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INTRODUCTION

Nuclear gages are being used with increasing frequency for

. determination of density and moisture contents of soils, -
aggregates, treated bases,‘and asphalt pavements. Nuclear
gages have been used for this purpose in California for
several years, dgradually replacing the sand volume method.
Three types of nuclear gage equipment are used; namely, the
"backscatter" method, the "direct transmission" method with-
the nuclear source at the end of the rod, and the "direct
transmiésion“ method with the Geiger-Mueller pick-up tube
at the end of the rod.

These various types of nuclear gages are used in construction
to determine the adequacy of the compaction of subgrades,

bases, and asphalt concrete. Since the results of these tests’
determine whether recompaction or, in the case of stabilized-
bases, removal is necessary, the need existed to determine the
most accurate method of in-situ density measurement. ~Therefore,
this study had as its main objective the comparison of results
when testing thin (less than 8") layered systems of roadway -
materials with differing densities using nuclear gages in the
backscatter mode and the direct transmission mode. Thin layers
of metal were also tested with these gages for comparison between
nuclear density readings and actual densities to determine the
accuracy of the nuclear equipment. Two varieties of the ‘direct
transmission method were used in this comparison - one with the
nuclear source in the end of the rod and the other with the
Geiger-Mueller pickup tube in the rod. These comparisons would
then be used to choose the most effective density measuring
equipment for thin layers such as those found in pavement
structural sections. R
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DENSITY MEASUREMENT USING VARIOUS TYPES OF NUCLEAR GAGES

The ability of any material to absorb or scatter gamma radiation
is a function of the density of the material. Gamma photons are
absorbed by the material in three principal ways: (1) photo-
electric effect, (2) Compton effect, and (3) formation of positron- .
electron pairs. Diagrams of the three types of gamma photon
absorption are presented in Figure 1. The photoelectric effect
is most significant for gamma photons of low energy, and for
absorbers of high atomic weight. The Compton effect plays a
major role when the gamma photons have a medium radiation
énergy, and when the absorber has a low atomic weight. Pair
production is most important for photons of high energy,
especially when the absorber is of high atomic weight., In

pair production and the photoelectric effect, the initial

gamma photon loses all of its energy and ceases to exist, but
in the Compton effect the photon loses only part of its energy
to the recoil. electron.

Séurces of gémma photohs-used in soil.density measurement
. instruments emit‘photons of lower energy than is required for
‘pair production,rand as a soil is not a-material of high atomic
weight (density), the dominant phenomena in the absorption and
scattering of gamma photons for the determination of soil density
is the Compton effect. The number of gamma photons passing
through soil is measured using a Geiger-Mueller tube or a
scintillation crystal. The Geiger-Mueller tube measures all
- the gamma photons striking it that are capable of penetrating

the tube. The scintiliation crystal can be used to count photons
of all energies, or only those having energies above a given
energy level.

Nuclear measurement of soil density can be accomplished using
either of two basic modes: 1) the "backscatter" mode which
counts only photons that have been scattered by the Compton

-]

"
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-~ effect, and 2) the "direct transmission" mode which counts both
_photons that have been sCatééred by the Compton effect and
photons that have been transmitted without energy loss. With
both modes, low photon counts indicate a high density and high
photon counts indicate a low density. .

The "direct transmission” mode is available in two varieties.
‘One has the source of nuclear energy in the rod and the other
has the Geiger-Mueller tube in the rod. Schematic diagrams

of the two types of "direct transmission" and the "backscatter"
modes are shown in Figﬁre 2. Before the gages are used to
'measure densities, their calibration is checked using blocks
of known density. This enables the operator to convert the
nuclear "counts" to density; FPurther information regarding
nuclear testing is available in references 1 and 2.
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DESCRIPTION OF GAGES TESTED

Three nuclear gages were used for this study, Troxler Model
109-112 with the Geiger-Mueller pickup tube in the rod and

two Porﬁaﬁrobes; one with the pickup Geiger-Mueller tube in

the rod (#15) and the other with the nuclear source in the rod
(#393). All three gages were used for both direct transmission
and backscatter readings.

The depth setting on the rods containing the pickup tubes was
referenced to the center of the four and'one-quarter inch long
Geiger-Mueller tube. Thus, at any depth setting on the rod,
the G-M tube was influenced by radiation to a depth two and
one-eight inches below that depth. The depth setting for

the rod with the nuclear source at the tip was essentially

the same as the depfh-being measured. '
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GAGE CALIBRATION

"

Three master standard blocks were constructed of concrete using
several varieties of aggregate and three were cut from rock of
various densities. The densities of the blocks were 95,7, 101.4,
126.0, 134.4, 167.3 and 173.0 pounds per cubic foot, respectively.
They were so constructed that they could be used for calibration
for either the direct transmission or backscatter modes.

