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This study was initiated as a preliminary evaluation of a portable 
nuclear gage developed to determine accurately the asphalt content 
of hot bituminous concrete. statistics involved in the random 
decay of the source and the background count previously had tended 
to place a limit on sensitivity of nuclear devices, usually on the 
order of ±0. 25 percent of actual content. The sensitivity of the 
newly developed gage was shown to be much better than this, using 
initial calibration results. 

Samples of hot bituminous concrete were prepared to develop 
an initial system calibration. Mixes were tested with the nuclear 
gage and the nuclear test results were then paired with actual 
design asphalt contents to yield a regression curve. standard 
deviations were computed and some results were compared with 
results for the same samples using ASTM (.!)methods. 

•IN the spring of 1967, the Pennsylvania Department of Highways received a portable 
nuclear gage developed by Nuclear Chicago Corporation specifically for the purpose of 
determining the asphalt content of hot mixes rapidly and accurately. Current extraction 
methods employed for the same purpose throughout the country have been found to yield 
results with a standard deviation of about 0. 20 percent of content (2). Previous attempts 
at determination of bitumencontent by nuclear methods usually resulted in results with 
about the same standard deviation as extraction methods. 

Good results were usually achieved with expensively instrumented, nonportable sys
tems, but a low-cost portable unit usually tended to have limitations of sensitivity be
cause high background counts tended to influence the system. Since the standard devia
tion of the background count itself was high, calibration curves usually encountered with 
about 1, 000 counts per minute per percent asphalt produced limited sensitivity. The 
portable unit evaluated herein had a very low background count which helped minimize 
such inaccuracies. 

EQUIPMENT 

The portable asphalt content nuclear gagE! system was comprised of a portable gage 
unit, Model 9999, a portable scaler, Model 5920, and a calibration standard. 

The gage consisted of a neutron source of 157 millicuries of Am241Be, four He 3 pro
portional neutron detectors, a preamplifier, and a sample cavity interposed between 
source and detectors. 

The scaler amplified and counted pulses from the preamplifier on a preset time basis. 
The calibration standard was a 4-quart stainless steel sample pan filled with Benelex 

and sealed. Benelex is a high-density wood by-product material having about the same 
hydrogen concentration as wax on a volume basis. Its high strength and structural sta
bility over wide temperature limits made it an excellent reference standard. 
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l 
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7 
8 
9 

10 
11 
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13 
14 
15 
16 
17 
18 

TABI.F. 1 

RESULTS OF INITIAL CALIBRATION TESTS 

Design AC 
~ 

2.98 
11. 65 

3. 78 
10.48 
4.90 
9.62 
5.91 
B.74 
8. 69 
9.46 
8.24 
3. 87 
7.80 
4. 76 
4. 83 
4.79 
7. 10 
6. 92 

Nuclear Ratio 

0.142 
1. 080 
0.224 
0.941 
o. 321 
0.853 
0.450 
o. 761 
0.744 
0. 831 
0. 690 
0.217 
0.664 
0. 315 
0. 339 
0.326 
0.567 
0.565 

Theoretical AC 
~ 

3.10 
11. 72 

3.85 
10.44 
4.75 
9.64 
5.93 
8.79 
8.63 
9. 43 
8.14 
3. 79 
7.90 
4.69 
4. 91 
4. 79 
7.01 
6. 99 

Deviation 
~ 

+0 . 12 
+O . 07 
+O . 07 
-0.04 
-0.15 
+O . 02 
+0.02 
+0. 05 
-0.06 
-0 . 03 
-0.10 
-0.08 
+0 . 10 
-0.07 
+O. 08 

-0.09 
+0.07 

RMS deviation 0. 08 

PRINCIPLE OF OPERATION 

Basically the nuclear gage 
system is a hydrogen content 
gage. High-energy neutrons 
emitted from the source are 
transmitted through the sample 
of bituminous material interposed 
between the source and detectors. 
Neutrons are slowed down by 
elastic collisions with nuclei. 
Since a hydrogen atom (a nucleus 
of one proton) has a mass ap
proximately equal to that of a 
neutron, high-energy neutrons 
will lose energy at a much greater 
rate in collision with hydrogen 
than in collision with the nuclei 
of other elements. 

