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ABSTRACT: Earthwork construction methods have changed substantially over the past 50 years,
although the Proctor laboratory test for evaluating compacted densities has remained relatively
unchanged. One shortcoming of the Proctor test is that it uses impact loads to compact soil in a stiff non-
yielding mold, whereas modern field compaction methods rely on a combination of kneading, vibration,
and increased normal pressures to achieve high densities. A suite of laboratory tests were conducted on
soils using the Superpave gyratory compactor to analyze the primary variables that influence soil
compaction. Gyratory compaction tests were conducted on four soil types that represent a broad range of
materials that may be encountered during construction. Gyratory dry densities were compared to standard
and modified Proctor maximum dry densities to explore potential differences between gyratory and
impact laboratory compaction methods. The results indicate that increasing the confining pressure is the
most effective method of increasing the dry density of fine-grained soils, while increasing the number of
gyrations is the most effective method of increasing the dry density of non-cohesive, granular soils.
Although the gyratory compaction process has been demonstrated to simulate field compaction of hot mix
asphalt, results from this study demonstrate that gyratory compacted maximum dry densities are not
substantially different than dry density values obtained using traditional laboratory Proctor tests, even
though the physical process of achieving compaction are quite different. Furthermore, gyratory
compaction encounters many of the same disadvantages as the Proctor test when compacting cohesionless
soils at relatively high water contents.
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INTRODUCTION

This paper presents the results of a laboratory study that was conducted to evaluate the feasibility of using
a Superpave Gyratory Compactor (SGC) to compact soil specimens. Using the SGC to compact soil is
attractive because the gyratory compaction process simulates field compaction more closely than
traditional impact compaction tests, and the gyratory compactor has an established track record of success
with asphalt compaction. An extensive number of gyratory compaction tests were performed on soil in
this study to evaluate the effects of soil type, water content, and variation in gyratory machine parameters
(confining pressure and gyration count). Gyratory dry densities were compared to standard and modified
Proctor maximum dry densities to explore potential differences between gyratory and impact laboratory
compaction methods.

Gyratory compactors were initially developed in the late 1930s and have since evolved into the
primary laboratory method of compaction for hot mix asphalt (HMA) in the U.S. Gyratory compactors
were designed to simulate orientation of aggregate, degradation of aggregate, field compaction, and traffic
degradation that occurs in HMA during production, compaction, and traffic loading (1). Today, over
2,000 SGCs are in use in the U.S. for the design and field management of asphalt mixtures. Eight
different models of the SGC are available from at least five different companies in the U.S. (2). Most of
these models provide a means of adjusting and calibrating the four primary parameters that affect the
degree of compaction of laboratory HMA specimens: i) gyratory angle, ii) confining pressure, iii) rate of
gyration, and iv) number of gyrations. AASHTO Standard Test Method T312 (Preparing and
Determining the Density of Hot-Mix Asphalt (HMA) Specimens by Means of the Superpave Gyratory
Compactor) provides specific values for setting or controlling these parameters when testing HMA.
However, there are no established guidelines or standards for soil testing using the SGC.

To date, studies conducted in Florida (3) and Rhode Island (4) provide the only published
information on the use of a SGC to compact soil. Other studies have used non-Superpave gyratory
compactors to compact soil or have used the SGC to compact soils for other purposes, such as to study
swell characteristics and shear resistance (5). A study conducted on sandy soils in Florida (3)
recommended a test procedure utilizing a 200 kPa confinement pressure, 1.25° gyration angle, 90
gyrations, and a rate of 20 gyrations per minute. The authors of that study surmised that increasing the
vertical pressure was not an affective means of increasing the dry unit weight of sandy soils, which was
the focus of their study.

For testing HMA, AASHTO T312 specifies placement of 4.5 to 4.7 kg of asphalt into the
gyratory mold in one lift. The sample is compacted at a rate of 30 gyrations per minute, a confining
pressure of 600 + 18 kPa, and an angle of gyration of 1.25° + 0.02°. A set number of gyrations for
compacting asphalt samples is not specified. The optimum number of gyrations (or gyration count) is
unique to each asphalt mixture and depends on forecasted traffic levels and expected maximum air
temperature at the project location. The practical gyration count to achieve adequate compaction of HMA
samples spans a range from 68 to 288. The number of required gyrations generally increases with air
temperature and the design equivalent single axle load (ESAL) value.

