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I. INTRODUCTION AND BACKGROUND

The Oregon Department of Transportation (ODOT) controls the quality of its AC paving
using a statistical pay factor system, based on random sample testing of mix gradation,
asphalt content, and compaction. Until recently, the mix gradation and asphalt content were
determined by vacuum extraction of samples taken from the AC mat prior to compaction.
The solvent 1,1,1 trichloroethane was used in the vacuum extraction process.

In recent years, there has been growing concern about the toxicity and carcinogenic
potential of petroleum based solvents used in the vacuum extraction process. Efforts have
been made to reduce employee exposure to chlorinated solvents. Several turpene-based
(non-petroleum based) solvents such as Bioact were tested as a substitute for 1,1,1
trichloroethane. These solvents, while less hazardous, did not perform well in the vacuum

extraction process and were universally disliked by technicians because of the pungent odor
and problems with nausea.

Recently, ODOT eliminated the use of solvents, substituting the asphalt content nuclear
gauge for asphalt content determination, and aggregate cold feed testing for mixture
gradation control. After several years of testing, the nuclear gauge/cold feed procedure was

determined to be an acceptable alternative to the solvent extraction method of quality
control.

While the asphalt content nuclear gauge/cold feed gradation method is now used as a
substitute for vacuum extraction testing of AC mixtures, the ability to control the quality of
the final AC mixture has been reduced. The new methods do not allow ODOT to sample
and test the mix in the mat for segregation and/or asphalt migration — two problems which
can occur through improper handling of the AC mixture after testing at the plant. These
problems can affect the long-term durability and performance of the AC pavement.

The goal of this research project is to test and evaluate new methods of controlling the
quality of the final AC mixture in the mat without using vacuum extraction. The objective
is to evaluate the feasibility of using a field test such as compaction and void content as a
means of controlling pavement quality.



II. MIXTURE DESIGN PERFORMANCE TESTS
USED IN THE OREGON PROCEDURE

The ODOT Materials Unit (Salem) standard mixture design procedure for performance-
related testing includes several elements as follows:

1. Voids in the mixture following the first compaction (kneading compactor).
This value is used as a measure of compaction that is attainable at the time of
construction.

2. Hveem stability of the above specimens following first compaction, using

FHWA criteria.

3. Voids in the mixture following the second kneading compaction (the
specimen is turned over and recompacted). This level of voids is intended to
represent the mixture after being subjected to several years of traffic.

4. Hveem stability after the second compaction. This stability must equal or
exceed that obtained after the first compaction or the mixture may be prone
to rutting.

S. The Index of Retained Strength, IRS, (ratio of water conditioned to dry

indirect tensile strength) is used for both dense and open graded mixtures to
evaluate stripping potential.

6. The Index of Retained Modulus, IRM;, (ratio of water conditioned to dry

resilient modulus) is used to evaluate potential stripping in dense graded
mixtures.

7. Maintaining an adequate ratio of the aggregate passing the No. 200 sieve to
asphalt content (p200/asphalt content) helps assure good durability by
providing an adequate film thickness.

8. Voids in the Mineral Aggregate, VMA, ODOT uses the FHWA Technical
Advisory No. T-5040.27 guidelines to ensure adequate voids and film

thickness in the compacted asphalt concrete mixture.

In the laboratory, asphalt concrete mixture samples are prepared according to the ODOT
Materials Laboratory Procedures Manual. Specimens for Hveem Stability and Index of

3



Retained Modulus were prepared according to ODOT test method 302-86 which conforms
to AASHTO T-247. ODOT test method 307C-86 (AASHTO T-167) was used to prepare
specimens for the Index of Retained Strength test.

Table 2.1 is a summary of ODOT mix design criteria for dense-graded wearing course
mixtures. This process is not used in the field due to the amount of time required to run all
tests and the infeasability of using the kneading compactor in the field. The field tests used
to determine mix acceptance are in-place density using the nuclear density gauge and the
asphalt content using the nuclear asphalt content gauge, and gradation from cold feed
samples.

