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Abstracts of Conference Papers

FOAMED GLASS
Walter Lovett, Pittsburgh Corning Corp.

Early development of foamed glass is discussed, and the processes by which it was
made. A house built almost entirely of foamed glass in Canada is described, with the
steps involved in its construction and erection, as well as the performance of the build-
ing as indicated by test results over the past ten years. Foamed glass units currently
used for acoustical absorption are described and their performance detailed, and other
uses of this material in building are mentioned,
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FOAM AND GAS CONCRETES
Rudolph C. Valore, Jr,, Sika Chemical Corp.

Commercial production and application of foam and gas concretes are described, both

in terms of their use in this country and abroad. Various ingredients used to produce
cellular concretes are detailed in terms of the properties of the finished product., Ag-
gregates for autoclaved cellular concrete are analyzed, as well as means of acceleration
of hardening, and comparative water ratios. Preparation of cellular concretes is dis-
cussed in detail, Processes used in making foamed cellular concrete are described,
with a comparison of cell structures produced by various methods., Moist curing of
cellular concretes, steam curing at atmospheric pressures, density and compressive
strength are presented in contrast with compressive strength of autoclaved cellular
concrete, Flexural and tensile strength are described, as is bond strength, elasticity,
absorption and capillarity, and resistance to freezing and thawing, Drying and shrinkage
of cellular concretes are evaluated, as well as thermal expansion, thermal conductivity,
fire resistance and acoustic properties,
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FOAMED METALS
Johan Bjorksten, W.,S, Fiedler and L, F. Yntema, Bjorksten Research Laboratories

Current progress in experimental work with foam metals is discussed, with stress laid
on the fact that most of the work to date has been on aluminum and its alloys, Processes
of foaming and the variables employed are detailed. Interesting and important charac-
teristics of foamed metal are pointed out, including its workability, mechanical strength,
density and insulating properties, Uses for such products are suggested.
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URETHANE FOAMS IN STRUCTURES
R.H. Harding, Union Carbide Chemicals Co.

The general versatility of urethane foams is mentioned as an introduction to the analysis
of the material and the processes involved in its production. Various types of foam
machines are described and illustrated in terms of their effect on the finished product,
It is pointed out that rigid urethane foams combine a unique array of properties, in-
cluding exceptional strength per unit weight, low weight per unit volume, flame retard-

v
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ance, dimensional stability, resistance to passage of heat and moisture, ready fabri-
cation in field or factory, and inherent adhesion to most clean surfaces, Some archi-
tectural applications of the material are discussed.
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FOAMED POLYSTYRENE IN THIN SHELL CONSTRUCTION
E.E, Ziegler, The Dow Chemical Co.

Economic and aesthetic factors concerned in the rising use of foamed polystyrene con-
struction are noted, plus the fact that extruded polystyrene foam has been widely ac-
cepted as a material for thermal insulation over the past 15 years, and as a core for
sandwich panels, The use of this foam in the form of boards to provide form liners

in the on-site casting of concrete roofs is described, with note taken of the fact that,
once the concrete is set and the form boards removed, the exposed foam surface serves
as insulation and vapor barrier, and is also susceptible to various types of interior
finish, Another use is pointed out, wherein this type of material permits on-site con-
struction of insulated sandwich panels, It is stated that use of foamed polystyrene

in roof construction can obviate the necessity for the use of extensive supports neces-
sary in the casting of reinforced concrete., Offset-wire generation of the desired shape
is described and some examples given of its successful use with foamed polystyrene.

vi
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Foamed Glass

By Walter Lovett,* Manager, Technical Service Department,
Pittsburgh Corning Corporation

The first foamed glass was developed in this country in 1938 and was first placed on
the market in 1942, Several factors contributed to the production of this material, but
the most important were:

1) An idea that there was a need for a waterproof, noncombustible, inorganic ma-
terial of low density and low thermal conductivity to serve industry as an insulant.