MATERIALS

Four different soils were selected to represent a wide range of material types. Testing was first conducted
on dry soils, followed by tests on moist soils at water contents that spanned a range from dry to wet of the
modified Proctor optimum water content. The four soils were classified in general accordance with the
AASHTO classification system, as follows: A-1-a (stone fragments, gravel, and sand), A-3 (fine non-
plastic sand), A-4 (silt), and A-7-6 (clay). Geotechnical index properties are provided in Table 1, and
grain sizes are shown in Table 2. Additional properties of the soils are described in (6).
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TABLE 1 Index Properties of Test Soils

Soil Standard Proctor Modified Proctor Specific Atterberg Limits
Type Y dmax Wopt Ydmax Wopt Gravity, Liquid Plasticity
(KN/m®) (%) (kN/m®) (%) G, Limit Index
A-1-a 17.6 8.5 19.6 7.4 2.68 NP NP
A-3 17.4 12.0 18.4 11.0 2.63 NP NP
A-4 16.9 16.4 18.5 14.0 2.66 29.7 21.8
A-7-6 15.1 19.5 16.3 16.5 2.65 83.7 59.8

NP = Non Plastic, Y4msx = maximum dry unit weight, w,,; = optimum water content

TABLE 2 Gradations of Test Soils

Soil Percent Soil Finer than

Type #10 Sieve #40 Sieve #200 Sieve
A-l-a 20.3 8.4 35
A-3 86.6 43.1 7.5
A-4 99.6 81.4 57.4
A-7-6 100.0 99.9 65.1

EQUIPMENT AND SETTINGS

A Pine Instrument Company, Superpave AFGC125X Gyratory Compactor was used for all gyratory
compaction tests conducted in this study. The AFGC125X is an automated gyratory compactor that was
designed to compact Superpave HMA specimens. Compaction is achieved by applying a static confining
pressure while simultaneously gyrating the mold to cause a shearing force. During testing with the
AFGCI125X; confining pressure, angle of gyration, and rate of gyration are held constant. The confining
pressure can be adjusted on the SGC computer interface prior to beginning a test. The angle of gyration
must be manually adjusted by changing the roller positions on the carriage body. This is a time and labor
intensive process; consequently, for this study an angle of 1.25° degrees was used for all testing. The
Pine AFGC125X SGC is only capable of running at the Superpave recommended 30 gyrations per
minute; therefore, the effect of gyration rate was not evaluated in this study. The number of gyrations can
be preset at the beginning of the test.

The first step in developing a test procedure for soils involved a trial and error process that started
with a combination of settings based on the asphalt gyratory testing standard (AASHTO T312) and
recommendations from previous experimental soil compaction procedures conducted by others (3, 5, 7).
Multiple SGC confining pressures were used on both dry and moist soil samples. The SGC is capable of
applying confining pressures ranging from 200 to 999 kPa. The majority of testing during this study used
confining pressures ranging from 200 to 600 kPa. The position and direction of the confining pressure in
relation to the gyratory mold is shown in Figure 1.

Gyratory testing was performed in two phases. The initial phase involved testing soils in a dry
state at multiple confining pressures. The second phase involved testing soils at various water contents
and confining pressures to develop compaction curves (W versus Yqry) from the SGC that are similar in
format to traditional Proctor compaction curves. Dry soil samples were initially oven dried at 110° C and
then cooled to room temperature prior to compaction. Any visible clumps of soil or conglomerated
particles were broken down and uniformly distributed prior to compaction. Confining pressures of 200,
300, 400, 500, and 600 kPa were used for each of the four dry soils. Moist gyratory compaction samples
were thoroughly mixed with water at water contents ranging from dry to wet of the modified Proctor
optimum water content. Soils that contained cohesive fines were covered and stored for at least 24 hours
prior to testing. Moist samples were compacted at confining pressures of 200 and 600 kPa. Compaction
of the granular soils at high water contents caused water to be forced out of the soil and into the gyratory
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compactor. To account for this water loss, a second water content was measured immediately upon

completion of gyratory testing using the entire compacted sample.
Soil samples were placed into the mold in one lift. The soil filled mold was positioned in the

gyratory compactor and compacted for 500 gyrations at the desired confining pressure. During
compaction, the height of the soil sample for each gyration was automatically measured and recorded

electronically for subsequent analyses.

