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a. PVC glass fiber and plywood skins. b. Test panels with various skin materials.

Figure 3. Foam core panels.

rather than at the foam/skin interface. No difficulty was encountered with the larger panels (up
to 8 ft in length) with shearing at the wall/foam interface due to variations in the ambient
temperature.

One additional concept that was investigated was preparation of a skin material by the
simultaneous spraying of chopped glass fibers and a modified sulfur formulation. This combina-
tion was sprayed onto sheet metal. The sulfur was modified with 3% of Thiokol Corporation's
ZL507 plasticizer. Once solidified, the skin was placed into the molds and the sulfur foam de-
posited between the skins as before. Excellent bonding to the foam was achieved, and no prob-
lems were encountered with large specimens for fluctuating ambient conditions. The principal
disadvantage with the skins prepared in this manner was the weight of the skins. A panel 3 in.

x 2 ft x 8 ft weighed 112 1b as compared to 50 1b for a similar panel without skins. With improve-
ments in the spraying techniques, a reduction in the skin thickness would result in a reduction of
the weight.

Several techniques were investigated for shaping and trimming the sulfur foam panels. A
handsaw as well as a band saw were used on panels with and without the various skin materials
and both worked very well. The hot wire technique was investigated for shaping and cutting panels
without the skin. While this technique did work, sawing is the recommended procedure at this time.

Subbase

One promising potential for lightweight sulfur foams is as a subbase material for roadways,
airstrips, and buildings in the cold regions of the world. In such applications, the sulfur foam
would be covered with a base course aggregate before being topped with portland cement or asphaltic




o —

§ T PRSP ST M

St

g A

Figure 4. Preparation and testing of the sulfur foam subbase.

concrete. For preliminary screening, foams having core densities of 10 1b/ft* and 15 1b/ft® were
covered with various thicknesses of fine and coarse aggregates and subjected to sixteen passes

of an automobile with wheel loads of 1000 1b. From this preliminary screening, it was found that
the 10-1b/ft® foam required an overlay of 6 in. of a coarse aggregate (%-in. maximum size aggregate)
or approximately 1 ft of a fine aggregate (%4-in. maximum size aggregate. A foam subbase 6 in.

» 8 ft x 10 ft was then prepared. A series of photographs showing the preparation and testing of
the pad is shown in Figure 4. The overall density of this foam pad was 15 1b/ft’>. This was some-
what denser than was desired; however, the heat sink effect of the ground caused a faster solidifi-
cation of the bottom layers of the foam and contributed to the higher overall density. Half of the
surface area of this pad was covered with approximately 1 in. of a fine mortar sand to determine
its effect as a cushioning medium. The sieve analysis of the specially graded coarse aggregate
was very similar to the gradation recommended in Department of the Army Technical Manual
TM5-250 *‘Roads and Airfields,”* 1957, for use in areas where resistance to detrimental effecis of
frost action is of special importance. The gradations of the test aggregate and acceptable mate-
rial are compared in Appendix A. The aggregate was packed by hand and was then subjected to
twenty passes with a 4000-1b automobile. The aggregate and sand were removed in selected areas
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Figure 5. Flow of sulfur foam on near vertical wall.

from the pad, and there was no apparent damage caused by the 1000-1b wheel load. The aggregate
was restored above the pad, was again packed by hand, and 20 passes were then made with a Clark
Model # CHY120, weighing 18,000 1b gross. This forklift had a weight distribution of 9000 1b on
the rear axle and 9000 1b on the front axle. The four front wheels each had a tireprint of 80 in.?
and exerted a pressure of 28 psi. Each of the two rear wheels had a tireprint of 107 in.” and ex-
erted a tireprint pressure of 42 psi. An impression of the tireprint for a rear wheel is presented in
Appendix B. During the testing, one of the single rear wheels passed directly over the edge of the
foam subbase, causing considerable compaction of the aggregate. This rutting can be seen in Fig-
ure 4c. Upon removal of all of the aggregate, inspection of the subbase revealed that the edge
over which the single rear wheel had passed caused minor crushing to occur (Fig. 4d). In removing
the aggregate a front-end loader accidentally scraped against the front edge of the foam pad and
this caused the cracking which is obvious in Figure 4d. From the inspection, it appeared that the
1-in. cushion of mortar sand for the base course aggregate was not really required.

The pad of sulfur foam was prepared by standing wooden forms on edge and making a form
having inside dimensions of 6 in. x 8 ft x 10 ft. Before the aggregate overlay was applied to the
foam subbase, the wooden forms were stripped away. Although some of the base course aggregate
was also applied against the side of the foam base, there was not enough support, and, when the
single rear wheel passed directly over the edge, the pad not being constrained at the edge had a
tendency to fail. Had this foam been poured in an excavation as would be the case in actual prac-
tice, it is doubtful if damage would have occurred along the edges.
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Figure 6. Small structure supporting a load.