2) The Navy's need for a material which would stand up well in salt water, be buoy-
ant enough to float anti-submarine nets, and also withstand the action of enemy
bullets,

Since the United States was at war during 1942, the larger part of the development of
foamed glass was pointed toward the production of a buoyant item. From foamed glass,
cubes were formed approximately 8' on a side, protected on the outside by heavy plank-
ing, They were floated out into the mouths of harbors and rivers by the thousands, and
there used to hold up steel anti-submarine nets. During the war years, the vast quan-
tity of foamed glass produced was used for this purpose; however, some was also made
available for use as an insulant for roofs, and as cold storage and wall insulation for
humidity-controlled buildings such as exist in the textile industry,

The material is made by grinding a bora-silica type glass to about the consistency of
portland cement. This fine glass powder, with a small addition of other ingredients,
is placed in stainless steel pans and heated to about 1750°F, which causes the material
to foam, The material is then put through an annealing lear (oven) to relieve any in-
ternal stresses, and then is cut into blocks of various thicknesses,

The primary use of foamed glass is for insulation, but it has been and is being used as
a structural load-bearing material, For example, when the Central Mortgage and
Housing Corporation of Canada was studying the need for low-cost housing, they first
made a study of materials other than the conventional wood frame and the prefabricated
wall system, which both involve numerous, time-consuming operations to fabricate and
erect,

Central Mortgage and Housing's requirements for an acceptable wall material were that
the material must be strong, rigid and possess resistance to heat transfer, moisture
transfer and fire, and preferably that it be homogeneous and easily mass-produced.
After studying various materials, it was decided that foamed glass was the closest ap-
proach to the desired material, Having chosen the wall material, it was decided to
build an experimental house in the industrial community of Ajax, Ontario, A basement-
less house was chosen for this investigation consisting of two bedrooms, bathroom,

. combination dining and living room, kitchen and utility room,

The house was erected in the spring of 1949. The wall and interior partitions were pre-
fabricated using 2" x 12" x 18" thick foamed glass blocks bonded together with hot asphalt
*WALTER LOVETT, Member, American Society for Testing Materials, Building Re-
search Institute; B.S. and M. S. in civil engineering, University of Pittsburgh; Regis-
tered Professional Engineer; formerly assistant professor of civil engineering, Univer-
sity of Pittsburgh,
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to form a 4" thick panel. The joints between the blocks were staggered to assure an
overlap. Window and door openings were made in the panels as they were fabricated,
The edges of the panels were vertical construction joints to be made during erection
and were coated with a thermoplastic adhesive which can be reactivated after it has
hardened by applying heat.

Before erection, the surfaces of all partitions and exterior panels were covered with
cloth set in ordinary oil base paint, over whichone coat of paint was applied. Second
coats of paint were added on the inside and outside walls for aesthetic reasons, and
a decorative finish was applied to the interior walls.

The exposed edges of the panels were protected by wooden crating during transportation
and stock piling.

The panels were erected by setting them on the concrete slab in a slow-setting adhesive
compound. Aligning the vertical edges closetogether, a specially designed heater was
inserted between the edges in order to reactivate the thermoplastic coating, To prevent
heat from escaping, a vertical wood strip was placed over the joint., When the adhesive
was reactivated, the heater and wood backing strip were removed, and the one panel
was shoved manually against the other, :

After all the wall panels were in place, the prefabricated plywood roof sections were
hoisted into place and adhered to the top edges of the exterior and interior walls,

A look at the performance record of this foamed glass house reveals that it has been
economical to heat since the 4" wall has a 0,09 coefficient of thermal transmission,
Also, the homogeneous foamed glass reduced the air infiltration to a minimum. In
the coldest months, the tenant uses slightly over 80 gallons of oil, The greatest heat
loss is at the perimeter of the concrete slab.