Confinement
Pressure

%

Angle of Gyration

|

Soil Spacimen potential locations for
water leakage

FIGURE 1 Schematic cross-section of gyratory mold.

EVALUATION OF RESULTS

Introduction

The two primary SGC parameters evaluated in this study were the number of gyrations and the confining
pressure. The influence of these parameters on the compacted dry unit weight were evaluated and
compared to Proctor values. Multiple combinations of the parameters were examined using different soil
Soil compaction characteristics were evaluated by calculating the dry unit
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types and water contents.
weight for each gyration during testing, as:
Yy =

where, V4 is the dry unit weight for gyration i, M, is the total soil sample mass, g is gravity, I is the
interior mold radius, h; is the height of the soil sample, and w is the water content in decimal form.
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Number of Gyrations

Compacted dry unit weights increased with increasing number of gyrations. As shown in Figure 2, the
shape and slope of the compaction curves varied depending on soil type and confinement pressure. In
general, the dry unit weights of granular soils (A-1-a and A-3) increased noticeably as the gyration count
increased. Cohesive soils (A-4 and A-7-6) showed only minor increases in densification as a result of
increased gyrations. For comparison, the plots also show maximum dry unit weights from standard and
modified Proctor tests. The Proctor densities shown in Figure 2 represent maximum dry densities
compacted at optimum water contents. Gyratory compaction densities for the initially dry samples were
less than the maximum modified Proctor value for all dry samples except for the A-3 sample, which
exceeded the maximum modified Proctor density at about 400 gyrations and 600 kPa confinement
pressure. Standard Proctor densities were achieved for all the dry prepared soils except the A-4 material.
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FIGURE 2 Gyratory compaction curves for four soil types prepared in the dry condition.
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All samples achieved at least 90% of total compaction in the first 100 gyrations, although dry unit
weights continued to gradually increase at a rather slow rate until compaction was terminated at 500
gyrations. Rate of compaction was evaluated numerically by comparing the tangent slopes of the
compaction curves at 100 and 500 gyrations. Tangent slopes were calculated by taking the derivative of
the best fit logarithmic line for each confining pressure and soil type. Table 3 shows the average value
and standard deviation of the gyratory compaction slope at 100 and 500 gyrations, respectively. At 100
gyrations, the tangent slopes of the four soil types were of the same order of magnitude, with the A-1-a
slope approximately twice as high as the other soils. The compaction rate for the finer grained soils
tapered off rapidly to a nearly horizontal slope after about 100 gyrations. At 500 gyrations, the tangent
slope of the A-1-a soil increased at a rate that was about ten times greater than observed for the other
three soils.

TABLE 3 Rate of Change in the Gyratory Compaction Curve at 100 and 500 Gyrations

Soil Average Slope at 100 | Average Slope at
Type Gyrations 500 Gyrations
(KN/m*/gyration) (kN/m*/gyration)
A-1-a 7.40x 107 148 x 107
A3 3.72x 107 7.43x 10"
A-4 439x 107 8.78 x 10™
A-7-6 3.70x 107 7.39x 10

This evaluation indicates that maximum density can be achieved for fine-grained soils at about
200 to 350 gyrations, while coarse-grained granular soils may require more than 500 gyrations to achieve
a maximum gyratory density, when prepared in a dry state. Although higher densities can be achieved at
larger gyration counts, there are disadvantages of compacting soil samples to 500 or more gyrations, these
include:

»  High gyration counts may result in elevated amounts of aggregate degradation. Although,
comparative gradation tests conducted on the A-1-a and A-3 soils (compacted to 500
gyrations) showed only relatively minor aggregate degradation as a result of testing. It is
possible that aggregates composed of softer or more friable minerals may experience greater
particle breakdown at high gyration counts.

