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Conventional methods of measuring the in-place density of soils and granular
materials are time-consuming and oftentimes subject to considerable error.
Presently used methods, such as measuring volumes by use of oil or calibrated
sand, have one or more of the following shortcomings: (1) suitable only for ap-
plication to a small range of hole sizes, (2) subject to considerable error when
surface of ground is. rough, (3) accuracy affected by vibration or temperature,
(4) cannot readily check densities of successive lifts by merely extending depth
of same hole, and (5) require lengthy calculations and correction factors for
final answer.

In an attempt to overcome these deficiences, the Washington Densometer has
been developed. The basic principle of the instrument is the same as that used
in some other methods, namely that of inflating a rubber balloon with fluid until
it fills the excavated hole and measuring the volume of the hole by measuring the
amount of fluid so required. However, to the authors' knowledge, the apparatus

is unique in the method of application of this principle.
The deviceuses a closed system with a cylinder and pistonto activate inflation

and deflation of the balloon.

This permits extremely rapid operation, plus the

direct reading of volumesin cubic feet from the calibrated piston rod. By the

inclusion of known-volume rings,

rapid and accurate measurements of holes

varying from 0. 000 cu. ft. up to 0. 500 cu.ft. can be made.

@ THE need for a fast, accurate means of
determining the field density of in-place
granular base course and surfacing mate-
rials, as well as of subgrade soils, has
become critical in recent years inthe high-
way-construction field. Widespread ap-
plication of moisture-density specifications
to insure uniformity of roadbed construc-
tion requires that field methods be suf-
ficiently rapid that control data can be
made available to the engineer and the
contractor during the compaction process
and without causing delay to the progress
of the job.

This is particularly critical in projects
utilizing equipment-train methods of con-
struction, such as soil-cement or cement-
stabilized-base projects, where each phase
of operation is integrated in time and
order with other operations. The rapid
progress of such projects does not al-
low sufficient time for determining field
densities during the compaction phase
using presently accepted methods. This
has resulted in actually running "control"
tests after a section of road is completed;
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the data serving primarily as a record to
serve as a guide infuture work. Often, the
end result is a considerable waste of
rolling time for compaction equipment, or
in some cases, the need to disrupt the
progress of the job because of the nec-
essity of reprocessinga completed section.

Other phases of highway work have also
been curtailed by the nadequacies of
presently accepted standard field density
test methods. In the field of research,
this department has begun a long-range
program of investigation of base-course
and surfacing materials. A considerable
number of pavement failures can be ex-
plained only in terms of failure of the
granular surfacing materials and base
courses. To determine what correction
steps are required, it is necessary first
to determine whether the deficiencies are
in the materials themselves, or a result
of the manner of placement or alteration
of physical characteristic due to traffic.
Extensive field studies will be required to
find the correct answers, and one phase
of these field investigations involves de-
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for the final reading. For smaller holes, one or more of the rings would be used during the final reading.
The purpose of the rings is to cause the balloon to be inflated to approximately the same degree for both

the imhal and final readings.

Fagure 1.

Sequence 1llustrating characteristics of densometer

during operation.

termination of field densities both during
the construction period and after various
periods of traffic. The large volume of
such data required dictates the need of
field equipment that is both accurate and
rapid. Presently accepted methods are
not suitable for such studies for the rea-
sons stated below, and this is one of the
primary reasons the Washington Densom-
eter was developed.

STUDY OF EXISTING METHODS

In 1952 this department reviewed the
several existing methods generally ac-
cepted by variousagencies for determining
field densities, and found that each method
possesses one or more of the following
shortcomings: (1) requiredtoo much time
for operation, exclusive of time required
to dig hole; (2) suitable only for applica-
tion to a small range of hole sizes close
to the size of hole for which the apparatus

is calibrated; (3) do not provide for initial
surface reading, which introduces appre-
ciable error when surface of ground is
rough; (4) accuracy seriously affected by
outside influences such as vibration, hu-
midity, temperature; (5) will not permit
checking densities of successive lifts by
merely extending the depth of the same hole;
(6) require frequent recalibrationto insure
accuracy; (7) require a level surface for
successful operation; (8) not suitable for
use 1n clean granular materials; (9) dan-
ger exists of trapping air in bottom of
holes dug in fine-grained soils; and (10)
require lengthy calculations and correc-
tion factors for final answer, which in-
creases the possibilities for errors.

