
AC-10 UP 10 

Fina Styrelf--13 3 3 3 3 3 2 2 2 2 2 2 3 3 3 3 3 3 
AC-10 

Fina 3\ kr a ton 3 3 3 3 3 2 2 2 2 2 2 3 3 3 3 3 3 
AC-10 01101 

Fina 6\ kr a ton 3 3 3 3 3 2 2 2 2 2 2 3 3 3 3 3 3 
AC-10 01101 

* Plait 1ixed 1ixtures Mere not obtained. 



TABLE C-5 Experimental Testing Program for Field Cores. 

District 25 

Binder 

Asphalt Polymer 

Resilient modulus 

& Indirect Tensile 

Strength 

39F 77F 104F 

Shamrock AC-20 3 3 3 

Fina AC-10 Goodyear UP 70 3 3 3 

Fina AC-10 Styrelf--13 3 3 3 

Fina AC-10 3% kraton 01101 3 3 3 

Fina AC-10 6% kraton 01101 3 3 3 
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Marshall 

140F 

3 

3 

3 

3 

3 



Table C·6 Unmodified and Modified Asphalt Properties before RTFOT. 

-====-----···========= .. •• ............... =-===·=========----------·····--==··· 
Fina Fina Fina 

Parameter Sh•rock AC-10 AC-10 AC·10 
AC-20 & & & 

3X Styrelf 31 !Craton 61 !Craton 
-=====-=•••••z .......... ••••=•••=======•========-=-====-===--=•--===-•==-=== 
Penetration a 39.2 F (25 C) 9 13 12 16 
100g, 5 Sec. 9 14 14 15 

Avg. 9 14 13 16 

Penetration i 77 F (4 C) 67 91 83 96 

100g, 5 Sec. 66 89 81 99 

---
Avg. 67 90 82 98 

Viscosity i 140 F (60 C) 2004 2760 8171 
Poises 1992 2780 8083 

--- ---
Avg. 1998 2770 8127 

Viscosity a 275 F (135 C) 628 775 589 1020 
Centis tokes 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 3.11 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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Table C-6 (Continued) 

Parameter Sh•roek 
AC·20 

Fina 
AC·10 

& 

Fina 
AC·10 

& 

Fina 
AC·10 

& 
3X Styrelf 3X Kraton 6X Kraton 

-====···-=====--==---==·========··----===~::aaaa:-••=========== 
Asphat t Moc11lus, psi 

Avg. 

Asphal t·Pol ymer Moc11lus, psi 

Shear Susceptibility 
Q 39.2 F 

Q60F 
Q77F 
Q 90 F 

Q 140 F 

Apparent Viscosity, 
Pascal·Second 
Shear Rate = 1 1/sec 

Q 39.2 F 
Q60F 
Q77F 
Q 90 F 

Q 140 F 

Constant Power Viscosity, 
Pascal-Second 

Q 39.2 F 
Q60F 
Q77F 
Q90f 

Q 140 F 

Avg. 

479 
464 

472 

219 
201 

210 

292 
267 

279 

253 
246 

250 

438 
467 

452 

138 
93 

115 

840 
799 

819 

4.903E·01 1.235E+OO 7.989£·01 7.768E·01 
6.961E·01 1.215E+OO 8.764E·01 8.283E·01 
6.637E·01 1.076E+OO 8.892E-01 7.717E·01 
7.609£·01 1.089£+00 8.861E·01 8.088E·01 
8.940E-01 1.018E+OO 8.852E-01 7.717E-01 

1.340E+07 
1.976E+06 
2.405E+05 
5.899£+04 
2.357E+02 

7.153E+07 
3.372E+06 
2.871E+05 
5.491E+04 
1.680E+02 
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1.236E+08 2.005E+08 1.818E+08 
1.392E+07 6.463E+06 5.337E+06 
5.321E+05 5.441E+05 4.138E+05 
7.120E+04 9.363E+04 9.928E+04 
2.922E+02 8.068E+02 1.155E+03 

5.839E+07 
8.621E+06 
5.003E+05 
7.223E+04 
3.om+o2 

4.692E+08 4.667E+08 
8.506E+06 7.754E+06 
6.009£+05 4.969£+05 
9.326E+04 9.921E+04 
6.016E+02 6.500E+02 



Table C·6 (Continued) 

--·===·=·==··=====·····--====····--·--====·===·====·===···========··======== 

Par.neter 

Penetration Index PICPen/Pen) 

Penetration Index PI(Pen/SP) 

Penetration Viscosity Number 

Stiffness Modulus i 39.2 F, psi 
5 Sec. Loading 

20 Sec. Loading 

Stiffness Modulus i 0.1 Sec 
39.2F 

77F 
104F 

Stiffness/Temperature Slope 

Apparent Viscosity/Temp. Slop 

Constant Power Visco./Temp. S 

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 

Shamrock 
AC-20 

Fine 
AC-10 

& 

Fine 
AC-10 

& 

Fine 
AC-10 

& 
3X Styrelf 3X Kraton 6X Kraton 

-0.25 

0.21 

-0.03 

1160 
508 

7540 
334 
26 

-0.068 

-0.086 

-0.100 

0.68 

2.60 

1.43 

1.70 

0.66 

1.20 

0.91 

320 

0.26 

1.35 

0.73 

464 

218 

2900 

203 
25 

-0.057 

-0.103 

-0.097 

0.63 

2.70 

1.29 

1.58 

0.86 

1.46 

1.66 

1.43 

0.33 

2.55 

0.12 

435 
218 

2320 
232 
41 

-0.049 

-0.095 

-0.103 

0.57 

1.69 

1.26 

0.89 

0.84 

1.08 

1.56 

0.81 

0.44 

3.92 

1.25 

232 
131 

943 

160 
32 

-0.041 

-0.091 

-0.102 

0.69 

1.04 

0.70 

0.92 

1.05 

1.77 

0.51 



Table C-7 Unmodified and Modified Asphalt Properties after RTFOT. 
============================================================================ 

Fina Fina Fina 
Parameter Shamrock AC-10 AC-10 AC-10 

AC-20 & & & 
3% Styrelf 3% Kraton 6% Kratcn 

=============:============================================================== 
Penetration 0 77 F (4 C) 44 56 47 68 
lOOg, 5 Sec. 46 57 47 67 

Avg. 45 56 47 67 

Viscosity @ 140 F (60 C) 5210 7465 13788 
Poises 5194 7496 13709 

Avg. 5202 7481 13749 

Viscosity 0 275 F (135 C} 892 1017 746 1052 
Centistokes 896 1001 725 1048 

Avg. 894 1009 736 1050 

Maximum True Stress, psi 203 460 426 4'' ·-_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 !98 

Avg. 428 349 390 204 

Asphalt-Polymer Hodulus, psi 407 375 421 
393 356 413 

Avg. 400 365 417 
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Table c-e Constant Stress Rheometer Results for Unmodified and ~odified einders. 

Shear Shear Apparent Shear Shear Apparent 
Test Stress Rate Viscosoty Stress Rate Viscosoty 
Temp. Pascal 1/Sec Pascal-Sec Pascal 1/Sec Pascal-Sec . 

Shamrock AC-20 Fina AC-10 + 3% Styrelf 
-------------- ·-------------~----------

T = 140 F 7.17E+04 6.09E+02 1.18E+02 1.77E+OS 5.39E+02 3.28E+02 
4.78E+04 3.74E+02 1.28E+02 1.13E+OS 3.49E+02 3.23E+02 
2.23E+04 1.60E+02 1.40E+02 6 .19E+04 1.92E+02 3.22E+02 
1.45E+04 l.OOE+02 1.44E+02 2.88E+04 9.08E+Ol 3.17E+02 
l.OOE+04 6.72E+Ol 1.49E+02 1.43E+04 4.56E+Ol 3.13E+02 
6.16E+03 3.94E+Ol 1.57E+02 
4.08E+03 2.38E+Ol 1.71E+02 

T = 90 F 6.13E+OS 2.16E+Ol 2.84E+04 8.99E+05 9.76E+OO 9.21E+04 
3.67E+OS 1.12E+Ol 3.27E+04 5.73E+05 6.82E+OO 8.40E+04 
2.SOE+05 6.83E+OO 3.66E+04 4.0!E+OS S.lOE+OO 7.86E•04 
l.SOE+OS 3.25E+OO 4.61E•04 2.72E+OS 3.51E+OO 7.75E+04 
7.13E+04 1.27E+OO 5.63E+04 1.58E+OS 2.10E+OO 7.50E+04 
3. 7lE+04 S.SSE-01 6.68E+04 6.81E+04 9.3lE-Ol 7.31E+04 

3.73E•04 S.SOE-01 6.77E+04 

r = 77 F 1.30E•06 1.!6E+Ol 1.12E•OS 1.73E+06 2.99E+OO 5.78E+OS 
7.69E+OS 6.47E+OO l.l9E+05 1.08E+06 1.92E+OO 5.64E+OS 
4.27E+OS 2.49E+OO 1.7lE•OS 6.24E+OS l.l4E+OO 5.49E+OS 
2.51E+OS l.OSE+OO 2.39E+05 4.38E+OS 8.68E-Ol S.OSE+OS 
1.60E+05 S.OOE-01 3.20E+05 2.03E+OS 4.04E-Ol S.OlE+OS 
9.07E+04 2.32E-O! 3.91E+OS 1.02E+OS 2.17E-Ol 4.72E+OS 
5.44E+04 1.09E-01 S.OlE+OS 5.70E+04 :.25E-Ol 4.57E+OS 

T = 60 F 1.56E•06 7.36E-Ol 2 .12E+06 2.52E+06 2.34E-Ol l.OeE+07 
1.2SE+06 4.97E-01 2.51E+06 1.32E+06 1.48E-01 8.90E+06 
7.27E+OS 2.40E-Ol 3.03E+06 B.OOE+OS 9.79E-02 8.l7E•06 
3.54E+OS 8.66E-02 4.08E+06 5.43E+OS 7.1SE-02 7.59E+06 
1.90E+05 3.34E-02 5.70E+06 2.64E+OS 3.66E-02 7.22E+06 
1.12E+OS 1.64E-02 6.81E+06 

"!" = 39 F 4.48E+06 9 .l2E -02 4.9tE+07 4.22E+06 6.08E-02 6.94E+07 
3.44E+06 6.77E-02 5.08E•07 2.75E+06 4.46E-02 6.1SE+07 
2.24E+06 3.00E-02 7.47E+07 2.12E+06 3.94E-02 5.38E+07 
1.42E+06 l.OSE-02 1.32E+08 1.32E+06 2.75E-02 4.78E+07 
B.SOE+OS 3.24E-03 2.63E+08 5.94E+05 1.33E-02 4.46E+07 
4.71E+OS 1.09E-03 4.33E+08 3.0SE+OS 7.39E-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 

rina AC-10 + 3% 01101 rina AC-10 + 6% 01101 
----------------------- -----------------------

T = 140 r 252757 654.6625 386 l.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 3.42E+04 8.40E+01 4.07E+02 
38009 81.7783 465 1.77E+04 3.67E+Ol 4.81E+02 
22805 45.3805 503 8.55E+03 1.25E•Ol 6.83E+02 
11022 17.9958 613 

T = 90 F 715175 9.6567 74060 7.36E+05 1.09£+01 6.75E+04 
464864 6.0527 76803 4.36E+05 6.29E+OO 6.93E+04 
354012 4.4168 80151 2.79E•05 3.85£+00 7.23E+04 
232432 2.8421 81781 1.43E+CS l.74E+OO 9.21E+04 
114428 !.3806 82881 6.28E+04 5.14E-01 l.22E+05 

64366 0.6438 99980 
35759 0.3220 1!1064 

T = 77 r 761617 1.4764 515861 8.96E•05 2.37E+OO 3.77E+05 
391689 0.6949 563665 5.29E+05 1.38E•OO 3.83E+05 
304647 0.5236 581804 3.29E+05 8.! 9E-Ol 4.02E+05 
174084 0.2660 654336 1.89£+05 4.08E-Ol 4.64E+05 
108802 0.1631 667269 1.!3E•05 1.99E-O! 5.70E•05 
59841 0.0856 699~01 5.29E+04 6.01£-02 8.80E+OS 

i = 60 F 1257023 0.1514 8305253 1.67E+06 2.50E-01 6.66E+06 
817065 0.0923 8855215 1.24E+06 1.68E-Cl 7.37E+06 
488842 0.0568 8612855 8.19E+05 1.02E-01 8.02E+06 
237438 0.0225 10534952 5.28E+OS 6.27E-02 8.42E+06 
146653 0.0131 11157969 2.78E+05 2.81E-02 9.89E+06 

T = 39 F 4888710 0.0096 509796267 3.75E+O!> 7.31E-03 5.13E+08 
2190286 0.0034 641791231 2.37E+06 3.40E-03 6.95E+08 
1244304 0.0018 676990317 1.26E+06 1.66E-03 7.61E+08 
901718 0.0011 812140444 9.14E+05 1.07E-03 8.51E+08 

5.38E+OS 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 

I AIR AVEEM I AIR MARSHALL VALUES 
MIXTURE I VOIDS STABILITY I VOIDS STABILITY FLOW I 

~ ' lbs .01 in I % I I 
Control: Shamrock AC-20 . I 

7.4 36 I 7.4 1089 17.0 : I 6.5 36 I 7.5 1198 16.0 I I 6.5 36 I 6.7 1249 ~~.:~_I l 
____ I 

----
!AVG. 6.e 36 I 7.2 1179 I 

I 16.3 I 

Fina AC-10 + 3% Styrelf I 6.5 I 7.1 1528 I 
I 34 I· 20.0 I 

6.5 36 I 7.0 2780 .,, 0 
I ... • I 

I 6.6 37 I 7 .4 1624 2~.:~_1 ----I 6.5 -;6-, 7.2 1644 I 
1AVG. I 20.3 I 

Fina AC-10 + 3% D1101 I 7.3 36 j 7.3 1630 I 
I 20.0 I 

7.4 37 I 7.1 !562 20.0 I I 7.1 36 I 7.2 1745 2~.:~_1 I 
____ I 

I 7.3 36 I 7.2 1646 I 
1AVG. I 20.0 I 

Fina AC-10 + 6% D1101 I 6.9 32 I 7.5 1519 l 
I 25.0 I 
I 7.6 32 I 7.3 1521 22.0 I 

7.1 34 I 7.1 1347 2~.:~_1 I ---- ----' 
!AVG. 7.2 33 ! 7.3 1462 I 22.7 I 

Table C-10 Marshall and Hveem Test Results for Laboratory Mixed/Laboratory Compacted 
Mixtures Using Standard CompactiO'TI 

AIR ;JQte!<l 1 AIR MARSHALL VALUES 
MIXTURE VOIDS STABILITY: VOIDS STA9!LITY FLOW 

% ' lbs "1 i % I .;; •• n i 
Control: Shamrock Ac-26 i 3.6 43 i 3.2 2267 14.0 : I 2.7 41 I 2.3 2514 15.0 I I 3.3 44 I 3.1 2480 !~.:~-' I ____ I 

I 3.0 43 ! 2.9 2400 14.7 : 1AVG. 
I 

Fina AC-10 + 3% Styrelf I 2.5 42 I 2.3 3297 !7.0: I 2.5 40 I ' ., 3105 !8.0 I 47 l 
.... 

j 2.7 ----' 2.2 3145 l?.:~_i 
I 2.6 43 i 2.2 3182 !7.3 l 1AVG. I 

Fina AC-10 + 3% D1101 I 3.0 46 I 2.6 3200 ~6.0 : I 2.4 40 I 3.0 3014 l 44 ! .6.0 l 
i 2.9 2.5 3192 1?.:~-' ---- ----· I 2.8 43 I 2.7 3136 I 
1AVG. I 16.3 i 

Fina AC-10 + 6% 01101 I 1.7 42 I 1.9 3518 !9.0 : I 1.7 43 I 2.2 3430 ;9.0 I I 2.6 45 I 2.4 3590 I 
____ I 

---- ·?.:~_1 
I 2.0 43 ! ~.2 3513 18.7 I ,AVG. i 

I 
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Table c~11 Marshall and Hveem Test Results for Plant ~ixed/Laboratory Compacted 
Mixtures Using Modified Compaction. 

I AIR HVEEM j AIR HARSHA[[ VALUES I 

MIXTURE . I VOIDS STABILITY I VOIDS STABILITY FLOW I 
I % % lbs .01 in I 
I % I I 

F1na AC-10 t 3% Styrelf I 7.6 40 I 7.6 2osa 21.o 1 I 7.6 42 I 7.7 1946 21.0 I I 7.3 43 I 7.9 2021 21.0 I I ____ I 

I 7.6 42 I 7.7 2007 
~---1 

1AVG. I 21.0 I 

Fina AC-10 t 3% 01101 I 6.7 38 I 6.6 1723 I 
I 22.0 I 

6.9 39 I 6.7 2013 24.0 I I 6.8 39 I 6.8 1856 2~~~-1 I 
____ I 

I 6.8 39 I 6.7 1864 23.3 : 1
AVG. I 

Fina AC-10 t 6% 01101 I 6.4 42 I 6.9 2218 I 20.0 I I 6.9 42 I 6.6 2416 20.0 I I 6.7 42 I 6.7 2272 19.5 I I ---- ____ I 

I 6.7 42 ! 6.7 2302 
----1 

,AVG. 19.8 I 

Table C-12 Marshall and Hveem Test Results for Plant Mixed/Laboratory Compacted 
Mixtures Using Standard Compaction. • 

MIXTURE l vSI~s ST~~YC~Tv 1,· l % % I 
--~Fl~n~a~A~c-~r~o~+-3~%~s~ty~r~e~rf~-~------~3~.~7----T.!63~l I 4.0 45 I I 4.1 ____ I 

~AVG. 3.9 45 l 
l 2.6 42 l 
I . 2 7 43 . 43 I I 2.9 ____ I 

lAVG. 2.6 43 ~ 

Fina AC-10 t 3% 01101 

I 3 5 44 I 
I . 47 I 
I 3.4 44 I I 3.2 ____ I 

Fina AC-10 t 6% 01101 

!AVG. 3.4 45 ! 
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AIR MARSHALL VALUES ' 
VOIDS STABILITY FLOW i . I 

% lbs .01 1n 1 
3.7 3676 20.0 : 
3.9 3464 19.5 I 
4.1 3565 18.5 I 

3.9 3575 19~;-: 

. ~:~ ~1~~ }~:~ ! 
2.7 3467 20.0 I 

2.7 3455 19~o-l 
3.7 3790 19.5 : 
3.7 3507 18.5 I 
3.6 3737 18.5 I ----, 
3.7 3676 16.8 I 



Table C-13 Indirect Tensile Test Results for Laboratory Hixed/Laboratory Co1pacted 
Hixtures Using Hodified Co•paction. 

i Type TEST AIR INDIRECT STRA!R SECANT RESILIENT PotssoN'sj 
I "IXTURE TE"P. VOIDS TENSILE AT HODULUS HODULUS RATIO I 
1 F t ·STRENGTH FAILURE KSI KSI I 
1 PSI t I 

:~c~on~f~ro~r:~s~h~a.~ro~c~k~Ac~-2~o--~39~--~7~.2~~3~7a~~o~.2r4--~31~6--~6~7~7--~o~.o-2: 
1 7.6 402 0.26 309 754 0.02 I 
1 7.1 416 0.33 254 842 0.05 I 
I ---- I 
1 AYG. 7.3 399 0.28 293 758 0.03 I 

I Fina AC-10 + 3\ Styrelf 39 7.0 447 0.42 215 476 0.08 I 
1 6.6 491 0.40 245 441 0.26 I 
I 7.0 464 0.40 2:5 821 0.12 I 

: AYG. 6.9 467 0.40 231 579 o:is l 
l Fina AC-10 + 3\ 01101 39 7.2 409 0.40 204 508 0.28 : 
1 7.4 416 0.40 207 859 0.04 I 

Fina AC-10 + 6\ 01101 

i 
I Control: s~.mock A~-lQ. 
i 
i 
I 
I 

l Fina AC-10 + 3\ Styrelf 
I 
I 

Fina AC-10 + 3\ 01101 

Fina AC-10 + 6\ 01101 

7.3 418 0.42 201 816 0.18 I 
··-· I AVG. 7.3 

39 7.3 

77 

71 

77 

77 

7.2 
6.5 

AVG. 7.0 

7.6 
7.5 
7.1 

AVG. 7.4 

7.0 
6.1 
6.8 

AVG. 6.6 

6.9 
7.5 
7.0 

AVG. 7.1 

AVG. 

7.0 
7.1 
7.0 

7.0 

414 

298 
291 
268 

286 

88 

125 
133 
112 

123 

98 
101 
96 

98 

eo 
72 
87 

eo 
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0.41 

1.04 
1.01 
1.04 

1.03 

0.96 

o.e8 
0.87 

1.79 
1.72 
1.77 

1.76 

!.92 
1.82 
1.87 

!.84 

3.38 
3.40 
3.35 

3.38 

204 

57 
57 
51 

55 

21.! 

19.0 

20.1 

13.9 
15.4 
12.6 

14.0 

~0.8 
11.1 
10.2 

10.7 

4.8 
4.2 
5.2 

4.7 

728 0.17 I 

628 0.16 l 
625 0.18 I 
465 0.29 I 

---- I 
573 

377 
286 
274 

0.21 I 

~ .10 : 
0.21 I 
0.22 i 

313 o~i8 : 
232 0.24 : 
272 0.19 I 
258 0.20 I 

254 

170 
218 
276 

221 

---- I 
0.21 I 

0.39 : 
0.22 I 
0.12 I 

o:2; : 

.n ~·~5 : 
120 o:29 l 
98 o:;i : 



Table C·13 (Continued) 
I TEST AIR 1Ab1RECf sTRAIN SECANT RESIL!ENf POtssoR'Si I KIXTURE TEMP. VOIDS TENSILE AT MODULUS KODULUS RATIO 1 I 
I F t STRENGTH FAILURE KSI KSI I 
I PSI \ I l Control: Sha1rock AC-20 104 6.5 28 1.25 4.4 167 6.26 1 

6.3 27 1.29 4.1 121 0.16 I I 7.5 25 1.26 4.0 122 ~~:: I I 
I AYG. 6.8 27 1.27 4.2 117 I 
I 0.26 I 

I Fina AC-10 + 3t Styrelf 104 6.5 43 2.32 3.7 57 I 0.58 I 
6.7 45 2.26 4.0 66 0.50 I I 6.9 39 2.27 3.4 59 0.54 I I 

I 
......... ---- ·--- I 

I AYG. 6.7 42 2.28 3.7 60 0.54 I 
I Fina AC·10 + 3t 01101 104 7.2 31 2.41 2.6 45 I 
I 0.59 I 

7.1 33 2.47 2.6 53 0.51 I I 7.4 30 2.58 2.3 56 ~:~~ I I ---- ----I AYG. 7.2 31 2.49 2.5 51 I 
I 0.51 I 
I Fina AC·10 + 6\ 01101 7.5 28 3.90 1.4 31 I 
I 0.63 I 
I 6.9 28 3.64 1.5 57 0.26 I 
I 7.1 29 4.00 1.5 49 ~:=~ I ---- ----I AYG. 7.2 28 3.85 1.5 46 I 
I 0.40 I 

i 
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Table C-14 Indirect Tensile Test Results for Laboratory Mixed/Laboratory Co1pacted 
Kixtures Using Standard Co;paction. 

