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A GYRATORY COMPACTOR FOR MOLDING LARGE DIAMETER TRIAXIAL
SPECIMENS OF GRANULAR MATERIALS

1. SYNOPSIS

A mechanical gyratory compactor is described which was developed for
fabricating 6-inch diameter by 12-inch high triaxial test specimens of granular
materials. The apparatus was constructed after a review of existing laboratory
compaction techniques and equipment which indicated that suitable, economical
methods for this purpose were not available. A detailed description of the
compactor is presented as well as a detailed discussion of the compactor:
operation. Fabrication drawings of the compactor are not included, but they .
are available upon request. ‘

In principle, the compactor is a mechanical modification of the manual :
gyratory compactor developed in the early 1940's by the Texas Highway Depart-
ment for molding asphaltic concrete specimens. The excessive forces required
to gyrate and then level large specimens of granular materials necessitated
a unique gyratory model, but the components useéed in the compactor are, for the
most part, stock items which are readily available:. -

Operation is semiautomatic and requires no manual effort on the part of
the operator. An important feature of the compactor is the wide latitude in the
applied compactive effort; it can be varied by changing the magnitude of the
vertical pressure, the angle of gyration, the speed of gyration, and the number
of gyrations.  Electronic equipment for obtalmng a measure of the compactive
effort is.included on the compactor.

It is necessary to develop special compaction molds ~-- one being of
ceramic-lined steel which represents a new and potentially valuable concept
in compaction molds. :

A subsequent publication will study the ability of the compactor to perform
its design objectives. At this time, however, cross~-sections of compacted
specimens show no particle segregatlon and densities of rephcate specimens
are virtually idéntical. :



2. INTRODUCTION

Increases in traffic volumes, and in the weights and tire pressures of
commercial vehicles, have placed heavy demands on the load carrying capacities
of modern highways. In particular, the near surface layers of flexible pavements
(the granular base course materials ) have been affected shear fa1lures and
settlement caused by traffic compaction are not uncommon :

The factors influencing the performan’c‘e,of granular base coursee materials
are usually surmised from observation of field test sections or model pavements.
Laboratory investigations where the variables could be more closely controlled
than in the field have been severely restricted owing to the difficulty of
fabricating representative specimens of these ma;erials in the lapboratory.

Purpose of Research

One of the primary objectives of this project was to develop a suitable
method of fabricating specimens and determining laboratory compaction
characteristics of granular materials, The need for this study became
apparent from the results of two other projects conducted by the Texas
Transportation Institute. ’

Phase Three of Project 2-8-62-32, "Application of the AASHO Road Test -
Results to Texas Conditions, " was a field sampling and testing study. It -
was the intent of this study to compact the materials in the laboratory at
their in-situ moisture contents, densities, and gradations and then determine
the strengths of the remolded specimens. But in many cases the Texas Highway
Department District Laboratories found it impossible to reproduce these
conditions on granular materials using the standard Texas Highway Department
Laboratory compactlon method.

A portion of Project 2-8-62-27, "Distribution of Stresses in Layered Systems
Composed of Granular Materials," was devoted to determining the strength and
deformation characteristics of granular materials subjected to repetitive triaxial
loading in the laboratory. One of the greatest difficulties encountered in this
research was the fabrication of suitable specimens of the materials using the
Texas Highway Department compaction method modified to make 12-inch high
triaxial specimens. In spite of this, the general repetitive triaxial testing program
was successful enough to warrant additional testing, not only on specimens
compacted at optimum moisture content, but on ones compacted at the in-situ
conditions. But first it was necessary to be able to fabricate 6-inch diameter by
12-inch high triaxial specimens which would meet the following requirements:

A. Be reproducible from specimen to specimen.
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B. Be uniform throughout the specimen length insofar as density,
moisture content and gradation were concerned.

C. Be capable of being molded at in-situ moxsture contents,
densities, and gradations.

Before an attempt was made to develop a new 1tem of equlpment to accomplish
the above objectives, a review was made of available compaction methods and
equipment to see if any of these were suitable or could be modified to accomplish
the objectives. :

Scope of Réport

This publication is restricted to the design, construction, and operation
of a compactor developed to accomplish the above objectives. Results of an
investigation of the ability of the gyratory compactor to perform its des1gn
objectives will be the subject of a subsequent publication.