DISCUSSION OF
WASHINGTON DENSOMETER

With these deficiencies in mind, de-
velopment of the Washington Densometer



was started. Successive improvements
in design resulted in a device that has
none of the siortcomings listed above.
The schematic drawing shown in Figure
A illustrates the basic features of the ap-
paratus. The principle utilized is the
same as that used in some other methods;
namely, that of inflating a rubber balloon
with fluid until it fills the excavated hole
and measuring the amount of fluid so re-
quired to determine the volume of the
hole. However, to the writers' knowledge,
the apparatus is unique in the method of
application of this principle. The use of a
closed system with a cylinder and piston
activating the inflation and deflation of the
balloon permits extremely rapid opera-
tion and the direct reading of volumes in
cubic feet from the calibrated piston rod.
The inclusion of known-volume rings per-
mits the use of a large-size balloon for
both small and large holes without loss
of accuracy. The purpose and use of
these rings are illustrated in Figure 1.

In summary, the following features
and advantages are found inthe densometer

Figure 2.
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method of measuring hole volumes:

1. Operation time is sufficiently short
that "wet densities" can be determined
in from 10 to 20 minutes depending on the
time required to digthe hole. Of the
total time consumed, only about 3 min-
utes are required for setting up the den-
someter and making the necessary read-
ings.

2. An initial reading that will account
for variations in roughness of the original
ground surface at the hole site is taken,
which increases the accuracy of the de-
termination.

3. Volumes of holes from 0.000 cu.
ft. to 0.250 cu. ft. can be measured with
equal accuracy. (Actually, this volume
can be doubled by recharging the cylinder
during the operation). The large capacity
of the device makes it applicable tor de-
termining densities in coarse, granular
materials as well as infine-grained soils.

4. The balloon membrane is very thin,
and the size of the balloon is such that it
fills the excavated hole without being
stretched appreciably. These features,

Complete field kit for Washington Densometer; (left)
including tools and equipment for field maintenance and operation;
(right) loaded for transport in trunk of passenger car.
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coupled with the fact that the balloon is
lowered into the hole in such a manner that
the hole is filled from the bottom up, in-
sure that air is not trapped and that prac-
tically all pits and voids in the hole walls
are filled.

one man can carry it with no difficulty
(see Fig. 2).

RESULTS OF EXPERIMENTS

To verify the accuracy of the densometer

Figure 3. Lowering balloon into rings and template (left) and tak-
ing initial readings (right).

5. Successive determinations on any
number of thin layers can be made in the
same hole. Holes up to 18 inches in depth
have been tested; however, the anticipated
maximum depth of hole is about 22 inches.

6. Results obtained are of equal or
greater accuracy than those obtainable by
presently accepted standard field methods.

7. Once calibrated, no further cali-
bration is necessary. Little field mainte-
nance is required, except for periodic
bleeding off air and occasional replacement
of the balloon. These procedures have
been simplified to a point where very little
operational time is lost.

8. Readings are made directly in cubic
feet, which greatly simplified calculations.

9. The apparatus is of such size that
it can be carried in the trunkof apas-
senger car, and is sufficiently light that

and to determine its adaptability to actual
field conditions, a series of both labora-
tory and field tests were performed. A
complete review of the tests including all
pertinent data is appended to this paper.

LABORATORY EXPERIMENTS

1. A series of readings was made on
the same hole site by two different op-
erators. It was found that the apparatus
exhibits a definite stopping point when the
piston is.depressed; that an operator will
repeat his determinations accurate to less
than 0. 0002 cu. ft.; and that two different
operators can repeat each other's deter-
minations with equal accuracy.

2. A container whose volume was ac-
curately determined by precise water-fil-
ling methods was checked with the densom-



eter. The volume determined agreed
exactly with the true volumeon two trials,
andvaried 0. 0001 cu. ft. on one trial. Dif-
ferent operators were used for the third
trial. This accuracy greatly exceeds that
required for field density tests.