The gagés were calibrated by relating "count ratio” to density
for each block for backscatter and for depths between 2 and

8 inches in one-inch increments. The "count ratio" is simply
the ratio of the count per minute reading fof a particular case
to the "standard count", which consists of the count reading
for the gage setting on a "standard block” supplied with the
gage by the manufacturer. Use of the count ratioc for correla-
tion tends to compensate for minor fluctuation in electronic
circuitry which would adversely affect the measurements. The
calibration data is fed into a computer, a best fit curve
calculated, and a table produced (see Table A-1, Appendix).

The density corresponding to any particular count ratio is
then determined using this table.

www . fastio.com
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DISCUSSION

Metal Plates - General

A comparison was made between nuclear density readings and actual
densities using metal plates of known uniform density in order to
determine which gage and mode gave the most accurate results.

Twelve aluminum and eighteen magnesium plates twenty-four inches
long; sixteen inches wide, and one-half inch thick, were fabri-
cated by the Transportation Laboratory's machine shop. These
metals were chosen because they were the two most readily avail-
able light metals. A hole was drilled in each plate at the same
relative location to pfovide a hole for the nuclear gage rods
when testing in the direct transmission mode.

The densities of the plates were determined by weighing a random
sample of three aluminum and three magnesium plates in air and
then in water. The densities of the aluminum piates and the
magnesium plates were 168.5 1b./ft;3 and 108.5 lb./ft.3, respec-

tively, based on these weight and volume measurements,

Readings were taken with the bottom of the gage in contact with
the metals and alsc with a 0.05 inch air gap under the gage to
determine whether complete contact was necessary or desirable.

A set of readings for both direct transmission and backs;atter
modes was taken with all three nuclear'gages, in as close to the
same position on the plates as possible, with the metal plates
arranged in the following manner:

(1) Three inches of magnesium placed upon six inches of aluminum.

(2) BStep (1) was repeated with a 0.05 inch air gap placed under
the gage at the opposite end from the rod.

ClihPD www.fastio.com
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(3) Four and one-half inches of magnesium placed upon'six inches

of aluminum.
(4) Six inches of magnesium placed upon six inches of aluminum.

(5) Step (4) was repeated with a 0.05 inch air gap placed under
the gage at the end most distant from the rod.

(6) These five steps-were then repeated with aluminum plates

over magnesium plates.

A set of readings for each gage consisted of two one-minute counts
taken with the probe at each of the depths tested, including the
backscatter position. '

Standard counts were taken before and after each set of'readings
with the rod of the nuclear gage in the same position upon the-
standard block as was used for that set on the metal plates.

The count ratio used‘inrdeveloping the tables was the average of

‘any two test counts divided by the average of the standard counts

before and after the test readings.

Metal Plates - Test Results

Comparisons of the densities determined using the nuclear géges
with the actual densities of the plates at various depths are
shown in Figures 3 through 8. The actual compbsite_dehsity

for both metals between the surface and the tip of the rpd.for
the Portaprobe No. 393 {or between the surface and the center
of G-M tube for Portaprobe No. 15 or the Troxler No. 109—112)
was calculated using the following formula: ’

R = Composite density in 1b._‘/ft.3 = % (X-¥) + ¥

www . fastio.com
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‘The terms used in the equation were as follows:

X = density of upper metal in lb./ft.3 (use 108.5 for Mg.
and 168.5 for Al.)

Y = density of lower metal in 1b./ft.
and 168.5 for Al.)

d = thickness of upper metal

3 (use 108.5 for Mg.

8 = distance from surface to tip of rod in Portaprobe No. 393
or from surface to center G-M tube in Portaprobe No. 15
or Troxler No. 109-112,

The derivation (assuming 8>d) is as follows:

_d g 14y o _d
R = X:‘f'(l—g)Y—E(XY)'FY

|

The agreement between actual densities and those determined by
nuclear gages was generally poor for the aluminum. However,
since dluminum is more dense than most subgrade, subbase, and
base material, this apparent inaccuracy did not necessarily
predlude the successful use of the nuclear equiﬁmenﬁ for
measuring the density of structural section materials. As
noted in the discussion of density measurements by nuclear
gages, the "Compton effect" is the dominant phenomena when
measuring soil density using nuclear gages. In the case of
aluminum, which has a relatively high atomic weight, the
Compton effect is 6f-less significance, so this may have
affected the sensiti?ity of these gages when testing aluminum,
However, in all cases where aluminum was the upper metal, the
Portaprobe No. 393 (with the source in the rod) gave better
‘results than the other two. - In four out of the six different
metal arrangements, the gage with the source in the probe gave
the best overall results as indicated by the mean square of
the differences between calculated densities and the densities
by gage readings as noted in Figures 3 through 8. The two