In addition to its resistance to heat transfer, this material has very good resistance to
moisture penetration. Some small penetration occurred at the joints of panels, At
these points, caulking compounds were applied which remedied the situation,

The house has weathered the elements for ten years and has proven structurally sound
against high wind, including "Hurricane Hazel," The cost of the experimental unit was
$14,117, This included all material, labor, trial installations and development work,

It was estimated that the potential cost of the same unit produced on a mass-production
basis and erected by an experienced crew would run about $7, 600 using 1949 costs.

The newest use of foamed glass is in the acoustical absorption field. Foamed glass,
as originally manufactured, is a completely closed-cell material, In order to give the
material sound-absorbing properties, foamed glass with open cells has been develop-
ed. A unit is now being produced which measures 13-1/2" x 13-1/2" x 2-1/2" having
four 2-1/2" square x 1/2" thick pads on the back for mounting, to leave a 1/2'" air
space behind each unit, This unit is designed to be used as a '"patch absorber, "

These foamed glass units (Fig. 1) are incombustible, rigid, and dimensionally stable.
They will not shrink, warp or change dimension with changes of temperature or humid-
ity. The units are especially designed as a sound-conditioning material to provide

the architect or designer with a product whose prime function is sound absorption,
diffusion and control. By the proper placement and spacing of these units in a room,
the reverberation time and diffusion of the sound waves may be closely controlled,

Let us look at how the foamed glass sound absorbers are adapted in a room to provide
good listening conditions. For example, if we decided that a particular room is to have
a certain desired reverberation time, and calculated that ""x'" amount of Sabins of ab-
sorption is required, knowing the number of Sabins required, we divide this figure by
two which gives the number of absorbers required, since each foamed glass unit absorbs
an average of 2,0 Sabins over the speech frequency range.

2
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Figure 1. Figure 2.

Figure 3, Figure 4.

For good acoustics, the sound reflection must be diffused and must not give a direc-
tional impression. To accomplish this, the absorbing units should be distributed on
the surfaces of a room and not concentrated on one surface or in large areas. This
can be done by the ""spot-and-patch'" technique. This consists of spacing absorbers

to provide contrasting reflection and absorption surfaces. With foamed glass unit
absorbers, this is easily done because of the independent unit design that allows spaced
or cluster mounting on wall and ceiling areas.

In general, the upper areas of the wall and perimeter areas of ceilings in from the wall
are used for mounting the units. In classrooms or auditoriums, the units are placed

in larger numbers around and toward the listening (audience) end. At the speaking

end, the units are few or nonexistent, for reflective reinforcement. In areas of general
noise (cafeterias, swimming pools, etc.) the units are placed uniformly around wall
and ceiling areas, Figure 2 shows foamed glass absorbers being placed on the wall.
Figure 3 shows a classroom treatment, and Figure 4 shows the units on the walls and
ceiling of a swimming pool.

Another use of foamed glass has been in the construction of cold storage warehouses.
Blocks of foamed glass have been erected and fastened to the steel framework forming
the outside wall where they also serve as insulation., Foamed glass blocks have also
been placed between or over bulb purlins to form the structural roof deck., Figure 5
shows foamed glass being erected against the outside framework of a large freezer.
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Figure 6

e . . . .  ————

Figure 5

Figure 6 shows foamed glass being used
on a large brewery. Foamed glass walls
built in this manner are usually 7' to 8"
thick and are erected in two layers, with
horizontal and vertical joints staggered to
prevent any thermal short circuit. The
outside of the wall is usually finished with
stucco or metal siding. If metal siding is
used, horizontal wood sleepers are im-
bedded in the outer layer of foamed glass
to facilitate fastening of the metal.