Table 2.1. Summary of Mix Design Criteria

ODOT DENSE-GRADED ASPHALT CONCRETE HOT MIX DESIGN CRITERIA

Heavy Duty' Standard Duty* Light Duty’

Asphalt Film Thickness Sufficient to Sufficient-Thick
Design Air Voids

1st Compaction (range) 5.56.5% 5.0-6.0% 4.0-5.0%

2nd Compaction (min.) 2.5% 2.0% 1.5%
Hveem Stability

1st Compaction (min.) 37 35 30

2nd Compaction (min.) 37 35 30
Index of Retained Strength 75 75 75
Index of Retained Modulus 70 70 70
P200/Asphalt Content

1

Heavy Duty - 20 year design equivalent single axel loads (ESALs) > 10,000,000, average daily traffic
(ADT) >20,000

2 Standard Duty - 20 year design ESALs: 1,000,000 - 10,000,000, ADT: 1,500 - 20,000
> Light Duty - 20 year design ESALs < 1,000,000, ADT < 1,500



III. A PROTOTYPE FOR A NEW OREGON

SYSTEM AND TEST PLAN

This study was aimed at the development of a new system for field control of asphalt

concrete mixture quality that includes several elements not yet evaluated. In summary, this
system was envisioned as follows:

1.

Control of the general asphalt concrete mixture components using samples
from the asphalt concrete plant: gradation of aggregates using samples from

the cold feed, and asphalt content using the nuclear gauge (this is the present
field laboratory procedure).

Control moisture in the mixture using a microwave oven for quick drying
(this is the present field laboratory procedure). The specimen is heated and

weighed, until a constant weight is achieved, using a microwave oven in the
field trailer.

In the ODOT Materials Laboratory, establish comparison between specimens
compacted using the kneading and gyratory compactors. Using the criteria
and tolerances currently used for conventional Hveem mix designs, establish
similar tolerances for tests that can be conducted in the field laboratory,

including those such as voids, Marshall stability and flow, split tensile
strength, etc.

Use a standard compactor in the field laboratory to fabricate specimens from
the field mix on a routine basis for quality control. The key acceptance
criteria in the field would be voids in the compacted mixture (rather than, or
in addition to, aggregate gradations and asphalt content).

Prior to any laboratory or field work, a plan was established for the project. The original
plan is described in the following paragraphs and is somewhat idealistic in that there was
considerable uncertainty as to the ability and time available for ODOT to accomplish all the
proposed tasks. The actual project was somewhat more limited, yet provided considerable
insight to the process of quality control evaluation.

A field control program to ideally manage the quality of mixtures through void control
should meet several criteria, including at least the following:

1.

The mixture tests should be aimed at achieving end results that are tied to
pavement performance such as rutting, cracking, ravelling, or stripping.



The contractor should have freedom to adjust or vary proportions to meet the
end results required.

Test results need to be available quickly in order for the contractor and
ODOT (project manager) to effectively control the mixture.

The new prototype procedure for controlling the quality of asphalt concrete paving mixtures
in the field incorporates three features, as follows:

1.

Aggregate gradation. Aggregate samples from each bin and/or blended
samples will be taken from the cold feed belt to the asphalt concrete plant.
The samples will be tested for water content and gradation. This procedure
will be adequate for drum mixers where the aggregate is input on a

continuous basis. For batch plants, it may be necessary to sample aggregate
from the discharge of the hot bins.

Asphalt content. The quantity of asphalt in each mixture will be monitored
by one or a combination of the following:

. A sample measured in the field laboratory using a nuclear asphalt
content gauge;

. A record of the asphalt pump meter at the asphalt concrete plant; and

. By measuring the actual use of asphalt from the contractor’s tank at
the plant, i.e., "sticking."