10
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exceptions were due to one exceptionally bad reading of the
Portaprobe No., 393 (Figure 5) and an exceptionally good reading
of the Portaprobe No. 15 (Figure 4), neither of which were
typical. The air gap of 0.05 inch directly beneath the gage
did not generally make a difference of more than 1 1b./ft.3

in the nuclear density measurements except in backscatter and
therefore these readings were not plotted unless the differ-
ence was appreciable. Plots of densities determined by nuclear
gages demonstrated that those gages having the G-M tube in the
rod tend to be influenced by the density of the material below
the center of the G-M tube,

Roadway Material - General

A 2.25 cubic foot aluminum volumetric mold (with removable sides
and bottom) eighteen inches long, eighteen inches wide and twelve
inches deep was used as a container for various roadway materials
which were compacted for the purpose of taking nuclear density
readings and checking them against the true densities of the
materials., '

Generally, the gage was placed on top of the last layer placed
inside the mold but in samples 4 and 5 the mold was inverted
after compaction, the bottom plate removed, and the gages placed
on these bottom surfaces. ‘

Two drop hammers were used for the compaction of the material
in the mold, one weighing ten pounds and the other weighing
fifteen pounds. 2An eighteen inch drop was used for both hammers.

The number of the sample and the type of material used-for the

various test specimens are given in Table 1. The upper material

shown in each case is the one on which the nuclear gage rested.

17
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CTABLE 1

No. of No. of Coverages Approximate
- Layers Wwt. of of Hammer-Blows Thickness :
Sample Compacted Hammer per Layer Material Type of Material
{ibs.}
1 ' 4 10 3 7.7" Cement Treated
Sand
6 10 2 4.3" Fine River Silt
-2 4 10 2 4,2" Cement Treated
Base Aggregate
6 10 2 7.8" Fine River 8ilt
'3 5 10 2 4,2" Cement Treated
Base Aggredgate
7 15 . 2 , 7.8" Silty Clay
4% 4 _ 10 2 3.9" Cement Treated
Base Aggregate
1 . 10 . 2 8.1" Fine River Silt
5% 4 10 .. 2 3.8" Cement Treated
o Base Aggregate
6 10 2 8.2" Clean River Sand
6 4 10 - 2 4,4" Clean River Sand
8 15 1 7.6"% Cement Treated

Base Aggregate

*These samples were inverted after being compacted, the bottom plate
removed and the nuclear gage placed on the inverted sample for testing.

18
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Roadway Material - Test Results

For all the samples, all three gages were used to give density
readings for backscatter at the upper surface and direct trans-—
mission at rod depths of from 2 to 8 inches. In all the samples,
measurements of the distance from the top surface of the material
to the top of the form were taken to be used as a basis for
determining the true density of the materials knowing the weights
of each of thé materials placed.

For sample No. 3, which consisted of cohesive silty clay beneath
CTB aggregate, it was possible to remove the aggregate after the
test and check its "final" volume. These measurements showed
that the volume into which the CTB was placed jincreased 2% during
placement and compaction of the CTB. The silty clay layer, being
twice as deep, increased 1% in density. Sample No. 3 was the

only one where the two materials were easily separable'and'the

. final volume of the materials thus easily determined.

In sample No., 1, the river silt density was measured by sand
volume after the test as was the CTB aggregate in sample No. 4.
The river silt showed an increase in density after compaction

of the CTB aggregate above it of 4.8%. When this is compared

to the 1% increase for the silty clay of No. 3, it is evident
that the volume change of the material in the lower lifts during
the compaction of the material in the upper lifts can vary
conSLderably.

In order to compute the true density of the cement treated sand
in sample No. 1 and that of the river silt in sample No. 4, the
weights of each material and the known density of one material
in each sample were used to determine the unknown densities.

The density of the CTB aggregate (calculated by sand volume) in

19
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the other samples did not'vary apprediably whether it was placed
at the top or the bottom of the sample. On the basis of the CTB
densities and the weights of materials'used, the densities of
the other materials could be calculated. This information also
wés used to calculate the average thickness of the materials
comprising each sample.

The measured and computed densities are tabulated in Table 2
and presented in Figures 9 through 14. The mean square of the
differences between the calculated densities and the densities
by gage reading are also noted. These mean squares indicate
that the gage with the source in the rod gave consistently
better results in all samples. The backscatter readings
genérally varied depending on which gage was used.

In general, the Portaprobe No. 393 gave results that agreed better

"with the balcﬁiéted?denéitiés than the Portaprobe No. 15 and the
‘Troxler 109-112 when roadway base material was tested in direct
transmission. When the lower material was included in the

measurements, there did not seem to be much difference between
the densities determined by the three gages except that in
measuring the density for the 7 inch depth, the Portaprobe No. 15
always seemed to give anomalous results. The range in back-
scatter readings was'reiatively great except when the readings
were taken on top of sand; 'in most cases an average of several

readings would give a reasonable answer for the surface material.

