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METRI C CONVERSI| ONS
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pounds = 0.454 kil ograns

poundf orce = 4.45 newt ons

poundforce per square inch = 6.89 kil opascal s
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Summary of Final Report

Evaluation of Laboratory Compaction Techniques for
Simulating Field Soil Compaction

(Phase 1)

PROBLEM STATEMENT

Due to the development of much heavier earth moving and vibratory roller
compaction equipment, densities in the field are reaching levels that are not attainable in
the laboratory. Higher compaction efforts, routinely seen in the field, not only result in
higher unit weights bot also lower optimum moisture contents than those found by the
modified Proctor test. The optimum moisture content (OMC) obtained in the laboratory
is often higher than that in the field compaction. Consequently, in the field compaction
the maximum density compacted using the laboratory OMC will be lower than that
obtained using the field OMC. In addition, the impact compaction method does not work
well with the pure sandy soil.

A suitable compaction test procedure is evidently needed, which will produce
laboratory densities as great or greater than those being obtained under field compaction
and traffic in actual pavements and one that will work well for the cohesionless A-3 soil.
On the basis of findings from Phase | study, the gyratory compaction is the potential test
procedure to achieve these goals.

OBJECTIVES

The primary objective of this project was to further the Phase | study, which was to
investigate the potential of using gyratory compaction for field simulation, and try to
establish the standard test procedure for compacting silty and sandy soils. The objectives
included examination of the effects of the gyratory compaction variables on laboratory-
compacted specimens, comparison with other compaction methods such as impact and
vibratory compaction, and correlation of these data from the gyratory, impact and
vibratory compaction to the results from field tests. Severa laboratory compaction
procedures were evaluated to determine which would best replicate the field compaction
effort.

FINDINGS AND CONCLUSIONS

The findings and conclusions based on the analysis of this experimental study are
summarized below.
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1. The impact compaction method was not an adequate laboratory test procedure to
specify the maximum dry unit weight and optimum water content for the field
compaction of cohesionless soils. The study showed that higher field compaction
efforts resulted in higher unit weights and lower optimum moisture content than
those obtained by the modified Proctor compaction test.

2. Gyratory compaction was more reliable than impact compaction when fine sands
were compacted in the |aboratory.
3. For the gyratory compaction test, using the vertical stress as a means of increasing

the dry unit weight was not effective when the vertical stress was higher than 200
kPa. The 200 kPa stress level was within the range of peak vertical soil stresses
measured during the field compaction tests.

4, The gyration angle had some effect on the dry unit weight when the soil had
lower percent of fines, and when the number of gyrations was higher. When the
soil became more silty (with more than 6% fines), the influence of the gyration
angle on the dry unit weight became less significant.

5. When the number of gyrations was increased, there was a continuous increase of
dry unit weight, which needed to be adjusted to get the desired dry unit weight.

6. The gyratory test procedure conducted with 200 kPa vertical pressure, 1.25 degree
gyration angle, 90 gyrations, and 20 gyrations per minute showed considerable
promise for replicating field compaction characteristics.

7. A gyratory compaction test procedure was proposed for determining the
maximum dry unit weight and optimum moisture content of the granular soils
with agyratory compactor under conditions that simulated field compaction.

RECOMMENDATIONS

Based on this study, gyratory compaction was the most suitable technique to
simulate field compaction for granular soils. The research should be expanded to study
the effect of those gyratory variables on clay soilsin laboratory as well as to monitor the
performance of the clay soils under field compaction.

In Florida, most subgrade soils are classified as A-3 fine sand and A-2-4 silty soil.
The gyratory compaction procedure has great potentiad to be the construction
gpecification for quality control of field compaction. A further research study is
recommended for possible implementation of the gyratory compaction method in design
and construction.
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CHAPTER 1

| NTRODUCTI ON

1.1 Background

Fill materials are used in alnost all roadway construction
projects. Wien fill materials are used, the engineering
properties of the soil need to be inproved through
conpaction. The primary benefit of conpacting soil is to

increase its strength.

Wen fill soils are used, testing is required in the
| aboratory first, in order to determne their maximum dry
densities and their optinmum noisture contents (OVO).
Conmpacting fill at their optinmum noisture content is the
nost econom cal technique that a contractor can use to
reach the required density of the material. Over the years,
several techniques have been devel oped to conpact soils in
the | aboratory. These include inpact, static, kneading, and
vibratory conpaction. Al of these nethods are wused to
determ ne the density to which soil can be conpacted in the

field.



Al though it has no resenblance to any type of field
conpaction, inpact conpaction is by far the nobst popular
| aboratory technique; due largely to the fact that i npact
conpaction was the first technique to be standardized. As a
result, inpact conpaction tests have been used for decades
and a broad base of data exits for conparison. The tests
nost comonly used in nodern construction are the Standard
and Mdified Proctor tests. The Standard Proctor test was
originally developed in the 1930s to represent the highest
degree of conpaction achievable in the field at that tine.
The test was nodified in the 1940s but has remained

unchanged for decades.

1.2 Problem Statenent

Due to the developnent of much heavier earth noving and
vibratory roller conpaction equipnent, densities in the
field are reaching levels that are not attainable in the
| aboratory. Higher conpaction efforts, routinely seen in
the field, not only result in higher unit weights but also
| ower optinmm noisture contents than those found by the
Modi fied Proctor test.

The data illustrated in Figure 1.1 show that this result

is experienced in the field due to the higher conpaction



energi es produced by nodern heavy conpaction equi pnent. Due
to this phenonenon, the optinmm noisture content (OV)
obtained in the laboratory, is often higher than that in
the field conpaction. Consequently, in the field conpaction
t he maxi mum density conpacted using the |aboratory OMC wi |
be lower than that obtained using the field OMC (point A
versus point B in Figure 1.1). In addition, the inpact
conpaction nmethod does not work well with the pure sandy
soil .

A suitable conpaction test procedure is evidently needed,
which will produce |aboratory densities as great or greater
than those being obtained under field conpaction and
traffic in actual pavenents and one that will work well for
the cohensionless A-3 soil. From the Phase | study, the
gyratory conpaction is the potential test procedure to

achi eve these goals.

1.3 Scope of the Study

The primary objective of this project is to further the
Phase I st udy, whi ch was to I nvestigate the
pot enti al of usi ng gyratory conpaction for field
si rmul ati on, and try to establish the standard test

procedure for conpacting silty and sandy soils. The first



objective of this study is to exanine the effects of the
gyration conpaction variables (vertical pressure, angle of
gyration, and nunber of gyrations) on |aboratory-conpacted
specinens of soil material. Sanples of the soil were
prepared and conpacted in the gyratory machine. During
conpaction, two of the three variables were held constant
while the third was allowed to run through a given range of
val ues. This procedure was repeated for each of the three
vari abl es of the machi ne.

The second objective is to conpact these soil sanples
wi th other conpaction nethods such as inpact and vibratory
conpaction, and correlate these data from the gyratory,
i npact and vibratory conpaction to the results from field
tests. The field and |aboratory results were analyzed to
determ ne the appropriate procedures to sinmulate the field
conpaction efforts in the |aboratory. Several |aboratory
conpaction procedures were evaluated to determ ne which
woul d best replicate the field conpaction effort.

In addition, the energy fromthe gyratory conpaction was
cal cul ated and conpared to the energy fromthe Standard and
Modi fied Proctor nethods. Through this study, the gyratory
test procedure will be explored to determne if it shows

nmore prom se than the inpact conpaction nethod.



1.4 Report Organization

This report summarizes the results of the study on field
and | aboratory conpaction characteristics and the analysis
of the experinmental results.

Chapter 1 presents the background, problem statenent
and objectives of the field and I|aboratory prograns. A
brief literature review of previous research in soi
conpaction is presented in Chapter 2. A review of the field
experinmental program and results is summarized in chapter
3. The | aboratory experinental program test nmaterial, and
| aboratory test results are summarized in Chapter 4. The
analysis of field and |aboratory experinental results, and
further correlation of the |aboratory test results to the
field results are presented in Chapter 5. Final ly,
conclusions and recommendations of this research study are
summarized in Chapter 6. The energy calculation for
gyratory conpactor is introduced in Appendix A The
proposed test procedure for soil conmpaction with a gyratory

conpactor is presented in Appendi x B.
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CHAPTER 2

LITERATURE REVIEW

2.1 Background

Fill mterials are used by engineers for a variety of
purposes, e.g., to build danms, construct enbanknents,
develop lowlying |and, support pavenents, and nmake sites
nore suitable for support of foundations. Wth such fills,
conpacting the soil is alnbst always necessary to inprove
the engineering properties. Although the relationships
anong conpacted properties and the variables of the
conpaction process are nost properly studied in the field,
this pr ocedur e is expensi ve and tinme consuni ng.
Accordingly, in the present state of the art, the above
rel ati onships are established in the laboratory. But this
approach has serious intrinsic limtations, because field
conpaction is achieved by different nodes and at different
energy levels than in the |aboratory and nore variability

exists in all variables in the field.



In order to sinulate the different field conpaction
met hods, a nunber of techniques have been developed to
conpact soil in the laboratory — nost of the tests fall

into four types:

| npact conpaction tests in which a standard wei ght
is repeatedly dropped on the soil sanple for a
prescribed nunber of blows. The weight is adjusted
to achi eve the desired conpaction effort.

e Static conpaction tests in which a uniform pressure
is applied to the soil and naintained |ong enough

for the soil to conmpact under the pressure.

e Kneadi ng conpaction tests in which a small “foot” is
| oaded, then unloaded, at various |ocations on the
surface of the sanple being conpacted; the soil is
effectively kneaded with this procedure.

e Vibratory conpaction tests in which the soil is
vibrated as it is conpacted, which is particularly
effective in conpacting cohensionless soil such as
sand and gravel .

| deal |y, the I|aboratory conpaction tests should

sinmulate the characteristics of soil conpaction used in
field procedures. The direct consequence of soil conpaction
is densification of the fill. The quality of conpacted

material 1is generally specified in terms of dry unit



wei ght, which is usually expressed as a percentage of the
maxi mum dry unit weight achieved in a specific |aboratory
conpaction test. Construction specifications based on this
principle are known as “end-result” specifications. Mny
| aboratory soil conpaction procedures are available. Most
of these procedures utilize either inpact conpaction or
vi bratory conpaction. These include the tests based on the
Proctor hanmer (AASHTO T 99 and T 180), those using
vi bratory conpaction (ASTM D 4253), and procedures based on
the Texas State Hi ghway Departnent gyratory soils press.
Details of these test procedures as well as their

applications are presented in the follow ng sections.

2.2 I npact Conpaction

The nobst conmon inpact conpaction tests are the standard
and nodified Proctor tests, AASHTO T 99 and T 180,
respectively. Developed in the 1930s and 1940s, these tests
were the first to be standardized and as a result a broad
base of data exists for conparison. One downfall of the
Proctor tests is that inpact conpaction has proved to be
relatively ineffective for the conpaction of noncohesive
soils because the nmaterial displaces under the hamer, and

consequently lowdensity values are obtained. Despite this



fact, the majority of states use these test procedures in

their construction specifications.

2.2.1 Standard Proctor conpaction procedure

This test procedure covers |aboratory conpaction procedures
used to determne the relationship between water content
and dry unit weight of soils conpacted in a 4 or 6 in.
dianeter nmold with a 5.5 |Ib. hanmmer dropped from a height
of 12 in. (Figure 2.1) (AASHTO, T99), producing a
conmpactive effort of 12,400 ft-1b/ft3 A soil at a selected
water content is placed in three layers into a nold of the
gi ven dinensions, wth each |ayer conpacted by 25 bl ows of
the hamer. The resulting dry unit weight is then
determined. This procedure is repeated for a sufficient
nunber of water contents to establish a relationship
between the dry unit weight and the water content of the
soil. This test procedure applies only to soils that have
30% or less by weight of particles retained on the 3/4 in.
sieve. Cenerally a well-defined maxinmum dry unit weight
will be produced for non-free draining soils. If this test
method is used on free draining soils the maxi num unit
wei ght may not be well defined and can be |ess than that
obtained using the ASTM test procedure D 4253 (vibratory

conpacti on).
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2.2.2 Modified Proctor conpaction procedure

The Modified Proctor conpaction procedure is a test nethod
that covers |laboratory conpaction procedures wused to
determine the relationship between water content and dry
unit weight of soils conpacted in a 4 or 6 in. dianeter
nmold with a 10 | b. hamrer dropped from a height of 18 in.
producing a conpactive effort of 56,000 ft-lb/ft3 Five
| ayers of soil at a selected water content are placed into
a mold of the given dinensions, with each |ayer conpacted
by 25 blows of the hamer. The resulting dry unit weight is
then determ ned. This procedure 1is repeated for a
sufficient amount of water contents to establish a
relationship between the dry unit weight and the water
contents of the soil. This test procedure applies only to
soils that have 30% or |ess by weight of particles retained
on the 3/4 in sieve. Cenerally a well-defined maxi num dry
unit weight will be produced for non-free draining soils.
As with the Standard Proctor test procedure, if this test
method is used on free draining soils the maxi num unit
wei ght may not be well defined, and can be |ess than that
obtained using the ASTM test procedure D 4253 (vibratory

conpaction).

11



2.3 Vibratory Conpaction

For many cohesionless free draining soils, i npact
conpaction does not yield consistent results. As a result,
several test procedures have been devel oped using vibratory
conpaction. These test procedures produce nore consistent
results than inpact conpaction, for the conpaction of
granul ar soils. Vibratory conpaction also provides a better
correlation between the field and the |aboratory results,
since nost field conpaction is performed with vibratory

conpacti on equi pnment .

