TESTING OF SUBMERGED BITUMEN-SAND MIXTURES BY SLOW
REPETITIONAL LOADING

GREGORY P. TscHEBOTARIOFF AND HANs F. WINTERKORN, Princeton University

SYNOPSIS

An extensive investigation performed in 194346 for the Technical Development
Service of the Civil Aeronautics Administration at Princeton University revealed
the fact that granular soils were particularly susceptible to deformation and (or)
compaction both by vibratory and by slow-repetitional loading. The results
of this study were described in papers published in the 1944 and the 1946 Pro-
ceedings of the Highway Research Board.

The present paper describes a cooperative preliminary investigation performed -
by Princeton graduate students for the purpose of determining to what extent
asphalt admixtures were liable to decrease the deformations of granular materials
under repetitional loading. The slow repetitional soil plunger testing machine
described in the earlier papers on the subject was used to test submerged bitu-
men-sand mixtures.

Diagrams are presented which illustrate the findings made. The beneficial
effects of admixtures of aniline-furfural to sand-asphalt specimens tested in a
submerged condition are demonstrated. Plunger penetrations after 10,000 load
repetitions on submerged specimens treated in this manner were found: (1) not
to exceed 66 percent of the plunger penetrations recorded on submerged speci-
mens for which 4 percent of RC-2 asphalt was admixed to the sand, without ad-
dition of aniline-furfural; (2) not to exceed 22 percent of the plunger
penetrations recorded on specimens of submerged sand without any admixtures.

A brief discussion is given of possible practical applications of these findings.

The investigation described in References
(2, 8, and 4)! revealed the fact that coarse
grained soils are particularly susceptible to
deformation and to compaction both by
vibratory and by slow repetitional loading.
The number of load repetitions was found to
be one of the essential and governing factors.
Under all types of load the deformations of
submerged sands were much greater than the
deformations of dry sands of equal density.

Some field data has recently become avail-
able which appears to provide supporting
evidence for our laboratory findings. Infor-
mation provided by Mr. E. C. Ely, District
Soils Engineer of the New Jersey State High-
way Department, showed that on certain
highway sections with concrete pavement
underlain by natural sandy soil, so-called
“burtle backs” were found to have developed
after several years service; that is, the con-
crete slabs had settled more at the joints and
had developed a corresponding curvature
which was particularly pronounced on old
roads and on the heavily travelled lanes.

! Ttalized figures in parentheses refer to
list of references at the end of the paper.

This brings up some interesting points.
First will be mentioned the possibility of in-
creased plastic flow of concrete as a result of
load repetitions. Some studies recently per-
formed in France have indicated that plastic
flow of concrete due to rapid repetitional axial
loading might be greater than plastic flow re-
sulting from a steady application of load. A
few preliminary experiments performed dur-
ing the past year at Piinceton with slow rep-
etitional loading of small concrete beams
gave similar indications so that this whole
question appears to provide good opportuni-
ties for further study.

The present paper is however mainly con-
cerned with the preliminary results of another
study which was undertaken for the purpose
of finding the means for decreasing the sensi-
tivity of coarse-grained soils to repetitional
loading.

Such repetitional loading should not create
problems beneath flexible pavements if the
traffic is normally distiibuted. This is usually
the case and the resulting compaction of
coarse-grained subgrades, or of inadequately
compacted base courses, is then also distribu-
ted without resulting pavement damage (1).
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468 SOILS
slow-repetitional loading might therefore find

practical application in such cases. In a
discussion of (2), Mr. L. A. Palmer_of the

In the case of concrete pavements the situa-
tion is different. No matter how the traffic
is distributed the base course and the subgrade
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Figure 1. Slow Repetitional Test
Curve No: n 2 (&) @ (&)
Material Sand “A’” and Admix. listed below
Condition of Saturation Dry Dry Submerged Submerged Submerged
Compaction Method, Static, psi. 2000 2000 2000 2000 2000
Void Ratio *‘¢’’ .530 .505 .543 .518 .508
Dia. of Container, in. 6 6 6 6 6
Area of Plunger, sq. in. 3 3 3 3 3
Surcharge, 1b. 12.3 12.3 12.3 12.3 12.3
Frequency, cycles per min, 1 1 1 1 1
Plunger weight, 1b. 95 95 95 95 95
Counter weight, Ib. 95 95 95 95 95
Admixture
4%, RC-2 Asphalt Yes Yes Yes Yes No
.049%, Aniline No Yes Yes No No
.029%, Furfural No Yes Yes No No
Curing Time 8 days 9 days 11 days 13 days

are liable to be subjected to higher pressures
beneath the joints than beneath the central
portions of an uncracked concrete panel. A
method which would decrease the sensitivity
of coarse-grained soils to vibratory and to

Bureau of Yards and Docks had suggested the
possibility of using asphalt for the purpose (Z).