' TEST AIR INDIRECT STRAIN SEC ARt RESIL!Ekf POISSON's' I 
I 11IXTURE TEHP. · VOIDS TENSILE AT I!OOULUS 110DULUS RATIO 
I F ~ STRENGTH FAILURE KSI KSI 
I PSI ~ 

l Control: Sha1rock AC-20 39 3.2 516 0.18 567 976 0.20 
I 2.8 603 0.25 483 933 0.20 
I 2.8 587 0.22 525 1292 0.09 
I AVG. 2.9 569 0.22 525 1067 0.16 I 
: Fina AC·lO t 3~ Styrelf 39 2.4 666 0.44 301 1093 0.16 
I 2.0 715 0.47 305 974 0.15 I 
I 2.3 670 0.47 286 1029 0.25 I 
I AVG. 2.2 684 0.46 297 1032 

---- I 
I 0.19 I 
I Fina AC-10 t 3~ 01101 39 2.6 646 0.37 345 1182 I 
I 0.08 I 
I 2.9 602 0.35 345 775 0.11 I 
I 2.4 627 0.35 354 843 ~~=: I I AVG. 2.6 625 0.36 348 933 I 
I 0.17 I 
I Fina AC-10 + 6~ 01101 39 1.5 52! 0.92 113 692 I 
I 0.28 I 

1.7 S!S 0.96 !08 642 0.24 I 
! . 9 496 0.90 !09 655 ~~~= l ----j AVG. 1.7 512 0.93 1!0 663 I 

I 0.26 I 

l Conttol: Shamrock AC-20 77 3.0 122 0.92 26.6 321 0.!8 : 
3.3 120 0.82 - 355 0.22 i I 3.0 122 0.88 27.5 291 0.48 l i 

I AVG. 3.1 !21 0.87 27.1 319 
---- I 

I 0.30 I 

: Fi~a AC-10 + 3' Styrelf 77 2.2 175 1.59 22.0 301 I 0.34 l 
I 2.2 177 1.63 21.7 303 0.31 I 
I 1.9 177 1.72 20.6 283 0.36 l 
I AVG. 2.1 176 1.64 21.4 296 

---- I 
I 0.33 I 
I Fina AC-10 t 3~ 01101 77 3.1 167 1.25 26.7 293 l 
I 0.30 I 

2.8 171 1.17 29.1 322 0.30 I I 3.1 166 1.32 25.2 332 ~:=~ I I --·-I AVG. 3.0 168 1.24 27.0 316 I 
I 0.30 I 
I Fina AC-10 t 6~ 01101 77 2.0 132 2.44 10.8 195 I 
I 0.24 I 

1.9 140 2.34 12.0 160 0.40 I I 1.9 123 2.44 10.1 163 ~:=~ I I 

AVG. 1.9 132 2.41 10.9 169 l 0.32 l 
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Table C-14 (Continued) 
I TEST AIR INDIRECT STRAIN SECANT RESILIENT PO!SsoR'sj I 
I MIXTURE TEIIP. YO IOS TENSILE AT NODULUS NODULUS RATIO l 
I F ' STRENGTH FAILURE KSI KSI I 
I PSI ' I 
I Control: Shatrock AC·2o 104 2.4 38 1.25 6.1 to3 0.48 : 
I 3.0 37 1.24 6.0 99 0.44 I 
I 2.8 39 1.26 6.1 102 0.39 I 
I ---- ........ -··· I 
I AYG. 2.7 38 1.25 6.1 101 0.44 I 

I Fina AC·lO + 3' Styrelf 104 2.5 60 2.05 5.9 90 I 0.41 I 
I 2.2 62 2.18 5.7 88 0.52 I 
I 2.8 61 2.08 5.9 62 ~:~: I ----I AVG. 2.5 61 2.10 5.8 80 I 
I 0.53 I 
I Fina AC-10 + 3' 01101 104 3.1 56 2.08 5.3 61 I 
I 0.64 I 
I 2.7 59 1.87 6.3 90 0.45 I 
I 2.9 61 1. 94 6.2 62 ~::~ I ----I AYG. 2.9 58 1. 96 5.9 71 I 
I 0.60 I 
I Fina AC-10 + 6' 01101 2.3 so 3.74 2.7 68 I 
I 0.38 I 
I 2.2 so 3.41 2.9 67 0.47 I 
I 1.8 53 3.20 3.3 52 ~:=~ I I AYG. 2.1 51 3.45 3.0 62 I 0.46 I 
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Table C-15 Indirect Tensile Test Results for Plant "ixed/Laboratory Co1pacted 
"ixtures Using "odified Coapaction. 

i TEST AIR tNotRECf STRAIN SECANT RESiliENT PctssoN'sj I "IXTURE TE"P. YO IDS TENSILE AT "OOULUS "ODULUS RATIO I I F ~ STRENGTH FAILURE KSI KSI I I PSI ' I I l F1na AC-10 t 3t Styrelf 39 7.7 434 o.J7 232 584 I 
7.7 467 0.43 219 473 I 

I 7.6 456 0.41 224 459 I 
I I 
I ---- I 
I AYG. 7.7 452 0.40 ' 225 505 I 
I Fina AC-10 + 3\ 01101 39 6.7 426 0.42 202 915 I 
I 6.7 403 0.47 172 622 I 
I 6.7 411 0.47 175 654 I 
I ---- ---· I 
I AYG. 6.7 413 0.45 183 730 I 
i I 
I Fina AC-10 + 6\ 01101 39 6.7 404 0.77 105 638 I 
I 6.8 386 0.78 99 471 I 
I 6.8 387 0.76 101 621 I 
I I 
I AYG. 6.8 393 0.77 102 577 I 
I I l Fina AC·!O t 3\ Styrelf 77 7.7 141 1.23 22.9 219 I 

7.6 124 1.22 20.2 257 I 
7.7 140 1.16 24.0 313 I 

I ---- I AVG. 7.7 135 1.20 22.4 263 I 
Fina AC-10 t 3\ 01101 77 7.0 121 1.73 !4 .0 291 I 

I 7.1 118 1.60 14.7 199 I 6.8 115 1.83 12.6 223 I ........ ....... 
i AVG. 7.0 118 1.72 13.7 238 I 
I I 
I Fina AC-10 + 6\ 01101 77 6.5 116 1.79 12.9 149 I 
I 6.8 121 1.97 12.3 148 I 
I I 
I 6.8 111 2.08 10.6 202 I ----I AVG. 6.7 116 1.95 11.9 166 ' I I l Fina AC-10 t 3\ Styrelf 104 7.7 45 1.69 5.3 101 I 0.26 I 

7.4 46 1.68 5.5 139 0.13 I 
7.5 49 !.77 S.5 131 0:~:.1 

AVG. 7.5 47 1.71 5.5 124 0.2! : 

Fina AC-10 t 3\ 01101 104 7.0 38 2.09 3.7 83 I 0.28 I 
6.5 40 2.17 3.7 72 0.49 I 
6.9 37 2.31 3.2 117 0.25 I 

AVG. 6.8 39 2.~9 3.5 91 
----1 

0.34 I 

Fina AC-10 + 6\ 01101 104 6.4 41 2.69 3.1 57 I 0.38 I 
6.3 43 2.49 3.5 65 0.34 I 
6.5 43 2.76 3.1 63 0.44 ' ....... .. ... ----1 

AVG. 6.4 43 2.65 3.2 61 0.39 I 
I 
I 

330 



Table C-16 Indirect Tensile Test Results for Plant "ixed/Laboratory Co1pacted 
"ixtures Using Standard Co1paction. 

I TEST AIR INDIRECT STRAIN SECANT REsiLIENT PoissoR'si I 
I "IXTURE TE"P. VOIDS TENSILE AT "ODULUS "OOULUS RATIO I 
I F ' STRENGTH FAILURE KSI KSI I 
I PSI ' I 
J f1na At-Io + 3t Styrelf 39 3.8 659 o.Ji 422 855 I 

3.8 637 0.33 388 1042 I 
I I 
I 3.9 644 0.28 458 758 I 
I ---- I 
I AVG. 3.8 647 0.31 423 885 I 
I Fina AC-10 + 3\ 01101 39 2.6 614 0.28 437 682 I 
I 
I 2.4 636 0.34 370 1188 
I 2.9 638 0.36 350 938 
I ----
I AVG. 2.6 630 0.33 386 936 i 
I fina AC-10 t 6' 01101 39 3.3 495 0.68 146 765 I 
I I 
I 3.4 539 0.70 153 602 I 
I 3.5 527 0.84 126 516 I 
I AVG. 3.4 520 0.74 142 628 I 
I I 
l fina AC-10 + 3' Styrelf n 3.7 213 1.17 36.4 363 I 

3.7 210 0.00 494 I 
I I 
I 3.9 208 1.09 38.0 423 I 
I ---- I 
I AVG. 3.8 210 0.75 37.2 427 I 
I fina AC-10 + 3\ 01101 n 2.7 204 1.25 32.6 382 I 
I 2.6 203 1.24 32.8 357 I 
I I 
l 2.4 196 1.19 32.8- 167 I 
I AVG. 2.6 201 1.23 32.7 302 I 
I I 
I Fina AC-10 + 6\ 01101 n 3.4 171 1.82 18.8 226 I 
I I 
I 3.3 165 1.87 17.6 197 I 
I 3.5 162 ! .81 17.8 179 I 
I ---- I 
I AVG. 3.4 166 1.83 18.1 200 I 

l fina AC-10 + 3\ Styrelf 104 4.0 75 1.63 9.2 122 I 0.33 I 
I 3.8 72 1.37 10.6 179 : I 3.7 75 1.53 9.8 128 I ---- ---- I 

AVG. 3.8 74 1.51 9.9 143 I 0.33 I 

fina AC-10 + 3\ 01101 104 2.5 73 1.78 8.1 124 I 0.27 I 
2.7 72 1.72 8.3 115 0.39 I 
2.9 73 1.67 8.8 123 ~~:: I ----

AVG. 2.7 73 1.72 8.4 121 I 0.30 I 

Fina AC-lO + 6' 01101 3.5 60 2.49 4.8 79 I 0.41 I 
3.5 60 2.13 5.7 88 0.28 I 
3.5 60 2.62 4.6 83 0.39 I ---- ---- I 

AVG. 3.5 60 2.41 5.0 84 0.36 I 
I 
I 
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Table C·17 Alpha and Gill Parueters for Laboratory Hixedllaboratory t~acted Hixtures. 
I fESt AIR CbAO AlJ5HA Ea=lH ) R·SOOR i I lrtllft~I ftSILIEH 600 
I HIXTIJ!E TEIF. VOIDS LBS TENSILE STRAIN -.............. FOR 

I F ' STRESS IN/IN s LOO( I} Ea= nrs I 
I PSI I 
! Control: Si'iiWOCR At-20 77 7.3 195 13.0 5.2£:05 0.3486 6.1666 0.6514 ·4.8761 0.995 : I 6.8 195 13 .2 5 .2E -o5 o.mo 0.2000 0.6070 -4.7661 I ------ --- --- _,.. __ 0.993 I 
I AYG. 7.1 195 13.1 5.2E-QS 0.3708 0.1833 um -4 .8211 I 
I I 
I Fina At-10 t 3% Styrelf n 7.5 271 18.3 8 .1E-Q5 0.4424 0.5312 0.5576 ·4.1147 0.9971 
I 6.6 271 18.4 B.lE-QS 0.5039 0.3732 ~~~ -u::~ o.m 1 --- ----I AYG. 7.1 271 18.3 8.1E-o5 0.4732 0.4522 0.5269 ·4.1660 I 
I I 

Fina AC-10 t lt Dll01 77 7.3 215 14.5 6.se:-o5 0.3998 0,3732 0.6002 -4.3934 I 0.995 I 
7.5 215 14.4 UE·OS 0.3514 0.3197 0.6486 ·4.4943 0.991 I ------ --------- ---

AVG. 7.4 215 14.4 UE-QS 0.3756 0.3465 0.6244 ·4.4439 I 
I 

Fina AC-10 t ~ D1101 n 7.6 175 11.6 1.1E·04 0.5250 0.8722 o.4750 -3.7083 o.993 1 
6.5 175 11.6 1.1E-Q4 0.4910 0.3749 0.5090 ·4.1050 0.995 I ---- ------- 0.4920 =3.9067 1 AVG. 7.1 175 11.6 1.1E-Q4 0.5080 0.6236 

I 
I 

Table C-18 Alpha and G11.1 Para.eters for Plant "ixedllaboratory Coapacted "ixtures. 
I TEST AIR LOAD INDIRECT RESILIEN ALPHA GffJ Ea= IN' s R-SCJl i I "IXME TE!f. VOIDS LBS TENSILE STRAIN ----··-··· FOR I F ' STRESS IN/IN s LOO( I) Ea=IN"sl I PSI I I 

: hna AC-10 + 3t Styrelf 77 7.6 292 19.1 7.8£:05 0.4283 0.3920 0.5717 -4.2718 o. m 1 
I 7.8 292 19 .o 7 .BE-o5 0.4171 0.2756 ~~ ~ o.m 1 . ---- ----- -- ------ ---I AYG. 7.7 292 19.1 7 .BE-o5 0.4227 o.:ma o.5m ·4.3525 I 
I I 
I Fina AC-10 + 3\ D1101 77 6.8 270 17 .s 8.6E-o5 0.4018 0.3584 0.5982 ·4.2890 0. 997 : I 6.6 270 17.7 8.3E-o5 0.4124 0.2327 0.5876 =~~~~ 0.981 I ---- ---- ---------- ---

AYG. 6.7 270 17.6 e.sE -o5 0.4071 0.2955 0.5929 -4.3856 I 
I 

Fir~ AC·lO t 6' 01101 n 6.4 259 17.1 1.2E-Q4 0.4042 0.2962 0.5958 ·4.2'353 0.991 l 
6.8 260 17.1 1. 2E -Q4 0.5000 0.4103 o.sooo -4.0ln 0.994 I ------ ----- -----

AYG. 6.6 259 17.11.2E-Q4 0.4521 0.3533 0.5479 ·4.1265 I 
I 
I 
I 
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lable C-19 Fati~e Parueter Values for Laboratory "ixedllaboratory COIPacted Hixtures. 

j TEST AIR lbllb lfll!RECt STATIC lNITIIt LOAD FATIGII tMStANT R·SQUR i 
KIXME TElf. VOIDS LSS TENSILE lroJ..US STRAIN CYCLES • .... -·· F~ 

I F \ STRESS KSI IN/IN K1 K2 Hf=K1( 1/EIIix )1 1
1 I PSI I 

: control: SHIWOCK At-20 7i 7.3 195 13.o 109 1.2£'"04 nooo 1.72£"08 3.27 o.96 ~ 
I 6.8 195 13.2 109 1.2E·04 140220 I 
I 7.0 320 21.5 109 2 .0£·04 18000 I 
I 6.6 325 22.2 109 2.0£·04 37500 I 
i 6.9 646 44.1 109 4.0£-04 2329 I 
I 7.3 646 43.2 109 4.0£-04 1806 I 

I fina AC-10 + 3t Styrelf n 7.5 271 18.3 102 l.BE-04 19200 1.59£-07 3.02 0.94 : 
I 6.6 271 18.4 102 1.8E.04 59400 I 
I 6,7 451 30. ~ 102 3.0£.04 8735 I 
I 7.2 454 30.: 102 3.0€·04 5760 I 
I 7.0 900 60.: 102 5.9E.04 837 I 
I 6.4 900 61.1 102 6.0E-04 975 I 

l Fina AC-10 + 3t 01101 77 7.3 215 14.5 78 1.9£-04 29600 2.39£.07 2.98 0.99 ~ 
I 7.5 215 14.4 78 1.8E.04 28800 I 
I 7.0 360 24.2 78 3.1E.04 8000 I 
I 7.2 360 24 .2 78 3 .1E.04 7200 I 
I 7.5 703 ~.9 78 6.0E-04 lOOC I 
I 7.4 705 47.7 78 6.1E·04 750 I 

: Fina AC-10 + "01101 n 7.6 175 11.6 63 l.BE-04 18786 1.49£·07 3.03 0.10 l 
I 6.5 175 11.6 63 1.8€.04 73234 1 I 7.2 290 19.1 63 J.OE-04 4575 I 
I 6.9 290 19 .l 63 3.0E.04 5222 I 
1 6.8 ses 38.9 63 6.2t-04 1268 1 
I 7.6 590 38.9 63 6.~ 640 i 

---------------------------------------------------------------------------' 
Table C-20 Fati9.1e Parateter Values for Plant "ixedllaboratory COIPacted Mixtures. 

TEST AIR LOAD IltHRECT STAtiC tR!TIAt LOAO FATIGI1 CONSTANT R-SOUR i 
TEIIP. VOIDS LBS TENSILE t!OCUUS STRAIN CYCLES -------- FOR . 
F \ STRESS KSI rNI!N K1 K2 Hf=K1( 1/E!Iix )"K: 

l ~~ I 

:~Fl~na~M~-~ro~+~ft~st~yr~er~f~,~,-.~,.~6~3~2~~r~9.Tt~r~1oMI~.7~E-~oa--~I9"14~orr.~S*~~~7----z~.9~s----------~o.~gar: 
I 7.8 292 19.0 110 1.7E.04 21800 I 
I 7.2 513 33.2 110 3.0E-04 4130 I 
I 7.9 513 33.5 110 3.0£.04 7090 i 
I 7.3 1007 65.7 110 6.0E-04 539 I 
I 7.5 1012 65.9 110 6.0£·04 539 I 

l Fina AC-10 + ~ 01101 77 6.8 270 17.5 81 2.2E.04 16210 2.11E-o7 2.99 0.99 l 
I 6.6 270 17.7 81 2 .2E·04 19100 I 
I 6.7 442 28.9 81 3.6E.04 5310 I 
I 6.9 444 29.0 81 3.6E·04 4360 I 
I 6.9 864 56.3 81 7 .OE-04 600 i 
I 6.7 863 56.1 81 6.9E.04 513 I 

I Fina AC-10 + 6\ 01101 n 6.4 259 17.1 86 2.0E-04 18700 1.38E-o8 3.30 o. 99 : 
I 6.8 260 17.1 86 2.0£-04 26100 I 
I 6.6 438 28.9 86 3.4E-04 4600 I 
I 6 .8 434 28.5 86 3 .3E ·04 3160 I 
I 6.6 870 57.3 86 6.7E.04 420 I 
I 6.5 885 58.2 86 6.8€-04 380 I 

'---------------------------------------------------------------------------' 
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Table C-21 Creep Compliance Properties for Laboratory ~ixed/ 
Laboratory Compacted Mixture Using Modified Compaction. 

Log( I 
I 

MIXTURE TEMP. 01 SHIFT BETA I 
I 

F FACTOR) I 
I 
I 
I 

Control: SHAMROCK AC-20 60 2.18E-06 0.42 0.96 0.044 I 
I 

77 4.15E·06 0.52 I 
I 

90 4.96E-06 0.61 -0.40 I 
I 
I 
I 

Fina AC-10 t 3% Styrelf 60 3.53E-06 0.45 1.14 0.067 I 
I 

77 1.07E-05 0.48 I 
I 

90 3.01E-05 0.45 -0.87 I 
I 
I 
I 

Fina AC-10 t 3% 01101 60 2.44E-06 0.52 1.30 0.056 I 
I 

77 1.33E-05 0.45 I 
I 

90 2.77E·05 0.38 -0.45 I 
I 
I 
I 

Fina AC-10 + 6% 01101 60 9.45E·06 0.43 1.05 0.048 I 
I 

77 2.99E-OS 0.39 I 
I 

90 5.92E-OS 0.31 -0.46 I 
I 
I 
1 

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

Log( 
MIXTURE TEMP. 01 m SHIFT BETA 

F FACTOR} 

Fina AC-10 t 3\ Styrelf 60 2.94E-06 0.38 1.91 0.075 
77 1.49E-OS 0.39 
90 2.56E-05 0.36 -0.50 

Fina AC-10 t 3% 01101 60 4.27E-06 0.38 1.36 0.056 
77 l.lSE-05 0.45 
90 1.75E-05 0.45 -0.41 

Fina AC-10 t 6% 01101 60 5.60E-06 0.38 0.93 0.047 
77 1.76E-05 0.29 
90 2.51E-05 0.28 -0.51 
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Table C-23 Creep Co1pliance of Laboratory Mixed I Laboratory Coapacted Mixtures Using 
Modified Coapaction. 

TitlE TOTAL TENSILE 'TENSILE TitlE TOTAL TENSILE TENSILE 
SEC. HORIZONTAL STRAIN CREEP SEC. HORIZONTAL STRAIN CREEP 

DEFORMATION IN/IN COMPLIANCE DEFORMATION IN/IN COMPLIANCE 
IN IN"21LB IN IN"21LB 

SHAtiROCK AC-20 SHAMROCK AC-20 
TEST TEMP : 60 I ZIGKA : 10.122 PSI TEST TEtiP = 60 I ZIGKA : 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-05 3.58E·06 
3.2 1.39E ·04 7.23E·OS 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 2.77E-04 1.44E-04 7.10E-06 18.0 2 .19E -04 1.14E-04 5.59E·06 
31.6 3.53E-04 1.84E -04 9.07E-06 31.6 2.29E-04 1.19E-04 5.84E-06 
56.2 4.4SE-04 2.31E-04 1.14E·OS 56.2 2.SOE·04 1.30E-04 6.39E-06 

100.0 5.9SE-04 3.09E·04 l. 53E-05 100.0 3.20E-04 1.66E·04 8 .18E ·06 
177.8 8.20E·04 4.26E-04 2.11E-OS 177 .a 4.SOE·04 2.34E-04 1.15E-05 
316.2 1.10E ·03 5.72E-04 2.83E·OS 3!6.2 7.30E·04 3.80E-04 1.87E ·05 
562.3 l.SOE-03 7.78E·04 3.84E·05 562.3 1.12E·03 5.80E·04 2.85E·05 

1000.0 2.02E·C3 l.OSE-03 5.19E-OS 1000.0 1.48E ·03 7.70E-04 3 .78E·05 
1778.3 2.59!-13 !.3SE-03 6.65£-~ 1778.3 1.89£·03 9.93£-04 4.93E·OS 
3162.3 3.37E-03 1.7SE ·03 8.66E·OS 3162.3 2.SSE-03 !.33E-03 6.52E·OS 
3600.0 3.59E-03 1.86E·03 9.21E·OS 3600.0 2.69E·03 1.40E·03 6.87E·05 
7200.0 3.01E·03 l. 57E ·03 7200.0 1. 93E·03_ l.OOE-03 

SHAMROCK AC-20 SHAMROCK At-20 
TEST TEKP: 77 I ZIGKA =4.052 PSI TEST TEKP : 77 , ZIGMA = 4.037 PSI 
--------------------------------- ---------------------------------

1.0 5.75£-05 2.99E·OS 3.69E·06 1.0 S.SOE-05 4.42E-05 5.48E-06 
1.8 7.00E·05 3.64E-OS 4.49E-06 1.8 l.lOE-04 5.72E·05 7.09E-06 
3.2 9.50E·05 4.94E-05 6 .10E·06 3.2 1.33E -04 6.89E·05 8.54E·06 
5.6 1.33E·04 6.89E·05 S.SOE-06 5.6 1.85E·04 9.62E·05 1.19E-OS 

10.0 1.73E·04 8.97E-OS 1.11E·05 10.0 2.40E·04 1.25E-04 1.55E-05 
18.0 2.30E·04 1.20E-04 1.48E·OS 18.0 3.3SE·04 1.74E·04 2.16E-OS 
31.6 2.9SE·04 1.53E·04 1.89E -OS 31.6 ~.45E·04 2.31E·O~ 2.87E·OS 
56.2 4.15E·O~ 2.16E-04 2.66E·OS 56.2 5.75E·04 2.99E-04 3.70E-05 

100.0 6 .lOE-04 3.17E-04 3.91E·05 100.0 7.3SE-04 3.82E-04 4 .73E·OS 
177.8 8.55E·04 4.45E-04 5.49E·05 177.8 1.03E-03 5.36E·04 6.63E·OS 
316.2 1.23E·03 6.37E-04 7.86E-OS 316.2 1.40E·03 7.26E·04 8.99E-05 
562.3 1.75E·03 9 .lOE-04 1.12E·04 562.3 1 .76E -03 9 .lSE-04 1.13E·04 

1000.0 2.36E·03 1.23E·03 !.SlE-04 1000.0 2.56E·03 l.33E ·03 1.6SE-04 
1778.3 3.0!E·03 1.57E -03 1. 93E·04 1778.3 3.47E·03 !.80E-03 2.24E-04 
3162.3 3.64E-03 1.89E·03 2.33E·04 3162.3 4 .i9!:03 2.44E·C3 3.02E·04 
3600.0 4.10E-03 2.l3E·03 2.63E·04 3600.0 S.02E·03 2.61E·03 3.23E-04 
7200.0 3.80E·03 1.98E-03 7200.0 4.5SE-03 2.36E-03 
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Table C-23 (Continued) 

Till£ TOTAL TENSILE TENSILE T!~E TOTAL TENSILE TENSILE 
SEC. HORIZONTAL STRAIN CREEP SEC. HORIZONTAL STRAIN CREEP 

DEFORMATION IN/IN COMPLIANCE DEFORMATIO~ IN/IN COMPLIANCE 
IN IN"2/LB IN IN"2/L9 

SHAMROCK AC-20 SHAMROCK AC-20 
TEST TEMP : 90 , ZlGMA : 0.830 PSI TEST TEMP : 90 , ZIG"A : 0.8S3 PSI 

--------------------------------- ----·----------------------------
1.0 1.60£-05 8.32£·06 5.01£·06 1.0 1.30£-05 6.76E·06 3.96£-06 
1.8 2.75£·05 1.43E·05 8.62£·06 1.8 1.85£·05 9.62£·06 5.64£·06 
3.2 3.45E·C5 1.79£-05 1.08£·05 3.2 2.50E·05 1.30£-05 7.62£·06 
5.6 5.00E·OS 2.60£-05 1.57£-05 5.6 3.75£-0S 1. 95E·OS 1.14E·05 

10.0 6.SOE-OS 3.38E·OS 2.04£-05 10.0 5.10E-05 2.65£-0S 1.5SE -OS 
18.0 9.50£-05 4.94£-05 2.98£-05 18.0 7.65£-05 3.98£·05 2.33£-0S 
31.6 1.53£-04 7.93£·05 4.78£·05 31.6 1.20£·04 6.24£·05 3.66£-0S 
56.2 2.60£·04 1.3SE-04 8.1SE·05 56.2 1.80E·04 9.36£ ·OS 5.49£·05 

100.0 4.15£·04 2.16£ ·04 1.30£·04 100.0 2.51£-04 1.31£·04 7.65£-0S 
177.8 6.00£-04 3.12£·04 1.88£-04 177.8 3.55£·04 l.BSE-04 1.08E·04 
316.2 8.00£·04 4.16E·04 2.51£-04 316.2 4.60£-04 2.39£·04 1.40£·04 
562.3 1.10£·03 5.72£·04 3.45E·04 S62.3 6.75£·04 3.51£-04 2.06£-04 

1000.0 1.40£-03 7.28£-04 4.39£-04 1000.0 9.25£-04 4.81£-04 2.82£·04 
1778.3 l.58E-03 8.19£-04 4.93£-04 1778.3 1.17£-03 6.06£-04 3.55£-04 
3162.3 1.94£-03 1.01£·03 6.06£·04 3162.3 l.62E-03 8.40£-04 4.92£-04 
3600.0 1. 9SE-03 1.01£-03 6.11£-04 3600.0 1.85£ ·03 9.60£-04 5.62E-04 
7200.0 1.95£-03 1.01£-03 7200.0 1.81£-03 9.39£-04 

FINA AC-10 + 3~ STYRELF FINA AC-10 + 3\ STYRELF 
TEST TE~P = 60 , ZIGMA : 12.292 PSI TEST TE"P = 60 , ZIGMA = 12.197 PSI 
--------------------------------- ---------------------------------

1.0 1.65£ ·04 8.58£-05 3.49£-06 1.0 1.65£-04 B.S8E-05 3.52£-06 
1.8 2.20£-04 1.14£-04 4.65£·06 1.8 1. 95E ·04 1.01E-04 4. ~6£-06 
3.2 2.70£-04 1.40£-04 ·s.71E·06 3.2 2.15£-04 1.12£·04 4.S8E·06 
5.6 3.90£·04 2.03E·04 8.25£-06 5.6 3.08£-04 1.60E-04 6.S6E·06 

10.0 S .10E-04 2.6SE·04 1.08£-0S 10.0 3.90£-04 2.03£·04 8.32E·06 
18.0 6.B3E·04 3.55£-04 1.44£·05 18.0 S.5SE-04 2.89£-04 1.18£-05 
31.6 8.8SE-04 4.60£·04 1.87£-05 31.6 7.90£·04 4 .l!E-04 1.68£ ·OS 
56.2 1.19£·03 6.16£-04 2.51£-05 56.2 1.11E·03 5.7SE-04 2.36£·05 