This latter procedure will provide a reasonable average for a period of time
(for example a day’s production), but does not account for variation
throughout the day or migration of asphalt in the mixture.

Compactibility. The primary feature of the approach to the new system will
be an attempt to measure the overall quality of the field mix by measuring its
compactibility and void content using a standard compaction energy.

A key feature of the experiment will be the utilization of a field compaction
device. From equipment available, three compaction devices were selected
for consideration, as follows:

1. Gyratory Shear (Texas)
2. Marshall Hammer
3. Kneading (bench-mounted Hveem)



The Texas Gyratory Shear compactor was chosen as the test compactor from
various sources of information and discussions of the needs of ODOT. Two
of these units were purchased from Rainhart Co., Austin, Texas.

Potential advantages of gyratory compaction include:

. Speed - about 15 minutes per specimen.
. Voids can be measured directly without water immersion.
. Compactor is easily bench mounted (no concrete pad required as with

the Marshall compactor).

. Easy to operate and calibrate. Other research has shown that gyratory
compaction is similar to kneading compaction and is representative of
mixtures from the pavement.

. Specimens can be tested in the field laboratory using the appropriate

strength test such as Marshall stability, resilient modulus, split tension,
or other test.

. Companion field specimens can be transported to the ODOT Materials
Laboratory for Hveem stability testing.

Specimen preparation and gyratory compaction for this study followed the
Texas method (6).

Discussion of the details of other equipment requirements and procedures such as
aggregate and asphalt testing are beyond the scope of this report.



IV. TEST DATA

The field projects evaluated in this study were as follows:

1. S.E. Stark St., S.E. 223rd Ave. - S.E. 242nd Ave. Section (Contract No.
C10937), Gresham.

2. Kuebler Blvd./Cordon Rd., S. Commercial St. - N. Santiam Highway Section
(Contract No. C10791), Salem.

3. U.S. Route 97, O’Neil Junction - Redmond Couplet Section (Contract No.
C10850), near Bend.

4, U.S. Route 30, Rainier - Tide Creek Section (Contract No. C10926), E. of
Astoria.

Conventional asphalt concrete mixture designs for the above four projects were conducted
at the ODOT Materials Laboratory. The mixture design data is included in Table 4.1. Also,

the specific gravity, voids, and Hveem stability have been plotted for these mixtures and are
included in Figures 4.1-4.4.

Additional laboratory test data were developed for projects 1 and 2 above. Specimens from
the same mixture were compacted with the Cox kneading compactor and the gyratory
compactor. Mixture properties for both sets of specimens were determined. The data
summarized in Figures 4.5 and 4.6 show a comparison for specific gravity, voids, and

Hveem stability. The same type of information was not developed for projects 3 and 4,
however.

For projects 3 and 4 above, a mobile trailer with one gyratory compactor and the Marshall
testing equipment was set up. This trailer was set up at the job sites in addition to the
usual control facility. Thus, testing for these projects was conducted without interfering
with normal operations.

The two field projects (3 and 4) were selected to fit the study schedule and also to provide
a different set of materials, climates, and contractors. For the two field projects, each
sublot of 500 tons of mixture was sampled and tested. Figure 4.7 shows how each 16 kg
sample was split into four portions and used as follows:



Two samples were fabricated in the field laboratory using gyratory
compaction. The compacted specimens were then sent to the ODOT Materials
Laboratory and tested: one for wet bulk specific gravity and voids; and one
for dry measured bulk specific gravity, and voids. The "wet voids" sample
was tested for Hveem stability on first compaction. The "dry voids"
specimen was tested for Marshall stability and flow.

One sample was fabricated in the ODOT Materials Laboratory using gyratory
compaction and tested for wet measured bulk specific gravity, voids, and
Hveem stability on first compaction.

One sample was fabricated in the ODOT Materials Laboratory using the
kneading compactor and tested for wet measured bulk specific gravity, voids,
and Hveem stability on first compaction.

The data are presented in four formats as follows:

1.