An admixture of four percent of rapid curing
No. 2 asphalt was selected for our tests; fur-
ther, to some specimens were added 0.04 per-
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cent of aniline and 0.02 percent of furfural in
order to prevent stripping of the asphalt when
the sand is saturated with water.

The effectiveness of aniline-furfural admix-
tures to asphaltic bitumen is due to a number
of different factors. The aniline, as a deriva-
tive of ammonia is easily adsorbed on nega-
tively charged hydrophilic minerals. The fur-
fural resinifies the aniline and prevents its
removal from the mineral surfaces (5). The
synthetic resin consisting of two parts of
aniline and one part of furfural is one of the
most weather resistant materials known (6).

TABLE 1

COMPARISON OF PLUNGER PENETRATIONS
LOADED TO A UNIT PRESSURE OF 2.27
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ft.) whereby the counterweight equaled the
plunger weight. The results of this series of
tests are summarized in Figure 1 and Table 1.
It may be seen that for specimens tested in a
submerged condition the addition of asphalt
to the sand was beneficial for a single loading
and to an only slightly greater extent for rep-
etitional loading. For a single loading the
plunger penetrations were reduced to one
third of the values recorded on sand only; for
the following 10,000 load repetitions the
plunger penetrations were reduced to one fifth
of the values recorded on sand only. The bene-

TABLE 2

O'MPARISON OF PLUNGER PENETRATIONS
LOADED TO A UNIT PRESSURE OF 3.97

T per sq. ft. T per sq. ft.
(See Fig. 1) (See Fig. 2)
Penetration After Penciration after
Soil (b) Soil (b)
(Tested Submerged) NOX 10,000 ()= (Tested Submerged) R 10,000 (c) =
irst | JoadRe | (b)— ire Toad b) —
Loading p:taitiones ®) = Loading p:?itiro:-s G —®
1) | Sand Only 0.070in. | 0.405in. | 0.425in. (1) | Sand Only 0.240in. | 0.950in. | 0.710in.
2) Sn.zng +h4'ﬁ RC- 0.023in, | 0.108in. | 0.088in. (2) Sazng! +h4%|,: RC- 0.033in. | 0.305in. | 0.272in,
phal
3) Snnds-?- :% RC- 0.025in. | 0.068in. | 0.043in. (3) | Sand + 4% RC- 0.040in. | 0.200in. | 0.160in.
2 Asphalt 4 2 Asphalt 4-
.049, aniline 4+ 049, aniline +
.02% furfural .02; urfural
) % X 100 3% 2% 20% ® E,; X 100 1% 8%% 3%
o Bxmw % | um | w% ®| oxio % | n% | a9
® Pxuw 108% 8% | 5% ®| 5 xwe 1209 | 6% | 5%

The aniline, the furfural, and the resinous
products derived from their combination, all
possess strong bactericidal and fungicidal
properties. Since it has been proven that soil
bacteria can strip bituminous materials from
mineral aggregate, the bactericidal properties
of aniline-furfural are of great practical im-
portance with respect to permanency of the
anti-stripping effect.

The testing itself was performed by means of
a slow repetitional (one-cycle per min.) six-
bank plunger soil testing machine which is
shown on Figure 20 of Reference (3) and on
Figure 53 of Reference (4).

The first series of tests was performed on
specimens of sand which is referred to as
“Sand ‘A’ ”’ in References (3) and (4), and in
the manner described in these references.
The CBR type plungers were loaded to an in-
tensity of 31.7 1b. per sq. in. (2.27 T. per sq.

ficial effects of the addition of aniline-furfural
to the sand-asphalt mixture became particu-
larly apparent for the repetitional loading—
for a single loading the plunger penetrations
remained approximately equal to one third of
the values recorded on sand only; but for the
following ten thousand load repetitions the
plunger penetrations were reduced to one
tenth of the values recorded for sand only.

