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This effort is aimed at development of a laboratory compaction 
test, which can be used without removal of the coarse sizes 
present, and which will simulate better the effort of modern 
field equipment. Innovations include larger molds filled in 
single lifts, a new head that covers the entire surface, and im
pacts from a vibratory shaker as well as from standard drop
hammers. The moisture-density curves obtained on Indiana 
granular base and subbase materials are compared to curves 
from the Standard and Modified Methods, and certain problems 
of technique are discussed. It is concluded that the new appa
ratus could be used to obtain realistic values for such materials. 

eFOR many years materials testing departments have been confronted with the problem 
of selecting a laboratory compaction test to be used for determining realistic values of 
maximum dry density and optimum moisture content for granular materials. Many dif
ferent methods of compaction have been tried in the laboratory ranging from vibrating 
tables (1) and vibrating tampers (2) to the more conventional AASHO drop-hammer tests . 
In many cases either a Standard AA.SRO or a Modified AASHO technique is specified 
such as in Indiana which uses the Standard AASHO T-99 Method C test. Two major ob
jections to the use of this particular test for granula1· mate1•ials are (al the AASHO 
specification requires removal of that fraction wllich will not pass the ¼-in. mesh sjeve, 
and (b) the compactive effort is transmitted through low-frequency impact blows. 

Unlike the laboratory test, the material in the field is compacted with all of its sizes 
present, and the compaction force is generally impacted to the materials by means of 
compactors which vibrate the individual particles into a dense mass. The cause of a 
difference in values from laboratory tests on only a fraction of the material could be 
an actual physical one, derived from the mechanical effect of the coarse particles, both 
on the materials response to the compaction forces and on the structure to which the 
material can be compacted, or it could be an error or difficulty in computation, a:rising 
from differences in specific gravity or absorption between the two fractions. In either 
case, the compaction characteristics of the minus ¾-in. fraction of a material may 
seem entirely different from those of the total gradation when the coarse aggregates 
are present. The method of applying the compactive effort obviously affects the com
paction which can be achieved, on a given material with a given energy, with the result 
that a variety of compactors are used in construction. 

These contrasts led to investigations of the possibility of developing some type of 
laboratory test which would more closely simulate actual field compaction techniques. 
Various agencies have made studies using vibratory equipment, and several of these 
are being examined by Sub-Committee R- 3, Committee D-18 of ASTM (3). Recently, 
the Soils Division of the Bureau of Public Roads started such a study, and after consul
tation with the Bureau, the State of Indiana also began to examine the problem. 
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The Division of Materials and Tests of the Indiana State Highway Commission re
quested that the Research and Training Center undertake this investigation using what
ever means thought to be most feasible. The basic type of apparatus tbat had been used 
by the Bureau of Public Roads was used to begin the study, with the idea that modifica
tions would be made to accommodate any problems which might arise. Their approach 
had involved a vibratory shaker, referred to here as a high-velocity impact (HVI) ham
mer. Since such a device operates by creating a rapid succession of varying impacts, 
rather than a harmonic force, it is not h·uly a vibrator. 

This report describes the problems found and the supplemental tests and apparatus 
modifications which were made, and in addition compares the results which were ob
tained in tests with these and with standard methods on granular materials such as are 
specified in Indiana. 

PURPOSE 

The primary purpose was to establish a means of compacting granular materials in 
the laboratory, using a type of testing method which would approximate field compaction 
conditions. Therefore, it was decided that the laboratory compaction technique to be 
applicable should be capable of (a) utilizing all sizes of aggregate commonly present in 
the field, (b) using only one initial loose layer, similar to a field lift, approximately 9 in. 
in original thickness and 6 in. when compacted, and (c) utilizing some type of compacting 
method which simulates the field equipment vibrating effect. This research was done to 
find whether such a test could be developed to the point that it could be expected to pro
duce 1·ealistic values for maximum dry density and optimum moisture content to be ap
plied to field compaction control. 

APPARATUS 

General Development 

The first step was the design of the testing apparatus which was to simulate field 
compaction conditions. The basic idea employed, as originally suggested by the Bureau 
of Public Roads, was to impart the compactive effort to the sample by means of an im
pact load applied at a very high rate of speed in comparison to the more conventional 
AASHO compaction tests. By applying the load in this manner, it was felt that a vibra
tion effect would be induced in the sample, thereby providing compaction similar to that 
obtained from field vibratory equipment. 