3. REVIEW OF LABORATORY COMPACTION PROCESSES

General

Below is presented a brief summary of laboratory compaction methods which
are used or have been used to determine compaction characteristics of soils
and to prepare disturbed specimens for subsequent testing. No attempt has
been made to present a detailed discussion of these procedures. For this, the
reader is referred to the excellent works by Johrison and Sallberg (5), Johnson
and Guinee (4), Foster (3), and reports of the Waterways Experiment Station
(9). Instead, this review is confined to a short description of the more common
methods, their shortcomings and their advantages, particularly as related to the
purpose and scope of this report.

Impaction Compaction

-The first scientific approach to determine laboratory compaction characteristics
of soils is generally credited to R. R. Proctor (1933). His procedure was
slightly revised and adopted as a standard by the American Association of State
Highway Officials in 1939 (AASHO Designation: T-99); later it was modified to
allow higher compactive efforts ( AASHO Designation: T-180). This method is
generally termed impact compaction, i.e., the soil is compacted in a rigid mold
by dropping a hammer of known weight on it from a specified height.

Numerous modifications of impact compaction procedures have been developed
to suit specific requirements. For example, the Texas Highway Department uses
a procedure in which four 2-inch thick layers of soil are compacted in a 6~inch
diameter mold. An automatic compactor with a 10-pound hammer having an 18-inch
drop is used to compact the 8~inch-high specimen. As opposed to the standard and
modified AASHO methods -- which now allow 3/4-inch maximum size aggregate --
the Texas Highway Department method allows 2-inch maximum size aggregate,
thereby eliminating; in most cases the need for correcting laboratory results to.
compensate for larger aggregate which might be used in the field.

In the authors' opinion all impact methods have certain inherent disadvantages,
particularly for granular materials. Some of these are:

A, Aggregate distribution and orientation are unlike those which occur
in field compaction.,

B. Stress-strain curves are not similar to stress-strain curves

obtained from field compaction specimens. (This is undoubtedly
influenced to a great extent by A. above. )
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C. It is extremely difficult to produce a finished surface on compacted

-~ specimens of granular materials, particularly when large diameter
'partlclés are used. The surface must be smoothed manually which
often results in poor gradatlon and a densﬂcy gradlent in:-the hand
finished surface. :

D.. -Reprod‘ucibility’ of results is difficult to achieve, even when machine
compaction is used. This problem is much more pronounced in
granular than in fine grain materials; it is probably influenced
‘significantly by differences in aggregate distribution and orientation
between specimens, and also by variation of the hand finishing operation.

E. The opti‘mum'moisture content and dry unit weight obtained in the
laboratory are not the same as those obtained with compaction
equipment under actual field conditions.

Another problem with impact compaction, closely related to the project objectives
is the difficulty of obtaining desired combinations of moisture content and density.
The primary variables which can be controlled in impact compaction are the weight
of the hammer, the height of hammer drop, and the number of blows per layers.

(The layer thickness can also be varied, but in granular materials the minimum
thickness is fixed by the size of the largest particles.) If any of these are increased
to achieve high densities at low moisture contents -- and this has been found

to be the case with many in-place course materials -- much of the additional
compactive energy-is spent in degrading the material rather than in compacting it.

For several years, staff members in the Pavement Design Department of the Texas
Transportation Institute have tried various modifications of the impact compaction
method to produce specimens which meet the objectives described earlier. And in
the authors’ opinion, it has been very impracticable if not impossible, to compact
specimens at a predetermined moisture content and dry them to obtain a uniform
preselected combination of moisture.and density. .It should be pointed out, that in
order to study the effect of moisture and density on the life of a specimen in a
repetitive triaxial testing, it was considered highly -desirable to devise a technique
capable of varying moisture and density independently. Suffice it to say that no such
technique involving impact compaction was found.

