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1.0 INTRODUCTION
1.1 BACKGROUND

The Oregon Department of Transportation (ODOT) Bituminous Design Crew has two
procedures for fabricating asphalt concrete specimens. The procedures are from the ODOT
Laboratory Manual of Test Procedures (1986), test method 302-86 for the fabrication of

kneading compacted specimens, and test method 307C-86 for the fabrication of statically
compacted specimens.

Test method 307C-86 is a modified AASHTO T-167 procedure. The method requires that
only one temperature be used for the mixing of all specimens, regardless of the grade of
asphalt cement. A constant compaction temperature is also utilized.

The ODOT test method 302-86 is the AASHTO T-247 test method. AASHTO T-247
specifies different mixing temperatures for the different viscosity grades of asphalt cement.
Historically, ODOT has primarily used an AC-15 or AC-30 graded asphalt cement. For
these two grades, the 302-86 (T-247) temperatures are the same. Coincidentally, the
temperature used for test method 307C-86 and 302-86 is the same, 135°C (275°F) for
mixing and 124°C (255°F) for compacting. These temperatures have continued to be used in
the lab for fabricating asphalt concrete specimens even though ODOT switched to a
Performance Based Asphalt (PBA) specification in 1991. When making recommendations
for construction mixing and laydown temperatures, however, the Bituminous Design Crew
uses a viscosity based technique to determine the temperature.

1.2 OBJECTIVES

This project evaluated the differences in physical properties between samples prepared using
a constant-temperature preparation technique and a viscosity based temperature selection
technique. The information from the study will be used to determine the most appropriate

method for lab sample preparation and corresponding construction mixing and compaction
temperature recommendations.

The viscosity based technique used an equiviscous temperature based on the viscosity of 170
+ 20 ¢St for mixing and 280 + 30 ¢St for compaction. The constant-temperature method
used 135+3°C (275+5°F) for mixing and 124+3°C (255 + 5°F) for compaction. For each
temperature selection technique, the physical properties of the mixtures such as bulk and
maximum specific gravity, air void percentage, Hveem stability, Index of Retained Strength
and Index of Retained Resilient Modulus are evaluated.



2.0 LITERATURE REVIEW

A literature review was performed to identify any possible sources of information related to
the objectives of the project. This chapter outlines the results of the literature review.

Several online searches executed through the ODOT library uncovered very little information
regarding this subject. However, two separate journal articles shed some light in this area.

From a study conducted in 1971 at the University of Texas at Austin the following
conclusion was made:

The effect of compaction temperature could explain some of the differences observed in
the past between the field results, because most laboratory procedures involve
preparation of materials at certain fixed compaction temperatures. If the mixtures are
compacted in the field at temperatures much different than those used in laboratory tests,
then certainly, as evidenced by the results of the study, the mixture cannot be expected to
perform in the field as predicted in the laboratory (Hadley et al., 1971).

The results of this study demonstrate the importance of temperature in the preparation of
laboratory specimens as well as in the construction of asphalt concrete pavements. If the
temperatures are not the same, significant differences in the field performance could occur.

The second study, by Kennedy et al., 1984, refers to the previous study by mentioning the
following:

The results indicated that compaction temperature along with asphalt content, grade of
asphalt cement, and aggregate gradation, had a significant effect on tensile strength. In
fact the results were dominated by compaction temperature, which not only produce the
largest effect but also tended to interact with other variables.

The conclusions from Kennedy’s study state the following:

...there is an apparent effect of compaction temperature on engineering properties.
Tensile strength, static and resilient moduli, Marshall stability, and to a lesser extent
Hveem stability of asphalt mixtures are reduced when compaction occurs at lower
temperatures.

If lower mixing and thus compaction temperatures are anticipated in the field, it is
recommended that the effect of these lower temperatures be evaluated in terms of
engineering properties and thus performance.



It is apparent that changing the mixing and compaction temperatures of asphalt concrete
mixtures in the laboratory can greatly affect the measured properties. This also points out
the need to specify construction temperatures so they correspond to the temperatures being

used in the lab. If field temperatures differ from the lab temperatures the material properties
achieved in the field may be less than desired.