Under field conditions, the granular material is placed in a 9-in. loose lift and com
pacted to a 6-in. thickness (both thicknesses are approximate to within ± 1 in.). The 
field material contains the total gradation characteristics according to specifications 
and final compaction is achieved by imparting a vibrating action to the surface of the 
material, usually through a series of vibrating pads which actually apply impact blows 
to the surface of the material but at high frequency. 

To simulate field conditions, an HVI hammer was used in conjunction with a spe
cially designed compaction head to transmit the simulated vibratory motion to the 
sample. A stand and base plate were also designed to hold the hammer so that a given 
static surcharge load is applied to the HVI hammer while the sample being compacted 
is placed on a base which was constructed to simulate the compacted field subgrade 
soil. The sample is compacted in a standard CBR mold. Figure 1 shows the overall 
HVI apparatus. 

Equipment Details 

The hammer was bought new from the manufacturer, the Syntron Corporation. It is 
a Model 25 S, electrically operated, with a frequency of 3600 blows per minute. 

The CBR mold is the standard type and was not modified in any way. 
The stand and base plate consist of a steel plate, 11/. in. thick by 12 in. square, sand

wiched between two pieces of plywood, % in. thick by 15 in. square. A steel shaft, 1¼ 
in. round by 4 ft-3 in. tall, extends upward perpendicular to the base plate. The hammer 
is mounted on this shaft by a sliding collar and a special mounting bracket. The collar 
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Figure 1. High-velocity impact opparatus. 

23d56 '89 

Figure 2. HVI head and standard 5.5-16 hammer. 

is drilled and tapped so that a setscrew 
can be tightened to hold the hammer at a 
convenient position on the shaft during 
nontest operations. Also attached to the 
shaft is a bolt over which one end of the surcharge spring is attached. The other end of 
the spring is fastened to the hammer, to pull it down onto the test soil. A third square 
of plywood, on the top of the base, is recessed so that the base of the CBR mold will fit 
into it. Strips of rubber hose are used as a rebound dampening mechanism inserted 
between the steel base plate and the top two pieces of plywood to absorb the HVI hammer 
shocks and to simulate more closely the effect of a subgrade soil under the field granular 
materials. 

The compacting head(Fig. 2) consists ofa ½.s-in. thick steel plate 1/s in. less in diameter 
than the inside of the mold, welded to a ¾-in. round shaft, 12 in. long. After welding, it 
was turned to final size so that it was perpendicular to its shaft. A ¼-in. thick rubber 
pad is fastened to the hammer head to help reduce aggregate degration during compac
tion. Trouble was experienced with the weld in the original design, and later stiffeners 
were added to account for high stress concentrations that built up during testing and 
broke the original weld configuration. Even the tapered stiffeners in the final version 
(Fig. 2) were not successful until their upper ends had been ground to a smooth fully 
welded transition with the shaft to elimintate sources of reflection of dynamic stress. 

Figure 2 also shows a standard 5.5-lb compacting hammer, used with the head in 
certain tests discussed later. It is included in the photogi·aph for scale and clarity. 

The device to measure the height (Fig. 3) of the compacted sample consists of a 
simple dial gage which reads to the nearest 0.001 in. fastened to a flat steel bar approx
imately 7 in. long. 

An electric timer is used to control the testing time interval. This timer is a Lab
Cron Model 1400 and is wired in parallel with the hammer, so that a switch operates 
both simultaneously. 
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The size of sample to prepare for each test was dependent on the type of test to be 
run. Standard AASHO T-99 Method C tests required 6-lb samples, Modified AASHO 
T-180 Method D tests required 12-lb samples, and the HVI tests required 15-lb samples. 

Initial Correlation Testing 

When the HVI apparatus development reached the point that it could be reliably used 
for testing and the choice of granular test materials had been made, a program was de
veloped to provide correlation data between the newly established test and more con
ventional AASHO testing method. Although Indiana specifies the use of the Standard 
AASHO T-99 Method C compaction test, it was decided to also employ the Modified 
AASHO T-180 Method D compactive effort to obtain further comparisons . 

Thus, during the first laboratory testing, each test (HVI, Standard AASHO and Modi
fiedAASHO) was performed I.or each material and gradation studied. For the AASHO 
tests, strict compliance to specifications regarding gradation was not possible, as part 
of the data involved testing samples containing particles larger than %-in. size . All 
other testing Cl'iteria were adhered to for the conventional AASHO testing. 