53

comparative results were obtained. The
densometer consistently gave slightly
larger hole volumes for the same hole,
and the difference increased as the rough-
ness of the hole surface increased. This
indicates that the densometer more-com-

Figure 4. Balloon,

carrying base, head, lock ring, wrench.

being tightened to seal balloon in place.

flexible suction tube and tapered sleeve,
Upper right shows balloon
slipped over suction tube and sleeve and being placed in head
Lower left shows head clamped to carrying base and lock ring

Lower right shows cyl-

inder in position on head and being tightened with special spanner
wrenches.

3. A series of parallel tests was run
with the sand-volume method and the
Densometer. It was found that if extreme
care was used in calibrating and operating
the sand-volume apparatus, and if an
initial ground-surface reading was made
with the sand-volume apparatus, close

pletely fills the voids than does the sand.

FIELD EXPERIMENTS

1. The densometer was used for field
control of compaction of cement-treated
and granular base materials on five dif-
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ferent projects. On one project parallel
determinations were made with the sand-
volume method. On this project results
of the two methods agreed closely (+0. 0004
cu. ft. for holes approx. 0.10 cu. ft. in
volume) except occasionally when con-
struction equipment working nearby vi-
brated the ground while running the sand-
volume determination. Differences then
increased to a maximum of 0.0015 cu. ft.
Intermittent checks made on the other
projects gave similar results. Speed
trials using the two methods showed that
it was possible to complete two deter-
minations of wet density using the dens-

Suggested form waith sample data for field density test report.

ometer while completing one with the
sand. The trials included the time re-
quired to clean the hole and refill it with
fresh cement-aggregate mix and the time
required to calculate results.

An alcohol-burning method of drying
the samples was correlated with oven-
drying, and was used on the grade to de-
termine moisture content in conjunction
with the densometer. With two men and
using this procedure, it required approx-
imately 10 to 15 minutes to determine the
wet density, and an additional 5 minutes
to determine the dry density. At no time
was 1t necessary to delay the operations of



the contractors for density information.
It was consistently possible to check at least
one density, and sometimes two or three
densities in each 400-foot to 800-foot
section of roadway before the rollers were
needed on the next section. It was found
possible to complete a wet-density deter-
mination for each pass of a roller when
the sections were over 600 feet long without
interfering with the roller operation.

On one of the above projects, it was
necessary for one man to work alone tem-
porarily. Using the densometer and the
alcohol-burning method of drying, he was
able to make six complete dry density de-
terminations in 3 hours. These tests were
made in an 8-inch lift of 1 inch of clean
crushed gravel. On several occasions on
this project, tests were made on succes-
sive 4-inch layers in the same hole with
excellent results,

2. The densometer has been used to
check the densities of crushed stone sur-
facing, top course. Three densities were
taken at each of several sites at different
offsets from centerline. The alcohol-
burning method was used for determining
moisture content. Moves at about 3,000
feet were made between test sites. It was
possible to make up to 30 complete de-
terminations per 8-hour day under these
conditions. Results were very consistent
and logical. Occasional comparisons with
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the sand-volume method gave good results
and verified the accuracy of the densometer.

SUMMARY

In actual field use, the Washington
Densometer has proven itself to be con-
siderably faster, equally or more ac-
curate, and extremely more versatile
than other existingaccepted types of equip-
ment designed for measuring in-place
hole volumes in soils.

The accuracy, versatility, and speed
attainable with this equipment have greatly
increased the practical degree of actual
control possible on controlled-compaction
projects. The range of material types
for which control can be considered prac-
ticalhas beenbroadened considerably, and
the effectiveness of various types of rol-
lers on thin or thick lifts of soil can now
be readily investigated.

Maintenance requirements of the equip-
ment during use has proven to be prac-
tically negligible. The balloon mortality
rate is lower than anticipated, with re-
placements being required only after the
equipment has been stored unused for
considerable time.

Reception by field inspectors, resident
engineers, and contractors has been
favorable.

Appendix A

DESIGN AND OPERATION PROCEDURE

The schematic sketches and section-
plan drawings (Figs. A-D) show the phys-
1cal arrangement and dimensions of the
apparatus. It 1s designed to handle hole
volumes up to approximately Ys cu. ft.
without rechargmg the cylinder, or up to
approximately /z cu. ft. or more with re-
charging. Tests to date have been con-
fined to ¥ cu. ft. and less, so no state-
ment of satisfactory performance at vol-
umes above that can be made at this time.

