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FOREWORD 

This report documents a Federal Highway Administration (FHWA) research study 
that was performed to assist the highway community in validating Superpave 
tests and specifications being used to grade asphalt binders according to 
their relative rutting resistances. Superpave and other asphalt mixture tests 
for rutting were also evaluated. 

To accomplish the objective, twelve full-scale pavements were constructed 
at the FHWA Pavement Testing Facility in 1993. This facility is located 
at the Turner-Fairbank Highway Research Center in McLean, VA. The pavements 
were tested for rutting resistance by an Accelerated Loading Facility, which 
applies one-half,of a rear truck axle load. The asphalt binder and mixture 
tests were validated using the results from these pavement tests. 

This document will be of interest to people involved with Superpave and the 
evaluation of hot-mix asphalts for rutting performance. Recommendations are 
given concerning a wide range of tests. Asphalt binder and mixture tests used 
to measure fatigue cracking resistance were also evaluated in this project. 
The results will be presented in a future report 

This report is being distributed on a limited basis. Copies of this report 
are available from the National Technical Information Service (NTIS), 5285 
Port Royal Road, Springfield, Virginia 22161. 

T. Paul Teng, P.E. 
l Director, Office of nfrastructure 

Research and Development 

NOTICE 

This document is disseminated under the sponsorship of the Department of 
Transportation in the interest of information exchange. The United States 
Government assumes no liability for its contents or use thereof. This report 
does not constitute a standard, specification, or regulation. 

The United States Government does not endorse products or manufacturers. 
Trade and manufacturers' names appear in this report only because they are 
considered essential to the object of the document. 
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CHAPTER 1: BACKGROUND 

1. Introduction 

This report documents a Federal Highway Administration (FHWA) study that 
was performed to assist the highway community in validating Superpave binder 
tests and specifications, Superpave mixture tests and performance models, and 
other laboratory tests that have been developed to predict the performances 
of asphalt mixtures. Twelve pavements were constructed in 1993 at the FHWA 
Pavement Testing Facility, located at the Turner-Fairbank Highway Research 
Center, McLean, VA, to assist in validating binder and mixture tests for 
rutting and fatigue cracking. Each pavement had a length of 44 m, a width 
of 4 m, and was divided into four test sites. Therefore, 48 sites were avail- 
able for testing. The pavements were tested by the FHWA Accelerated Loading 
Facility CALF), which is a full-scale, pavement testing machine that applies 
one-half of a single rear truck axle load. The pavements were tested under 
conditions that promoted either rutting or the formation of fatigue cracks. 
The variables used to control these conditions were pavement temperature, 
amount of lateral wheel wander, and load. At the time of this study, the 
FHWA owned two ALF's, which meant two sites could be tested at the same time. 
Figure 1 shows a layout of the pavements, designated as lanes 1 through 12. 

2. Objectives 

The objectives of the rutting study were to: 

l Validate the Superpave binder parameter for rutting, G*/sin6, using 
ALF pavement performance. 

l Validate laboratory mixture tests for rutting when operated according 
to standardized or customary procedures using ALF pavement performance. 

l Compare rankings based on the Superpave binder parameter G*lsin6 to 
rankings provided by the laboratory mixture tests for rutting. 

l Determine the effects of nominal maximum aggregate size on rutting 
susceptibility. 

l Determine if the influence of binder high-temperature performance grade 
on rutting susceptibility decreases with an increase in nominal maximum 
aggregate size and the associated decrease in optimum binder content. 

The objectives of the fatigue-cracking study were to: 

l Validate the Superpave binder parameter for fatigue cracking, G*sin6, 
using ALF pavement performance. 

. Validate the hypothesis stating that, when the tensile strain at the 
bottom of an asphalt pavement layer is high, a binder with a low 
stiffness will provide more resistance to fatigue cracking than a 
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binder with a high stiffness, and when the tensile strain is low, a 
binder with a high stiffness will provide more resistance to fatigue 
cracking than a binder with a low stiffness. 

l Validate laboratory mixture tests for fatigue cracking using ALF 
pavement performance. 

This chapter includes the experimental designs and background information 
for both the rutting and fatigue-cracking studies. The remaining chapters of 
this report detail the findings from the rutting studies. The findings from 
the fatigue-cracking studies will be presented in a separate report. 

3. Structural Cross-Sections of the Pavements 

The asphalt pavement layer in each of the 12 pavements consisted of a 
single asphalt mixture. It was placed on top of an unbound crushed aggregate 
base, so that rutting or fatigue-cracking performance would be a function 
of a single mixture. Table 1 shows that the asphalt pavement layer had a 
nominal thickness of 200 mm, except for lanes 1 and 2, which had a thickness 
of 100 mm. Lanes 1 and 2 were constructed for the fatigue-cracking studies: 
they were not used in the rutting studies. The thickness of the unbound 
crushed aggregate base layer was 460 mm, except for lanes 1 and 2 where the 
thickness was increased to 560 mm to account for the thinner asphalt pavement 
layer. The prepared subgrade had a thickness of 610 mm: its classification 
was A-4, based on American Association of State Highway Transportation 
Officials (AASHTO) Designation M 145-91.(l) 

4. Materials 

Table 1 shows that the asphalt mixtures consisted of five binders and 
two gradations. The two gradations consisted of a Virginia Department of 
Transportation (VDOT) surface mixture gradation designated SM-3 and a VDOT 
base mixture gradation designated BM-3. Q) The SM-3 and BM-3 gradations 
had nominal maximum aggregate sizes of 19.0 and 37.5 mm, respectively. 
The surface mixtures in lanes 1 and 2 were placed in two 50-mm lifts. 
The surface mixtures in lanes 3 through 10 were placed in four 50-mm lifts. 
The base mixtures in lanes 11 and 12 were placed in two loo-mm lifts. 

For each gradation, the binder content was held constant so that the 
effects of binder properties on performance could be studied without the 
confounding effect of changes in binder content. No reclaimed asphalt 
pavement materials were included in the mixtures. Samples of the binders, 
aggregates, and hydrated lime were stockpiled at the Pavement Testing Facility 
during construction so that they could be used in laboratory experiments. 
Hydrated lime was used as an antistripping agent. 

At the time when the materials for this project were chosen and the 
mixtures designed, the Superpave method of mixture design had not been 
finalized, nor had the operating specifications for the Superpave Gyratory 
Compactor (SGC). Therefore, the 75-blow Marshall method was used to design 
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~me 1 Lane 2 Lane 3 Lane4 Lane 5 Lane 6 Lane 7 Lane 8 Lane 9 Lane 10 Lane 11 Lane 12 
AC-5 AC-20 AC-S AC-20 AC-10 AC-20 Styrelf Novophalt AC-5 AC-20 AC-5 AC-20 
58-34 64-22 58-34 64-22 58-28 64-22 82-22 76-22 58-34 64-22 58-34 64-22 

1 
44m 

T 
1olY 

Site 1 

Site 2 

Site 3 

Site 4 Twelve 4-m-wide Lanes 

Figure 1. Layout of the test lanes at the 
FHWA Pavement Testing Facility. 
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Table 1. Pavement lanes for the Superpave validation study. 