In Figures 4.8-4.16, the voids and stability have been plotted versus the
sublot (sample) numbers chronologically. These graphs show the trends as the
project progressed. Overlaid on these figures are the ODOT criteria for each
variable (see Table 2.1). For voids comparison, criteria from Wisconsin and
Virginia DOT are also shown, since these are different from Oregon. For
Hveem stability, the Oregon criteria is used, but for Marshall stability and

flow, the Wisconsin and Virginia criteria are shown since Oregon does not
use Marshall tests.

The specimens prepared in the field with the gyratory compactor for Hveem
testing were tested twice for bulk specific gravity and air voids. Once wet in
the field after compaction, and once wet in the lab as part of the Hveem test

procedure. On the graphs, these are labeled "FId Gyr Wet" and "Fld/Lab
Wet."

In Figures 4.17 and 4.18, data selected from Figures 4.8 through 4.16 are
shown as the range and mean for each parameter.

In Figures 4.19 and 4.20, field and laboratory data are compared where
correlation among several variables might be evaluated.

In Tables 4.2-4.5, data are summarized from each field project and include
materials and specimens from both field and central laboratories.

10
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V. ANALYSIS AND DISCUSSION

A. MIXTURE DESIGNS

Early in this research project, mixture designs were selected from four construction projects.
Because of the interest in specific gravity, voids, and stability, these data from the designs
were summarized in Table 4.1 and plotted in Figures 4.1 through 4.4. The results of both
first and second compaction are included. The trends of both density and voids appear to be
reasonable for all four projects — the data show a smooth progression in test results from
low to high asphalt contents. The Hveem stability, however, is much less predictable, and
the stability values after the first compaction are erratic; it would be difficult to draw a
smooth curve through these points. Following first compaction, many of the data points fall
below the minimum 35 value used for standard designs.

Following the second compaction (Figures 4.1-4.4), the density increased and voids
decreased as one might expect. Also, stability is increased and may reflect the expected
behavior after several years of traffic. At the high end of the asphalt content range, the
stability tends to drop off rapidly, indicating mixture instability as the mixture becomes
"over asphalted." For example, the S. Commercial St.-N. Santiam Hwy. (Figure 4.1) and

Rainier-Tide Creek (Figure 4.3) mixtures become "critical" or very unstable at 6.5 percent
asphalt content.

B. EVALUATION OF COMPACTION METHOD

Although they were not used as field projects, two projects (S. Commercial St.-N. Santiam
Hwy. Section and SE 223rd-SE 242nd Ave. Section) were further evaluated in the ODOT

Materials Laboratory. These data are shown in Table 4.1 and Figures 4.5 and 4.6. Mixtures
were made with a range of asphalt contents similar to the designs discussed above, but two

sets of specimens were prepared using both conventional kneading and gyratory
compactors.

For both projects, at the compaction levels utilized, gyratory compaction resulted in higher
density and lower voids than for kneading compaction. Voids in the gyratory compacted
specimens were about two percent lower than those from kneading compaction. D’ Angelo
(3) indicates that using 2-in. rather than 2.5-in. high specimens in the gyratory compactor
would result in similar densities and voids. The 2.5-in. high specimens were used for both
the kneading and gyratory compacted samples so the Hveem stability could be compared
directly without adjustment for height. As with the original mix designs discussed above,
the Hveem stability values were erratic, although within the +8.4 range used by ODOT for
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laboratory precision. The Hveem stability values were less erratic with gyratory compacted
specimens. In Figure 4.5, the Hveem stability values are lower for gyratory compaction, but
appear to result in a smoother plot. The gyratory compacted mixture in Figure 4.6 also has

smoother stability data, but the average value is higher than for kneading compaction.

In summary, it would appear that density and voids from either compaction method are
acceptable, but the compaction energy and/or sample height used needs to be adjusted. The
variability of the Hveem stability makes it less suitable for quality control. Gyratory

compaction may result in a more predictable curve when the data are plotted and therefore,
be more useful.