»  High gyration counts will ultimately lead to increased wear on the SGC mold, particularly
when testing dry granular soils that lack the lubricating effects of water or oil (in the case of
HMA).

»  SGCs compact at 30 gyrations per minute; therefore, the testing time is increased as more
gyrations are used. Experience from this study indicates the time required to run a test is
relatively minor in comparison to the time required to prepare soil samples for compaction.

Based on the range of soil types examined in this study, it appears the advantages of a higher
gyration count outweigh the potential disadvantages. Higher gyration counts provide a more complete
relationship between dry unit weight and number of gyrations and assure that the maximum dry density is
achieved.

Confining Pressure

Figure 2 shows that increasing the confining pressure from 200 kPa to 600 kPa results in an increase in
dry unit weight that varies depending on soil type. At 500 gyrations, the A-1-a soil exhibited only
relatively minor increases in maximum dry unit weight as a result of increasing the confining pressure
from 200 to 600 kPa. Soils with smaller particle sizes (A-3, A-4, and A-7-6) exhibited more substantial
increases in densification as a result of higher confining pressures.
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There are disadvantages and advantages of using high confining pressure for compacting soil
specimens. Disadvantages of using 600 kPa confinement include:

>

>

>

High confining pressures may subject the laboratory soil samples to pressures and
compaction energies that are greater than typical field construction conditions.

High confining pressures will ultimately lead to increased wear on the SGC molds and
machine.

High confining pressures would likely cause more particle degradation than a low confining
pressure.

Advantages of using 600 kPa confinement include:

>

>

The highest dry unit weights for all soil types occurred at the highest confining pressure of
600 kPa.

Gyratory compaction curves were more clearly defined in terms of the relationship between
maximum dry unit weight and optimum water content at 600 kPa confinement pressure.

A 600 kPa confining pressure was required for the A-4 soil to surpass the standard Proctor
maximum dry unit weight. The A-7-6 soil was only able to surpass the modified Proctor
maximum dry unit weight when a 600 kPa confining pressure was used.

The testing procedure would be the same as that recommended in the AASHTO T312
standard for HMA.

In general, the authors believe that in most cases the advantages of using a 600 kPa confining
pressure outweigh potential disadvantages.

Compaction Water Content

When compacted dry, three of the four soils (A-1-a, A-4, A-7-6) did not achieve their corresponding
modified Proctor maximum dry unit weights even at high confining pressures and 500 gyrations. Test
soils were gyratory compacted at different water contents to compare gyratory densities to densities
achieved using the Proctor test; to determine if optimum water contents could be discerned from gyratory
compaction data; and to compare the relationship between dry unit weight and water content with
conventional Proctor compaction curves. All of the soils were compacted at ranges of water contents at
200 and 600 kPa confinement to simultaneously determine the effect of confinement and water content.
Examples of these results are shown in Figure 3 for the A-1-a soil. Results for the other three soils are
provided in (6).
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FIGURE 3 Variation of dry unit weight for A-1-a samples prepared at different water contents
and gyrated at: a) 200 kPa confinement and b) 600 kPa confinement.

Data plotted in Figure 3 can be re-arranged into a format that is similar to a traditional Proctor
compaction curve, as shown in Figure 4. Gyratory compaction of soils with adjusted water contents
produced dry unit weights that matched or surpassed modified Proctor maximum dry unit weights for all
samples except the A-4 soil.

Optimum water contents were determined for the cohesive soils. The non-cohesive, granular
soils were incapable of retaining water at high water contents; therefore, optimum water contents could
only be estimated using the SGC. Similar problems occur in the Proctor tests when compacting wet
cohesionless soils.

A comparison of densities achieved at the highest gyratory compaction energies used in this study
(600 kPa confinement pressure and 500 gyrations) to standard and modified Proctor maximum dry
densities are summarized in Table 4. The fine-grained soils (A-4 and A-7-6) compacted to the lowest
gyratory densities in comparison to their corresponding Proctor values. Of the four soil types, the A-4
soil was the only soil in which the gyratory maximum dry density was less than the modified Proctor
value (97.2%). The A-3 soil achieved the highest relative densification: 120% and 114% greater than the
standard and modified Proctor values, respectively. Optimum water contents measured from gyratory
tests on the coarse-grained soils were lower than corresponding Proctor values, while optimum gyratory
water contents for the fine-grained soils were slightly lower than the standard Proctor values and slightly
higher than the modified Proctor values.