P 

Lane 
Number 

Layer 
Thickness, 

mm 

Characteristics of the Hot-Mix Asphalt Pavement Layer 
Thickness of 

VDOT 21-A Thickness 
Asphalt High- Intermediate Unbound of AASHTO 

VDOT Binder Superpave Temperature Temperature Crushed A-4 Uniform 
Aggregate Designation Performance Continuous Continuous Aggregate Subgrade, 
Gradation Prior to Grade (PG) Grade After Grade After Base Layer, mm 

Superpave RTFO Aging RTFO & PAV mm 

1 100 

2 100 

3 200 

4 200 

5 200 

6 200 

7 200 

a 200 

9 200 

10 200 

11 200 

12 200 

SM-3 AC-5 58-34 59 9 560 6iO 

SM-3 AC-20 64-22 70 17 560 610 

SM-3 AC-5 58-34 59 9 460 610 

SM-3 AC-20 64-22 70 17 460 610 

SM-3 ~~-10 58-28 65 15 460 610 

SM-3 AC-20 64-22 70 17 460 610 

SM-3 StyrelfTM I-D 82-22 88 la 460 610 

SM-3 NovophaltTM 76-22 77 20 460 610 

SM-3 AC-5 58-34 59 9 460 610 

SM-3 AC-20 64-22 70 17 460 610 

BM-3 AC-5 58-34 59 9 460 610 

BM-3 AC-20 64-22 70 17 460 610 



the mixtures. However, the asphalt binders and aggregates were chosen based 
on the Superpave specif ications at the time of construction. 

a. Binders 

The designations of the five binders prior to the Superpave Performance 
Grade system were AC-5, AC-lo, AC-20, Novophaltm, and StyrelfWI-D. The 
AC-5, AC-lo, and AC-20 were from Venezuela's Lagoven base stock. The 
Novophalt binder was formulated by blending the Lagoven AC-10 asphalt with 
6.5-percent low-density polyethylene by mass. A high shear mill was used for 
blending. Blending was performed by Advanced Asphalt Technologies, Sterling, 
Virginia, at the paving contractor's hot-mix plant in Leesburg, Virginia. 
The Styrelf I-D binder was formulated by reacting the Lagoven AC-20 asphalt 
with 4-percent styrene-butadiene by volume. Styrelf is a product of the Koch 
Materials Company and is shipped in bulk form. Styrelf binders are currently 
called Styflexm in the United States. 

Table 2 shows that the Superpave Performance Grades (PG's) of the binders 
were 58-34, 58-28, 64-22, 76-22, and 82-22. These PG's were determined in 
accordance with 1993 and 1994 AASHTO provisional standards that were assembled 
and published in 1995. (3) The two modified binders were chosen to provide 
different high-temperature PG's, not to directly compete against each other, 

The continuous PG is defined as the temperature at the specified test 
criterion, for example, the temperature at a G*lsinlJ of 2.20 kPa after aging 
in a rolling thin-film oven (RTFO). Table 2 shows that the high-temperature 
continuous PG's for rutting performance, based on testing RTFO residues, were 
59, 65, 70, 77, and 88. The intermediate-temperature continuous PG's for 
fatigue-cracking performance, based on testing rolling thin-film oven/pressure 
aging vessel (RFTO/PAV) residues, were 9, 15, 17, 20, and 18. The interval 
between PG's is 6 "C for high-temperature performance and 3 "C for 
intermediate-temperature performance. 

The physical binder properties based on the viscosity grading system 
are shown in table 3. These properties were determined using AASHTO test 
methods. (4) The penetration and viscosity tests ranked the binders the same 
as the high-temperature PG's in table 2. The absolute viscosities of the 
Styrelf binder at 60 "C could be in error. These viscosities were difficult 
to obtain because they were very high. The PG system circumvents testing 
problems associated with using a constant temperature by specifying a required 
physical property that is related to performance. The temperature needed 
to obtain this property is then determined. Thus, binders are not tested 
at widely different rheological states as in the viscosity test. 

Although viscosity is a fundamental measurement, it does not describe 
both elastic (recoverable) and viscous (permanent> deformations, whereas both 
deformations occur in pavements. The Dynamic Shear Rheometer (DSR) does 
provide a measure of both deformations. The viscosity test at 60 "C also 
does not provide intermediate- and low-temperature properties that are needed 
to rate or rank binders in terms of fatigue and thermal cracking. The 
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Table 2. Superpave PG's for the five binders. 

Pre-Superpave Designation: 
Novo- 

AC-5 AC-10 AC-20 phalt Styrelf 

Superpave PG: 58-34 58-28 64-22 76-22 82-22 

Original Binder 
Temperature at G*lsins 
of 1.00 kPa and 10 rad/s, "C 59.4 61.9 67.9 77.3 87.2 

RTFO Residue 
Temperature at G*/sinB 
of 2.20 kPa and 10 rad/s, "C 59.3 65.0 70.2 76.6 88.0 

RTFO/PAV Residue 
Temperature at G*sin6 
of 5000 kPa and 10 rad/s, "C 9.1 14.7 16.7 20.0 17.7 

Temperature at Creep Stiffness (S) 
of 300 MPa and 60 s, "C -26.9 -22.1 -19.8 -19.7 -20.9 

Temperature at an m-value 
of 0.30 and 60 s, "C -25.3 -20.3 -17.1 -13.6 -17.4 

Continuous PG's Using Samples Taken During Construction1 

PG at Start of Construction, Lab A 58-36 61-31 68-34 76-25 89-30 
PG at Middle of Construction, Lab A 58-36 62-33 68-28 83-22 87-29 
PG at End of Construction, Lab A 63-34 62-31 67-33 77-24 87-28 
PG at End of Construction, Lab B 59-35 62-30 68-27 76-23 87-27 

'The low-temperature PG is the temperature provided by the Superpave bending 
beam test plus 10 "C. 



Table 3. Pre-Superpave physical properties of the binders. 

Novo - 
Virgin Binder AC-5 AC-10 AC-20 phalt Styrelf 

Penetration, 25 "C, 0.1 mm 172 113 
Absolute Viscosity, 60 "C, dPas 665 1 195 2 6:: 13 8;: 60 3;; 
Kinematic Viscosity, 135 "C, mm2/s 256 322 476 2 184 2 484 
Specific Gravity, 25/25 "C 1.007 1.024 1.022 1.022 1.020 
Solubility in Trichloroethylene, % 100.00 100.00 100.00 95.92 100.00 
Flash Point, COC, "C 304 304 304 326 312 

Thin-Film Oven Residue 

Mass Loss, % 0.01 0.33 0.13 0.34 0.12 
Penetration, 25 "C, 0.1 mm 102 
Absolute Viscosity, 60 "C, dPas 1 758 3 2;: 7 1;; 29 8:: 208 1;: 
Kinematic Viscosity, 135 "C, mm2/s 372 509 684 3 686 4 197 
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susceptibility to cracking is assumed to increase as the viscosity at 60 "C 
increases, or the viscosity and penetration of a binder are used together to 
try to control cracking. The penetration test is performed at intermediate 
temperatures, generally 25 "C, but, like the viscosity test, it does not 
describe both elastic and viscous deformations. It is an empirical test that 
often cannot be related to the various pavement distress modes. 

b. Designations for the Binders and Mixtures Used in This Study 

During the course of this study, it was decided to describe the five 
binders using the viscosity grading system and the modifier trade names 
because of discrepancies that arose between the PG's and the pavement per- 
formances of the two mixtures with the modified binders. These descriptions 
are termed "Pre-Superpave." Discrepancies provided by modified binders are 
unique to the particular type of modification that is used, and the inability 
of the binder tests to properly characterize them. A discrepancy does not 
mean that the PG system is in error for most binders, or that the temperature 
increment between the PG's is incorrect. Therefore, trade names should be 
used to describe modified binders that do not fit the current PG system. 

