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PREFACE

A letter from the Office, Chief of Engineers, wo the Director,
Waterways Experiment Station, Jated 2 August 1951, sub_ect "Destabilizing
Tactics," authorized preparation cof & plan of test for conducting field
tests with bentonite. Later, a conference betw.en Messrs. K. R. Philippe
and W. J. New of the Office, Chief of Engineers, and Messrs. W. J.
Turnbull and C. R. Foster of the Wate.ways Experiment Station on 13 and
1% August 1951 resulted in verbal authorization for the Waterways Experi-
ment Station to conduct the tests presented herein.

The tests were conducted during the pericd 1l August-20 September
1951. Personnel of the Soils Division, Waterways Experiment Station,
actively comnectea with the investigations were Messrs. W. J. Turnbull,
C. R. Foster, 0. B. Ray, E. C, Meredith, and A. B. Thompson. This re-

port was prepared by Mr. Thompson.
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SUMMARY

The tests described herein were conducted to determine the effec~
tiveness of bentonite as an agent for .reducing the usefulness of air-
field and roadway surfaces. Small-scale pilot tests were conducted on
flexible pavement and turf to develop methods of applying the bentonite,
to select the type of granulated bentonite best suited for the purpose,
and to determine guantities to be used in full-scale tests. Laboratory
tests were then performed on blends of bentonite and deliquescent mate-
rials to determine the ability of the mixture to absorb moisture from
the air and become plastic; however, not enough moisture was absorbed
t0 produce stickiness. Mixtures of a lean-clay soil and bentonite were
alsc tested and it was found that the bentonite admixture increased the
plasticity index of the soil.

For the full-scale tests, existing surfaces of flexible pavement,
bare soil, and turf were treated with varying quantities of granulated
bentonite. The material was moistened and its effect on movement of
vehicles was determined by traffic and skid tests. The tests showed
that bentonite, applied as thickly as considered reasonably possible for
a large area, will not destabilize flexible pavement, bare soil, or turf
sufficiently to immobilize a light tank, a 2-1/2-ton truck, or a 1/2-
ton truck. Limited tests made of Aqua Gel produced the same results.
Removal or neutralization of the bentonite was attempted by different
methods, and washing or shoveling was found to effectively remove the

chemical.
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EXPERIMENTS IN DESTABILIZING SOILS WITH CHEMICALS

PART I: INTRODUCTION

Purpose and Scope of Tests

1. The experiments reported herein were conducted to determine
the effectiveness of bentonite as an agent for reducing the usefulness
of airfield and roadway surfaces. Bentonite is a highly plastic clay
composed largely of the clay mineral montmorillonite, which is noted for
its swelling property when saturated. It was thought that application
of such a material to paved or unpaved surfaces might make such surfaces
too slippery for use by wheeled and tracked vehicles and by aircraft.

2. Another chemical, Aqua Gel, was also subjected to limited
tests for the ssme purpose. Aqua Gel is a drilling mud consisting of
pure Wyoming bentonite, and is distributed by the Baroid Division,
National Lead Compeny.

3. The test program for the bentonite consisted of pilet tests,
laboratory tests of bentonite and several deliquescent materials, and
full-scale traffic tests of bentonite-coated test sections.

4k, Inspection of samples of commercially powdered bentonite in-
dicated that the powdered material was too fine to be applied in any
reasonable manner and that a more granular material would be desirable.
Since the desired gradetion was not known, three gradations of bentonite
were obtained from the American Colloid Compeny, Chicago, Illinois,
through their shipping point at Aberdeen, Mississippi. The trade name
of these materials is Volclay, and they were mined and processed in
Wyoming. The Volclay has an average dry density of 70 1b per cn ft
when packaged in bags for shipment. The gradations of the three types
of Vulclay procured werc as follows:




Sieve Per Cent
Present Nomenclature 014 Nomenclature Size Passing
Volclay (crusher run) 4 mesh, "dried and 3/8-in. 100.0
crushed"

No. 4 99.8

8 9k.3

30 5.1

50 1.5

100 0.9

200 0.6

KWK Volclay KWK 33 No. 8 100.0
30 72.8

50 13.9

1C0 3.0

2C0 1.2

MX 80 Volclay KWK 80 No. 8 100.0
30 99.9

50 88.2

1C0 48.0

2C0 15.9




PART II: PILOT TESTS

5. Since no information was availeble as to what type of bentonite
would be most suitable for traffic test purposes, or how and in what
quantities the material should be applied, a series of pilot tests on
small panels of flexible pavement and turf{ was conducted to provide this

information.