100.0 1.52£-03 7.88£-04 3.2!£·05 100.0 1.48£-03 7.70£-04 3.16£-05 
177 .B 1.89£-03 9.80£-04 3.99£-05 177.8 1.88£-03 9 .78£·04 4.01£-0S 
316.2 2.37£-03 1.23£-03 5.00£-05 316.2 2.41E-03 1.25E·03 5.13E-05 
562.3 2.90E-03 l.SlE-03 6.12£-0S 562.3 3.07£-03 1.60E-03 6.S5E-05 

1000.0 3.52E-03 1.83E-03 7.44£-05 1000.0 3.82E-03 1.99E·03 8 .14E-05 
1178.3 4.23E-03 2.20£-03 8.94£-05 1778.3 4.79£-03 2.49E-03 1.02£ ·04 
3162.3 5.28E·C3 2.74E·03 1.12E·04 3162.3 S.97E-03 3 .10E-C3 1.27:·04 
3600.0 5.53£·03 2.87E·03 1.17E·04 3600.0 6.29£-03 3.27E·03 1.34£·04 
7200 .c 4.49£-03 2.33E-03 7200 .o S.37E-03 2.79E-03 
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Table C·23 (Continued) 

TIHE TOTAL TENSILE TENSILE TIHE TOTAL TENSILE TENSILE 
SEC. HORIZONTAL STRAIN CREEP SEC. HORIZONTAL STRAIN CREEP 

DEFORMATION IN/IN COMPLIANCE OEFORHA TION IN/IN COMPLIANCE 
IN IN"2JL9 !N IN"2JLB 

FINA AC-10 t 3\ STYRELF F!NA AC-10 t 3\ STYRELF 
TEST TEMP : 77 I ZIGHA : 5.756 PS! TEST TEMP : 77 I ZIGHA : 5.783 PSI 
·-------------------------------- ---------------------------------

1.0 1.35E·04 7.02E·OS 6 .10E·06 1.0 2.00E·04 l.04E·04 8.99E·06 
1.8 2.50E·04 1. 30E·04 1.13E·OS 1.8 3.00E·04 1.56E·04 1.35E·OS 
3.2 3.50E·04 1.82E ·04 1.58E·05 3.2 3.8SE·04 2.00E·04 1.73E ·OS 
5.6 S.55E-04 2.89E·04 2.51E·OS 5.6 5.60E·04 2.91E-04 2.52£-05 

10.0 8.05E-04 4.19E·04 3.64E·OS 10.0 7.35E-04 3.82E·04 3.31E-OS 
~8.0 1.26E·03 6.53E·04 5.67E·OS 18.0 1.02E -03 S.31E-04 4.59E-OS 
31.6 1.80E-03 9.36E-04 8.13E-05 31.6 1.3SE ·03 7.02E·04 6.07E-OS 
56.2 2.43E·03 1.26E-03 1.10E-04 56.2 1.7SE-03 9 .08E -04 7.85E·OS 

100.0 3.08E-03 1.60E -03 1.39E -04 100.0 2.25E·03 1.17E-03 1.01E-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 4.5SE-03 2.37E-03 2.06E-04 316.2 3.49E-03 1.81E·03 1.57E·04 
562.3 6.00E-03 3 .12E-03 2 .71E-04 562.3 4.30E·03 2.24E-03 1.93E·04 

1000.0 7.30E-03 3.80E-03 3.30E-04 1000.0 5.30E·03 2 .76E·03 2.38E·04 
1778.3 8.SCE-03 4.42E-03 3.84E-~4 !77S.3 6.65:·03 3.46E-03 2.99E-04 
3162.3 l.OSE-02 ~-03 4.72E-04 3162.3 8.60E·03 4.47E·03 3.87E-04 
3600.0 l.11E ·02 5.77E·03 5.01E-04 3600.0 9 .lSE -03 4 .76E ·03 4.11E·04 
7200.0 l.OOE-02 5.20E-03 7200.0 8.13E-03 4.23E-03 

FINA AC-10 + 3\ STYRE~F FINA AC-!0 t 3\ STYRELF 
TEST TEHP : 90 , ZIGKA : 0.880 PSI TEST TEKP = 90 , ZIGHA : 0.881 PSI 
--------------------------------- ---------------------------------

1.0 S.OOE-05 4.16E-OS 2 .36E-OS 1.0 9.SOE-OS 4.94E-OS 2.80E-OS 
1.8 1.15E-04 S.98E-OS 3.40E-05 1.8 1.40E·04 7.28E·OS 4.13£-05 
3.2 1.50E·04 7.80E-05 4.43E-OS 3.2 1.80E -04 9.36E·OS S.31E-OS 
5.6 2.08E-04 1.08E ·04 6.1SE·OS 5.6 2.S5E-04 1.33E·04 7.53E-OS 

10.0 2.68E·04 1.39E-04 7 .90E·OS 10.0 3.30E·04 U2E-04 9.74E-05 
18.0 3.48E-04 1.81E·04 1.03E-04 18.0 ¢ .3SE -04 2.26E·04 1.28E·04 
31.6 4.56E·04 2.37E-04 1.35E -04 31.6 S.62E-04 2.92E-04 1.66E-04 
56.2 6.2SE-04 3.2SE-04 1.85E·04 56.2 6.8SE·04 3.56E·04 2.02E-04 

100.0 8.75£-04 4.SSE-04 2.59E·04 100.0 8.95E·04 4.6SE-04 2.64E-04 
!77 .8 1.18E-03 6 .llE ·04 3.47E·04 :77.8 1.23E -03 6.40£·04 3.~3E·04 . 
316.2 1.53E ·03 7.96E-04 4.52E-04 316.2 1.65E -03 e .S8E-oc (.97E·04 
562.3 2.03E-03 l.OSE-03 5.98E-04 562.3 2.03E-03 1.06E·03 5.99E·04 

1000.0 2.51E·03 1.31E-03 7.42E·04 1000.0 2.42E-03 1.26E -03 7 .13E -04 
1778.3 2.97E-03 1.54E -03 8.76E·04 1778.3 2.87E-03 1.49E·03 8.47E-04 
3162.3 3.45;·03 1.79E ·03 1.02E ·C3 3162.3 3.40E·CJ 1.77E-03 LOOE-03 
36c~.o 3.S8E-03 !.86£-03 l.06E-03 ~600.~ 3.5SE-~3 l.eSE-03 !.OSE-03 
7200.0 3.39E-03 l.76E·03 7200.0 3.4!E·C3 1. 77E-03 
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Tab!e C-23 (Continued) 

· Tl~E TOTAL TENSILE TENSILE TIME TOTAL TENSIL: TENSILE 
SEC. HORIZONTAL STRAIN CREEP SEC. HORIZONTAL STRAIN CREEP 

DEFORMATION IN/IN COI!PLIANCE· OEFORI!ATION IN/IN COI!PLIAHCE 
IN IN"21LB IN IH .. 2/LB 

FINA AC·10 + 3\ KRATON 01101 FIMA AC·10 t 3\ KRATOM 01101 
TEST TEMP : 60 I ZIGI!A : 10 .63·4 PSI TEST TEI!P : 60 I ZIG"A : 10.523 PSI 
--------------------------------- ---------------------------------

1.0 7.00E·05 3.64E·OS 1.71E·06 1.0 1.20E·04 6.24E·05 2.97E·06 
1.8 l.OSE ·04 5.46E-OS 2.57E·06 1.8 l.SSE-04 8.06E·OS 3.83E-06 
3.2 1.30E·04 6 .76E ·OS 3.18E·06 3.2 1.90E-04 9.88E·OS 4.70E·06 
5.6 2.03E·04 l.OSE ·04 4.95E·06 5.6 2.75E·04 1.43E-04 6.80E·06 

10.0 2.74E·04 1.42E·04 6.69E·06 10.0 3 .75E-04 1.9SE·04 9.27E·06 
18.0 3.95E-04 2.05E·04 9.66E·06 18.0 S.OOE-04 2.60E-04 1.24E·OS 
31.6 S.6SE·04 2.94E-04 1.38E·05 31.6 6.50E-04 3.38E·04 1.61E·OS 
56.2 7.38E·04 3.84E-04 1.80E ·OS 56.2 8.80E-04 4.58E·04 2.17E·05 

100.0 1.13E·03 5.95E-04 2.7SE·05 100.0 1.24E ·03 6.42E·04 3.05E·05 
177.8 1.52E·03 7.88E·04 3 JOE ·OS 177.8 1.74E·03 9.CSE-04 4.30E·OS 
316.2 2.08E·03 1.08E·03 5.07E-OS 316.2 2.39E·03 1.24E·03 5.89E-OS 
562.3 2 JOE-03 1.40E-03 6.60E·05 562.3 3.23E·03 l.~BE-~3 7.97E-05 

1000.0 3.44E·03 1.79E -03 8.40E·OS 1000.0 3.84E-03 1. 99E·03 9.48E-OS 
1778.3 4.33E·03 2.25E-03 l.06E·04 1778.3 4.53E·C3 2.:m-o3 ~.!2E·04 
3162.3 5.37E·03 2 .79E ·03 1.31E-04 3162.3 5.63E·C3 2.93E-03 :.39E·04 
3600.0 5.67£·03 2.95E-03 1.39E·04 3600.0 5.93E·03 3.08E-:3 1.46E-04 
7200.0 4.65E-03 2.42£-03 7200.0 S.OBE-03 2.64E-03 

FINA AC·lO + 3t KRATON 01101 F!MA AC-10 t 3t KRATON 01101 
TEST 'E~P: '' I ZIGMA =4.613 PS! TEST !E~P = '' I Z!G~A = 4.581 PSI 
--------------------------------- ---------------------------------

1.0 1.40E ·04 7.28E-05 7.89E·06 1.0 2.40E·04 1.25E·04 1.36E·OS 
1.8 2.30E·04 1.20E·04 1.30E-OS 1.8 3.30E·04 1.72:·04 l.B7E·05 
3.2 3.!SE-04 1.64E·04 1.78E·OS 3.2 4.40£-04 2.29E·04 2.SOE·05 
5.6 4.90E·04 2.S5E-04 2.76E·OS 5.6 S.6SE·04 2.94E·04 3.21E-05 

10.0 6.80E·04 3.54E·04 3.83E·05 10.0 7.25E-04 3 .i7E ·04 4.12E·OS 
18.0 9.SSE·04 4.97E·04 S.3BE·OS 18.0 9.SOE·04 4.94E·04 5.39E·OS 
31.6 1.33E·03 6.89E·04 7 .47E·OS 31.6 l.23E·03 6.37E·04 6.9SE·OS 
56.2 1.75E·03 9.!0E·04 9.87E-05 56.2 !.61E·03 8.3SE-04 9.1!E·OS 

100.0 2.24E-03 1.16E·03 1.26E·04 100.0 2.06E·03 1.07E:03 l.17E·04 
177.8 2.73E-03 1.42E·03 1.S4E·04 177.8 2.70E·03 1. 40E ·03 !.53E·04 
316.2 3.40£-03 1.77E·03 1. 92E·04 316.2 3.3SE·03 1.74E·C3 ~.90E-04 

562.3 4.18E·03 2.17E·03 2.3SE·04 562.3 4.23E-03 2.20E·C3 2.40E·04 
1000.0 5.03E·03 2.61E·03 2.83E·04 1000.0 S.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.S2E·03 3.85E·04 
3162.3 7.51E·03 3.91E-03 4.23E·04 3162.3 8.6SE-03 4.50£·C3 4.91E-04 
3600.0 7.89E·03 4.10E·03 4.45E·04 3600.0 9.1SE-03 4 .76E ·03 S.l9E-04 
7200.0 6.90E·03 3.59E·03 7200.0 8.13E·03 4.23E·03 
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Table C-23 (Continued) 

TII'IE TOTAL TENSILE TENSILE TIME TOTAL TENSILE TENSILE 
SEC. HORIZONTAL STRAIN CREEP SEC • HORIZONTAL STRAIN CREEP 

DEFORMATION . IN/IN COIIPliANCE OEFORIIA TI CN IN/IN COKPLIANtE 
HI IHA21LB IN !NA2/LB 

FINA AC·lO t 3\ KRATON 01101 FINA AC·lO t 3\ KRATON 01101 
!EST !E~P: 90 I ZIGIIA : 0.801 PSI TEST TEIIP : 90 I ZIGMA : 0.811 PS! 
---------·----------------------- ---------------------------------

1.0 S.50E-05 2.86E·C5 1.79E·OS 1.0 B.OOE-05 4.16E·OS 2.57E·OS 
1.8 S.25E·05 4.29E-C5 2.68E-05 LB 1.!5E·04 5.98E-05 3.69E·05 
3.2 1.02E ·04 5.28£·05 3.30E·05 3.2 l.SOE-04 7.8CE·05 4.8!!-~5 

5.6 l.SOE-04 7 .80E·05 4.87E-OS 5.6 2.05E·04 1.'7E·04 6.57E·C5 
10.0 1. 90E ·04 9.8BE·05 6.17£·05 !0.0 2.55E·04 1.33E-04 8.18E·05 
18.0 2.54E·04 1.32E·04 8.23E·05 !8.0 3.COE·04 1.56E·04 9.62E-CS 
31.6 3.25E·04 1.69£ ·04 1.06E·04 31.6 3.75E·04 1. 95E·04 1.20E-04 
56.2 4.05E·04 2 .llE-04 1.31E·04 56.2 4.70E-04 2.44E-04 1.51E-04 

100.0 5.13E-04 2.67E·04 1.66E ·04 100.0 5.95E·04 3.09E·04 1.91E·04 
177 .e 6.40E·04 3.33E·04 2.08E·04 :77.8 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 4.5SE-04 2.81E·04 
562.3 :.~OE-03 5.20E·04 3.25E·04 5&2.3 !.03E ·03 5.33E·04 3.29E·04 

1000.0 1.20E·03 6 .24E·04 3.90E·04 :ooo.o 1.18E ·03 6 .llE-04 3 .77E·C4 
!778.3 !.41£ ·03 7.33E·04 4.58E·04 ::'79.3 !.35E·C3 7.00E·04 4 .31E·04 
3162..+ !.67E·CJ 8.66~-c~ 5.41E·C4 3:62.3 l.53E ·03 7.93£-04 4.89E·C4 
3600.0 ! .73E·03 9.00E·04 5.62E·04 2600.0 !.SBE-03 8.!9E·04 5.05E·04 
7200.0 1.62E-03 8.43£·04 7200.0 1.54E·C3 7.98E-04 

fiNA AC-10 t 6\ KRATON 01101 F!NA AC-10 t 6\ KRATCN D1101 
TEST iEHP : 60 , ZIGMA = 7.433 PS! TEST TEMP; 60 , Z!S~A = 7.430 PSI 
-------------------------------·- -----------·---------------------

1.0 2.20E·04 1.14E·04 7.70E·06 1.0 2.50E·04 UOE-04 8.75E·06 
1.8 3. :o£-04 1.61£-04 1.08E·OS 1.8 3.6SE-04 1.90E·04 1.28E·OS 
3.2 3.70E·C4 L 92E·04 1.29£-05 J.2 4.50E·04 2.34E·04 !.SSE ·OS 
5.6 S.4SE·04 2.83£·04 1.91£-05 5.6 6.35E·C4 3.30E·C4 2.22E·05 

10.0 6.85E·04 3.56E-C4 2.40£·05 11\ 1\ .v.v 7.80£-04 4.06E-04 2.73E-C5 
18.0 9.25£·04 4.81E-04 3.24~·05 18.0 !.~SE-03 5.44£-04 3.66£·05 
31.6 1.22E·03 6.3SE·04 4.27E-05 31.6 1.41£-03 7.33E·04 4.94E·05 
56.2 l.59E·03 · 8.27E-04 5.56E-OS 56.2 L79E·C3 9.31E·04 6.27E·OS 

!00.0 2.~2E·C3 l.lOE·OJ 7.4CE-~S 100.0 2.2SE-03 1.19£ ·C3 7.98E·CS 
177.8 2.69E-03 1.40E·C3 9.39E-05 177.8 2.8BE-~3 1.50E·03 1.01E·04 
'3::.2 3.40E·03 1.77':.-03 1.!9E·04 316.2 3.S2::-c~ 1.83E·03 t.m:·o4 
56-2.3 4.39E·03 2.28£·03 1.54£·04 562.3 4.~SE-~3 2.~6E-~3 1.S2E·C4 

1000.0 5.48E·C3 2.85E·03 1.92E-04 10~0.0 !.33£-C3 2.77E·03 1.87E·04 
1778.3 6 .78E·03 3.52E·03 2 .37E·C4 !778.3 6.43£·03 3.34£-03 2 .2SE-04 
3!62.3 8.26E·03 4.30£-03 2.89E·04 3:~2.3 1 .e8:>c3 3.99E·03 2.69E-~! 

3600.0 B .63£·03 4. 49E ·.OL 3 .02E -04 :~:c.~ 8.C4E·C3 4. :eE -o3 2.8!£-04 
7200.0 6.80E·CJ 3.54E-C3 7200.0 6.77E·03 3.52E·03 
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Table C-23 (Continued) 

TIPIE TOTAL TENSILE TENSILE TIME TOTAL TENSILE rENSr~E 
SEC. HORIZONTAL STRAIN CREEP SEC. HORIZONTAL STRAIN CRE~~ 

OEFORHATION IN/IN COMPLIANCE DEFORMATION IS/!~ COPIP~IANC! 
IN IN ... 21LB IN INA2/LB 

F!NA AC-10 t 6t KRATON 01101 FINA AC-10 + ~t ~RATCN 0110! 
TEST TEMP = 77 I ZIGPIA =3.208 PSI TEST TEHP = 77 I Z!GMA : 3.311 PS! 
---·----------------------------- -----------~---------------------

1.0 3.SOE·04 1.82E-04 2.84E·OS 1.0 2.2SE-04 1.17E-04 t.m:-os 
1.8 S.OOE-04 2.60E-04 4.0SE-OS 1.8 3.25E-04 1.69E·04 2.SSE-OS 
3.2 6.35E-04 3.30E-04 S .lSE -OS 3.2 4.6SE·C4 2.m:-o4 3.6SE·OS 
5.6 8.8SE·04 4.60E·04 7.17E·OS 5.6 6 .7SE -04 3.51E-04 5.30E·OS 

10.0 1.14E·03 S.90E-04 9.20E·OS 10.0 8.60E-04 4.47E·04 6.7SE-OS 
18.0 1.51E-03 7.85E·04 1.22E-04 18.0 1.14E·03 S.93E·04 8.9SE·OS 
31.6 1.87E-03 9.73E-04 1.S2E-04 31.6 1. 49E·03 7 .72E·04 1.17E ·04 
56.2 2.26E-03 1.18E·03 1.83E-04 56.2 !.BBE-03 9.7SE·04 1.47E·04 

100.0 2.85E-03 t.48E ·03 2.31E-04 100.0 2.37E·03 1.23~ -03 :.86E·04 
177.8 3.4SE·03 1.79E-03 2.90E-04 177.8 2.92E·03 l.S2E·C3 2.29E·O~ 
316.2 4.03E·C3 2.10E-03 3.27E·04 316.2 3 JOE-03 1.92:-~3 2.91E·04 
562.3 4 .73E-03 2.46E·03 3.B3E-04 562.3 4.68E·03 2.43!-03 3.67:-04 

!000.0 5.S3E·03 2.87E-03 4.48E·04 1000.0 5.60!-03 2.9!!-03 4.40!-04 
~778.3 6.S2E-03 3.39E-03 S.28E·04 :778.3 6.6SE·03 3.46~-~3 S.22E-e4 
3!~2.3 1.68:-03 3.99!-03 6.22E-04 3!62.3 7.50!-03 3. 90:-~3- S .89E ·C4 
36CO.O 7.9SE·03 4.:3:·03 6.44E·04 36~~.0 7.8SE-~3 4.08~·03 6.!1E·04 
7200.0 6.88E-03 3.58E-03 7200.0 7.00E-03 J.ME-03 

~!~A AC-10 • '\ KRATON 0:10: F!NA AC-10 + 6% ~R~TCN ~!:01 
TEST TEMP : 90 I ZIGMA : 0.801 PSI rEsT TEMP : 90 I z:GMA : 0.818 PSI 
--------------------------------- ---------------------------------

1.0 1. 35E ·04 7.02E·OS 4.38E·OS l.O 1.70E-04 8.S4E·OS S.40E·OS 
1.8 1.90E-04 9.88E·OS 6.17E·05 1.8 2.!0E·04 l.09E·C4 6.68E-~5 
3.2 2.SOE·04 UOE-04 8 .12E-05 3.2 2.4SE·04 1.27E·04 7 .79E·OS 
5.6 3.40E·04 1.77E·04 l.lOE-04 5.6 3.lOE-04 1~6!E·C4 9.86E·05 

10.0 4.35E·04 2.26~·04 l.4!E-04 !~.0 3.58E·04 l.B~E-04 L14E·04 
18.0 5.60E·04 2.91E·04 !.82E·04 18.0 4.18E-04 2. ~7E·04 l.33E·04 
31.6 6.90E·04 3.59E·04 2.24E·04 3L6 5.25E·04 2 .73E ·04 1.67E ·04 
56.2 8.38E·04 4.36E·04 2.72E·04 56.2 5.8SE·04 3.04E-~4 1.86E·04 

100.0 l.OlE ·03 S.25E·04 3.28E·04 100.0 8.00E·04 4.16E·C4 2 .54E ·04 
!77 .8 !.23E·03 6 .37E ·04 3.98E-04 177.8 9.SOE-04 ~.94E-04 3.02E-C4 
316.2 1.44E·C3 7.49E·04 4.68E·04 316.2 1.09E·03 5.64£-04 3.4SE-~4 

562.3 l.67E·03 8.66E-04 S.41E·C4 562.3 1.l5E-~3 S.98E·C4 3.66E·04 
1000.0 1.87E·03 9.73E-04 6.07E-04 1000.0 1.28E·C3 6.63E·04 4.05E·04 
1778.3 2 .12E·03 l.lOE-03 6.87E·04 1778.3 1.46E ·03 7.59E-04 4.64E·04 
3162.3 2.34E·03 !.22E·03 7.60E·04 31~2.3 1. 69E·03 8.76E·Ot 5.36E·04 
3600.0 2.39E·03 1.24E-03 1 .74E·04 36CO.O 1.76E-C! 9 Hr.IIA ...... "'" S.6CE·C~ 

7200.0 2.23E·03 Ll6E·03 7200.0 1.69E-03 8.m·04 
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Table C-24 Creep Coapliance of Plant Mixed I laboratory Cospacted Mixture~ Using 
Modified Co1paction. 

TII'E TOTAL TENSILE lENSILE TIME TOTAL TENSILE TENSILE 
SEC. HORIZONTAL STRAIN CREEP SEC. HORIZONTAL STRAIN CREEP 

DEFOR~ATIOH IN/IN COMPLIANCE DEFORMATION IN/IN CO,.PLIAHCE 
IN IN~21LB IN !!1"2/L! 

FlNA AC·!O t 3\ STYRELF FINA AC-10 t 3\ STYRELF 
TEST TE~P : bO I Z!Gr.A : !0.073 PSI TEST TEMP : 60 I ZIG~A : 10.1SS PS! 
·--·--···------------------------ --------------·-----··----·------. 