In the text of this report, the pre-Superpave designations for the five 
binders are given for each unmodified binder followed by the PG when general 
information about the binder is given. The high-temperature continuous PG 
at 10 rad/s and 2.20 kPa after RTFO aging is used in discussions specific 
to the rutting study. Only the trade names are given for the two modified 
binders. The pre-Superpave designation is always used in tables; in some 
cases, the PG is also included. 

c. Aggregates 

(1) Nominal Maximum Aggregate Size 

All five binders were used with a VDOT SM-3 surface mixture gradation that 
had a nominal maximum aggregate size of 19.0 mm? Nominal maximum aggregate 
size was based on the Superpave definition, which states that the nominal 
maximum aggregate size is one sieve size larger than the first sieve to retain 
more than 10 percent aggregate by mass. (5) A nominal maximum aggregate size 
of 12.5 mm is more commonly used in surface mixtures, but the larger size was 
chosen based on the assumption that the high temperatures and loads to be used 
in the pavement rutting tests would be too severe for typical VDOT surface 
mixtures having a nominal maximum aggregate size of 12.5 mm. 

The AC-5 and AC-20 (PG 58-34 and 64-Z) binders were also used with a 
VDOT BM-3 base mixture gradation that had a nominal maximum aggregate size 
of 37.5 mm. Table 1 shows that these two mixtures were placed in lanes 11 
and 12. The surface and base mixtures with AC-20 (PG 64-22) are used in 
Northern Virginia highways subjected to heavy traffic levels, and they are 
highly resistant to rutting when properly designed and constructed. The 
aggregates were also used in pavements tested by the FHWA ALF in previous 
FHWA studies, but the gradations were different. 
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(2) Aggregate Gradations and Types of Aggregates 

The aggregate gradations met 1991 VDOT specifications.") The gradation 
for the surface mixture also met VDOT specifications for an intermediate 
mixture, designated as IM. Tables 4 and 5 show the "target" gradations 
for mixtures prepared in the laboratory. These were based on the average 
gradations of the mixtures in the pavements. The "lab blend" gradations 
were the actual gradations used in laboratory mixtures. Aggregates in 
the laboratory were sieved down to the 1.18-mm sieve size. The aggregates 
were then blended to meet the target gradations as closely as possible. 
The target gradations are also shown in figures 2 and 3 along with the 
Superpave control limits. 

Different sources of diabase were used in the two gradations, a fact that 
was not known until the time of construction. The diabase used in the surface 
mixtures was from Virginia Trap Rock, Leesburg, Virginia, while the diabase 
used in the base mixtures was from Luck Stone, Leesburg, Virginia. Both 
were 100-crushed, quarried aggregates from the same geologic vein. Neither 
aggregate source contained particles with rounded surfaces or clays. Prior 
to this study, the paving contractor used diabase from the Virginia Trap Rock 
quarry because this quarry was located next to the hot-mix plant. The paving 
contractor had stockpiles of this aggregate at the plant at the time of 
construction. However, neither the paving contractor nor Virginia Trap Rock 
had the No. 357 stone needed for the base mixture. Therefore, the paving 
contractor obtained the diabase aggregates for the base mixtures from Luck 
Stone. 

A natural sand from the Solite Corporation, Fredericksburg, Virginia, 
was used in both mixtures. This sand is predominantly quartz and quartzite. 
One-percent hydrated lime, purchased from Chemston, Strasburg, Virginia, was 
used in all mixtures to prevent the occurrence of moisture damage during the 
duration of this study. 

(3) Flat, Elongated Particles 

The aggregates were tested for flat and elongated particles using ASTM 
D 4791. E) At the time of construction, Superpave specified that a maximum 
of 10 percent particles by mass could pass a 5 to 1, length-to-thickness, 
ratio.(5) It was found that less than 1 percent of the diabase aggregates 
had a length to thickness greater than this ratio. The aggregates easily 
passed the Superpave specification. 

A length-to-thickness ratio of 3 to 1 was also used to evaluate the aggre- 
gates. A maximum value of 20 percent using a 3-to-1 ratio has been used by 
some highway agencies in the past, although a firm criterion does not exist. 
The No. 68 diabase aggregate in the surface mixtures had an average percent 
passing of 21. The No. 357 and No. 8 diabase aggregates in the base mixtures 
had average percent passing of 19 and 12, respectively. The No. 68 and No. 
357 diabase aggregates had a moderate number of flat and elongated particles 
based on a 3-to-1 ratio. 
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Table 4. Aggregate properties for the SM-3 surface mixtures. 

Aggregate Gradations, Percent Passing: 

Sieve 61% 30% 8% 1% 
Size No. 68 No. 10 Natural Hydrated Lab 
(mm> Diabase Diabase Sand Lime Target Blend 

100.0 
97.9 
60.7 
37.7 

;:; 

::i 

:.: 
0:9 

100.0 100.0 
99.2 95.8 
75.6 88.2 
52.5 74.8 
37.8 46.0 
27.9 14.1 
19.6 4.8 
12.5 2.9 100.0 

The diabase aggregates were from Virginia Trap Rock. 

100.0 
98.7 
76.0 
62.0 
44.0 
32.5 
23.5 
17.5 
11.5 
8.0 
5.1 

100.0 
98.7 
76.0 
62.0 
44.0 
32.1 
23.8 
16.9 
11.3 

i:: 

Specific Gravities and Percent Absorption: 

Bulk Dry 2.943 2.914 2.565 2.892 
Bulk SSD 2.962 2.945 2.601 2.916 
Apparent 2.999 3.007 2.659 2.262 2.961 

% Abs 0.6 1.1 1.4 0.8 

Flat and Elongated Particles at a 3-to-1 Length-to-Thickness Ratio, 
Percent by Mass: 

21 NT NT 

Los Angeles Abrasion, Percent Loss by Mass: 

14 NT NT 

Bulk Dry = Bulk-Dry Specific Gravity 
Bulk SSD = Bulk-Saturated-Surface-Dry Specific Gravity 
Apparent = Apparent Specific Gravity 

% Abs = Percent Water Absorption 
NT = Not Tested 
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Table 5. Aggregate properties for BM-3 base mixtures. 

Aggregate Gradations, Percent Passing: 

Sieve 
Size 
(mm> 

37.5 
25.0 
19.0 
12.5 
z5 

2136 
1.18 
0.600 
0.300 

0.150 0.075 

41% 15% 38% 5% 1% 
No. 357 No. 8 No. 10 Natural Hydrated Lab 
Diabase Diabase Diabase Sand Lime Target Blend 

100.0 100.0 100.0 
64.9 85.6 85.6 
36.3 73.9 73.9 
14.9 100.0 65.1 65.1 

E 

1:8 

85.0 25.3 100.0 96.8 100.0 95.8 47.6 59.0 47.6 59.0 

68.0 88.2 32.5 32.4 

::: 
2; 
1:5 

47.5 74.8 24.0 23.7 
34.3 46.0 17.4 17.1 

:.: i.; 24.9 14.1 12.3 11.8 

0:8 0:8 17.3 4.8 8.0 11.5 2.9 100.0 5.7 2 

The diabase aggregates were from Luck Stone Corporation. 