2.3.1 Vibratory conpaction test procedures

The nost common |aboratory test that wutilizes vibratory
conpaction is the ASTM D 4253, WMaxi mum |Index Density and
Unit Wight of Soils Using a Vibratory Table, test
procedure. Since the devel opnent of the ASTM test, severa
alternative nethods have been presented, but none has
received wi de spread acceptance. One of these alternatives
was a Vvibratory conpaction procedure developed by the
Concrete and Soil Laboratory of AB Vibro-Verken, Solna,
Sweden in the 1960s. This conpaction nethod utilized a

vibrating tanper to conpact soils. The developers of this

12



procedure clainmed that the results obtained during the
conpaction of cohesionless soils were simlar to those
obtained by the Modified Proctor inpact conpaction test.
This claim detracted from the validity of this procedure
because the Mdified Proctor test is not suitable for round
noncohesive soils due to the material displacenent under
the conpaction hamer. No other proposed nethod of
vibratory conpaction has proved to be as suitable as the

ASTM D 4253 test procedure.

2.3.2 ASTM D 4253 vibratory test nmethod

The ASTM D 4253 test nmethod covers the determ nation of the
maxi mum index density/unit-weight of cohesionless, free-
draining soils using a vertically vibrating table. This
test method is applicable to soils that nay contain up to
15% by dry nass, of soil particles passing a No. 200
sieve, provided they still have cohesionless free-draining
characteristics. Further, this test nethod is applicable to
soils in which 100% by dry mass, of soil particles pass a

3 in. sieve. The maximum index density/unit weight of a

given free draining soil is determned by placing either
oven-dried or wet soil in a nold, applying a 2 Ib/in.
surcharge to the surface of the soil, and then vertically
vibrating the nold, soil, and surcharge. The assenbly is

13



vibrated using either an electromagnetic, eccentric, or
camdriven vibrating table having a sinusoid-like tinme-
vertical displacenent relationship at double anplitude of
vertical vibration of about 0.013 in. for 8 mn. at 60 Hz
or about 0.019 in. for 10 mn. at 50 Hz. The maxi mum i ndex
density/unit weight is calculated by dividing the oven-
dried nmass/weight of the densified soil by its volune. The

detail equi pnent setup is shown in Figure 2.2 (ASTM D4253).

2.4 Gyratory Conpaction

In recent years, the use of gyratory conpactors in the
asphalt paving industry has becone very comon; primarily
due to the advent of the SUPERPAVE asphalt mx design
nmet hod. Most of the SUPERPAVE gyratory conpactors were
devel oped from a nmanually operated device that was used for
many years by the Texas State H ghway Departnment. The Texas
H ghway Departnent referred to this device as a gyratory
soils press. The soils press was used on both soils and
bl ackbase (asphalt stabilized and enul sion base) materials.
This soils press led to the developnent of the US. Arny

Corps of Engineers Gyratory Testing Mchine (GIM (Figure
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2.3)(US. Arny 1968) and the GIM in turn led to the

devel opment of the current gyratory conpactors.

2.4.1 Gyratory Testing Machine (GITM
The U S. Arny Corps of Engineers (1962) conducted an
investigation into the wuse of gyratory conpaction for
determining density requirenments for subgrade and base
materials. This research took place at the US. Arny
Engi neer WAt er ways Experi ment Station in Vicksburg,
M ssissippi, as part of an overall investigation of
flexible pavenents and soil conpaction. The Corps of
Engi neers found that the AASHTO inpact conpaction tests
proved inadequate in sonme instances, particularly wth
cohesionless soils. As a result of these inadequacies,
excessive settlenent was experienced in the subgrade and/or
bases of sonme flexible pavenents. The settlement was due to
densification caused by traffic after construction. This
indicated that traffic had a greater conpacting effect than
the conpaction achieved during construction. The Corps
realized a need for an inproved conpaction procedure to
elimnate these settlenent problens.

As stated earlier, the Corps of Engineers had
devel oped their GIM from a device used by the Texas

Department of Transportation (fornmerly Texas State H ghway
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Departnment). During the initial devel opnent of the Gyratory
Testing Machine, the Corps of Engineers undertook a study
of the major test variables. During this study, the Corps
made several observations. First, the rate of kneading had
little or no effect on densification. Additional findings
show that increased vertical pressure resulted in a
consistent increase in wunit weight, that an increased
nunber of revolutions resulted in a consistent increase in
unit weight, and that the optiml gyration angle should be

bet ween one and two degr ees.

2.4.2 GTM test Procedure

Early study information was used to devel op test procedures
for both bitumnous paving mxtures and soils. Most
relevant to this report is the proposed Corps of Engineers
test procedure (U S. Arny, 1962) for conpacting soils wth
the GTIM This test procedure was proposed as an alternative
to the AASHTO inpact conpaction tests. The procedure
suggested the use of conpaction pressures based on the
theoretical vertical stresses produced at various depths by
the anticipated wheel |oad. The proposed test procedure is

|i sted bel ow

e (btain a representative sanple of the soil or base

course material for the proposed pavenent.

16



Select a water content for the test specinen that wll
be representative of the anticipated water content of
t he mat eri al in the field i medi atel y after
construction.

Assuming equivalent circular loading for each tire
contact area, calculate theoretical vertical pressure

versus depth for the anticipated wheel | oading.

Thoroughly nmix the sanple of soil or base naterial at
the selected water content and then conmpact it in the
gyratory conpactor for 500 revolutions at a one-degree
gyration angl e usi ng t he verti cal pressures
corresponding to those conputed for several depths
beneat h t he wheel | oad.

Calculate the dry density of the soil or base materi al
on the basis of vertical novenent of the conpression
ram of gyratory conpactor. To calculate the density,
it is necessary to know only the weight of the
material and the volunme of the test nold for various

readi ngs of the ramtravel.

Then prepare a plot of density versus the nunber of
revolutions for each selected depth. On these density

versus revolutions curves, mark the point where the

17



next 100 revol utions caused an increase in dry density
of only one pound per cubic foot. The density at this
point wll be considered the required construction
density for the proposed material at the selected

dept h.

2.4.3 Conparison of GIM Test Results

The Corps of Engineers used this procedure to conpare field
results with those obtained in the |aboratory. They used
construction and after-traffic density data that was
available from two field test sections. The materials used
at the test sections included a |inmestone aggregate base
course and a sand-gravel subbase from Colunbus Air Force
Base, Col unbus, M ssissippi; and a sand-gravel subbase, and
a sand subgrade from the channelized traffic test section
No. 2 at the Waterways Experinment Station. The Corps used
these data to conpare the after-traffic densities from the
field sections to those densities determned using the
gyratory conpact or. The after-traffic and gyratory
densities were also conpared to the nodified AASHTO
conpaction test results as well as the construction
densities. The Corps of Engineer conclusions showed a good
correlation between the gyratory conputed construction

density and the final field density for the four
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cohesionl ess subgrade and base materials tested. In
addition, they found that the densities obtained using the
pr oposed gyratory t est procedur e showed a better
correlation with the after-traffic densities than those
results obtained with the AASHTO conpaction test (1962).

The above literature study shows evidence that
equi librium under the tire pressures on the roadway should
logically be insured by using not |ess than the anticipated
maxi mum tire pressure in the conpaction of the |aboratory
speci nmen. The gyratory testing machine acconplished
kneadi ng type conpaction wunder any selected conpaction
pressure and degree of kneading, thus it provided a
rati onal conpaction test for the pavenent design engineer
The gyratory testing machine is called a testing nachine to
distinguish it from a nachine used for conpaction purposes
only, since it is used for other tests including stability
or shear tests. This machine can record the shear stress
changing with tinme and height changing with tine, so data
are easily obtained to calculate energy after each test,

w thout intending to do certain tests to get shear stress.
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2.5 Potential Use of Gyratory Conpactor for Soil Conpaction

In this report, this new conpaction technique wll be
eval uated for conpacting soil. The hypothesis is that the
new SUPERPAVE gyratory conpactors can also be wused to
conpact soils in the laboratory. Several reasons can be
given for the beneficial use of gyratory conpactors. One
reason is that gyratory conpaction has a stronger
resenblance to field conpaction than inpact conpaction
does. This neans that the internal structure of specinens
created with a gyratory conpactor my show a closer
resenbl ance to that resulting from actual field conpaction
and traffic. A gyratory conpactor has the ability to
simul taneously apply a vertical load in addition to a self-

adjusting kneading action which sinulates the noving
traffic load experienced by a flexible pavenent system
(John L. MRae, 1965). In addition to the physical

simlarities to field conpaction, gyratory conpactors are
generally nore precise, effective, and repeatable than
i npact hanmers.

Currently there are no standard test procedures for

conpacting soil wth a SUPERPAVE gyratory conpactor. The

20



only previous research available was conducted using the
Texas gyratory soils press or the Arny Corps of ENngineers
GIM (1968, 1969). In this study, the gyratory conpaction
variables wll be studied to establish a standard test

procedure for soil conpaction wth a gyratory conpactor.
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Figure 2.2 Vibratory table and nold assenbly
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CHAPTER 3

FI ELD COMPACTI ON CHARACTERI STI CS

3.1 Introduction

The main objective of this study is to evaluate the
applicability of | aboratory gyratory conpaction for
simulating field conpaction. Correlations are necessary
between the density produced in sanples of soil material
conpacted by the gyratory conpaction and the density
produced in the field conpaction. Therefore the field test
was the first step in this research study.

Three field test sections were carried out for this
study. The materials used in these field test sections were
conpacted in the |aboratory with the gyratory conpaction in
order to develop a conpaction curve that serves as a
conparison to field conpaction data. Through this
conparison, determ nations were made on the effectiveness
of current construction specifications. The field tests
focused on construction sites utilizing sandy soils as

enbanknment or stabilized subgrade materials. These test
25



sites were selected for two reasons, first, sandy subgrades
are very common in Florida and second, sandy soils proved
to be the nost difficult to use with the current inpact

conpacti on standards.

3.2 Thomasvill e Road Field Test

The first field test was conducted on August 25, 1999. The
test section was part of the reconstruction of Thomasville

Road (U.S. 319) in Tall ahassee, Florida.

3.2.1 Thomasville Road field test procedure

For the Thonasville Road field test, the stabilized
subgrade was placed on five test strips, each approximtely
300 feet long and 25 feet wide (Figure 3.1). The test
strips were conpacted at increasing levels of water
content, wusing an identical conpaction pattern with two
different conpactors. The first was a Dynapac CA 251
padf oot vi bratory roller. Thi s conpact or wei ghs
approximately 25,000 pounds and features a 60 inch drum
with four inch pads. The second conpactor was a Caterpillar
CS 563C snmooth drum vibratory roller. It also weighed

25,000 pounds and had a 61 inch drum The first test
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section was mxed, to a depth of 12 inches, at the in-situ
noi sture content (approximately 7% . Once the subgrade was
m xed, it was conpacted using four passes of the sheepsfoot
roller followed by four passes with the snmooth drumroller
One pass is defined as both the forward and backward notion
of the roller. This conpaction pattern was the standard
pattern being used by the contractor on the rest of the
project site. After conpaction, density was neasured at
three locations along the test strip. Density neasurenents
wer e acconplished using a nuclear density gage at depths of
six and 12 inches. In addition to the nuclear density
tests, a speedy npisture test was conducted to determ ne
t he noi sture content at each |ocation. Once the density and
noi sture neasurenents were taken, the strip was conpacted
again wusing the sane pattern. Density and noisture
measurenents were repeated foll ow ng the second conpaction
After the conpletion of the first test strip, work
nmoved to the second strip. The npisture content on the
second test strip was raised, fromthe in-situ noisture, by
running a water truck over the strip. Running the water
truck over the strip one time resulted in an increase in
noi sture content by approximately two percent. The test

strip was then m xed and conpacted using the sane techni que
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used on the first, with density and noisture neasurenents
taken in the sanme manner described earlier. This procedure
was repeated on the five test strips wth each strip

receiving nore water than the previous one.

3.2.2 Thomasvill e Road field test results
The density and noisture data obtained during the field
test was used to develop field conmpaction curves at the two
different energy levels. The energy |evels corresponded to
t he nunber of conpactor passes applied to the test strips.
The first energy level represented four passes each by the
sheepsfoot roller and the flat drum roller. The second
energy level reflected an additional four passes (eight
total) by each of the conpactors. Although nuclear density
neasurenents were taken at depths of 12 and six inches, the
12 inches neasurenents proved to be nobre consistent and
therefore were used to analyze the field test results. The
conpaction curves for the two energy levels are shown in
Figure 3.2. The soil is A3 fine sand with about five
percent fines (Figure 3.3).

Eval uation of the field conpaction data indicated sone
variability. This variability of the data nay have been

caused by the discrepancy of the conpacted nmaterial at

28



different conditions. Figure 3.2 shows that the increase in
conpactive energy during the field test had little effect
on the maxi mum dry density and the optimum noi sture content
of the subgrade soil. In future field tests, it may be
necessary to start wth a lower initial conpactive effort,
in order to better define the relationship between

conpactive energy and the maxi mum density and OMC.

3.3 Sun Coast Parkway Field Test

In February 2000, a second field test was conducted at the
Sun Coast Parkway construction site, near Brooksville,

Florida. The field test procedures follow

3.3.1 Sun Coast Parkway field test procedures

The test procedures at the Sun Coast Parkway site were
slightly different than that used at the Thomasville Road
site due to the limtations of the test site area. The
length of the test site would not allow for the test strips
to be aligned adjacent to each other. To accomvbdate this
[imtation, test strips were constructed in lifts on top of
each other. Three different adjacent areas were used to

construct t hese l[ifts. The first three lifts were
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constructed in Area one (Figure 3.4), Area two was the site
of two lifts, and Area three was the site of the final
lift. The six test lifts were approximtely 200 feet |ong
and 50 feet wide. The lifts were constructed so that the
after conpaction thickness was approximately 12 inches. The
soil wused during the field test was a yellowbrowm sand
with approximately three percent fines, classifying it as
A-3 in the AASHTO classification system (Figure 3.3). The
soil was conpacted with an Ingersoll-Rand SD 100 snooth
drum vi bratory conpactor. This conpactor is very simlar to
the snooth-drumred vibratory roller that was used for the
Thomasville Road field test. The conpactor was operated at
its highest vibratory frequency and at naxi mum speed, in
accordance with the contractors usual operation.

