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Introduction

The determination of the moisture and density of soils by

the nuclear methods was first reported by Cornell University

. in 1950, These nuclear probes were for the measurement of sub-
surface soil moisture and density. From 1954 to 1958, sub~
surface measurements of soil moisture and density were made by
the Materials and Research Department in co-operation with the
University of California on several highway projects., By 1958,
surface gages were developed for measuring soil moisture and
density, During February 1959, a complete set of nuclear
probes were ordered from the Nuclear-Chicago Company, the only
manufacturers of these nuclear probes at that time,

From 1959 to 1961, attempts were made by the Materials
and Research Department to use the Nuclear-Chicago surface
probes on various highway projects. During 1959, a major
portion of the time that the equipment was used was spent
repairing the nuclear equipment so that only scattered field
results were obtained. In 1960 and 1961, tge equipment
functioned properly and comparative readings with sand volume
tests were obtained in field studies. The densities indicated
by the nuclear surface probe ranged fromzero to fifteen pounds
higher than the densities determined by sand volume tests,
Limited tests were then run in the laboratory using soil
compacted in a large moldi It was found that the densities
indicated by the nuclear “probe, using the manufacturer's cali-
bration curve, were consistently high, As the manufacturer then
claimed that one calibration curve could be used for all soils,
this caused considerable concern. During this period, several
other items were investigated and are summarized below:

1. The temperature range through which the equipment
would operate was investigated, The scaler will
not operate below 32°F. The ezuipment operated to
temperatures of 140°F without ailure.,

2. A record was maintained of the standard count and
was found to varg as much as 10 percent durin% a
day's run, and 20 percent from day-to-~day. Placing
a lead shield over the pickup tube increased the
stability of the standard count during a day's run
to a 2 percent variation. However, as the day-to-day
variation was over 10 percent, the ratio method of
determining density was used.

3, Little difficulty was encountered in obtaining check
reading within 2 percent at any setting of the probe
on the soil.

4, Seating of the probe so as to have complete contact
i between the soil and probe was found to be ex~
- tremely critical. A standard practice was made of
seating the probe on a thin bed of sand.
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5. Calibration of the subsurface nuclear probes
indicated that the denmsity calibration was shifted
about 15 pounds per cubic foot between dry soil

. and soil at a moisture content of about 130%.

6. Other operational tests were also performed.

A laboratory investigation of the performance of the
Nuclear-Chicago surface probes was proposed in a memo to
Mr. A. W. Root from W. G, Weber, dated October 18, 1961,
This memo covered the use of the surface probes only. The
subsurface probes are being used in limited foundation studies,
This laboratory study constitutes a portion of the work pro-
posed by the above memo.

During this study, a nuclear probe manufactured by
another concern, Hidrodensimeter, was purchased and used in
the later phases.

Test Program
The laboratory test program consisted of the following:

T, To obtain calibration curves for various California
soils. To combine these calibration curves into
one calibration curve. To determine the accuracy
of the various calibration curves. To determine 1if
the density calibrations axe effected by the
moilsture content of the soil. To cbtain moisture
calibration curves on each soil

I1. To determine how reproducible the nuclear results
are from day-to-day on a standard,

III. To determine the effective volume of the soil
being measured by the nuclear probes.

IV. To conduct special studies on performance of equip~
ment. (Plateau curve; uniformity of standard
counts, seating, and etc.)

Part I

The calibration curves weére obtained by compactin each
of eight soils in a steel mold two feet in diameter an one
foot in depth. See Figure Nos. 1 and 2 for types of soll
used. The soil was compacted in the mold by drop hammers and
an electric compaction hammer. The compactions were from 80
to 100 percent of the maximum densities as determined by Californla

Test Method No., 216=D.
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The soil sample was air dried when received. A series of
tests was run on this air dried sample at two ox more densities.
Water was then added to the soil to bring the soil moisture
content to about one-half the optimum water content, and the
soil was then mixed and stored several days in sealed containers.
Another series of tests was then performed with the soil at this
moisture content at two or more different demsities. Water was
then added to bring the moisture content of the soil near the
optimum and the above procedure repeated. During the latter
portion of this study, the soil samples were tested air dry and
near optimum moisture content only.