1.0 l.SOE ·04 7.80E·OS 3.87E-06 l.SOE-04 7.80E·OS 3.84E-06 
! ~ e lJSE-04 9.1 OE·OS 4.52E·06 !.8 l.SSE ·04 8.0bE·OS 3.97E·06 
3.2 2.00E·04 1.04E·04 S.!6E·06 3.2 1.60E·04 8.32E·05 4.1CE-06 
5.6 2.40E-04 1.2SE-04 6.20E·06 S.6 l.bSE-04 8 .SBE·OS 4 .23E·Ob 

10.0 3.00E·04 l.SbE-04 7.7SE-06 10 1.7SE·04 9.10E·OS 4.48E·06 
!8.0 4.0SE·04 2.~1E·04 l.OSE·OS 18 1.90E·04 9.88E·OS 4.87E·06 
31.6 S.30E·04 2.76E·04 1.37E·OS 31.6 2.30E·04 1.20E·04 S.89E-06 
56.2 6.BOE·04 3.54E·04 1.76E·OS 56.2 2.SOE·04 1.30E ·04 b.40E·06 

!00.0 8.0SE·04 4.19E-O< 2.08E·05 100.0 3.30E·04 1.72E·04 8.45E·06 
177.8 9.70E·04 5.04E-04 2.SOE·OS 177.8 4.6SE·04 2.42E·04 1.19E ·05 
316.2 1.22E ·03 6.32E·O< 3.14E·OS 316.2 6.8SE·04 3.56E·04 1.7SE·OS 
562.3 1.61E·03 8.37E·04 4.16E·OS 562.3 l.OOE-03 S.20E·04 2.56E·OS 

!000.0 2.03E-03 1.06E ·03 5.24~·05 1000.0 1.32E ·03 b.84E-04 3 .37E·CS 
~778.3 2.44E·03 1.27E-~3 6.29E·OS :778.3 1.74E-03 9.05E·04 4.46E·CS 
3162.3 2.9SE·03 L53E·03 7.62E-OS 3162.3 2.1SE·OJ Ll2E-03 S.SlE-05 
3600.0 3.!0E-03 1.61E-03 S.OOE-05 3bCO.O 2.25E-03 1. !7E-03 5.76E·05 
7200.0 l. 95E·03 l.OlE-03 7200.0 l.OOE -03 5.20E·C4 

FI~A AC-10 + 3\ STYRELF FlNA AC-10 t 3\ STYRELF 
TEST TEMP= 77 , ZIGHA : 5.372 PSI TEST TEMP = 77 , ZIG~A : 5.372 PS! 
--------------------------------- ---------------------------------

1.0 2.20E-04 1.14E·04 1.06£-05 1 3.35E·04 1.74E·04 1.62E·OS 
LB 3.1SE·04 1.64E ·04 l.S2E-OS 1.8 USE-04 2 .llE-04 2.1SE-05 
3.2 4.10E·04 2 .l3E -04 1. 98E -OS 3.2 5.60E-04 2.91E-04 2.71E-CS 
5.6 5 .10E·04 2.6SE·04 2.m:-os 5.~ 7.0CE·04 3.64E·04 3.39E·OS 

10.0 6.30E·04 3.28E-04 3.0SE-OS 10 8.90E-04 4.63E·04 4.31E·OS 
!8.0 7.98E·04 4 .lSE ·04 3.86E·OS ~8 1.!7E-03 6 .09E·04 5.66E-OS 
3!.6 1.01E -OJ S.2SE·04 4.89E-CS 3!.6 ~.48E-03 7.70~·04 7.l6E·OS 
56.2 !.30E·03 6 .74E·04 6.m:-os 56.2 l.BSE-03 9.62!-04 8.96E-OS 

100.0 1.69E·03 8.76E·04 8.!6!·05 100.0 2.m:-o3 1. !.BE-OJ !.lOE-04 
!77.9 2.0SE·03 !.06E-03 9.90E-OS ~77 .8 2.77E·03 1.44E·03 1.34E·04 
3!6.2 2.SOE-03 1.30E ·03 l.2lE·04 3~6.2 3.34E·03 1.73E·03 1.61E·04 
562.3 3.12E·03 1.62E-03 1. SlE -04 562.3 3.9SE·03 2.05E·C3 1. 91E ·04 

1000.0 3.87E·C3 2.01E·03 !.87E·04 1000.0 4.8SE-03 2.52E-03 2 .3SE ·04 
1778.3 4 JSE-03 2.47£·03 2.3CE·04 1779.3 6.09E·03 3.!6E·03 2.9SE-04 
3!6~ .3 . .2.9SE-03 3.09E-03 2.ee:-o4 3~62.3 7.80£-03 4.06E-03 3 JBE -04 
3600.0 6.26E·03 3.2SE-03 3.C3E-04 3600.0 8.35E-03 4.34£·03 4. 04E ·04 

7200.0 6.8tE·03 3.54~-03 
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Table C-24 (Continued) 

TI!!E TOTAL TENSILE TENSILE TII'!E TOTAL TENS!LE TENS l'.E 
SEC. HORIZONTAL STRAIN CREEP SEC. HORIZONTAL STRAIN CREEP 

DEFORM A TIOH IN/IN COMPLIANCE DEFORMA TI CN IN/IN CO!IPLIANCE 
IN IN"'2/LS IN IN"'2JLS 

FINA AC-10 t 3~ STYRELF fiNA AC·lO t 3~ SrYRELF 
TEST TEKP: 90 I ZIGMA: 1.523 PSI TEST TE~P: 90 I ZIGKA: 1.574 PSI 
--------------------------------- ---------------------------------

1.0 1.55E·04 8.06E-05 2.65E·OS 1 l.OOE-04 5.20E·05 !.6SE·C5 
1.8 2.10E·04 1.09E-04 3.59E·05 1.8 1.30E:-04 6 .76E-05 2.!SE·05 
3.2 2.65E-04 1.38E-04 4.52E·05 3.2 1.6SE-04 8.58E-05 2.7JE-C5 
5.6 3.50E·04 1.82E·04 5.98E-OS 5.6 2.25E-04 !.l7E-04 3.72~·~5 

!0.0 4.50E-04 2.34E-04 7.68E·05 10 2.95E·04 1.53E-04 4.87E·OS 
18.0 5.7SE·04 2.99E-04 9.82E·OS 18 3 .75E·04 L95E·04 6.20E·05 
31.6 7.00E·04 3.64E·04 1.20E-04 31.6 S.OOE-04 2.60E-04 8.26E·OS 
56.2 8.50E·04 4.42E-04 1.45E·04 56.2 ~.!SE-04 3.20E·04 !.n:-o' 

100.0 l.OlE-03 5.25E·04 ~.72E·C4 100.0 7.8CE·04 4.06E·04 1.29E-C4 
!77 .8 1.18E ·03 6.14E·04 2.01E·04 !77 .8 9.85E-04 5.!2E·C4 1.63E-~4 
3!6.2 !.35E·03 7.02E·04 2.31E·04 3!6.2 1 .24E ·03 6.4SE-04 2.05E·C4 
562.3 l.53E·03 7.93E·04 2.~0E·04 562.3 !.S3E·03 7 .96E-04 2.S3E·C4 

lCCO.O 1.70E·03 8.84E·C4 2.90E·04 !000.0 1.m:-o3 9.52E·C4 3.02E·04 
!778. 3 l. 93E·C3 !.CCE·O~ 3.3CE·04 :ne.3 2.20E·03 1.!4E·03 3.6:E-04 
3162.3 2.40E-03 l.25E-C3 4.t0E-04 3l62.~ t .71t! -n : .42E·C3 4.52E-0' 
3600.0 2.SOE-03 1.3CE·C3 4.27E·04 3600.0 2.87E·03 !.49E·03 4.74E·04 
7200.0 2 .10E·03 1.09E -03 7200.0 2.UE·03 !.27E·03 

FJNA AC·!O t 3~ ~RATCN 01101 CJNA AC-!0 • 3\ KR~T~~ ~1101 
TEST TEHP = 60 I ZIGHA ~ 7.496 PSI TEST TE~P = 60 , ZIS~P : 10.143 PS! 
--------------------------------- ---------------------------------

l.C 1.4SE·04 7.54E·OS 5.03E-06 2.0CE-04 1.04~·04 5.13E -06 
1.8 1.70E·04 8.84E·OS 5.90E·06 1.8 2.30E·04 1.20E·04 S.90E·06 
3.2 2 .CSE·04 · 1.07E -04 7 .llE-06 3.2 2.6SE·04 1.38:·04 6.79E-06 
5.6 2.40E·04 1.2SE-04 8.33E·06 5.6 2.9SE·04 !.S3E·04 7 .S6E·06 

10.0 2.80E·04 1.46E·04 9.71E·06 </I 3.60E·04 1.87E·04 9.23E-06 ;.v 

18.0 3.30E·04 1.72E-04 l.l4E-05 18 4.3CE·04 2.24E·04 !.!OE-05 
31.6 3.80E-04 1.98E·04 1.32E ·OS 31.6 5.70E·04 2.96E·04 1.46E·05 
56.2 4.30E-04 2.24E·04 1.49E·C5 56.2 7 .lOE-04 3.69E·04 1.82E·05 

100.0 5.30E·04 2 .76E-04 1.84E·OS !OC.O 9 .15E ·04 4.76E·04 2.35E-OS 
177.8 6.8CE·04 3.54E·04 2.36E·05 111 .e !.Z!E·C3 6.29:-~4 'I 11\C .IIC 

.,; ''lol"" "''~~~~ 

316.2 8.60E·04 4.47E·04 2.98E·OS 3!6.2 l.SSE ·C3 S.06E-04 3.97E·CS 
562.3 1.15E·03 5.96E·04 3.97E·CS 562.3 2.08E·03 LOBE ·03 5.32E-OS 

1000.0 1.44E·03 7.46E·04 4.98E·OS 1000.0 2.73E·03 l.42E·C3 6.99E-OS 
1778.3 1.74E·03 9.02E·04 6.02E·OS !778. 3 3.38E·03 !.76E·C3 8.67E·CS 
3162.3 2.14E·03 1.l1E·03 7.42E·OS 31!12.3 4.26E·C3 2.22:-03 1.09E·04 
3600.0 2.25E·03 l.17E -03 7.8lE·OS 3600.0 4.47E·03 2.32~·03 :.HH4 
7200.0 1.23E·03 6.37E·C4 7200.0 3.W:·03 !.SeS-C3 
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Table C·24 (Continued) 

Tl!'!E TOTAL TENSILE TENSILE TIHE TOTAL TEKSILE TENSILE 
SEC. HORIZONTAL STRAIN CREEP SEC. HORIZONTAL STRA!N CREEP 

OEFCR!'!A !ION !N/!N COI'!PLIANCE OEFORI'IAT!Oll lN/!N COMPLIANCE 
!N IN.2/LB !N !N.2/~9 

f!NA AC-10 t 3' KRATCN 01101 FINA AC·!O t 3~ ~RATON ~1101 

TEST TEMP = 77 , ZIGHA = S.496 PS: TEST TEI'!P = 77 I ZIG~A = 5.347 PSI 
---··---------------------------- ---------------------------------

1.0 1. 90E·04 9.88E·OS 8.99E-06 1 3.00E·04 1.56E·04 1.46E·OS 
1.8 2.60E·04 1.3SE·04 1.23E·OS 1.8 4.00E·04 2.08E·04 1. 95E-05 
3.2 3.30E-04 1.72E-04 !.56E·OS 3.2 S.OOE-04 2.60E-04 2.43E·OS 
5.6 4.40E-04 2.29E·04 2.08E·05 5.6 6.CCE·04 3 .12E-04 2.92E-OS 

10.0 6.35E·04 3.30E·04 J.OOE-05 10 7 .lSE-04 3.72E·04 3.48E-OS 
!8.0 8 .lOE-04 4.21E·04 ·3.83£·05 18 9.45E-04 4.91E·04 4.60E·OS 
31.6 1.10E·C3 5.72£-04 5.20E·OS 31.6 1.2SE-03 6.48£-04 6.06E·05 
56.2 1.SOE-03 7.80E-04 7.10E·05 56.2 1.57E ·03 8.14E-04 7.61E·OS 

100.0 1. 96E·03 1.02E ·03 9.27E-OS 100.0 1.94E·03 1.01E·03 9.41E-OS 
!77 .8 2.45£-03 1.27E·03 1.16£·04 177.8 2.4SE·03 1.27£-03 1.19£-04 
316.2 3.19E·03 l.66E·03 l.S!E-04 316.2 3.13£-03 1.63£-03 LS2E ·04 
562.3 4.09£·03 2.13E·03 1.94£·04 562.3 4.!0E·03 2.!3£-03 1.99E·04 

1000.0 5.33£·03 2.77E-03 2.52£·04 1000.0 5 .19E -03 2 JOE-03 2.52E·04 
1778.3 7.02£·03 3.65£·03 3.32E·04 1778.3 6.69E·03 3.46E·03 3.2SE·04 
3l62.3 9.55E-03 4.97£·03 (.52E·0( 3162.3 8 .79E-03 4.57£·03 t.27E·04 
360C.O !.03E·02 5.33E-C3 4.85E·C4 3600.0 9.39E-03 4.88£-03 4.56E·04 
7200.0 8.(6£-03 (.40E-03 7200.0 7.56E-03 3.93£-03 

f!~A AC-!0 t 3' ~RATON 01101 FINA AC·10 t 3~ KRATCN C1101 
TEST TEMP: 90 I ZIGI'!A: 1.6!0 PS! TEST TEI'IP: 90 , ZIG~A: 1.595 PS! 
-------------------·------------- --------------·------------------. " 9.oo:-os 4.68E·OS l.4SE·05 l.lOE-04 S.72E·05 1. 79E·OS .... 

l.S 1.20E·04 6.24E·OS 1.94E-~S 1.8 l.SSE-04 8.06E-OS 2.S3E·OS 
3.2 l.S5E-04 8.06E·OS 2.50E·05 3.2 ·2.0CE·04 1.04E~04 3.26£-05 
5.6 2.05E·04 1.07E·04 3.3~~-~s 5.6 2.95E-04 l.48E·04 4.6SE·OS 

'" " 2.SSE·04 !.34E·C4 4.16E·C5 10 4.00E·O¢ 2.08E·C4 6.52E·OS .v .... 

18.0 3.33E·04 1.73E·04 5.37E·OS 18 5.!5E-04 2.68E-04 8.40E-05 
31.6 4.40E-04 2.29E-04 7.!!E·OS 31.6 6.50E·04 3.38E·C4 L06E·04 
56.2 S.~OE-04 2 .76E ·04 e.56E·CS 56.2 8.SOE-04 4.42E·04 :.39E-04 

10C.C 6.4CE·04 3.33E-C4 l.03E·C4 100.0 !.09E·03 S.67E·C4 L78E·0( 
!77 .8 7.4SE·04 3.87E·04 l. 20E·C4 !77 .e 1.47E·03 7.6Sf-C4 2.40E-04 
316.2 !.S~E-0( 4.42E·04 !.37E-04 316.2 l. 83E·C3 9.49E·04 2.98E·04 

562.3 2.09E-03 LOSE ·03 3.40£-04 
1000.0 2.35E·03 1.22E·C3 3.83E·04 
!778 .3 2 .76E·'3 :.44~·03 4.SOE·O¢ 
3!62.3 3.38~·03 ! . m: -o3 5.5lE·04 
3600.0 3.5SE·03 LeSE-C3 5.79E-04 
7200.0 3.04:·03 !.SBE-03 
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Table C-24 (Continued) 

TI~E TOTAL TENSILE TENSILE TI11E TOTAL TENSILE TENSILE 
SEC. HORIZONTAL STRAIN . CREEP SEC. HORIZONTAL STRAIN CREEP 

DEFORMATION IN/IN COMPLIANCE DEFORMATION IN/IN COHP~IANCE 

IN IN .. 2/LB I~ !!(2/L9 

FI~A AC-10 t 6t KRATON 01101 FINA AC-10 t 6t KRATON 01101 
TEST TEHP = 60 , ZIGMA : 10.575 PS! TEST TE~P: 6C , ZIG~A: 10.158 PSI 
·-····--·------------------------ ---------------------------------

1.0 2.3SE·04 1.22E·04 5.78E·06 1.20E·04 6.24E·OS 3.07E·06 
1.8 2.80E·04 1.46£-04 6.89E-06 1.9 2.0SE-04 1.07E-04 5.2SE·06 
3.2 3 JOE ·04 1.92E·C4 9.lOE·C6 3.2 3.2SE·04 1.69E·C4 8.32E·C6 
5.6 4.95E·04 2.57E·04 1.22E ·CS 5.6 4 .75E ·04 2 .47E·04 ~.22E-05 

10.0 6.6SE·04 3.46E·04 1.64E ·OS 1A 
.II 5.75E·04 2.99E·04 1.4n-cs 

18.0 8.75E·04 4.5SE·04 2.l5E·C5 !8 6.6SE-04 3.46E·04 1.70E-OS 
31.6 1.16E-03 6.01E·04 2.84E-CS 31.6 7.50E-04 3.90E-04 1.92E·OS 
56.2 1.46E-03 7.57E-04 3.58E-OS 56.2 8.60E·04 4.47E·04 2.20E·OS 

100.0 1.67E -03 8.66E·04 4.09E·C5 !c~.o L06E·C3 S.S!E-04 2.71E·CS 
!77.8 2.03E·03 ~.06E·03 4.99E-~5 ~77 .a 1.26E -~3 6.!3E-~4 ~.2!:-?s 
316.2 2 .49E·C3 :.30E-C3 6.!2E·C5 3!6 .2 !.57:·:3 e.!7:-c~ 4.C2E·CS 
562.3 3.04E-03 !.S8E·03 7.46E-C5 562.3 2.00E-~; !.04E·03 ~.12E-~S 

1000.0 3.64E-C3 !.89E·C3 8.95E-C5 !:~~.0 2.47E·03 !.28E·C3 6 ,,, -"1:. ........ "'"' 
!778. 3 4.44E-C3 2.3:E-03 :.09E-~4 :779.; 3.23E-~3 : .6e:-c3 8.~7:-~~ 
3tc2.3 s.3cE·03 2.79:-~~ :.~2:-=4 J!e2.3 J IIQ~.111 ~. !~: -~1 ' 1\~C' .. i'\1 

•• ._y ... w .. .. .............. 
3600.0 S.59E-03 2.9lE-03 l.37E-~4 36~~.~ 4.26E·03 2.22E-~3 !.09E·04 
7200.0 3.SSE-03 l.8SE -03 7200. ~ 2.!SE·03 :.12E-03 

F!NA AC·!O t 6t KRA~~N ~!!0! F!NA AC·lO • ~% ~RAiCN ~!:01 
TEST TEMP : 77 , ZIG~A = 5.370 l)tl . ~. ~EST TE~P : 77 , Z!S~A : 5.485 pc' 

~· 

--------------------·------------ ---------------···---··----------
1.0 UOE-04 2.l3E·04 1.2n-os 6.50E·04 3.39E·04 l.99E·05 
1.8 S.SOE-04 2.86E-04 1.71E·OS !.8 8.65E·04 4.SOE-04 2.65E·CS 
3.2 6.30E·C4 3.28E-04 1. 96E ·05 3.2 1.02E-C3 5.31E·04 3.13E·OS 
5.6 7.10E·04 3.69E·04 2.21E·05 5.6 !.2~E-C3 6.29E·04 3.71E·CS 

10.0 7.60E·04 3.95E-04 2.36E·OS "' 1.49: ·03 7 .7SE·04 4.57E-OS •v 
18.0 8.SSE·04 4.4SE-04 2.66E·CS :a 1.79E·03 9.28E-04 5.47E-C5 
31.6 1.04E·03 5.38E·04 3.22E-C5 3!.6 1. 98E-03 1.03E·03 6.0SE·05 
56.2 1.23E·03 6.40E·04 3.82E·OS 56.2 2.33E·C3 l.21E·03 1 .m-o5 

100.0 1. 48E·03 7.70E-04 4.6CE·C5 :oo.c 2.72E·03 !.4!E·C3 8.34E·OS 
177.8 1.82E·03 9.44E·04 S.6tE-CS m.e 3.l9E·C3 !.66E·03 9 .7BE -~s 
3!6.2 2.18E·C3 1.11E ·03 6.76:-cs 3!6.2 3.6~E-C3 !.87E·03 1.10E·C4 
562 '1 2.58E·03 1.34E-03 S.OOE·OS 562.3 4.!SE·03 2.!6E·C1 l.27E·C4 

1000.0 3.05E-03 !.59E·03 9.48E·05 lOOC.C 4.85E·03 2.52E·03 1.49E -04 
1778.3 3 .7!E ·03 ! . 93E ·03 1.1SE·C4 1778.3 6.01E·C3 3.!3E·03 !.84E·04 
3162.3 4.62E·C3 2.4CE·03 l.UE-04 3!52.3 7.28E·C1 3.79~·C3 2.23E·Ct. 
3600.0 4.8SE·C3 2.S2E·C3 1.51E-~t 36CC.~ 7.S~E-C3 3.94E·C3 2.32~-c~ 

7200.0 2.55:·03 :.23E-C3 7200.0 5.35£·03 2 .78E ·03 
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Table C·24 (Continued) 

"Tilt ~CTAL TENSILE TEHS!LE rm: !OTAL TENSILE TENSILE ••• u. 

SEC. HORIZONTAL STRAIN CREE~ SEC. HORIZONTAL STRAIN CREEP 
~EF"ORHATION IN/IN COHPLIANCE OEFORIIATIOH !N/111 COPIPLIANCE 

!It IH"2/l9 IH !H"2/LB 

~!MA AC-10 + 6% KRATOH QllO! FIMA AC·!O t 6% KRA!~N 01!~! 
TEST TEitP : 90 , ZIGHA : 1.683 PSI TEST TEIIP : 90 , ZIGIIA = 1.609 PSI 
-----~-·-------------·----------- ---------------------------------

1.0 ~.SOE-04 7.80E-05 2.32E-OS 1 8.50E·OS 4.42E-OS l.37E-OS 
1.8 2.03E-04 1.0SE-04 3.13E·OS 1.8 l.3SE-04 7 .02E-OS 2.~SE-OS 

3.2 2.30E·C4 1.20E·04 3.5SE-OS 3.2 1. 9SE-04 l.O!E ·04 3.1SE-OS 
S.6 2.8CE·04 1.46E·04 4.33E-OS 5.6 2.SOE-04 1.30E-04 4.~4E-OS 

10.0 3.60E-04 1.87E-04 S.S6E-OS 10 2.95E·04 1.53E·04 4 .77E-OS 
l8.C 4.60E·04 2.39E-04 7.l1E-OS 18 3.38E-04 l.76E·04 S.4SE·OS 
31.6 S.80E-04 3.02E·04 8.96E-OS 31.6 3.98E-04 2.07E-04 6.42E-OS 
56.2 7.40E-04 3.8SE-04 1.14E·04 56.2 4.60E-04 2.39E-04 7.43E-OS 

100.0 8.60£·04 4.47E·04 1.33E·04 100.0 S.20E-04 2.70E-04 8.40E·05 
177 .a 9.40E·04 4.89E-04 1.4SE·04 177.8 S.75E·04 2.99E·04 9.29E·OS 
3!6.2 1 JlE-03 5.25E·04 1.56E·04 316.2 6.60E·04 3 .43E-04 L07E-04 
562.3 l.OeE ·03 5.62E·04 1.67E ·04 562.3 7.38E-04 3.84E-04 !.:9E·~4 

lOCO.O l.20E ·C3 6.22E-04 1.8SE·04 1000.0 8.4SE·04 4.39E·04 :.37E-04 
1778.3 ! .34E ·03 6.94E·04 2.C6E·04 1778.3 LOCE ·03 S.20E-04 !.62E-04 
3162.3 ~.~8'::-~3 7.67E·04 2.29E·O~ 3!62.3 : .22E·03 6 .3SE ·04 1.97E ·04 
3600.0 1.53E-03 7.96E·04 2.36E·04 3600.0 :.27E-03 L6!E·04 2.0SE·04 
7200.0 :.:~~-03 5.75E-04 7200.0 8.70E·04 4.52E·04 
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Table C-25 Moisture Sensitivitf Test Results for Laboratory Mixed/Laboratory Compacted 
Mixtures Using Modi ied Compaction. 

I Dry ~ono1t1on QeE ~ono1t10n I 

I I 
I MIXTURE TEST AIR TENSILE AIR TENSILE TSR I 
I TEMP. VOIDS STRENGTH VOIDS STRENGTH I 
I F ' PSI \ PSI I 
I I 

I ConErol: Shamrock AC-20 77 7.6 91 6.9 79 I 
I 

I 7.5 e9 7.1 e1 I 
I 7.1 84 7.6 85 I 
I AVG. 7.4 e9 7.2 82 I 
I 0.93 I 

l Fina AC-10 + 3% Styrelf 77 7.0 125 6.4 120 I 

6.1 133 6.5 112 I 
I 6.e 112 7.1 115 I 
I i 
I AVG. 6.6 123 6.7 116 I 
I 0.94 I 
I Fina AC-10 + 3\ D1101 77 6.9 98 6.9 100 I 
I 7.5 101 7.4 ee I 
I 7.0 96 7.5 92 I 
I I 
I AVG. 7.1 9e 7.3 93 I 
I 0.95 I 
I Fina AC-10 + 6\ D1101 77 7.0 eo 6.6 8e I 
I 7.1 72 7.0 77 I 
I 7.0 87 7.0 69 I 
I I 
I AVG. 7.0 eo 6.9 78 i 
I 0.9e I 
I 

Table C-26 Moisture Sensitivity Test Results for Plant ~ixed/Laboratory Compacted 
Mixtures Using .Modified Compaction. 

~ry ~onih Elon iJet ~ona1 hon 

i MIXTURE TEST AIR TENSILE AIR ~ENSILE TSR 
I TEMP. VOIDS STRENGTH VOIDS STRENGTH 

.I F % PSI % PSI 

: F1na AC-10 + 3\ Styrelt 77 7.7 141 7.5 139 
7.6 124 7.2 110 I 7.7 140 7.6 141 I ----I AVG. 7.7 135 7.4 130 o.96 ; I 

I Fina AC-10 + 3% Dl101 77 7.0 121 6.e 118 I 
I 7.1 118 6.9 116 I 
I 6.8 115 6.8 120 I 
I ---- I 
I AVG. 7.0 118 6.e ue 1.00 : I 
I Fina AC-10 + 6\ D1101 77 6.5 116 6.6 108 I 
I I 
I 6.8 121 6.4 118 I 
I 6.e 111 6.5 114 I 
I AVG. 6.7 116 6.5 113 I 
I 0.98 I 

I I 
i i 
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Table C-27 AGGREGATE GRADATION OF EXTRACTED CORES (DISTRICT 25) 

3% 6% 
Combined SDHPT Styrelf Kraton Kraton 

Gradation Specification AC=4.94 AC=S.08 AC=4.89 

o.o 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 



~ 
Cb 

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 1721 +00 

April 1989-Station 1721 +00 To 1465+00 

1465+00 1529+35 1594+85 1721+00 1826+57 1968+91 

: AC-10 l A -10 j [ ~CtiO ~ AC-10 
: 6~ Kroton : 3~ Kroto l3~ S~el 3~ Late JAC-2Q 
l 1101 : 1101 l UP-70 . . 
----------------------------------------------~------------------~-------------------------· I I 
I I 
I I 
I I 
I I 
I I 

~· 

1-z 
::> 
0 
0 _, _, 
<( 
I 

NOTE: All sections contain 1 ~ lime 

Fig C-1 Schematic Illustration of Field Test Sections. 
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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). 

BXPERIKEKTAL 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 
States Asphalt and Fina 
polymer-modified mixtures. 

asphalt cements were supplied by Gulf 
Oil & Chemical Co. and used for 

An AC-20 asphalt cement supplied by 
Total Co. was used for the control test section. 

AGGREGATE. 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. 

POLXMER. Four polymers included in this field project consisted of 
one type of Styrene Butadiene Rubber (SBR), two types of Styrene 
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 01101 

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 01101. 
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 01101 by weight of total binder. 

:PIBLD 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 01101 (3 percent) was preblended with the Gulf AC-10. 

Mixing temperatures for the polybilt 103 and Styrelf-13 
mixtures were 32S•F, which was increased to 33o•F for the UP 70 
mixtures. The control asphalt, Total AC-20, and the Kraton blend 
were mixed at 31s•p and 320•F, respectively. The initial breakdown 
compaction occurred between 2so•p and 21o•F, except for the 
Polybilt 103 mixtures. The polybilt modified mixtures were allowed 
to cool to between 2oo•p and 22o•p before rolling, and at these 
temperatures the mixtures exhibited good handling characteristics. 
The Goodyear UP 70 modified mixture was noticeably stiffer t~an 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 6S•F and afternoon temperatures of as·F. 