Specific Gravities and Percent Absorption: 

Bulk Dry 2.971 2.956 2.894 2.565 2.907 
Bulk SSD 2.984 2.981 2.935 2.601 2.934 
Apparent 3.013 3.030 3.017 2.659 2.262 2.987 

% Abs 0.5 0.8 1.4 1.4 0.9 

Flat and Elongated Particles at a 3-to-1 Length-to-Thickness Ratio, 
Percent by Mass: 

19 12 NT NT 

Los Angeles Abrasion, Percent Loss by Mass: 

20 21 NT NT 

Bulk Dry = Bulk-Dry Specific Gravity. 
Bulk SSD = Bulk-Saturated-Surface-Dry Specific Gravity. 
Apparent = Apparent Specific Gravity. 

% Abs = Percent Water Absorption. 
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Figure 2. SM-3 aggregate gradation for the surface mixtures. 
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(4) Los Angeles Abrasion 

The No. 68 diabase aggregate in the surface mixtures had an average Los 
Angeles abrasion of 14 when tested in accordance with AASHTO T 96.(4' -The 

Los 
that 

lowab 

No. 357 and No. 8 diabase aggregates in the base mixtures had average 
Angeles abrasions of 20 and 21, respectively. These values indicated 
the diabase aggregates were highly resistant to abrasion. Maximum al 
losses are typically in the range of 35 to 40.(5) 

le 

(5) Fine Aggregate Angularity 

Fine aggregate angularities were measured using the National Aggregate 
Association's Method A, which was the predecessor of AASHTO TP33-93.'3,7) This 
method evaluates shape and texture in terms of the percentage of voids in a 
dry, uncompacted sample. A high void level usually indicates high angularity 
and a rough texture. A low void level usually indicates the material is 
rounded and smooth. The 2.36- to 0.150-mm fraction of each fine aggregate 
was tested. 

The No. 10 diabase from Virginia Trap Rock, No. 10 diabase from Luck 
Stone, and the natural sand from Solite had fine aggregate angularities of 
49, 48, and 45 percent, respectively. Superpave required a minimum value of 
45 percent for the combined fine aggregate used in surface mixtures that will 
have traffic levels equal to and greater than 3 million equivalent single axle 
loads (ESAL's). (5) All three materials individually passed this specification, 
indicating they had moderate to high angularities and roughnesses. The two 
diabase aggregates had statistically higher fine aggregate angularities than 
the natural sand, indicating some slight difference in the materials. Micro- 
scopic analyses indicated that particles in the larger size fractions of the 
natural sand were slightly more cubic in shape than the particles in the 
diabase aggregates. The diabase aggregates had more elongated particles. 

5. Experimental Design for Testing the Pavements 

a. Rutting Study 

The ALF pavement tests for rutting, including the year that each test was 
performed, are shown in table 6. Each surface mixture was tested for rutting 
susceptibility at three pavement temperatures to determine the relationship 
between rut depth and temperature. The overall temperature range was 46 
to 76 "C. The only pavement temperature that could be used for all seven 
mixtures was 58 "C. The large differences in rutting performance from mixture 
to mixture, coupled with large changes in rutting performance with a change 
in temperature, prohibited testing all seven mixtures at another single 
temperature. The pavements would either rut too quickly or not rut at all, 
using another single temperature. All seven mixtures were tested at 58 "C 
in 1994. Tests at 58 "C were repeated in 1995 on the pavements with the 
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Table 6. Year when each pavement was tested for rutting susceptibility. 

h Mixture 

AC-5 1997 1997 

AC-10 1997 1996 

AC-20 1996 

Styrelf 

?nt Test Tempera Lure an Year of Test 

64 "C 70 "C 76 "C 58 "C 1 58 "C 58 "C 

1994 1 1995 1998 

1994 1 

1994 1 1995 1998 

1994 1 

Novophalt ) 1994 1 

AC-5 Base 1994 1 1995 1998 

1994 I AC-20 Base 

Table 7. Winter when each pavement was tested 
for fatigue-cracking susceptibility. 

Pavement Test Temperature 
and Year of Test Layer 

Mixture Thickness Lane 
28 "C I 19 "C I 10 "C 

AC-5 I 100 mm 1994 to 1995 1 1997 to 1998 1 1997 to 1998 

2 AC-20 1 100 mm 1994 to 1995 1 1997 to 1998 1 1997 to 1998 

3 AC-5 I 200 mm 1995 to 1996 1 1996 to 1997 1 1999 to 2000 

4 AC-20 1 200 mm 1995 to 1996 1 1996 to 1997 1 2000 to 2001 

5 AC-10 I 200 mm I 1999 to 2000 

6 AC-20 I 200 mm I 2000 to 2001 

Styrelf 1 200 mm I 2000 to 2001 

8 Novophalt 1 200 mm I 2000 to 2001 
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AC-5 and AC-20 (PG 59 and 70) surface mixtures and the AC-5 (PG 59) base 
mixture to determine the repeatability of the ALF data. These pavements 
were tested again in 1998 to evaluate age hardening. 

Lanes 9, 10, 11, and 12 were dedicated to the rutting study with the 
objective of determining the effect of nominal maximum aggregate size on 
rutting susceptibility. Table 1 shows that lanes 9 and 11 contained the 
AC-5 (PG 59) binder, while lanes 10 and 12 contained the AC-20 (PG 70) 
binder. The hypothesis to be evaluated was that an increase in nominal 
maximum aggregate size would decrease the optimum binder content and 
increase the resistance to rutting. 

Another objective was to determine whether the influence of binder grade 
on rutting susceptibility decreases with an increase in nominal maximum 
aggregate size. This was to be accomplished by determining the difference 
in rutting susceptibility provided by the two binders at each nominal maximum 
aggregate size. The effects for each nominal maximum aggregate size could 
then be compared with each other. It was hypothesized that binder grade would 
have less effect on rutting susceptibility when using the larger nominal 
maximum aggregate size and lower binder content. 

Lane 6 with the AC-20 (PG 70) surface mixture was an extra lane. It 
was constructed in case it was perceived that a pavement should be tested at 
the same time as a control pavement. The AC-20 (PG 70) surface mixture was 
considered the control mixture. Fluctuating pavement temperatures or changes 
in the properties of the underlying materials might lead to a decision that 
a pavement and a control pavement needed to be tested at the same time using 
both ALF's. The additional lane provided four additional test sites. 

b. Fatigue-cracking Study 

The ALF pavement tests for fatigue cracking, including the year that 
each test was performed, are shown in table 7. Lanes 1, 2, 3, and 4 were 
dedicated to the fatigue-cracking study with the objective of evaluating 
possible interactions between asphalt pavement layer thickness, binder grade, 
and temperature. The primary hypothesis to be evaluated was that softer 
binders perform better when the asphalt pavement layer is subjected to 
relatively high tensile strains, while stiffer binders perform better when 
the asphalt pavement layer is subjected to relatively low tensile strains. 