Static Compaction

When material is compacted in a mold by applying static compressive loads to
plungers on one or both ends of a'specnnen confined in a rigid mold, the process
is generally termed static compactlon ‘The plungers cover the entire area of the
specimen. :

Static compaction is often used for preparing specimens of bituminous mixes,
and it has been used in certain types of soil testing procedures; however, there is
no standard method describing the procedure to be used for soils. At first glance,
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this would appear to be a very suitable method for compacting granular materials
since it can produce cylindrical specimens which do not require hand finishing of
the top: surface. The rate of loading and the applied pressure can be easily varied
and the only factor limiting the diameter of the mold is the capacity of the press
applying the compressive static load. :

On the other hand, this method does notreproduce field compaction characteris-
tics. And as the particles are not oriented in the same direction as they would
be under field compaction, it is unlikely that suitable stress-strain curves would
be obtained from specimens prepared by static compaction. But more important,
tests performed locally have shown that friction between the particles and the mold
wall tend to produce significant density gradients when specimen helght approaches
or exceeds specimen diameter.

Kneading Compaction

It was recognized rather early in the scientific study of soil compaction that
neither impact nor static compaction simulates field compaction. Compaction
equipment such as sheepsfoot and rubber-tired rollers apply their loads to the
soil with little or no impact and they produce a slight shoving or kneading action..

The California Highway Department developed a mechanical kneading
laboratory compactor in'1937. A revised design of this compactor has been adopted
in a standard procedure (AASHO Designation T-173) using either 4- or 6~inch
diameter molds.

, In 1950, Wilson (11) developed a kneading compactor subsequently termed

the Harvard miniature compactor. The soil is compacted in a small mold (1-5/16~
inches diameter by 2.816-inches high) with a manually operated spring-loaded
plunger. This method has many advantages for fine-grained soils, but the small
mold size makes it unsuitable for granular materials. However, the mechanism
could be redesigned to accommodate a larger mold. :

A limited number of granular base course specimens were compacted here by
the kneading method using a commercially manufactured version of the California
Highway Department machine. In this machine, a hydraulic-specimen, applies a
preset pressure on the specimen for a predetermined dwell time, and repeats the
process over the surface of the specimen. While there may have been some benefits
insofar as aggregate distribution and orientation were concerned, the tests were
terminated when it was apparent that the surface of the specimen would require
hand-finishing as in the Texas Highway Department method. A minor problem,
which probably could have been overcome, was the tendency of the compaction
foot to throw material from the mold on its upward stroke.



Vibratory Compaction

For cohesionless soils, primarily sands, vibration has become a well-known
method of achieving compaction of soils. In nearly all methods, the material is
confined in a rigid mold, a surcharge weight is placed on the surface of the -
material, and either the wall of the mold is tapped or the entire mold is placed on
a vibrating mechanism.

Owing to the tendency of cohesionless materials to "bulk" when partly
saturated, vibratory compaction is usually carried out on oven-dried material.
Dense graded base course materials contain sufficient fines that they require
water for lubrication during compaction, even though the fine material may be
nonplastic or nearly so. Thus, laboratory vibratory compaction is not effective
on these materials although satisfactory results have been obtained with field
vibratory compaction.

For the purposes of this project, laboratory vibration did not appear to be

a satisfactory method because of the difficulty of obtaining specified combinations
of moisture content and density with dense grade_d base course ma;erials,;

Gyratory Shear Compaction

As far as is known, the idea of compaction by imparting a gyratory shear
action to specimens was originated by the Texas Highway Department in the early
1940's for preparation of bituminous mix specimens. In this method, which is
still used by the Highway Department, a 4-inch I.D. mold, held.in:a mold.chuck;:.
is gyrated manually while a vertical pressure is applied to both ends (so-called
double plunger action). Since the plungers cover the entire mold surface, smooth
end surfaces are automatically obtained. To produce a right circular cylinder at
the completion of compaction, the mold chuck is manipulated into the correct
position and a final vertical seating load is applied. '

Recently, the Texas Highway Department motorized the gyratory compactor.
The basic principles remain essentially unchanged.