One might question how this construction
stands up structurally, Wind load tests have
been runona 10'-0"x 20'-0" x 8" thick foamed
glass wall panel. Before excessive deflection
took place, the wind velocity exceeded 78 Figure 7.

mph. The panel tested did not have an out-

side finish, which would add to the structural

strength. Also, the foamed glass is rigid, having an ultimate compressive strength
of 100 lbs. per sq. in., and the material is not affected by moisture or changes of
humidity, which insures against sagging or buckling of the wall.
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Foam and Gas Concretes

By Rudolph C, Valore, Jr.,* Director of Research,
Sika Chemical Corporation

INTRODUCTION

Low density cellular concrete may be obtained by incorporation of a homogeneous cell
structure within a cementitious slurry. Methods ?f preparation and properties of cellu-
lar concretes were described in an earlier paper 1), sk

Cellular concretes are divided into two major groups, according to the method of cur-
ing. In one group are materials subjected to moist curing (including steam curing at
atmospheric pressure) and in the other are those cured in an autoclave (in saturated
steam at temperatures near 350°F). This classification differentiates the materials
in some degree with respect to composition, physical properties, and uses.

Within each type, cellular concretes may be graded according to density. Materials
weighing as little as 15 to 20 lbs. per cu, ft. when dry may have only sufficient strength
to hold their shape and may be used as thermal insulation or fill. Densities of load-
bearing cellular concretes may range from 30 to 100 lbs. per cu. ft.; compressive
strengths in this density may range from several hundred to several thousand psi.

History

Lach (2) and Graf (3) cite relevant patents and other literature, Kudriashev (4) gives a
history of Russian autoclaved cellular concretes. Whitaker (5 has reviewed literature
on cellular and other lightweight concretes.

A patent of Aylsworth and Dyer (6) in 1914 covered the use of aluminum and other pow-
dered metals and calcium hydroxide aﬁ chemical gas-forming agents in cementitious
mixtures, Patents of Adolf and Pohl ) cover the use of hydrogen peroxide and sodium
or calcium hypochlorite for similar purposes,

Bayer (8) was granted patents beginning in 1923 on the preparation of cellular con-
cretes by 'foaming'' processes, including the blending of prefoamed air-foams into
cementitious slurries; curing in high-pressure steam was recommended, Significant
developments since 1936 in air-foams used to combat gasoline fires are chronicled in
the patents on hydrolyzed protein foaming agents listed by Clark (9). The air-foams
are useful in producing "pre-foamed' concrete,

Ippach and Bieligk (10) were granted a French patent in 1923 on "cellular'" concrete made
with excess water instead of a gassing or foaming agent,

Patents granted Eriksson (11) gince 1923 cover the use of aluminum powder in moist-cured
and autoclaved concretes containinglime and burned oil shale. Patents of Lindman

and Sahlberg 13) cover the use of flyash and finely divided silica, respectively, in cellular
concretes,

*RUDOLPH C, VALORE, Jr,, Member American Concrete Institute, American Society
for Testing Materials, Highway Research Board; A, B., North Dakota State Teachers
College, A.M,, New York University; formerly associated with Texas Industries, Inc.,
and with National Bureau of Standards,

**¥Raised figures in parentheses refer to list of references at end of paper,
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Commercial Production and Applications

Moist-cured or atmospheric-pressure steam-cured cellular concrete finds its largest
use in nonstructural applications in which it serves as thermal insulation or fill, It
may be cast in place over steel decking for roof insulation. The low strength is suf-
ficient in this application and the moderate to extensive shrinkage cracking, controlled
by the decking itself or light reinforcement, is not highly objectionable., The cured and
dried insulating concrete is finally covered with conventional roof-waterproofing mem-
branes. Underground steam lines laid in trenches are insulated by placing cellular
concrete around them, The strength requirement is virtually nil and shrinkage crack-
ing of no consequence, Cellular concrete for roof insulation may have strength in com-
pression of 100 to 300 psi and densities of 20 to 30 lbs, per cu, ft.; for underground
steam lines densities of 15 to 20 lbs, per cu. ft, and strength as low as 50 psi are
satisfactory.

Some efforts have been made to use nonautoclaved cellular concrete in production of
precast short-span reinforced plank, Shrinkage cracking is often excessive in this
application and low strength, while it does not vitiate such semi-structural applications,
renders handling of elements difficult without extensive damage.