Table 7 shows that temperatures of 28, 19, and 10 "C were used to deter- 
mine the relationship between fatigue cracking and temperature for the study 
involving asphalt pavement layer thickness. For these experiments, the 
pavements were tested in pairs using both ALF's to minimize the effect that 
changes in the properties of the underlying materials with time might provide. 
Lane 1 was tested at the same time as lane 2. and lane 3 was tested at the 
same time as lane 4. 
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6. Construction Report 

Details on the construction of the asphalt pavement layers are documented 
in a separate report. (*) All binder, aggregate, and mixture tests were 
performed according to AASHTO test methods.(4) The construction report 
includes the following: 

l Binder test data collected to ensure that the properties of the binders 
did not change while they were being used. Binder samples were obtained 
during the mixture designs, from the terminal immediately before ship- 
ping, from the hot-mix plant after they arrived from the terminal, and 
daily during construction. The properties measured were viscosity at 
135 "C using a Brookfield viscometer, G*/sins at 20 "C and 10 rad/s 
using the DSR, and infrared analysis, which was used to monitor the 
functional groups (chemistry) of the binders. 

l Marshall mixture design data. 

l Comparisons between design and as-constructed properties of the mixes, 
including aggregate gradations, natural sand contents, binder contents, 
air voids, and the maximum specific gravities of the mixtures. 

l Quality control testing conducted by the paving contractor (binder 
content, aggregate gradation, nuclear density, maximum specific gravity, 
and pavement thickness), and quality assurance testing by the FHWA to 
make sure the specifications of the project were met. 

As an example of the data collected during construction, and because 
of the importance of binder properties to this study, Superpave continuous 
PG's for samples taken at the start, middle, and end of construction are 
included in table 2. The high-temperature continuous PG's in table 2 are 
the temperatures at a G*/sin6 of 1.00 kPa using original, unaged binders. 
The low-temperature continuous PG's are the temperatures at an m-value of 
0.300 plus 10 "C using RTFO/PAV residues. The.full suite of Superpave binder 
tests was not performed on these samples. 

The properties of the binders were generally consistent. The low- 
temperature continuous PG for the AC-20 (PG 64-22) binder provided the 
greatest amount of variability, ranging from -27 to -34 "C. This spans 
more than one PG. For low-temperature performance, the interval between 
PG's is 6 "C. Additional tests on this binder showed the low-temperature 
continuous PG to be approximately -28 "C. 

7. Marshall Mixture Design Properties 

a. Pre-Construction Marshall Mixture Designs 

The 75-blow Marshall method was used to design the five SM-3 surface 
mixtures prior to construction.(2.4.g) The following VDOT mixture design 
criteria were used: 
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l 75 blows per side using a 4.536-kg hammer. 
l Specimen diameter of 101.6 mm and thickness of 63.5 mm. 
l Optimum binder content at 4-percent total air voids. 
l Minimum stability of 8006 N. 
l Flow between 8 and 14, except for the Novophalt and Styrelf mixtures. 

where only a minimum flow of 8 was required. 
l Minimum Voids in the Mineral Aggregate (VMA) of 14.0. 
l Voids Filled With Asphalt (VFA) between 65 and 80 percent. 

A IL?-blow Marshall method was used to design the two BM-3 base mixtures.(10) 
The stabilities in this method were divided by 2.25, while the flows were 
divided by 1.5. Theoretically, this conversion accounts for the larger sized 
specimen used in the 112-blow method compared with the 75-blow method. After 
converting the data, the data from the two procedures can be compared against 
each other, and the pass-fail criteria for the 75-blow method can be applied 
to data from the 112-blow method. Mixture design criteria were as follows: 

l 112 blows per side using a 10.21-kg hammer. 
l Specimen diameter of 152.4 mm and thickness of 95.3 mm. 
l Optimum binder content at 4-percent air voids. 
l Minimum stability of 8006 N based on a specimen diameter of 101.6 mm 

and thickness of 63.5 mm. 
l Flow between 8 and 14 based on a specimen diameter of 101.6 mm and 

thickness of 63.5 mm. 
l Minimum VMA of 12.0. 
l VFA between 65 and 80 percent. 

The average optimum binder contents for the surface and base mixtures 
were 4.9 and 4.0 percent by mass, respectively. These binder contents 
provided air-void levels in the range of 4 +l percent. All mixtures had 
Marshall stabilities above 11 000 N. A minimum level of 8006 N is required 
for pavement mixtures that will have heavy traffic levels. All mixture 
design criteria were met. 

The dust-to-binder ratio by mass was specified by Superpave to be in 
the range of 0.6 to 1.2(5), although at the time of this report, AASHTO was 
to vote on raising the upper limit to 1.5 or 1.6. Dust is defined as the 
percent aggregate by mass passing the 0.075-mm sieve. Binder is defined 
as the effective binder content by mass (non-absorbed binder). The total 
binder content by mass was used prior to Superpave when calculating the ratic 
Superpave changed the definition for binder, but did not change the defi- 
nition for dust or the criteria. The total binder content was used when 
designing the mixtures for this study, although no data existed showing the 
applicability of the criteria to the mixtures being evaluated. The surface 
and base mixtures had average ratios of 1.0 and 1.2, respectively, using 
total binder content, and average ratios of 1.2 and 1.3 using the effective 
binder content. Additional details for the designs are documented in the 
construction report.@) 

3. 
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b. Marshall and Volumetric Properties Measured 
During and After Pavement Cbnstruction 

Marshall and volumetric properties for loose mixtures sampled and com- 
pacted during construction are given in table 8. Included in table 8 are 
the properties for mixtures prepared using the stockpiled materials. Binder 
contents of 4.85 and 4.00 were used in the latter mixtures. These were the 
overall average binder contents for the two types of mixtures. They were 
based on the results of extractions performed on samples of loose mixtures 
taken from the trucks during construction and on pavement cares.(8) Average 
gradations, shown in tables 4 and 5, were used in these mixtures. 

The data in table 8, along with the gradations collected during 
construction, indicated that the plant-produced mixtures and laboratory- 
produced mixtures were essentially the same. For example, the air voids 
ranged from 2.5 to 4.1 percent for the plant-produced mixtures and from 
2.9 to 4.3 percent for the laboratory-produced mixtures. The differences 
between the sets of data are most likely related to small differences in 
the compositions of the mixtures and to differences in short-term aging. 
The plant-produced loose mixtures were not oven-aged in the laboratory, 
while the laboratory-produced loose mixtures were oven-aged at 13.5 "C 
for 2 h before compaction. The development of the Z-h oven-aging period 
is discussed in chapter 2. 

The data in table 8 show that the air voids for the AC-5, AC-lo, and 
AC-20 (PG 58-34, 58-22, and 64-22) surface mixtures tended to be low, while 
their Marshall flows tended to be high. The air voids should be close to 
4.0 percent. The maximum Marshall flow was specified to be 14 for these 
three mixtures. However, the paving contractor was not required to use 
Marshall or volumetric properties for process control in this project, and 
at the time of construction, this type of process control was not required 
by VDOT. 

The Marshall stabilities and flows were examined statistically. There 
were no statistically significant differences between most of the stabilities. 
The differences among the average stabilities were relatively small compared 
with the variability of the replicate measurements. Only the mixtures with 
the highest and lowest stabilities had significantly different stabilities. 