As noted earlier, it is recommended that data be developed similar to that in Figures 4.5
and 4.6 for a range of mixtures that include not only variable asphalt content, but changes
in aggregate gradation and compaction effort as well. This information would be very

helpful in assessing the viability of using stability as a performance measure when variation
in mixture components occur.

C. FIELD PROJECTS

The data from the two selected field projects have been presented in several ways: as a
running series of tests as the data from sublot tests became available (Figures 4.8-4.16), and

summarized in the form of means and ranges (Figures 4.17-4.18) or scatter plots (Figures
4.19-4.20).

In Figures 4.8 and 4.9, the mixture voids for the two projects are compared to ODOT
criteria. For both sections, Rainier-Tide Creek and O’Neil Junction - Redmond Couplet,
most of the field dry measured voids are above the tolerance band, but most of the wet
measured voids are within or below the tolerance band. Much of this difference is
explained by the nature of testing; in the wet procedure, the surface voids of the specimen

are water filled and are not counted in the void total, thus they will always be less than that
for dry measured.

In his discussion comparing ODOT criteria and experience to other state highway agencies,
George (4) has compared (see Figures 4.10-4.11) the Oregon data to voids criteria used by
the states of Wisconsin and Virginia. Again, for both projects, the dry measured voids are
well above the 3-5% tolerance range, while the wet measured data are largely within
tolerances. The same reasoning for the difference would apply here as for the data in
Figures 4.8-4.9.

In Figures 4.12-4.13, the Hveem stability is compared to ODOT design criteria following
first compaction. Values from the three compaction procedures show that field mixtures
from Rainier-Tide Creek (Figure 4.12) would meet the "light duty" criteria, but only about
a third of the tests would meet "standard duty" criteria. For O’Neil-Redmond Couplet
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(Figure 4.13), the Hveem stability meet the heavy duty criteria regardless of the compaction
method used.

The only Marshall stability data developed were for field gyratory compacted specimens.

In Figures 4.14-4.15, these values are compared to Wisconsin (1500 1b.) and Virginia (1800
Ib.) design criteria. For both field projects, most of the field test data meet Wisconsin
criteria and 50% or more will meet the higher Virginia criteria.

The flow values from the Marshall test for Rainier-Tide Creek (Figure 4.16) indicates that
all are well above the criteria used by both Wisconsin (8-16) and Virginia (6-16).

In Figure 4.17(a), one can note that the dry measured voids (code G) are higher than wet
measured as discussed earlier. Also, the coefficient of variation (30%) for dry measured air
voids is considerably less than other measured values for the Rainier-Tide Creek project.
Although the coefficient of variation for O’Neil Junction-Redmond Couplet dry measured
air voids in Figure 4.18(a) is higher (57%), it is still at the lower end of all those measured.
Therefore, it would appear that dry volumetric measurements may be suitable for field
quality control. A further look shows that gyratory compacted specimens that were tested

in the ODOT Materials Laboratory have more scatter (see Figure 4.17[a] and 4.18[a]), code
T).

The Hveem stability for both projects is not consistent and is considerably lower for
Rainier-Tide Creek (Figure 4.17[b]). In addition, there is so much scatter (range) that it is
questionable whether Hveem stability should be used in a quality control scheme. This was
noted in the discussion of the mixture design data, as well. A similar comment could be
made for the Marshall stability data since the range (Figure 4.19, for example) is as much
as 1000 lbs. However, state DOTs in the eastern U.S. routinely use Marshall stability to
control quality in the field laboratories, even though they experience large scatter.

The asphalt content measured by nuclear gauge is consistent and in a narrow range (see
Figures 4.17[d] and 4.18[d], code 1). Without additional data and analysis, it appears that
the nuclear gauge procedure is an adequate control for field mixtures.