The Ohio Highway Department developed a gyratory compactor which was reported
by Kimble (6) in 1962. ’

Perhaps the most widely known gyratory compactor was developed by the Corps
of Engineers’ Waterways Experiment Station at Vicksburg, Mississippi. The
compactor is a semiautomatic, self contained unit developed primarily for the
preparation of 4-inch diameter by 2-1/2-inch high specimens of asphaltic
concrete (10). In principle, it is a highly mechanized version of the original
Texas Highway Department gyratory compactor. As the specimen is gyrated
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through a preset angle, the compactor produces a graph, coined a "gyrograph."
The width of the gyrograph is a function of the gyratory angle through which the
specimen is gyrated. Changes in the width of the gyrograph during compaction
of a specimen are produced by a change in the resistance of the specimen to
gyration.

The above gyratory compactor has been modified to produce 6-inch diameter
specimens and it can be further modified to produce 6-inch by 12-inch cylindrical
specimens (7). It is now produced commercially by Engineering Developments
Company, Vicksburg, Mississippi.

Recently, the Waterways Experiment Station and others have used the
compactor to prepare specimens of granular base course materials. Although
published results are concerned with specimens whose height is less than
their diameter, the results are encouraging.

Parsons((&)'used the compactor to prepare 4-inch diameter specimens of a
crushed limestone base course. He was able to produce a wide range of density
and moisture content combinations by changing the compactor variables. He, and
others, have detected a widening of the gyrograph band at certain combinations
of moisture content and density which could be attributed to an increase in the
pore pressures with increased compactive effort.

Al-Tlayla (1) compacted specimens of a crushed caliche limestone which
was also used for repetitive triaxial tests conducted under Project 2-8-62-27.
He was able to obtain densities nine pcf higher than those obtained with the
same material compacted by the standard Texas Highway Department impact
compaction method. This was achieved without significant degradation of the
material, whereas, if the impact compactive effort was progressively increased,
a maximum density increase of only three pcf could be obtained (2). It is
interesting to note that under repetitive triaxial loading, the density of the
material -- compacted initially by the standard Texas Highway Department method --
increased about 7 pcf or roughly the same increase Al-Layla was able to achieve '
with gyratory compaction. ‘

Both Parsons and Al-Layla observed that considerable water extruded from
wet specimens prepared at high compactive efforts. This created some doubt as
to whether the initial or final moisture content should be used for plotting moisture
content versus density results. Otherwise, the gyratory compactor was adjusted
quite satisfactory for preparing specimens of granular materials.

Summary

Impact, static, kneading, vibratory and gyratory compaction methods were
examined to determine their applicability for fabricating large diameter specimens of
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granular materials. These five compaction methods encompass the general range -
of methods which are available, but variations and combinations of each technique
have been developed which, in some cases, are extensive enough to virtually
disguise the basic method. '

Fach compaction method undoubtedly has certain advantages, but only the -
gyratory shear method appears to have the prime requisites to satisfy the desired
objectives outlined earlier. Impact and kneading methods require hand finishing
to smooth the surface of the compacted specimen. With static compaction, the
final surface is smooth but a high density gradient occurs through the length of -
long cylindrical specimens and there are few variables which can be changed to
~achieve the desired range of density and moisture content combinations. Vibratory
methods certainly have their place with cohesionless materials, but dense graded
base course materials contain sufficient fines so that they need mojsture to
achieve lubrication. Vibratory methods do not appear suitable for these materials.

While the gyratory method appears most suitable, there is only one
commercially available gyratory compactor, and it was developed primarily to
compact a specimen whose height did not exceed its diameter. Thus, the
decision was made to develop a new gyratory compactor designed specifically to
fabricate long cylindrical specimens of high strength granular materials. The
remainder of this report is concerned with this compactor, its description and
operation.