During this correlation testing phase, samples were first prepared to meet the total 
gradations and all compactive efforts being studied were applied to these samples. 
Other samples were made without the mateirial which would be retained on the ¾-in 
sieve, and the same compactive efforts were applied to that fraction in order to corre
late density values obtained for materials commonly used in the field (total gradation) 
with those obtained for the material normally compacted in the laboratory (minus ¾-in. 
fraction). 

Supplementary Laboratory Testing 

Based on the results of the preceding laboratory testing, it was decided to perform 
another series of tests to collect data that could be used to answer specific questions 
associated with the correlation results that had been obtained. Three types of tests 
were used. 

In all three of these test methods, the entire sample is compacted as one layer. The 
method, later called the "hammer-on-head," consists of applying blows of a standard 
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5.5-lb drop hammer to the shaft of the compaction head developed for the HVI test, thus 
distributing the force over the entire surface of the sample. In the second, the blows of 
the standard 5. 5-lb hammer are applied directly to the surface of the sample through 
the face of the drop hammer, and these were called "hammer-on-surface" tests. The 
third method was to use the HVI apparatus for a time of 30 sec. 

By calculating the mechanical work exerted by the HVI hammer in 30 sec, it was 
determined that 317 blows of the standard 5.5-lb hammer would be required to dupli
cate it. Therefore, 317 blows were used for both the hammer-on-head and hammer-on
surface tests. 

Determination of HVI Test Interval 

Before any attempt was made to develop compaction curves for the various mate
rials, it was necessary to establish an optimum time interval for which each sample 
should be subjected to the high-velocity impact vibrations. Samples of type 53 gravel 
were mixed to a constant moisture content of 5.0 percent and then subjected to compac
tion intervals of 10, 20, 30, 35, 60, 90, and 120 sec. As expected, the dry density in
creased as the length of compaction time increased with the range being from 135.6 pfc 
at 10 sec to 147.0 pfc at 120 sec (Fig. 5). The density at 60 sec was 143. 7 pcf, which 
appeared to be in agreement with density values attainable by field vibratory equipment 
(3); therefore, the time of vibration for the tests was set at 60 sec. 
- It was noticed during the initial laboratory testing, however, that for moisture con

tents at and above optimum, some ejection of fines (material passing a No. 200 mesh 
sieve) around the compaction head occurred. This action was similar to the phenome
non of pumping-after a given period of HVI compaction, water was moving up through 
the sample carrying fine particles that were being forced out around the edge of the 
compaction head. Inasmuch as this would change the gradation of the final compacted 
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Figure 5. Dry density vs HVI testing interval, Type53 gravel at constant moisture content. 
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sample from what it had been when originally placed in the mold, testing time was re
duced to 30 sec to eliminate this effect. This time interval, in addition to the 60-sec 
interval, was used for some samples. 

Procedure Check Tests 

To insure that the HVI hammer was functioning properly after extended periods of 
use, a check test was established using Ottawa sand as a control because it conforms 
to rigid specifications resulting in high reproducibility between samples. Dry sand and 
water were mixed to a moisture content of 5.0 percent and compacted with the HVI ham
mer. The moisture content was then checked and the dry density determined. The re
sults indicate that any wear or changes made in the hammer since the testing program 
began did not alter the test results on this material to any significant degree. Between 
July 1967 and May 1968, the check test gave dry densities varying from 108.2 to 109.2 
pcf, with no systematic change. 

A check was also made on the accuracy of the height of sample measurements and 
the subsequent volume determinations. The procedure was to compact the samples, 
take the dial readings and calculate the volume of the compacted material, then pour 
the remainder of the mold level full with melted paraffin. After the parrafin had solidi
fied, it was removed from the mold and its volume determined by the water displace
ment method. In the five test checks made, the volumes obtained from the dial readings 
averaged 0.0008 ft 3 less than those obtained by the paraffin method. This results in 
an average difference in density of l.lpcf or 0.8 percent, which was assumed to be 
negligible. The range was from 0.0005 to 0.0010 ft3

, and always less. 
A further check was made to determine if holding the technician to a specified testing 

procedure was keeping operator error to an acceptable minimum. In conducting a com
paction test with Subbase Type II material, two technicians performed different test 
points on the sample. The results indicated that the change of operator did not have 
a significant effect on the density values obtained using the HVI method as long as each 
operator followed the specified procedures exactly as outlined. 