The piston is designed to move freely
in the tube, and yet give a sufficiently
tight seal toallow thefluid tobe suckedup-
ward into the tube without loss of seal. The
leather seuals were selected after trying
several materials and have worked very
well. They tend to freeze temporarily
on setting unused for long periods, but
can be freed by light tapping on the handle,

or by turning the rod with a wrench, and
will then work freely and smoothly.

The balloonused was selected primarily
for its size, which allows digging holes of
about 9 inches in diameter, a desirable
size for granular materials. Ithas a
thin wall, and a high stretch ratio, which
allows it to conform to small irregularities
in the hole surface. Being a standard
weather balloon, it is commercially avail-
able at low cost.

Soluble oil, the type used by machinists
to make cooling water, is added to the
water used in the apparatus to avoid rust
and corrosion, and to lubricate the cylinder
walls. Other fluids, such as hydraulic
brake fluid, could be used, but the water-
oil solution is inexpensive and satisfactory.

The detachable handle 1s calibrated
in divisions of 0. 001 cu. ft., and readings
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accurate to 0.0002 cu. ft. are made by
interpolation between divisions. With the
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apparatus between readings during op-
eration (see Fig. 2).

The calibrated rings are machined as
closely as possible to volumes of 0. 0500
cu. ft., and 0. 1000 cu. ft.,the actual vol-
umes, both singly and invarious combina-
tions, being established by careful check
with water or other precise methods. Once
calibrated, these volumes are established
as constants for the apparatus and so
marked on the respective rings. Change of
the ring volumes due to normal tempera-
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ture fluctuations are notof sufficient mag-
nitude to introduce appreciable error in
final results. However, if the apparatus
is to be used in areas where extreme
temperature changes are common, it would
be good practice to establish a volume-
temperature calibration curve for the de-
vice. It has been established that tem-
perature fluctuations of less than 30 F.
have no noticeable effect on final resuilts.
Further investigative work of temperature
fluctuations is contemplated.

OPERATING PROCEDURE

A. Assembly and filling with fluid.
(Necessary occasionally when balloon is
replaced).

1. Remove head from cylinder at
jointbelow mainvalve and remove tapered
balloon sleeve and flexible suction tube
(Fig. 4).

2. Slip neckof balloonover tube and
tapered balloon sleeve until flare of balloon
neck is flush withbattom of tapered sleeve.

3. Trim off neck of balloon at or
slightly below groove near top of balloon
sleeve. Lower deflated balloon through
opening in head until the tapered sleeve is
firmly seated.

4, With head clamped to carrying
base, place tapered sleeve lock ring in
position and tighten, forcingtapered sleeve
into final seated position.

5. Placehead gasket in head coupling
and connect theupper cylinder to the head.

6. With densometer clamped to
carrying base, and piston removed, open
main valve and fill with fluid until about 6
inches of fluid raises in cylinder. Rock
gently to facilitate passage of air bubbles
from balloon and head upward into cylinder.

7. Insert piston, bleeder vent open,
and push down until fluid raises in vent
hole. Close piston bleeder vent with
calibrated rod and raise piston, sucking
fluid from balloon into cylinder. Leaving
approximately 1,500 cc. of fluid in bal-
loon, close main valve.

8. Remove piston. (I piston is too
low 1n cylinder to allow removal by open-
ing piston vent, open drain valve at bot-
tom of cylinder while pulling up piston).
Adjust fluid level to within about 3 inches
of top and replace piston. Cover top of
piston with enough fluid to cover the leather
seals, install bleeder vent plug and
cylinder cap.
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9. Inflate balloon 1n carrying case
several times by opening main valve and
operating the piston to i1nsure removal of
all air from balloon. After last run, close
main valve and exert a strong upward pull
onpiston tode-air the fluid inthe cylinder.

10. Remove bleeder vent plug and
presspiston downuntilfluid raisestotop of
vent. Replace plug. The apparatus is now
de-aired and ready for use. (This step
should be repeated whenever Densometer
has not been in use for some time).

Although the above assembly operation
appears quite involved, it is quite simple
in practice, and can be completed in ap-
proximately 10 minutes.