Fabrication of a small structure

One of the principal advantages that sulfur foam holds for Arctic construction is that rigid-
ization of the sulfur foam depends strictly on heat loss for a phase change. This is an important
consideration because of the low ambient temperature conditions experienced in the Arctic, which

are usually detrimental to the reactions required for organic foams for poured-in-place applications.

In order to evaluate the concept of preparing poured-in-place structures, truck innertubes approxi-
mately 4 ft in diameter were used by placing then side by side when inflated, such that an arch
type structure is obtained when glass mat is draped over the innertubes. Initial attempts using a
2 oz/ft* chopped strand glass mat failed because the sulfur foam, although expanded, was still
liquid and would flow from the near vertical surface as is shown in Figure 5. One attempt to over-
come this problem was simply to place the glass mat on the ground and deposit the foam over the
mat, which then expanded and rigidized in a 2-in. thickness. The walls for the structure were cut
from this mass of foam and placed against the sides of the innertubes. Sulfur foam was then
poured-in-place as the roof of the structure and, upon coming in contact with the solidified walls,
welded itself into an integral unit. The structure fabricated in this manner had a wall and roof
thickness of approximately 2 in. and was strong enough to support a man weighing 190 1b (Fig. 6).

The most promising technique, however, for preparing the prototype poured-in-place struc-
tures was achieved by using a 2 oz/ft* expanded glass mat which is used primarily as an air filter
medium. When this mat was draped completely over the 4-ft innertubes, the sulfur foam could be

.
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Figure 7. Fabrication of a large structure.

blown into the mat which then expanded to between 2 and 3 in. thick. The random pattern of the
glass fibers within the mat prevented the flow of the foam and gave sufficient strength to prevent
the mat from tearing. Hence, there was very little drainage of the foam from the walls, and a
rather uniform wall thickness was attained iu this manner.

Fabrication of a large prototype structure

In order to fabricate a larger structure using the poured-in-place method with the sulfur foam
and the 2-in.-thick expanded air filter medium, four large aircraft innertubes were obtained. When
fully expanded, these innertubes had a diameter of approximately 7 ft, with a width of approximately
2 ft. A wooden frame structure was fabricated to hold these four innertubes side by side, which
gave a form approximately 7 ft high, 7 ft wide, and 8 ft in length. A 4 x 8-ft sheet of plywood was
then placed along each side of the structure to supportthe walls from the horizontal diameter to
the ground. Glass matting with a density of 1 oz/ft* was first draped over the innertubes and the
plywood boards. This matting acted as a barrier to the sulfur foam, preventing it from contacting
the plywood form and the innertubes. It also provided a smooth interior surface for the structure,
which could then be sprayed with a plasticized sulfur formulation to give a smooth, finished, es-
thetic surface. Over this was draped the 2-in.-thick expanded air filter medium glass mat. Sulfur
foam was sprayed into the expanded glass mat starting at the crown of the structure and working
down on each side of the structure. A series of photographs showing the fabrication of this struc-
ture is presented in Figure 7. Two batches, approximately 720 1b, of foam were required to
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Figure 9. Sulfur foam block (right) compared with conventional lightweight con-
crete block (left).

As a result, evaluation of the creep properties of the sulfur foam was undertaken. Specimens 1 and
5 days old were subjected to creep determinations by measuring the creep on nonloaded flexural
specimens. Specimens 1 x 6 x 9 in. were supported on 8-in. centers, and the creep in the center
point of the specimens was measured. These creep determinations were run for a total of 3 months;
the results are shown in Figure 8. From these data, it was ascertaired that the sulfur foam under-
goes an initial creep before finally stabilizing. Thus, it would appear that before sulfur foam can
be used for poured-in-place structures, foam formulations and structure design studies will be re-
quired to minimize the effect of the initial creep characteristics.

One area of investigation which was recently conducted for the Aero Propulsion Laboratory
under Air Force Contract F 33615-67-C-1932 was the production of sulfur foam blocks similar in
size and shape to lightweight concrete blocks. This work was done with the cognizance of the
contracting officers and project monitors, and with the agreement that the results would be pre-
sented in this report as well as in Technical Report AFAPL-TR-68-96. Figure 9 shows a sulfur
foam block compared with a conventional lightweight concrete block. The concrete block on the
left weighs 30 1b as compared to 6 1b for the sulfur foam block on the right.

Physical and mechanical properties of sulfur foam

The water vapor transmission of the sulfur foams was determined in accordance with ASTM
C-355-64 (Water Vapor Transmission of Thick Materials). These tests were conducted at an aver-
age room temperature of 70F and 40% relative humidity. After 1 month of exposure, these foams
were found to have a water vapor transmission, permeance, and permeability of zero.

The mechanical properties of the sulfur foam were determined under Air Force Contract
F 33615-67-C-1932 and are reported here in accordance with the agreement.




















