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PREFACE '

The mVastiéa.tibn desoribed In thia report was conducted under
authority of Project 1DE433030550 (formerly EF71-04-001) and Task

1D643303D550-04 . A copy of the task card is included as Appendix A,
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Thie report covers the fabrication of two rigid foam plastics
shelters by spray application of plastic resine to the inside sur-
face of air-inflated molds, The first shelter was conastrusted of
sprayed polyurethane foam with steel rib reinforcement. The second
ghelter wus coustructed of sprayed glass fiber-polyester laminate

with sprayed polyurethane core,

The report concludes that the disadvantages of the spray method
of fabrication far outweigh the advantages,




"~ - RIGID FOAM PLASTICS BHELTERS —— —— : -

BY SPRAY APPLICATION TO AIR-SUFPORTED MOLDS

T. INTRODUCTION

1. Subject. This report covers the fabrication of two rigid
foam plastics shelters at the U, §. Army Engineer Research and De-
velopment Laboratories (USAERDL) by spray application of plastic
resins to the inside surface of air-inflated molds. The first
shelter, constructed of sprayed polyurethane fcam with steel rib
reinforcement, was fabricated under contract by personnel of Raven
Industries, 8iouwx Falls, South Dakota. The second shelter, consist-
ing of sprayed glass fiber-polyester laminate with sprayed polyure-
thane core, was fabricated by persornel of USAERDL,

2, Background. Military prefabricated buildings are normally
produced in a fabricating plant and shipped to worldwide locations
for erection and use, Bulldings such as thie 20= by L8-foot straight
wall and arch rib Quonset types weigh approximately 11,000 pounds
and ocoupy approximately 240 cubic feet packaged for shipment, Pane "
elized buildings, while not appreciably heavier, occupy three to ;!
four times the shipping voluma of these buildings; however, the gl
arctic-type panel buildings are rapidly erectable under severe wea= %
ther conditions, The impact of hauling heavy tonnage of building ¥
panels was particularly felt during the comstruction in 1658-60 of
Camp Century, 135 miles out on the ice cap in Greenland, Polyure-
thane foam plastics solve the logistic problem by providing a worlde
wide-use building, considerably lighter in weight and fabricated of .3
materials which are expanded in the field to reduce shipping volume 4
manyfold, Experilence with foam plastics structures manifested their
nany advantages; however, operstions in field fubrication of panel
structures t0 date have been costly and time consuming, Sufficient
possibility for reduction of both cost and time was indlcated by so-
called inflated bag methods to warrant regearch along these lines.

II. INVESTIGATION

igg 3. Raveu Shelter, The Raven Shelter was constructed of poly-
= urethane foam sprayed on the interior surface of an air-inflated
; mold spread uver & steel framework,

a. Description of Shelter. The completed shelter i
one-plece foam structure 20 feet wide by 45 feet long by 10 feet
high at the center with an average thickness ¢f S irches. Itse chape,

4

R

- SIS AR YN Mbuho PP utob oy e i i



o YN T, (O P S T ¢

— 2

in section, is a true hemlsphere with an outside diameter of 20
feet and & quarter sphere at each end.

The air-supported mold was fabricated of ll-ounce
vinylecoated nylon and could be stripped off the foam structure for
re-use, A zipper access door, blower tube, grommet base, and pres-
sure flap were also incorporated in the mold design., A flexible
stesl cable was sewn into the perimeter of the air-supported skirt
and ground auchored with h-inch arrowhead anchora. The requirement
of air trancportability of the finished structure necessitated the
incorporation of an integral steel framework which would distribute
the four-point pick-up losding throughout the strusture. The frame
consisted of & peripheral ring to which were attached six full
arches in the half cylinder section and two quarter arches in the
end sections with two purlins located 10 feet apart on the arches
and extending 25 faet in length. To provide for pick-up points,
four free-turn swivels were bolted to the purlins, one at each end,
Each arch in-the half oylinder section was provided with a welded .
base plate that extended inside the shelter periphery and served as
an anchor plate through which the structure could be ground anchored
with stakes. These ground anchor plates were used also as the
ancho: method for the finished structure. All the members were con=-
structed of square steel tubing except the two purlins which were
fabricated from S-inch steel pipe.