A second series of tests was performed under
higher intensities of plunger loading equal to
55.0 1b. per sq. in. (3.97 T. per sq. ft.) whereby
the counterweight equalled the plunger weight.
The results of this series of tests are sum-
marized on Figure 2 and Table 2, and are simi-
lar to the results of the first series of tests.
The increased intensity of loading appears to
result in an increase of the beneficial effects of
both types of admixtures insofar as the first
loading is concerned; but in a slight decrease—
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in the same proportion for both types of ad-
mixtures—of such beneficial effects for repeti-
tional loading.

Number of Loadings
50 100 200

SOILS

aniline-furfural to sand-asphalt specimens sub-
jected to repetitional loading have thus been
demonstrated. Such treatment of granular
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Figure 2. Slow Repetitional Test

Curve No: o @ @ (¢)] (&)
Material Sand “A’”’ and Admixture listed below.
Condition of Saturation Dry Dry Submerged Submerged Submerged
Compaction Method, psi. 2000 2000 2000 2000 2000
Void Ratio “e” .505 .483 .555 .527 .591
Dia. of Container, in. 6 6 6 6 6
Area of Plunger, sq. in. 3 3 3 3 3
Surcharge Load, 1b. 12.3 12.3 12.3 12.3 12.3
Frequency of Loading, cpm. 1 1 1 1 1
Plunger Weight lbs. 165 163 165 165 163
Counter Weight lbs. 165 165 165 165 165
Admixture
4% RC-2 Asphalt Yes Yes Yes Yes No

.04%, Aniline No Yes Yes No No

.02% Furfural No Yes Yes No No
Curing Time 8 days 10 days 12 days 13 days

Further tests may be required for a detailed
evaluation of the effect of changes in the vari-
ables involved; but it can be definitely stated
now that the beneficial effects of admixtures of

soils therefore appears to provide an effective
means for decreasing their sensitivity to vibra-
tory or to slow repetitional loading. Treat-
ment by this method of granular base courses
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and even of coarse-grained subgrades beneath
joints of concrete pavements may prove ad-
visable on sections with heavy traffic.

CONCLUSIONS

1. The admixture of 4 percent RC-2 as-
phalt to sand decreases its sensitivity to repe-
titional loading in a submerged condition and
the resulting deformations to approximately
one third of the values obtained on the same
sand without any admixtures.

2. The admixture of 4 percent RC-2 as-
phalt and of 0.04 percent aniline with 0.02
percent furfural prevents stripping of the as-
phalt from the submerged sand grains and
further decreases the sensitivity of the sand to
repetitional loading in a submerged condition
and the resulting deformations to approxi-
mately one fifth of the values obtained on the
same sand without any admixtures.

3. The bactericidal properties of aniline-
furtural prevent the stripping of asphalt by
bacteria action. Therefore, over long periods
of time in the field, the use of this admixture
may be even more beneficial than is indicated
by the results of the present purely mechanical
study.

471

ACKNOWLEDGEMENTS

The slow repetitional plunger tests deseribed
in this paper were performed by Mr. John R.
Bayliss and by Mr. T. T. Shenoy.

REFERENCES

1. L. A. Palmer, Discussion of refcrence No. 2.
Proceedings, Highway Research Board,
Vol. 24, (1944)

2. Gregory P. Tschebotarioff, ¢“Effect of
Vibrations on the Bearing Propertics of
Soils.” Proceedings, Highway Research
Board, Vol. 24, (1944)

3. Gregory P. Tschebotarioff and George W.
MecAlpin, ‘‘Vibratory and Slow Repeti-
tional Loading of Soils.” Proceedings,
Highway Research Board, Vol. 26, (1946)

4. Gregory P. Tschebotarioff and George W.
MecAlpin, “The Effect of Vibratory and
Slow Repetitional Forces on the Bearing
Properties of Soils.”” Civil Aeronautics
Administration Technical Development
Report No. 57, (October 1947)

5. Hans F. Winterkorn. ‘Affinity of Hy-
drophilic Aggregate for Asphaltic Bitu-
men.” Indusirial and Engineering Chem-
tstry, Vol. 30; pp. 1362-1368. (1938)

6. Hans F. Winterkorn. ‘““A Laboratory
Study of the Soil Stabilizing Effective-
ness of Artificial Resins with Special
Emphasis on the Aniline-Furfural Resin.”
Civil Aeronautics Technical Development
Note No. 43, (January 1947)