DISCUSSION OF RESULTS 

Correlation Testing Phase 

For the samples containing the total gradation of the materials, the density values 
achieved using the Modified AASHO effort were approximately 102.5 percent of Stan
dard AASHO effort values for the Type 53 gravel and Subbase Type II and 104.4 percent 
for the Type 53 stone. When only the minus ¾-in. fraction of the material was used, 
Modified AASHO effort gave density values which were between 103 and-104 percent of 
Standard AASHO for all materials studied. These results are comparable to those ex
pected when comparing these two conventional tests (7). 

For the total gradation of Type 53 gravels, the Hvf method used for 30 sec gave 
density values equal to those obtained by the Modified AASHO effort. When the time 
was increased to 60 sec the HVI maximum density value was approximately 3 pcf higher 
than that obtained for 30 sec (Fig. 6). For the minus ¾-in. fraction, the HVI test den
sity at 60 sec was slightly lower than the Modified value and was 102.8 percent of the 
value achieved by the Standard AASHO test. The results obtained for the total gradation 
were consistently higher than those achieved when using only the minus %-in. fraction 
for all three test methods. 

The density results obtained for the total gradation of the Type 53 stone material 
were similar to those observed for the Type 53 gravel, except that the reduction of the 
testing interval for the HVI method from 60 to 30 sec did not appreciably change the 
maximum density value achieved (Fig. 7). This indicates that the crushed angular stone 
particles attain a practical maximum density value quicker than the rounded gravels, 
showing the efficiency of the HVI method when compacting stone materials. The HVI 
method gave maximum density values approximately equal to the Modified results and 
about 104 percent of Standard AASHO. 



For the minus ¾-in. fraction, the data 
(Fig. 7) show the HVI method at 60 sec 
closely duplicated Modified effort with both 
giving maximum density results which 
were 103 percent of Standard AASHO. 
Again, the maximum density values for the 
total gradation were about 3.0 pcf higher 
than those obtained for the minus ¾ - in. 
fraction for all three test methods. 

As the density values for the Type 53 
materials compacted for 30 sec using the 
HVI apparatus achieved results compara
ble to Modified AASHO effort, and also as 
this testing interval eliminated the adverse 
pumping effect previously discussed, it 
was assumed that this would be an opti
mum test condition. 

The results obtained for the Subbase 
Type ll material were radically different 
in that the HVI test applied for 60 sec pro
duced maximum density values which were 
only equivalent to Standard AASHO effort 
and were only 97 percent of the values ob
tained from the Modified effort tests 
(Fig. 8). Also, the difference in values 
when comparing the total gradation results 
to the minus ¾-in. fraction data was al
most negligible, probably because too few 
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coarse particles were present to cause a Figure 6. Compaction curves, Type 53 gravel. 
great effect. Only 8 percent of the sub-
base material was retained on a ¾-in. sieve, whereas for the Type 53's this value 

was approximately 20 percent. 

146 

\ 

t 
:::> 140 
u 

' 1/) 

~ 
>-
I-
iii 

~ 
134 

LEGEND 

PASSING 3/ 4 " SIEVE 

0-- - ---0 

>t-----,< STA NDARD T99 ~ 

D-- - -OHVl - 60 SEC 0-----a 
HVJ · 30 SEC .0------------0 

8 10 

MOISTURE (¼) 

Figure 7. Compaction curves, Type 53 crushed stone. 

12 

Another noticeable difference is 
that the HVI compaction curve for 
the Type 53's is relatively steep, 
especially on the dry side of opti
mum when compared to the curves 
obtained by the conventional methods, 
but this difference is much less evi
dent for the Subbase Type II material. 

Inherent Testing Difficulties 

The HVI hammer method was de
signed so that the effect of the tech
nician was kept as minimal as possi
ble. The sources of error associ
ated with the HVI test are not the 
same as those associated with the 
conventional AASHO compaction 
tests. The procedures of performing 
this test are such that the major 
sources of error would be in weigh
ing the sample (an error which does 
also exist for the more conventional 
laboratory test), in the time interval 
used, or in determining the volume 
of the sample. 
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Figure 8. Compaction curves, Subbase Type II. 