Mokwa, Cuelho, and Browne TRB 2008

22 e

21
20
19
18 4~
17 |
16 |

15
14
13

Dry Unit Weight (kN/m3)

- O — Modified Proctor 5
—_———— Standard Proctor 7
—_——h—. 200 kPa Confinement

—@—— 600 kPa Confinement

Zero Air Voids

12

0 2 4 6 8 1012141618202224262830
Water Content (%)

Dry Unit Weight (kN/m3)

0 2 4 6 81012141618 202224262830

Water Content (%)

Dry Unit Weight (kN/m3)

Dry Unit Weight (kN/m3)

0 2 4 6 8 10121416 182022242628 30
Water Content (%)

0 2 4 6 81012141618 2022242628 30

Water Content (%)

FIGURE 4 Relationship between dry unit weight and water content for different compaction
methods at 500 gyrations.

TABLE 4 Comparison Between Gyratory and Proctor Compaction Test Results

Soil Percent of Standard Percent of Standard  Percent of Modified Percent of Modified
Type Proctor Proctor Proctor Proctor

Y d(max) Wopt Yd(max) Wopt
A-l-a 116.2 % 68 % 103.2 % 78 %
A-3 120.1 % 75 % 113.9% 82 %
A-4 106.3 % 90.8 % 97.2 % 106.4 %
A-7-6 109.5 % 94.9 % 101.5 % 112.1 %

Note: Gyratory samples were prepared at a range of water contents at 600 kPa confinement and 500 gyrations.
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A-1-a Soil

Gyratory compaction curves for the A-1-a soil at confining pressures of 200 and 600 kPa are shown in
Figure 4a. Like many free-draining soils, the A-1-a soil does not have a well defined optimum water
content or maximum dry unit weight. The general trend of the compaction curve shows that the material
increases in dry unit weight as the water content is increased. Additional points on the wet side of
optimum would likely show this more definitively; however, the soil is near saturation and has free
standing water when it is mixed at water contents above about 8%. The results indicate that compacted
densities greater than the standard and modified Proctor maximum dry densities can be achieved in the
gyratory compactor when water is added to the sample. In general, higher dry unit weights were achieved
using gyratory compaction than standard and modified Proctor tests. For example, at 75 gyrations,
gyratory compaction achieved densities that were 109.0% and 96.8% of the standard and modified
Proctor dry unit weights, respectively. At 500 gyrations, densities of 115.8% and 102.9% of standard and
modified Proctor were achieved.

A-3 Soil

As shown in Figure 4b, similar results were obtained for the A-3 soil, indicating that for cohesionless
soils, increasing the number of gyrations increases percent compaction more effectively than increasing
confinement pressure. The z-shape nature of the A-3 soil compaction curve at high water contents is a
result of water loss that occurred during the test. The gyratory compaction process forced excess water
out of the cohesionless granular materials. For the A-3 soil, this occurred when the water content
exceeded about 7% to 9%. Consequently, samples prepared at initially high water contents (e.g., greater
than about 7%) exuded water during the test resulting in final water contents that were less than the initial
starting values. Less water was lost during gyratory compaction at 200 kPa confinement pressure than at
600 kPa. Figure 5 shows the percent difference in water content as the number of gyrations increase. As
shown in Figure 5, the majority of water loss occurs within the first 100 gyrations; however, some
additional water continues to be forced out of the sample until about 350 gyrations, at which point the
water loss rate approaches zero. Evaluation of water loss volumes during testing indicate that the final
water content measurement is more representative of the average water content of the soil during
compaction than the initial water content. Consequently, water contents obtained at the end of the
gyratory process should be used to compute compacted dry unit weights. This approach was used
throughout the study, and is consistent with the Proctor test methodology.
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FIGURE 5 Change in water content for A-3 soil during gyratory compaction.
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A-4 Soil

The compaction curves for the A-4 soil (Figure 4c¢) are more defined than the two granular soils. This is
partially due to the A-4 soil retaining all of the water during gyratory compaction. The majority of
densification of the moist A-4 soils occurred within the first 100 gyrations. Samples of the A-4 soil
prepared at low water contents compacted at a slower rate than samples prepared initially at higher water
contents. Samples that were prepared near or above the optimum water content achieved the majority of
densification within the first 15 gyrations, with negligible increases of density for the remainder of the
test.