b. Desecription of Equipment. The polyurethane spraying
and pouring equipment was designed and msnufactured by Raven Indus-
tries, It consisted of the usual positive displacement pumps,
metering unit, and hose to deliver the materilals to the spray gun.
The basic design philosophy of such equipmenty is one of minimal ma-
terial handling, thus the raw materials are pumped to the machine
from the original chipping containers. An axial flow fan for the
inflation of the mold was als¢o provided by the Contractor. USAERDL
provided the power source consisting of one 1lO-kilowatt field gener-
ator and one truck-mounted air compressor. An additional generator
and compressor were available as standby in case of breakdown.

c. Fabrication Technique. A cleared area was chosen for
the erection site as 1t offered the best location for the air trans-
portability test. The first part of the ereation consisted of as-
sexmbling the steel framework, starting with the base ring and subse-
quently proceeding with the arches (Figs. 1 through 4). A forklift
was necessary to position the two longitudinal purlins, due to the
excessive weight of these members. The air mold was spread over the
finished framework and secured at the ground with stake anchors.

The staking operation was difficult due to the nature of the terrain,
which was very dry and compact. The next phase of the fabrication
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Fig. 1. Assembly of steel framework. (Subassembly of steel
arches on ground,)

H9818
Fig, 2. Positioning of longitudinal purlir with the help of
a forklift,
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Fig. 3. End of purlin being bolted to steel arch.
1ifting hook for helicopter pick-up.)
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Fig. 4. Completed steel framework.
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H9691
Fig. 5. Alr-supported mold and equipment used in spraying
operation. (Note that chemicals are pumped directly from
containers (55-gallon drums).)

process consisted of setting up and calibrating equipment and inflat-
ing the mold (Fig. 5). Spraying of the polyurethane foam against
the inside of the air-inflated mold followed, Two operators took
twrns in the actual spraying operation while a third person stocd
outside the inflated membrane leeping a check on the equipment. The
operstors were provided with masks and safety respiratory equipment
vwhile spraying inside the mold (Fig., 6). A 2-inch layer of polyure=
thane foam was {irst deposited over the entire imner mold surface.
This was followed by another complete pass of about 3 inches, bring-
ing the total thickness o. the foam to about 5 inches. This was
sufficient material to completely cover the steel framework,

(1) Man-HJours. The complete operation of fabricating
the 20~ by k5-foot polyurethane foam spray shelter, including
the erection cf the steel framework; laying out of equipment;
spr2ading, inflating, snd anchoring of the air mold; and spray-
ing of the shelter, was done in seven 8-hour days., The actual
spraying required four 8-hour days. A total of 2,430 pounds
(approximately five 55-gallen drums) of polyurethane foam was
used,
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H9688
Fig. 6. Spray operators weariag safety equipment. (Note sim-
plicity of spray gua.)

(2) Striggggg of Air Mold. When the spraying opera-
tion was finished and the foam cured overnight, the strip-
ping of the alr mold preoceeded, In order to unfold the skirt
or flaps of the air mold from under the shelter, it was naces-
sary to use two forklifts lifting simultaneously from each side
of the shelter until the flaps were brought to the outside.

The remainder of the skirt was loosened around the periphery of
the shelter by carefully prying under the frame with bars, A
cable was tied to the lower end of the air mold, and with the
help of & crane and two guide ropes, the final stripping of the
shelter was accomplished,

d. Air Transportability Tests. In order to comply with
the coritract, the shelter was exposed to the following air transport-
ability tests:

(1) Crane Lift Test. The completed shelter was
lifted from the ground by & crane with & cable sling attached
to the four 1lifting hooks provided in the frame. A visual
examination of the shelter revealed no signs of failure.




T ITIT e fupand Sud = . =  — — — ¢
EFS t |
- 7 |
= (2) EHelicopter Lift Test. The second test was an
atiompt to lift and transport the completed shelter with a - ‘
) helicopter (Fig. 7). As the shelter was being lifted by the !
- helicopter, it started to spin and had to be brought down, |
One end of the shelter atruck the ground, causing progressive \

failure, The shelter was damaged beyond repalr, and only the = ,'
structural framework could be salvaged (Fig. §).
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Pig., 7. Helicopter transportabllity test.
Top: Take-cff, Bottom: Landing.
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Fig, 8. Shelter after air transportability test.