Test Panels and Tests

Flexible pavement
6. BSeven test panels, each I sq yd in area, were placed on an
existing section of flexible pavement. The type and thickness of the

bentonite on these test panels were as follows:

Panel No. Type of Bentonite Thickness, in.
1 KWK Volclay /16 (3.3 1b per sg yd)
2 Volelay (crusher run) 1/8 {6.6 1b per sq yd)
3 MX 80 Volclay 1/8 (6.6 1b per sq yd)
L KWK Volclay 1/8 (6.6 1b per sq yd)
5. Volclay (crusher run) 1/b (13.2 1b per sq yd)
6 MX 80 Volclay 1/4 (13.2 1b per sq yd)
7 KWK Volclay 1/4 (13.2 1b per sq yd)

7. Each of the panels was prepared by weighing out the desired
quantity of bentonite and spreading it, with a wooden templet, as uni-
formly as possible over the area. It was found on panel 1 that 3.3 1b
per sq yd (1/16 in. thick) did not provide complete coverage. Coverage
was satisfactory with all three materials when applied at the rate of
6.6 1b per sq yd (1/8 in. thick) or more; consequently, this was con-
cluded to be the minimum thicknese that would provide adequate coverage.
The coarser material (crusher-run Volclay) was easlest to spread hy
templet, the finer materiasls becoming more difficult to spread uniformly
with increasing fineness.

8. All, or part of each of the flexible pavement test panels was




moistened to determine the degree of swelling and the ability of each
gradation of bentonite to absorb water. Water was applied with a
sprinkler can when the pavement temperature was about 140 F. About
200% water, based on the dry weight of the bentonite, was applied to
the KWK Volclay in panel 1. The material appeared to be well moistened
and swelled to approximately double the original 1/16-in. thickness.
The condition of the KWK Volclay after drying for 24 hr is shown on fig.
1. It may be noted that as the material dried, it curled up, lost most
of its slipperiness, and decreased in volume leaving a large portion

of the pavement uncovered. Half of panel 2 was moistened to a water
content of 200%. The crusher-run Volelay in panel 2 absorbed water
readily and swelled from 1/8 to 1/h in. in thickness. After 24 hr,
cracking and shrinking had occurred similar to that in panel 1, but not

to as great, an extent. Half of panel 3 was also moistened, but it would

absorb only 135% water at one time. The moistened MX 80 Volclay of

5

Fig. 1. KWK Volclay on pavement panel 1 after wetting and
allowing to dry for 24 hr




panel 3 had shrunk excessively after 2h hr and was found to have been
moistened to less than half of the l/Bwin. depth. The KWK Volclay in
panel 4 absorbed about 180% water. Afier 24 hr, excessive shrinkage had
occurred leaving portions of the pavement exposed. However, some areas
in the panel had not been moistened to the full 1/8-in. depth. Similar
trends were observed on panels 5, 6, and 7 where the depth of dry mate-
rial was 1/4 in.
Turf

9. One additional test panel was prepared on turf. The crusher-
run Volclay was applied with a small fertilizer spreader to an average
thickness of about 1/8 in. (6.6 1b per sq yd). No conclusions were
reached as to thickness requirements on turf, but it wes noted that 2b
hr after the area had been moistened the bentonite remained slippery

and had not cracked and dried out.

10. These pilot tests indicated that reducing the usefulness of
a pavement or roadway with bentonite would be a difficult problem, par-
ticularly in dry and hot weather. The appearance of the test panels
after & 0.5-in. rain indicated that some success might be attained in
wet weather. As long as the moisture was retained, the bentonite on
panel 1, which was only 1/15 in. thick, swelled to the extent that
crverage was complete and the thickness increased to about 3/16 in.

11. Observations of the test panels indicated that crusher-run
Volclay had the most satisfactory gradation and should be used in the
test sections proposed for traffic tests. It was believed that a thick-
ness of 1/16 in. might prove to be adequate when saturated, and that a
1/8-in. thickness should definitely prove adequate when saturated. It
was not believed that a greater thickness (such as 1/4 in.) could be
applied over a large area in any practical manner. Therefore, thick-
nesses of 1/8 and 1/16 in. were selected for the traffic test sections.
A third thickness of about 1/32 in. (1.65 1b per sq yd) was also included
to determine if less than complete coverage would produce the desired
results.