4. DESCRIPTION OF THE GYRATORY COMPACTOR

General

Once the decision was made to use the gyratory principle for fabricating
specimens, it was necessary to develop a gyratory ‘me-,c’ha‘nism sturdy enough to
withstand the large forces necessary for granular ma,t'erial‘s, but with the
capability of leveling up the specimen at the end of gyration to produce a right
circular cylinder. While this might justly be regarded as the primary design
problem, the development of a satisfactory compaction mold, and a means of -
measuring or indicating the compactive effort, also regiiired caréful considera-
tion. In addition, since the compactor was to be primarily an item for research,
every effort was made to insure complete flexibility of operation and close
control of the machine variables. ' ’

- The gyratory mechanism eventually developed bears some similarity in
principle to the apparatus described by Kimble, however, the method by which
it operates is different. The principle of operation for the compactor is described
below.

Principle of Operation

The mold is gyrated about a fixed point at the bottom of the mold so that
the center line of the mold circumscribes a cone whose vertex concides with
the center of the mold base. The actual operation can be explained with respect
to the schematic diagram shown in Figure 1.

v Mold A, containing the soil, is clamped in the split mold chuck, B. The
gyratory arm C, is affixed to the mold chuck and connected to the upper hydraulic
ram by a spherical ball bearing, E. The hydraulic ram, D, forces the gyratory
arm off center, tilting the mold axis to the desired gyratory angle, 8. When the
rotating plate unit turns, a gyratory motion about the fixed base plate F is
imparted to the entire mold chuck assembly.

Vertical pressure on the specimen is applied by the ram G. By keeping the
bottom of the mold suspended off the fixed base plate assembly, F, a double
plunger effect is produced. Note that the bearing plate H is free to move in a
horizontal plane; it slides on a virtually frictionless assembly, I, attached to
ram G. Pressure to the two rams is supplied by a hydraulic pump-power unit.
Each ram has a separate pressure regulator, control valve and gauge. The
rotating plate unit is powered by a variable speed drive.

Figure 2 and 3 are front and side views of the compactor.
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Figure 2: Front view of gyratory compactor
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The unique feature of this compactor is that several factors influencing the
degree of compaction are capable of being varied. These are:

A. The vertical pressure, p, which can be regulated from zero to 500 psi.

B. The gyratory angle, 8, which can be varied up to four degrees and then
returned to zero to level up the specimen.

C. The speed of gyration, w, which can be adjusted up to a maximum of
25 gyrations per minute.

D. The number of revolutions, N, which is controlled by a preset
’ predetermined counter-switch.

In addition, there is a fifth variable, related to another operation the compactor
can perform, which will be discussed later.

The key items of equipment which enable the compactor to perform satisfactorily
are a rotatory union, a spherical ball bearing, and a variable speed drive. The
rotatory union provides a means whereby two pressurized hydraulic lines can be
transmitted through a rotating shaft to a double acting ram. Such an arrangement
provides a means whereby the gyratory angle can be maintained or changed
during gyration. :

The spherical ball bearing, permits both rotational and angular movement
so the gyratory arm can effortlessly assume the correct position.

The variable speed drive has a calibrated dial to accurately control the
speed of gyration.

Compaction Mold

‘The configuration of the mold and the material from which it is made can v
significantly influence the compactor's ability to produce satisfactory specimens.
The large peripheral area of 6-inch diameter by 12-inch high specimens necessitates
large forces to extrude the specimens from the compaction mold.. These forces
can, in turn, create significant disturbance of the specimen. In addition,
excessive friction between the mold walls and the specimen exterior can not only
increase the extrusion force, but it can also cause density gradients by preventing
the central portion of the specimen from receiving the full applied vertical force.

Obviously, the solution to these problems is a mold of smooth, hard interior

surface which is also gplit longitudinally so that the specimen can be removed easily.
Different molds have been tried on the compactor to secure the optimum arrangement.
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The initial mold was constructed from the same high tensile strength steel
used for the present 6-inch diameter Texas Highway Department compaction
molds (see Figure 4). The mold was split longitudinally (on one side only)
to facilitate removal of the compacted specimen. However, the high tensile
strength steel was not sufficiently hard and the interior of the mold quickly
developed striations and excessive roughness.