The first test |ift was conpacted at the in-situ
noi sture content at approximately four percent. After six
passes of the vibratory roller, density and noisture
neasurenents were taken at two locations in the center of
the test strip. Both the density and npisture nmeasurenents
were conducted using a nuclear density gage at depths of
six and 12 inches. After the neasurenents were conpleted
the test strip was conpacted with an additional four passes

(10 total) of the conpactor. Following the second
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conpaction, the density and npoisture content of the strips
were retested. After the second set of neasurenents were
taken, the second test |ift was constructed on top of the
first. Once the soil had been |oosely placed, a water truck
was used to raise the noisture content of the test strip.
The second lift was then conpacted in the same manner as
the first, and density and noisture neasurenents were
conducted after six and 10 passes. Using this sane
procedure, the third test |ift was constructed on top of
t he second.

After the third test |ift had been conpleted, the work
noved to the second test area. Test Area 2 was the site of
the next two test |lifts. These lifts were put on enbanknent
soil that had been placed there previously by the
contractor. The enbanknment soil had been conpacted to the
density required in the construction specifications and
provided the sane support to the test lifts as was
experienced in Test Area 1. The fourth and fifth test lifts
were conpl eted using the sane procedure as descri bed above,
with each test lift having a higher noisture content than
t he previous one. The final test lift was constructed in

the third test area, on top of the previously conpacted

31



enbankment nmaterial. A summary of the conpaction nethod and
test results is presented in Table 3.2

For the Sun Coast Parkway field test a conpactive
energy study was conducted sinmultaneously on the sane test
lifts by Ardaman & Associates, Inc. The test procedure and
test results can be found in a report submtted by Ardaman
& Associates, Inc (Ardaman & Associates, 2001). A schematic
plan and profile of this program for Test Site 1 is
presented in Figure 3.4. As shown, one earth pressure cel
was installed at the base of each lift, aligned wth the

approximate centerline of the roller track.

3.3.2 Sun Coast Parkway field test results

As previously described for the Thomasville Road field
test, the density and noisture neasurenents taken during
the Sun Coast Parkway field test were used to develop field
conpaction curves. During the Thomasville Road field test,
very little increase in density was achieved after eight
passes of the conpaction equipnment. For this reason, it was
determ ned that the conpaction curves for the second field
test would start at a l|lower conpaction level. The first
conpaction curve for the Sun Coast Parkway field test

represented a | evel of conpaction equivalent to four to six
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passes of the field conpactor. The second conpaction curve
used data points taken after 10 to 12 passes. The Sun Coast
Par kway conpaction data covered a w der range of noisture
content than the Thomasville Road conpaction data. This
hel ped in constructing nore conplete conpaction curves. By
using | ower conpaction energy l|levels than those used in the
first field test, a better correlation was nade between
density and the nunber of roller passes in the field.
Al t hough nucl ear density neasurenents were taken at depths
of six and 12 inches, only the 12-inch neasurenents were
used for the conpaction curves. As was experienced during
t he Thomasvil | e Road field t est, nucl ear density
measurenents taken at a depth of six inches proved to be
i nconsi stent.

The low fine content of the soil presented a problem
which was keeping the test strips at the water content
above approximately eight percent during the field test.
The free draining soil would not hold l|arge anounts of
wat er unl ess an excessive anount of water was applied. As a
result, the noisture neasurenents during the field test
tended to be on the low side of optinum Even with this
phenonenon, the contractor did not experience any

difficulty bringing the soil to the required density; once
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again showing that the current construction specifications
for sandy soils are not representative of field conditions.
In addition to the |low noisture contents, several density
neasurenents taken from the first test lift had to be
di sregarded. Several of the 12-inch density neasurenents
taken from the first test |ift were excessively high
suggesting that the test depth was at or near the interface
bet ween the natural ground and the fill soil. The renaining
data points were used to devel op the conpaction curves seen
in Figure 3.5.

As can be seen in Figure 3.5, the maxi mum density on
the four to six pass compaction curve is 107 Ibs/ft® and the
optimum noisture content is approximtely twelve percent.
When the conpactive energy was increased to 10 to 12 passes
of the conpactor, the nmaxinmum density increased to 110
| bs/ft3 The highest density on the 10 to 12 pass curve
occurred at a slightly lower noisture content than the
maxi mum density on the four to six pass curve. This result
is <consistent wth the hypothesis presented in the
l[iterature review of this report.

The magnitude of the peak dynamic inpact stress
neasured during the roller pass is plotted versus the

nunber of passes and conpactor travel speed in Figure 3.6.
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As shown, the peak stress tends to increase slightly at the
first three passes. This observation may reflect that a
slight increase in soil stiffness acconpanying the
increasing dry density is causing slight increases in the
vertical roll displacenent and thus the apparent increase
in the applied dynam c stress anplitude.

The data in Figure 3.6 suggest that the peak stress is
not highly dependent on the conpactor travel speed when the
conpactor is operated at conventional speeds (i.e., between
4 and 6 feet per second or about 3 to 4 nph). However,
consi derably higher peak dynamic stress magnitudes were
neasured at travel speed slower than about 2 feet per
second. Considering an average vibration frequency of 28.5
Hertz, the inpact spacing at travel speeds |ess than about
2 feet per second is less than one inch. As illustrated in
Figure 3.6, a slight heave of the fill surface was observed
just ahead of the roller (which is typically expected for
cohesionless nmaterials). Since this surface “heave” is
likely less stiff which my have a higher danping
potential, |ower peak stresses nmay be expected at higher
travel speeds (i.e., where the inpact spacing increases

such that the druminpacts the heaved surface).
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Peak inpact stresses nmeasured during |low and high
anplitude vibratory conpaction at conventional trave
speeds (4 to 6 feet per second) are also plotted versus
depth in Figure 3.6. The relationship of dry unit weight

versus nunber of passes is plotted in Figure 3.7.

3.4 State Road 56 Field Test

The third and final field test was conducted on Novenber
20, 2000. The location of the field test was the State Road
56/1-75 interchange construction site near Land O Lakes,
Florida. As was the case with the Sun Coast Parkway field
test, Ardaman & Associates, Inc. conducted a conpactive

energy study concurrently with the field test.

3.4.1 SR 56 field test procedures

The field test was conducted in an area where the
contractor was placing enbanknment material. The enbanknent
material used was a native soil excavated on site and
pl aced as roadway fill. The excavated soil was an A-3 | oany
sand with approximately two percent fines. The soil was
placed in test lifts that were approximtely 300 feet |ong

and 50 feet wide and to a depth of 12 inches after
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conpaction. Due to the fact that the soil was excavated
imediately prior to being placed on the test lifts, the
initial noisture content of the soil was wet of optinmm
(approximately 13 to 14 percent). Soil for the first test
lift was placed loosely at this high noisture content. The
field equipnent used to conpact the test Ilifts was a
Dynapac CA 251 snoot h-drunmed vibratory roller. This is the
same nodel conpactor used during the Thonasville Road field
test, with the exception of the drumtype.

Initial conpaction of the first test lift was
acconpl i shed by maeking four passes with the conpactor. One
pass is considered the forward and backward travel notion
of the roller. After the four passes had been conpleted,
density and noisture neasurenents were taken at a centra
|ocation in the test I|ift. The density neasurenent was
conducted using a nuclear density gage at a depth of 12
inches and the noisture neasurenent was nmade with a speedy
noi sture gage. After the density and noisture levels were
docunented, an additional four passes (eight total) were
made with the conpactor. After the eighth pass, the density
and noisture were again checked. At this point the density
still failed to reach the required density for roadbed

material, due to the high noisture content. The conpactor
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continued to make passes on the test lift in order to bring
the density up to the specification requirenents. After
maki ng 20 passes with the conpactor, the lift still failed
to reach the required density and therefore could not be
left in place. Because conpacting the soil at such a high

water content proved to be ineffective along with the

desire to conduct test |ifts at |ower noisture contents,
the first test lift was mlled up and allowed to dry
overnight. In addition to the first test |ift, a second

lift was placed loosely in an adjacent area so that the
soil could dry overnight.

After drying, the noisture content of the soil fromthe
first test lift dropped approximately three percentage

points. The | oose soil was snoothed out and conpacted in

the same nmanner previously described. The resulting [lift
was considered the second test lift. After four passes of
the conpactor were conpleted, density and noisture

measurenents were taken at several |ocations along the test
lift, in order to provide a wder range of noisture
contents. Several density and noisture neasurenents were
al so taken after eight passes had been conpleted. Reaching
the required density proved to be nuch easier at the |ower

nmoi sture content. The additional soil that was dried
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overnight was then placed on top of the conpleted second
l[ift. This third test list was conpacted using the sane
procedure as the rest with density and noisture
nmeasurenents taken at several locations along the [lift,
after four and eight passes of the conpactor. Due to the
anount of time required to dry additional soil, the third

lift was the final lift of the field test.

3.4.2 SR 56 field test results
The density and noisture neasurenents taken during the
State Road 56 field test were once again used to construct
field conpaction curves. One difference between the State
Road 56 field conpaction curves and the other field curves
is that the noisture range was considerably smaller. Due to
the fact that the in-situ noisture content of the field
soil was above optinum conpaction data was only avail able
over a small range. The conpaction data corresponding to
four and eight passes of the conpactor can be seen in
Fi gure 3. 8.

Al t hough proper field conpaction curves could not be
establ i shed, conparisons are still useful between the peak
densities achieved during the field tests with those found

using the Mdified Proctor |aboratory test. The maxinmm
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density obtained from the Mdified Proctor test is
approximately 113 Ibs/ft3 This density is 0.5 Ibs/ft3 Iess
than the peak density achieved after four passes of the
field compactor and 1.0 Ibs/ft3 lower than the eight passes
peak density. If current stabilized subgrade construction
specifications were applied to this Mdified Proctor
result, the required density would be 110.4 Ibs/ft3 nuch
| oner than the densities obtained during the field test.
Due to the small noisture range tested in the field,
conparisons are difficult between the effect of noisture
content for this soil, although the field test results
clearly show that densities greater than those required by

current specifications can be achieved.
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Table 3.1 Thomasville road field conpaction results

Dry Unit Weight

Number of Passes Wat er Cont ent (pcf)
(99 at 12" Depth

7.0 111.6

8.6 111.5

10.6 111.3

10.6 112.5

10.8 113.8

8 passes 10.8 113.9

11.9 111.5

12.2 109.0

12.9 106.7

9.1 108.9

10.6 110.9

10.6 111.5

10.8 112.8

16 passes 11.0 112.7

11.2 113.6

12.2 111.5

14.1 110.1
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Table 3.2 Summary of conpaction test nethod and results
for Sun Coast Parkway

Test Lift | Pass | Frequency . Travel | Water | Dry pnit
Area No No (vpm) Amplitude | speed | Content| Weight Remarks
No. ' ’ (ft/sec.)| (%) (pcf)
1-6 1710|High 3.7 5.0/ 106.6
1 7-12 1715|High 3.7 4.4/ 108.6
Water was added to meet
13-16 1735|High 3.7 13.9) 105.9| the Lab optimum MC
1-6 1710|High 6.2 6.2/ 106.1
1 2 6-12 1710|High 6.3 54| 109.3
Water was added to meet
13-16 1710|High 6.3 15.8/ 104.9 the Lab optimum MC
1-4 1620|High 4.3 6.8/ 105.3
3 5-9 1620|High 1.3 5.8/ 109.3
10-15 1750|High 1.3 57/ 1101
4 1-6 1840|Low 6.3 10.9] 1035
5 7-12 1840|Low 6.3 7.8 108.0
5 1-6 1840|Low 6.3 12.8/ 103.0
7-12 1840|Low 6.3 9.4, 107.7
3 6 1-6 1710|High 6.3 8.0/ 106.8
7-12 1710|High 6.3 7.0/ 110.0
Compactor type: Ingersoll-Rand SD 100 smooth drum vibratory compactor
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Table 3.3 State Road 56 field test results

Dry Unit Weight

Nunmber of Passes | Water Content (pcf)
(9 at 12” Depth

9.7 113.6

10. 3 112.1

Field 10. 4 111.9

4 passes 10. 6 112. 8

11.7 113.2

11.7 111.7

11.7 109. 7

12.8 106. 4

10. 8 112. 7

Field 11.9 114. 1

8 Passes 12. 6 110.6

13.5 107.6
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|<_ ~ 300 ft—b} Density and moisture measurements locaiton

Test Strip #1 Test Strip #3
g ~ 25ft
X X X X ¢
Test Strip #2 Test Strip #4 Test Strip #5
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Thomasvill e Road Field Test Layout

Dynapac CA 251 PD Specifications:

Drum di aneter (inch) 60
Drum wi dt h (inch) 93
Drum nodul e wei ght (I b) 14, 690
Speed range (nph) 0-6
Nom nal anplitude (inch)

H gh 0. 064
Low 0.031
Centrifugal force (Ib)

At high anplitude 56, 025
At | ow anplitude 32,870

Caterpillar CS-563C Specifications:

Drum di aneter (inch) 60
Drum wi dt h (i nch) 84
Drum nodul e wei ght (I b) 12,540
Speed range (nph) 0-8
Nom nal anplitude (inch)

H gh 0. 067
Low 0. 034
Centrifugal force (Ib)

Maxi mum 56, 025
M ni mum 32,870

Figure 3.1 Thomasville Road field test |ayout, density and noisture
t est




Thomasville Road Field Test Compaction Results
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Figure 3.2 Thomasville Road field conpaction results
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Figure 3.4 Sun Coast Parkway field test |layout and earth pressure cell
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Sun Coast Parkway Field Compaction and Lab Proctor Compaction Results
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CHAPTER 4

LABORATORY COVPACTI ON CHARACTERI STI CS

4.1 Genera

After the field test study of the Sun Coast Parkway and
Thomasville Road sites, the next step was to develop a
conprehensive | aboratory test program to evaluate the nost
suitable conpaction test procedures for soil conpaction.
The primary objective of this chapter is to evaluate the
conpaction characteristics of soils obtained fromthe field
study. In this chapter, experinents were focused on the
characteristics of gyratory conpaction and test program In
addition, other tw wdely wused |aboratory conpaction
techni ques, inpact conpaction nethod and a vibratory

conpaction nmethod were al so exam ned for the conparison

4.2 Laboratory Testing Program

Sever al soi | types were used during the [Iaboratory

eval uation. The soils were chosen to represent the types of
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material that are conmonly used for stabilized subgrade in
Florida. These soils included the silty sand, and the fine
sand from State Road 319 and Sun Coast Parkway. The basic
properties of the soils are listed in Table 4. 1.