As the number of hydrogen 
atoms is increased, the number 
of neutrons that have come to a 
state of low kinetic energy in -

creases. If we equate the hldrogen in the sample to the amount of asphalt, the thermal 
neutrons detected by the He proportional counters can be related to asphalt content of 
the sample bituminous mix. 

The Benelex standard offered a check on equipment operation. The Benelex is pre 
dominately composed of hydrogenous material with the number of hydrogen atoms un
changed over time since the standard is sealed. Any change in gage geometry, elec
tronics, or source strength cen be allowed for by means of taking a series of standard 
counts and dividing this average into counts obtained from the bituminous sample, to 
yield a ratio that should be consistent over time on a given sample standard. 

PROCEDURE 

All samples tested by the nuclear system were of the same volume, which was that 
of the 4-quart sample pan supplied with the gage. 

It was decided at the outset of the evaluation to maintain the same type of asphalt and 
aggregate along with consistent aggregate gradation for initial calibration. The range 
of 3 to 12 percent asphalt by weight was chosen since this would essentially cover the 
range of normal bituminous mixes encountered in Pennsylvania. Samples were prepared 
by weighing out aggregate and asphalt on balances accurate to 1 gram. Samples were 
then thoroughly mixed and transferred to the sample pan, which was then shaken and 
leveled off, and placed in the gage cavity. 

At the beginning of each day, a series of 10 standru:d counts was run wi th the sealed 
standard in the cavity along with 10 background counts (counts with no sample in the 
cavity). These were then averaged and recorded. The nuclear gage was mainta.ined in 
a fixed position for the complete series of tests so that counts due to other neutron 
sow·ces or counts due to some other material containing hydrogen atoms in the gage 
proximity would have a minimal effect. The average of the background counts was sub
tracted from averages of material and standard counts only as a matter of procedure. 

To minimize effects of the random nature of radioactive source disintegration, 10 
one-minute counts were taken on any sample to yield a more statistically reliable aver 
age count. During laboratory analysis it was also customai·y to run the same type of 
tests on pure asphalt of the brand being used. Since various asphalts differ in hydrogen 
content, a record was maintained of any change in type of asphalt and nuclear count of 
the pure material to correct for such changes if needed. 

The results of tests on the initial calibration mixes are given in T able 1. The devia
tions stated after theoretical asphalt content refer to the regression equation developed 
from the data. This straight-line relationship was 
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5. 0 

ACT 1.796 + 9.191 (R) 

where 

ACT = theoretical asphalt content, and 
R = nuclear ratio = material cpm avg m~nus background 

standard cpm avg mmus background 

Samples are listed in the order they were tested. The standard deviation for all sam
ples noted was 0.08 percent with a coefficient of correlation of 0.998 between design and 
nuclear contents. 

The plot of nuclear ratio versus design asphalt content is shown in Figure 1. 
A comparison between design asphalt content and extraction results is given in Table 

2. The samples are the same as No. 1 through 7 and No. 9 as given in Table 1. For 
the samples tested, the standard deviation of the extraction method is approximately 
three times that of the nuclear. 

Asphalt used during this series of tests was Ashland Oil Co. Type BM-1. Nuclear 
tests were run for pure asphalt of this type along with two others, Chevron Springdale 
and Chevron AB-A. Results of counts on these three samples were very similar, yield
ing approximately 77, 000 cpm with little difference between the three. It was concluded 
that saturation or overloading of the detector tubes was occurring. A series of tests 
was thus devised to determine if this was the case using two different brands of asphalt. 