3.0 LABORATORY STUDY

3.1 EXPERIMENT DESIGN
3.1.1 Materials Used

The testing program was designed to utilize two different sources of aggregate and four
different grades of the PBA binder. The aggregate utilized was from Riverbend Sand and
Gravel (Hilroy #24-2-2) and a mixture from the Coffee Lake (#34-098-2) and Reed Pit (#24-
023-2) sources. The aggregate mix design gradations are listed in Table 3.1.

Table 3.1 Mix Design Gradations

Mix Gradations - Percent Passing
Sieve Size Coffee Lake/Reed Riverbend

1" 100 100
3/4" 95.3 95.6
172" 80.3 81.7
3/8" 68.7 68.9
1/4" 54.5 56.1

#4 46.3 48.7
#10 27.6 29.3
#40 10.6 11.1
#200 4.0 3.7

The asphalt used for the project included PBA-2, PBA-3 and PBA-6 from Chevron and PBA-
5 from McCall Oil. The asphalt properties are listed in Table 3.2.

3.1.2 Testing Scheme

Four different standard laboratory tests were used to determine if there was a difference in
mixture properties for the two mixing techniques (viscosity based and fixed temperature).
These tests were air voids of the specimens (bulk and maximum specific gravities), Hveem
Stability, Index of Retained Strength and Index of Retained Modulus.



Table 3.2 Asphalt Properties

ORIGINAL PROPERTIES

AGED (RTF) PROPERTIES

Chev PBA-2
February 1, 1994

Absolute Viscosity (140°F) = 1610 P
Kinematic Viscosity (275°F) = 394 ¢St

O 0O O0O0O0

Absolute Viscosity (140°F) = 3770 P
Kinematic Viscosity (275°F) = 575 ¢St
Pen @ 39.2°F = 25 dmm

Ductility @ 77°F = 132 cm

Viscosity Ratio = 2.3

Loss % Weight = 0.11%

Chev PBA-3
February 1, 1994

Absolute Viscosity (140°F) = 3520 P
Kinematic Viscosity (275°F) = 545 cSt

0O 0 O0OO0O0O0

Absolute Viscosity (140°F) = 7600 P
Kinematic Viscosity (275°F) = 760 cSt
Pen @ 39.2°F = 39 dmm

Ductility @ 77°F = 100+ cm
Viscosity Ratio = 2.2

Loss % Weight = 0.19%

McCall PBA-5
January 27, 1994

Absolute Viscosity (140°F) = 2660 P
Kinematic Viscosity (275°F) = 434 ¢St

O 0O OO0 O0O0

Absolute Viscosity (140°F) = 6290 P
Kinematic Viscosity (275°F) = 615 ¢St
Pen @ 39.2°F = 19 dmm

Ductility @ 77°F = 100+ cm
Viscosity Ratio = 2.4

Loss % Weight = 0.15%

Chev PBA-6
February 1, 1994

Absolute Viscosity (140°F) = 36700 P
Kinematic Viscosity (275°F) = 735 ¢St

O 0 O0OO0OO0O0

Absolute Viscosity (140°F) = 42600 P
Kinematic Viscosity (275°F)= 1040 cSt
Pen @ 39.2°F = 40 dmm

Ductility @ 77°F = 100+ cm
Viscosity Ratio = 1.2

Loss % Weight = 0.16%

Table 3.3 outlines the number of specimens used for each test procedure. The bulk specific
gravity (ODOT TM-302A-86) was determined for each specimen. In addition, the Rice specific
gravity (ODOT TM-306-86) was determined for one specimen at each asphalt content and
aggregate combination. These tests enabled the air void content of all specimens to be

calculated.
Table 3.3 Testing Scheme
Test # of Specimens # of Asphalt Contents
Hveem Stability 6 3
IRS 4 1
IRMr 2 1
Air Voids All Above




3.2 SPECIMEN PREPARATION

The specimens used for this project were fabricated at the ODOT Materials Unit laboratory in
Salem. As per the project objectives, two different preparation techniques were used. The first
was the traditional technique (fixed mixing temperature) currently used by the lab. The second
was the viscosity based temperature technique. The following section describes both procedures.

3.2.1 Traditional Method

The traditional mix design approach currently used by the ODOT Bituminous Crew utilizes one
temperature for the mixing and compacting of all specimens. The mixing temperature is set at
135+°C (275 + 5°F), and the compaction temperature is set at 124 +3°C (255 + 5°F). A
viscosity based temperature selection method is used to determine the recommended mixing and
lay-down temperatures for construction.