Figures 4.19 and 4.20 provide an opportunity for comparison of air voids and stability.
From Figures 4.19(a) and 4.20(a), the correlation of field and laboratory Hveem stability
would appear to be reasonable except for two outliers in each project. Additional testing
would be required to determine if the differences were due to equipment, operators, or
procedures.

In Figures 4.19(b) and 4.20(b), the comparison of Hveem and Marshall stability values is
not especially encouraging, but this is not surprising. The two test methods measure the
strength properties in different ways and have different modes of failure. Even when the
two projects are combined to provide a wider range of stability (see Figure 5.1), the
correlation does not seem to be better, indicating that this correlation can not be used. In
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Figures 4.19(c) and 4.20(c) the comparison of air voids is presented for kneading and
gyratory compacted lab specimens. These figures show that the kneading compacted
specimens have a higher value for air voids than do the gyratory specimens. It has been
envisioned that voids in the field mixture could be used as a measure of the quality,
particularly if correlated with performance. It is not known if stability can be correlated
with performance, but it may at least be performance-related. For example, in Figure 5.2,
the values for the original design (Hveem stability vs. air voids from Table 4.2) have been
plotted for both 1st and 2nd compaction values. Superimposed on the design values in
Figure 5.2 are the Hveem stability vs. air voids for both wet and dry measured voids.
Although this figure is somewhat cluttered, one can see that the air voids may be a
reasonable measure of compliance with the original design for the 1st compaction tests.
The wet measured field air voids obviously correlate better with the laboratory design
because they were measured using the same method. The dry measured voids are shifted to
the right by about 2 percent, which is the typical difference found using volumetric or
parafilm methods (3). But once the correlation for wet vs dry void measurement is
established, this simpler dry method could be used as a field measurement of voids in

specimens compacted with a gyratory compactor as a performance/design-related parameter
for quality control.
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VI. CONCLUSIONS AND RECOMMENDATIONS

This project has been the beginning of the development of a new system for field quality
control of asphalt paving mixtures. It was undertaken with the goal of developing
information that could be used to substitute for the old system of gradation testing and
determination of asphalt content by vacuum extraction using solvents. Evaluation of all of
the elements required to develop good relationships were not possible in this single project,
but several positive aspects can be identified. The primary feature of this project was to
introduce and test a field compactor as a potential method for preparing specimens in the

field for testing and evaluation of mixtures as compared to those prepared as part of the
mix design.

A. CONCLUSIONS

There is a definite need for a field testing system and accompanying criteria to evaluate
how well the field paving mixture is meeting laboratory design.

The following conclusions were apparent:

1. The gyratory compactor worked well in the field laboratory. Compared to
the kneading compactor, it is relatively inexpensive and simple to operate.
The compacted specimens appear to represent the mixture quite well as
shown by density and voids.

2. The void content measured in gyratory compacted field specimens may be
used as a field control parameter (other agencies are currently doing this
using the Marshall method of compaction).

3. The measured stability values on gyratory compacted specimens are equal or
better than those for kneading compacted specimens; the results appear to be

more consistent than with kneading or Marshall compacted specimens.

4. AC mixtures can be controlled in the field by monitoring stability; however,
there is significant variability in the results.

B. RECOMMENDATIONS

The following are the recommendation from this study:

1. The gyratory method of compaction should be advanced as a method of field
acceptance of asphalt concrete mixtures in the same manner as advocated by

43



the FHWA Demonstration Project No. 74. However, because an improved
version of the gyratory compactor is currently being developed by the

Strategic Highway Research Program (SHRP) research, it is recommended
that partial or full implementation of the field control program be delayed

until the new compactor is commercially available and can be evaluated for
field applications.

Track the field performance of the four projects evaluated in this study

for a period of 2-3 years to see if actual performance correlates with
any of the test results evaluated.

Develop specifications for controlling asphalt concrete mixtures with a field
compaction device used to fabricate specimens to measure air voids and voids
in the mineral aggregate (VMA).
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