For the first tww A3 soils, field tests were
available to conpare wth the results of |aboratory
conpaction test. But for the tw A-2-4 soils, no
corresponding field test exists. Therefore, the Mbodified
Procter test and vibratory conpaction test were used as the
conpari son curves.

In the |aboratory experinmental program several test

nmet hods wer e used:
e | npact conpaction test method
e Vibratory conpaction test nethod

e Gyratory conpaction test method
In these three test nethods, the gyratory conpaction nethod
was the main focus for evaluation. The inpact and vibratory

conpacti on nmet hods were used for conparisons.

4.3 | npact Conpaction Met hod

As stated earlier in this report, inpact conpaction is the
nost common type of |aboratory conpaction used today. The

popul ar i npact conpaction test procedures are the Standard
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and Modified Proctor tests (AASHTO T 90 and T 180). A
majority of the states use results obtained from these two
test procedures to specify density requirenments for roadway
construction. Currently, Fl ori da requires stabilized
subgrade to be conpacted to 98 percent of the nmaxi mum dry
density determined from the Mdified Proctor test, and
enbankment materials to be conpacted to 100 percent of the
maxi mum St andard Proctor density.

The field and |aboratory conpaction curves of the
Thomasville Road A-3 soil and the Sun Coast Parkway A-3
soil are presented in Figures 4.1 and 4.2 following the
nodi fied Proctor conpaction test. The nodified Proctor
conpaction curve does not sinulate the field conpaction
curve very well, due to too nmuch difference between them
The laboratory optimm noisture content was nmuch higher
than the OMC in the field, and the maxi mum dry unit weight

was nmuch lower than the field test val ue.

4.3.1 Modification of inpact conpaction nethod

From the literature study, the tw factors that affect the
soil conpaction are the water content and conpaction
efforts applied to the soil. Wth the increase of
conpaction efforts, the maximm dry unit weight would

increase and the OMC woul d decrease, e.g., the change from



Standard Proctor to Mdified Proctor conpaction. If the
i npact conpaction test procedure is further nodified from
the Mdified Proctor Conpaction, it may still be a good
technique to simulate field results. Thus, in this study
the conpaction effort was further increased to conduct
ot her higher energy conpaction curves. The test soils
included a silty sand (A-2-4) from Alford Cty, a clayey
sand (A-2-6) from Clay County, and a fine sand (A-3) from
Lake City. The test procedures for the nodified inpact
conpaction nethods in this study are the follow ng:

e 10 Ib hamer wth 25 blows per layer (Mdified

Proctor),

e 10 Ib hamer wth 50 blows per Ilayer (Augnented

Modi fied Proctor A),

e 15 |b hammer wth 25 blows per Ilayer (Augnented

Modi fied Proctor B),

e 15 |b hammer wth 50 blows per layer (Augnented

Modi fi ed Proctor Q),

The laboratory investigation of the soil began by
produci ng a Modified Proctor conpaction curve for the soil.
After this, an additional conpaction curve was created by
i ncreasing the nunber of hanmmer drops on each lift of soil

from25 to 50. Conpaction curves were al so devel oped at two
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other energy levels. These included a 15 |b hamer at 25

blows per lift, and a 15 | b hammer at 50 blows per lift.

4.3.2 I npact conpaction test results

The inpact conpaction test results are sumrmari zed in Tables
4.2, 4.3, 4.4 and are shown in Figures 4.3, 4.4, 4.5 for
Alford Gty A-2-4 soil, Cay County A-2-6 soil, and Lake
City A-3 soil, respectively. Fromthese figures, for the A-
2-4 Alford Cty soil and A-2-6 Clay County soil, with the
increase of the conpaction effort, an increase of the
maxi mum dry unit weight and decrease of the water content
occurred. However, for the A-3 Lake City soil, increasing
the weight of the hamer had little or no effect on the
maxi mum density. Due to a | ack of cohesion in pure sand made
usi ng i npact compacti on difficult. The bel | - shaped
conpaction curve could not be devel oped. The inability of
the inpact conpaction to consistently produce the bell-
shaped conpaction curve for the cohesionless soil was the
pri mary dr awback.

The inpact conpaction test results for four additional
soils are summarized in Tables 4.5, 4.6, 4.7, 4.8 and shown
in Figures 4.6, 4.7, 4.8. The conpaction curves showed
little effect fromthe increased hamrer weight. This result

was consistent with the A-3 soils that had been tested in
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the l|aboratory previously. As can be seen in Figure 4.6
the maxi mum dry density that was achieved in the | aboratory
was approximately 113 Ibs/ft® for the Thomasville Road A-3

soi | .

4.4 Vi bratory Conpaction Mt hod

The vibratory test nethod is used to determne the dry unit
wei ght of the cohesionless free-draining soils for which
i npact conpaction will not produce a well-defined noisture-
density relationship curve. In this study the vibratory
table and test procedure (ASTM D4253) were used to devel op

t he conpaction curves.

4.4.1 Vibratory conpaction test results

The vibratory conpaction test results for the four types of
soil are summarized in Tables 4.5, 4.6, 4.7.and 4.8. The
wat er content and density relationship curves are plotted
for the Sun Coast Parkway and Thomasville Road soils, shown
in Figure 4.9. These curves were also plotted in Figures
4.1 and 4.2 with the other three conpaction curves. From
these figures, the results show that the densities fromthe
vi bratory conpaction are mnuch lower than the field test

results and the corresponding OMC is much higher than the
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field OMC. If the laboratory OMC is used to conpact the
soil in the field, it will not reach the desired dry unit
weight in the field as in the |laboratory since the
| aboratory OMC is nuch higher than the corresponding field
OMC. In order to be conparative, another two soils, A-2-4
with 12% fines and A-2-4 with 24% fi nes were al so conpact ed
to devel op conpaction curves using the vibratory table. The
conpaction curves for the A-2-4 soils are shown in Figure
4.10. The data show that the vibratory conpaction may be

suited for conpacting A-2-4 silty sand.

4.4.2 Concerns about vibratory conpaction
During the vibratory test, two di sadvantages resulted:

1. The time to conduct this test was |lengthy. At |east
six mnutes were needed after filling the soil into
the nold to create evenly distributed soil and at
| east an additional eight mnutes to perform the
test. The nmold and surcharge set up was quite
conplicated. The whole test took at | east 30 m nutes.

2. Due to the unnovable bottom of the nold, difficulty
was encountered in renmoving the sanple from the nold.
It is not simlar to the inpact and gyratory methods
that use sonme tool or air pressure to renove the soi

speci nmen easily.
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The vibratory test has not been wi dely used recently.
Due to the above disadvantages it may not be a suitable

techni que for further devel opnent.

4.5 Gyratory Conpaction Mt hod

From the above laboratory conpaction investigation,
apparently both the inpact conpaction and vibratory
conpaction nethods have some problens needing further
i nprovenents. Therefore an alternative technique is needed
to better sinulate the field conpaction characteristics.

As nentioned previously in this report, gyratory
conpaction is one |aboratory conpaction nmethod that has
shown considerable prom se. H story on the devel opnent of
gyratory conpaction equipnent and its testing procedures
are provided in Chapter 2 of this report. Some initial work
has been done (Leonard, 2002). The gyratory conpaction
curves are presented in Figures 4.1 and 4.2. From these
curve conparisons, the results show that the gyratory
conpaction has nuch potential to sinulate the field test
results. Currently, no published test procedures exist for
conpacting soils with a SUPERPAVE gyratory conpactor. To
date, the nmapjority of research conducted on using gyratory

conpaction has focused on the characteristics of SUPERPAVE
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asphalt mxtures. In the followng sections of this
chapter, an initial study is presented for evaluating the
characteristics of gyratory conpaction variables, and an
attenpt is nade to develop a gyratory standard test

procedure to sinmulate the field test results.

4.5.1 Gyratory conpactor

The gyratory conpactor used in this study was supplied by
the Industrial Process Controls Ltd. (IPC)  Servopac
Gyratory Conpactor (Figure 4.11). The Servopac is a fully
automated, servo-controlled gyratory conpactor originally
designed to conpact asphalt mxes by nmeans of the gyratory
compacti on t echni que. Conpacti on is achi eved by
si mul t aneous action of static conpression and the shearing
action resulting from the nold being gyrated through an
angl e about its |ongitudinal axis.

The Servopac was designed to automatically conpensate
(under servo-feedback control) and to maintain the gyratory
angl e constant during conpaction, and to provide a neans to
sinply and quickly adjust the critical paranmeters. The
servo-feedback control enables it to provide nore accurate
and consistent results, provides a powerful tool to

eval uate optinmum paraneter settings, and allows ready
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adj ustment should future work indicate that settings be
changed.

In plan view (Figure 4.12), three actuators are
| ocated 120 degrees apart around the outside dianeter of
the nold carrier ring. To each of these actuators, the
el ectronic control system sends a sine wave via a
servoval ve. The three sine waves are out of phase from
each other by 120 degrees. The anplitude of the sine wave
controls the angle, and the frequency of the sine wave
controls the gyration rate. The feedback signal cones from
the displacenent transducer which bears directly on the
bearing that connects the actuator rod to the nold.

Since the Servopac uses servovalves for both gyratory
angle and vertical l|oad, the response tinme is generally
faster than systenms that use el ectromechanical drives. The
servo-control operation of the nmachine allows the vertica
stress, gyratory angle, and gyration rate to be quickly
nodi fied from a hand-hel d pendant or personal conputer(PC)
An optional PC ‘Wndows’ interface (Figure 4.13) provides a
screen to place data on test paraneters and display and
plot either height, density, or angle against gyratory
cycles in real tinme. Test data nay be stored and retrieved

or transferred to other analyses packages. The Servopac is

61



designed to conply with SHRP SUPERPAVE asphalt mix design
requirenents.

When conpacting specinmens using gyratory conpaction,
four factors influence test results. These factors are the
gyration angle used, the wvertical pressure applied, the
rate of gyration, and the nunber of gyration cycles. The
Servopac is capable of producing gyration angles between
zero and three degrees, gyration rates up to 60 gyrations
per mnute, and vertical pressures as high as 600 kPa for

as many as 999 gyration cycles.

4.5.2 Initial investigation of gyratory vari ables

The gyratory machine has four variables which are the nmain
factors effecting the conpaction <characteristics. The
vari abl es are gyration angle, gyrations, vertical pressure,
and gyration rate. Therefore, the initial study conducted
for this project concentrated on the influence of these

vari abl es during | aboratory conpacti on.

4.5.2.1. Vertical pressure

From the reference (U S Arny, 1969), an increase in
vertical pressure causes a consistent increase in unit
wei ght during conpaction. Ther ef or e, for | abor at ory

conpaction, the vertical test pressure should be set
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equivalent to the anticipated, approximate tire contact
pressure to which the pavenent wll be subjected. The
vertical stress in the soil conpaction should be close to
the soil stress developed in the field conpaction test.

The field neasured soil peak stress anplitudes versus
t he nunber of passes are shown in Figure 4.14. From this
figure, the data show that for both SR 56 and Sun Coast
Parkway soils, the peak stress achieved is about 40 psi
which is approximately 280 kPa. Therefore in this study the
100 kPa, 200 kPa, 300 kPa, 400 kPa, 500 kPa were chosen as

the range of vertical pressures for eval uation.

4.5.2.2. Gyration angle
Researchers wusually acknowl edge that a gyratory angle has
sone effect on soil conpaction. Early work (Kadar, 1992)
indicated that the setting of the gyratory angle is nore
sensitive at the lower gyratory angles wused by sone
Eur opean groups than as specified by SHRP (1.0° - 1.25°.
SUPERPAVE specification wuses a 1.25 degree angle for
conpacting asphalt m xtures.

From the literature study, a 1.25 degree angle is a
reasonable value to choose. This value is for conpacting
asphalt concrete material. For the soil the gyration angle

shoul d not be higher than 1.25 for its |ower stiffness than

63



the asphalt concrete material. For the Servopac Gyratory
test machine, the recommended mninmum gyration angle is
1.0. If it is less than 1.00 degree, it requires an
adjustnment of the PID controls of the Servopac for the best
response. Wien the gyration angle is lower than the 1.00
the void is increased too nmuch with the increase of the
gyration angle. Wwen it is between 1.00 degree and 2.00
degrees, the void ratio becones nore stable. So in this
project a range of 1.00-1.25 degrees was chosen to be the

range of gyration angle.

4.5.2.3. Nunber of gyrations

Notations from the literature show that by increasing the
nunmber of gyrations, a consistent increase of the wunit
wei ght is produced. The gyrations needed to be adjusted to
get the desired dry unit weight. In order to test the
characteristics of the range of gyrations in this project,
30,60,90 gyrations were chosen to test each of tw field

test soils.

4.5.2.4. Rate of gyration
The effect of the rate of rotation was evaluated with a
series of tests on A-2-4 soil where all other paraneters

were held constant with the exception of the rate of
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gyration, which was varied. The per-mnute rates of
gyrations selected were 10, 20 and 30. The results are
summarized in Table 4.9 and are shown in Figure 4.15. The
results confirmed previous SHRP work (Com nsky et al,
1994), that little variation was obtained through different
rates of rotation and this appeared to be applicable at any
angle. For this study 20 gyrations/mnute were chosen which
took 4.5 mnutes to finish one test at 90 gyrations, a

reasonable tinme for the test.