It can be stated generally that in most applications of all types of precast cellular
concrete the strength requirements may be influenced as much by the necessity for
transporting and handling elements without extensive chipping and cracking as by
structural requirements,

Commercial production of autoclaved cellular concrete has attained a high level in
Sweden, One of the Swedish products (14) i5 made from limestone and oil shale which
are burned together; this '"shale-lime' is ground to a fine powder and then mixed with
aluminum powder, other chemicals, and water. Large molds are partially filled with
the thin slurry., As the gas generation nears completion the material overflows the
molds; after initial set, excess material is struck off (to be re-used in a following
batch), the sides of the molds are removed, and the large masses of material are cut
into blocks or slabs, These units are then cured in autoclaves (Figs, 1 through 6).
Another Swedish cellular concrete (15) is made by a similar process with portland
cement, ground silica sand, and aluminum powder, The materials used most widely
in building-block form have a density of about 35 to 45 lbs, per cu, ft. and compres-
sive strengths claimed are 800 and 1,000 psi,

Swedish construction with cellular concretes employs some innovations. In one ap-
plication, a suitably braced wall of low-density block is the exterior form for ordinary
concrete which forms the structural part of the wall, The external "insulation-form"
is later stuccoed. It is claimed that the increased proportion of the total heat capacity
contained within the external insulation reduces temperature fluctuations in a building,
due to changes in weather, A variety of special shapes is manufactured. Reinforced
roof planks, beams, and lintels are widely used; unreinforced panels are also made,
These autoclaved cellular concretes can be sawn easily with a carpenter's saw and are
said to be nailable,

Virtually all Swedish concrete masonry above grade is cellular concrete. Almost all
cellular concrete masonry exterior walls are stuccoed to provide protection from frost
action and to improve appearance,

Much of the Swedish production is in the form of reinforced members, Plank up to

20' in length and 8'" or 10" thick contain bothtensile and compressive reinforcement. The
relatively low strength concrete simply becomes a '"holder" for the reinforcing steel
from which it derives its load-carrying capacity, Roofs of industrial buildings and
apartments are constructed of such planks, which may then be caulked and covered

with conventional roofing membranes.,
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Fig. 1 - Swedish factory for making Fig., 2 - Cured autoclaved cellular
autoclaved cement-silica cellular con- concrete in Swedish factory showing
crete showing multi-level form cars with lintels, beams and slabs,

uncured material cut into slabs and blocks,

Fig. 3 - Partially completed factory Fig. 4 - Floors of houses made of
building with walls of autoclaved cellu- autoclaved cellular concrete.
lar concrete,

Fig. 5 - Partitions and roof (partially Fig. 6 - Roof construction with auto-
erected) of housing units constructed claved cellular concrete for factory
with autoclaved cellular concrete, building,
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Cellular concrete planks are also used for floors of houses and, placed vertically or
horizontally, for walls and partitions of factories, apartments, houses and other build-
ings, Interior surfaces are plastered and exterior surfaces are stuccoed or covered

with cement base paint.

In its various applications and methods of handling at job sites, precast cellular con-
crete more closely resembles timber than more conventional members of the con-

crete family.

Cellular concretes produced in the United States, Russia and elsewhere are made ac-
cording to '"prefoaming' processes, Commercially available foaming agents and equip-
ment for producing cellular concretes by preformed foam processes have been develop-
ed in Great Britain (16) and the United States (17,

Ingredients of Cellular Concretes

The cementitious or "binder' ingredient of moist-cured or atmospheric-pressure
steam-cured cellular concrete is portland cement, Because the modest strength re-
quirement should be developed in the shortest possible time, rapid-hardening, "high-
early-strength'" (ASTM Type III) cement is often used, Alternatively, normal (Type
I) cement may be used, with or without chemical accelerators,

Moist-cured cellular concretes have been proportioned, 1:0 (neat cement) to 1:4, (bags
of cement: cu, ft, of sand or lightweight aggregate).