Subsequently, a mold of hardened steel with a highly polished interior was
obtained (see Figure 5). The hardness of this mold was 62 on the Rockwell C
scale which is roughly equivalent to the hardenss of quartz (7.5 on the Moh
hardness scale), the hardest natural material anticipated in granular soils.
This particular mold could not be split due to its hardness; as a result high
extrusion forces were required. Nevertheless, the mold interior showed no
visible markings after many specimens were compacted in it, and it appeared
promising enough to have a special split hardened mold manufactured for further
trials. ‘ :

The new mold has a wall thickness of 3/8-inch; its interior is case~hardened
to a Rockwell C hardness of 58. The mold chuck is precisely machined to fit
around the exterior of the mold, thus eliminating the need for any external
connection between the two. The two mold sections are positioned with dowel
pins which also prevent one section from sliding with respect to the other.

Rubber gasketing (0-ring material) fits in grooves along the longitudinal seams to
prevent extrusion of soil and water from the seams during compaction. The mold
is shown in Figure 6.

An additional mold was also manufactured which is identical to the above
mold except a hard ceramic coating was sprayed on the interior surface, then
ground to the same dimensions and smoothness as the hardened steel mold
(see Figure 7). The ceramic coating was subsequently impregnated with teflon,

primarily to prevent moisture from penetrating the coating and attacking the base
metal. In addition the teflon reduces the coefficient of friction of the ceramic
coating. Theoretically, the hardness of the ceramic coating is 9 on the Mohs scale.
The combination of hardness, smoothness and possible lubrication from the
impregnated teflon shows considerable promise for this as a mold coating material,
The ceramic coating has an additional advantage: it can be easily replaced if
damaged. This is not feasible with the case-hardened steel mold.

Tests are currently being performed to determine which interior surface is
mo st satisfactory.

Plans for the Compactor:

A detailed set of plans and a parts list which includes component trade names
are available to interested parties. Requests for these items should be directed to
the Pavement Design Department, Texas Transportation Institute, Texas A& M
University, College Station, Texas 77843.
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Figure 4: Split »comp,action mold initially _ , ‘
used with the compactor : Figure 5: Hardened steel compaction mold



‘Figure 6: Split surface hardened
- steel compaction mold

Figure 7: Split ceramic-lined
compaction mold



5. COMPACTOR OPERATION

General

It is most convenient to place material in the mold after first removing the mold
and base plate from the compactor.

The split mold is held together with circumferential bands while it is filled,
and a pair of split rings are placed beneath the mold so its base does not rest
on the base plate (see Figure 8). It is desirable to place the material in the
mold in six layers, each layer being separately recombined from graded sizes of the
aggregate and a sufficient amount to be approximately two inches high when
compacted. It should be emphasized that the material is not compacted in separate
layers but merely placed in the mold in this manner to encourage uniformity of
gradation throughout the length of the specimen. Even so, caution must be
exercised to prevent segregation when placing the separate layers.

The material is lightly spaded around its periphery with a spatula; the bearing
plate is placed on the material inside the mold; and the filled mold and base plate
are moved to the compactor. There, the base plate is bolted in place; the mold
chuck is clamped around the mold; and the split rings are removed from under the
mold.

From this point on the actual compactor operating procedure cannot be
prescribed until results are available from research on the compactor variables.
The following is a discussion of possible combinations of the variables which
may be used. Refer to Figure 9.

Gyratory Angle

The gyratory angle can be set at a maximum setting of up to 4° by setting
stop screw J at. a distance to create the desired gyratory angle, 8. In addition,
the angle may be decreased at a controlled rate during gyration for leveling the
sample. '

Valve K is a three position valve which controls the action of ram D, in
either direction. The center position is neutral or off. Flow restrictor L controls
the flow of hydraulic fluid to one port of ram D, thus controlling the speed at
which the angle can be decreased. Gauge M shows the line pressure to ram D
which is controlled by regulator N. Five-hundred psi is sufficient pressure to
change the angle either during gyration or when the machine is off.