4., ERDL Shelter. Inflated bag structures are becoming in-
creasingly popular for use as temporary storage and housing. Con-
siderable research has been expended in developing methods of
rigidizing these structures, but practically all ot this research
has teen in rigidizing with various materials on the outside of the
air=infiated membrane. Since this is impracticsl in cold climates,
the iutent in the approach discussed here was to perform these cper-
ations in the interior of an air-inflated structure being maintained
in the expanded position with heated air.

&, Description of Shelter. The bullding, as completed,
is a one-plece structure, the shape approximating e half hemisrhere,
12 feet high and 20 feet in dismeter, with the equator located 2L
inches above the hase line,

b. Descripticn of Equipment. The glass laminating
equipment is comprised of a spray gun and chopper heed, two pressure
containers for resins, and a contalner for the reel of glass flber
roving. This equipment is mounted on a dolly as one compact unit
with a swinging hoom to carry the fluid lines and glass roving to
the gun. In operation, the two resin components are delivered
through the lines by regulated alr pressure to twin nozzles on the

mmammmwwzm-ﬂ-w
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spray gwi., The resin components emerge from the nozzles and con-
verge on a stream of glass fibers which are simultaneously being cut
and ejected from the same gun, When these two streams commingle, ‘
they become reactive, and when dsposited on a surface along with the
chopped glass fiber and compacted, the vhole hardens into a stroug,
weathertight skin. - S

The foam spray equipment conslsts of two positive
displacement gear pumps with variable drive., The pumps are call-
brated to daliver resin and prepolymer (foaming compcnents) from the
reservoirs to & mixing chamber, At the mixing chamber, a high-speed
impeller blends the two components, and the material is discharged
as a renctive mix., The chemical reaction is controlled by formula-
tion to expand the material approximately 30 times its original
volume within a desired time interval, The mixing head in this ap-
plication is designed to discharge the material into a secondary
turbulence chamber from which it is discharged as & spray. The for-
mulation used is onc having a short reaction time, s that the mate-
rial, when deposited on a surface, immediately expands to form a .
gelf-supporting foam.

The additional equipment used consists of blowers and
heaters for inflating the structure, air supply masks or helmets,
paint rollers, air compressors for masks and spray epparatus, lad-
ders, nolvents, and hygienic equipment,

¢, Fabrication Technique., The structure was fabricated
directly on the Teveled ground and anchored during construction dby &
water ballast boot around the parimeter of the inflated membrane as
ghown in Fig. 9.

)10o'

WATER
BALLASYT
POOT

3

L 200 _!
F |

Fig. 9. Water ballast boot used to anchor structure.
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: The fabiirnating process comsiats of unfolding and
spreading the air-inflated plastic mambrane over the floor area,
positioning the air lock, filling the ballast boot arcund the perim-
eter with water, and then inflating the membrane through a circular
opening in ¢ne end. In order to maintain temperatures within the
membrane sufficiently high to facilitate proper cure and expansion
of the laminates and polyurethane, the air for inflating the mem-
brane is suprlied by a forced alr electrlc heater. The equipment to
be used on the inside of the structure is placed under the membrane
before inflating, to avoid the necessity for transporting it through
the air lock.

The interior surface of the membrane is sprayed with
glass fiher and polyester resin and compacted with rollers. As soon
as the polyester laminate has cured and become self-supporting, a
coat of sprayed polyurethane foam is applied, The polyurethane ex-
pands to & lightweight insulating material which, in twrn, is covered
with another glass fiber resin laminate similar to the first. The
composite structure ends up as & lightwelght, stressed skin structure
with Ligh strength and insulating value, Upon completicn of the op-
erations, the membrane is intended to be capable of being removed
and reused, if desired, or may be left on the structure,

(1) Preparation of Area. Preparation of the site
consicted of clearing trees and leveling a space approximately
4O by €0 feet and then covering the leveled area with a 2-ineh
leyer of sand, @lass fiber-faced honeycomb panels, 3 feet by
¢ feet uy 6 inches, were fabricated and used as a floor. The
panels were supported on & series of stringers made of the same
material., The floor was placed on the prepared area and cove
ered with polvethylene film to prevent moisture penetration in-
t¢ the paper core.