Twelve field cores were obtained from each test section soon 
after construction. These cores were approximately 4 inches· in 
dia]tleter and two inches in thickness. The field cores were 
transported to the Center for Transportation Research immediately 

after sampling. 

PRBSBNTATION OP TBST RBSULTS 
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Summaries of test results for the unmodified and modified 
binders are presented in Tables 0-6 through o-s and are plotted in 
Figures 0-3 through 0-14. 

Summaries of test results for the unmodified and modified 
mixtures are presented in Tables 0-9 through 0-26 and are plotted 
in Figures 0-16 through 0-34. 
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Table D-1 AGGREGATE GRADATION (DISTRICT 10) 

Limestone 
TY C CR. Limestone TY D CR. Limestone Screenings Field Sand 

---
Sieve 30X Sieve 35X Sieve 15X Sieve 20X CCIII!bi ned SOHPT 

Analysis Analysis Analysis Analysis Gradation Specification 

718 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 

w 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 
(XI 

Plus No. 10 97.1 29.2 92.7 32.6 11.3 1.7 0.4 0.0 63.5 54·72 "' No. 10 to No.40 1.0 0.3 5.5 1.8 63.3 9.5 0.4 0.2 11.8 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 



TABLE 0-2 Experi1ental Testing PrograM for Unmodified and Polr•er-Hodified Asphalt Binders 
District 10 

Penetration Viscosity Softenil'q 
------------------------- ---------- --------------- Po!nt 

Binder Before RTFOT After RTFOT Before RTFOl After RTFOT Before 
------------------

_______ .. __ _._ 

···------- - ----· .. ---- ~ ·---- _.,.. __ qfFOT 
Asphalt Poly.er 39.2 r n r 77F 140 F 275 F !40 F 275 F 

-
Total - 2 2 2 2 2 2 2 2 
AC-10 

Fina Goodyear 2 2 2 2 2 2 2 2 w AC-10 UP 70 OJ w 

Fina Styrelf-13 2 2 2 2 2 2 2 2 
AC -10 

EXXOI' Euon 2 2 2 2 2 2 2 2 
AC-10 Polybilt 103 

Gulf Shell 2 2 2 2 2 2 2 2 
AC-10 Kraton 0110! 



TABLE D-3 Experi1ental Testing Program for Laboratory Co•pacted-Laboratory Hixed Hixtures 
District 10 

- .... _,. ____ .,. __ ~---
Modified Co1paction Standard Co1paction 

------~-----------~-------~-------------------·-----------------------·--- -------------------------··-------
Binder Resilient 1odul~s Hvee• Marshall Creep fatique Hoisture Resilient 10dulus Hvee1 11a r sha II 

------------------ & Indirect Tensile 140F 140F I Stress levels Resistance & Indirect Tensile 140F 140F 
Asphalt Poly1er Strength 60f 77F 90F IS% 25% 50\ Strength 

39F 77F 104F 39F 77F 104F 

Total - 3 3 3 3 3 2 2 2 2 2 2 3 3 3 3 3 3 
AC-10 

w 
~ -----

F ina 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 

Euon Exxon 3 3 J 3 3 2 2 2 2 2 2 3 3 3 3 3 3 
AC-10 Polybilt 103 

·----- .. -· ~---··~ .. -· -··· . 

Gulf She II 3 3 3 3 3 2 2 2 1 2 2 3 3 3 3 3 3 " AC-10 Kraton 01101 
-- ---- -··-- ·------



TABLE D-4 Experieenta! Testing Program for laboratory Compacted-Plant Hixed Mixtures 
District 10 

Modified Coepaction Standard Co1paction 
----------·----·--------~-------------------------------------------------- ------------------~--------·------

Binder Resilient eodulus Hveee Marshdll Creep Fatique Moisture Resilient 1odulus Hvee. Harsha!! 
----------~------- & Indirect Tensile 140F l40F f Stress levels Resistance & Indirect Tensile 140F 140F 
Asphalt Poly1er Strength 6or m 90F 15\ Z5t SO\ Strengt~ 

39F 77f 104F 39F 77F 104F 

Total - 1 3 3 ) 3 2 'I 2 ? ~ 2 ) ) 3 3 3 3 I. . 
AC-10 

-
Fina Goodyear 3 3 3 3 1 2 2 2 2 2 ') 1 1 1 3 1 1 <. 

AC-10 UP 70 
---~-····~-----

F ina Styrelf-ll 3 3 1 3 3 2 2 2 2 2 2 1 3 3 1 J 1 w 
m AC-10 
U'l 

Exxon Exxon 3 3 3 3 3 2 ? 2 2 2 2 3 1 3 3 3 1 
AC-10 Polybilt 103 

Gu If She II 1 3 J 1 J 2 2 2 2 2 2 3 1 1 3 J 3 
AC-10 Kraton Dl101 

---.. --~ ----·--



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 01101 3 3 3 3 

386 



Table D-6 Unmodified and Modified Asphalt Properties before RTFOT. 
asa:====================================================================••============== 

fine Fine Exxon Gulf ·states 
Parameter Total AC-10 AC-10 AC-10 AC-10 

AC·20 & & & & 

3X UP·70 3X Styrelf 3X Polybilt 3l !Craton 

·=·========·=========-========···=====···=======·=··=·===······===·······===·=·======·== 
Penetration a 39.2 f (25 C) 10 14 14 14 16 
100g, 5 Sec. 9 14 13 15 17 

--- --- ---
Avg. 10 14 14 15 17 

Penetration a 77 F (4 C) 73 92 90 95 90 

100;, 5 Sec. 75 94 88 97 88 

-Avg. 74 93 89 96 89 

Viscosity a 140 F (60 C) 2026 2245 2928 2340 3425 
Poises 2048 2500 2880 2410 3515 

--- --- ---
Avg. 2037 2373 2904 2375 3470 

Viscosity Q 275 f (135 C) 508 634 750 635 788 
Centistokes 512 665 775 645 776 

--- ---
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 i 0.1 Sec 
39.2F 6525 2465 2175 2320 1600 

77F 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. 

Parameter 

Penetration a 11 F (4 C) 
100g, 5 Sec:. 

Viscosity a 140 F (60 C) 
Poises 

Viscosity a 215 F (135 C) 
Centi stokes 

Avg. 

Avg. 

Avg. 

Total 
AC-20 

43 
45 

44 

4156 
4840 

4798 

910 
925 

---
918 

Fina 
AC·10 

& 

Fina 
AC·10 

& 

Exxon 
AC·10 

& 

Gulf States 
AC-10 

& 

3X UP-70 3X Styrelf 3X Polybilt 3X Kraton 

55 60 63 55 
57 62 63 57 

- 56 61 63 56 

5120 7214 5718 7210 
5160 7618 5920 1350 

--- ---
5140 7416 5819 7280 

925 1100 1220 1042 
960 1095 1265 1068 

-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 

Total AC-20 

Fina AC-10 Goodyear UP70 

Fina AC-10 Styrelf--13 

Exxon AC-10 Polybilt 103 

Gulf AC-10 3% kraton 01101 
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Limiting 
Stiffness 

Method 

-43 

-54 

-58 

-66 

-68 

Critical 
Stress 
Method 

-44 

-55 

-57 

-63 

-66 



Table D-9 Marshall and Hveem Test Results for Laboratory Mixed/Laboratory Compacted 
Mixtures Using Modified Compaction 

I AIR HVEEM I AIR MARSHALL VALUES I 
MIXTURE I WIDS STABILITY WIDS STABILITY FLOW I 

I % % % lbs .01 in I 
I I 

Control: Total AC·20 I 7.1 36 6.7 529 12.0 I 
I 6.7 33 7.1 459 9.5 I 
I 6.8 37 6.8 491 11.0 I 
I I 
IAVG. 6.9 35 6.9 493 10.8 1 

I I 
Fina AC-10 + 3% UP 70 I 6.7 36 6.4 488 12.0 I 

I 6.9 37 7.0 394 11.0 I 
I 6.7 36 6.4 693 12.0 I 
I I 
IAVG. 6.8 36 6.6 525 11.1 1 
I I 

Fina AC·10 + 3X Styrelf I 6.7 36 7.4 538 14.0 1 
I 7.3 38 7.0 531 14.o 1 
I 7.2 35 7.1 531 14.0 1 
I ----- I 
IAVG. 7.1 36 7.2 533 14.0 

I 
Exxon AC-10 + 3X Polybilt I 6.6 34 7.3 275 12.0 

I 7.0 34 7.2 208 11.0 

I 7.3 32 6.8 196 11.0 
I 
IAVG. 7.0 34 7.1 227 11.3 

I 
Gulf AC-10 + 3X Kraton·D1101 I 6.6 34 7.3 463 13.0 

I 6.7 35 7.2 519 12.5 

I 7.0 34 

I 
IAVG. 6.8 35 7.3 491 12.8 
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Table D-10 Marshall and Hveem Test Results for Laboratory Mixed/Laboratory Compacted 
Mixtures Using Standard Compaction 

AIR HVEEM I AIR ~RSHALL VALUES I 
MIXTURE VOIDS STABILITYf VOIDS STABILITY Fla.! I 

X X I X lbs .01 in I 
I I 

Control: Total AC-20 4.5 45 1 4.2 1307 10.0 I 
4.3 46 1 3.8 1472 11.0 1 
4.2 43 1 4.4 1298 10.0 1 

I --·-· I 
fAVG. 4.3 45 I 4.1 1359 10.3 1 
I I 

Fins AC-10 + 3X UP 70 I 4.5 45 I 4.7 1102 10.0 

I 4.8 45 1 5.2 931 10.0 

I 5.0 46 1 4.7 832 10.0 

I 
fAVG. 4.8 45 4.9 955 10.0 

I 
Fins AC-10 + 3X Styrelf I 4.4 45 4.8 1181 10.0 

I 4.1 45 4.1 1360 10.0 

I 5.2 43 4.4 1373 11.0 

I 
fAVG. 4.6 45 4.4 1305 10.3 

I 
Exxon AC-10 + 3X Polybilt I 3.2 43 3.4 983 9.5 

I 3.7 44 3.4 990 9.5 

I 3.8 41 

I 
IAVG. 3.6 43 3.4 987 9.5 

I 
Gulf AC-10 + 3X Kraton 01101 I 5.0 42 4.8 865 9.0 

I 4.9 40 4.3 931 11.0 
I 4.7 45 1 4.7 845 9.o I 
I ----- I ----- I 
fAVG. 4.9 42 I 4.6 880 9.7 1 
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Table D-11 Marshall and Hveem Test Results for Plant Mixed/Laboratory Compacted 
Mixtures Using Modified Compaction 

I I AIR HVEEM I AIR MARSHALL VALUES 
I MIXTURE I VOIDS STABILITY! VOIDS STABILITY FLa.l 
I I X X I X lbs .01 in 

I I I 
I Control: Total AC-20 I 7.4 381 7.5 700 12.0 

I I 7.1 361 7.2 731 14.0 

I I 7.4 36 1 7.2 700 13.0 
I I ----- I 
I IAVG. 7.3 37 I 7.3 710 13.0 
I I I 
I Fina AC-10 + 3X UP 70 I 7.3 30 I 7.0 357 15.0 
I I 6.8 31 I 6.8 452 14.0 
I I 7.4 28 I 6.9 363 14.0 
I I -·--· I 
I IAVG. 7.2 3o I 6.9 391 14.3 
I I I 
I Ffna AC-10 + 3X Styrelf I 7.0 35 I 7.4 TT5 16.o 1 
I I 7.3 32 I 6.7 781 14.o 1 
I I 7.2 32 I 6.9 750 14.0 1 
I I ----· I ----- I 
I IAVG. 7.2 33 I 7.0 769 14.7 1 
I I I I 
I Exxon AC·10 + 3X Polybilt I 7.1 33 I 7.1 363 11.0 1 
I I 6.8 341 7.0 338 11.0 1 
I I 6.9 341 6.8 338 1o.o 1 
I I ----- I ·---- I 
I IAVG. 6.9 33 I 7.0 346 10.1 I 
I I I I 
I Gulf AC-10 + 3X Kraton D1101 I 6.9 341 6.7 713 15.o 1 
I I 6.7 38 I 7.4 528 12.0 I 
I I 7.1 35 I 6.5 620 12.0 1 
I I -·--· I ---·- I 
I IAVG. 6.9 361 6.9 620 13.0 1 
I 
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Table D·12 Marshall and Hveem Test Results for Plant Mixed/Laboratory Compacted 
Mixtures Using Standard Modified Compaction 

I AIR HVEEM I AIR MARSHALL VALUES 
MIXTURE I VOIDS STABILITY VOIDS STABILITY FLOW 

I X X X lbs .01 in 

l 
Control: Total AC-20 I 5.1 42 5.0 1610 10.0 

I 4.4 47 4.4 1703 11.0 

I 5.2 46 4.7 1637 11.0 

I 
IAVG, 4.9 45 4.7 1650 10.7 

I 
Fina AC-10 + 3X UP 70 I 3.7 45 3.2 1571 11.0 

I 3.6 42 3.7 1333 11.0 

I 3.5 44 3.2 1360 11.0 

I 
IAVG. 3.6 44 3.4 1421 11.0 

I 
Fina AC-10 + 3X Styrelf I 4.8 37 4.4 1749 11.0 

I 4.5 '38 3.9 1894 11.0 

I 4.1 40 4.7 1584 11.0 

I 
IAVG. 4.5 38 4.3 1742 11.0 

I 
Exxon AC-10 + 3X Polybilt I 4.1 41 4.5 865 8.0 

I 4.0 39 4.4 792 9.0 

I 4.2 39 4.0 950 9.0 

I 
IAVG. 4.1 40 4.3 869 8.7 

I 
I Gulf AC-10 + 3X Kraton D1101 I 4.0 42 4.5 1294 10.0 
I I 4.8 43 4.6 1122 10.0 
I I 5.3 41 4.8 1043 10.0 

I I 
I IAVG. 4.7 42 4.6 1153 10.0 

I 
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Table D-13 Indirect Tensile Test Results for Laboratory 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 6.9 318 0.21 305 2094 
6.7 372 0.21 357 2107 
7.6 306 0.26 235 2167 

AVG. 7.1 332 0.23 299 2120 

Fina AC-10 + 3\ UP 70 39 6.3 423 0.22 397 2260 
6.9 453 0.23 395 1992 
6.9 429 0.21 402 1329 

AVG. 6.6 435 0.22 395 1927 

Fina AC-10 + 3% Styrelf 39 7.3 377 0.24 315 2151 
7.6 363 0.20 357 2967 
7.0 450 0.32 279 2912 

I AVG. 7.3 397 0.25 317 2643 I 
I 
I 

:Exxon AC-10 + 3\ Polybilt 39 7.2 292 0.7S 75 922 
7.1 249 0.75 66 1536 
7.3 299 0.75 76 1256 

AVG. 7.2 273 0.75 72 1238 

Gulf AC-10 + 3\ Kraton 39 6.9 359 0.70 102 1990 
7.0 340 0.57 119 1705 
7.2 422 0.60 141 2506 

AVG. 7.0 374 0.62 121 2064 
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Table 0-13 (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 77 7.0 89 1.17 1S 333 0.70 
7.1 83 1.2S 446 0.3S 
7.2 as 1.27 13 402 0.26 

AVG. 7.1 a6 1.23 14 394 0.44 

Fina AC-10 + 3% UP 70 77 6.3 67 1.43 9 424 0.36 
6.6 as 1.12 15 61a 0.21 
S.9 a4 1.43 12 443 0.40 

AVG. 6.3 79 1.33 12 49S 0.32 

Fina AC-10 + 3% Styrelf 77 7.1 103 2.26 9 39S 0.40 
7.1 104 2.34 9 339 0.66 

i 7.1 9S 2.16 9 S42 0.23 
I 
I 
I AVG. 7.1 100 2.25 9 42S 0.43 I 
I 
! 

: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 2a1 0.36 

AVG. 6.9 37 1.33 6 270 0.36 

Gulf AC-10 + 3% Kraton 77 6.5 52 1.77 6 412 0.3a 
7.1 62 1.82 7 262 0.45 
6.6 65 1.77 7 542 0.24 

AVG. 6.7 60 1.79 7 405 0.36 
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Table 0-13 (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 
7.0 19 1.64 2.3 156 

AVG. 7.0 21 1.59 2.6 174 

Fina AC-10 + 3\ UP 70 104 6.8 17 1.61 2.1 100 
7.2 19 1.30 2.8 llO 
6.6 18 1.66 2.1 148 

AVG. 6.9 18 1.53 2.4 119 

Fina AC-10 + 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 

AVG. 6.9 20 2.88 1.4 95 

: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 

AVG. 7.1 8 1.32 1.3 132 

Gulf AC-10 + 3\ Kraton 104 6.4 11 1.98 1.1 151 
6.3 11 2.13 1.0 106 
6.7 11 2.18 1.0 177 

AVG. 6.5 11 2.10 1.0 145 
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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 % 

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 

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 
4.6 497 0.23 424 1375 

' 
' AVG. 4.4 489 0.22 441 1490 • 1 

' I 
Fina AC-10 + 3% Styrelf 39 4.7 521 0.32 328 2212 

4.2 499 0.26 383 2624 
5.0 528 0.26 406 1453 

i AVG. 4.6 516 0.28 372 2097 
'. 
I 

: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 

AVG. 3.3 396 0.55 146 1934 

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 

AVG. 4.4 454 0.47 195 3708 
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Table D-14 (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 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 

Fina AC-10 + 3% UP 70 77 5.0 123 1.33 19 546 0.34 ' I 
4.9 108 1.34 16 448 0.44 I 

I 

5.6 93 1.77 11 370 0.70 I 
I 
I 
I 

AVG. 5.2 108 1.48 15 455 0.49 I 
I 
I 

. I 

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 

AVG. 4.8 149 1.58 19 553 0.37 

' lExxon 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) 

TEST AIR INDIRECT STRAIN SECANT RESILIENT POISSON'S: 
MIXTURE TEMP. VOIDS TENSILE AT MODULUS MODULUS RATIO I 

I 

F % STRENGTH FAILURE K~I KSI 
, I 

I 

PSI \ I 
I 

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 7.2 171 

Fina AC-10 + 3\ LIP 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 1.77 4.5 166 
4.7 39 1.82 4.3 167 
4.3 39 1.87 4.1 95 

I AVG. 4.5 39 1.82 4.3 143 I 
I 
I 

~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 :est 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 0.18 353 2230 
7.1 367 0.21 344 2238 

AVG. 7.3 339 0.19 356 2108 

~ina 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 
I 
I 

:Exxon AC-10 + 3% Polybilt 39 6.7 311 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 

400 



Table D-15 (Continued) 

TEST AIR INDIRECT STRAIN SECANT RESILIENT POISSON's: 
MIXTURE TEMP. VOIDS TENSILE AT MODULUS MODULUS RATIO 

F % STRENGTH FAILURE KSI KSI 
PSI % I 

I 

I ,. 
Control: Total AC-20 77 7.5 95 1.14 17 621 I 

I 

7.2 92 1.14 654 
7.3 90 1.20 15 742 

AVG. 7.3 92 1.16 16 672 

Fina AC-10 t 3% 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 

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 

AVG. 7.0 102 1.94 11 324 
I 
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 

AVG. 6.9 44 1.62 6 229 

Gulf AC-10 + 3% Kraton 77 7.0 65 1.64 8 265 
6.9 72 1.59 9 423 
7.0 68 1.66 8 273 

AVG. 7.0 69 1.63 8 320 
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Table D-15 (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 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 

I AVG. 7.1 23 2.25 2.0 178 I 
I 
I 

:Exxon AC-10 + 3% Polybilt104 6.6 11 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 1.4 111 
6.5 11 2.18 1.0 130 
6.6 14 1.98 1.4 186 

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 I 

I 

F % STRENGTH FAILURE KSI KSI I 

PSI % 

Control: Total AC-20 39 4.6 459 0.21 441 3495 
4.7 455 0.21 437 2758 
5.0 450 0.21 432 2295 

AVG. 4.8 455 0.21 437 2849 

Fina AC-10 + 3% UP 70 39 3.4 495 0.21 475 2290 
3.5 566 0.29 388 1351 
4.1 565 0.29 395 1368 

AVG. 3.7 542 0.26 419 1670 

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 

I 
I AVG. 4.1 557 0.23 484 2928 '· I 
I 

:Exxon 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 

AVG. 3.9 380 0.55 137 1906 

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 

AVG. 4.5 465 0.46 205 2040 
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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 \ 

Control: Total AC-20 77 4.3 144 0.79 37 647 
5.1 137 0.73 629 
4.6 140 0.66 41 676 

AVG. 4.7 140 0.73 39 717 

Fina AC-10 + 3\ UP 70 77 3.3 143 1.25 23 631 
3.3 133 1.14 23 472 
3.9 129 1.25 21 991 

AVG. 3.5 135 1.2! 22 73: 

Fina AC-10 + 3\ Styrelf 77 4.0 164 1.52 22 561 
3.9 171 1.46 23 596 
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 I 
I 

4.0 73 1.14 13 447 • I 

4.0 72 1.14 13 379 

AVG. 3.6 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 
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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 I 
I . 

PSI ' 
. I 
I 
I 

Control: Total AC-20 104 5.1 40 1.25 6.3 217 
4.5 45 1.09 8.2 150 
4.1 44 1.09 8.1 241 

AVG. 4.6 43 1.14 7.5 203 

Fina AC-10 t 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 

AVG. 3.3 32 1.26 5.1 189 

Fina AC-10 + 3% Styrelf 104 4.4 40 1.66 4.8 254 
3.6 43 1.61 5.4 150 
3.6 44 1.72 5.1 152 

I AVG. 3.9 43 1.66 5.1 185 I 
I 
I 

: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 

AVG. 4.0 18 1.13 3.3 151 

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 

AVG. 4.3 22 1.73 2.5 158 
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Table 1H7 Alpha and Gnu Para1eters for Laboratory "ixed/Laboratory Co1pacted ~ixtures. 

TEST AIR LOAD INDIRECT REs!l!EN ALPHA GNU Ea=lR"s R-SQUR i 
"IXTURE TE"P. VOIDS LBS TENSILE STRAIN ----------------- FOR 

F ' STRESS IN/IN s LOG( I) Ea=!NAs: 
PSI I 

control: totAL AC-20 77 7.0 63 4.5 2.3£-os 0.2355 0.2620 0.7645 -5.1056 0.995 : 
i 6.9 63 4.5 2.3E-05 0.2149 0.2150 0.7851 ·5.2030 0.994 f ----- ------ ---- -------- -----·· i AVG. 7.0 63 4.5 2.3E-OS 0.2252 0.2385 0.7748 -5.1543 J 
I i 
I Fina AC-10 t 3t UP-70 .77 6.7 53 3. 9 1.6E ·05 0.2114 0.4565 0.7886 -5.0390 I 
I 0.998 I 
I 6.9 53 3.9 1.6E-OS 0.1799 0.1787 0.8201 -5.4634 0.993 I ----- ------ ---- -------- -------I AVG. 6.8 53 3.9 1.6E-05 0.1957 0.3176 0.8044 -5.2512 I 
l I 
l Fina AC-10 + 3t Styrelf 77 6.9 68 4.8 2.4E-05 0.2366 0.2365 0.7634 -5.1340 I 0.996 I 

I 7.2 68 4.8 2.4E-OS 0 .1991 0.4662 0.8009 -4.8601 0.996 j ----- ------ ---- -------- ------- --·----I AYG. 7.1 68 4.8 2.4E-OS 0.2179 0.3513 0.7822 -4.9971 I 
I f 

lFina AC-lO t 3t ?OLYS!LT 77 7.2 23 1.6 1.2E-05 0.3459 1.7545 0.6541 -4.4887 0.990 : 
I 7.4 23 1.6 1.2E-05 0.3218 1.9318 0.6782 -4.4626 0.989 I ----- ---··- ---- -------- ------- -----·- ..................... 

A~G. 7.3 23 1.6 1.2E-05 0.3339 1.8432 0.6662 -4.4757 I 
I 

Fina AC-10 t 3t Dl101 77 6.9 38 2.7 1.5E -OS 0.1342 0.2879 0.8658 -5.3103 I 0.996 I 
6.7 38 2.7 1.5E-05 0.1816 0.7615 0.8184 -4.8634 0.997 I 

............................... ---- -------- ------~ 
A~G. 6.8 38 2.7 l.SE·05 0.1579 0.5247 0.8421 -5.0869 I 

I 
I 

iable IH8 Alpha and Gnu Parateters for Plant "ixed/Laboratory Cotpacted "ixtures. 
I TEST A!R lOAD INDIRECT RESILIEN ALPHA GNU Ea=IN s R-500R j I KIXTURE TE"P. VOIDS LBS TENSILE STRAIN 

__ " ______________ 
FOR I F ' STRESS IN/IN s LOG( I ) Ea=IN·s: I 

I PSI I 
I control: ToTAL AC·2o 77 7.3 98 7 .o 2 .IE -oS 0.2995 1.4098 o Joos ·4.3734 0.988 : t 7.3 99 7.0 2.1E·05 0.3344 0. 9440 0.6656 ·4.5254 0.980 I I ............ ------ ---- -------- -------I AVG. 7.3 98 7.0 2.1E·05 0.3170 1.1769 0.6931 ·4.4494 I 
I I 
I Flna AC-10 t 3t UP-70 77 7.1 59 4.0 2.6E-05 0.1442 0.2726 0.8559 -5.0474 I 
I 0.994 I 
I 7.1 58 4.1 2.1E-OS 0.2159 0.3080 0.7841 ·5.0863 0.995 I ----- ----·- ---- -------- ------- -------I AVG. 7.1 58 4.1 2.SE-05 0 .1801 0.2903 0.8200 -5.0669 I 
t I 

l Fina AC-10 + 3t Styrelf 77 6.9 98 7.0 5.1E·05 0.4094 0.6712 0.5906 ·4.2404 I 0.998 I 
I 6.9 98 6.9 3.8E-OS 0.3362 0.7298 0.6639 ·4.3827 0.997 I ----- ------ ---- -------- ------- -------I AYG. 6.9 98 6.9 4.4E-05 0.3728 0.7005 0.6272 -4.3116 I 
I I 

lnna AC-10 t 3t POLYBILT 77 6.9 23 1.7 1.5E·05 0.1721 0.4687 0.6279 -5.0857 I 0.993 I 
I 6.6 38 2.7 2.4E·05 0.1236 0.3390 0.8764 ·5.0332 0.998 I ----- ------ ---- -------- -------I AVG. 6.8 31 2.2 1. 9E ·OS 0.1479 0.4039 0.8522 ·5.0595 I 
I I 
I Fina AC-10 t 3t D1101 77 7.0 48 3.4 2.3E-05 0.1528 0.3744 0.8472 ·5.0000 I 
I 0.999 I 
I 7.1 28 2.0 1.3E-05 0.2272 0.6162 0.7728 ·4.9778 0.999 I ----- ------ ---- -------- ------- __ .., ____ 

I AVG. 7.1 38 2.7 1.8E-05 0.1900 0.4953 0.8100 -4.9989 I 
I I 
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Table D-20 Fatigue Para1eter Values for Plant Mixed/Laboratory Co1pacted "ixtures. 