Speed of Gyration

The speed of gyration is set with handcrank o on a Graham variable speed drive
which transmits motion to the rotating plate assembly. The drive may be set at any
speed from 0 to 25 r.p.m. or manually changed during gyration within this range.
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Figure 8: Compaction mold ready for filling






Vertical Load

A vertical load on the specimen is achieved with ram G. The hydraulic pressure
in ram G may be set from 0 to 600 psi with regulator P and accurately read on gauge Q.
Valve R has three positions which control the direction of travel onram.G.. Center
position is neutral or off.

In addition, the rate of descent of ram G can be controlled by manipulating
flow control valve S. When this arrangement is used full load is achieved on the
specimen when downstream pressure gauge Q reads the same as upstream gauge T.

A fixed distance between the ends of the specimen can be maintained during

gyration by closing valve U after an initial load has been applied.

Number of Revolutions

The desired number of gyrations for any given sample is set on counter V
(a preset, predetermined revolution counter) so that when that number is reached,
gyration ceases. Gyration is begun by turning switch W on.

Collection of Data

At the end of gyration, the vertical load is released, the mold chuck is
released from the mold, and the base plate is unbolted from the frame. The entire
base plate, mold and specimen are removed from the machine.

The split mold is then pulled away from the specimen, the heightis measured,
and the specimen is weighed. Specimens of granular material molded at high
moisture contents may extrude water and fines under high compactive efforts.
This will be caught in the trough of the base plate; if desired, it may be recovered
and also weighed. '

By knowing the weight and dimensions of the molded gpecimens, its molded

density can be computed. The specimen is then ready for subsequent testing or
for oven~-drying if its molded moisture content and dry density are desired.

Discussion of Variables

To determine the most effective procedure certain variations remain to be tried.
In particular, the sequence of applying the vertical pressure and gyratory action, and
the number of gyrations required to level the specimen, need additional study. So
far, attempts have been made to a) apply the full vertical pressure before initiating
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gyratory action, b) simultaneoulsy apply the full vertical pressure and initiate
gyratory action, and c) allow the vertical pressure to slowly increase from zero
to the desired maximum as gyration proceeds. The rate at which the vertical
pressure increases can be controlled either with valve S, with pressure regulator
P, or by a combination of both. :

The rate at which the specimen should be leveled is apparently a function of
the strength of the specimen. One of high strength may require several
gyrations while a weaker specimen may require only a few gyrations.

In general, these are techniques which must be examined in detail and it is

quite possible that different variations will be required with different materials.

Operation of the Compactor as a Variable Strain Apparatus

When the compactor is used with a constant gyratory angle it is a fixed strain
apparatus. However, it is possible to adjust the regulator, N, (see Figure 9) at
a low enough pressure so that the resistance of the specimen to gyration will
overcome the force exerted by ram D, thereby producing a tendency for the specimen
to decrease its gyratory angle and even to level itself up. The resistance to
gyration is a function of the strength of the specimen, thus it represents a means
whereby the compactor may also serve as a testing or strength measurlng device,
particularly for applications involving repeated loading.

Variation of the pressure governing the gyratory angle is the fifth machine
variable mentioned earlier in the report, (It should be mentioned that the
Waterways Experiment Station gyratory compactor can also be adjusted so it
performs a similar function.) Although this is a by-product of the original design,
it appears to have great potential for evaluating strength characteristics under
repeated shear and it warrants further investigation, '

Measurement of Compactive Effort

Measurement of the effort required to compact a specimen is an indication of
its strength characteristics. This has been accomplished on the gyratory compactor
by use of a full bridge, temperature compensated strain gauge arrangement mounted
-on the main drive shaft (Item X, Figure 9). These gauges measure the torque required
to drive the gyratory arm. The output from the strain gauges is recorded on a Mosely
136A X-Y recorder. The instrumentation is shown in Figures 10 and 11. A typical
recording from the strain gauge bridge is shown.in Figure 12,

A linear potentiometer has been mounted on the compactor to provide an

instantaneous recordingof the specimen height onthe X-Yrecorder. In additiontoknowing
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Figure 10: Strain gage installation on Figure 11: Mosely recorder and bridge
drive shaft of compactor balance unit