In summary, all mixtures had stabilities significantly above the 8006-N 
minimum specification level, and there was no clear statistical ranking for 
the mixtures based on stability that could be compared with rankings provided 
by other mixture tests performed in this study. The same conclusion was found 
for the Marshall flows. 
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Table 8. Marshall mixture properties. 

Optimum 
Binder Air 

Mixture Binder Content Stability Flow Voids VMA VFA 
Type Type (X) MSG (N) (0.25 mm> (%) (%I (%) 

Properties of Plant-Produced Mixtures: 

Surface AC-5 4.80 2.683 12 422 15.0 Surface AC-10 4.80 2.691 13 046 15.8 ;:; 

Surface AC-20 4.90 2.688 15 248 16.5 Surface Novophalt 4.70 2.686 16 573 20.8 :*: 
Surface Styrelf 4.90 2.684 19 794 16.4 3:4 

Base AC-5 4.00 2.746 13 678 13.5 Base AC-20 4.10 2.755 16 442 13.3 ;:: 

Properties of Laboratory-Prepared Mixtures: 

Surface AC-5 4.85 2.699 11 565 14.5 
Surface AC-10 4.85 2.707 12 047 14.6 Z:i 

Surface AC-20 4.85 2.706 11 232 17.6 Surface Novophalt 4.85 2.699 16 125 16.8 P:Z 

Surface Styrelf 4.85 2.701 18 536 22.8 Base AC-5 4.00 2.750 13 295 12.8 i-i 
Base AC-20 4.00 2.750 14 168 12.4 4:2 

14.1 80.2 
13.8 80.4 
13.8 81.7 
15.1 72.8 
14.7 76.9 
11.6 78.4 
12.2 72.1 

13.9 78.4 
14.1 74.5 
13.5 78.5 
14.9 71.8 
14.7 72.8 
13.1 67.2 
13.0 67.7 

Compaction Temperatures: Marshall Blows Per Side: 

AC-5 = 121 "C 
AC-10 = 127 "C 
AC-20 = 135 "C 
Novophalt = 141 "C 
Styrelf = 141 "C 

Surface = 75 
Base = 112 

MSG = Maximum Specific Gravity of the Mixture. 
VMA = Voids in the Mineral Aggregate. 
VFA = Voids Filled With Asphalt. 
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8. Moisture Sensitivity 

a. Pre-Construction Tests 

Moisture sensitivity of the mixtures was evaluated prior to construction 
in accordance with ASTM Test Method D 4867.(6) In this test, the indirect 
(splitting) tensile strengths of conditioned and unconditioned specimens are 
measured. A tensile strength ratio (TSR), defined as the conditioned strength 
divided by the unconditioned strength, is computed in terms of a percentage. 
All tests were performed at an air-void level of 7 rtl percent. The specimens 
were compacted by a Marshall hammer and had a diameter of 101.6 mm and thick- 
ness of 63.5 mm. Short-term oven-aging was not used because it was not part 
of ASTM D 4867 at the time these tests were performed. 

The conditioning procedure consisted of saturating the compacted specimens 
so that 55 to 80 percent of their air voids were filled with water, soaking 
the specimens in a water bath at 60 "C for 24 h, and testing them for tensile 
strength at 25 "C along with the unconditioned specimens. The ASTM D 4867 
optional freeze-thaw cycle was not included because it was not used by VDOT 
or paving contractors doing VDOT work. 
hydrated lime were tested. 

Mixtures with and without l-percent 

All mixtures with hydrated lime passed the test based on a minimum TSR 
of 80 percent. The TSR's of mixtures without hydrated lime ranged from 0.74 
to 0.80. Even though these TSR's indicated only a slight susceptibility 
to moisture damage, the l-percent hydrated lime requirement was maintained. 
At the time of construction, VDOT specified a TSR of O.75.(2) 

b. Tests After Construction 

Tests on the five surface mixtures were repeated after construction 
using the stockpiled materials. A diametral modulus test, which provides a 
diametral modulus ratio (M,R), was included in the evaluation along with a 
visual estimate of stripping. ASTM D 4867 was again used, except that the 
optional freezing cycle of -17.8 "C for 15 h was included to provide the most 
severe conditioning. The two base mixtures were not evaluated even though 
they were tested during the mixture design phase of the study. Theoretically, 
the BM-3 aggregate is too large for a specimen size of 101.6 by 63.5 mm. 

The test results are shown in table 9. Pass/fail criteria of 80 percent 
for TSR, 70 percent for MdR, and 10 percent for visual stripring have been 
recommended for conventional, dense-graded hot-mix asphalt.' .12) Based on 
these criteria, the mixture with AC-5 (PG 58-34) failed the tests and the 
mixture with AC-10 (PG 58-28) was marginal. The other three mixtures passed 
the test, perhaps because they contained stiffer binders. Aggregate particles 
in the size range of 1.18 to 4.75 mm primarily stripped in the mixtures 
with the AC-5 and AC-10 (PG 58-34 and 58-28) binders, while aggregate 
particles greater than 12.5 mm stripped in the mixtures with the Novophalt 
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and Styrelf binders. Visual stripping in the latter two mixtures was low. 
They were estimated to be 2 and 6 percent. No stripping was found in the 
pavements over the course of this study. 

9. Superpave Volumetric Properties 

Superpave was not used to design the mixtures because the methodology had 
not been finalized by the time of pavement construction. Mixtures produced 
from the stockpiled raw materials were compacted in the Troxler Model 4140 
SGC after the Superpave test procedures and specifications were published 
in 1995. (3) The compaction temperatures were the same as those used in the 
Marshall mixture designs, which are shown in table 8. 

All specimens were compacted to a single N-max of 174 revolutions. This 
N-max corresponded to an N-design of 109, which was specified by Superpave 
for a traffic level of 10 to 30 million ESAL'S.'~) This N-design was chosen 
because it corresponded to a moderate to heavy level of traffic. However, 
it was not known how the number of ALF wheel passes at a controlled pavement 
temperature related to Superpave ESAL's. 

Table 10 provides the optimum binder contents based on a 4.0-percent 
air-void level using four levels of N-design. The lower part of table 10 
shows the air voids for the surface and base mixtures based on a 4.85- and 
4.00-percent binder content, respectively. Both sets of data were taken 
from the same SGC compaction curves. The maximum specific gravity of the 
mixture and the bulk specific gravities of the specimens at N-max were used to 
determine the air voids in accordance with the 1995 Superpave specification.(3) 

Superpave required a minimum VMA of 13.0 for a nominal maximum aggregate 
size of 19 mm, and 11.0 for a nominal maximum aggregate size of 37.5 mm. 
The data in table 10 show that the mixtures met these requirements at an 
N-design of 109. VFA was required to be between 65 and 75 percent for traffic 
levels equal to and greater than 3 million ESAL's. Table 10 shows that all 
seven mixtures had VFA above 75 percent. This upper limit is used to prevent 
rutting and bleeding. The Superpave requirements for VMA and VFA are based 
on a 4-percent air-void level. All mixtures at an N-design of 109 had air 
voids below 4.0 percent. These findings indicated that the gradations would 
have to be altered to meet the upper VFA criterion and, even with these 
alterations, the binder contents would probably have to be reduced. However, 
the VDOT mixtures used in this study did not have a history of rutting or 
bleeding, and the 75-blow SM-3 surface mixture had a tendency to ravel. 