TEST AIR LOAD INDIRECT STATIC INITIAL LOAD FATIGUE CONSTANT R·SQUR 
MIXTURE TEMP. VOIDS LBS TENSILE "OOULUS STRAIN CYCLES --------·-------- FOR 

F ' STRESS KSI IN/IN Kl K2 Hf:Kt( l/E1ix rK; 
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 3.2E·04 5794 
7.6 188 13.6 43 3.2E-04 6975 
7.2 . 318 22.7 43 5.3E·04 1928 
7.2 318 22.9 43 5.3E·04 1485 

I 
I 

Fina AC-10 + 3\ UP-70 77 7.1 58 4.0 25 1.6E·04 16738 5.89E-03 1.66 0.967 : 
7.0 33 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 . • 

: Fina AC-10 + 3\ Styrelf 77 6.9 98 7.0 29 2.4E·04 19790 7.90E·03 l. 74 0.979 ~ 
6.9 73 5.1 29 l.BE-04 20510 
6.9 208 15.0 29 5.2E-04 4350 
6.6 208 14.9 29 5.1E-04 4410 
7.2 358 25.4 29 8.8E·04 1470 
6.9 358 25.6 29 8.8E-04 1560 

i 

:Fina AC-10 + 3\ POLYBILT 77 6.9 23 1.7 14 1.2E -04 17996 2.01E·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 
7.1 148 10.6 14 7.5E-04 595 
7.2 148 10.7 14 7.6E·04 620 I 

I 
I 
I 

Fina AC-10 + 3' D1101 77 7.2 48 3.4 28 1.2E·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 2165 
6.9 138 9.7 28 l.SE-04 1884 
7.0 233 16.6 28 5.9E-04 668 
7.1 233 16.8 28 6.0E-04 754 
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T3b-lc: 0-21 Creep Compliance Properties for Laboratory Mixed/ 
L3boratory Compacted Mixture Using Modified Compaction. 

'-09( 
~IXTURE TEMP. 01 m SHIFT SETA 

F FACTOR) 

Control: Total AC-20 60 1.46E-06 0.67 0.77 0.038 
7? 5.26E-06 0.65 
90 7.16E-06 0.73 -0.41 

F:na AC-10 + 3% UP 70 60 2.09E-06 0.64 0.:4 0.':'~8 
77 4.06E-06 0.67 
90 6.53E-06 0.68 -0.32 

Fian AC-10 + 3% Styrelf 60 2.83E-06 0.63 0.40 0.034 
77 5.81E-06 0.60 
90 9.44E-06 0.69 -0.59 

I 
I 

:Exxon AC-!..0 .. 3% Polybil t 60 S.64E-06 0.62 0.39 0.016 
77 1.34E-05 0.66 
90 1.89E-05 0.61 -0.12 

:Gulf AC-10 + 3% Kraton 60 L84E-06 0.70 0.63 0.039 
77 5.76E-06 0.66 
90 1.37E-05 0.65 -0.53 

Table 0-22 Creep Compliance Properties for Plant Mixed/ 
Laboratory Compacted Mixture Using Modified Compactio~. 

MIXTURE 

Control: Total AC-20 

Fina AC-10 + 3% UP 70 

Fian AC-10 + 3% Styrelf 

I 

:Exxon AC-10 + 3% Polybilt 

:Gulf AC-10 + 3% Kraton 

TEMP. 81 
F 

60 2.23E-06 
77 4.79E-06 
90 9.53E-06 

60 2.66E-06 
77 7.89E-06 
90 1. 68E -05 

60 3.02E-06 
77 4.63E-06 
90 7.03E-06 

60 5.32E-06 
77 7.94E-06 
90 1.76E-05 

60 2.46E-06 
77 4.63E-06 
90 1.09E-05 
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Log( 
m SHIFT 

FACTOR) 

0.522 1.01 
0.682 
0.961 -0.95 

0.661 
0.662 
0.638 

0.580 
0.656 
0.680 

0.632 
0.707 
0.658 

0.662 
0.623 
0.638 

0.71 

-0.45 

0.52 

-0.34 

0.43 

-0.38 

0.32 

-0.63· 

BETA 

0.066 

0.038 

0.028 

0.027 

0.033 

I 
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Table D-23 Creep Compliance of Laboratory Mixed I 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 

TOTAL AC-20 TOTAL AC-20 
TEST TEMP= 60 , ZIGHA = 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 4.55E-05 3.07E-06 
3.2 6.50E-05 3.38E-05 2.32E-06 3.2 1.13E-04 5.85E-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 l.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 l.lOE-05 
31.6 2.85E-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-05 100.0 1.01E-03 5.25E-04 3.54E-05 
177.8 1.15E-03 5.98E-04 4 .llE-05 177.8 1.45E-03 7.54E-04 5.08E-05 
316.2 1.80E-03 9.36E-04 6.43E-05 316.2 2.03E-03 1.05E-03 7 .10E-05 
562.3 2.95E-03 1.53E-03 1.05E-04 562.3 2.69E-03 1.40E-03 9.43E-05 

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 8.60E-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 

---------------------------------
l.O 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 5.38E-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 2.25E-04 1.17E-04 2.33E-05 

10.0 8.50E-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 2.68E-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 l.70E-04 
177.8 9.50E-04 4.94E-04 1.02E-04 177.8 2.08E-03 l.OBE-03 2.15E-04 
316.2 1.35E-03 7.02E-04 1.45E-04 . 316.2 2.34E-03 1.21E-03 2.42E-04 
562.3 1.95E-03 l.01E-03 2.10E-04 562.3 2.98E-03 1.55E-03 3.08E-04 

1000.0 2.BOE-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 1.42E-02 7.37E-03 
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Table D-23 (Continued) 

TIME TOTAL TENSILE TENSILE TIME TOTAL T€NSILE TENSILE 
SEC. HORIZONTAL STRAIN CREEP SEC. HORIZONTAL STRAIN CREEP 

DEFORMATION IN/IN COMPLIANCE DEFORMATION IN/IN COMPLIANCE 
IN IN"21LB 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 l.30E-04 4.76E-05 10.0 5.25E-05 2.73E-05 1.36E-05 
18.0 3.50E-04 1.82E-04 6.66E-05 18.0 8.75E-05 4.55E-05 2.26E-05 
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 5.37E-05 

100.0 1.75E-03 9 .10E-04 3.33E-04 100.0 3.60E-04 1.87E-04 9.32E-05 
177 .a 2.75E-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 5.38E-04 2.68E-04 
562.3 7.25E-03 3.77E-03 1.38E-03 562.3 1.74E-03 9.02E-04 4.49E-04 

1000.0 9.25E-03 4.81E-03 1.76E-03 1000.0 2.85E-03 1.48E-03 7.37E-04 
1778.3 1.25E-02 6.50E-03 2.38E-03 1778.3 3.65E-03 1.90E-03 9.44E-04 
3162.3 1.63E-02 8.45E-03 3.09E-03 3162.3 5.9SE-03 3.09E-03 1.54E-03 
3600.0 1.68E-02 8.71E-03 3 .19E-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 t 3% UP-70 FINA AC-10 t 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 .llE-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 l.lSE-04 5.98E-05 3.97E-06 5.6 2.40E-04 1.25E-04 8.31E-06 

10.0 1.80E-04 9.36E-OS 6.22E-06 10.0 3.30E-04 1.72E-04 1.14E-05 
18.0 2.53E-04 1.31E-04 8.73E-06 18.0 4.78E-04 2.48E-04 1.65E-05 
31.6 3.28E-04 1.70E-04 1.13E-05 31.6 6.9SE-04 3.61E-04 2.41E-05 
56.2 4.63E-04 2.41E-04 1.60E-05 56.2 1.04E-03 5.41E-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 2.13E-03 l.llE-03 7.35E-05 
316.2 1.48E-03 7.67E-04 5.10E-05 316.2 2.95E-03 1.53E-03 1.02E-04 
562.3 2.30E-03 1.20E-03 7.95E-05 562.3 3.93E-03 2.04E-03 1.36E-04 

1000.0 3.40E-03 1.77E-03 1.17E-04 1000.0 6.35E-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 8.85E-03 4.60E-03 3.06E-04 3162.3 1.52E-02 7 .91E-03 5.26E-04 
3600.0 9.73E-03 5.06E-03 3.36E-04 3600.0 1.71E-02 8.89E-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) 

'!'IME TO!AL 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 INA2/L8 

FINA AC-10 + 3% UP-70 FINA AC-10 + 3% UP-70 
TEST TEMP= 77 , ZIGMA = 1.376 PSI TEST TEMP= 77 , ZIGMA = 1.389 PSI 
--------------------------------- ---------------------------------

1.0 3.00E-05 1.56E-05 5.67E-06 1.0 3.75E-OS 1.95E-05 7.02E-06 
1.8 4.00E-05 2.08E-05 7.56E-06 1.8 5.75E-05 2.99E-05 1.08E-05 
3.2 4.75E-05 2.47E-05 8.98E-06 3.2 7.90E-05 4 .HE-OS 1.48E-05 
5.6 5.25E-05 2.73E-05 9.92E-06 5.6 1.03E-04 5.33E-05 1.92E-05 

10.0 6.00E-05 3.12E-05 1.13E-05 10.0 1.27E-04 6.61E-05 2.38E-05 
18.0 7.75E-05 4.03E-05 1.46E-05 18.0 1.63E-04 8.48E-05 3.0SE-05 
31.6 1.10E-04 5.72E-05 2.08E-OS 31.6 2.10E-04 1.09E-04 3.93E-05 
56.2 1.70E-04 8.84E-05 3.21E-05 56.2 2.33E-04 1.2!E-04 4.35E-05 

100.0 2.63E-04 1.37E-04 4.96E-05 100.0 2.68E-04 1.39E-04 5.01E-05 
177.8 3.35E-04 1.74E-04 6.33E-05 !77.8 4.50E-04 2.34E-04 8 .43E-05 
316.2 7.25E-04 3.77E-04 1.37E-04 316.2 7.60E-04 3.95E-04 1.42E-04 
562.3 1.60E-03 8.32E-04 3.02E-04 562.3 1.23E-03 6.37E-04 2.29E-04 

1000.0 3.23E-03 1.68E-03 6.09E-04 1000.0 1.95E-03 1.01E-03 3.65E-04 
1778.3 6.23E-03 3.24E-03 1.18E-03 1778.3 2.80E-03 1.46E-03 5.24E-04 
3!62.3 1.13E-02 5.85E-03 2 .13E-03 3162.3 4.46E-03 2.32E-03 8.35E-04 
3600.0 1.30E-02 6.74E-03 2.45E-03 3600.0 4.97E-03 2.58E-03 9.30E-04 
7200.0 1.29E-02 6.68E-03 7200.0 4.63E-03 2.4!E-03 

FINA AC-10 + 3% UP-70 FINA AC-10 + 3% UP-70 
TEST TEMP = 90 , ZlGMA = 0.868 PSI TEST TEMP = 90 I ZIGMA : 0.875 PSI 
--------------------------------- ---------------------------------

1.0 2.00E-05 1.04E-05 5.99E-06 1.0 1.75E-05 9 .lOE-06 5.20E-06 
1.8 3.15E-05 1.64E-05 9.44E-06 1.8 2.65E-05 1.38E-05 7.88E-06 
3.2 4.75E-05 2.47E-05 1.42E-05 3.2 3.75E-05 1.95E-05 l.llE-05 
5.6 8.25E-05 4.29E-05 2.47E-05 5:6 5.40E-05 2.81E-05 1.60E-05 

10.0 1.55E-04 8.06E-05 4.64E-05 10.0 7.75E-05 4.03E-05 2.30E-05 
18.0 2.65E-04 1.38E-04 7.94E-05 18.0 9.75E-05 5.07E-05 2.90E-05 
31.6 4.30E-04 2.24E-04 1.29E-04 31.6 1.29E-04 6.71E-05 3.83E-05 
56.2 6.80E-04 3.54E-04 2.04E-04 56.2 1.90E-04 9.88E-05 5.6SE-05· 

100.0 S.SSE-04 4.46E-04 2.57E-04 100.0 2.65E-04 1.38E-04 7.88E-05 
'177.8 1.11E-03 S.77E-04 3.33E-04 177.8 3.7SE-04 1.9SE-04 1.11E-04 
316.2 1.45E-03 7.52E-04 4.33E-04 316.2 5.45E-04 2.83E-04 1.62E-04 
562.3 1.96E-03 1.02E-03 5.87E-04 562.3 8.40E-04 4.37E-04 2.50E-04 

1000.0 2.7SE-03 1.43E-03 8.24E-04 1000.0 1.30E-03 6.76E-04 3.86E-04 
1778.3 4.10E-03 2.13E-03 1.23E-03 1778.3 2.34E-03 1.22E-03 6.95E-04 
3162.3 6.40E-03 3.33E-03 1.92E-03 3162.3 4.00E-03 2.08E-03 1.19E-03 
3600.0 7 .l5E-03 3.72E-03 2 .14E-03 3600.0 4.5SE-03 2.37E-03 1.35E-03 
7200.0 7.20E-03 3.74E-03 7200.0 4.57E-03 2.37E-03 
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Table 0-23 (Continued) 

TIME TOTAL TENSILE TENSILE TIME TOTAL TENSILE TENSILE 
SEC. HORIZONTAL STRAIN CREEP SEC. HORIZONTAL STRAIN CREED 

DEFORMATION IN/IN COMPLIANCE DEFORMATION IN/!N COMPL!ANC:: 
IN IN~2/LB IN IN~2/LS 

FINA AC-10 + 3% STYRELF FINA AC-10 + 3\ STYRELF 
TEST TEMP: 60 I ZIGMA: 7.348 PSI TEST TEMP: 60 I ZIGMA = 7.371 PSI 
--------------------------------- ---------------------------------

1.0 S.SOE-05 2.86E-05 1.9SE-06 1.0 1.15E-04 5.98E-05 4.06E-06 
1.8 8.75E-05 4.55E-05 3 .lOE-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 .lOE-04 3.69E-04 2.51E-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 5.57E-04 3.78E-05 

100.0 1.33E-03 6.89E-04 4.69E-05 100.0 1.53E-03 7.93E-04 5.38E-05 
177.8 1.88E-03 9.7SE-04 6.64E-OS 177.8 2 .lSE-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.SOE-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 3.55E-04 
3162.3 1.29E-02 6.7lE-03 4.57E-04 3162.3 1.56E-02 8.09E-03 5.49E-04 
3600.0 1.43E-02 7.44E-03 5.06E-04 3600.0 1.7JE-02 8.97E-03 6.09E-04 
7200.0 1.2SE-02 6.50E-03 7200.0 1.60E-02 8.32E-03 

FINA AC-10 + 3\ STYRELF F!NA AC-10 + 3\ STYRELF 
TEST TEMP = 77 , ZIGMA = 3.834 PSI TEST TEMP = 77 , ZIGMA = 3.771 Ps: 

---------------------------------
1.0 1.05r.:::o4 5.46E-05 7 .12E-06 1.0 7.00E-05 3.64E-05 4.83E-06 
1.8 1.60E-04 8.32E-OS 1.09E-OS 1.8 1.05E-04 5.46E-05 7.24E-06 
3.2 2.20E-04 l.14E-o4 1.49E-05 3.2 l.SOE-04 7.80E-05 1.03E-05 
5.6 3.20E-04 1.66E-04 2.17E-05 5.6 2.00E-04 1.04E-04 1.38E-05 

10.0 4.23E-04 2.20E-04 2.87E-OS 10.0 2.58E-04 1.34E-04 1.78E-05 
18.0 5.58E-04 2.90E-04 3.78E-05 18.0 3.75E-04 1.95E-04 2.59E-05 
31.6 7.75E-04 4.03E-04 5.26E-OS 31.6 4.5SE-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 4.34£-05 

100.0 1.47E-03 7.62E-04 9.94E-05 100.0 9.43E-04 4.90E-04 6.SOE-05 
177.8 1.95E-03 l.OlE-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-04 562.3 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 2.55E-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 5.72E-03 7.59E-04 
3600.0 1.65E-02 8.58E-03 1.12E-03 3600.0 1.35E-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 TOTAL TENSILE TENSILE TIME TOTAL TENSILE TENSILE 
SEC. HORIZONTAL STRAIN CREEP SEC. HORIZONTAL STRAP-I CREEP 

DEFORMATION IN/IN COMPLIANCE DEFORMATION IN/IN COMP'-IANCE 
!N !NA2/L!3 IN :~,(2/LB 

FINA AC·lO + 3% STYRELF TEXACO AC-10 • 3% STYRELF 
TEST TEMP = 90 I ZIGMA = 0.847 PSI TEST TEMP = 90 I Z!GMA = 0.849 PS! 
--------------------------------- ---------------------------------

1.0 2.50E-05 1.30E-05 7.68E-06 l.() 5.00E-05 2.60E-05 1.53E-OS 
1.8 4.00E-05 2.08E-05 1.23E-05 1.8 7.00E-05 3.64E-05 2 .!4E-05 
3.2 5.50E-05 2.86E-05 1.69E-05 3.2 9.50E-05 4.94E-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-OS 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 
3!.6 1.45E-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 !.76E-04 

100.0 3.95E-04 2.05E-04 1.21E-04 100.0 7.90E-04 4.!!E-04 2.42E-04 
!77 .8 7.25E-04 3.77E-04 2.23E-04 177.8 1.20E-03 6.24E-04 3.68E-04 
316.2 l.lOE-03 5.72E-04 3.38E-04 316.2 1.90E-03 9.88E-04 5.82E-04 
562.3 1.58E-03 8 .19E-04 4.84E-04 562.3 2.90E-03 1.51E-03 8.88E-04 

1000.0 2.58E-03 1.34E-03 7.91E-04 1000.0 4.40E-03 2.29E-03 l.35E-03 
1778.3 4.25E-03 2.21E-03 1.30E-03 1778.3 6.60E-03 3.43E-03 2.02E-03 
3162.3 9.40E-03 4.89E-03 2.89E-03 3162.3 l.10E-02 5.70E-03 3.35E-03 
3600.0 l.OOE-02 5.20E-03 3.07E-03 3600.0 l.29E-02 6.71E-03 3.95E-03 
7200.0 6.20E-03 3.22E-03 7200.0 9.95E-03 5 .17E-03 

FINA AC-10 + 3% POLYBILT FINA AC-10 + 3% POLYBILT 
TEST TEMP = 60 I ZIGMA = 3.817 PSI TEST TEMP= 60 I ZIGMA = 3.779 PSI 
--------------------------------- ---------------------------------

l.C 1.50E-04 7.80E-05 1.02E-05 1.0 l.lOE-04 S.72E-05 7.57E-06 
1.8 2 .lOE-04 1.09E-04 1.43E-05 1.8 1.75E-04 9. :oE-os !.20E-05 
3.2 3.00E-04 1.56E-04 2.04E-05 3.2 2.35E-04 1.22E-04 1.62E-05 
5.6 4.30E-04 2.24E-04 2.93E-05 5.6 3.20E-04 1.66E-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-05 
18.0 8.45E-04 4.39E-04 5.76E-05 18.0 6.25E-04 3.25E-04 4.30E-05 
31.6 1.26E-03 6.53E-04 8.55E-05 31.6 9.15E-04 4.76E-04 6.30E-05 
56.2 1.73E-03 8.97E-04 l.lBE-04 56.2 1.36E-03 7.05E-04 9.32E-05 

100.0 2.46E-03 1.28E-03 1.67E-04 100.0 1.99E-03 l.03E-03 1.37E-04 
177.8 3.35E-03 1.74E-03 2.28E-04 177 .e 2.75E-03 1.43E-03 1.89E-04 
316.2 4.55E-03 2.37E-03 3.10E-04 316.2 4.10E-03 2 .13E-03 2.821£-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 4.8bE-03 6.43E-04 
1778.3 1.59E-02 8.27E-03 1.08E-03 1778.3 1.65E-02 8.58E-03 !.14E-03 
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~able D-23 (Continued) 

TIME TOTAL TENSILE TENSILE TIME TOTAL TENSILE TENSILE 
SEC. HORIZONTAL STRAIN CREEP SEC. HORIZONTAL STRAIN CREEP 

OE~ORMATION IN/IN COMPLIANCE DEFORMATION IN/IN COMPL!ANCE 
IN IN"2/LB IN IN"2/LB 

FINA AC-10 t 3% POLYBILT FINA AC-10 + 3% POLYBILT 
TEST TEMP = 77 I ZIGMA = 0.998 PSI TESi TEMP = 77 I ZIGMA = 0.988 PSI 

---------------------------------
1.0 3.50E-05 1.a2E-05 9.12E-06 1.0 6.50E-05 3.3aE-05 1.71E-05 
l.a 6.00E-05 3 .12E-OS 1.56E-OS 1.8 l.OSE-04 5.59E-05 2.a3E-05 
3.2 7.25E-OS 3.77E-OS 1.89E-05 3.2 1.55E-04 8.06E-05 4.08E-05 
5.6 9.75E-05 5.07E-05 2.54E-05 5.6 2.35E-04 1.22E-04 6 .19E-OS 

10.0 l.38E-04 7 .15E-05 3.58E-05 10.0 3.08E-04 1.60E-04 8.09E-05 
18.0 2.40E-04 1.25E-04 6.25E-CS 1a.o 4.00E-04 2.0aE-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 a .15E-04 4.24E-04 2 .12E-04 100.0 1.29E-03 6.71E-04 3.40E-04 
177 .a 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 
562.3 2.53E-03 1.31E-03 6.58E-04 562.3 4.90E-03 2.55E-03 l.29E-03 

1000.0 4.25E-03 2.21E-03 l.l!E-03 1000.0 7.75E-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% POLYI3ILT 
TEST TEMP = 90 I Z!GMA = 0.840 PSI TEST TEMP = 90 I ZIGMA = 0.726 PSI 
--------------------------------- ---------------------------------

1.0 4.5CE-05 2.34E-05 1.39E-05 1.0 6.00E-05 3.12E-OS 2.1SE-OS 
:.e 7.2SE-05 3.77E-05 2.24E-05 1.8 9 .OOE-05 4.68E-OS 3.22::-os 
3.2 1.00E-04 5.20E-OS 3.10E-05 3.2 1.20E-04 6.24E-05 4.3CE-OS 
5.6 1.60E-04 8.32E-OS 4.95E-05 5.6 1.70E-04 8.84E-05 6.09E-OS 

10.0 2.4aE-04 1.29E-04 7.66E-05 10.0 2.43E-04 1.26E-04 8.69E-OS 
18.0 3.33E-04 1.73E-04 1.03E-04 18.0 3.48E-04 1.81E-04 1.24E-04 
31.6 4.8SE-04 2.52E-04 l.SOE-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 9.5SE-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 .lOE-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 .lOE-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 3.17E-03 2 .18E-03 
3600.0 l.lSE-02 5.97E-03 3.55E-03 3600.0 6.6SE-03 3.46E-03 2.38E-03 
7200.0 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 TE~S:LE 

SEC. L!ORrZONTAL STRAIN CREEP SEC. HORIZONTAL STRA!N CREED 
DEFORMATION IN/!N COMPLIANCE DEFORMATION IN/!N COMPLIANCS 

!N !N"'2/LB !N IN"2/L:! 