12. Two methods of removing the bentonite from the pilot test
panels were tried. The material could be easily and completely removed
by washing with & medium-pressure hose. It could also be removed satis-

factorily from the paved surfaces with a shovel.
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PART ITI: LABORATORY TESTS

Effect of Deliguescent Materials

13. Since retention of moisture appeared to be important to the
satisfactory performance of bentonite, laboratory tests were made on the
MX 80 Volclay admixed with two deliquescent materials at five different
percentages, varying from 2 to 10% by dry weight. The deliguescent rmate-
rials used consisted of calcium chloride and sodium hydroxide. The lat-
ter chemical proved least effective for collecting moisture; therefore,
further tests with it were diccontinued. On the basis of inforration
resulting {rom these tests, t-e laboratory testing program was extended
to include, besides calcium chloride, six other deliquescent chemicals
consisting of magnesium chioride, zinc chloride, manganese sulfate,
potassium hydroxide, phosphorus pentoxide, and phosphorus pentachloride.
It wags alsu decided to ugse only two percentages of the deliguescent
materials and admix them with all three types of bentonite. After the
admixture was made, the moterial was placed iv a roum where the relative
humidity was about ¢4, The samples were weiched at 2h-hr intervals to
check the amount of absorbed moisture. ‘luis process was continued tor
10-15 duys on all materials except manganesc culfate.  Tests on pangunuie
sulfate were stupped after three days as it had absorbed only a negll-
gible quantity of muisture.

. Resultz of these laboratory tests ure surmarized ir tabl o,
After 11 days, the greatest atsorption of moisture vas in the KWK Volelay
containing 104 calcium chloride. Calcium chloride, rognesium chloride,
zine chloride, and phosphorus pentoxide seemcd tu be the most cffective of
the deliquescent materinls. As the per cent admixture increased in the
bentonite, the per cont moisture absorbed for a given time intcrval like-
wite increaged,  For a given deliquescent malerial, the three types of
ventonite (Volelmyn) showed very little difference in the percentage of
moisture abrorbed. Plate 1 shows graphicaily the increase in per cent
molstare absorbed for § and 105 of ~ach of the admixtures. It will be

nuled Crom these plots that the absorbed moiature gradually increased with




time np to a certain percentage and then became relatively constant. The
greatest amount cf absorbed moisture was only slightly above 50%. Since
more than 100% moisture is required to mske the bentonite slippery, it
appears that none of the deliquescent agents can take enough moisture

from the air to produce a slippery condition.

Effect of Bentonite on Plasticity Index of Soil

15. Atterberg limits tests were made on & lean-clay (CL) soil
mixed with i, 5, and 10% MX 80 Volclay. Plate 2 shows the effect that
the addition of bentorite had on the Atierberg limits of the scil. From
this chart it may be noted that the liquid limit iacreased as the per-
centage o bentonite increased, and that the plastic limit was lowered
approximately 2 points with the 5 or 1C% admixtures of bentonite. The
plasticity index increased from 17.1 to 54.9 with the 10% admixture of

bentonite.

Suspension and Viscosity Tests of Other Bentonites

16. These comparative laboratory tests were conducted on the
Volclay (crusher run) bentonite and on four other kinds of bentonite,
namely, (&) P00-mesh Volclay {high swelling); (b) foundry Volclay;

(c) Sykes Terminal Warehouse Volclay; and (d) Panther Creek southern
bentonite, for the purpose of determining whether any of the latter four
might possess qualitics or characteristics that would make them superior
to Volcley (crusher run) in the destabilization of surfaces. The 200-
mesh Volclay (high swelling) appeared slightly suporior to the other three.
However, its behavior was so similar to thet of the crusher-run Volclay
that it did not merit additional field testing.,




PART IV: TRAFFIC TESTS
Test Areas

17. Three test lanes, each 135 ft long by 15 ft wide, were laid
out: one on flexible pavement, one on bare soil, and one on turf. Each
test lane was divided into three 4#5-ft sections. Section 1 was ccated
with 6.6 1b per sq yd of bentonite, providing a rominal thickness of
1/8 in.; section 2 with 3.3 1b per sq yd of bentonite, providing & nom-
inal thickness of 1/16 in.; section 3 with 1.65 1b per sq yd of bentonite,
providing a nominal thickness of l/32 in. A typical layout of a traffic

test lane is shown on plate 3.