(2) Preg%ggtion of Equipment end Materials. The
equipment was installed on this floor, and the membrane and air
lock were positioned as required. The ballast boot was then
inflated with water to anchor the structure. This operation
was extremsly A4fficult because the water flowing to find its
own level rolled the ballast boot and forced it completely off
the floor. After several unsuccessful attempts to secure the
ballast in position with sandbags and by other means, the ele-
vated floor was removed and operstions proceeded directly on
the earth floor., Some adjusting and anchoring of the ballast
boot were still necessary because of unevennass of the ground.
The boot, being continuous, permitted the water to flow to the
lower levels and to empty completely in the higher elevations,
When the tallast boct was adjusted, an electric-powered

g
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blower-heater wac attached by flexible hose to the air inlet
fitting provided for the purpose; and heated air was introduced
(Fig. 10). The heater supplied was found to be inadequate in
both heat and air output, waking it necessary to supplement
this with a gasoline-~powered blower. This was considerably
more input than was originally expected to be required, but ex-
perience in later operations showed that a great volume of air
hed t0 be evacuated and replenished in oxder to clear the area
of dust, mist, and fumes, The amount of air necessary to main-
tain inflation of the structure during off howrs was consider-
ably less.

J4OL3

Fig, 10. The air-supported stracture fully inflated and ready for
the spraying operations. The plastic membrane consists of nylen mesh
with an inner facing of Mylar and an outes facing of polyethylene.

(3) Fabrication Process. It was planned to simulate
as much as possible the environment that normally could be ex-
pected in & field of operation, with support from local facil-
itles rot exceeding that which would be available in such areas.
For this reason, the project was scheduled during & cool month
fapril) so as t0 adequately evaluate the practicability of
heating the work ares and mainteining working conditions in in-
clement weather, Personnel had no preliminary training in this
operation but did have & background of plastics fabricating
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J40ll
Fig. 11, The first opecatlon - spraylog the base with glass fiber
and polyester %o stabilize the btallast boot.

JLOos0
Fig. 12, Continuing the process of generating a self-supporting
skin of glass fiver polyester laminate. One operator 1s depositing
the laminate, and another operator is compacting the sprayed laminate
by rolling. (Note the heavier passes at the seams. This technique
was intended to lend rigidity by creating a supporting grid.)
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tachnology. It was conceded hat a minimum nucleus of semi-
trained troops would be necessary for similar operations in the
fleld. The equipment used was standard and was available from
commarcial sources. The meubrane and speciel apparatus vere

designed for cumpact packagiug. Toruounsl were instrucsted ia—- - —

the assigned task and operated independently of USAERDL facili-
ties, drawing only electric power from line source and air from -
a portable compressor., When the structure was stabilirzed, the
glase laminating and foam dispensing equipment was prepared for
operation, and safety and hygiene equipment was readied for use,
It vas expected, and soon became evident, that no operations
could bte conducted without respiratory equipment for the oper-
ators. The equipment used was Mine Safety approved full alr
supply masks with air supply lines extending to fresh air pumps
or blowers inetalled ocutside the structure. 6ince it was real-
ized that the materials deposited on the interior surface would
add even more burden on the air support blowers in order to
maintain inflation, the glass fiber laminate was depcsited in
such a way as to rigidize the structure without appreciably
edding to the weight. This was dore by spraying the glass
{iver polyester laminate In a grid pattern so as to forma
strustural skeletul framework, when cured (Figs. 11 and 12),

At the same time, it became obvious that the
gize of the inflated strugture was such that the entire opera-
tion would consume a much greater man~hour effort than had been
anticipated, It was decided, therefore, to continua the opera-
tions only =as far as the "spring-line" at one of the ends and
to terminate the strusture with a stralight closure wall on the
open end as shown in Fig, 13,

Fig, 13. Structure as modified,
with & straight closure wall on tke
open end,
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The operations proceeded on this smaller area,
and the glass fiber laminate was deposited over the enuire sur-
face and compacted by rolling the laminate with paint rollers.
Three men were employed in this operation: One to spray, one
to tend equipment, and one to roll or compact the sprayed lam-
inete, Wnen an average thickness of 1/16 inch of materia) had
veen depocited over the designated erea, this operation was
terminated and the polyurethane foam spray oreratlon was coun=
menced (Fig. 14). The end wall closure was not fabiicated at
this stage, 80 as to not restrict access to the proceseling
equipment while the major part of the structure was being
fabricated.