20
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Sample No. i

' zd;2
Symbol Gage 0&'2': N-II
O — Portaprobe 393 0.75
Source In rod
15 ¢— A — Portaprobe 15 238
GM tube inrod )
31— Troxler 109-112 3.16
~ GMtube inrod
Sand + 5% Cement Sitt
Brotratl— -
A
a
- _ O
€5 8 °
5 ?
* o 8 O
— o 110~ A A
> 2 A__Q ]
=g ' e
2o — o] | ~ —~— ﬁu!culated Density
LCUI &ZS
& 0
B u]
105 l“ l|| I!l Jli
0 2 4 6 8
DEPTH (in.)

' 4:2
0&2= Eh-‘-_il— where d;= difference: tor each gage reading 8 N=no. of readings

Figure 9
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Sampie No.2

142
- 2 zdla
Symbol Gage gy = N
o - O - Portaprobe 393 43
A Source in rod
A~ Portaprobe 15 5.0
140 = GM tube in rod
o \ 0 — Troxler 109-112 12,1
GM tube in rod
A \ :
138 o \
A
a
0
136 p—

: \
E \,’- Calculated Density

)

DENSITY (#/§t3)
Backscatter
o
[\

G

A
130 b~ : %

O
128 p— \

D .

CT.B. Aggregate -__-F.ine River Sw_ o
124 - L L .
0 2 4 6 8
DEPTH (in)
~ Figure 10
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Sample No.3

. . di 2
140 Symbol Gage 0&2= ZN-'I .
O - Portaprobe 393 5.0
Source in rod
A — Portaprobe 15 3.2

GM tube inrod
o) \ A
Fa
A \
Calculated Density
N
o

135 (— A
O
C.T.B. Aggregate ——— Sllty\ Clay -
: A \
O
‘30 I l 11} | 111 ﬁl
0

2" 4
DEPTH (in)

GM tube in rod _
% \ O — Troxler 109-112 18.6

DEPTH (#/ft3)
Backscatter —

O

Figure {1
24
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Q147.6 144.40
143 — Sample No.4
14 | | 2  Zdi®
2%— Symbol Gage 04 = N1
O — Portaprobe 393 15.9
O Source in rod
141 — A — Portaprobe 15 28.4
GM tube in rod
. C1 - Troxler 109-112 8.3
140 \ GM tube in rod
139 \
138 —
\ o
137 \
36— .
— Calculated Density
2 ;‘/ - A O ‘
+ = 135 :
L2 O D
3 \
N 5 134f— A
L 8 \
2D 33
w
i A
132 p=—
A O
\
130} \ 0
Qa
s |7 2
28 e CTB_Aggregate River \\sm -
127{— A\ O
O
26— ' \
125
124 \ =
1 1 I \1
123
0 %" 4" 6" 2"
DEP'I;F; (in) Figure 12
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143 Q1956 - Sample No.5

A . Symbol Gage 0&2-_- N-II
o : O — Portaprobe 393 29
~= o) Source In rod
' A — Portaprobe 15 12.8
' ¢ , GM tube in rod
/ 40— {1 — Troxler 109-112 46
. GMtul_)e In rod
A i
h \
i D o \
1351— ‘ E \_rCalculoted Density
- : \ O
~ :
* 2 | T ‘ :
bl -
o4 . \A
7] § .
i o
_ o \ A
130 l=e CTB Aggregate —le \ Clean River Sand -
L \ 4 |
\ o
125 '
| \ A

123 - 4l L -

0 2" 4
DEP‘IZ'EI (in.} - Figure I3
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Sample No.6

120 p-— /
L g2 O
“Symbol Gaoge 052, N-II 2
O — Portaprobe 393 1.8
- Source In rod
" A~ Portaprobe 15 2.8 0
GM tube in rod
O ~ Troxler 109-]t2 50
GM tube inrod
/o l
15 p— /
O
Calculated Densiry\'~/
~ /A
S o
25
z 2 o
» o
Z 0
g /
O = A
0
Clean River Sand / CTB Aggregate
0 o
A /
o © /
105 }— O O /
A
ﬁ m]
O 2Il 4" 6" 8"
DEPTH (in.)
Figure |4

www . fastio.com

27


http://www.fastio.com/

R A

CONCLUSTIONS

In the tests made in this study the direct transmission gage
with the nuclear source in the rod (Portaprobe No. 393) gave the
best overall results. In general, the individual backscatter
readings were less reliable than the direct transmission data

as there was generally a fairly wide range of readings at the
same location. However, an‘average of the readings generally
gave a reasonable answer, -