4.5.3 Test conditions
A gyratory testing program was conducted using soils from
two of the field tests and two types of A-2-4 soil that is
the popular Florida subgrade soil. From the above
i nvestigation of Servopac Gyratory machine variables, ten
different test conditions were wused for the gyratory
conpaction. The test conditions included conbinations of
two different gyration angles (1.0 degree and 1.25
degrees), five different levels of vertical stresses (100
kPa and 200 kPa, 300 kPa, 400 kPa, 500 kPa), and three
types of gyrations (30,60, 90).

During conpaction, two of the three variables were

hel d constant while the third was allowed to vary through a
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gi ven range of values. This procedure was repeated for each

of the three vari abl es.

4.5.4 Test procedure
One issue that came to light during the initial testing
program was the | oss of water experienced by those sanples
having a high water content. At |ower conpactive energies
the water seepage was not as severe, but a higher water
content could not be maintained during the gyratory
conpaction process, particularly at the high conpaction
efforts. The water was squeezed out of the sanple, and
frequently final water contents were two to three percent
lower than the initial water content. For the A-3 and A-2-4
soil, generally when the water content was higher than 11%
the water began to seep out of the soil sanple. As the test
energy and nost importantly the test duration was
i ncreased, water |oss becane a nmajor problemin determning
proper dry unit weights.

The PC based software used to determ ne wet densities
of the sanples after conpaction, bases the wet density on
the weight of the sanple prior to conpaction. | f

significant water loss is experienced during conpaction,
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t he post-conpaction sanple weight is considerably |ess than
the pre-conpaction weight. Therefore, the wet density
provi ded by the Servopac software may be inaccurate. [f the
wet density, based on the pre-conpaction weight, is used in
conjunction wth the noisture content calculated after
conpaction, the resulting dry density wll be higher than
the actual density achieved during the test.

This problem was experienced in sanples with noisture
contents wet of optinmum This phenonenon resulted in a
conpaction curve that did not peak but rather flattened out
when the noisture content reached optinum |[If the water
| oss was too excessive, the curve did not peak at all but
rather continued to rise over the entire noisture content
range. This result can be seen in several of the conpaction
curves devel oped during the initial program (Figure 4.16).

Because of this problem the densities of sanples
cannot be used for conparison with other |aboratory and
field test results. To renedy this situation, tests
conducted after the initial phase of the program did not
use the wet density provided by the Servopac software.
I nstead, the follow ng nodified test procedure was used.

After the gyration was finished, the data file was
saved and the height of the sanple recorded. The sanple was

removed from the nold and the soil sanple was weighed.
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About 100 g of soil were needed from the mddle of the
sanple to neasure the water content.

From the weight, height, diameter, and water content,
the dry unit wei ght was obtai ned.

W

. {ﬂx(gjzx H]x(1+ w)

y = dryunit weight of soil sample
W = weight of soil sample

D = diameter of mold D =150mm
H

w

= height of soil sample
= water content of soil sample

The height of the sanple after conpaction was obtained
from the software, in order to <calculate the after
conpaction volune of the sanple. This volune was then used
with the after conpaction weight of the sanple to calculate

t he appropriate wet unit weight and dry unit weight.

4.5.5 Gyratory conpaction test results

The Gyratory test results for the four types of soil are
summarized in Tables 4.10, 4.11, 4.12, and 4.13. The
results are presented in Figures 4.17, 4.18, 4.19, and
4.20, for the Thomasville Road soil, Sun Coast Parkway
soil, A-2-4 soil wth 12% fines, and A-2-4 soil wth 24%

fines, respectively.
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During the initial investigation for the tw field
test soils from Thomasvill e Road and Sun Coast Parkway, the
conpaction test was conducted with different Ilevels of
gyrations while the sanple was in the nold. Only one sanple
was used with each mxing water content, to record the
different height from the PC software to get different dry
unit weights wth 30, 60, and 90 gyrations. After
consideration of the water seepage during conpaction, the
procedure was changed. Because the water seeped during the
test, the water content and weight of the sanple were not
equal to the water content and weight of sanple when the
test was finished. Therefore, in order to get a nore
accurate test results, during the test of A-2-4 12% and A-
2-4 24% soil conpaction, different sanples were used for
each level of gyrations at 30, 60 or 90. Wen the gyration
reached the preset nunber, the water content and wei ght of
the sanples were neasured to obtain the unit weight. The
gyratory test results are further analyzed in the next

chapter.
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Table 4.1 Soil

materials for

| aborat ory eval uati on

Locati on Vi sual AASHTO % Passi ng
Description |Classification No. 200
Sun Coast Fi ne Sand A-3 3%
Par kway
Thomasvi |l | e Road Fi ne Sand A-3 6~8%
(SR 319)
Silty sandl Silty Sand A-2-4 12
Silty sand2 Silty Sand A-2-4 24
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Table 4.2 Summary of inpact conpaction data for Alford Cty A-2-4 soil

Test Procedure WAt er  Cont ent Dry Unit Weight
(% (Pcf)
5.3 122. 00

10 I b Hammer,

25 Bl ows/ | ayer 6.4 124.80
(Modified 7.2 126. 64
Proct

roctor) 8.1 128. 14
9.4 126. 30
5. 4 126. 66
10 | b Hammer,
50 Bl ows/ | ayer 6.3 129. 20
(Augnent ed 7.4 13060
Modi fi ed
Proctor A) 8.2 130. 71
9.1 127. 40
5.3 126. 32
15 I b Hammer,
25 Bl ows/ | ayer 5.9 129.12
(Augnent ed 6.1 130,80
Modi fi ed
Proctor B) 6.8 132. 08
7.8 130.50
8.4 129.76
5.1 131. 11
15 | b Hanmer,
50 Bl ows/ | ayer 2.7 133. 66
(Augrent ed 6.2 134 49
Mhdi fi ad
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Modi fi ed 7.2 134. 38
Proctor O 135 40

131. 09

Table 4.3 Summary of inpact conpaction data for Cay County A-2-6 soil

Test Procedure | Water Content Dry Unit Weight

(% (Pcf)

10 I'b Hanmer, 7.8 121. 73
25 Bl ows/ | ayer 8.0 122. 36
(Modified 9.0 124. 86
Proctor) 9.2 125. 29
9.6 127. 29

11. 4 123. 61

10 I'b Hanmrer, 7.4 125. 23
50 Bl ows/| ayer 7.7 126. 98
(Augrent ed 8.9 130. 72
Modi fi ed 9.2 130. 47
Proctor A) 9.5 129. 41
11.3 124. 29

15 | b Hammer, 7.1 128. 04
25 Bl ows/ | ayer 8.1 130. 00
(Augnent ed 8.3 129. 95
Modi fi ed 9.1 129. 69
Proctor B) 10. 4 126. 55
15 I'b Hanmer, 7.3 132. 20
50 Bl ows/ | ayer 8.3 133. 16
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(Augrent ed 8.6 132. 60
Modi fi ed 8.8 132. 50
Proctor C 11.0 124,72

Table 4.4 Summary of inpact conpaction data for Lake City A-3 soil

Test Procedure Wat er Cont ent Dry Unit Weight
(% (pcf)

10 I'b Hanmer, 8.8 104. 59
25 Bl ows/ | ayer 10. 1 104. 81
(Modified 10.9 105. 13
Proct or) 11.9 104. 98
12. 4 105. 15
10 I b Hanmer, 8.8 106. 20
50 Bl ows/| ayer 9.8 105. 85
(Augnent ed 11.0 106. 37
Modi fi ed 11.6 106. 38
Proctor A) 12.5 106. 55
15 I'b Hanmer, 8.9 103. 65
25 Bl ows/ | ayer 9.9 104. 45
(Augrent ed 11. 1 104.76
Modi fi ed 11.5 104. 89
Proct or B) 13.0 105. 26
103.7 105. 85
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15 | b Hanmer
50 Bl ows/ | ayer
(Augnent ed
Mbdi fi ed
Proctor Q)

104.5 105. 88
104.8 106. 18
104.9 106. 07
105. 3 107. 33
103. 7 106. 96
104.5 106. 39
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Table 4.5 Summary of |ab conpaction test results for Thonasvill e Road

pr oj ect
Conpacti on Test Wat er Cont ent Dry Unit Weight
(% (pcf)
10 | b hanmer, 8.2 109. 82
25 bl ows/ | ayer 9.1 109. 43
(Modified 9.6 109. 48
Proctor Test) 10. 6 110.51
11. 7 111. 05
12.2 110. 67
13.2 109. 23
13.5 108. 93
10 | b hamer 8.2 111. 37
50 bl ows/ | ayer 9.1 111. 88
(Augment ed 10. 4 112. 61
Modi fi ed
11.2 112. 95
Proctor A)
11.9 112.3
15 | b hammer 9.2 109. 69
25 bl ows/ | ayer 9.9 110. 25
(Augrent ed 10. 1 110. 71
Modi fi ed
11. 4 110. 89
Proctor B)
12.8 109. 04
15 | b hamer 8.9 110. 98
50 bl ows/ | ayer 10. 4 112.53
(Augment ed 11.0 112. 65
Modi fi ed
11. 4 112. 67
Proctor C)
12.5 110. 67
Vibratory 8.0 107.76
Conpacti on 10. 1 109. 66
12.0 109. 51
12.6 105.5
Initial 8.3 110. 53
Gyratory 9.0 112. 02
Conpacti on 10. 2 112. 40
11.0 113. 22
12.3 111. 06
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Table 4.6 Summary of |ab conpaction test results
for Sun Coast Parkway project
Test Wat er Cont ent Dry Unit Weight
Procedure (% (pcf)

Lab 11.0 103. 60
St andar d 12.9 104. 00
Proct or 14. 6 104. 50
17.3 101. 60
Lab 9.0 105. 50
Modi fi ed 10. 8 106. 00
Proct or 13.1 106. 20
15.1 104. 30
Vi bratory 8.3 104. 00
Conpacti on 10.0 105. 60
(Labor at ory) 12.1 105. 30
13.5 100. 00
Initial 7.8 106. 97
Gyratory 9.6 107. 15
Conpacti on 10. 7 107. 44
11.8 107. 07
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Table 4.7 Lab Inpact and vibratory conpaction test results
(A-2-4 12% soi l)

Test Wat er Cont ent Dry Unit Weight
Procedure (9 (Pcf)
Modi fi ed 7.4 110. 89
Proct or 10.3 111. 32
Conpacti on 12.0 111. 97
Test 12.5 110. 11
Vi bratory 9.0 106. 32
Conpacti on 10. 3 111. 42
Test 11.9 111. 48
12.3 110. 03

77



Table 4.8 Lab inpact and vibratory conpaction test results
for A-2-4 24% soi |

Test Wat er Cont ent Dry Unit Weight
Procedure (% (pcf)
Modi fi ed 7.8 115.61
Proct or 9.3 116.48
Conpacti on 11.3 116.52
Test 12.5 113.72
Vi bratory 7.5 106.75
Tabl e 9.1 108.60
Conpacti on 10.3 111.89
Test 11.3 110.77
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Table 4.9 Data for characterization of gyration rate

(Alford Cty A-2-4 soil)

Dry Unit Weight, pcf
(Water Content = 5.0%)

Dry Unit Weight, pcf
(Water Content = 5.5%)

Gyration Rate

(gyrations/ mnute) 10 20 30 10 20 30
30 105.90 | 106.10 | 105.40 | 104.70 | 103.50 | 104. 30

Nunber of 60 108.50 | 108.70 | 107.90 | 107.20 | 106.20 | 106. 90

Gyrations 90 109.80 | 109.80 | 109.30 | 108.50 | 107.50 | 108. 30
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Table 4.10 Gyratory conpaction test

results for Thomasvill e Road soi

Gyrations = 90 Gyrations = 60 Gyrations = 30
Test Wt er Dry Wt er Dry Wat er Dry
Procedure Cont ent Unit Wei ght Cont ent Unit Wi ght Cont ent Unit Wei ght

(% (pcf) (% (pcf) (% (pcf)
8.6 110. 02 8.6 108. 73 8.6 106. 16
Verti cal 10.6 110. 37 10.6 109. 07 10.6 106. 48
Pressure=100 kPa 10.9 112.74 10.9 111. 64 10.9 109. 32
Angl e=1. 0° 11.8 112.90 11.8 111.79 11.8 109.91
12.5 112. 45 12.5 111.61 12.5 110. 05
7.8 109. 17 7.8 108. 05 7.8 105. 77
Verti cal 9.1 111. 29 9.1 110. 07 9.1 107. 62
Pressure=100 kPa 9.4 111. 33 9.4 110. 48 9.4 108. 92
Angl e=1. 25° 11. 4 113. 23 11.4 112. 16 11. 4 110. 45
11.7 110. 16 11.7 109. 12 11.7 107. 24
6.3 107.72 6.3 106. 53 6.3 104. 22
Verti cal 9.0 109. 15 9.0 107. 92 9.0 105. 48
Pressure=200 kPa 9.5 111. 19 9.5 109. 75 9.5 107. 08
Angl e=1. 00° 11.0 113.12 11.0 111.72 11.0 108. 98
11.3 112. 26 11.3 111. 25 11.3 108. 67
8.3 110. 24 8.3 109. 10 8.3 106. 82
Verti cal 8.9 112. 25 8.9 111. 05 8.9 108. 67
Pressure=200 kPa 9.5 113. 09 9.5 111. 95 9.5 109. 88
Angl e=1. 25° 10.9 113. 28 10.9 112. 36 10.9 110.70
11.1 111. 57 11.1 110. 43 11.1 108. 51