B. Field Density Determination:

1. After selecting site, smooth
ground sufficiently so that template sets
solidly. Do not attempt to level surface
that will lie within center area of tem-
plate. Place rings on template.

2. PlaceDensometer ontemplate and
rings, and clamp inposition (Fig. 3). With
two men standing on template for rigidity,
open main valve and apply gentle pressure
to calibrated rod. Sufficient pressure
should be used to cause piston to lower at
a constant, medium rate. When the bal-
loon fills the rings and head, a definite
shock will be felt. Maintaining slight
pressure on handle, note reading on rod
at top of cylinder cap. Repeat three times
by lifting and depressing piston about 10
inches to ascertain that no air is trapped
and apparatus is functioning properly.
This will be shown by the consistency of
the readings. (No trouble has been ex-
periencedfrom this source to date). Record
reading as "Initial Reading'". Note: One
man can operate Densometer if heavy
bag of dirt is used to balance load on
template.

3. Evacuate fluid from balloon by
lifting piston, close main valve, remove
Densometer, and set on carrying base.

4. Remove calibrated rings from
template, and, being careful not to move
template, dig hole as for other methods.
Save all material in a sealed can to avoid
loss of moisture. The excavated hole should
be as smooth as possible, avoiding small
radius holes or extreme undercutting of
the template.

5. Upon completion of hole, leave
out whatever number of calibrated rings
‘are estimated to most nearly equal the
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volume of the hole, and clamp Densom-
eter to template. (Care should be taken
to lower balloon into hole in such a position
that it will not be twisted when the Den-
someter is seated.) Repeat Step 2, and
record reading as "Final Reading". Re-
peat Step 3.

6. Add volumes of rings left out in
Step 5, and record as "Ring Constant".
Determine volume of hole by following
formula:

(Final reading + Ring Constant) - Initial
Reading = Vol. of hole in cu. ft.

7. Weigh wet soil taken from hole
and calculate wet density:

Wt. wet soil (1b. )
Vol. of hole (cu. ft.)

= Wet density (Ib./
cu. ft)

8. Determine moisture content by
accepted means and calculate dry density.

C. Determination of volume of holes
larger than 0. 230 cu. ft.

For such holes, it is necessary to re-
charge the piston to furnish sufficient fluid
to fill the hole. The following procedure
may be used:

1. See B-1 above.

2. See B-2 above.

3. See B-3 above.

4. See B-4 above.

5. Upon completion of hole, leave
out all of the rings and clamp Densometer

to template. Open main valve and allow
fluid in cylinder to pass into balloon until
piston is just short of extreme lower
position. Close main valve and record
reading as F.R. No. 1.

6. Opendrain valve to allow air into
cylinder,and raise piston to extreme top
position. Close drain valve, remove
handle, bleeder vent plug, and cylinder
cap, and remove piston from cylinder.

7. Fill cylinder with additional fluid,
replace piston, de-air and reassemble
cap, plug and handle. Record reading as
I.R. No. 2.

8. Open main valve and complete
filling of holes as in step B-2 above. Re-
cord final reading as F.R. No. 2.

9. Fluid is evacuated as in step
B-3 above, except that excess fluid is
eliminated through the drain valve into a
container.

10. Calculate hole volume as follows:

(See Fig. 5).

(F.R. No.1-LR. No. 1)+ (F.R. No. 2 -
L R. No. 2) + 0.2000 = Vol. in cu. ft.

Note: Minor modification of the apparatus
to include a filling tube connected to the
bottom of the cylinder and rising along the
side will permit recharging the cylinder
without removing the piston. Details of
this modification are nowbeing worked out
and will be published as an addendum to
this report when completely tested.

Appendix B

RESULTS OF EXPERIMENTS

1. Check for consistency of readings.

Initial readings taken with all three
rings in place. Final reading taken after
removal of specified ring. All readings
taken at same position on smooth, flat
concrete slab.

Note: Volumes 1indicated are slightly
smaller than true volume of ringre-
moved because balloon is not inflated to
same degree for both readings.

Series No. 1 (Ring No. 1 removed for final
reading)

0. 1862[0. 1860}0. 1862|0. 1861
0.1366/0. 1364|0. 1365|0. 1365
0. 0496/0. 0496/0. 0497 [0. 0496 cu. ft.