Placement of Bentonite

18. Based on the results of the piiot and laboratery testc, the
crusher-run Volclay was used for the field tests. The material was
placed by hand on the pavement and bare soil sections and smoothed to
the desired thickness using a square-point shovel. In the pavement lane,

section 1 was complet2ly covered (see fig. 2) and section 2 was nearly

Fig. 2. Close-up of section i (1/8 in. thick) of the turf lane after
placement of the bentonite
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covered, but section 3 had several bare places which could not be com-

pletely worked out. Uniform spreading could not be achieved by the hand
method on the turf lane; therefore, a smwall fertilizer spreader was used
to distribute the tentonite to an even thickress. No difficulty was en-

countered in spreading the material by this method.

Equipment and Procedures

19. The following vehicles were used for the traffic tests:

a. -Light tank (M24) weighing approximately 37,0CO lb and
equipped with T72 steel tracks that give an average con-
tact pressure of 11.3 psi.

Two-and-one -half ton, 6x6 truck equipped with 10.50x18
high-flotation tires on all wheels, inflated to 45 psi.
The empty weight was approximately 11,0C0 1b.

4

One-half ton pickup equipped with 6.00x16 tires, inflated
to 32 psi. The empty weight was approximately 3300 lb.

1o

20. A €000- and a 40,000-lb-capacity, electric recording-type
dynamometer, developed by the Waterways Experiment Station, were used to
obtain drawbar measurements on towed vehicles. The dynamometers were
used with a Brush BL-320 universal analyzer and a Brush direct-inking
oscillograph for recording the measurements.

21. Measurements of resistance to skidding were made in the test
lanes with each test vehicle before traffic was applied. The wheels or
tracks were locked and the vehicle towed across all three sections. The
force required to keep the vehicle moving was measured. After these
drawbar measurements were obtained, braking tests were made with each
vehic'e at speeds of 10 mph, or better. The procedure used during
braking tests was to drive the vehicle onto the section at the desired
speed, set the brakes, and measure the distance of skid. On completion
of these tests, traffic was applied by running the vehicles back and
forth on the sections, the vehicle being moved over the width of a tire
or tread after each pass. Observations were made of the maneuverability
of each vehicle. The tank preceded the truck in each test lane except
the turf lane.

. a2




Test Results

Flexible pavement lane

2¢.. Preparation of test sections. A light rain cccurred im-

mediately after the bentonite was placed on this lane. It was noted
that the rain did not thoroughly moisten even section 3 (1/32 in. thick);
however, it did cause this section to be nearly covered after the mate-
rial had swelled. A heavy rain began at 5:00 AM the next duy and con-
tinued until about 11:C0 AM. A rain gage located on the Waterways Experi-
ment 3tation reservation showed that 2 in. of rain fell during these
hours. Practically all of the bentonite on section 3 was washed uway by
11:C0 AM (fig. 3). About half of the material on section 2 (1/16 in.
thick) had also washed away. The material on section 1 (1/8 in. thick)
had swelled to about 3/1+ in. thick and free water was standing on the
section (fig. 3). A milky-colored fluid was also draining from this
section. Samples taken of the saturatsd bentonite showed an average

moisture content of 66C%.

Fig. 3. Pavement lane with section 1 in fureground and section 3,
badly eroded, in background
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23. Observations made about 20 hr after the rain show=d the mate-
rial to be drying out, causing shrinkage and large cracks to appear.
Most of the bentonite was still intact on sections V. and 2; therefore,
it was decided to sprinkle the section with water and apply traffic with
the 2-1/2-ton truck.