The optimum thickness of the foam layer which
would constitute the core is generally considered to be 2
inches; however, in spray applicsticne 1t is 1ifficult to
maintain & uniform deposlted thickness, and the experlence in
this case was that variations from 2 tn 4 inches were dictated
by linitations of equipmeat and operator technique.

The expanded fosm was built up as a core layer
over the previously deposited glass fiber leminate. In consid-
eration of the minimum load-bearing capabillities of the struc-
ture at this stage, the polyurethane depouslt was applied in
horizontel passes, beginning at the base line and progressing
tovard the dome. This technique meterially assisted in create
ing the strength required 4o support each successive pass.

After the polyurethane application was complete,
the second glass fiber laminete was applied in the same manner
ag the first except that the compucting or rollling operstion
wae eliminated sbove the H-~foot height on the walls and roof.
This was necessary because of the extreme roughness of thg
polyurethane spray coat,

The end wall closure was then fabricated by
draping the opening with burlap and spraying resin and glass
fiver and polyurethane foam, using the same procedures used in
the rest of the structure. An access door approximately 3 feet
by 7 feet was out out of the end wall closure as shown in Fig.
15,

After the equipment was removed, and the mem-
brane was stripped from the structure, the comstruction phese
of the project was considered closed {Figs., 15 ard 16),

e e A e R kAL T




J4096

JLOGh

Fig. 14. Polyurethane foam spray operaticn. (Note the wneven
Lulldup of the successive passes with the gun.)
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Kéh56
Closure wall and access door of completed building.

Pig. 1£. Completed building.
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4. Tests. - The only purposeful teats on the structure
were considered to be those of weatherability aid eging. In this
regard, the evidence after 1 year shows that no visible change is
taking place except that the polyurethane foam 1s gradually darken-
ing ir color due to the acticn of sunlight.

III. DISCUSSIOR

5. Raven Shelter. The basic concept of using expended foams
as & structural malsrisl came as a possible soluticn %o the logistic
problem of having to ship heavy and bulky panels to remote areas at
great expence. The method of spraying foam against & rsusable air
mold provided a suitable approach toward the solution of this prob-
lem, but other methods have proven more practical and economical.

&, Disedvantagzes of Spray Technique. The disadvantages
of the spray method are as follows: 7

(1) Too many different pieces of squipment are re-
quired to 4o the Job. The generator and compressor have to
oparate continuously until the foam is gself-supporting, other-
wise the shelter will collapse.

(2) High humidity affects the spraying operation,
In this test, spray operations had to0 be auspended because of
high humidity and resultant poor quality foam., It was deter-
mined that 75 percent relative humidity was the maximum allow-

able for spraying foam,

(3) The concentration of toluene diisocyanate (TDI)
fumes released during the spraying oparation constitutes a
health hazard (many fosms do not possess this characteristic),
requiring the spray operators to be equipped with protective
masks and respirator equipment, thus impairing the speed and
effectiveness of the operation.

(4) Although the air mold is reusadble, it ia neces=
sary to use an excessive amount of equipment such as forklifts,
cranes, apd pry bars (oot always available at & constructisn
gite) to remove the air mold from the shelter. )

(5) In this test, the quality of the foam obtained
from the spraying process was inferior, in many ways, to that
of straight poured foams. Although the dengity of the foam was
about 2.6 pounds per cubic foot, the compressive strength vas
in the 20-pounds-per-square-inch range, which is considered low.