The weight of the soil in the mold was then determined
and divided by the volume of the mold, 3.168 cubic feet, to
obtain the average density of the soil.

The nuclear density probe was then set on the soil surface
and three readings taken that agreed within 250 counts. See
photo Nos, 1 and 2 for nuclear equipment used. The probe was
rotated 90 degrees and another three readings taken that agreed
within 250 counts, The counts were then obtained with the probe
rotated 180 and 270 degrees, The four resultant values were
averaged and this count used to represent the soil at this
density. The above procedure was used with the Nuclear-Chicago
and Hidrodensimeter density and moisture probes, See Photos
Nos. 3 and 4 of equipment used.

A sand volume test was then performed in the area tested
by the nuclear probes. This sand volume test was performed -
according to California Test Method 216=E, Where the density
determined by the sand volume test deviated more than about
three pounds per cubic foot from the density determined by the
weight and volume of the soil in the total mold, chunk and tube
samples were taken, On several occasions up to three sand
volume tests were made on the upper one-half foot of the soil
in the mold and up to three sand volume tests were made on the
lower one-half foot of the soil in the mold., This was to
determine the uniformity with which the soil was being com=
pacted in the mold. A typical set of data is shown in Figure
No. 4, and a comparison of the sand volume and mold densitles
is shown in Figure No., 3. As a result of this variation in
density between the top and bottom halves of the soil in the
mold the standard practice was to run nuclear readings, sand
volume and mold demsities on both halves and obtain two sets
of data each time the mold was filled with soll.

Considerable difficulty was encountered in cbtaining
agreement ‘between the densities as determined by the mold
weight and volume of soil and the sand volume test, This re-
sulted in a side study of the uniformity of the soil compacted
in the mold and the accuracy of the sand volume test.

Oven dry molstures were cbtained from two ox moxe gsamples
of soil from the mold. The average moisture content of the
soil in the mold was them calculated in pounds of water per

cubic foot of soil.
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The count ratio for the Nuclear-Chicago probes and the
counts for the Hidrodensimeter were plotted against the densities
and moisture tests, See Figures No, 5 to No., 11. The densities
as determined by the weight and volume of soil in the mold and

" the sand volume test were plotted separately. The equation of
the line for the density calibration was calculated for each
soil, and then for all soils combined, by the method of least
squares. The average error and standard deviations were
determined for each calibration,

The theoretical calibration curve for the density determi-
nation that has been verified by measurements, is of the follow-
ing shape: Zero counts in a vacuum with the counts increasing -
as the density increases to a maximum count at about 60 pounds
per cubic foot, as the density increases the counts decrease in
a linear manner to a density of about 150 pounds per cubic foot,
a further increase in densitg will result in a small decrease
in count. 1In the region of 80 to 140 pounds per cubic foot,
depending upon the geometry of the surface probe, the relation
between the density and the counts was assumed linear, All
calibration curves are based upon this linear relationship. A
iinear relationship was alsd assumed for the moisture count
relationship, although theoretically, it has a slight curvature
with counts increasing with increase in moisture content.

Part 11

To determine the reproducibility of the nuclear readings,
two standards were established, One was on the concrete floor
in the core shed, and one a block of wood that was gealed s0

. as to prevent loss of moisture. Readings were periodically
taken on the surface of these standards throughout the test
program, Marks were placed upon the surface of these standards
so that the probes were always placed at the same location.
Three counts were then obtained that agreed within 2 percent.

Part 11X

The depth to which the density probes effectively measure
the density of the soll was determined in two ways.

A block of wood six inches thick was attached to the
bottom of the mold with a thin sheet of iron on top to protect
the wood. A series of readings on the wood block was taken.
Successive one~inch layexs of soll were compacted in the mold
and nuclear readings obtained on each layer. The volume and
weight of soil in each layer was determined to insure that a
uniform density was being obtained. (See Photo No. 5.)