Since the readings of these nuclear gages are critical to the
determination of adequacy of compaction, it is recommended that
only gages with the nuclear source in the rod be used for direct
transmission testing. The backscatter method was shown to be a
less effective method for the determination of density. Therefore,
if this mode is used to measure the density of layers thinner

than 8 inches, at least 6 readings, none of which vary more than

2 standard deviations from the average, should be used to obtain

a representative average to be used to determine density.

b
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IMPLEMENTATION OF THE TEST RESULTS

The specifications for "Nuclear-Moisture Gage" were revised in

September 1973. The changes regarding direct transmission equip-

ment are designated with an asterisk on the specification excerpt
. in the Appendix. The changes to Test Method No. Calif. 231-E

with regard to backscatiter tests were made in April 1971 and

are denoted with an asterisk on the Test Method excerpt also

included in the Appendix.

29
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SPECIFICATIONS FOR NUCLEAR DENSITY-MOISTURE GAGE

September 1973

’ I. GENERAL

The portable nuclear density-moisture surface gage shall be

. suitable for determining density and moisture of soils, aggre-
gates, treated bases, and the density of asphalt pavements.
It shall be capable of determining density in two operating
modes. These modes shall be direct transmission of gamma ‘
radiation, and backscatter of gamma radiation. The gage shall
determine moisture by detecting backscattered thermalized
neutrons. '

The gage shall be a single unit, self-contained and consist of
a radioactive source, radiation detectors, power supplies,
counting circuits, timing circuits, data display, and related
electronic components.

The gage shall be dustproof, moisture proof, shock resistant,
and electronically stable. The gage shall operate reliably,
accurately, and with negligible drift, in all three operating
modes, over an ambient temperature range of 32°F to 145°F and
with the probe on, or in, material whose internal and surface
temperature will range between 32°F and 300°F.

The radidactive source shall be in the transmission rod and the_*e
radiation detector (s) in the case.

The gage shall weigh not more than forty (40) pounds and have
outside dimensions not to exceed seventeen (17) inches in length,
ten (10) inches in width and twenty-two (22) inches in height.

All above specified dimensions apply to the gages with any appur-
tenant 1id or cover in place and closed. The dimensions include
the carrying handle and any exterior tube positioning brackets
with the tubes in place.

All electronic circuitry, radiation detectors and batteries shall
be so arranged as to be easily removable from the case without
removing, unshielding, or in any way disturbing the source.

All electronic circuitry shall be of solid state, mechanically
sound, modular construction. The circuitry shall be mounted on
G-10 epoxy glass plug-in circuit boards. The manufacturer
shall provide sufficient "burn-in" time for electronic sub-
assemblies to assure himself that premature failure or change

ClihPDF - www .fastio.com
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in electrical characteristics of a component is only a remote
possibility. The length of "burn-in" time shall conform to

. current instrumentation industry practice and in no case shall

be less than £iftyv (50) hours total.

An exterior service access opening shall be provided in the gage
case to permit the use of an external test meter to check the
output of the primary voltage supplies while the circuitry is

in operation. High voltage adjustment controls to obtain
plateau curves for the gamma and neutron detectors shall be
adjustable by means of the service access opening. The intent

is that the external test meter connection facilities, and the
high voltage adjustment controls will be affixed to the electronic
circuitry chassis in such a way as to be removable from the case
as part of the chassis for bench testing and adjustment, as well
as to be reachable through the access opening for field testing
and adjustment without removal of the electronic chassis from

the case. A dust and moisture proof cover plate to be provided
for the service access opening shall be secured in place by means
of machine screws rather than sheet metal screws.

Exception to the external test meter connection facilities may

‘be taken, provided the manufacturer supplies a suitable extender

board as a part of the gage purchase price. The use of such

a board shall be evaluated, on an actual gage, by the purchaser
to determine whether or not the exception will be allowed., A
bidder may also take exception to the provision of high voltage
adjustment controls provided the detectors meet the reguirements

‘set forth in Section II of these specifications.

‘Design of the probe, séaler, and control panel shall reflect

consideration of the human operator and the manner in which he
functions as the user of the gage.

I1. GAGE SYSTEM

The radioactive source, to be placed in the ground for operation
in the direct transmission mode shall be contained in a trans-
mission rod either 5/8 + 1/64 inch in outside diameter or 3/4 +
1/64 inch in outside diameter. The tube shall be made of non-
corrosive material having a minimum hardness of 60 as rated on
the Rockwell B scale. The tube shall be strong enough to resist
bending in normal hard usage and the outside surface shall be
smooth and true. Permanent markings, referenced to the center
of a radiocactive source within the rod, shall be provided on

the outside surface of the rod (or guide rod) at one (1} inch
intervals to denote, from two (2) to eight (8) inches, the depth,
below ground, of the transmission readings.

www fastio.com
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State of California
Depuriment of Public Works
~  Division of Highways

MATERIALS AND RESEARCH DEPARTMENT

Test Method No. Calif. 231-E

April 5, 1971
(11 pages)

METHOD OF TEST FOR RELATIVE COMPACTION OF UNTREATED AND

TREATED SOILS

AND AGGREGATES BY THE AREA CONCEPY

UTILIZING NUCLEAR GAGES

General Scope .