444*11 M ;‘ ‘ ’4 i
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Thers were sections in the chelter where the foam was so satu-

. rated with water that it could be squeezed out as from a sponge.
This condition probebly accounted for the high coefficient of
thermal conductivity (0.63) which is considered much too high
for polyurethane foam, (See Appendix B, Materials Branch Re-

port No. 9579-1.)
{6) The general appearance of the imterior Is zot

satisfactory for use cf the shelter as personnel Quarters,
The spray foam leaves & rough finish which collects dirt and

15 unattractive.

(7) After being strippsd from the mold, the shelter
has to be covered with somes protective skin, adding an extra
time-consuming step to the operation,

(8) A highly ekilled crew is required to do this
febricetion, and the rates of production is much slower compared

to that of the stralght pour method,

b. Advantages of Spray Technique, The advantagec of the
spray method are as fofiows:

(1) The air-inflatsble mold offerc a versatiln,
lightweight, low cubage pack for easy transportation, It is
reusable and can te constructed of different materials.

(2) By spraying on the inside surface of the air
mold, personnel engaged in the operation are provided protec-
tion from the weather.

(3) The spray method provides & continuous monolithic
structure which is free from Joints, thus avoiding the use of

fagteners.

(L) The shelter can be adapted to varicus types of
terrain without necessitating special foundations,

6. ERDL Shelter. Insofar as possible, this experiment was
conducted undar average field conditions in order to observe power
requirements and to establish guidelines for fabrication techniques,
The work was done in the early spring and continued daily without
shutdown because of weather or teuperature.

The rate of production was considerably below that which
had been anticipated. This was partly due to the experimental nature
of the Jjob and novel techriques but mainly because of problems with

-
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materials, handling, equipment breakdown, maintenance of support
equipment, and operator's awkwardness of manipulation when encumbersd

with protective equipment such as air supply helmets, Some of the -- -

provlems were resolved, but other problems are little closer tn: go-
lution. For instance:

a, An air-supported building becomes increasingly more
4ifficult to maintain in proper form as the various sprayed materi-
als add their weight Lo the inflated film or membrane,

L. Regardlase of elr inpul or exheust volume, it 15 ex-
tremely 41fficult 40 offectively scavenge the contaminated air from
the stiructure.

o, The BTU input required in cold climate to maintain
satigfactory working temperatures in the structure is in excess of
capacity of normal aveilable equipment.

d, Spray application of foaming materials is wasteful
in that spray mist or overspray locs accounts for as much as one-
third of the materials used,

IV, OONOCINSTON

-t VAT

7, Conclusion. It is concluded that the disadvantages of the
spray method of construction far outvweigh the advantages.
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s, Requivements axist for lightweight rigtd shalteras and buildings which
can be fabricated in the field from low ehipping bulk materiale transported at a
density of spproximately &0 pounds par cuble foot and expanded at construction
ssite to form & rigid building core macerial of spproximataly two pounds per cuble
foot density, theraby obtaining approximately 30 cubic feet of buillding material
on he site for each cubic foot shipped.

b. The above concept is in consonance with parsgraph 16124, CDOG, which
states that military requiremants exist for all weather shelter units in all
ranges of covered space provisiens, including maintenance of vehicles, missiles,
and other mechanical/electrical equipment, command posts, air staticas, fire
diraction centars, parsonnel housing, collective protection and other geansral

purpose requirements.
23, Brief of Project and Objective
a, Brief:
(1) Objeciive:
(a) Development of low shipping bulk, high density materisls which

can be atored (n all !n‘tromu and expandad in the field to form a rigid light
wsight building material.
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(b)Pavelopmant of field techniques and mesns of expandlag low bulk
watarials of Nigh density te form rigid lightweight panale or shalesr modules
that can be sssemdled into sheltars in ths field with a2 ainiaus of skilled labdor,

(c) Development of fadricatioe equipmant and all necesssry
accessory equipment fer rapid production of panals or shelcer modules in the
field,

(2) Technical Characteristica: See Exhibit A

b. Approachi

(1) Enginesr research and development work will ba performed by the
tachnical acaff of the Bngineer Research snd Development Laberatories with
assistance from resesrch and engineering staffe of cosmercial suppliare as naed

(2) RKeginesring rassarch and studies will be undercaken in the follow-
ing areas to datermine che most suitable means of satisfying the overall
ailitary requirements!