2L, Tests. Measurements of the force required to tow the 2-1/2-
ton truck with wheels locked, made prior to traffic, showed 34CO 1b on
section 1 and 3550 1lb on section 2. This indicates that variations in
the thickness of bentonite apparently had a very slight effect. After
the vehicle had been pulled through the sections, a very thin film of
bentonite adhered to the pavement where the tires had skidded on section
1, but no film was noted on section 2. In the braking tests, the 2-1/2-
ton truck was brought to a stop from a speed of 10 mph in a distance of
11 ft, which is about the same distance required to stop on nontreated
pavement. When the brakes were applied, the bentonite was shoved to the
front and side of the tires, leaving clean pavement. The 1/2-ton truck,
when tested at a speed of 20 mph, required 15 ft tc stop. This was also
about the same distance that would have been required for a stop on clean
pavement. When traffic was applied, the bentonite rutted and shoved out
from under the tires., leaving bare pavement; therefore, no difficulty was
encountered in maneuvering either of the trucks. The condition of section
1 after vraffic is shown on fig. b.

25. The bentonite was removed from the pavement test lane after
the truck traffic by use of a low-pressure water hose and shovels. The
area was then rebuilt in the same manner as before. The bentonite was
sprinkled with a low-pressure hose until free water was standing, al-
lowed to soak, and then sprinkled egain until the material was saturated.
The area after watering and prior to traffic is shown on fig. 5.

26. Meosurements made with the M24 light tank showed that the
force required to keep the vehicle moving when the tracks were locked
was as follows: section 1, 11,010 1b; section 2, 11,560 1b; and section
3, 11,920 1b. Thus the force required to keep the vehicle moving increased
slightly as the thickness of bentonite decreased. Braking tests made at
10-12 mph showed that the tank could be brought to an immediate stop

-




Fig. 5.

Section 3 of pavement lane in foreground, after watering
and prior %o traffic

e N
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without skidding when the brakes were applied suddenly. No difficulty
was encountered in maneuvering the vehicle on any of the three sections
in the pavement test lane. When traffic was applied, the bentonite was
displaced, leaving bare pavement showing at the grouser marks. Slight
slipping of the track occurred when the tank was turned on the ben-
tonite; however, this had little or no effect on its maneuverability.
27. Additional tests were made with the two trucks after traffic
with the tank. The l/2-ton truck did not maneuver as easily this time;
however, it was far from being immobilized. A distance of 25-40 ft was
required to bring this vehicle to a stop from a speed of 20 mph. The
2-1/2-ton truck did not maneuver as easily as it had on the first test
area; however, it was still maneuverable. Braking tests showed consid-
erable variance. About 100 ft was required to bring the truck to a
stop from a speed of 20 mph, whereas on the first test area 11 ft was
required to bring the truck to a stop from a speed of 10 mph. The con-

dition of the test area after traffic is shown on fig. 6.

Fig. 6. Pavement lane after traffic
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Bare soil lane

28. Preparation of test sections. The 2-in. rain referred to in

paragraph 22 also fell after the bentonite had been placed on this sec-
tion. Practically the same results occurred here, except no free water
was noted on the bentonite. Samples taken from section 1 showed the
bentonite to have an average moisture content of LU5%. The soil was wet
for a depth of about 1 in. underneath the bentonite. After 48 hours,
the bentonite had dried and cracked considerably; it was then watered
with a low-pressure hose, but would not reswell. Most of the water went
into the cracks causing the subgrade to become wet and s In view of
these conditions the old bentonite was removed and new ma al placed in
the same manner as before. Water was added three times before the ben-
tonite became saturated.

29. Tests. Measurements of the force required to tow the tank and
2-1/2-ton truck with tracks and wheels locked were made prior to traffic.
The force required to keep the tank nwving was as follows: section 1,
11,400 1b; section 2, 12,200 1b; and section 3, 12,830 1b. These forces
are slightly higher than those measured during comparable tests on the
pavement lane. The tank track pushed the bentonite aside, leaving a
clean path in the soil. The force required to keep the truck moving was
as follows: secticn 1, 1930 1b; section 2, 25CO 1b; and section 3,

2540 1b, These forces are considerably less than those measured during
comparable tests on pavement. The excess bentonite was shoved to the
side when the tires skidded across the sections. However, a light film
of the material was left on the soil which apparently was sufficient to
reduce the force required to tow the fruck below that which would have
been required to tow it on bare soil.