This test method provides a procedure for selecting
a compaeted area of work and for determining the in-
place wet density and moisture of untreated and
treated soils and aggregates by the use of nuclear
methods. Wet density measurements are made in the
8.inch direct transmission mode where the rod is
placed into the ground. This mode is used only when
measuring wet density of material equal to or greater
than 8 inches thick (normally embankment material).

he gage 1s also used for backscatter wet density de-
terminations only when measuring layers less than 8

X

*The laboratory wet test maximum density shall be
determined as specified in Test Method No. Calif. 312
for Class A Cement Treated Base, and as specified in
Test Method No. Calif. 216 for untreated materials,
Class B Cement Treated Base and lime treated soils

inches thick (normally structural section material).§

and aggregates. On the basis of established aceceptance

criteria, the relative compaction values are then used
to determine the acceptanece or rejection of compac-
tion within the designated area. All ealculations are
based on wet relationships and are made in the metric
system.

NoTE: See section 121 of the Materials Manual for Admin-
istrative Instruetions regarding use of nuclear gages.

This test method is divided into the following parts:

I. Method of field determination of in-place wet
density and moisture.

I1. Method of applying the area concept and deter-
p mining pereent relative compaction.

PART |. METHOD OF FIELD DETERMINATION OF
IN-PLACE WET DENSITY AND MOISTURE

A. Apparatus
1. Nuclear gage and standardizing block.

2, Miscellaneous tools such as trowels, serapers,
sieve, ete. for site preparation,

3. Guide plate, 127 x 187 x 14",

B. Standardization of the Nuclear Gage for
Wet Density and Moisture

1. Place the gage on the standardizing deviece and
take moisture and wet density counts after the gage
has been turned on for at least 10 minutes. Actual
counts are taken as part of the warmup procedure but
not used. After the warmup, perform five or more one-
minute counts for moisture and wet density to estab-
lish the standard count. Record on Form HMRT-
2148 (Figure I), For additional information mnot
covered in this paragraph, follow instructions given in
the manufacturer’s manual.

2. Average the five or more eounts determined in
B-1. Discard any counts deviating from the average
by over two standard deviations (see note)}. Average
the remaining counts to determine standard count. If

A-3
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two or more counts are disearded, take a second series
of five counts, average the five counts and apply the
same criteria. This average is to be within = 1000
counts of the value supplied with the equipment. If it
is not, contact the Radiation Administrative Officer
who will establish a new standard count or have the

gage sent in to be checked and/or repaired.

NozE: A standard deviation is defined in this test method as
o =+vn; where ¢ is the standard deviation, and n = number of
counts indicated on the scaler. This relationship is valid when
the number of counts is over 10,000. The standard deviation
should be taken as 100 for counts less than 10,000. Table I
ghows values of 2y for various counts.

C. Bite Preparation

1. Preparatory to making a nuclear measurement,
remove all loose surface matérial and obfain a plane
surface large enough to seat the probe. Where neces-
sary, in areas compacted by pneumatic-tired or
smooth-wheel rollers, remove disturbed surface mate-
rial. Where sheepsfoot and similar type tamping roll-
ers have been used, remove the loose surface material
to a depth of not less than 2 inches below the deepest
penetration by the roller, After the surface hag been
prepared to a flatness and smoothness within 14 inch,
use & sieve to obfain native fines to smooth off minor
depressions, protrusions or slight lack of planeness.

2. Where the 8 inch transmission mode is to be
used, make a hole about 12 inches deep with the
equipment provided. This hole must be as close as
possible to 90 degrees with the plane surface. If the
plate is rotated slightly around the pin and the plate
does not make contact with the ground or if it appears
that the hole is crooked, make a new hole, Site prepara-
tion is extremely important to obtaining proper test
results,

D. Field Test for Density Determination

1. Place the nuclear probe on the prepared surface
so that the bottom of the probe is firmly seated in
contaet with the soil. Place the transmission rod over
the hole, and then push the rod into the hole to an
8 ineh depth. Adjust the gage so that the rod is firmly
against the side of the hole that is nearest to the
source (detector tube(s)).

2. Obtain a one minute reading. Then rotate the
probe 10 to 20 degrees around the rod, adjust the
gage so that the rod is firmly against the side of the
hole that is nearest to the source (detector tube(s)),
and obtain & second one-minute reading. The average
of the two readings constitutes one in-place test,

Record the data as shown on Figure I, horizontal
lines A, B and C. ‘

3, Determine count ratio by dividing the field count
by the standard count (Figure I, horizonial line D).