(a) Development of feam plastics, honeycomd, or other type of
suitable materiale which msy be shipped in high dereity low bulk packages,
stored in all environments, and expanded at the comstruction afte ¢o form
rigid, lightweight, sconomical shelters or buildings.

(b) Portable field fabricatien equipment,
(c) Techniquea of fadricating shelters in all climates,

(d) Methods of reinforcing shelter core materiale to produce
high-strength, stressad-skin structuras capable of sustaining Sorces produced
in aress whare high snow and wind loads are sacoentared,

(e) Development of structural deaign criteris for atructures
fabricated of veinforced rigid foam plastic or othar lightweight cors materials.

(f) Design of shelters and buildings fn consonance with the
concept which may be produced and erected at & wvery high rate under field
conditions with a minimum of unskilled laber,

(3) Comprebensive snginearing testa of pilet medel ehelter, fieMd
fabrication equipment, including techniques, will be conducted to determine the
general suitability and to determine necessary modifications prior to submittal
for user tests. Drawings and purchase descriptions shall be modified to reflact
the equipment passing the tasts.
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(4) 8&.-1:. tent aquipment shall then ba procured 'nd”;:rnum to the
wespond systems or spplication for which tha equipment was developed.

{3) After all tasts and necessary revisions of the aquipment have hean
accomplished, complete drawings and specifications will be prepared, togsather wikk .
recommendations regavding clasaification action on the equipment developed.

¢+ Zesky: Mot applicable
d. Goosdingted Yese Plen (CTP)3

Coordinatfion will be made with the U. 8, Arwy Test and Evaluation Test-
ing Agency in connection with the enginesringeservice test phase.

s, gther Informetion:
(1) Scientific Resesarch: None
(2) Reference: Nons
(3) Discumton:
cfes {nterasted in this project, with which liaison will be

Agen
saintained and which will be furnishad coples of reports on the project are
USACOMARC, Medical Corps and Quartermaster Corpy.
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TECHNICAL CHARACTERISTICS F(R
RIGID FOAM PLASTIC SHELTERS

1, Thke rigid type shelters formed in the field by use of low
dcnodty core materials shall consist of all veather units in all
ranges ot covered space provisions, including maintenance of vahicles,
migsile, and other mechenical/clectricel equipment, command posts,
alr statlons, fire direction centern, personpel houning, collective
protection and other generul purpose requirements.

2. Meuns shall be developed for fabrication of shelters under
all environmental conditions as specified in AR TCH-17.

3. 8Shelters shall be capable of being constructed for all clie
mate operations to withetand steady winds of 60 miles par hour and -
to support suow loads of 20 pounds per square foot., Features shall
be incorporated (in kit form 4if applicable) to permit the shelters
to be used in areas where suow Loads reach LO pounds per square foot
and wind loads correspond to velocities of 8C miles per hour with
guets of 120 miles per hour,

L. The shelliers shall be made of the smallest poccible number
of components and ccmponent types, and be capable of easy handling
and rapid ¢rection by percomnel within companias and battalions,

5. The ghelters shall be compatible with chemical, biological,
and radiologicel protection,

6. The shelters shall be durable, weatherproof and fire retard-
ant, They shall not be subject to appre=ciable weather deterioration,
or attack by insects, tungl, bacteria, or rodents.

T. Wearing surfaces, both exterior and interior, shall with-
stand normal barracks type use.

8, The completed system shall permit erection of variable
length shelters.,

: - 9. Provisions shall be made in the design of the shelters for
E the installation of standard or fabricated on the site doors and
windows 1saated on both sides and/or ends.

R 10. The shelter equipment shall be lightweight and portable for
el field service, sufficlently rugged to withstand prolonged eross-
country movement and transportation in Phase II of airborne opera-
tions. It shall be designed with maximun simplicity commensurate
with intended performance and be capable of manufacture in quantity
by modern fabricatlc: methods.
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APPERDIX B N

The Materiale Brauch - -
U. S, Army Engineer Research and Development Laboratories
Fort Belvoir, Virginia

ERD M 3 October 1961

EVALJATION OF POLYURETHANE FOAM FROM BUILDING
FABRICATED BY KAVEN INDUSTRIES

Report No. 9579-1
Requested by: Specilal Equipment Branch
Authority: Project No., SP71l-0L-00Ll-0L

1. The purpose of this work was to eveluate a sample of poly-
urathane foam taken from & shelter which was formed by spraylnpg.
The foam was made from a Cook Paint Company product. The shelter
vas fabricated by Raven Industries personnel, using equipment sup-
plied by that company.