A-7-6 Soil

The A-7-6 soil exhibited many of the same gyratory characteristics and trends as the A-4 soil. The moist
A-7-6 samples achieved the majority of densification within the first 150 gyrations. Similar to the A-4
soil, samples that were prepared near or above the optimum water content achieved the majority of
densification within the first 15 gyrations. Only samples compacted at 600 kPa confining pressure
achieved dry unit weights equal to or greater than the modified Proctor maximum dry unit weight.

Soil Type

The degree of densification achieved due to confining pressure, number of gyrations, and water content
varied for each soil type. In general, the densification rates of cohesive soils were sensitive to water
content and confining pressure, while granular soils were more sensitive to the number of gyrations.

Table 5 summarizes the influence of confining pressure and gyrations on unit weight for the four
soil types analyzed in this study. The effects are quantified as the normalized percent difference (NPD),
which is calculated as:

A7
NPD = ———*100% 2)
7/ d(ref)

where Ayqy is the change in unit weight and y4eer is the reference unit weight (standard or modified
Proctor).

TABLE 5 Normalized Percent Difference (NPD) with Respect to Modified Proctor Densities
(Standard Proctor Comparison in Parenthesis)

Soil Increase Confinement Increase Gyrations from 75 Increase Gyrations from 75
Type Pressure from 200 to 600 to 500 at 200 kPa to 500 at 600 kPa

kPa at 500 Gyrations Confinement Pressure Confinement Pressure
A-1-a 0.3(0.4) % 6.1(6.1) % 6.0 (6.8) %
A-3 55(5.9) % 4.5@.7) % 52(5.5) %
A-4 8.7 (9.6) % 1.4 (1.5) % 21(23)%
A-7-6 7.1(8.0) % 3.8(4.1)% 2.72.9) %

The influences of confinement and gyration count are summarized in terms of soil type, as follows:

A-1-a Soil

Increasing the number of gyrations is the most effective method of increasing densification in A-1-a soils
(sandy gravel). Increasing the number of gyrations resulted in the largest percent increase in densification
of all the soils tested in this study. Confining pressure has only a minor influence on the densification of
A-1-a soils. The NPD for a change in confinement from 200 to 600 kPa was less than 1%, which
represents the smallest increase in densification for the four soil types.
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A-3 Soil

Compaction of the A-3 soil (sand) was influenced by both confining pressure and number of gyrations.
Increasing the confining pressure caused a slightly larger percent increase in densification than increasing
the number of gyrations. In general, densification can be increased for this type of soil by increasing the
number of gyrations or increasing the confining pressure, both having approximately the same effect.

A-4 Soil
Densification of the A-4 soil (silt) was most affected by changes in confining pressure. The A-4 soil was

the most sensitive of all the soils to increases in confining pressure. The A-4 soil exhibited the smallest
increase in densification as a result of increasing the number of gyrations.

A-7-6 Soil
The A-7-6 soil (clay) exhibited behavior that was similar to the A-4 soil. An increase in soil densification

was gained from increasing the SGC confining pressure from 200 to 600 kPa. Increasing the gyration
count from 75 to 500 gyrations resulted in only a relatively small increase in percent compaction.

Potential Problems Testing Moist Soils in the SGC

The SGC machine and mold were designed to compact HMA samples. During compaction of moist soils,
the soil skeleton is compressed and water and air are forced out of the void space. Depending on the
initial degree of saturation and permeability of the soil, water may be exuded through gaps around the
perimeter of the top or bottom plates of the gyratory mold; labeled as escape points in Figure 1. This is
especially true for granular free-draining soils compacted at higher water contents. Expelled pore fluid
containing water and small amounts of suspended fine soil particles will pool on the top of SGC
undercarriage box. As the SGC gyrates, the pooled fluid drains into the undercarriage of the SGC, which
houses gears, a drive chain, and electronic equipment such as the gyration counter. Some of the fine soil
particles also precipitate out of suspension and are deposited within cracks between the mold base and
mold carriage. These soil deposits accumulate over time and can cause the SGC to malfunction. In
addition, loss of soil particles can create errors in the computed dry density values.