The effect of not using an exact time 
interval would result in only a very min
or variation in density, assuming the op
erator were within a few seconds, which 
is a very simple tolerance to maintain 
with the electric timer used. All of the 
tests performed have indicated that ± 0.2 
sec would be a maximum error for a 
competent technician, and this error 
would have a negligible effect on the 
density achieved (Fig. 5) . 

The compacting action of the HVI test 
provides a very smooth and level surface 
for the compacted specimen and facili
tates an accurate measurement of volume. 
As discussed previously, the procedure 
check tests have shown this to be a negli
gible source of error. 

In contrast to the relative ease of 
carrying out the HVI test are the diffi
culties encountered in performing the 
more conventional AASHO laboratory 
compaction tests on these granular ma
terials, especially with the total grada
tion present. Problems were encountered 
with the Standard and Modified tests in 
the area of leveling off the compacted 

sample even with the top of the mold and getting the proper compactive effort by placing 
equal layers and using the hammer correctly. The samples containing all sizes of ma
terial caused a considerable amount of trouble with the striking-off process. The vol
ume of both the Standard AASHO mold and the Modified AASHO mold are predetermined 
and are based on the mold being exactly level full; therefore, a considerable error can 
be introduced if the sample is not properly struck off. Also, the depth of each lift to be 
compacted is quite critical, especially for materials such as Subbase Type II which con
tain up to 10 percent passing the No. 200 sieve. The proper use of the hammer is a 
function of the manual effort of each individual operator as it involves pulling the drop 
hammer all the way up to the top of the cylinder each time without raising the casing 
above the material to be compacted. All of these variables can induce error in the test 
results. 

Degradation Observed During Testing 

The gradations of the materials were checked before and after compaction for the 
tests performed at optimum moisture content. Degradation was almost nonexistent for 
those samples which contained the total gradations of the materials. 

For the samples containing only the minus ¾-in. fraction, however, some degrada
tion was observed. For the Type 53 gravel, the Modified AASHO effort increased the 
percent of material passing the No. 200 mesh sieve by 5.2 percent. For the Type 53 
stone, the HVI and Standard AASHO efforts caused an increase of approximatley 1 per
cent passing the No. 200 mesh sieve whereas the Modified AASHO effort resulted in a 
corresponding increase of 2.4 percent. This led to the obvious conclusion that the 
higher abrasion-resistant characteristics of the stone resulted in less degradation than 
was observed for the gravels, with approximately the same effects for the HVI method 
and Standard AASHO effort for the Type 53 graded materials. 

The degradation of the Subbase Type II material was minimal in comparison except 
that the HVI hammer did produce a small change in the percent passing the No. 200. 
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Supplementary Test Phase 

During the previous laboratory testing, the correlation data indicated tbat the HVI 
method produced maximum density values comparable to those achieved by the more 
conventional AASHO tests, but that the general shapes of the compaction curves were 
different. Although the density data obtained from the HVI tests provide extremely 
well defined and reproducible compaction curves, the curves are relatively steep in 
comparison to the AASHO curves on the dry side of optimum. This indicated that some 
characteristic of the HVI test caused large changes in density for correspondingly small 
changes in moisture content. Therefore, a supplementary series of laboratory tests 
was conducted to determine what physical difference between these tests caused this 
phenomenon. 

The main physical differences between the HVI test and the conventional AASHO 
tests are (a) the speed and frequency at which the compactive effort is applied, (b) the 
amount of energy involved, (c)theone-layer approach used with the HVI method versus 
the multiple layers associated with the AASHO tests, (d) the use of a surcharge spring 
which applies a constant static load for the HVI method, and (e) the size of the compac
tive head that transmits the compactive energy to the sample. With respect to (e) the 
bead used with the HVI appa1:atus distributes the load over a large1· area resulting in 
lower stress levels on the surface, but imposes such constraint that the sample cannot 
be sheared locally as with the smaller head. 

Because of the practical difficulties when using the standard drop hammer of dupli
cating the mass and spring constant associated with the static surcharge load involved 
in performing the HVI test, any effect of (d) was left for future investigation. Difference 
(b) could be held constant by equating compactive energies and (c) could be eliminated 
as a variable by using a one-layer system for all test methods. By doing this, factors 
(a) and (e) could be investigated by conducting a supplementary series of compaction 
tests. 