Figure 12: Recording obtained from strain gage installation




how high the specimen is at any time, simultaneous records of specimen height and
applied compactive effort should provide vital information for a better understanding
of the relationship between compactive effort, density, and perhaps, strength of
granular materials.
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6. DESIGN PROBLEMS AND RECOMMENDATIONS POR
FU’I‘URE 'MODELS

Because the actual compactive energy could not be predetermined, the
compactor was, of necessity, constructed without knowledge of the forces involved.
After initial trials, it was obvious that some components were overdesigned and
that others needed strengthening. In particular, revisions were necessary in the
gyratory drive unit and in the main hydraulic ram which applies the vertical load.

The variable speed drive, as received, did not provide sufficient torque
to gyrate specimens at low speeds when high vertical pressures were used. Two
gear reduction units of 10:1 ratio each, connected in series and then attached to
the output shaft of the variable speed drive, have eliminated this problem. Two
units were used mainly because they were readily available; a single Graham
variable speed drive of 0 to 30 r.p.m. output, mounted vertically, would be more
desirable. This would also conserve more space beneath the compactor table.

Before the upper frictionless assembly was perfected, the lateral forces
transferred to the main hydraulic ram were quite high. Not only did these
forces produce excessive flexure in the ram piston, but also they threatened to
damage the bushings and seals. This was remedied by replacing the original
piston with a high-yield strength steel of increased diameter, and by installing
a linear ball bushing in the ram for the piston to travel through. These modifications
were necessary because standard hydraulic rams are not designed to withstand
such large lateral forces.

The over-all dimensions of the compactor are quite large and they cauld be
reduced, particularly the height. This could be done by inverting the rotating
plate unit and gyrating arm so that the rotating plate would be located beneath the
compaction table. This would also simplify power transmission from the variable
speed drive to the rotating plate. In addition, the main hydraulic ram might be
placed beneath the compaction table where it would apply pres sure against the
base plate rather than at the top of the spemmen

Another modification would be the substitution of 1/4-inch hydraulic lines
throughout the compactor in place of the present 3/8-inch lines. This should still
provide ample fluid volume and would greatly reduce the cost and size of pressure
regulators and valves.
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7. CONCLUSIONS

The gyratory compactor reported herein was developed specifically for molding
6-inch diameter by 12-inch high specimens of granular materials for repetitive
triaxial testing. Although the test results are limited at present, the compactor
appears capable of achieving its design requirements as stated earlier in the report.
The compactor has several variables which can be altered to produce a desired
combination of dry unit weight and moisture content. A detailed investigation is
now in progress to determine the influence of each of these variables on the
compaction characteristics of granular materials. Presently, replicate specimens
can be molded with a variation of less than 0.5 pcf in their densities.

One of the most encouraging facets of the compactor is its ability to mold
specimens of granular materials without apparent segregation. This is well
illustrated in Figures 13 and 14, which show cement-stabilized specimens which
were sawed after curing. The top picture is typical of a specimen molded by the
impact procedure: coarse aggregate is located in the middle of each layer and an
obvious layering effect is visible. The lack of coarse aggregate near the hand-
finished surface is also evident. Certainly this has a significant effect on both
the compaction and stress-strain characteristics of the material. On the other
hand, the lower picture of a gyratory compacted specimen which indicates no
layers or segregation of the material. In addition, the elongated particles are
oriented horizontally, consistent with observations on similar materials compacted
in the field.

While the apparatus was designed for a specific purpose, it appears to have many
other applications. As indicated earlier in the report it may have use as a device
for measuring the ability of materials to withstand repetitive loading. Its use
is not restricted to granular materials and, with modifications, it can be used to
fabricate other specimen sizes. For example, it has successfully molded 6 -inch
by 12~inch asphaltic concrete specimens and 6-inch by 8-inch Texas triaxial
specimens of granular materials.
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Flgure 13: Cross section of specimen
compacted by Texas Highway
Department Impact Method

Figure 14: Cross section of specimen
compacted In Gyratory
- Compactor
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