In this study, the majority of problems associated with expelled pore fluid occurred while testing
the A-1-a and the A-3 soils at high water contents. The fine-grained A-4 and A-7-6 soils did not
experience any water loss during gyratory compaction. A vacuum device was retrofitted to the SGC
undercarriage cover plate to remove expelled pore fluid as it exited the mold, before it was able to enter
the undercarriage. The device consisted of a small diameter vacuum tube connected to a moveable arm
that automatically rotated inwards and vacuumed water between passes of the mold carriage arms. The
mold carriage has three arms that rotate at 30 revolutions per minute; consequently, the vacuum device
had limited time to vacuum expelled fluid. A removable water retaining berm was constructed around the
gyratory mold perimeter to contain the expelled fluid long enough for removal by the vacuum tube. The
water handling retrofit was successful in protecting the undercarriage components; however, the system
was somewhat awkward and resulted in longer sample setup times. A more permanent modification
would be necessary for conducting large quantities of tests on high water content coarse-grained soils.

SUMMARY AND CONCLUSION

Gyratory compactors were designed to simulate orientation of aggregate, degradation of aggregate, field
compaction, and traffic degradation that occurs in HMA during production, compaction, and traffic
loading. This study explored the methodologies, parameters, variables, and results associated with SGC
compaction of soil. A gyratory testing method was developed based on the current AASHTO T312
compaction method for HMA and other recently published studies on gyratory compaction of soil. A
suite of laboratory tests were conducted to analyze the primary variables associated with gyratory
compaction. These variables include: confining pressure, number of gyrations, soil type, and water
content. Gyratory compaction was performed on four soil types with varying water contents. The four
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soils (A-1-a, A-3, A-4, and A-7-6) used throughout this study were selected to represent a broad range of
materials that may be encountered during construction. Dry density values achieved using a gyratory
compactor were compared to maximum dry densities achieved using laboratory impact methods (standard
and modified Proctor tests).

Results from testing conducted during this study indicate that increasing the confining pressure is
the most effective method of increasing the compacted density of fine-grained soils. Increasing the
number of gyrations is the most effective method of increasing the compacted density of non-cohesive,
granular soils. Three of the four soils (A-1-a, A-3, and A-7-6) achieved gyratory-compacted dry densities
that were greater than modified Proctor maximum dry densities. At maximum gyratory compaction; the
A-1-a, A-3, and A-7-6 soils were compacted to 103.2%, 113.9%, and 101.5% of the modified Proctor
maximum dry density. Gyratory compaction of the A-4 soil only reached 97.2% of the modified Proctor
maximum dry density. These comparisons were based on the following SGC machine settings:

gyratory compaction rate of 30 gyrations per minute,
gyratory compaction angle of 1.25 degrees,
confinement pressure of 600 kPa, and

gyration counts of 500.

VVVY

This study has demonstrated that gyratory compacted maximum dry densities are not
substantially different than dry density values obtained using traditional laboratory Proctor tests, even
though the physical process of achieving compaction are quite different. Furthermore, the SGC
encounters many of the same disadvantages as the Proctor test when compacting cohesionless soils at
relatively high water contents.

In conclusion, although the gyratory compaction process has been demonstrated to simulate field
compaction of HMA, this study has experimentally demonstrated that dry densities achieved using a
gyratory compaction device in the laboratory does not yield significantly different results than the
traditional Proctor test. Additional studies are necessary to more fully establish a relationship between
laboratory gyratory compaction and in-situ compaction obtained with modern construction equipment. In
due course, the gyratory compactor may offer some advantages in quality control and quality assurance
evaluations of compacted soils and aggregate. However, additional testing of pit run A-1-a soils and
processed aggregates as well as field verification studies are necessary before specific criteria and
compaction parameters can be developed for large scale implementation of gyratory compaction testing
of soil.
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