3.2.2 Viscosity Based Technique

The viscosity based technique varies the mixing and compaction temperature based on the
viscosity of the asphalt cement used. The basic asphalt lab data is input into a computer
program that estimates the mixing and compaction temperature using set viscosity criteria. This
is the same program that is used to recommend the mixing and lay-down temperature for the
construction of asphalt concrete pavements. The viscosity criteria uses an equiviscous
temperature of 170 + 20 ¢St for mixing and 280 + 30 cSt for compaction. The temperatures
used for this investigation are outlined in Table 3.4.

Table 3.4 Temperatures Used in Study.

Viscosity-Based Temperature Constant Temperature
Mixing °C Compacting °C Mixing °C Compacting °C
(°F) (°F) (°F) (°F)
PBA-2 151.6 (305) 141.7 (287) 135 (275) 124 (255)
PBA-3 157.2 (315) 146.7 (296) 135 (275) 124 (255)
PBA-5 152.7 (307) 143.3 (290) 135 (275) 124 (255)
PBA-6 157.7 (316) 149.4 (301) 135 (275) 124 (255)




4.0 TEST METHODS AND RESULTS
4.1 AIR VOIDS AND SPECIFIC GRAVITIES

The bulk specific gravity of all specimens was determined in the ODOT Bituminous Materials
Lab according to ODOT TM-302A-86 (AASHTO T-166 method B). The maximum specific
gravities were measured according to ODOT TM-306-86 (AASHTO T-209, flask method) and
percent air voids were calculated for each specimen. The results are presented in Tables 4.1 -
4.4, and Figures 4.1 - 4.4. A summary of data is presented in Appendix A.

A statistical evaluation was performed on the data to determine if there was a statistical
difference in air void contents for specimens prepared by each method. It is apparent that at the
99 percent confidence level there is no difference in the mixture properties for all levels of
temperature. However, when evaluated at the 95 percent level, four of the eight mixture
combinations were found to show a difference in air void content at the different temperature

levels. The mixtures showing the differences were as follows: both PBA-6 mixtures, PBA-5 -
Riverbend and PBA-3 - Coffee Lake/Reed.

The statistical analysis also demonstrated that there was significant difference at the 99 percent
level for all mixture combinations for the asphalt content effect on air voids.

4.2 HVEEM STABILITY

The Hveem stability (ODOT TM-303-86) was measured on six specimens for each mixture
combination: two each, at three different asphalt contents. Asphalt contents were at the
optimum asphalt content, 0.5% over optimum and 0.5% below optimum. The optimum asphalt
content was determined from a previous mixture design done by the Bituminous Crew. The
results from the stability tests are presented graphically in Figures 4.5 - 4.8.

A statistical evaluation was performed on the data. From this analysis, it is apparent that at the
95 percent confidence level, only one mixture combination shows a significant difference in the
stability values. The other combinations do not show a statistically significant difference.

4.3 INDEX OF RETAINED STRENGTH

The Index of Retained Strength (IRS) test utilized four specimens. Two of the specimens tested
were unconditioned and two were conditioned as prescribed by ODOT TM-308-86 (AASHTO T-
165). These specimens contained the optimum asphalt content as described above. For this test,
specimens with a 100-mm (4-inch) height were required. Specimens were compacted using a
static method of compaction (ODOT TM-307C-86).



Table 4.1 PBA-2, Air Void Summary

Average Air Voids, %
Mix AC, % | Standard | Viscosity
438 6.8 6.7
PBA -2 53 57 57
Riverbend 58 3.6 3.6
51 56 74
PBA-2 56 4.1 43
Coffee/Reed 6.1 2.3 2.5
9
8 ...........
S R -
561 =i Standard
o 5 1. ) o
E - Viscosity
-& 4 ,,,,,,,,,
3 &
2

46 48 5 52 54 56 58 6
Asphalt Content (%)
Figure 4.1(a). Air Voids vs. Asphalt Content, PBA-2, Riverbend
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Figure 4.1(b). Air Voids vs. Asphalt Content, PBA-2, Coffee Lake/Reed
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Table 4.2 PBA-3, Air Void Summary

Average Air Voids, %
Mix AC, % | Standard | Viscosity
4.8 7 7
PBA-3 53 53 5.8
Riverbend 5.8 3.9 3.6
5.1 5.6 54
PBA-3 5.6 34 45
Coffee/Reed 6.1 2.8 3.4
9
= =)
X7+ =
7 8 © o
56T - Standard
O 5 oo N o
> S . .
=4 Viscosity
< 8
3
2 +—