The low estimated N-designs at 4.0-percent air voids in table 10 indicated 
that the mixtures, according to Superpave, should only be used in low-volume 
pavements. This finding is not reasonable based on the field rutting per- 
formances of the two mixtures with AC-20 (PG 64-22) in Northern Virginia. 
Both mixtures are highly resistant to rutting when properly designed and 
constructed. Also, at the time of construction in 1993, VDOT generally used 
4.5-percent binder by mass in BM-3 base mixtures, whereas only 4.0 percent 
was used in this study. 
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Table 9. Results from the ASTM D 4867 test method for moisture 
sensitivity performed on the five surface mixtures. 

Pre-Superpave: AC-5 
Superpave PG: 58-34 

AC-10 
58-28 

AC-20 Novophalt Styrelf 
64-22 76-22 82-22 

Average Indirect Tensile Strengths (TS) and Diametral Moduli (M,) at 25 "C 

Wet TS, kPa 217 373 560 626 725 
Dry TS, kPa 316 466 616 707 859 

Wet M,, MPa 455 960 1583 2526 1911 
Dry M,, MPa 713 1390 1571 3056 2445 

Retained Ratios, Visual Stripping, Saturation, and Air Voids 

TS Retained Ratio, % 
M, Retained Ratio, % 

Visual Stripping, % 17 10 0 2 6 

Final Saturation, % 72 71 65 71 71 

Air Voids, % 7.8 8.3 7.2 8.3 8.1 

23 



Table 10. Superpave Gyratory Compactor results. 

Binder Mixture 
Type Type 

Binder Contents at 4-Percent Air Voids 
and Four Levels of N-design 

68 86 109 142 

AC-5 Surface 4.85 4.50 4.25 4.00 
AC-10 Surface 5.10 4.75 4.45 4.15 
AC-20 Surface 5.10 4.80 4.50 4.25 
Novophalt Surface 5.00 4.50 4.15 3.95 
Styrelf Surface 4.55 4.20 3.95 3.80 

AC-5 Base 3.90 3.65 3.50 3.35 
AC-20 Base 3.90 3.65 3.45 3.25 

Air Voids at Binder Contents 
of 4.85 Percent for the Surface 
Mixtures and 4.00 Percent for 
the Base Mixtures, % 

Marshall SGC N-design of N-design, 
Binder Mixture Impact VMA, % VFA. % at 4.0 % 
Type Type Hammer 68 86 109 142 at 109 at 109 Air Voids 

AC-5 Surface 
E 

4.0 3.2 2.4 1.7 13.4 81.8 
AC-10 Surface 
AC-20 Surface 219 

4.6 3.8 3.1 2.3 13.6 77.9 ;; 
4.6 3.8 3.2 2.4 13.7 77.4 82 

Novophalt Surface 
t:: 

4.1 3.6 2.8 2.1 13.7 79.4 
Styrelf Surface 3.4 2.7 2.2 1.5 i3.0 83.9 :: 

AC-5 Base 4.3 3.7 3.1 2.5 1.8 11.5 77.6 
AC-20 Base 4.2 3.7 3.0 2.3 1.7 11.2 80.4 :: 
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The Superpave volumetric requirements were based on relationships between 
mixture volumetric properties and the pavement performances of dense-graded 
mixtures. However, the majority of these mixtures were designed using the 
Marshall hammer and not a gyratory compactor. Adjustments to the N-designs 
given in the 1995 and 1998 Superpave specifications may be needed forsome 
mixtures.(3) (Authors' note: AASHTO was reviewing new proposed N-designs when 
this report was being published in 1999.) 

10. SGC Revolutions Needed to Obtain Air Voids That Matched 
the Final Air Voids of the Pavements 

The air voids in and out of the wheelpaths were measured and evaluated 
during this study. The air-void data shown in table 11 were collected from 
1994 to 1997. Analyses of the data are given in chapters 2 and 3. The infor- 
mation concerning the SGC is included in this chapter because it complements 
the preceding information on this compactor. 

After each ALF pavement test was completed, the number of SGC revolu- 
tions needed to match the final air-void level of the pavement was determined. 
Table 11 shows the required number of revolutions based on the air voids 
in the top and bottom halves of the pavements. The average is also given. 

The revolutions in table 11 can only be considered estimates for N-design, 
because the 1995 Superpave methodology for calculating the specimen air-void 
level as a function of SGC revolutions often led to air voids that were high 
at low revolutions relative to AASHTO T 166-93.'4) The air voids provided 
by the 1995 procedure included the air voids in contact with the cylindrical 
surface of the mold. These air voids would not be part of the specimen if 
the specimen were to be removed from the mold and tested using AASHTO T 166. 
AASHTO T 166, which is the standardized procedure for determining density, 
uses the saturated surface-dry condition to determine the volume of a 
specimen. This volume does not include the volume of any surface air voids. 
Therefore, AASHTO T 166 can provide a lower volume and a higher density 
compared with the SGC procedure. If this occurs, the revolutions provided 
by the SGC are too high. (Authors' note: This procedure was changed in 
1999 so that the air voids would be directly measured using specimens removed 
from the molds at the desired N-design.) A second reason why the revolutions 
in table 11 can only be considered estimates is that it was assumed that the 
ultimate density of each pavement was reached before the pavement test was 
terminated. However, the change in pavement density was not monitored during 
the ALF tests, and the tests were not stopped at the same rut depth. 

The data show that most of the gyratory revolutions were low relative 
to an N-design of 109. The revolutions ranged from 18 for the bottom half 
of the pavement with the Novophalt surface mixture tested at 58 "C to 128 for 
the bottom half of the pavement with the AC-5 (PG 59) base mixture tested at 
58 "C. The revolutions were very low for the Novophalt and Styrelf mixtures, 
which generally had high air-void levels before and after testing. The 
data indicated that adjustments to the N-designs given in the 1995 and 1998 
Superpave specifications may be needed for some mixtures.(3) 
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Table 11. Number of Superpave gyratory revolutions 
needed to obtain the final-pavement air-void levels. 

Superpave PG: 58-34 58-28 58-34 58-28 64-22 
Conventional: AC-5 AC-10 AC-5 AC-10 AC-20 
Lane Number: 03 06 
Final Rut Depth1 20 ;: ii ;: 21 

Test Temp, "C: 46 46 52 52 52 

Top 100 mm of Pavement 

Initial Air Voids, % 7.4 
Densification, % 
Final Air Voids, % Z:Ei 

6.4 5.6 

$:i t:; 

Revolutions 71 70 

Bottom 100 mm of Pavement 

Initial Air Voids, % 7.8 
Densification, % 
Final Air Voids, % ::; 

F': 
3:8 

Revolutions 48 84 96 102 69 

Entire Pavement ' 

Initial Air Voids, % 7.6 
Densification, % 
Final Air Voids, % 2 

8 
4:1 

Revolutions 59 76 82 58 59 

Applied ALF Wheel 
Passes (ESAL's) 250,000 125,000 

71 

5.0 

$2 

5.3 

::i 

3,500 25,000 215,000 

8.3 8.6 

i:: 3.1 5.5 

36 53 

2 
312 

i.: 
4:6 

'In the 200-mm thick asphalt pavement layer. 
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Table 11. Number of Superpave gyratory revolutions needed 
to obtain the final pavement air-void levels (continued). 