The second method was to construct one tO three-inch
layers of concrete or soil in boxes 12 by 18 inches in size.
The nuclear density probe was suspended in air and a count
rate determined. Then each box of soll was placed on a palr
of supports and a count rate determined. (See Photo No. 6.
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The data were plotted with the thickness of soil vs. the
percent of the total change in count rate, That is the differ-
ence in count rate on the woed block (air) and on the soil for
each thickness was expressed as a percentage of the difference
in count rate on the wood bleck (air) and the final thickness
of soil used. Theoretically, this type of curve will be asymp-
totic with 100 percent at an infinite volume of soil.

Part IV

geveral miscellaneous studies are included in this program.
The stability of the pickup tubes was studied by means of stand-
ard counts and plateau curves. The general performance of the
equipment was evaluated during this testing program.

The affect of the thickness of the sand used for seating
of the probes was investigated. A count rate for a spot on
the concrete floer was determined. Various thicknesses, 1/8
te 1/2 inch, of sand were placed over this spot. Count rates
were determined for each thickness of sand.

Another study was the influence of objects near the probes.
Count rates were determined with a clear space at five feet or
more around the probes. Various objects were then placed near
the probes and count rates determined without moving the probes.
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large variations were found between the density in the upper
half and lower half of the soil in the mold. The density of
the two halves of the mold was then determined for all tests
by two methods: (1) the volume of soil in the mold by measure-
ment of its height and weight of soil, (2) sand volume test.
These tests indicated that wide variations did occur between
the top and bottom halves of the mold. Therefore, two series
of readings were obtained each time the soil was compacted in
the mold; one on the top half and one on the bottom half,

The density variation in a horizontal plane was also
investigated. It was found that the soil in the center of
the mold was generally one to two pounds per cubic foot
higher than at the sides of the mold. This results in the
sand volume tests indicating generally higher densities than
the mold densities.

Figure No, 3 shows a comparison of sand volume and mold
densities using one-half of the depth of the soil compacted
in the mold, These comparisons are mainly on the moist soils
as we were unable to obtain sand volume tests on the dry and/or
loosely compacted soils. A distribution plot of the dif-
ferences is included in the lower right-hand corner of Figure No. 3.
The sand volume tests tended to indicate slightly higher densi-
ties than the mold. The average difference is +0,8 pounds per
cubic foot. The standard deviation is 2.0 pounds per cubic foot.

The conclusions from this study were that the density
variation within the mold was greater than two pounds per cubic
foot from point to point from the average mold density. Using
the top or bottom half of the mold, the variation in density
within this layer was about two pounds per cubic foot. The
indications are that the sand volume test was accurate to one
to two pounds per cubic foct,

Calibration curves were determined for each of the two
densities, sand volume and mold. Also the equations of the
curves were calculated and are shown in Table No. 1. The
average and standard deviations are also included in Table No, 1.
For comparison, all of the points for different soils were
plotted on one plot and a calibration curve cbtained. The
calibration curves for the different scils were also plotted on one
plot for comparison along with the manufacturer’s recommended
calibration curve. See Figures No. 7, 10 and 11, Due to the
variation in standard counts, the Nuclear-Chicago data are plotted
using the count ratio. The data for the Hidrodensimeter probe
in the full out and full in positions only, are plotted.

The data indicate that the standard deviation where
individual calibrations for various soils are used, will be of
a magnitude of one to three pounds per cubic foot, A&s will
be discussed later, using one minute readings, the expected
standard deviation from random radiation will be of a magnitude
of one and onehalf pounds per cubic foot. This would indicate
that with both the Nuclear-Chicagoc and Hidrodensimeter equipment,
densities could be obtained to two to three pounds per cubic

R REXSSANCY


http://www.fastio.com/

58@

foot accuracy without difficulty, where individual calibrations
> are obtained for each soil tested.
The Nuclear-Chicago Corporation states that ome calie
. bration curvewill be within +3 pounds per cubic foot for all
soils, The Hidrodensimeter manufacturers claim that all scils
will be within a band of 15 to 20 pounds per cubic foot. An
examination of figures Nos, 7, 10, and 11, show that the
calibration curve for all soils tested is within a band of 15
to 20 pounds per cubic foot. The standard deviation when using
one calibratien curve for all soils tested, was about four to
five pounds per cubic foot for both instruments.