Verti cal _ _ 8.3 110. 53 _ _

Pr essur e=300kPa - = ;:(; 11;'23 = =

Angl e=1. 25° - - i i - -

_ _ 11.0 113. 23 _ _
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Table 4.11 Gyratory conpaction test

results for Sun Coast Parkway soi

Gyrations 90 Gyrations = 60 Gyrations = 30
Dry VWat er Dry VWat er Dry
Wat er Cont ent . . . . . .
Test Procedure (% Unit Wei ght Cont ent Unit Weight Cont ent Unit Wei ght
(pcf) (% (pcf) (% (pcf)
8.4 105. 21 8.4 104. 17 8.4 102.01
9.4 105. 25 9.4 104. 23 9.4 102. 04
Verti cal 10.5 105. 33 10.5 104. 27 10.5 102. 12
Pressure=100 kPa 10.7 105. 88 10.7 104. 88 10. 7 102. 69
Angl e=1. 0° 11.1 107. 59 11.1 106. 58 11.1 104. 60
11.8 107. 12 11.8 106. 11 11.8 104. 27
8.7 106. 05 8.7 105. 13 8.7 103. 17
Verti cal 10. 2 106. 45 10. 2 105. 49 10. 2 103.51
Pressure=100 kPa 11.2 107. 96 11.2 107. 09 11.2 105. 13
Angl e=1. 25° 11.8 107. 84 11.8 106. 66 11.8 105. 21
14. 3 105. 40 14. 3 104. 50 14. 3 102. 78
) 7.7 106. 77 7.7 105. 74 7.7 103. 68
Verti cal
10.6 107. 27 10.6 106. 23 10.6 104. 16
Pressure=200 kPa
11.0 107. 30 11.0 106. 30 11.0 104. 22
Angl e=1. 00°
11.8 106. 93 11.8 105. 99 11.8 104. 24
8.5 106. 97 8.5 106. 03 8.5 104. 25
Verti cal 10.0 108. 77 10.0 107. 87 10.0 106. 00
Pressure=200 kPa 10.9 109. 65 10.9 108. 74 10.9 106. 97
Angl e=1. 25° 11.2 108. 83 11.2 107. 89 11.2 106. 38
11.7 108. 11 11.7 107. 47 11.7 105. 74




Gyrations = 90 Gyrations = 60 Gyrations = 30
Dry \at er Dry W\t er Dry
Wat er Cont ent . . . . . .
Test Procedure (% Unit Wei ght Cont ent Unit Weight Cont ent Unit Wei ght
(pcf) (9 (pcf) (9 (pcf)
) _ _ 7.8 106. 98 _ _
Vertical
9.6 107. 15
Pr essur e=300 kPa - - — —
10. 7 107. 44
Angl e=1. 25° - - - -
B B 11.8 107. 08 _ _
) _ _ 7.7 106. 85 _ _
Vertical
10.0 107. 16
Pressur e=400 kPa - - — —
_ _ 10.5 108. 42 _ _
Angl e =1.25°
B B 10.9 107. 85 _ _
_ _ 7.6 106. 47 _ _
Verti cal _ _ 10. 2 107. 47 _ _
Pressure=500 kPa _ _ 10. 7 107. 59 _ _
Angl e =1. 25° _ _ 11.0 107.58 _ _
11.1 107. 36
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Table 4.12 Lab gyratory test data for A-2-4 12% soi

Qyration angle = 1.25°

Gyration angle =1.00°

Test Wat er Dry Unit Wat er Dry Unit
Pr ocedur e Cont ent Wi ght Cont ent Wi ght
(% (pcf) (9 (pcf)
7.8 109. 44 7.6 109. 68
Verti cal 9.2 110. 09 9.5 109. 90
Pressure=100 kPa 10.3 112. 45 10.8 112. 38
Gyrations=90 10.9 112. 30 11.9 112. 27
B B 12.0 111. 91
8.3 110. 42 9.1 110. 85
Verti cal 9.7 113. 84 9.4 111. 06
Pressure=200 kPa 10.1 113. 32 10. 2 113. 80
Gyrati ons=90 10.6 113. 21 10. 7 112. 91
11.0 113.19 12. 6 112. 55
7.4 110. 16 _ _
9.8 111. 12 _ _
Verti cal 10. 2 112. 26 _ _
Pressure=200 kPa 10. 4 112. 53 _ _
Gyr ati ons=60 10.8 112.91 _ _
10. 8 112. 91 B B
11.1 112. 39 B B
6.9 107.91 _ _
Verti cal 9.5 108. 83 _ _
Pressure=200 kPa 110 109. 16 - -
Gt ati ons=30 11.5 109. 54 _ _
11.9 110. 22 B B
12.6 109. 30 B B
9.3 111. 68 8.4 111. 13
Verti cal 9.5 113. 30 9.4 112. 16
Pressure=300 kPa 9.7 113. 61 9.4 113.75
Gyrati ons=90 9.9 113. 82 10.0 113. 54
10.5 113.73 10. 8 113.51
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Table 4.13 Lab gyratory test data for A-2-4 24% soi

Gyration angle = 1.25°

Qyration angle =1.00°

Test Wat er Dry Unit Wat er Dry Unit
es
Cont ent Wei ght , Cont ent Wi ght
Pr ocedur e
(9 (pcf) (9 (pcf)
8.2 111. 37 8.3 110. 39
Verti cal 8.2 112.92 9.5 112. 62
Pressur e=100 kPa, 10.6 114. 62 10.1 113. 02
Gyrati ons=90 11.1 114.76 11.0 114. 59
12.6 113. 65 11.9 113.35
8.9 114. 46 8.7 113.18
9.4 115. 99 9.8 115. 06
Vertica
10.1 116. 12 10.9 115. 47
Pr essur e=200 kPa,
) 10. 4 116. 15 12.0 114. 67
Gyrati ons=90
10. 7 116. 25 _ _
12.2 115. 14 _ _
) 8.0 114. 36 _ _
Vertica
10.0 114. 47
Pr essur e=200 kPa, — —
] 11. 3 115. 16
Gyrati ons=60 — —
12.5 114.59 _ _
8.0 111. 57 _ _
Vertica
10. 8 112. 06 _ _
Pr essur e=200 kPa,
) 11.3 112. 87
Gyrations=30 — -
13.1 112. 47 _ _
) 9.0 115. 49 9.2 114. 24
Vertica
9.5 116. 46 9.9 115. 82
Pr essur e=300 kPa,
) 10.5 117. 09 10.3 116. 33
Gyrati ons=90
11. 2 116. 87 11.6 115. 40
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Dry Unit Weight ,pcf
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Figure 4.1 Field and | ab conpacti on curves for Thomasville Road A-3 soil
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Dry Unit Weight,pcf
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Figure 4.2 Field and | ab conpacti on curves for Sun Coast Parkway A-3 soil

86




Dry Unit Weight, pcf
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Figure 4.3 I npact conpaction nethod investigation (Alford City A-2-4 soil)

87




Dry Unit Weight, pcf

Clay County A-2-6 soil
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Figure 4.4 I npact conpaction nethod investigation (COay County A-2-6 soil)
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Lake City A-3 Soil
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Figure 4.5 I npact conpaction test results (Lake City A-3 soil)
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Figure 4.6 Laboratory inpact conpaction curves for Thonmasville Road A-3 soil
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Dry Unit Weight, pcf
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Figure 4.7 Laboratory inpact conpaction curves for Sun Coast Parkway A-3 soil
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Dry Unit Weight , pcf
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Figure 4.8 Modified Proctor conpaction test for A-2-4 soil
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Figure 4.9 Vibratory conpaction for Sun Coast Parkway and Thomasville Road A-3 soils
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Figure 4.10 Vibratory conpaction for A-2-4 with 12%fines and A-2-4 with 24%fines soil
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Figure 4.13 Servopac Gyratory Conpactor PC w ndow
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Figure 4.14 Peak stress versus nunber of passes during field conpaction
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Figure 4.15 Effect of gyration rate on conpacted unit wei ght
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Figure 4.16 Effect of water seepage on dry unit weight during conpaction
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Figure 4.17(a) Compaction curves for Thomasville Road soil at 1.0 degree gyration angle,

100 kPa verti cal

pressure.
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Figure 4.17(b) Comnpaction curves for Thomasville Road soil at 1.25 degrees gyration angle,

100 kPa vertical pressure
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Figure 4.17(c) Conpaction curves for Thomasville Road soil at 1.0 degree gyration angle,

200 kPa vertical pressure.
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Figure 4.17(d) Comnpaction curves for Thomasville Road soil

200 kPa verti cal

pressure.

105

at 1.25 degree gyration angl e,




Dry Unit Weight, pcf

115
114
113
112
111
110
109
108
107
106
105
104
103
102
101

Gyratory Compaction (Thomasville Road A-3 Soil)

1 Gyration Angle=1.25
Vertical Pressure=300 kPa
- Gyration Rate=20 gyration/minute
Revolution=60
I I I I I
7 8 9 10 11 12 13

Moisture Content, %

14

Figure 4.17(e) Compaction curves for Thomasville Road soil at 1.25 degrees gyration angle,
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pressure
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Figure 4.18(a) Compaction curves for Sun Coast Parkway soil at 1.0 degree gyration angl e,

100 kPa verti cal

pressure
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Figure 4.18(b) Compaction curves for Sun Coast Parkway soil at 1.25 degree gyration angle,

100 kPa vertical pressure.
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Figure 4.18(c) Compaction curves for Sun Coast Parkway soil
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Figure 4.18(d) Compaction curves for Sun Coast Parkway soil

200 kPa vertical pressure.
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Gyratory Compaction (A-2-4 soil with 12% fines)
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Figure 4.19(a) Compaction curves for A-2-4 soil with 12%fines at different vertical pressures
and gyration angles
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Figure 4.19(b) Compaction curves for A-2-4 soil with 12%fines at 1.25 degree gyration angle,

and 200 kPa vertical pressure
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CHAPTER 5

SUMVARY AND ANALYSI S OF EXPERI MENTAL RESULTS

5.1 Conparison of Laboratory and Field Conpaction

The | aboratory conpaction curves (gyratory, inpact, and
vibratory conpaction) are further conpared with the field
conpaction curves in Figures 5.1 and 5.2. From these
figures, the nodified Proctor conpaction test results show
significant difference fromthe field test results.

For the Thomasville Road soil, the OMC from the
nodified Proctor test was 12% and the maxinmum dry wunit
wei ght was 110.5 pcf, while the field OMC was 10% and the
maxi mum dry unit weight was about 113.8 pcf. About a 2%
water content and a 3 pcf maximum dry unit weight were the
differences between the nodified Proctor and field
conpaction. According to the recent specification 98% of
the nodified Proctor dry unit weight is 108 pcf, about a
five pcf difference. Also for the Sun Coast Parkway soil,
the laboratory maxi mum dry unit weight was 106.5 pcf at 13%

water content, and the field maximum dry unit weight was
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110 pcf at 8% water content. The nodified Proctor maxi num
dry unit weight at 98% for field specification is 104 pcf,
about a 6 pcf difference fromthe field test results.

These results showed that the current construction
speci fications drastically underesti mate t he maxi mum
achievable field density for sandy soils. Therefore, the
nodi fied Proctor is not a reasonable test procedure to
specify the density requirenent for the sandy soil.

The gyratory test paraneter setting used 200 kPa
vertical pressure (optinmum vertical pressure), a gyration
angle of 1.25 degrees and 90 gyrations nay be conpared with
the field test results. From these conparisons, these
gyratory paraneter settings show considerable prom se for
simulating the field test results.

According to the above conparison of the |aboratory
results wth the field test results, the gyratory
conpaction is shown to be a better test nethod to sinulate
the field test results. Thus, the characteristics of three
vari ables of the gyratory conpaction should be studied
further to find the nost suitable test procedure. The
gyratory conpaction procedure is further evaluated as

foll ows.
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5.2 Further Evaluation of Gyratory Conpaction Procedure
The three Servopac Gyratory Conpactor variables were
further evaluated in the |aboratory. The results are

summari zed in this section.

5.2.1 Nunber of gyrations

The effect of gyrations on the dry unit weight for the four
soils are shown in Figures 5.3 and 5.4. From these two
figures, the results show that with the increase of the
gyrations there was an increase of dry unit weight and a
decrease of water content. But from Figure 5.3, due to the
shortcomng of the test procedure, the problem of water
seepage was not adjusted in determining the proper water
content for the Thomasville Road and Sun Coast Parkway
soils. That is the reason why the OMC was exactly the sane
for the different nunber of gyrations.

Al so observed from these figures, the dry unit weight
increased nore than 2 pcf from 30 to 60 gyrations, but from
60 to 90 gyrations, the dry unit weight increased only
about 1 pcf. The results show that the nunmber of gyrations
had significant influence on the OMC and the naximum dry
unit weight. Wien the nunber of gyration was small, the dry

unit weight was sensitive to the gyrations.
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5.2.2 Gyration angle

The effect of the gyratory angles on the dry unit weight
for the four soils are shown in Figures 5.5, 5.6, 5.7, 5.8.
From these figures, it can be seen that the gyration angle
had much less influence on the dry unit weight than the
gyrations.

The gyration angle had sone effect on the dry unit
wei ght when the gyration cycles were |ow However, the
ef fect becanme insignificant when the gyration cycles were
hi gh.

Wien the soil had less fines, the value of the
gyration angle had nore influence on the dry unit weight.
Wien the fines in the soil were increased, the influence
becanme | ess significant. For exanple, the Sun Coast Parkway
A-3 soil had 3% fines and the Thomasville Road soil had
6~8% fines. Hence the gyration angle had nore influence on
the dry unit weight for Sun Coast Parkway soil than that

for the Thomasvill e Road soil.

5.2.3 Vertical pressure

The effect of the vertical pressures on the dry unit weight
for the four soils are shown in Figures 5.9, 5.10, 5.11,
5.12, 5.13, and 5.14. The results show that when the

vertical pressure was higher than 200 kPa, the dry unit
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wei ght did not increase significantly with the increase of
the vertical pressure. This is simlar to the Lake Cty A-3
sandy soil that was conpacted with the inpact conpaction
met hod. When the inpact conpaction effort was increased by
i ncreasing hamer weight, the dry wunit weight did not
i ncrease accordingly (Figure 4.5). From these figures, 200
kPa is chosen as the optinmum vertical pressure for the
gyratory conpaction. This corresponds to the field peak

stress, about 30 psi under field conpaction equipnent.