Surface Mixture Base Mixture 

Superpave PG: 58-34 58-28 64-22 76-22 82-22 58-34 64-22 
Conventional: AC-5 AC-10 AC-20 Novphlt' Styrelf AC-5 AC-20 
Lane Number: 

iii 
05 

ii 
08 07 11 

Final Rut Depth1 27 9 22 24 :i 

Test Temp, "C: 58 58 58 58 58 58 58 

Top 100 mm of Pavement 

Initial Air Voids, % 7.8 
Densification, 9;: 4.4 
Final Air Voids, % 3.4 

Revolutions 80 50 90 

Bottom 100 mm of Pavement 

Initial Air Voids, % 7.0 
Densification, % 4.2 
Final Air Voids, % 2.8 

Revolutions 97 

Entire Pavement 

Initial Air Voids, % 7.4 
Densification, % 4.3 
Final Air Voids, % 3.1 

Revolutions 88 

Applied ALF Wheel 
Passes (ESAL's) 2,000 

E 
5:6 

El 
3:7 

8.4 8.3 10.8 

::i 4.9 3.4 ;:i 

99 99 18 

2 
4:4 

;-: 
3:5 

70 93 

4,000 10,000 208,805 200,000 20,000 200,000 

11.9 

2 

21 

11.4 

i:: 

19 

11.9 
4.3 
7.6 

3:1 K5 
7.4 
5.0 2.4 

28 90 41 

12.8 

i:! 

6.0 

;:; 
::i 
5.1 

24 128 39 

12.3 
4.4 
7.9 

26 

6.3 7.4 
$2 5.0 2.4 

109 41 

IIn the ZOO-mm thick asphalt pavement layer. 
'Novophalt. 
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Table 11. Number of Superpave gyratory revolutions needed 
to obtain the final pavement air-void levels (continued). 

Superpave PG: 64-22 76-22 82-22 76-22 82-22 
Conventional: AC-20 Novophalt Styrelf Novophalt Styrelf 
Lane Number: 
Final Rut Depth' YY YT ii: F ;: 

Test Temp, "C: 64 

Top 100 mm of Pavement 

Initial Air Voids, 9;; 8.4 
Densification, % 
Final Air Voids, % ::ti 

Revolutions 53 

Bottom 100 mm of Pavement 

70 70 76 76 

.l.O 12.3 9.1 
3.2 5.5 2.3 
7.8 6.8 6.8 

25 27 32 

Initial Air Voids, % 9.0 10.1 12.1 10.4 
Densification, % 
Final Air Voids, % 2 

Revolutions 90 

Entire Pavement 

Initial Air Voids, % 8.7 
Densification, % 4.1 
Final Air Voids, % 4.6 

Revolutions 69 29 28 35 42 

E 
35 

27 
7:2 

2 
4.2 
6.2 

29 38 

12.2 
5.5 t: 
6.7 6:5 

1 0.4 
5.7 
4.7 

47 

9.9 

2 

38 

K 
5:1 

Applied ALF Wheel 
Passes (ESAL's) 8,000 125,000 125,000 700,000 225,000 

'In the ZOO-mm thick asphalt pavement layer. 
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11. Confounding Factors in This Study 

This section of the report lists factors that could have affected the 
results of this study or the interpretation of the data. Most studies on 
asphalt mixtures and pavements have variables that cannot be controlled and 
often confound the results that are obtained. Even so, the numerous variables 
that affect pavement performance were controlled in this study to a higher 
degree than studies using in-service pavements. 

Aggregates with high qualities, in terms of angularity, gradation, and 
hardness, were chosen for this study based on the expectation that the modi- 
fied binders would be used in pavements containing high-quality aggregates 
that are subjected to heavy traffic levels. To justify the higher costs 
associated with most modified binders, these binders must provide benefits 
that match or exceed their cost regardless of the quality of the aggregate. 
The VDOT SM-3 surface mixture with the AC-20 (PG 64-Z) binder has been used 
in Northern Virginia highways subjected to heavy traffic levels. This mix- 
ture is highly resistant to rutting when properly designed and constructed, 
although at the time of construction in 1993, VDOT also used an AC-30 asphalt 
binder with the SM-3 gradation in some pavements to further increase its 
resistance to rutting. The maximum allowable thickness is 50 mm. The SM-3 
surface mixture used in this study also met the requirements for a VDOT IM-1A 
intermediate mixture."' The maximum allowable thickness for this application 
is 75 mm. Based on the experiences of many highway agencies, some mixtures 
are more resistant to rutting when used in thin lifts compared with thick 
lifts because the maximum aggregate size is approached as the thickness of 
the lift is decreased. Maximum layer thicknesses have been developed over 
time based on a variety of pavement experiences. Thus, even though the 
SM-3 surface mixture with the AC-20 (PG 64-22) binder is highly resistant 
to rutting when properly designed and constructed, its performance using a 
thickness of 200 mm is not known. 

Although some mixtures rut less if used in thin lifts compared with thick 
lifts, thin lifts placed on Portland cement concrete may rut more than thick 
lifts when rutting is calculated as a percentage of the thickness of the lift. 
Complexities related to layer thickness and the properties of underlying 
layers were not evaluated in this study. 

The BM-3 base mixture with AC-20 (PG 64-22) is used in Northern Virginia 
highways subjected to heavy traffic levels. This mixture is highly resistant 
to rutting when properly designed and constructed. However, a BM-3 mixture 
is always overlaid with intermediate and surface courses, whereas the two base 
mixtures constructed for this study were not overlaid. Therefore, for an 
equal amount of loading, the stresses from the load should be higher in the 
ALF pavements compared with in-service pavements. Even so, it was expected 
that the base mixture in lane 12 with the AC-20 (PG 64-22) binder would be 
highly resistant to rutting. 
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Even though the pavements in this study were heated to control the test 
temperature (discussed in chapter 2 of this report), a precisely controlled 
environment was not obtainable because the FHWA pavement test facility is 
an outdoor facility. When the pavement test temperature during a rutting 
test deviated by more than 6 "C from the target temperature due to a cold 
rain, the pavement test was suspended until the target temperature could 
be reestablished. A value of 3 "C was used for the fatigue-cracking tests. 
The effect of stopping the ALF, if any, on the pavement performance data was 
unknown and could not be taken into account. 

One objective of this study was to validate several predictive laboratory 
mixture tests using ALF. However, the conventional test temperatures and 
applied stresses used by most of the laboratory mixture tests did not match 
the temperatures and stresses in the ALF pavement tests. Test temperatures 
and stresses in many laboratory mixture tests, such as wheel-tracking tests, 
have been chosen based on empirical relationships between the test data and 
the performances of in-service pavements that are subjected to some range in 
traffic level, vehicle speed, and temperature. These empirical relationships 
include the effects of having boundaries in the laboratory test, such as steel 
holders or platens, that are not the same as for in-service pavements. 

Other possible confounding factors were (1) differences in material and 
volumetric properties from pavement to pavement, including the fact that the 
SM-3 surface mixtures contained 8-percent natural sand, while the BM-3 base 
mixtures contained 5-percent natural sand, and (2) binder properties can have 
seasonal variations that are a function of whether the pavement temperature 
has been increasing or decreasing over a period of several months. Seasonal 
variations are not considered in most studies. 
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