4. Pind the count ratio and corresponding direet
transmission wet density (grams/ce) on the table
supplied with the gage (Ezample Table 2). Record
the data on Figure I, horizontal line E.


http://www.fastio.com/

ClibPDF “ivai fast

- Test Method No. Calif. 231-E
- April 5, 1971
Table 2 also shows densities in pef for technicians
who wish to relate in English units, This information
is not to be used for any additional caleulations;
5. Where the backscatier density method is used, )
follow Seetions B; C-1; the first sentences of D-1 and
D-2; and D-3. Find the count ratio and corresponding
backscatter wet density (grams/ce) on the table sup-

X

plied with the gage (Example Table 3).

OTE: Density calibration tables are determined in accord-
ance with Method No. Calif. 911.

E. Determination of Field Moisture

This test may be needed for Test Method No. Calif.
312 or used for other cases where moistures are de-
sired. o

1. Obtain a standard count for moisture as specified
in Section B of this Part 1.

For site preparation, use proecedure in Section
C-1 of this Part L

Place the gage on the prepared surface and teke
a one minufe gage count.
Determine a count ratio by dividing the average
field count by the standard count for moisture,
Find the count ratio and corresponding moisture
{grams/ce) from the table supplied with the
gage (Example Table 4). N
NoTE: (1} The moisture table may not give compm:uble regults
with oven drying. If this correlation is needed, the
table must be verified by performing miclear gage
field moisture tests and related to oven dry mois-
tures (see Method No. Calif. 911)..
Moisture determinations may be affected by the
proximity of vertical obstructions such ag structures
or soils and aggregates next to the side of the gage.
A distance of 4-10 inches should be clear next to
the gage. : .
(3) Moisture calibration tables are detérmined in aec-
cordance with Method No. Calif. 911,

2.
3.
4.

5.

(2)

PARY Ii. METHOD OF APPLYING THE AREA
CONCEPT AND DETERMINING PERCENT
RELATIVE COMPACTION

Scope

This is a statistical procedure where a number of
test measurements are taken to evaluate the state of
compaction of a selected area.

NotE: The following procedure ouflines calculations not re-
quiring & rock correction. See example on Figure IT for reck
correction. o

Procedure

A. Number and Location of Nuclear Tests

1. The area concept will be used with this test.
That is, the engineer will determine from a series
of density tests whether to accept or reject a desig-
nated area. The engineer shall determine the area by
inspection, based on uniformity of factors affecting
compaction. Insofar as possible, the area designated
shall be generally homogeneous for both character of
material and conditions of production and compaction.
Portions of the area which may be observed or sus-
pected to be different than the area as a whole will
be excluded from the test, If a relative compaction test
is desired for these different portions, they shall be

2

10.COM

-

designated as a separate test area or areas and tested

‘separately.

Do not designate test areas which include: (1) ma-~
terials from separate sources unless such materials
were intermixed during placing of the compacted
area; (2) materials which were placed and compacted
by different types of operations or processes; or (3)
material placed during different periods of production
or in nonadjoining areas.

2. In order to assure that the material throughout
the area is effectively represented by the testing in the
direct transmission mode, disperse a minimum of five
or more individual test sites as impartially as possible
at random over the area. The exact location of each
in-place wet density test site shall be of a random
nature. Determine the wet density of the material by
the nuelear tests as deseribed in Part I.

Where the backseatter mode of testing 1s used, a
mingmum of stz or more test sites are required.

3. If the designated test area, described in A-1
above, is of limited size (e.g. structure backfill, short

|1ength of shoulders, or other areas less than 1000

gquare yards) then a minimum of three or more tesis
are required in the direct transmission mode and four

DK

or more tests are required in the backseatter mode.

B. Determination of Wet Test Maximum Density

1. For all treated and untreated soils and aggre-
gates, except Class A Cement Treated Bases, obiain
equal representative portions of material from each
nuclear test site within the area and thoroughly mix
together to form a composite sample. Determine the
Jaboratory wet test maximum density (grams per cubie
centimeters) in accordance with Test Method No,
Calif. 216. Record the data on Figure I, Lines G
through I, in the section identified as ‘“‘IMPACT
TEST DATA’. The moisture content of the composite
sample must be maintained in the same state as when
the in-place tests were performed.

For those technicians who wish to relate density
in English units, multiply the wet density in grams
per cubie centimeters by 62.4.

For Class A Cement Treated Bases, the laboratory
wet test maximum density is determined according to
Test Method No. Calif. 312. The wet test maximum
value in pounds per cubie foot is divided by 62.4 fo
obtain the laboratory test maximum density in grams
per cubie centimeter used for ealeulating percent rela-
tive compaction as outlined in this method.