The distribution of the points using one calibration
curve for all soils and a separate calibration for each soil
are shown in Figure No, 12, Using the 90 percent criteria,

90 percent of the readings will be within seven pounds per
cubic foot when one calibration curve is used for all soils
and 90 percent of the readings will be within 3% pounds per
cubic foot when separate calibration curves are used for each
soil. The 90 percent criteria for a comparison of the mold
and sand volume densities indicated that the results will be
in agreement within +3 pounds per cubic foot 90 percent of the
time. To obtain a reasonable accuracy with the density probes,
a calibration is required for each soil encountered.

Moisture Calibration

The moisture calibrations are shown on Figure No. 13 for

all soils tested. Six of the soils are along one calibration
. curve and two along a different calibration curve that is

parallel to the main calibration curve. A D,T.A. was performed
on the soils and Seils No. 4 and 5 were found to be serpentine
soils high in hydrous magnesium silicate. The high magnesium
content of these two soils is believed to be the cause of the
high amount of slow neutrons produced.

The moisture content determinations had an average error
of 0,6 pounds of water per cubic foot, and the standard
deviation was 0.8 pounds of water per cubic foot. The distrie
bution of the points for the moisture determinations are shown
on Figure No. 13. The data indicates that 90 percent of the
readings are within one pound of water per cubic foot of the
moisture content indicated by the calibration curve. This one
pound of water per cubic foot variation will result in a one
percent error in moisture at a dry density of 100 pounds per
cubic foot and 0.8 percent error in moisture content at a dry
density of 125 pounds per cubic foot.

The moisture content of a soil can be accurately determined
by means of the surface gage. One calibration curve will
) generally be accurate for most soils; however; checksamust be
made to determine that no elements are present that will shift
the curve as occurred with Soils No. 4 and 5.
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Effect of Moisture on the
ensity Calibration

The previous work with the subsurface probes indicated
that there is a shift in the density calibration curve from
a dry soil to a soil at about 100 percent moisture content.
It was not known if this effect upon the density readings was
significant at lower moisture contents.

A study of the data in this series of tests, does not
indicate that a measurable shift in the density calibration
curve occurs with a change in moisture content, It is
apparent that moisture contents below 20 percent do not affect
the density calibration curves within the limits of accuracy
of this testing program.

Comparison of Nuclear-Chicago and
Hidrodensimeter Density CaIIEratIons
The principal differences in construction of the two
probes that would affect the density calibration curves are:

a) A higher strength source
b) A source emitting higher energy gamma xays
¢) A device for altering the geometry of the probe
The source strength could be expected to alter the slope
and possibly curve the calibration of the probe., The change
in count rate per pound per cubic foot in the soil density is
a measure of the slope of the calibration, The slope of the
Nuclear Chicago calibration is 110, and the Hidrodensimeter is
90 counts per pound per cubic foot change in density. This
difference in slope is insignificant, There is some indi-
cation that the calibration curve for the Hidrodensimeter and
Nuclear-Chicago probes may be slightly curved.

The energy level of the gamma rays will influence the
shape of the calibration curve and the effective depth of the
soil measured., It does not appear that there is a significant
effect upon the shape of the calibration curve by the dif-
ferent energy level gamma rays. The depth of measurement will
be discussed later.

‘The geometry of the source, shielding, pickup should
affect the depth of measurement and number of counts recorded.
The effective depth of the soil measured will be discussed
later. The closer the pickup tube is to the source, the
larger the number of counts that will be recorded for the
same density soil. The calibration curves in Figure Nos. 10
and 11 indicate the counts were increased by about 30 percent
in the in position which will statistically increase the

accuracy of the count rates,
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The differences in the two probes appear to have minor
effect upon the calibration curves., It appears that there is
no significant difference in calibrations between the

. Nuclear=-Chicago and Hidrodensimeter surface probes.

Reproducibility of Readings

It was desired to determine how consistent the nuclear
readings of a standard were over a period of time, There
has been no difficulty in cbtaining check count rates in a
few hours time, however, the Nuclear-Chicago standard count
had been previously observed to vary greatly in a few weeks
period of time.