Vol.

Bled air before start of second series.

Series No. 2 (Ring No. 2 removed for final
reading)

0. 197010. 19690. 196910. 1970
0. 1475]0.14'75|0. 1474|0. 1474

Vol. | 0.0495[0.0494[0. 0495(0. 0496 cy. ft,

Series No. 3 (After setting in sun1 hr.,
temp. 86 F.; Ring No.2re-
moved for final reading)

I. R. | 0.1954]0. 1953|0. 1953/0. 1953
F.R.| 0.1458(0.1458(0. 1458 (0. 1458

Vol. | 0.0496[0. 0495(0. 0495(0. 0495 cu. ft,

Bled air before start of series 4.



Series No. 4 (Ring No. 3 removed for final
reading)

I.R. | 0.2233|0. 2233(0. 2233 |0. 2233

F.R.[ 0.1238(0.1238(0. 12380. 1238
Vol. | 0.0995]0. 09950, 0995 0. 0995 cu. ft

Series No. 5 (Rings No. 1 and 2 removed
for final reading)

1. R.] 0. 2244]0. 2244]0. 2244]0. 2244
F.R.[ 0.1254(0.1254/0. 1254,0. 1254
Vol. | 0.0990|0. 0990(0. 09900. 0990 cu. ft,

CONCLUSION: Apparatus exhibits a very
definite stopping point which will repeat
itself consistently. Variations of 0.0002
cu. ft. are possible in making individual
readings due to human variations in inter-
polating the scale. When initially filled
with water, air should be bled frequently,
as a small amount of air will separate
each time fluid is pulled into piston. This
effect becomes practically negligible after
severalruns. Normaltemperature changes
do not appreciably affect the accuracy of
the apparatus.

2. Calibration of rings: Rings were
calibrated by a careful, exact water-
volume method. One ring was sealed to
a rubber base, leveled, and filled wath
water, usinga glassplate to establish when
full. The other rings were then added,
the joints being sealed with tape, and their
volumes determined successively, the
procedure was thenreversed to establish
the volume of the bottom ring. Three
checks were made, and temperature cor-
rections were included. The following
volumes were determined:

Ring No. 1 = 0. 0498 cu. ft.
Ring No. 2 = 0.0500 cu. ft.
Ring No. 3 = 0, 0998 cu. ft.

By volume of rings in pairs, it was
established that each joint increased the
volume 0. 0002 cu. ft., and:

Rings No. 1 and 2 = 0, 1000 cu. ft.
Rings No. 2 and 3 = 0. 1500 cu. ft.
Rings No. 1 and 3 = 0. 1498 cu. ft.
Rings No. 1, 2, and 3 = 0. 2000 cu. ft.

For practical purposes, the constanis
used were established as 0.0500 cu. ft.
for each small ring, and 0.1000 cu. ft.
for the large ring.

3. Check of Known Volume: A cylin-
drical metal container witha rounded
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bottom joint was used, and its volume
determined by the water method. Initial
readings were taken on a smooth, flat
concrete surface with the densometer,
and then the template was set on the con-
tainer, rings No. 2 and 3 removed, and
the final reading made after filling the
container. Cylinder was bled between each
trial to give different set of readings. Es-
tablished volume of container = 0, 1675 cu.

ft.
Trial I{Trial 2]Trial 3
F.R. 0. 2127|0.2175,0. 2230
Ring Constant|0. 1500/0. 1500(0. 1500
Sum 0. 3627/0.3675/0. 3730
LR. 0.1952/0.2001| . 2055
Vol 0.1675{0.1674|0. 1675

CONCLUSION: The device will accurately
determine the volume of a hole. Operators
were changed for each of the above trials,
and part of the fluid was bled out of the
cylinder to avoid repetition of readings.
The trials show that excellent results are
obtainable independent of the operators.