2. The properties which were tested were deusity, flsme re-
6lstance, compreceive and flexural strength, and the coetrticients of
thermal expunsion and thermal conductivity. They were determined in
accurdance with the following procedurss:

a. Compressive Strength Fed. Spec. LPLO6D
Method 1031
Samples were 1 in., by 1 in. by
1l in,

%. Flexural Strength Fed. Spec. LPLOGL
Metnod 1031
Specimens were 1 in. by 1 in,
by 6 in.

¢, Density Fed. Spec. LPLOSD
Method 5012

d. Flame Resistance A flexural specimen was marked
with a crayon with lines spaced
1l in. apart. The specimen was
then held with a ¢lamp at one
end in a horizontal position in
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f.

Coeffinient of
Thermal Expansion

Thermal Condustivity

a hood and ignited with a Bunsen
burner at the unclamped end.
Vhen the flame reached the first
line, th= burner was removed,
aud the speed of propagation was

measured-with - a stop watch. If .

the flame 4id not propagate be-
yond the first line, another .
specimen was taken. is was
held in a vertical position, and
the test was repeated, If the
flame 414 not propagate beyond
the [first line wher +he hurnave
was removed, the epecimen was
considered self-extinguishing.
Otherwise the results were re- -
ported in inches per minute when
the specimen was held in the
horizontal position. — -

Specimens approximately 12 in.
long and 1 in. thick were meas-
ured both btefore and after belng
exposed to a gemperature differ-
ential of 200° F. The thermal
corductivity was then caloulated
by using this data,

A specimen approximately 0,10

in, thick was used in conjunc-
tion with a Cenco-Fitch heat
conductivity apparatus No. T7555.
In principle, the apparatus com-
prises a source of heat (boiling
water) at constant temperature
and pressure in contact with a
layer of the material under test,
and, on the other side of the
layer, & receiving hlock of cop-
per of known thermal capacity.
The heat source and receiver are
provided with & thermocouple for
measuring the temperature differ-
ence hetween the two sides. A
galvanometer connected to appro-
priate binding posts shows a de-
flection proportional to the
temperature difference hetween
source and receiver.
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3. The results of the tests.were as followa:

Density (lb/cu ft) 2.68
Compressive Strength (psi) 22
Flexural Strength (pai 41
Flame Resistance (in,/min.) Se).f-extinguishing
Coeafficient of Thermal B o )
Expansion (in./oC) 4,77 x 1072
Coefficient of Thermal
Conductivity
(BTU/ (nr) (sq £t)(°F)(1n.)) 0.63

L, The foam has very good flame resistance and excepllionally
high thermal coaductivity. The latter may be attributed to the
weather at the time of foaming. The humidity was a0 high at one
time that a halt was called to the spraying, Evidently molsture had
been trapped in the foam, resulting in an increase in the cooffi-
clent of thermal conductivity (K factor), It was reported later by
Mr, Bartelmes and Mr, Hedrick of the Special Equipmsnt Branch and by
Mr. Robertson of the Climatic Research and Test Branch that water
could be squeezed out of the foam from the wall on the inaide of the
shelter. This may partially account for the unusually high density,
singe it is understood that the foam density was supposed to be in
the neighborhood of 2.0 lb/cu ft. There was an accident during the
preparaticn of the fosm which resulted in the loss of & quantity of
foaming agent.

5. It 1s concluded that the foam is outstanding in its high
K factor bul that this may be Aue to the high humidity existing
during the foaming operation.

6. It is recommended that a further investigation be made of
the effects of atmospheric conditions on the qualities of foam pro-
Auced by spraying.

Submitted by: 8, GOLDFEIN
Chief, Plastics Section

Forwarded by: A. W. VAN HEUCKEROTH
Chief, Materials Branch
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