To determine how consistent the readings are, two
standards were obtained and reading taken on these standards
two or three times a week over a three months period of time.
The readings were taken with the probe always in the same
position on the standard. The distribution of these readings
are shown in Figure No. 14, The range in density or moisture
represented by the range in readings is shown on each plot,

The range of readings obtained indicate a difference in
density of about 9 pounds per cubic foot. This is a sure
prisingly large random variation in indicated density.
Previcus work had indicated that there was a large variation
in standard count rates with the Nuclear-Chicago density
probe with time. It had Been hoped that the use of the count

. ratio would correct these random variations; however, it does
' not appear to do s0.

A statistical analysis considering random radiation,
jndicates that the one minute readings used in this study
should be constant within about 200 counts, or about two pounds
per cubic foot, The standard varied less than one pound per
cubic foot in density. The seating of the probes was no
problem and should have had no significant effect upon the
readings. The remaining six pounds per cubic foot variation
in indicated density appesrs to be caused by elements within
the equipment,

The moisture determinations indicate a spread of two to
four pounds of water per cubic foot was indicated over the
three months’ period, The Nuclear-Chicago equipment appears
slightly better than the Hidrodensimeter equipment. This
range in indicated moisture is about what would be expected

from statistical analysis.

To determine the shortetime variatioms, where possible,
readings were taken on the compacted soil samples in the late
afternoon. The following morning check readings were taken
before conducting the sand volume test. These readings all
checked within two pounds per cubic foot in density and one
pound of water per cubic foot in moisture.

ClibRDE—pim-Fas oo
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To evaluate the effect of this random variation in apparent
density with time, check calibration points on Soils Nos. 1, 3
and 7 were made after obtaining the original calibration curves

. for these soils. These check calibration points were within

about two pounds per cubic foot of the calibration curves ob-
tained two to three months previously. As these check points
were within the standard deviation for the calibration curves,
it would appear that this random variation in indicated density
wilg not affect the density readings obtained with the nuclear
probes.

The significance of this random variation in indicated
density of a standard is not clearly understood, There is no
significant effect upon the accuracy of the calibration curves
chtained, This random variation may well explain the wild
readings occasically obtained and indicatesthe need for ob-
taining check readings by rotating the probe.

The Volume of Influence of the
ensity Readings

The data from the depth of influence readings are shown

in Figure No. 15. The percentage of the total change in count
rate is plotted against thickness of material. Where the dif-
ference in count rate between the wood block and the soil was
used, the curves rise rapidly and show a 50 percent change in
count rate at one-half to one inch and a 90 percent change in
count rate at two to three inches., The one hundred percent

v count rate change was taken at the greatest thickness of soil
tested, Where the difference in count rate between air and
soil was used, the Hidrodensimeter and Nuclear-Chicago probes
gave slightly different results. The Hidrodensimeter probe
indicated a gO percent count rate change at one-half to one
and one-half inches of soil, and a 90 percent count rate change
at three to four inches., The Nuclear=-Chicago probe indicated a
50 percent count rate change at about two inches and 90 percent
count rate change at about three to four inches.

The shape of these curves should theoretically be a rapid
rise from zero count rate change at zero thickness of soil in a
nearly straight line, to about 60 to 70 percent count rate
change at some thickness of soil, The count rate change data
should curve and become asymptotic with 100 percent at a large
depth. All curves, except the Nuclear-Chicagoe for the air to soil
data, follow this general shape. The Nuclear-Chicago for the air
. to soll shows a straight line from zero to 95 percent count rate
change and then a straight line to 100 percent count rate change.
Due to the asymptotic nature of these curves, the effective depth
of density measurement has been defined as the depth at 90 per-

cent count rate change.

Theoretically, the effective depth of measurement should
be a function of density of the medium being tested. The lower
the density, the greater the dep th of measurement. While there

ChiyPBE=rrrrwr-fastiocom
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is a slight tendency for the effective depth of measurement
to be larger at lower densities; it does not appear to be a
significant factor.