C. Correction for Oversize Material

1. A correction is applied to the test in those in-
stances where the original material from which the test
specimen samples are obtained, contains more than
10 percent by weight of aggregate retained on the
inch sieve. The data is recorded on Figure IT, Lines
J through T in the section titled ‘‘SAMPLE FOR
ROCK CORRECTION".

D. Percent Relative Compaction

1. Caleulate percent relative compaction as follows:
Percent relative compaction =
In-place Wet Density

Liaboratory Wet Test Maximum Density

> 100
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COUNT RATIO vS DENSITY FOR NUCLEAR GAGE nO. 37015

0IsST. 19

BASED ON3

CR

1.916
1.912
1.908
1.904
1.901

1.897
1.893
1.889
1.885
1.881

1.878
1.874
1.870
1.866
1.862

1.859
1.855
1.851
1.847
1.843

1.840
1.836
1.832
1.528
1.825

1.821
1.817
1.813
1.810
1.806

1.802
1.798
1,795
1.791
1.787

1.784
1.780
1.776
1.773
1.769

www . fastio.com

10-21~71

DENSITY PCF

G/CC

COUNT RATIO

G/CC

1.28
1.248
1.29
1.29
1,29

1.30
1.30
1.30
1.31
1.31

1.31
1.32
1.32
l.32
1.33

133
1.33
1.34
1.34

1.34

1.35
1.35
1.35
1.36
1.36

1.36
1.36
1,37
1.3%7
1.37

1.38
1.38
1.38
1.39
1.39

1.39
1.40
1.40
1.40
1eH1

PCF

80.0
80.2
C80.4
80.6
80.8

81.0
81.2
81.4
8l.6
81.8

82,0
g2.2
8244
82.6
82.8

83,0
83.2
83.4
83.6
83.8

84,0
84,2
84.4
84.6
84.3

85,0
85,2
85.4
85.6
B5.8

86.0
8642
86.4
86.6
86.8

87.0
87.2
87.4
87.6
87.8

STD.

95.7
1.53
1.650

CR

1.765
1.762
1758
1754
1.751

1. 747
1.743
1.740
1.736
1.732

1,729
1.725
1,722
1.718
1.714

e 711

1.707
1.704
1,700
1.696

1.693
1.689
1.686
1,682
1.679

1.675
1.671
1.658
1.664
1.661

1.657
1.654
1.650
1.647
1.643

1.640
1.636
1.633
1.629
1.626

CT 199382

101.4
l1.62
1.480

G/ CC

1.41
1.41
L.42
142
1.42

lett3

1.43
1.43
1.4
1.44

1.44
1.44
1«45
1.45
1.45

1.46
1.46
l.46
147
lels7

1.47
o 1.48
1'48
1.48
1.49

1.49
1.49
1.530
1.50
1.50

1.51
1.51
1.51
1.52
1.52

1.52
1.52
1.53
1.53
153

A~5

12640
2,02
1.200

PCF

88.10)
83,2
88,4
8.6
88.8

89.0
89.2
B9.4
B9.6
89,8

90.0
90.2
0.4
90.6
0.8

91,0
91,2
91.4
91.6
91.8

92.0
2.2
92.4
92.6
92.8

93.0
93.2
93.4
93.6
93.8

94,0
9,2
94 . 1
94.6
94.8

95.0
95,2
5.4
95.6
95.8

a4/ T

1354.%
2415
1.011

Cr

1.622
1.619
1.615
1.612
1.608

1.605
1.601
1.598
1.595
1.591

1 ® 56'5
1.584
1.581
1.577
1574

1.%71
1.567
1.564
1.560
1507

1.5%%
1.550
1.547
1,543
1,540

1.537
1.535
1.530
1.527
1.523

1.520
1.517
1.513
1.510
leH07

1.503
1-500
1.497
1.493
1.490

BY (5]

167.3
2.68
» O49

G/ CC

1.54
1.54
1.54
152
1459

1«50
1.56
l.56
1.56
1.57

1457
197
1.58
1.58
1.58

1.59
1.59
1.9
1,60

1.60

1.60
1.60
1.61
1.61
1.61

1.62
l.62
l.62
1.63
1.hA3

1.63
1.64
1.64
1.64
1.65

L.65
1.65
1.66
1«66
1.66

o LISTER

175.0
2. 17
«HBH

PCF

96.0
96,2
96,4
6.0
96.8

97,0
97.2
97.4
97.5
97.8

V8.0
98,2
98.4
98.6
98,4

99,0
99.2
99, 4
99,6
99,8

L e)
10.2
1004
100.6
100,.8

101.0
101,2
101.4%
101.6
101.8

iN02.0
102.2
102.4
102.6
102.8

1035.0
103.2
103.4
103.6
103.8
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