FINA AC-10 + 3% D1101 F!NA AC-10 + 3% D1101 
TEST TEMP = 60 I ZIGMA: 3.870 PSI TEST TEMP : 60 I ZIGMA : 3.327 PSI 
--------------------------------- ---------------------------------

1.0 4.SOE-OS 2.34E-05 3.02E-06 1.0 S.OOE-06 2.60E-06 3.91E-07 
1.8 7.50E-05 3.90E-OS 5.04E-06 1.8 . 1.00E-05 5.20E-06 7.82E-07 
3.2 1.08E-04 5.59E-05 7.22E-06 3.2 1.50E-05 7.80E-06 1.17E-06 
5.6 l.SSE-04 8.06E-OS 1.04E-05 5.6 2.50E-OS 1.30E-05 1.95E-06 

10.0 2.50E-04 1.30E-04 1.68E-05 10.0 2.60E-OS !.35E-05 2.03E-06 
18.0 3.5CE-04 1.82E-04 2.35E-05 18.0 4.00E-05 2.08E-05 3.13E-06 
31.6 S.45E-04 2.a3E-04 3.66E-05 31.6 6.00E-OS 3 .12E-05 4.69E-06 
56.2 a.48E-04 4.41E-04 5.69E-05 56.2 1.03E-04 5.33E-05 8.01E-06 

100.0 1.2!E-03 6.29E-04 a.13E-05 100.0 1.65E-04 8.58E-05 1.29E-05 
:77.8 1.75E-03 9 .lOE-04 l.laE-04 177 .a 2.65E-04 1.38E-04 2.07E-05 
316.2 2.47E-03 l.28E-03 1.66E-04 316.2 4.30E-04 2.24E-04 3.36E-05 
562.3 3 .53E -03 1.83E-03 2.37E-04 562.3 6.55E-04 3.41E-04 5 .!2E-05 

1000.0 S.OSE-03 2.63E-03 3.39E-04 1000.0 1.14E-03 5.93E-04 a.91E-05 
1778.3 7.52E-03 3. 91E-03 S.OSE-04 177a.3 1.64E-03 a.S3E-04 1.2SE-04 
3162.3 1.16E-02 6.02E-03 7.7aE-04 3162.3 3.a9E-03 2.02E-03 3.04E-04 
3600.0 1.2aE -02 6.66E-03 a.60E-04 3600.0 4.34E-03 2.26E-03 3.39E-04 
7200.0 1.13E-02 S.a8E-03 7200.0 3.16E-03 1.64E-03 

F!~A AC-10 + 3% D1101 F!NA AC-10 + 3% D1101 
~EST TEMP : 77 I ZIGMA: 2.464 PSI TEST TEMP = 77 , ZIGMA = 2.392 PSI 

---------------------------------
1.0 6.00E-OS 3.12E-OS 6.33E-06 1.0 4.00E-OS 2.08E-05 4.35E-06 
1.8 1.00E-04 5.20E-05 1.06E-05 1.8 6.75E-05 3.51E-05 7.34E-06 
3.2 1.43E-04 7.41E-OS l.SOE-05 3.2 9.2SE-OS 4.81E-05 1.01E-05 
5.6 2.1SE-04 1.12E-04 2.27E-05 5.6 1.40E-04 7.2aE-05 1.52E-C5 

10.0 3.0SE-04 1.59E-04 3.22E-05 10.0 1.95E-04 l.OlE-04 2 .12E-05 
1a.o 4.43E-04 2.30E-04 4.67E-OS 18.0 2.68E-04 1.39E-04 2.91E-05 
31.6 6.SOE-04 3.38E-04 6.86E-OS 31.6 3.94E-04 2.0SE-04 4.28E-05 
56.2 9.70E-04 5.04E-04 1.02E-04 56.2 s.a8E-04 3.06E-04 6.39E-05 

100.0 1.42E-03 7.36E-04 ~.49E-04 100.0 8.4SE-04 4.39E-04 9. ~ 9E-05 
177.8 2 .lOE-03 1.09E-03 2.22E-04 177 .a 1.19E-03 6.19E-04 1.29E-04 
316.2 2.8SE-03 1.4aE-03 3.01E-04 316.2 l.aaE-03 9.7SE-04 2.04E-C4 
562.3 4.25E-03 2.21E-03 4.49E-04 562.3 2.aSE-03 1.48E-03 3 .!OE-C4 

1000.0 5.85E-03 3.04E-03 6.17E-04 1000.0 4.1SE-03 2.16E-03 4.51E-04 
1778.3 a .lOE-03 4.21E-03 8.55E-04 1778.3 6.30E-03 3.2aE-03 6.85E-04 
3162.3 1.28E-02 6.63E-03 1.35E-03 3162.3 9.88E-03 5.14E-03 1.07E-03 
3600.0 1.43E-02 7.44E-03 1.51E-03 3600.0 1.10E-02 5.71E-03 l.l9E-03 
7200.0 1.45E-02 7.54E-03 7200.0 1.09E-02 5.67E-03 
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Table 0-23 (Continued) 

TIHE TOTAL TENSILE TENSILE TIME TOTAL TENSILE TENSrLE 
SEC. HORIZONTAL STRAIN CREEP SEC. HOR~ZONTAL 'STRAIN CREEP 

OEFORHATION IN/IN COMPLIANCE DEFORMATION IN/IN COMP:..!ANCE 
!N !N""2/L9 !N :~t2/L9 

FINA AC-10 + 3% 01101 F!NA AC-!0 • 3% 01101 
TEST TEHP = 90 , ZIGHA = 0.846 PS! TEST TEHP = 90 , ZIGMA = 0.873 PS! 
--------------------------------- ------~--------------------------

1.0 6.00E-OS 3.12E-05 l.84E-05 1.0 2.00E-05 l.04E-05 5.96E-C6 
1.8 l.OOE-04 5.20E-05 3.07E-05 1.8 3.50E-05 1.82E-05 1.04E-05 
3.2 l.50E-04 7.80E-05 4.61E-05 3.2 5.25E-05 2.73E-05 l.56E-05 
5.6 2.COE-04 1.04E-04 6.!5E-05 5.6 7.90E-05 4.!1E-05 2.35E-OS 

10.0 2.85E-04 1.48E-04 8.76E-05 10.0 1.20E-04 6.24E-05 3.57E-05 
18.0 4.20E-04 2 .l8E-04 1.29E-04 18.0 1.80E-04 9.36E-05 5.36E-05 
31.6 6.05E-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-04 56.2 3.60E-04 1.87E-04 1.07E-04 

100.0 1.16E-03 6.01E-04 3.55E-04 lCO.C 5.28E-04 2.74E-04 1.57E-04 
~77.8 1.70E-03 8.84E-04 5.23E-C4 177.8 7.65E-04 3.98E-04 2.28E-04 
316.2 2.50E-03 l.30E-03 7.68E-04 316.2 l.lOE-03 5.72E-04 3.28E-04 
562.3 3.65E-03 l.90E-03 !.12E-03 562.3 1.53E-03 7.93E-04 4.54E-04 

1000.0 5.50E-03 2.86E-03 1.69E-03 1000.0 2.14E-03 :.l!E-03 6.37E-04 
1778.3 8.30E-C3 4.32E-03 2.5SE-03 1778.3 2.67E-03 1.39E-03 7.95E-04 
3162.3 1.36E-02 7.07E-03 4.18E-03 3162.3 3.25E-03 1.69E-03 9.68E-04 
3600.0 1.50E-02 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 0-24 Creep Compliance of Plant Mixed I Laboratory Compacted MixtJres Usi~g 
Modified Compaction. 

~IME TOTAL TENSILE TENSILE TIME TOTAL TENSILE ;::~s~L': 

SEC. liORIZCNT AL STRAIN CREEP SEC. HORIZONT~L STRAIN CREEP 
DEFORMATION !N/IN COMPLIANCE DEFORMATION IN/IN CCMP'_ ~ ~NC': 

!N !NA2/LS IN :~A2/~S 

TOTAL AC-20 TOTAL AC-20 
TEST TEMP= 60 , Z!GMA = 7.480 PSI TEST TEMP= 60 , Z!GMA = 7.536 PSI 
--------------------------------- ---------------------------------

1.0 S.OOE-05 2.60E·05 1.74E-06 1.0 9.50E-05 4.94E-05 3.28£-06 
1.8 8.50E-05 4.42E-05 2.96E-06 1.8 1.15E-04 5.98E-05 3.97E-06 
3.2 l.lOE-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 5.04E-06 5.6 1.70E-04 9.84E-05 5.87E-06 

10.0 :.90E-04 9.99E-05 6.61E-06 10.0 2.15E-04 1.12E-04 7.42E-06 
!9.0 2.49E-04 l.29E-04 8.60E-06 19.0 2.70E-04 ! .40E-04 0 .32E-06 
3!.6 3.53E-04 1.83E-04 !.23E-05 3! .6 3.53E-04 1.83E-04 1.22E-05 
56.2 4.90E-04 2.55E-04 !.70E-05 56.2 4.73E-04 2.46E-04 !.63E-05 

!00.0 6.70E-04 3.48E-04 2.33E-05 100.0 6.55E-04 3.4!E-04 2.26£-05 
177 .e 9.30E-04 4.32E-04 2.89E-05 !77.8 8.50E-04 4.42E-04 2.93E-05 
316.2 :.37E-03 7. !3E-04 4.76E-05 316.2 l.l5E-03 5.98E-04 3.97E-05 
562.3 2 .!OE-03 1.09E-03 7.30E-05 562.3 l.51E-03 7.95E-04 5.21E-05 

!000.0 2 .72E-03 1.41E-03 9.46E-05 1000.0 2.l6E-03 l.l2E-03 7.45E-05 
1779.3 3.77E-03 1.96E-03 1.31E-04 1778.3 3.!1E-03 !.62E-03 1.07E-04 
3162.3 4.82E-03 2.51E-03 !.68E-04 3162.3 4.50E-03 2.34E-03 !.55E-04 
36CO.C 5.22E-03 2.71E-03 l.SlE-04 3600.0 4.8SE-03 2.54E-03 1.68E-04 
7200.0 4.57E-03 2.38E-03 7200.0 4.30E-03 2.24E-03 1.48E-04 

TOTAL AC-20 TOTAL AC-20 
TEST TEMP = 77 , ZIGMA = 2.418 PSI TEST TEMP = 77 I Z!GHA = 3.87! PSI 
--------------------------------- ---------------------------------

1.0 4.00E-05 2.08E-05 4.30E-06 ! .0 l.lSE-04 5.98E-05 7.73E-06 
1.8 7.00E-05 3.64E-05 7.53E-06 1.8 !.70E-04 9.94E-05 1.!4E-05 
3.2 9.00E-05 4.68E-05 9.68E-06 3.2 2.25E-04 l.l7E-04 !.51E-05 
5.6 l.lOE-04 5.72E-05 1.18E-05 5.6 3.00E-04 1.56E-04 2.02E-05 

10.0 1.40E-04 7.28E-OS 1.51E-05 10.0 4.08E-04 2 .12E-04 2.74E-05 
18.0 2.00E-04 1.04E-04 2 .!5E-05 18.0 S.OSE-04 2.64E-04 3 .41E-05 
3l.6 2.90E-04 1.51E-04 3 .12E-05 31.6 8.10E-04 4.21£-04 5 .44E-05. 
56.2 4.70E-04 2.44E-04 5.05E-05 56.2 1.13E-03 5.85E-04 7.56E-05 

. 100.0 8.10E-04 4.21E-04 8.71E-05 100.0 1.48E-03 7 .70E-04 9.94£-05 
!77 .8 1.20E-03 6.24E-04 1.29E-04 177.8 2 .lOE-03 1.09E -03 1.41E-04 
316.2 1.75E-03 9 .10E-04 l.SSE-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 2.34£-03 4.84E-04 1000.0 6.45E-03 3.35E-03 4.33£-04 
1778.3 8.50E-03 4.42E-03 9.14E-04 1778.3 1.04E-02 5.38E-03 6.9SE-04 
3162.3 1.83E-02 9 .49E-03 1.96E-03 3162.3 2 .13E-02 l.llE-02 1.43E-0'3 
3600.0 2.23E-02 1.16E-02 2.39E-03 3600.0 2.55E-02 !.33E-02 1.71E-03 
7200.0 2 .15E-02 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. TENS:!.:: TENSILE 
SEC. HCRIZONTAL STRAIN CREEP SEC. HORIZONTAL STRAIN CREEP 

DEFORMATION IN/IN COMPLIANCE DEFORMATION !N/!N COMPUANCE 
IN !N"2/LB IN !~Au:..s 

TOTAL AC-20 TOTAL AC-20 
TEST TEMP: 90 , ZIGMA = 1.348 PSI TEST TEMP= 90 , ZIGMA = 1.729 PSI 
--------------------------------- ---------------------------------

LO l.OOE-04 5.20E-05 1.93E-05 1.0 2.75E-05 1.43E-05 4.14E-06 
1.8 1.75E-04 9 .lOE-05 3.38E-05 1.8 4.00E-05 2.08E-05 6.02E-06 
3.2 2.35E-04 l.22E-04 4.53E-05 3.2 6.00E-05 3 .l2E-05 9.02£-06 
5.6 4.00E-04 2.08E-04 7.72E-05 5.6 8.75E-05 4.55E-05 l. 32E-05 

10.0 7.35E-04 3.82E-04 1.42E-04 10.0 1.15E-04 5.98E-05 1.73E-05 
18.0 :.25E-03 6.50E-04 2.41E-C4 :a.o 1.65E-04 8.58E-05 2.48E-05 
3! .6 2.40E-03 1.25E-03 4.63E-04 31.6 2.23E-04 1.16E-04 3.35E-05 
56.2 4.05E-03 2.!1E-03 7.61E-04 56.2 3.30E-04 1.72E-04 4.96E-05 

100.0 7.35E-03 3.82E-03 !.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 .a 6.5CE-04 4.42E-C4 !.28E-04 
316.2 2.55E-02 1.33E-02 4.92E-03 316.2 1.65E-03 e.5a::-o4 2.48E-04 
562.3 4.85E-02 2.52E-02 9.36E-C3 562.3 3.35E-03 1.74E-03 5.04E-04 
~000.0 7.75E-02 4.03E-02 l.SOE-02 1000.0 5.90E-03 3.07E-03 8.87E-04 

F!NA AC-10 t 3% UP-70 F!NA AC-10 + 3% UP'-70 
TEST TEMP= 60 , Z!GMA = 7.341 PS! TEST TEMP~ 60 , ZIGMA = 7.262 os: 
--------------------------------- ---------------------------------

:.o 8.SOE-05 4.42E-05 3.01E-06 1.0 9.SOE-05 4.94E-OS 3.40E-06 
1.8 ! .lSE-04 5.98E-05 4.07E-06 1.8 1.25E-C4 6.SOE-05 4.4SE-06 
3.2 1.55E-04 8.06E-05 5.49E-06 3.2 1.65E-04 8.58E-05 5.91E-C6 
5.6 2 .18E-04 1.13E-04 7.70E-06 5.6 2.50E-04 1.30E-04 8.95E-06 

10.0 3.05E-04 1.59E-04 1.08E-05 10.0 3.70E-04 !.92E-04 1.32E-05 
18.0 4.20E-04 2.18E-04 1.49E-OS 18.0 5.40E-04 2.81E-04 1.93E-05 
31.6 5.70E-04 2.96E-04 2.02E-05 31.6 S.OOE-04 4.16E-04 2.86E-OS 
56.2 8.40E-04 4.37E-04 2.98E-05 56.2 1.!2E-03 5.80E-04 3.911E-05 

100.0 1.26E-03 6.55E-04 4.46E-05 100.0 1.66E-03 8.63E-04 5.94E-05 
177.8 1.84E-03 9.57E-04 6.52E-05 177.8 2.33E-03 1.21E-03 8.34E-05 
316.2 2.64E-03 1.37E-03 9.35E-OS 316.2 3.33E-03 1.73E-03 1.19E-04 
562.3 3.9SE-03 2.05E-03 1.40E-04 562.3 S.OSE-03 2.64E-03 !.82E-04 

1000.0 S.SSE-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 1.3SE-02 7.04E-03 4.85E-04 
3162.3 1.13E-02 5.88E-03 4.00E-04 3162.3 2.48E-02 1.29E-02 8.67E-04 
3600.0 1.24E-02 6.45E-03 4.39E-04 3600.0 2.89E-02 1.50E-02 1.04E-03 
7200.0 1.17E-02 6.06E-03 7200.0 2.74E-02 1.42E-02 
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~able D-24 (Continued) 

T!~E TOTAL TENSILE TENS!!..E 
se::. ~OR!ZONTAL STRAIN CREEO 

DEF ORMA T! ON !N/I~ COMPL~ANCE 

!~ !~A2/l8 

~!~A AC-!0 • 3% UP-70 
~EST '!'E~P : 77 

' Z!GMA = 6.664 PSI 
---------------------------------

1.0 3.25E-04 1.69E-04 ~.27E-c5 
l.S 4.50E-04 2.34E-04 1.76E-05 
3.2 5.65E-04 2.94E-04 2.20E-05 
5.6 6.65E-04 3.46E-C4 . 2 .60E-05 

!0.0 9.5CE-04 4.94E-04 3.71!-05 
18.0 1.33E-03 6.89E-04 5.17E-05 
31.6 2.03E-03 l.OSE-03 7.90E-05 
56.2 3. !5E-03 1.64E-03 1.23E-04 

100.0 5 .18E-03 2.69E-03 2.02E-04 
!77 .8 8.40E-03 4.37E.-03 3.28E-04 
316.2 1.09E-C2 5.67E-03 4.25E-04 
562.3 2.54E-02 1.32E-02 9.91E-C4 

F:NA AC-10 + 3% UP-70 
TES~ "!'E~P = 90 , ZIGMA: 0.997 PSI 

1 " ..... 
1.8 
3.2 
5.6 

10.0 
18.0 
31.6 
56.2 

100.0 
177.8 
316.2 
562.3 

1000.0 
1778.3 
3162.3 
3600.0 
7200.0 

8.00E-05 
l.!SE-04 
1.48E-04 
2.08E-04 
2.75E-04 
3.80E-04 
5.40E-04 
7.70E-04 
1.21E-03 
l.85E-03 
2.75E-03 
4.05E-03 
6.30E-03 
1.09E-C2 
O.OOE+OO 
O.OOE+OO 
O.OCE+OO 

4 .16E-05 
5.98E-05 
7.67E-05 
l.OSE-04 
1.43E-04 
1.98E-04 
2.81E-04 
4.00E-04 
6.29E-04 
9.62E-04 
1.43E-03 
2 .!lE-03 
3.28E-C3 
5 .67E-03 
O.OOE+OO 
O.OOE+OO 
O.COE+OO 

2.09E-05 
3.00E-05 
3.85E-05 
5.41E-05 
7.17E-05 
9.91E-OS 
1.41E-C4 
2.01E-04 
3.16E-04 
4.83E-04 
7 .17E-04 
!.06E-03 
1.64E-03 
2.84E-03 
O.OOE+OO 
O.OOE+OO 
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"!'T!o!t' TOTAL ;::NS!L.E ~E'IS ~:.:: • •11 .. 

SEC. ~OR!ZONTAL STP.A!N CP.EE~ 
OE!='ORMAT!ON I~/!"l C C~P'. ~ ANC E 

!~ :'(2/'-~ 

F!NA ~C-10 + 3% UP-70 
TES; '!'E~P = 77 I Z!GMA = 3.907 OS! 

---------------------------------
1 ,., 8.50E-05 4.42E-OS 5.66E-06 ··" 
~.8 l.lOE-04 5.72::-os 7.32E-06 
3.2 2.25E-C4 1.17E-04 :.50E-05 
5.6 3.2CE-04 1.66E-04 2 .13E-05 

10.0 4.40E-O.~ 2.29E-04 2.93E-05 
18.0 5.75E-04 2.99E-04 3.83E-05 
31.6 8.4CE-04 4.37E-04 5.59E-05 
56.2 !.36E-03 7.05E-04 9.02E-05 

100.0 1.68E-03 8.71E-04 l.!lE-04 
177.8 2.61E-03 !.35E-03 1.73E-04 
3!6.2 3.90E-03 2.03E-03 2.60E-04 
562.3 5.50E-03 2.86E-03 3.66E-04 

FINA AC-10 + 3% UP-70 
:EST ~E~P = 90 , !!GMA = 0.839 osr 

1.0 
1.8 
3.2 
5.6 

!0.0 
18.0 
31.6 
56.2 

100.0 
177.8 
316.2 
562.3 

1000.0 
1778.3 

S.OOE-05 
7.50E-05 
l.OOE-04 
1.50E-04 
2.00E-C4 
3.00E-04 
4.0CE-04 
6.00E-04 
1.40E-03 
1.88E-C3 
2.C6E-03 
2.36E-03 
3 .!lE-03 
4.60E-03 

2.6CE-OS 
3.90E-05 
5.20E-05 
7.SOE-05 
~.04E-04 

1.56E-04 
2.08E-04 
3.!2E-04 
7.28E-04 
9.75E-04 
1.07::-03 
:.22E-C3 
l.61E-03 
2.39E-03 

l.SSE-05 
2.32E-C5 
3.10E-05 
4.65E-05 
6.20E-05 
9.30E-05 
!.24E-04 
1.86E-J' 
4.34E-04 
S.SlE-04 
6.37E-04 
7.3CE-04 
9.62E-04 
l.42E-03 



~ab!e D-24 (Continued) 

TrME TOTAL TENSILE TENS!LE TIME TOTAL ~E~S:LE TENS:'_£ 
SEC. !.iOR!!(:NTAL STRA!N CREED SEC. HOR!ZCNTtjL s:~~!N CREEO 

DEFORMATION !N/IN COMPLIANCE DEFORMATION r~u=~ C0~P~!ANCE 

IN !~·(2/LB IN !N""~IL8 

FINA AC-!0 + 3% STYREL~ FINA AC-!0 + 3% STYREL~ 
TEST TEMP = 60 I ZIGMA = 7.405 PSI TEST TEMP = 60 , Z!GMA = 7.408 PSI 
----------·---------------------- ---------------------------------

~ .0 l.OOE-04 5.20E-05 3.51E-06 1.0 9.50E-05 4.94E-05 3.33E-O~ 
1.8 1.40E-04 7.28E-05 4.92E-06 1.8 1.15E-04 5.98E-05 4.04E-06 
3.2 1.85E-04 9.62E-OS 6.50E-06 3.2 1.45E-04 7.54E-05 5.09E-06 
5.6 2.60E-04 1.35E-04 9. !3E·06 5.6 1.90E-04 9.88E-05 6.67E-06 

10.0 3.60E-04 1.87E-04 :.26E-CS 10.0 2.56E-04 1.33E-04 8.99€-06 
18.0 S.OOE-04 2.60E-04 1.76E-05 18.0 3.83E-04 ~.99E-04 1.34E-05 
3!.~ 6.60E-04 3.43E-04 2.32E-05 31.6 5.85E-04 3.04E-04 2 .05E-05 
56.2 8 .SSE-04 4.45E-04 3.0CE-05 56.2 9.0CE-C4 4.68E-04 3 .16E-05 

!00.0 !.!9E-03 6 .19E-04 4.l8E-05 100.0 1.35E-03 7.00E-04 4.72E-05 
!77 .a 1.58E-03 8.: 9E-04 5.53E-05 177.8 l.SOE-03 9.36E-04 6.32E-05 
316.2 2 .lOE-03 !.09E-03 7.37E-05 316.2 2.50E-03 1.3CE-03 e.78E-05 
562.3 2.98E-03 1.55E-03 1.04E-04 562.3 3.43E-03 :.78E-03 -~.2CE-04 

1000.0 4.33E-03 2.25E-03 1.52E-04 1000.0 4.78E-03 2.4SE-C3 ~.68E-04 

1778.3 6.58E-03 3.42E-03 2.31E-04 !778.3 6.75E-03 3.5!E-03 2.37E-C4 
3!62.3 !.02E-02 5.32E-03 3.59E-04 3162.3 9.78E-C3 5.08E-03 3. 43E-04 
3600.0 :.::E-02 5.76E-03 3.89E-04 3600.0 !.07E-02 5.57E-03 3.76E-04 
7200.0 1.06E-02 5.50E-03 7200.0 9.8CE-C3 S.lCE-03 

FI~A AC-10 + 3% STYRELF F!NA AC-!0 + 3% STVRELe 
TEST TEMP =·77 , ZIGMA = 1. 350 PS! TEST TEMP = 77 , Z!GMA = 1.344 PS! 
--------------------------------- ---------------------------------

1.0 3.50E-05 1.82E-05 6.74E-06 1.0 2.75E-05 1.43E-05 5.32E-06 
!.8 4 .SOE-05 2.34E-05 8.67E-06 1.8 4.40E-05 2.29E-05 S.S!E-06 
3.2 S.SOE-05 2.86E-05 1.06E-05 3.2 5.60E-OS 2.91E-05 1.091!-05 
5.6 7.20E-05 3.74E-OS 1.39E-05 5.6 8 .lOE-05 4.21E-05 1.57E-05 

10.0 8.90E-05 4.63E-05 ! .71E-05 10.0 l.07E-04 5.54E-05 2.06E-05 
18.0 1.34E-04 6.97E-05 2.58E-05 18.0 1.36E-04 7.CSE-05 2.~2E-05 

31.6 1.75E-04 9.10E-05 3.37E-05 31.6 2 .13E-04 l.llE-04 4.12£-05 
56.2 2.23E-04 1.16E-04 4.29E-05 56.2 3.25E-04 1.69E-04 6.29E-05 

100.0 3.05E-04 1.59E-04 5.aae:-o5 100.0 5.08E-04 2.64E-04 '1.92E-05 
177.8 4.35E-04 2.26E-04 8.38E-05 177 .a e.OOE-04 4 .16E-04 1.55E-C4 
316.2 7.20E-04 3.74E-04 L39E-04 316.2 1.14E-03 5.93E-04 2.2!E-04 
562.3 !.13E-03 5.95E-04 2 .!.7E-04 562.3 1.62E-03 8.40E-04 3. !.2E-04 

1000.0 1.90E-03 9.88E-04 3.66E-04 1000.0 2.68E-03 1.39E-03 S.18E-04 
1778.3 3.13E-03 1.63E-03 6.02E-C4 1778.3 4 .17E-03 2.!.71.:-03 8.06E-04 
3162.3 5.30E-03 2.76E-03 !.02E-03 3162.3 6.55E-03 3.41E-03 1.27E-03 
3600.0 6.05E-03 3.1SE-03 !.!7E-03 3600.0 7.28E-03 3.78E-03 :.4!E-03 
7200.0 5.55E-03 2.89E-03 7200.0 7.03E-03 3.65E-C3 
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:able 0-24 (Continued) 

T!M~ TOTAL TENS!l..E TENSrLE '!'!ME TOTAL TE~!S!LE :::~s:L:: 

SEC. HCR!ZCNTAL SiRA!S CREEP SEC. !-'CR!!QNTAL s:~AIN :R::::o 
~E!='OR"'AT!ON I"'/!N C~MO'_!ANCE OEFORMA'!'!ON IN/IN CO~P~!ANC': 

!N :~ruu: !N :~f"ute 

!=':~A AC-10 + 3% STYRELF '!'EXACC AC-!C + 3% STY~ELF 
""EST '!'E~P = 90 , ZIGMA = 0.855 PS! TEST TEMP = 90 I ZIGMA = 0.855 PS! 
--------------------------------- ---------------------------------

1.0 5.00E-06 2.60E-06 1.52E-06 1.0 · 4 .OOE-05 2.08E-05 1 .22E -OS 
1.8 1.0CE-OS 5.20E-06 3.04E-06 !.8 6.00E-OS 3.12E-OS 1.82::-:s 
3.2 l.SOE-05 7.SOE-06 4.56E-06 3.2 8.2SE-OS 4.29E-05 2.51E-05 
5.6 2.00E-05 1.04E-05 6.0SE-06 5.6 1.23E-04 6.37E-05 3.73E-05 