The effective depth measurements were made using the
difference in density between a scil and either a wood block
or air, The two types of measurements were made because
previous experience had indicated that the manufacturers were
claiming extremely optimistic depths of measurement. The two
methods do not agree on the indicated depths of measurement,
The soil to wood block indicates sbout two to three inches is
the effective depth of measurement, and the soil to air indi-
cates three to four inches is the effective depth of measure-
ment. In the previous field comparisons of nuclear and sand
volume densities, the sand volume test was made to a depth of
6 to 7 inches. In future field comparisons, the sand volume
test will be made to a depth of four inches so as to obtain
comparable volumes of soil,

The Hidrodensimeter probe has an arrangement for varying
the distance from the source toc the pickup tube which is
supposed to vary the depth of soil measured. Theoretically,
when the pickup tube is close to the source, "in" position, the
depth of measurement of the density of the soil will be greater
than with the pickup at a greater distance from the source -
"out" position. The data obtained in these series of tests
indicate that about the same effective depth of measurement was
obtained with the pickup tube in the "in'"' as in the "out"
position.

Limited work was done to determine the width and length
of the area of influence of the nuclear density probe. The
measurements were made by placing a square basaltic stone in a
soil having a density of 110+ 1lbs. per cu. ft. The top of the
stone was about one inch below the surface of the soil. The
zone of influence appears to be irregular-shaped, about eight
inches in width at the pickup end and three to four inches in
width at the source end., The length of the zone of influence
appears to be approximately ten inches. These tests consisted
of readings with the Nuclear-Chicago density probe only and
with the scil at one density only and with the stone at one
depth. These measurements indicate that the zome of influence
is in the order of sixty square inches.

The manufacturers state that a depth of four to eight
inches and a volume of soil of one-half to one cubic foot is
measured with the density probes. Our test data indicate that
these figures are not realistic. The actual effective depth
of measurement by the nuclear surface probes is three to four
inches and the volume one-tenth cubic foot. This reduced depth
and volume of soil does not necessarily reduce the usefulness
of these probes, however, The volume of soil tested by the
sand volume method normally is 0.15 cubic foot which is
compatible to the volume tested with the nuclear probes.

“ChihPD
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Plateau Curves

"Plateau' curves indicate the operation of the pickup tube.
The curve is of the following shape: No counts are recorded
until a given starting voltage is reached; a further increase
in voltage results in a large increase in count until the
threshold voltage is reached. An ideal pickup tube then has
no change in count as the voltage is increased and this portion
is known as the plateau; however, all tubes have a slight
Aincrease in count with an increase in voltage. As the voltage
is increased past the plateau;, the tube goes into continuous
discharge. The slope of the plateau expressed in counts per
100 volt change, and the length of the plateau expressed in
volts are the important characteristics of a pickup tube,

The Nuclear-Chicago density equipment uses an organic-
quench bismuth cathode type pickup tube. When new, the plateau
curve has a slope of 500 counts per 100 volts and a length of
150 volts. The slope of the plateau increased with use to
800 counts per 100 volts with a length of 100 volts, The high
voltage supply 1s constant to 10 volts, which can result in a
50 count variation when new and 80 counts after it was used for
a period of time. This is believed to be one of the reasons
the Nuclear-Chicago standard counts vary. It is understood
that the new Nuclear-Chicago density probes use a stainless
steel Halogen-quenched type pickup tube,

The Hidrodensimeter uses a stainless steel Halogen-quenched
type pickup tube, The plateau has a slope of 100 counts per
) 188 volts and a length of 200 volts. There has been no change
of slope or length of the plateau due to use with this tube.

Standard Counts

The Nuclear-Chicage density standard counts varied from
a high of 17,780 to a low of 15,520 counts per minute in the
standardizing box provided for this purpose during this study.
This wide range of standard counts is believed to be due to the
type of pickup tube used, and is the reason that the ratio
system is used with the Nuclear-Chicago equipment even though
one more step is required in the obtaining of the density. The
standard count of the moisture probe varied from 15,560 to
15,370 counts per minute. This is a stable range of counts per

minute.