4. Comparison to sand cone method
(California large sand-volume apparatus)
in actual field conditions: In these tests,
it was found i1mperative to use extreme
care in making the sand cone determina-
tions to get consistent results. The cone
was calibrated by the water method, and
the sand was calibrated frequently during
the tests. To eliminate error due to un-
even ground surface, initial readings were
made, using a template and a thin rubber
membrane (dental dam) so the sand could
be recovered and weights were determined
accurately to 0.01 lb. Parallel deter-
minations were made on the same hole
with the sand cone and the Densometer.
The following results are typical of this
series of tests:

Vol. (Sand Cone)
i 2 3 4
0.0906 0.1120 0.0878 0.1057 cu. ft
Vol. (Densometer)
i 2 3 4
.0907 0.1124 0.0880 0O.1058 cu. ft

Note: The Densometer consistently gave
slightly large hole volumes for the same
hole, and the difference increased as the
roughness of the hole surface increases.
This indicates that the Densometer fills
the small pits and irregularities more
completely than does the sand.
Occasionally it was not possible to avoid
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having construction equipment working
nearby. On these occasions, the volume
determined by the sand cone was con-
sistently larger than that determined by
the Densometer. The degree of error
caused by vibration of the sand is indicated
by the following typical results:

1 2 3

2;‘;1:-1 d Cone) 0- 1192 0.1289 0.1692 cu. t.
g:;lsometer) 0. 1180 0. 1277 0. 1674 cu. ft.
Error 0.0012 0. 0012 0. 0018 cu. ft.

5. Time trials: Actual operation of
the Densometer including set-up time,
but excluding hole digging time is about 3
minutes. Under actual field conditions,
where it was necessary to clean up the
hole and re-fill with compacted soil, ap-
proximately two complete determinations
could be made with the Densometer while
making one with sand-volume apparatus.

Including average hole digging time,
wet density determinations require from
10 minutesto 15 minutes under actual field
conditions. The density of 2-inch to 4-
inch layers of crushed stone surfacing
was determined on several projects during
construction. The alcohol-burning meth-
od was used to determine the moisture

content, and it was possible for a two-man
crew to make as many as 30 complete dry
density determinations in an 8-hour day.
Three tests were made at each location,
and moves of about 1,000 feet were made
between locations.

On one project, density determinations
were made 1n an eight-inch lift of clean
crushed gravelbase course material. One
man working alone was able to complete
six dry density determinations in three
hours.

6. Measuring Large Holes: Two holes
were dug 17 inches and 18 inches 1n depth
respectively. The volume of each was
checked with the Densometer and by the
sand-volume method using the large Cali-
fornia sand-volume apparatus. Careful
calibration of the sand apparatus was
made for each determination. Initial
readings were taken with both types of
equipment.

Hole #1 Hole #2
(17" deep) (18" deep)
Densometer 0. 4853 cu. ft. 0.5081 cu. ft.
Sand Cone 0. 4830 cu. ft. 0.5060 cu. ft.
Difference 0,0023 cu. ft. 0.0021 cu. ft.

Results show good agreement and dif-
ference would affect a normal density
less than 1 Ib. /cu. ft. The slightly larger
volume shown by the Densometer indicates
more complete filling of the voids.

Discussion

ALFRED W. MANER, Highway Research
Engineer, Virginia Council of Highway
Tnvestigation and Research — The authors
are to be congratulated for developing a
piece of equipment that permits rapid and
accurate determination of field densities.
With the Washington Densometer they
seem to have overcome to a great extent
the deficiencies of the more -common
methods of measuring field densities.

Of prime importance is the reduction
of time for operation. Undoubtedly we
shall someday have equipment that will
measure moisture and density in a very
few minutes without disturbing the soil or
other material, but to have a device now
that is fast enough to permit control during
the rolling operation is a big step forward.

It 18 particularly interesting to learn
that the volume of relatively large holes
can be determined with the Washington
Densometer. During the past year we

had occasion, in Virginia, to determine
the relative densities of two sections of
waterbound macadam compacted by two
different methods. Taking a cue from
North Carolina we used a heavy, 15-inch-
diameter ring as a guide in digging the
hole, a 100-lb. bag of Ottawa sand for
measuring the volume, large buckets and
platform scales for weighing, in addition
to other necessary equipment. We would
have welcomed a device like the densom-
eter at that time.

In using the densometer for determin-
ing the density of different layers in the
same hole, 1t seems that extreme care
must be exercised in order not to change
the volume of the hole in the upper layers
when digging in the lower layers. It would
be easy to change the volume of the hole
after the determination has been made and
thus give erroneous results in succeeding
layers.