!0.0 4.00E-OS 2.0SE-05 1.22E-05 10.0 1.75E-04 9 .lOE-05 5.32E-OS 
18.0 7.50E-05 3.90E-05 2.2SE-OS lS.C 2.53E-04 1.31E-04 7.6SE-05 
3!.6 1.25E-04 6.50E-05 3.80E-05 3!.6 3.93E-04 2.04E-0.1 1.19E-04 
56.2 2.05E-04 1.07E-04 6.Z4E-05 56.2 5.9SE-04 3.C9E-04 1.81E-04 

,. "" 1\ .. vv . .; 3.10E-04 1.61E-04 9.43E-05 100.0 S.90E-04 4.63E-04 2.71E-04 
!77.8 4.50E-04 2.34E-04 1.37E-04 177 .a l.ZOE-03 6.24E-04 3.65E-04 
316.2 6.501!-04 3.3SE-04 1.98E-04 316.2 l.55E-03 8.06E-04 4.71E-04 
562.3 l.lOE-03 5.72E-04 3.35E-04 562.3 2 .lOE-03 1.CqE-03 6.39E-04 

1000.0 l.SSE-03 9.62E-04 5.63E-04 1000.0 2.92E-03 :.52E-03 8.87E-C4 
1778.3 3.15E-03 1.64E-03 9.58E-04 !778.3 4.05E-03 2.!!E-03 1 ")")~ -"'l * t'-Y- WV 

3162.3 5.35E-03 2.7SE-03 !.63E-03 3162.3 6 .1SE -03 3.2!E-03 1.88E-C3 
3600.~ 5.60E-03 2.91E-03 1.70E-03 3600.0 6.58E-C3 3.42E-O? 2.00E-0? 
7200.0 4. !OE -03 2.13E-03 7200.0 5.13E-03 2.67E-03 

F!NA AC-10 + 3% PQLVBIL'!' F!NA AC-10 + 3% PCLve:L~ 
TES'!' TEMP = 60 , ZIGMA = 3.868 PSI TEST TEMP = 60 , Z!GMA = 7.504 PS! 
--------------------------------- ---------------------------------

' 
,.. :.lOE-04 5.72E-OS 7.40E-06 1.0 l.SOE-04 7.80E-05 5.20E-06 

~ .8 !.SOE-04 7.SOE-05 !.O:E-05 1.8 2.25E-04 1.!7E-04 7.30E-~6 

3.2 1.90E-04 9.88E-05 ~.28E-05 3.2 2.95E-04 1.53E-04 ~.C:!E-05 

5.6 2.45E-04 1.27E-04 1.65E-05 5.6 4.20E-04 2.18E-04 1.46€-05 
10.0 3.25E-04 1.69E-04 2.19E-05 10.0 S.!SE-04 2.6SE-04 1.78E-05 
18.0 4.60E-04 2.39E-04 3.09E-05 18.0 7.05E-04 3.67E-04 2.44E-05 
31.6 6.70E-04 3.48E-04 4.SOE-05 31.6 1.10E-03 5.72E-04 3.81:-cs 
56.2 9.05E-04 4.71E-04 6.08E-OS 56.2 1.72E-03 8.95E-04 5.96E-OS 

100.0 1.39E-03 7.23E-04 9.35E-05 100.0 2.72E-03 ~.41E-03 9 .43E-05 
177.8 1.93E-03 l.OOE-03 1.29E-04 177 .a 4.30E-03 2.24E-03 L49E-04 
316.2 2.7SE-03 1.43E-03 l.SSE-04 316.2 6.65E-03 3.46E-03 2.30E-04 
562.3 3.90E-03 2.03E-03 2.62E-04 562.3 9.40E-03 4.89E-03 3.26E-04 

1000.0 5.75E-03 2.99E-03 3.87E-04 1000.0 1.97E-02 1.02£-02 6.81E-04 
1778.3 8.9SE-03 4.65E-03 6.02E-04 
3162.3 1.46E-02 7.57E-03 9.78E-04 
3600.0 1.64E-02 8.SOE-03 l.!OE-03 
7200.0 l.SSE-02 8 .19E-03 1.06E-03 
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Table 0-24 (Continued) 

"!"!ME TOTAL TENS~LE TENS!LE T!ME :c:4:.. JENsr:..:: TENS::..~ 
SEC. HOR~ZCNTAL s:RAIN CREEP SEC. HOR!ZON.,.AL S';RA!"' ':'!EE0 

::lEFO~MAT!ON !N/IN COMPLIANCE DEFORMAT!ON !N/!0.: CG~P:..!ANC~ 

!N !"1"21'...9 !"' . !~f'2/'_~ 

FINA AC-!0 + 3% POLYS!'...: FINA AC-10 ~ 3% PQLV9!'...~ 

TES; TEMP = 77 I ZIGMA =1.225 PSI TEST "'EI.IP = 77 , Z!GMA = 0.99S PS: 
--------------------------------- ---------------------------------

1.0 3.50E-05 1.82E-05 7.43E-06 !.0 4.00E-05 2.08E-05 l.05E-CS 
1.8 5.50E-05 2.66E-05 1.17E-05 1.8 5.75E-05 2.99E-05 ~.50E-C5 

3.2 7.75E-05 4.03E-05 ~.65E-05 3.2 7.75E-05 4.03E-05 2.03E-05 
5.6 1.15E-04 5.96E-05 2.44E-05 5.6 !.lCE-04 5.72E-05 2.87E-05 

:o.c !.65E-C4 8.58E-C5 3.50E-C5 10.0 !.SOE-04 7.80E-C5 1.92E-05 
:e.o 2.40E-04 1.25E-04 5.09E-05 18.0 2.20E-04 L14E-04 5.75E-05 
31.6 3.45E-04 l.79E-C4 7.32E-05 31.6 3.60E-04 1.87E-04 9.41E-05 
56.2 4.85E-04 2.52E-04 :.03E-04 56.2 5.93E-04 3.08E-04 1.55E-04 

100.0 6.65E-04 3.56E-04 l.45E-04 100.0 9.75E-04 5.07E-04 2.55E-04 
:77 .e 9.50E-04 4.94E-C4 2.02E-C4 177.8 1.55E-03 8.06E-04 4.05E-04 
316.2 1.37E-03 7 .lCE-04 2.90E-04 316.2 2.5CE-03 !.3CE-03 6.53E-04 
562.3 2.02E-03 1.05E-03 4.28E-C4 562.3 3.75E-03 1.95E-03 9.80E-~4 

1000.0 3.03E-03 1.57E-03 6 .42E-04 1000.0 5.85E-03 3.04E-03 l.53E-C3 
1778.3 4.95E-03 2.57E-03 1.05E-03 1778.3 9.60E-03 4.99E-03 2.S1E-C3 

FINA AC-10 + 3% POLYBILT FINA AC-10 + 3% POLYBILT 
.,.EST TE~P : 90 , ZIGMA = 0.856 PSI TEST TEMP = 90 , ZIGMA = 0.876 J:lCT J1 

--------------------------------- ---------------------------------
1 f\ 5.50E-05 2.86E-05 1.67E-05 ! .0 7.00E-05 3.64E-05 2.08E-05 .. " 
1.8 9.00E-05 4.68E-05 2.7'3E-C5 1.8 1.03E-04 5.33E-05 3.04~-(;S 

3.2 1.30E-04 6.76E-05 3.95E-05 3.2 1.30E-04 o.76E-o5 3.86E-OS 
5.6 1.65E-04 9.62E-05 5.62E-05 5.6 1.70E-04 8.84E-05 5.05E-CS 

10.0 2.70E-04 1.40E-04 8.20E-05 !0.0 2.18E-04 1. !3E-04 6 .46E-05 
~8.0 4.08E-04 2.12E-o4 1.24E-04 18.0 2.98E-04 !.55E-04 8.83E-05 
31.6 6.20E-04 3.22E-04 1.88E-04 31.6 4.35E-04 2.26E-04 !.29E-04 
56.2 9.55E-04 4.97E-o4 2.90E-04 56.2 6.63E-04 3.45E-04 1.97E-04 

!00.0 l.SOE-03 7.80E-04 4.56E-04 100.0 1.02E-03 5.31~-04 3.C3E--:4 
!77 .8 2 .lOE-03 1.09E-03 6.38E-04 177.8 1.40E-03 7.28E-04 4.!6E-O~ 

316.2 3.03E-03 1.57E-03 9.!9E-04 3!6.2 1.85E-03 9.62E-04 5.49E-O~ 

562.3 4.46E-03 2.33E-03 1.36E-03 562.3 2 .66E-03 !.36E-03 7.90E-04 
1000.0 7.40E-03 3.85E-03 2.25E-03 1000.0 3.80E-03 !.98E-03 1.~3E-03 
1778.3 !.30E-02 6.76E-03 3.95E-C3 1778.3 5.48E-03 2.85E-03 1.63~-03 

3162.3 9.00E-03 4.68E-03 2.67E-03 
3600.0 1.03E-02 5.34E-03 ) ('C.::'-1'") ........ _ """" 
7200.0 7.93E-03 4. !2E-03 
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Table 0-24 (Continued) 

T!ME TOTAL TENS!LE Te.JS!:..E T'!'~C' TOTA:.. ""'I:'~C"' C' T::"\tC: "' C 
••• i'- -1-..J ... -- . _, . .., ---

SE:. HOR:ZONTAL STRAIN CREEP SEC. ~CR!Z;)NTAL S"''=<A!~ "OC'C'CI .,.,\ .... _. 
DE!=' ORMATION IN/IN COMPL!ANC:: OEFORMAT!C~ IN/:N C'J~'-''_;:ANCE: 

r~ !N"'2AS !N :~.(2.'~9 

FI~A AC-!0 t 3% 01101 FINA ~C-:0 + J% 01101 
TEST TEMP = 60 , ZIGMA = 3 .194 PSI TEST TEMP = 60 ' z::GMA = 3.:52 Ps: 
--------------------------------- ---------------------------------

~.0 7.50E-06 3.90E-06 6.11E-07 1.0 S.OOE-CS 2.60E-CS .i.: 3E -06 
1.8 1.50E-05 7.80E-06 1.22E-C6 1.8 8.50E-C5 4.42E-05 7.01E-IJS 
3.2 2.00E-~5 1.04E-05 1.63E-06 3.2 !.~SE-~~ 6.!::-~s q.69E-06 
5.6 3.00E-05 1.56E-05 2.44E-06 5.6 1.70E-~4 8.94£-05 1.40E-05 

10.0 4.00E-05 2.08E-05 3.26E-06 10.0 2.30E-04 :.20E-04 :.90E-05 
18.0 S.OOE-05 2.60E-05 4.C7E-C6 18.0 3.43E-04 :.7SE-04 2.:3E-05 
3! .6 7.00E-05 3.64E-05 5.70E-06 31.6 S.04E-04 2.62E-04 .i.:SE.,-05 
56.2 !.C2E-04 5.28E-05 9.26E-06 56.2 6.85E-04 3 .:6E-04 S.65E-05 

!00.0 !.33E-04 6.89E-05 !.08E-C5 100.0 :.O!E-03 S .23E-C4 9.29E-CS 
177.8 2.25E-04 1.17E-04 Le3E-05 177.6 !.48E-03 7.67E-'::4 !.2::!E-04 
3:6.2 3.85E-04 2.00E-04 3.13E-05 316.2 2. :a:-03 :.:3E-C3 :.79E-O~ 

562.3 6.40E-04 3.33E-04 5.21E-C5 562.3 3.26E-03 1.7~E-IJ3 2.,9E-IJ4 
!000.0 !.03E-03 5.33E-04 8.35E-05 1000.0 4.88E-03 2 .54E-O: 4.nE-0<1 
!778.3 :.78E-03 9.23E-04 :.45E-04 1778.3 6.93E-C3 3.60E-03 :.71~-~4 

3162.3 3.!S'::-03 1.64E-03 2.56E-04 3162.3 !.04E-C2 5.38E-03 9.54E-(l~ 

3600.~ 3.50E-03 1.82E-03 2.8SE-04 3600.0 :.!2E-02 s.e4:-o: <:l.2~E-~! 

7200.~ 2.98E-03 ~.55E-03 7200.0 !.08E-C2 ~.,2S-03 

FI~A AC-!0 t 3% 01101 FINA AC-!0 + 3% ~::01 
TEST TEMP = 77 , ZIGMA = 2.376 PS! TEST TEMP = 77 I Z!GMA = 2.~70 os: 
--------------------------------- ---------------------------------

l.O 5.00E-05 2.60E-05 5.47E-06 1.0 3.00E-05 : . 56E-IJS . 3. !6E-'J6 
1.8 8.50E-05 4.42E-05 9.30E-06 1.8 S.OOE-05 2 t.I'~-I'IC. ....... \,;_ v .. · 5 "lt.:: -·"'" ""'"''- -· 
3.2 l.lOE-04 5.72E-05 1.20E-05 3.2 7.35E-05 3.82E-C5 7.74E-06 
5.6 1.70E-04 8.84E-05 1.86E-05 5.6 9.25E-C5 4,81E-IJ5 q,74E-C6 

10.0 2.88E-04 l.SOE-04 3.15E-05 10.0 1.22E-04 6.32E-05 l.28E-05 
18.0 3.4SE-04 1.79E-04 3.78E-05 18.0 1.63E-04 8.45E-05 ~.7!E-CS 

31.6 S.OOE-04 2.60E-04 5.47E-CS 31.6 2.03E-04 1.05E-04 2. :3:-os 
56.2 6.65E-04 3.46E-04 7.28E-05 56.2 2.SOE-04 !.3CE-C4 2.S3E-CS 

100.0 l.03E-03 5.33E-04 1.12E-04 100.0 3.50E-04 !.82E-04 3.69E-CS 
~77 .8 1.48E-03 7.67E-04 1.6!E-04 177.8 5.00E-04 2.6CE-04 ':.26E-'JS 
316.2 2.20E-03 l.14E-03 2.41E-04 316.2 9.85E-04 5.12E-04 !.04E-Oc! 
562.3 2.78E-03 1.44E-03 3.04E-04 562.3 !.75E-03 9.!0E-04 !.8t.E-C4 

1000.0 3.80E-03 1.98E-03 4.16E-04 1000.0 2.73E-03 1.42E-03 2.87E-04 
!778.3 5.13E-03 2.67E-03 5.6!E-04 1778.3 3.76E-03 !.96E-03 3.9~E-04 

3162.3 7.23E-03 3.76E-03 7.9!E-04 3162.3 6.45E-03 3.35E-03 6.79S-04 
3600.0 7.85E-03 4.08E-03 8.59E-04 3600.0 7.45E-')3 3.87E-03 7.e~E-'J~ 

720C.C 7.75E-03 4.C3E-03 7200.0 7.30E-03 3.80E-03 
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~a:!e D-2~ {Co~tinued) 

TT~C' TOTAL :::~s~~=: :ENS:~:: TTMC :erA~ :~~s::_~ "'E~S~LE ' .... If,.. .. ·-
SEC. IJCR!Z~N"'AL STRAIN CREEP SEC. '"!CR:zcr-r•AL SiRAIN :'.{EEP 

DEc'JR~A:~CN I~/~~ ~0'1P~~ANCE 'E~:lR~AT!0'-1 :~I:N ~~~p·_:ANC~ 

=~ r·C2/LB IN ~X':/'..9 

;I~A AC~!O + 3% 01!01 CI~A AC-!0 + 3% Dl!C! 
iES'!" TEMP = 90 

' ZIGMA = ~ .858 PS! TESi TEMP = 90 
' 

Z!GMA. = C .~59 os: 
--------------------------------- ---------------------------------

1.0 2.50E-05 1.30E-05 7.58E-06 • " 2.SOE-05 !.30E-05 7.57E-C6 "' . .; 
~.8 7.50E-OS 3.9CE-05 2.27E-05 1.8 3 .SOE-05 L82E-05 ~.06E-05 
3.2 9.5CE-C5 4.94E-CS 2.88E-05 3.2 5.50E-OS 2.86E-CS :.~7E-05 
5.6 !.2SE-04 6.SCE-OS 3.79E-OS 5.6 8.0CE-05 ~ .16E-05 2 .42E-05 

!0.0 1.75E-04 9 .lOE-05 5.3CE-C5 10.0 !.lSE-04 5.98E-05 3.48E-OS 
18.0 3.25E-04 !.69E-~4 9.85E-05 18.0 1.70E:-04 8.84E-OS S .lSE-05 
31.6 4.75E-C4 2.47E-04 1.44E-04 31.6 2.0SE-04 1.07E-04 6.21E-OS 
56.2 8.25E-04 4.29E-04 2.5CE-04 56.2 3.35E-04 1.74E-04 2 :nE-04 

100.0 :.30E-03 6.76E-O~ 3.94E-04 tOO.C 4.SOE-04 2.50E-04 ! .4SE-04 
177.8 !.78E-03 9.23E-04 5.38E-04 177.8 7 .45E-04 3 .97':-04 2.26E-04 
316.2 2. !8E-03 l.l3E-03 6.59E-04 316.2 :.lOE-03 5.70E-C4 :?.3!E-C4 
562.3 2.63E-03 ! .37E-03 7.96E-04 562.3 l.SSE-03 8.C6E-04 4.69E-04 

fl 1000.0 3.33E-03 1.73E-03 !.OlE-03 !OOO.C 2.40E-03 L25E-03 7.2SE-04 
!778.3 4. !3E-03 2 .!SE-03 1.2SE-03 !778.3 3.5SE-03 l.S4E-03 !.~7E-03 

3!62.3 4.98E-03 2.59E-03 l.SlE-03 3162.3 S.lCE-03 2.65E-03 :.54E-03 
3600.0 5 .18E-03 2.69E-03 ~.57~-03 3600.0 5.40E-03 2.8~~-03 !.t?E-::3 
720C.C 3.63~-03 ~.89E:-C3 7200.0 3.60E-C3 1.87::-n 
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Table 0-25 Moisture Sensitivity Test Results for Laboratory Mixed/Laboratory Compacted 
Mixtures Using Modified Compaction. 

Ory Condition Wet Condition 

MIXTURE TEST AIR TENSILE AIR TENSILE TSR 
TEHP. IJOIOS STRENGTH VOIDS STRENGTH 

F \ PSI \ PSI 

Control: Total AC-20 77 7.0 89 6.6 50 
7.1 83 6.9 50 
7.2 85 6.8 52 

AVG. 7.1 86 6.8 51 0.59 

Fina AC-10 + 3% UP 70 77 6.3 67 6.7 61 
6.6 85 6.8 54 
5.9 84 6.9 67 

AVG. 6.3 79 6.8 61 0.77 

Fina AC-10 + 3% Styrelf 77 7.1 103 7.2 57 
7.1 104 7.0 72 
7.1 95 7.4 52 

I 
I 
I AVG. 7.1 100 7.2 61 0.60 1 
I 
I 

:Exxon AC-10 + 3\ Polybilt 77 6.8 38 6.8 26 
I 7.3 34 6.5 32 I 

6.6 40 7.0 29 
----

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 

AIJG. 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 AIR TENSILE TSR 
TEMP. VOIDS STRENGTH VOIDS STRENGTH I 

I 

F % PSI % PSI I 
I 
I 
I 

Control: Total AC-20 77 7.5 95 7.4 59 I 
I. 

7.2 92 7.3 56 
7.3 90 7.6 49 

AVG. 7.3 92 7.4 55 0.59 

Fina AC-10 t 3% UP 70 77 7.2 73 7.3 53 
7.3 7l 7.1 59 
7.5 7S 7.1 60 

AVG. 7.3 74 7.2 57 0.77 

Fina AC-10 + 3% Styrelf 77 6.9 lOS 7.2 so 
7.0 95 7.0 7S 
7.0 103 6.S 72 

I AVG. 7.0 102 7.0 76 0.75 
I 
1 

:Exxon AC-10 t 3% Polybilt 77 7.2 40 7.4 43 
6.6 47 6.5 37 
6.8 46 7.2 34 

AVG. 6.9 44 7.0 38 0.86 

Gulf AC-10 t 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 

427 



Table D-27 AGGREGATE GRADATION OF EXTRACTED CORES (DISTRICT 10) 

Combined SDHPT AC-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 0 0 0 0 0 

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 

IV 
CP 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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Fig. D-21 Resilient M:xiulus vs, Test Temperature for Laboratory 
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Fig. D-27 Secant M:Xiulus vs. Test Tenperature for I.alx>ratory 
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Fig. 0.15 Marshall Stability for Laboratory Mixtures Using 
Standard Compaction. 
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APPENDIX B 

SEAL COAT TBST SBCTIOBS (Districts 17 1 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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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 

Rate (galfyd2) .367 .375 

Aggregate CSA GR4 TY PB CSA GR4 TY PB 

Rate 1:116 1:119 

Station #'s 1510+47 to 1635+44 1635+44 to 1763+89 

AC5/2% Latex 

.351 

CSA GR4 TY PB 

1:120 

1763+89 to 1893+49 

Field notes indicate good aggregate retention in all test sections. 
Some rutting was noted in the existing roadway. 

AC5/Control (FINA) 

.354 

CSA GR4 TY PB 

1:1i9 

1893+49 to 2021+23 



.b. 
"'-J 
I'V 

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 
AC5 2% UP-70 AC-10 

Rate ( gal/yd2) .348 .352 

Exxon Exxon 
AC-10 3% Kraton AC-10 3% Styrelf 

.357 .359 

Aggregate ---------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 
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APPBJm:tX P 

DBVBLOPIIBJI'l' OP CRBBP COKPL:tANCB PORKtJLA US:tNG '1'11B 
:tND:tRBCT TBNS:tLB TBST 

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.l), 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) - e(t) 
Oo 

cannot be used in indirect tensile creep test analysis since the 
state of stress is not uniaxial. 

EQUATIONS FOR COMPUTING STRESS AND DEFORMATIONS 

Two analytical functions, •(Z) and t(Z), for the concentrated 
forces (0,-P) and (O,P) acting at the points z0 = Re111 and 

Z0 - Re-1" of the edge of the circular disc (Fig. E.2) were 

extracted from reference 36. These functions are as follows: 
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p·( z -z z -z ) cp (Z) - ___..:!. log 0 -log 0 0 z 
27t Z - Z 2R2 

0 

(E.l) . 

Formulas for displacement and stresses on the circular disc at any 
arbitrary point z can be expressed in the terms of the analytical 
functions t(Z) and !(Z) (Ref. 37) as follows 

where 

1+3p. 
x- l+IJ. 

ll - Shear modulus 

1 - 2 P.V - Lame's constant 
1-2v 

v - Poisson's ratio 
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The substitution of t'(Z), t"(Z), !'(Z), t(Z) and the 
conjugates of t'(Z) and !(Z) (which can be obtained from Equations 
E.1) in the right-hand member of Equations E.2 yield 

CJ +CJXX • 2- - ---= p ( Cos61 

YY 1t rt 

2 . -2P ( Cos281 Cos61 Cos282 Cos62 ) 
(J -(J + ~(J --- + + 

YY xx x:y 1t r r 
1 2 

2Pi ( Sin281Cos61 + Sin282 Cos62 ) 

1t rt r2 
(E. 3) 

211 (U +iU)- Pi(xlog r 1 +log r 1 +Cos28 -cos28- <1-x>rsinusin8) 
x Y 21t r r 2 1 R . 2 2 

_ _f_(<x-1) (8 +8 +1t)- (Sin28 +Sin28 ) + (1-x) rSinuCos6) 
2 1t 1 2 2 1 R 

Equation E-3 is used for plane-strain problems. 

In the generalized plane-stress problems X must be used instead 

of l 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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(E.4) 

U -- P ( 2 {1-v) (81+82) -Sin28 -Sin28 - 2 (1-v) XSinu) 
x 47th1J (1+v) 1 2 (1+v)R 

U- P (-4-log r 2 +Cos28 - Cos28 - 2 <1-v) ySinu) 
Y 47th1J 1+v r 1 

1 2 (1+v)R 

Deformations in the x andy directions (Ux and Uy) and stresses 

(ax, ay and axy> for strip loading (Fig. E.1) 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,=rz 8,=8z) for uniformly distributed load with 

intensity P/ha are as follows: 

+y P R 2 
4Cos 2 y ( x-Siny) 2 l 

o:xx·- _ -Cos y dy J Y ahnCosy [ <1-siny)•+cos•y]• 
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o -o xy 

U -- fY PR [ 2 {1 -v) Tan-1 2 (X/R-Siny) /Cosy] 
X ) -y 41tf1ha 1+V 

_ [ _4..;.....:...( X_./_R_-..;..;S..;..;i....;.n..&..y.;....) C_o;;...s;....Jy.._ 
[ (X/R-Siny) 2 +Cos 2y] 

2 (1-v) XCosy ldy 
(1+V)R 

(E.5) 

Stresses at the center of the specimen (X=O) and displacement at 
point B (X=R) can be obtained by performing the integration of 
Equation E.5. 

CJ --
2p {4/3 Sin 3y-Siny) 

xx nha 

0 -- 2P ( Sin3y +2Siny) 
YY nha 3 

U (at point B) - - PR [ 2 ( 1 -v) (ny-2Siny) -4Siny] 
x 41t J,iha (1 +V) 

u -o y 

(E. 6) 

For a 4-inch diameter specimen and half inch curved loading 
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strip the stresses at the center of specimen are: 

Creep Compliance Equation 

p 
0 --.4729-

yy h 

o -o XY 

(E.7) 

The correspondence principle (Ref. 37) states that if a 
viscoelastic material is subjected to a load function, P=P0g(t), 
the resulting stresses at time t = t 1 are the same as those in 
elastic material under the load P. = P0g(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 (vis constant with time), then the displacement equation in 
E. 6 for a visc.oelastic material and load function P (t) = P0g (t) can 
be written as follows: 

where 

K-- R [ 2 (l-v) ('1ty-2Siny} -4Siny] 
4'1tah (l+v) 

480 

(E. 8) 



where 

g(S) •Laplace transform of g( t) 

I" (S) -Laplace transform of I" ( t) 

Having J(S) I" (S)- ~~ the convolusion of equation E-8 is as 

follows 

U( t) •P Kft J('t') dg( t-~) d't' 
0 0 cit (E.9) 

P0g(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 
compliance formula, E.9, is utilized. 
are as follows: 

recognized when the creep 
The most important of these 

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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