30. The M24 light tank encountered no difficulty in maneuvering
in the traffic tests. The track cut through the bentonite and into the
s0il causing the bentonite and soil to blend. The tank maneuvered about
as casily as it would have on soil. When the brakes vere applied at a
speed of 12 mph, the tank stopped without the tracks slipping; in fact,
the tracks cut into the soil down to the dry material about 1 in. below

the surface.
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31. The 2-1/2-ton truck could maneuver easily on all of the three
sections of the bare soil traffic lane. The bentonite shoved from under
the tires leaving bare soil exposed. A distance of 50 ft was required to
stop the truck from a speed of 16 mph.

Turf lane

32. The 2-1/2-ton truck was tested first on this area. Dynamom-
eter measurements showed that the force required to keep the truck moving
was as follows: section 1, 1CCO 1b; section 2, 1010 1lb; and =ection 3,
1120 1b. These forces are less than those measured during comparable
tests on both the pavement and bare soil lanes. The tires pushed the
bentonite aside, somewhat as on the other two lanes. However, the dis-
placement was not as complete in this case and the tracks left by the
truck werc quite slippery. When measurements of the required towing
force were made on the tank, the tracks tore up the turf to some extent,
but more of the slipperiness remained in the track made by the tank than
remained at the other two traffic lanes. The force required to keep the
tank moving was as follows: section 1, 55€0 1b; section 2, €020 1b; end
section 3, 6980 1b.

33. Neither of the vehicles had much difficulty in maneuvering
on any of the three sections in this traffic lane; however, the truck
had more difficulty than the tank. There was o 2% lateral slope in this
lane which caused the truck to slip to the side. The tracks on the tank
cut into the soil and did not slip to the side. The tires had a tendency
to spin on section 1, but not to such an extent that the movement of the
truck wos hampered. This tenlency of the tires to spin was not noted on
the other lunes. Come of the bentonite was shoved to the side by the
tires in the same manner as had occurred on the other two lanes. The
condition of the tur{ lanc after traffic is ghown on fig. 7.

3. At a speed of 12 mph the tracks of the tank slipped 2 ft when
the Lrakes were applied on section 1 of the turf lane; but no slippuge
occurrcd on sections 2 and 3. On zection 2 when the brakes of the truck
were applied at a speed of 18 mph, a distance of 63 ft was required to
bring the truck to u stop. During this test the truck was headed toward
gsection 1 and the ckid extended approximately halfway into scction 1.
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Fig. 7. Turf Z.ne after traffic (1/8-i:r. section in forerround)

The truck was then turned around and the brakes applied on section 1 ut
a speed of €0 mph. A distance ou 78 £t was required to stop the vehicle.
This arca wac allowed to dry for two days then again tested with the
truck. No cvidence of slipperiness remained anld the truck mancuvercd as

easily as oun natureal turf.

Teste with Agun QEs

35, An additionsl uvxperimental test section was prepared using
Aqua Gel to see If fts effects would be any different from that of the
Volelay. Ar arca &7 ft by 10 ft was used for this test. The raterial was
placed to a thickness of 1/16 in. or at a rate of 3.3 1lb per sq yd.
flater wus odded by low-presusure hose three times before the ruteriul Le-
came saturated. The 2<1/2-ton truck was uged to upply traffic on this

test lane. The behuvior of the Aqua Gel under traffic was 50 similor to
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that of the Volclay that no resistance measurements or braking tests were
made. The material was shoved to the sides of the tires, leaving a bare
pavement and, therefore, the vehicle had no difficulty in maneuvering.
There were no indications of a film of this material sticking to the

pavement in the tire path.
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PART V: CONCLUSIONS

36. Based on results of tests presented in this report, the fol-

lowing conclusions are drawn:

[Ke)

e

Bentonite mixed with a deliquescent material will not
absorb enough moisture to become sticky.

Bentonite will increase the plasticity index of a lean-
clay soil.

Bentonite placed in thicknesses of 1/32, 1/16, and 1/8
in. over turf, bare soil, or flexible pavement will not
immobilize an M2k light tank, 2-1/2-ton truck, or a
1/2-ton truck.

Aqua Gel reacted in the some manner as Volclay when sub-
Jjected to traffic.

Bentonite can be removed from a pavement readily by wash-
ing or shoveling.




Table 1

Percentages of Moisture Absorbed by Bentonite Sasples in Laboratory Tests
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* Per cent admixture (deliquescent) based on dry weight of bentonite.




PER CENT LOISTLLE ABSORBED
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