No difficulty was encountered with the Hidrodensimeter
probe in obtaining standard counts within 170 counts per minute
of the standard count supplied by the manufacturer.
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Seating of Probes

The seating of the probes was found to have a major
effect on the readings obtained, The problem is to obtain a
plane surface upon which to place the probe. An air gap of
1/16-1inch was found to increase the counts recorded by about
2000 counts per minute, To overcome the difficulty of obtain-
ing a plane surface on the soil, a thin layer of sand was used
to seat the probes.

The Nuclear-Chicago density probe has two raised portions
that should be in contact with the soil. The Nuclear-Chicago
moisture probe and the Hidrodensimeter probe have plane
surfaces that have to be in contact with the soil.

The results of the studies to determine the effect of
the thickness of the sand layer upon the readings are shown
in Figure No, 16, As the thickness of the sand used in seat-
ing the probes was increased, the count rate increased at a
rate of about 5 percent per 1/8-inch of sand. The Nuclear-
Chicago density probe was least affected by the thickness of
the sand seat to a thickness of 1/4-inch. This is believed
due to the raised portions of the bottom of the probe with the
built=in air gap.

These tests clearly indicate the necessity for having a
plane surface to set the probes on. The use of a thin layer
of sand to level the surface will result in a small change in
reading, however, a thick layer of sand will greatly alter
the readings.

The moisture probe readings will also be affected by the
tnickness of the sand seat.

Objects Near Probe

The effect of objects near the probes upon the count
rates were studied. Readings were taken with the probes on a
surface, then objects such as steel plates, wooden blocks,
concrete slabs, etc,, were placed at various distances from
the probes and count rates determined, It was found that the
objects had to be within one-half foot from the probes before a
measurable increase in count rate could be detected.

The manufacturers recommend that no solid material,
that will reflect gamma rays, should be within five feet of
the probes, which would prevent their use in confined loca-
tions, such as structural backfill, These tests indicate that
the probes could be used in confined locations where a clear
distance of one or more feet is avilable around the probe.

| -]
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Conclusions

The following conclusions can be made from the work con~
ducted in this report:

1. Using one calibration for each soil will result in
90 percent of the nuclear readings being within about
three and one-half pounds per cubic foot; and using one
calibration for all soils will result in 90 percent
of the nuclear readings being within about seven pounds
per cubic foot. The use of a calibration curve for
each soil will increase the accuracy of the readings
by a factor of about two over using one calibration
for all soils.

Moisture determinations with the nuclear gage can be
made with an accuracy of one pound of water per cubic
foot. Generally one calibration can be used for most
soils, however, a limited testing is necessary to
determine that elements are not present that will alter
the calibration.

2, The moisture content of the soil did not affect the
density calibration curve in the low range, below 20
percent, of moistures used in this study.

3, The effective depth of the density determination is
two to four inches and the volume of soil being
measured is about one~tenth cubic foot,

4, The stability of the standard count of the Hidro-
densimeter is satisfactory while random variations in
the Nuclear-Chicago density readings indicate the need
for using the ratio system of determining the soil

dens ity ¢

5. The probes may be used in fairly confined locations
without loss of accuracy.

6. Great care must be taken in obtaining a plane surface
upon which to set the probes. A thin sand layer can
be used to aid in leveling the soil surface, but must
be kept less than 1/16-inch thick,

Future Work

A field use of this nuclear equipment is now in progress.
Periodic readings are being obtained on five current construction
projects in District III and District X. Comparative data
between the sand volume and nuclear densities are being obtained.

Also comparative data between oven dry and nuclear moistures
are being obtained.

Along with tﬁe comparative tests, studies are being con-
ducted as to the problems that may be encountered in actual
field use of the nuclear equipment.

ClibhRD.
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This current field test program will complete the work
outlined in the memo to A. W. Root from W. ngWEber, dated
October 18, 1961. No further research work is planned at the
present time.

Recommendations

In compaction control as now used in the California
Division of Highways the necessary result is the relative
compaction, which requires knowing the in-place density and
the standard maximum density. The standard maximum density
requires considerable time to be determined under present
California practices and is generally the controlling time
element in compaction control, Considering these two portions
of compaction control it would appear that the nuclear equip-
ment could be profitably used on soils with the following
characteristics:

1. A scil where a calibration curve can be established
and maintained.

2. A soil where a standard maximum density can be
established and will remain constant.

3. A soil where it is time consuming to obtain sand
volume tests.

4, A plane surface for seating the probes is readily
obtained.