46 48 5 52 54 56 58 6
Asphalt Content (%)

Figure 4.2(a). Air Voids vs. Asphalt Content, PBA-3, Riverbend
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Figure 4.2(b). Air Voids vs. Asphalt Content, PBA-3, Coffee Lake/Reed

11



Table 4.3 PBA-5, Air Void Summary

Average Air Voids, %
Mix AC, % |Standard | Viscosity
438 6.6 71
PBA -5 53 49 52
Riverbend 5.8 3.8 4.2
51 5 55
PBA-5 56 44 4.3
Coffee/Reed 6.1 2.6 2.9

38

SHEE -
a

3 61 " § Standard
o 5 1 o S -
?_ - o Viscosity
<47 5

3 1.

2 A A s e e

46 48 5 52 54 56 58 6

Asphalt Content (%)

Figure 4.3(a). Air Voids vs. Asphalt Content, PBA-5, Riverbend
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Figure 4.3(b).
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Air Voids vs. Asphalt Content, PBA-5, Coffee Lake/Reed
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Table 4.4 PBA-6, Air Void Summary

Average Air Voids, %
Mix AC, % | Standard | Viscosity
4.8 7.4 6.9
PBA -6 53 56 4.6
Riverbend 5.8 4.7 3.1
5.1 5.9 47
PBA-6 56 41 3.9
Coffee/Reed 6.1 3 2.2
9 1
8 ] o
©6 & Standard
o
854 5 °
2 = Viscosity
<47
2

46 48 5 52 54 56 58 6
Asphalt Content (%)

Figure 4.4(a). Air Voids vs. Asphalt Content, PBA-6, Riverbend
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Figure 4.4(b). Air Voids vs. Asphalt Content, PBA-6, Coffee Lake/Reed
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Difference in the values for the IRS for the different asphalt types and the different mixture
temperatures were apparent. No distinct trend, however, in which temperature selection

technique results in a greater or lesser retained strength was determined. The results from the
IRS tests are shown graphically in Figure 4.9.

4.4 INDEX OF RETAINED MODULUS

The Index of Retained Modulus (IRMr) test procedure (ODOT TM-315-90) required two
specimens. Specimens were prepared at the optimum asphalt content described above. IRMr
required 64-mm (2.5-inch) high specimens compacted using the kneading compactor.

The results for the Retained Modulus test are presented in Figure 4.10. From these graphs the
results seem to be mixed. For the Riverbend aggregate the standard mixing temperature appears
to result in higher values. However, the Coffee Lake/Reed aggregate seems to demonstrate
higher values with the viscosity based temperatures.

14
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5.0 CONCLUSIONS AND RECOMMENDATIONS

This project was designed to evaluate the differences between a constant temperature specimen
preparation technique and a viscosity-based temperature selection technique. Based on the
literature review and the laboratory test results the following conclusions and recommendations
for implementation are offered.

5.1 CONCLUSIONS

Information presented in Chapter 2, Literature Review, emphasized that previous studies had
determined mixing and compacting temperatures play a critical role in the physical properties of
the compacted mixtures. However, for the narrow range of temperatures and the relatively small
sample size used in this study, it appears that there is little or no difference between the two
temperature selection techniques in the compacted material properties for the materials selected
for testing. For the tests performed, the results were similar across the material types or, the
two methods had mixed results. If a wider range of temperatures had been tested, results similar
to those in the literature review may have occurred.

Based on the information in the literature review, there is strong evidence to support the
viscosity based temperature selection method. This method will more closely resemble the
method ODOT uses to select construction temperatures for asphalt concrete paving. This will
allow the Bituminous Mix Design Crew to perform the laboratory mix design tests on material
that more closely resemble material actually placed in the field.

5.2 RECOMMENDATIONS

It is recommended that the bituminous materials lab adopt the viscosity based temperature
selection technique. This method will:

= streamline the conversion to the SHRP PG asphalt grading system and the SHRP gyratory
compaction procedure which will require temperature selection based on asphalt
viscosities,

®  standardize the temperature selection technique for the laboratory and field, to eliminate

the possibility of differing material properties between the laboratory predictions and field
performance,

= standardize the ODOT Bituminous lab process with other testing labs.
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