5.2.4 Further conparison of gyratory conpaction

The conpaction curves obtained from the gyratory, nodified
Proctor, and vibratory conpaction were further conpared for
the four soils and are shown in Figures 5.15, 5.16, 5.17
and 5.18. The results show that for the A-3 sandy soil
(Thomasville Road and Sun Coast Parkway), the nodified
Proctor conpaction generated nuch lower dry unit weight
values than the field test. The gyratory conpaction wth
200 kPa vertical pressure, 1.25 degrees gyration angle, and
30 gyrations <could achieve simlar results wth the
nodi fied Proctor and vibratory conpaction. The gyratory
conpaction with a higher nunber of gyrations could be used

to sinulate the field test. The gyrations should be higher
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than 30 gyrations to match the maximum dry unit weight in
the field test.

The inpact conpaction nmethod worked well for the nore
silty soil. For the A-2-4 soil with 12% fines, a gyratory
setting at 200 KkPa vertical pressure, 1.25 degrees of
gyration angle, and 60 gyrations can alnost sinulate the
nodi fi ed Proctor conpaction curve (Figure 5.17). For the A-
2-4 soil with 24% fines, the nunber of gyrations should be
at least 90 in order to sinulate the nodified Proctor
conpaction curve (Figure 5.18).

From these figures, vibratory conpaction does not work
very well for conpacting silty soil. This corresponds to
the findings in the literature study, that vibratory
conpaction is better suited for conpacting cohensionless

soi | .

5.2.5 Selection of critical nunber of gyrations

In order to develop a general gyratory test procedure for
conpacting the soils conmmon in Florida, and to sinulate the
field conpaction, the required nunber of gyrations should
not be less than 90 from the above conparison. From the
above conparison, 200 kPa was the optinum vertical pressure
and it corresponded to the peak stress in the field test. A

gyration angle of 1.25 degrees was a reasonable value to
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use and it corresponded to the SUPERPAVE specification. For
the nunmber of gyrations, it was recommended to be at | east
90. It should be adjusted to match the desired dry unit
wei ght .

The results from the gyration conpaction test can be
used to select an optinmm nunber of gyrations to sinulate
the field conpacted condition. The gyratory test results
are summarized in Tables 5.1 and 5.2 for the Thomasville
Road soil with 7.7% water content and at OMC, respectively.
The data in Figure 5.19 show that with the increase of the
nunber of gyrations, there is a consistent increase of the
dry unit weight. In Figure 5.20, the conpaction curve is
shown with the initial condition at optinum water content
(OMC). The shape of the curve is not as consistent as in
Figure 5.19, because when the initial water content was
around 11% the water began to seep out during the higher
nunber of gyrations. It was very difficult to get exactly
the sane water content for the soil sanples under the
different nunbers of gyrations. The water content of the
data points in the curve were very close to the optinmm
wat er content, but mght deviate a little due to seepage of
water. From this investigation, the nunber of gyrations
shoul d be chosen the nost suitable nunber in order to get

the desired dry unit weight. The selection of an optinmm
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nunber of gyrations is denonstrated in Figure 5.21. From
the figure, 90-gyration is the optinmm nunber of gyrations

to be selected to sinulate the field conpacti on.

5.3 Gyratory Conpacti on Energy

The conpaction effort is the work done by conpacting the
soil with a conpactor. For the inpact conpaction technique,
the energy is transferred through the hamer to the soil

The inpact conpaction energy is determned by the hanmmer
wei ght, the height of drop, the nunmber of Ilayers, the
nunber of blows per |ayer, and the volune of the nold. For
the gyratory conpaction, the nethod to estimate the energy
| evel produced by a gyratory conpactor was evaluated in
this study. The nmethod of estinmating the energy using a

gyratory conpactor is presented in Appendi x A

5.4 Recomrended Gyratory Testing Procedure

The gyratory conpaction was nore reliable than the inpact
conpacti on when used on sandy soils in the laboratory. The
gyratory test procedure with 200 kPa vertical pressure, a
1.25 degree gyration angle, 90 gyrations, and 20 gyrations

per mnute showed considerable promse for simulating field
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conpaction. Use of the gyratory test procedure nay be
suitable for specifying the optinum water content and
maxi mum dry unit weight for the field construction of the
popul ar Florida subgrade soils. The detail of a proposed
gyratory test procedure is presented in Appendix B for

r ef erence.
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Table 5.1 Effect of gyrations on dry unit weight for Thomasvill e Road
A-3 soil with 7.7% water content

Nunber of Wat er Cont ent Dry Unit Weight

Gyrations (99 (pcf)
30 7.7 107. 64
60 7.7 109. 95
90 7.7 111. 09
120 7.7 111. 80
150 7.7 112. 30
180 7.7 112. 67
210 7.7 112. 96
240 7.7 113. 19
270 7.7 113. 40
300 7.7 113.58
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Table 5.2 Effect of gyrations on dry unit weight for Thonasvill e Road
A-3 soil at optinmum water content

Nurber of Wat er Cont ent Dry Unit Weight
Gyrations (% (pcf)

30 10.9 110. 70

60 10.9 112. 36

80 11.0 112. 90

90 10.9 113. 27

100 10.8 113. 79

120 10. 7 114. 74
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Figure 5.3 Effect of gyrations on dry unit weight for Thomasville Road and Sun Coast Parkway soils
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Figure 5.6 Effect of gyration angle on dry unit weight for Sun Coast Parkway soil
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Dry Unit Weight, pcf

A-2-4 soil with 12% fines
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Figure 5.7 Effect of gyration angle on dry unit weight for A-2-4 soil with 12%fines
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Figure 5.8 Effect of gyration angle on dry unit weight for A-2-4 soil with 24%fi nes
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Figure 5.9 Effect of vertical pressure on dry unit weight for Thomasville Road
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Figure 5.10 Effect of vertical pressure on dry unit weight for Sun Coast Parkway soil
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Dry Unit Weight, pcf
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Figure 5.11 Effect of vertical pressure on dry unit weight with 1.25 degrees angle
for A-2-4 soil with 12%fines
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Dry Unit Weight, pcf

A-2-4 soil with 12% fines
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Figure 5.12 Effect of vertical pressure on dry unit weight with 1.00 degree angle
for A-2-4 soil with 12%fines
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Figure 5.13 Effect of vertical pressure on dry unit weight with 1.00 degree angle
for A-2-4 soil with 24%fines
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Figure 5.14 Effect of vertical pressure on dry unit weight with 1.25 degrees angle
for A-2-4 soil with 24%fines
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Dry Unit Weight, pcf
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Figure 5.15 Conparison of three conpaction curves for Thomasville Road soil
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Sun Coast Parkway Soil
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Figure 5.16 Conparison of three conpaction curves for Sun Coast Parkway soi l
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Figure 5.17 Conparison of three conpaction curves for A-2-4 12% soi |
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Dry Unit Weight, pcf

A-2-4 soil with 24% fines
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Figure 5.18 Conparison of three conpaction curves for A-2-4 soil with 24%fines
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Figure 5.19 Dry unit weight versus nunber of gyrations for Thonasville Road A-3 soil
with 7. 7% wat er content
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Figure 5.20 Dry unit weight versus nunber of gyrations for Thomasville Road A-3 soil

at optinmum wat er content
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Maximum Dry Unit Weight, pcf

116

Thomasville Road A-3 soil

115

100 gyrations

120 gyrations

114

1137

112

111 -

110

30 gyrations

) 90 gyrations
80 gyrations

109 A

108 A

107 -

106

10.9

10.9 11.0 10.9 10.8
Optimum Water Content, %

10.7 10.7

Figure 5.21 Selection of critical nunber of gyrations
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CHAPTER 6

CONCLUSI ONS AND RECOMVENDATI ONS

6.1 Concl usi ons

Based on the analysis of field and | aboratory experi nent al

results, the follow ng concl usi ons have been drawn:

1

The inpact conpaction nethod did not work well for the
A-3 fine sand soil in devel oping the conpaction curve.
The standard and nodified Proctor test procedures,
AASHTO T 90 and T 180, respectively, were not
devel oped for use with cohesionl ess soils.

The inpact conpaction nethod was not an adequate
| aboratory test procedure to specify the maxi mum dry
unit weight and optinmum water content for the field
conpaction of cohesionless soils. The study showed
that higher field conpaction efforts resulted in
higher unit weights and Ilower optinmum noisture
contents than those obtained by the nodified Proctor

conpaction test.
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Gyratory conpaction was nore reliable than inpact
conpaction when fine sands were conpacted in the
| abor at ory.

For the gyratory conpact test, wusing the vertical
stress as a nmeans of increasing the dry unit weight
was not effective when the vertical stress was higher
t han 200 kPa. The 200 kPa stress level was within the
range of peak vertical soil stresses neasured during
the field conpaction tests.

The gyration angle had sonme effect on the dry wunit
wei ght when the soil had |ower percent of fines, and
when the nunber of gyrations was higher. Wen the soil
becanme nore silty (with nore than 6% fines), the
i nfluence of the gyration angle on the dry unit weight
becane | ess significant.

When the nunber of gyrations was increased, there was
a continuous increase of dry unit weight, which needed
to be adjusted to get the desired dry unit weight.

The gyration rate was not a significant factor on the
dry unit weight when the gyration rate was increased.
The gyratory test procedure conducted with 200 kPa
vertical pressure, 1.25 degree gyration angle, 90

gyrations, and 20 gyrations per m nute showed
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considerable promse for replicating field conpaction
characteristics.

9. A gyratory conpaction test procedure was proposed for
determining the maximum dry unit weight, and optinmm
water content of the granular soils wth a Servopac
Gyratory Conpactor wunder conditions that sinulated

field conpaction.

6. 2 Recommendat i ons

Based on this study, gyratory conpaction was the npst
suitable technique to sinulate field comapction for
granul ar soils. However, the experinental program was only
focused on a few sites with A-3 fine sand and A-2-4 silty
sand soils. The research should be expanded to study the
effect of those gyratory variables on <clay soils in
| aboratory as well as to nonitor the perfornmance of the
clay soils under field conpaction.

The gyratory conpaction may also be used to sinulate
field conpaction for clay soils. In this case, the clay
soil should not be overly densified or conpacted, due to
its tendency of volunetric expansion when the conpacted
soils is subjected to wetting or noisture variation. For

clay soils, it would probably be adequate if the gyratory
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conpaction procedure can produce the maxumum dry unit
weight that is equivalent to the one produced by the
nodi fied Proctor test. Because in practice the nodified
Proctor conpaction nethod has been working just fine for
field conpaction of clay soils.

In Florida, nost subgrade soils are classified as A-3
fine sand and A-2-4 silty soils. The gyratory conpaction
procedure has great potential to be the construction
specification for quality control of field conpaction. A
further research study is recomended for possi bl e
i npl enentation of the gyratory conpaction nmethod in design

and constructi on.
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APPENDI X A

METHOD OF ESTI MATI NG GYRATORY COMPACTI ON ENERGY

A.1 The Force Analysis of Gyratory Machine

During the gyratory conpaction, tw kinds of forces work on
the soil sanple. One of the forces is caused by the
vertical pressure which is constant during the test and it
is the value set before the test. Another force is the
shear force that changes with tine. The shear stress is
calculated from the pressure transducers. The equation used
to compute the value during testing is,

PxL
AxH

s=2x( ) (A 1)

Were s is the shear stress, P is the average force on the
three actuators, L is the radial distance to the point of
application of the actuator load (165 mm, A is the cross
sectional area of the specinen, and H is the height of the
specinen. This equation is a 2D approximation to a 3D
problem and is of the sanme form as that used to conpute
shear in other conpactors such as the Corps of Engineers

gyratory conpactor (MRae et al 1969). But the value of P
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conmes froma totally different type of |oading and is based
on neasurenents from differential pressure transducers at

each actuator

A. 2 Compaction Energy of Servopac Gyratory Machi ne

Wth a Servopac gyratory machine, the conpaction energy is
transferred to the soil through the vertical pressure and
shear stress (Figure A 2). The nethod of estimating the

conpaction energy is presented as foll ows.

A.2.1. Wrk done by vertical pressure

From the figure provided by the Servopac gyratory nachine
software, the vertical pressure (stress) is not changed
over tinme. Therefore, the work done by vertical pressure

can be cal cul ated using the foll ow ng equation:

errti cal — P

vertici

. XAH (A 2)
where:  W,,,= the work done by the vertical force Py,

for the whole soil sanple

P.iw= the vertical force = p,u XA

ver

P.eica = the vertical pressure that is set before

the gyration
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A = the area of the cross section of the soil
sanpl e

AH

the total height change during the test

= Hbefore- H

after

H,«.= the height of the soil before the test

H. = the height of the soil after the test

The unit energy caused by the vertical pressure:

W

errtical = Vvertical (A 3)

volume

where : W,oiw = the unit work done by the vertical pressure
Ve = the volunme of the soil sanple after test
= Hge XA

The work done by the vertical force for the Sun Coast
Par kway soil was calculated and is presented in Table A1
The gyratory condition settings were as the follow ng:
vertical pressure = 200 kPa, gyration angle = 1.25 degrees,
nunber of gyrations = 90, and gyration rate = 20

gyrations/ m nute.

A 2.2. Wrk done by shear force
For the shear stress, s, the direction changes with tine.

During one cycle the value of the shear force can be seen
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as a constant nunber. For one cycle the work done by the
shear force can be calculated with the foll ow ng nethod.
During the gyration (Figure A 2), the center of the

top plane is noving around a circular path with a radius of
R equal to Htinmes 6. Wen the center noves frompoint Ato
point B, it changes the angle very little do.