5. A soil where shallow depth readings would be
satisfactory.

One item of work where the above will apply is in the
structural section of the roalway. A processed material is
used that would enable the determination of 1 and 2 before-
hand, and they should remain comstant throughout the project.
It is generally time consuming to obtain sand volume tests.
The contractor usually provides a plane surface during con-
struction operations. A depth of three to four inches would

be adequate in this type of constrxuction.

Ancther item of work where the nuclear probe could be
used is in controlling the placing of structural backfill., A
uniform material is used that would enable the determination of
1 and 2 beforehand. The confined space would not be objection-
able. A rapid determination of the density could be made while
compaction operations are being conducted nearby.

In the occasional projects where a uniform soil is used
for comstructing fills it would appear that the nuclear probes
could be used in construction control, It would be necessary
to have a soil where items one and two above are valid.

ChPD

WAV Tastio.com


http://www.fastio.com/

G-

-17-

The nuclear equipment can be used to determine the
efficiency of compaction equipment. A nuclear reading can be
taken at a given spot after each pass of the compaction equip-
ment, Using the counts directly the number of passes where
no further compaction occurs can be determined. For these
cenditions 1 and 2 above are not required. It may be diffi-
cult with some compaction equipment to maintain a smooth
surface, however, the loose material could be removed for the
nuclear test and then returned to the test spot., The nuclear
tests may be time consuming; however, this would be of minor
concern,
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STANDARDIZING BOX
R I ) 0
- SCALER
& :L . . ERwe: : :
B PROBE
Photo No, 2. Hidrodensimeter equipment,
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‘ Photo No. 5. Determining the depth of in-
fluence of the nuclear probe by placing one
inch layers of soil in the mold,

Photo No. 6. Determining the depth of in-
fluence of the nuclear probe by means of
thin slabs.
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GRADING ANALYSIS OF SOILS USED IN NUCLEAR STUDY
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DENSITY CALIBRATION CURVES FOR ALL SOILS TESTED
USING NUCLEAR CHICAGO SURFACE DENSITY PROBE
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RATIO

COUNTS PER MINUTE X 1000

REPRODUCIBILITY OF NUCLEAR READINGS

DISTRIBUTION OF READINGS OBTAINED IN
A THREE MONTH PERIOD ON TWO STANDARDS

DENSITIES MOISTURE

CONCRETE FLOOR WOOb BLOCK CONCRETE FLOOR WOQD BLOCK
NUCLEAR CHICAGO

.50 .30 30 40
©o | F
;’J 9 ib/cu ft, —
45 1.20 25 a5 2 1b/cu ft.
‘>3 — ’L%E—Ib/cu ft. |
8 Ib/cu ft. |
= | 7 -~
.40 110 .20 30
HIDRODENSIMETER
IN POSITION
8
10 g . 7 —
T L
g - ? - 7 _32 ib/cu ft,
9 Ib/eu ft. 10 Ib/eu f1. 41b/cu ft. ‘f -
9 P - 165 6 — - |
0 6vT) 10
HIDRODENSIMETER 10
7 QUT POSITION
CONCRETE FLOOR : Four inch concrate slab
— 15 - fioor in work area.
8 Ib/eu f1. }’ 10 1b/cu ft. WOOD BLOCK : Two- foot diameter by one
s l and one half foot high block of pine sealed
ﬁ — to prevent a moisture change.
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5
0 10 0 10

NUMBER OF TESTS
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CHANGE [N COUNT AT FINAL THICKNESS — PERCENTAGE

DEPTH OF INFLUENCE OF NUCLEAR DENSITY PROBES

_ PROBE |
SOl PROBE
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Soil at 139

T
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THICKNESS OF MATERIAL IN INCHES
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PERCENT OF NORMAL COUNT

EFFECT OF THICKNESS OF SAND SEAT
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FIGURE 16

THICKNESS OF SAND SEAT IN INCHES
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