TABLE 2 

COMPARISON OF DESIGN AND 
EXTRACTION RESULTS 

Design AC "f, Extraction AC % 

2.98 
11. 65 

3.78 
10.48 

4. 90 
9.62 
5. 91 
8. 69 

2.78 
11. 22 

3.78 
10.10 

4.78 
9. 37 
5.59 
8.44 

Deviation% 

-0.20 
-0.43 

-0. 38 
-0.11 
-0.25 
-0. 32 
~ 

RMS deviation 0. 28 

Pure asphalt of a given type was placed 
in the sample pan at depths ranging between 
% and 4 in. in %-in. increments. After the 
sample was poured to the desired depth in 
the pan, counts were taken. Results for 
the two samples (Fig. 2) indicated that fill
ing the pan to the top resulted in an erro
neous count due to detector saturation. Any 
comparison of different brands of pure as
phalt should therefore be made by filling 
the sample pan to a depth less than 3in. so 
that overloading of detectors does not oc
cur, and maintaining this test depth for all 
asphalts. 

Reading pure asphalt in this manner and 
then placing a bituminous paving mixture 
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No._ 

A 
B 
c 
D 
E 
F 

TADLE 3 

RESULTS OF SAND MIX TESTS 

Design AC 
'f, 

5.00 
6.00 
8. 30 
5.40 
6.00 
7. 00 

Nuclear Ratio 

0. 21 2' 
0.280 
0.422 
0.235 
0.276 
0. 338 

Theoretical AC 
% 

5.00 
6. 07 
8.29 
5.36 
6. 00 
6.98 

RMS deviation 

Deviation 
% 

+0. 07 
-0.01 
-0.04 

-0.02 

0. 03 

in the pan to the same depth 
should yield another method of 
determining percent asphalt in 
the sample. This method was 
not employed in the current anal
ysis but will be attempted during 
a later study. 

In a further examination, sev
eral different aggregate materi
als were tested . All aggregates 
were oven-dried prior to testing. 
Three different aggregate mate
rials were examined, completely 

filling the sample pan in each case. Two different gradations of limestone were avail
able, + 1/s in . and+ % in., and these were tested to ascertain whether any volume ef
fects were present. The other materials tested were lB slag and lB gravel. Results 
were as follows: 

+ 1~ in. limestone 3,037 cpm 
+ J8 in. limestone 3,039 cpm 
1 B slag 3,648 cpm 
lB gravel 4, 140 cpm 
Background 3,635 cpm 

Assuming minimal trapped moisture, since the samples were oven-dried, it appears 
that aggregate type can definitely affect the reading if the "pure asphalt equals 100 per
cent" method is used. Allowances should then be made for the type of aggregate in such 
an analysis. 

It was noticed that taking a longer series of counts on samples, especially those of 
higher asphalt contents, produced erroneous results due to the settling of liquid asphalt 
to the bottom of the test pan. The theoretical maximum error was investigated by pre
paring two samples of 5 percent asphalt by weight. The first sample was placed in the 
pan in the gage cavity with the aggregate filling the pan and the asphalt then poured on 
top. The result of this sample position was an average of 4, 829 cpm. The second 
sample was placed with the asphalt in the bottom of the pan covered with aggregate, thus 
placing the asphalt next to the source, whereas the first sample had the asphalt closer 
to the detectors. The result of this method was an average of 7, 220 cpm. Thus it can 
be seen that a considerable error could be introduced by using a nonuniform sample or 
allowing a high asphalt content sample to settle out. It is thus mandatory that samples 
be tested as soon as possible after mixing when calibrating the system. 

Asphalt that has settled out in the pan is in close proximity to the radioactive source, 
rather than being evenly distributed in the region between source and detectors. Since 
the neutrons that are counted have undergone collision with the nucleus of hydrogen 
atoms, placing a layer of asphalt close to the source increases the probability that a 
collision will occur between a neutron and a hydrogen nucleus. With the greater inci
dence of hydrogen atoms in close proximity to the neutron source and thus the greater 
probability of collisions, an increased count rate is obtained that is not the same as that 
when hydrogen atoms are more evenly distributed throughout the mix. 