As the steep compaction curves were most pronounced for the Type 53 stone mate
rials (Fig. 7), supplementary laboratory testing was confined to this gudation. The 
material used was a combination of crushed limestone and fine blow-sand combined in 
an 85 to 15 percent proportion by weight. The gradations of the components and the 
final combination are shown in Figure 4; the compaction curves are s hown in Figure 9. 
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Figure 9. Compaction curves, Type 53 
stone-supplementary test series. 

Tbe hammer-on-surface tests resulted in the 
lowest densities for both gradations, indicating 
that the use of a compaction head approximately 
the same size as the mold results in more effi-
cient compaction. The hammer-on-head method 
produced slightly lower densites than the HVI 
test, with optimum moisture contents approxi 
mately 1 percent higher. Also, the curves fo1· 
the HVI tests were steeper for botl1 gradations. 

On the basis of these test results, approxi
mately the same densities can be obtained for 
the Type 53 stone by applying the impact force 
in the more conventional slow- speed impact 
manner as can be developed by applying the 
same impact force through the HVI approach 
when a similar compaction head is used. This 
is especially true of the minus %-in. fraction. 
The comparison is not quite as valid when the 
total gradation is used, indicating that the HVI 
method results in a more efficient compaction 
process than the slow-impact approach, in 
coarser materials. 

When the maximum densities obtained on 
each of the two gradations by the hammer-on
surface method are compared, they are effec-
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tively equal, so that tests on either the total gradation or the fraction would yield con
trol values for density and moisture which are satisfactorily equal. The same is true 
for the hammer-on-head. However, the HVI test produced significantly higher density 
for the total gradation than for the fraction. 

A possible explanation could be that the presence of the larger size particles results 
in a void system in the mass and that the induced vibration of the HVI system tends to 
migrate the smaller particles into the voids, thus providing more efficient compaction. 
On the other hand, the lack of a vibration effect in the slower speed tests does not per
mit this to occur, resulting in nearly identical density values regardless of the indicated 
differences in gradation. 

Overall Discussion 

A comparison can be made between the HVI hammer density results achieved for the 
Type 53 stone during the supplementary phase and during the correlation testing period. 
Although both materials were primarily crushed stone graded to meet Type 53 specifi
cations the component aggregates used to achieve the gradation were different and the 
gradations were slightly different (Fig. 4). For a 30-sec testing time the density achieved 
during the correlation phase was 146.0 pcf (Fig. 7) and during the supplementary phase 
the value achieved was 147.0 (Fig. 9) indicating excellent reproducibility between ma
terials having similar gradations and physical characteristics, when using the HVI 
method. 

CONCLUSION 

The results of all testing carried out in this study indicate that if the HVI method is 
used as a standard laboratory test relatively steep compaction curves will result but 
maximum density values can be accurately determined. This steepness imposes a 
stl•ict moisture control on field construction if the contractor is to achieve densities 
equal to those obtained in the laboratory. It has been indicated in field tests done under 
other programs that construction equipment is capable of achieving density values much 
higher than those obtained by the Standard AASHO test which is now specified by the 
Indiana Highway Commission. However, the steepness of the curves obtained with the 
HVI test, on the dry side of optimum, together with the extrusion of water and fines 
observed in some tests on the wet side of optimum, indicates that accurate laboratory 
values are more important for the granular materials than would have been suspected 
from this limited field experience. The HVI apparatus could be used to obtain the 
needed control values. 

REFERENCES 

1. Chamblin, B. B., Jr. Compaction Characteristics of Some Base and Subbase Mate
rials. HRB Bull. 325, p. 1-21, 1962. 

2. Forssblad, Lars. New Method for Laboratory Soil Compaction by Vibration. High
way Research Record 177, p. 219-225, 1967. 

3. Johnson, A. W., and Sallberg, J. R. Factors Influencing Compaction Test Results. 
HRB Bull. 319, 1962. 

4. Johnson, A. W., and Sallberg, J. R. Factors that Influence Field Compaction of 
Soils. HRB Bull. 272, 1960. 

5. Indiana State Highway Commission. Standard Specifications, 1967. 
6. Nichols, F. P., Jr., and James, Hal D. Suggested Compaction Standards for Crushed 

Aggregate Materials Based on Experimental Field Rolling. HRB Bull. 325, p. 
22-43, 1962. 

7. Yoder, E. J. Principles of Pavement Design. John Wiley, 1959. 



49 

Discussion 
JEROME R. BLYSTONE and PRESTON C. S:MITH, Bureau of Public Roads-The auth
ors have made a rather thorough evaluation of the developed compaction apparatus. The 
conclusions based on the presented data are generally adequate. However, it seems that 
the steepness of the HVI compaction curves on the dry side of optimum moisture content 
may be partially due to a cause not discussed by the authors. 