Then the small arch distance, di=d¢xR (A 4)
The distance in X direction, dx = dtxsin(¢) = Rxdgxsin(¢) (A.5)

The di stance change in Y direction,

dy = dt xcos(¢) = Rxdgxcos(¢) (A. 6)
The shear force in X direction, S =Sxcos(¢) (A7)
The shear force in Y direction, S =Sxsn(g) (A 8)
The work done in the X direction,
W, = ISXxdx = J.chos(¢)>< Rx sin(¢)d¢ = 4><j:’23>< H x 0 x cos(¢) x sin(¢)d¢

(A 9)

The work done in the Y direction,
W, =_[Sy ><dy=J.S><sin(¢))>< Rxcos(¢)d¢=4xI:/ZSx H x 8 x cos(¢) x sin(¢)d¢

(A 10)

The total work done by the shear force,

W =W, +W, =4["“[Sx H x @ xsin(g) x cos(g) + (Sx H x & x sin(@) x cos(¢))]d¢
=4xHx0

(A 11)
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wher e:
H = height of the soil sanple
S = shear force S=sxA

s = shear stress fromthe software
D 2
A = area of the cross section, A::ﬂx(ézj

D = the dianeter of the cross section, D=150mm

The details of the calculation are shown in Table A 2 for
the foll owi ng conditions:

Sun Coast Parkway soi

vertical pressure = 200 kPa

gyration angle = 1.25 degrees

nunber of gyrations = 90 gyrations

gyration rate= 20 gyrations/ mnute

A. 3 Conparison of Energy from I npact and Gyratory

Conpacti on

From Tables A 1 and A 2, the energy for +the gyratory
conpaction (vertical pressure = 200 kPa, gyration angle =
1.25 degrees, gyrations = 90) is about 30,000 Ib-ft/ft3 The
maxi mum dry unit weight achieved wunder the gyratory

conpaction was about 109.65 pcf. However, the nodified
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Proctor conpaction method used the energy of 56,000 |Ib-
ft/ft3 but the maximum dry unit weight was 106.5 pcf. The
reason mght be that for the inpact conpaction method, too

much energy is |lost during conpaction.
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Table A.1 Work done by the vertical force

Vertical pressure

, 200000
pvertical (N /m )
The height of sample before compaction
0.1906
H before(m)
The height of sample after compaction
0.1754
H after (m)
The diameter of the cross section of sample
0.15
D(m)
The area of the soil sample
D, 0.01766
Amrrple =7ZX(E) (m )
The energy done by vertical force
U (Hbefore - Hafter )(N / 3) 17330
=p._. X X(—————)(N-m/m
v pvertlcal Asample Aforce < H e
The energy done by vertical force
_ 3 368.76
U, (Ib— ft/ fry = Dv(N=m/m’)
47x10
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Table A .2 Wrk done by the shear force

Number Gyration Shear Stress | Sample Height Work Done
Of Gyrations Angle (kPa) (mm) (N-m)
1 1.24 93 190.76 27.330
2 1.23 112 188.6 32.541
3 1.23 122 187.05 35.155
4 1.23 126 185.87 36.079
5 1.24 131 184.9 37.315
6 1.24 135 184.07 38.282
7 1.24 137 183.37 38.701
8 1.24 140 182.73 39.410
9 1.24 143 182.16 40.129
10 1.24 144 181.65 40.297
11 1.24 148 181.2 41.314
12 1.25 151 180.76 42.049
13 1.24 153 180.35 42.5095
14 1.24 155 179.98 42.976
15 1.24 158 179.65 43.728
16 1.24 159 179.32 43.924
17 1.24 162 179.02 44.678
18 1.24 162 178.73 44.605
19 1.24 164 178.46 45.088
20 1.24 164 178.18 45.017
21 1.24 166 177.97 45,512
22 1.24 166 177.75 45.456
23 1.24 168 177.54 45.949
24 1.25 168 177.33 45.895
25 1.25 169 177.14 46.119
26 1.25 169 176.97 46.075
27 1.25 170 176.78 46.297
28 1.24 172 176.59 46.792
29 1.24 172 176.42 46.747
30 1.24 172 176.27 46.707
31 1.25 173 176.12 46.939
32 1.24 174 175.97 47.170
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Number of Gyration Shear Stress | Sample Height Work Done
Gyrations Angle (kPa) (mm) (N-m)
33 1.24 175 175.82 47.400
34 1.25 174 175.69 47.095
35 1.25 172 175.54 46.514
36 1.24 174 175.42 47.022
37 1.24 175 175.3 47.260
38 1.24 176 175.21 47.506
39 1.24 176 175.09 47.473
40 1.24 176 174.96 47.438
41 1.24 176 174.84 47.405
42 1.24 177 174.74 47.648
43 1.25 178 174.64 47.889
44 1.24 178 174.52 47.856
45 1.25 178 174.43 47.831
46 1.24 176 174.32 47.264
47 1.24 177 174.23 47.508
48 1.24 178 174.13 47.7499
49 1.24 180 174.06 48.267
50 1.24 179 173.97 47.974
51 1.25 179 173.89 47.952
52 1.25 180 173.8 48.194
53 1.24 180 173.72 48.172
54 1.25 179 173.64 47.883
55 1.24 178 173.56 47.593
56 1.24 180 173.51 48.114
57 1.24 180 173.42 48.089
58 1.25 180 173.36 48.072
59 1.25 181 173.31 48.326
60 1.25 180 173.21 48.031
61 1.24 179 173.13 47.742
62 1.25 180 173.05 47.986
63 1.25 180 172.99 47.970
64 1.25 182 172.92 48.483
65 1.24 179 172.85 47.665
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Number of Gyration Shear Stress | Sample Height Work Done
Gyrations Angle (kPa) (mm) (N-m)
66 1.24 180 172.79 47.914
67 1.25 181 172.74 48.167
68 1.25 180 172.66 47.878
69 1.25 179 172.6 47.596
70 1.24 180 172.52 47.840
71 1.24 180 172.47 47.826
72 1.25 179 172.39 47.5383
73 1.25 178 172.33 47.256
74 1.25 180 172.28 47.773
75 1.25 182 172.22 48.287
76 1.25 182 172.15 48.267
77 1.24 181 172.09 47.985
78 1.24 180 172.05 47.7096
79 1.25 181 172 47.960
80 1.25 182 171.93 48.206
81 1.25 182 171.86 48.186
82 1.24 181 171.81 47.907
83 1.24 182 171.76 48.158
84 1.24 182 171.7 48.141
85 1.25 182 171.67 48.133
86 1.25 184 171.63 48.650
87 1.24 183 171.59 48.375
88 1.24 184 171.53 48.622
89 1.25 184 171.48 48.608
90 1.24 184 171.43 48.594
total work done by shear stress(90 gyrations) N-m/m3 4133.777
unit work of the soil sample (90 gyrations) Ib-ft/ft3 29047.602
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Figure A.1 The work schematic of the gyratory machine
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APPENDI X B

PROPOSED GYRATORY COVPACTI ON TEST PROCEDURE

B.1 Proposed Scope

This proposed test procedure provides a process for
determning the maxi mum dry unit weight, and optinmum water
content of the granular base/subbase materials wth a
SUPERPAVE Gytatory Conmpact or under condi tions t hat
represent a reasonable sinmulation of field conpaction
characteristics. This proposed gyratory test procedure for
| aboratory soil conpaction is a better alternative to the
Modi fied Proctor test procedure which did not produce the
maxi mum dry unit weight to match the field test value and
did not produce a satisfactory bell shaped conpaction curve
for the sandy soil. The properties (optinmm water content
and maximum dry unit weight) related to these procedures

can be used as the specification for field conpaction.
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B.2 Summary of the Proposed Test Mt hod

Gyratory conpactions are repeated with fixed conditions of
vertical pressure, gyration angle, gyration rate, nunber of
gyrations, and different water content |levels to produce
the relation curve between the water content and dry unit
wei ght. The maxi mum dry unit weight is obtained for the use

of field conpaction.

B.3 Significance and Use

This proposed standard test procedure for |aboratory soil
conpaction with the SUPERPAVE Gyratory Conpactor can best
simul ate the physical condition of the soil subjected to
field conpaction. Test results fromthis proposed procedure

can significantly match the field conpaction test results.
B.4 Basic Definitions

1. Moi sture content (w) is also referred to as water

content and is defined as the ratio of the weight of
water (W,) to the weight of solids(W,) in a given
vol ume of soil

we N (B. 1)
WS
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Wt unit weight (y) is the weight of soil (W) per unit
vol une(V).

y = (B.2)

w
Vv
Dry Unit Weight (ys) is the weight per unit volune of

soi |, excluding water.

We 7
aTv

= (B. 3)
Vertical Stress is a nunerical paraneter that defines
the vertical or axial-stress in kPa to be applied to
t he speci men during a conpaction run.

Gyration Rate is a nunerical paraneter that defines
the nunber of gyrations per mnute of the nmachine
during a conpaction run.

Gyrations are the total nunber of cycles the nold wll
rotate.

The gyration angle is the anplitude of the nold

rotating.
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B.5 Proposed Appar at us

The proposed apparatus for gyratory conpaction is a
SUPERPAVE gyratory conpactor. The gyratory conpactor used
for this application is a Servopac Gyratory Conpactor
(Figures B.1 and B. 2).

The vertical force (conpression) is applied using a
digital servo (load) controlled, pneumatic actuator. A |oad
cell is used to neasure the vertical force and the signals
are used to accurately set and maintain the vertical stress
during conpacti on.

Three gyratory notion actuators are attached to a nold
carrier that clanps the nold securely during conpaction. A
pneumatical |y operated base pedestal, located in the center
of the nold carrier assenbly, is used to |lower the nold and
its contents into position prior to clanmping. The nold is
uncl anped and the base pedestal is raised automatically, at
the conpletion of the conpaction process.

A specinen extraction unit is located at the front of
the machine. The extraction ram operates pneunatically and
derives its air supply fromthe main unit. The connecting
tube is coiled to allow the extraction unit to be detached
fromthe main unit and rest on the floor wthout the need

to di sconnect it.
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The basic machine has an LCD display and keypad, which
allows the basic functions to be accessed and altered, i.e,
vertical stress, angle and speed of gyration, target
speci nen height and/or nunber of gyrations; as well as
di splaying the specinmen height and nunber of gyrations
during the conpaction process. An  optional per sonal
conputer (PC) may be connected to the Servopac to access an
i ncreased nunber of nopdes and features and generate graphic

plots (Figure B.3).

B.6 Testing Procedures

1. All water should be elimnated in the air pressure
hose that is applied to the Servopac Gyratory Machine
before the power is turned on.

2. The Servopac power is turned on, then the air pressure
is applied and increased to about 100 kPa.

3. A representative sanple of the soil or subbase/base

course material proposed for use in the pavenent is

obt ai ned.
4. The water content is selected for the test specinen.
The sample of soil or subbase/base nmaterial s

thoroughly mxed at the selected water content. The

required water is mxed with about a 5000-g portion of
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the soil. This sanple is allowed to cure for a few
hours or overnight in a closed container in order to
obtain an even noisture distribution.

The bottom platen is placed in the nold, and then one
of the two round disks is placed on the bottom pl aten.
The required weight of cured material is added into
the gyratory nold and hand tanped (with care that the
l[imt line is observed). After putting in the soil
material, the other round disk is placed on the top of
the soil material (Figure B.4).

The nold and its contents are slid into the Servopac,
until the nold cones to rest against the two |ocating
pegs fitted to the nold carrier (Figure B.5).

The ‘MOLD LOWNER button is pressed and careful
observations verify that the nold was | owered through
the center of the nold carrier.

The “MOLD LOCK” button is pressed.

The gyratory paraneters in the PC program are sel ected
as the foll ow ng:

Vertical pressure = 200 kPa

Gyratory angl e = 1. 25 degrees
Nunber of gyrations = 90 gyrations

Gyration rate = 20 gyrations/ mnute
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10.

11.

12.

13.

14.

15.

The “START” key is pressed. The door is then |owered
automatically (Figure B.6).

Wien the termnation conditions are satisfied, the
door is opened and the nold is unl ocked and rai sed.

The nold is gently pulled forward and across, over the
extraction platen and the specinen is ejected by
operating the “EJECT” switch (Figure B.7).

The specinmen height is recorded, and saved in a file
for later use.

The soil specinen is weighed (Figure B.8).

The soil specinen is split yielding about 100-g soi
fromthe top, mddle, and bottom of the specinen al ong
the axle of the soil specinmen. Then the sanples are
dried with a mcrowave oven about 10 minutes to obtain

the water content.
B.7 Cal cul ati on

The noi sture content is cal cul at ed.

W= WW _ Wbefore _Wafter
Ws (Wafter _Wbowl )

(B. 4)

VWher e:

w = moisture content of the soil specimen
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Wisore = Weight of the wet soil and thebowl beforethe soil isdried

W,,., = weight of thedry soil and thebowl after the soil has been dried

W, = Wweight of the bowl

The dry unit weight is calcul ated.

From the weight, height of soil specinen, dianmeter of

the nmold, and water content, the dry unit weight is

obt ai ned.

w (B. 5)

" [m{zjzx Hjx(1+ W)

VWher e:

¥y = dry unit weight of soil specimen
W = weight of the soil specimen

D = diameter of mold D =150 mm
H = heght of soil specimen

w

= water content of soil specimen

B.8 Data Presentation

B.9 and B.10 illustrate the conpaction curves

procedure for A-3 soil and

Fi gures

obtained from the gyratory test

From t hese conpaction curves, the

A-2-4 soil, respectively.

maxi mum dry unit weight (vimx) and optinmum noisture

content (wopt), Which is the water content corresponding to
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Yd(max) can be determned. The maximum dry unit weight
(vd(max)) and optinmum water content (wop) can then be used

for the field specification.
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Figure B.1 Gyratory nmachi ne
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Figure B.2 Schematic of Servopac gyratory nmachi ne
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Figure B.4 Filling the soil in the nold
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Fi gure B.6 Running the gyratory nmachine
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Figure B.7 Ejecting the soil sanple fromthe nold

Figure B.8 The soil sanple after gyration
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Gyratory Compaction Test (A-3 Soil)
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Figure B.9 Illustration of compaction test results for A-3 soil
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Gyration Compaction Test (A-2-4 Soil)
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Figure B.10 Illustration of gyratory conpaction test results for A-2-4 soil
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