Another important procedure to be adhered to is cleaning the instrument thoroughly, 
particularly the sample pan holder. Any build-up of bituminous material in this region 
could cause erroneous readings. 

A series of sand mixes was run with the equipment. These had been prepared months 
earlier of unknown brand asphalt using sand as the aggregate. The results did not fitthe 
developed curve since the asphalt was probably different as was the aggregate. All six 
samples were then tested with the nuclear equipment yielding the curve 

ACT = 1. 677 + 15. 677 (R) 

Results are given in Table 3. It can be seen that an excellent relationship was found 
between nuclear and actual asphalt content, although the number of samples available 
for this mix design was limited. 



Design AC <1. 

8 . 30 ± 0. 40 
8 . 30 ± 0.40 
8.30 ± 0.40 
8 . 30 ± 0. 40 
8 . 30 ± 0. 40 
8 . 30 ± 0 . 40 

TABLE 4 

RESULTS OF FIELD TESTS 

ACT % 
(Nuclear ) 

8.05 
8.05 
8.62 
8. 27 
8. 46 
8.10 

Plant Extraction AC % 

8.10 
8.40 
8.20 
8 . 60 
8 . 30 
8 . 20 
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Since the apparatus performed so well 
during laboratory analysis, the system was 
next removed to a plant in one of the Engi
neering Districts in Pennsylvania where 
continuous mixes were being produced for 
a bituminous concrete construction project. 
Here gage response was tested under field 
conditions. Again, results whose reliability 
was acceptable were obtained throughout the 
series . Procedure was the same in the field 
as in the laboratory. 

For the bituminous concrete construction 
project, Atlantic BM-1 asphalt, 85-100 pen

etration was used. The aggregate was gneiss rock and washed screenings. Final bitu
minous material was FJ-4 wearing surface (3) with a design asphalt content of 8. 3± 0.4 
percent by weight. -

The nuclear system was calibrated by preparing samples of 7. 0, 7. 5, 8. 0, 8. 5, and 
9. 0 percent asphalt content by weight and testing these with the portable gage in the same 
manner as previously mentioned. All samples were prepared with 1 percent asbestos 
by weight since this was required in the bituminous wearing mix used in the construction 
project. 

Results of calibration yielded the regression calibration curve 

ACT = 3. 476 + 9. 684 (R) 

with a standard deviation of 0. 09 percent. This curve was then relied upon to determine 
contents of check samples of the actual mix being set down (8 .3 ± 0.4 percent AC) during 
a 2-week period, at the same time running extraction tests on the samples, as is usual 
field control procedure. 

Results of these tests are given in Table 4. Since design criteria allowed a ±0. 4 per
cent tolerance, no attempt was made to note deviations from design content as was usu
ally done in calibration, where design was held to a strict tolerance necessary for cali
bration curve development. 

CONCLUSIONS 

fuitial calibration and testing with the Nuclear Chicago portable nuclear asphalt con
tent gage showed that the system was capable of producing results much more quickly 
and with a much better statistical accuracy than previous methods. The two initial cali
bration curves developed in the laboratory and the one in the field showed standard de
viations of 0.08, 0.03, and 0.09 percent respectively when compared with design asphalt 
contents of mixes used to determine the calibration curves. An initial calibration using 
the same aggregate and asphalt as would be used in the actual construction of the bitu
minous concrete roadway would result in a calibration curve for that particular material. 
This calibration process took approximately 4 hours in the bituminous plant because a 
technician was required to prepare very carefully the calibration mixes of various as
phalt contents. Each of these was then tested with the nuclear system for 10 minutes. 
Once the curve was developed, the system could be used to determine accurately the as
phalt content of the hot bituminous mix in 10 minutes, thus allowing more tests to be 
taken for better quality control. 

fuitial results obtained with the nuclear system when compared with the accepted ex
traction method standard deviation of approximately 0.20 percent showed that the porta
ble nuclear asphalt content gage had a standard deviation of less than half that of the 
extraction method in each case. 
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