It is stated that the CBR mold is the standard type and was not modified in any way. 
The CBR mold in AASHO Designation: T 193-63 (Standard Method of Test for the Cali
fornia Bearing Ratio) and in ASTM Designation: D 1883-67 (Standard Method of Test for 
Bearing Ratio of Laboratory-Compacted Soils) has ½a in. perforations in the base plate. 
In tests with similar vibration compaction apparatus, but using an unperforated base 
plate, the Bureau of Public Roads laboratory found that vibration of the granular mate
rial caused water to be exuded between the bottom of the cylinder and the base plate, and 
to accumulate at the top of the specimen. More water was exuded (a) in 60 sec than in 
30 sec and (b) as the spcimen approached optimum moisture content. The authors state 
that, after the specifnen has been compacted, the entire sample is removed from the 
mold, placed in a pan and weighed, and then oven-dried for the moisture content determ
ination. They do not state that water was lost from the specimen during the compaction 
process, but it seems that progressively more water may have been lost from each suc
cessive specimen before the optimum moisture condition was attained, which would 
partly account for the steep curve on the dry side of optimum moisture content. 

If water is vibrated from the specimen in the laboratory test and is not accounted for 
in the moisture content determination, the laboratory optimum moisture content value 
is not valid for guidance in field compaction with vibratory equipment, unless some cor
rection to the laboratory value is made. 

If vibration causes loss of water in the laboratory test, it seems that a correlation 
of laboratory compaction curves with curves developed with field compactors is needed 
before the laboratory value of optimum moisture content can be used for guidance in 
field compaction. It is possible that water movement in noncohesive granular material 
is different under vibratory field compactor pads than in confined laboratory specimens 
compacted with a high-velocity hammer. 

H. R. J. WALSH, Indiana State Highway Commission, Closure-The comment by Blystone and 
Smith is very helpful, and the authors regret that the preprint did not contain these de
tails. A perforated base plate was not used with the CBR mold. Instead, the base plate 
was the solid version, which is interchangeable with the perforated base and widens the 
uses to which the apparatus may be put. Obviously, it was not perceptive to refer to the 
apparatus as "standard" and "not modified in any way," when it would be reasonable to 
expect a reader to assume that the apparatus conformed fully to the relevant specifica
tions. With the unperforated base plate, it should be noted that only the mold and ex
tension collar were used, without filter paper or spacer blocks. The statement that the 
mold was a standard type and unmodified was meant only to indicate that the items were 
obtained from a regular source and were not altered, as by machining or welding. 

Exuding of water, and of fines as well, was indeed observed, for certain specimens 
at certain moisture contents, and was reported. Here also, this was found to increase 
with time and with moisture content. However, it did not occur below optimum moisture 
content in any of the materials tested, and appears also to depend on gradation as it did 
not occur in the materials with a lower percentage of coarse sizes. As merely account
ing for the exuded materials in calculations did not seem to be an adequate solution, a 
test series at 30 sec was also done for any material which had exhibited this behavior 
in the 60-sec series, and this did stop the loss. Both curves are reported, and the 30-
sec curves are equally steep on the dry side of optimum, although no water or fines 
was exuded, and the base plate was not perforated. 



50 

During the condensation of the manuscript for publication, some reorganization of 
material was necessary. Therefore, we repeat this conclusion: "The steepness of the 
HVI compaction curves on the dry side of optimum indicates the necessity of careful 
moisture control if laboratory established values are to be achieved in the field. Thus, 
use of a standard laboratory test such as the HVI method which would permit the State 
to advise the contractor of an accurate optimum moisture content related to field com
paction would greatly benefit his efficiency in obtaining the necessary compaction." By 
this it was not intended to imply that these data had been correlated with field measure
ments, but only to make clear that such a finding would emphasize the need for a better 
laboratory method. The hypotheses in the last two paragraphs of the discussion are 
concurred with, as they further emphasize this need, and field correlation is most de
sirable. In this regard, although it may be difficult to detect or measure water exuda
tion in a field situation, where lateral or downward flow might conceal it, it is certainly 
conceivable, as when a loose saturated uniform noncohesive deposit is disturbed, for 
example. 