For precast autoclaved cellular concrete, optimum physical properties result when the
binder consists of two or more finely divided components that will react chemically
under the influence of elevated temperatures Yé the presence of water to form strong,
dimensionally stable calcium hydrosilicates (19

Portland cement is '"unbalanced' chemically when used as the sole binder in autoclaved
products, and therefore does not produce optimum strength, although it does produce
superior dimensional stability, Portland cement normally consists of 20 to 25% of
SiO2 and 60 to 68% of CaO, a ratio of lime to silica (by weight) of about 3. This
ratio is optimum for producing dic?.lciurn silicate and tricalcium silicate as cementing
compounds, Kalousek and Adams 20), and Miranov and Malinina (21) have shown that
the major reaction products of lime and silica in autoclaved products are hard and
strong crystalline forms of calcium hydrosilicate having a molar ratio of lime to silica
of approximately 0.9, or a weight ratio between 0.8 and 0,9. This material appears
to be similar to a form of the mineral tobermorite, having a molar ratio of 0.8, ac-
cording to Kalousek,

The lime-bearing cementitious ingredient may be portland cement, lime (hydrate or
quicklime) or a blend of cement and lime,

When portland cement is the sold binder and the mixture contains no aggregate with
available reactive silica, strengths after autoclave curing will be considerably lower
than after 28 days of moist curing, and may be less than half the strength of autoclaved
mixtures containing sufficient available reactive silica to react with all of the lime in
the cement,

To assure that there will be sufficient silica to react with all of the lime present, it is
usually necessary to supplement the silica in the cement by adding finely ground quart=z
sand (almost pure silica) or some other finely divided material rich in reactive silica
such as fly ash, ground burned shale, clay or slate, ground brick or tile, glass polish-
ing waste, diatomaceous earth, ground pumice or other 'pozzolans." The siliceous
material is usually added as a partial replacement for cement in the mix, the optimum
percentage depending primarily on the chemical composition and fineness of the sili-
ceous material, the amount of available silica in the aggregate (if an aggregate is used)
and the chemical composition and fineness of the cement, In the manufacture of auto-
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claved masonry units, including those containing a siliceous aggregate, it is usually
advantageous to replace 25 to 50% of the cement by ground silica having a fineness
similar to that of portland cement., If the siliceous ingredient is a ''pozzolan,' i.e.,
capable of reacting with lime hydrate at ordinary temperatures, it will probably react
during autoclave curing and the quantity required to achieve optimum properties may
be substantially greater than when purer forms of silica are used.

For some mixtures subjected to autoclave curing, lime may be used instead of portland
cement in the form of high-calcium hydrate (calcium hydroxide over 90%) or quicklime
(CaO over 90%). Some of the less pure forms of lime are hydraulic, i.e., they will
M'get" or harden under water in a manner similar to the behavior of portland cement,
Some of the European commercial autoclaved cellular products are made with hydrau-
lic limes. The percentage of magnesia (MgO), however, should not exceed about 3%
to avoid disruptive expansion due to hydration of magnesia during autoclaving., Hy-
draulic limes of composition satisfactory for autoclaving are rare in the United States,

High calcium hydrate and quicklime are not hydraulic, i.e., they will not harden
readily in a moist atmosphere or under water, While lime may be used as the sole
binder in sand-lime brick or other preformed products, it is essential that the rela-
tively fluid mixes of cellular concrete develop sufficient ''set' to prevent disruption

of cell structure during temperature rise in the autoclave. The use of a minor pro-
portion of cement with lime is sufficient to provide this necessary stiffening. Quick-
lime readily hydrates when mixed with water with evolution of considerable heat. For
this reason it may be used in combination with and to accelerate the setting of portland
cement. The heat evolved during and shortly after mixing, controlled by the amount
of quicklime used, and the immobilization of a portion of the mixing water will ac-
celerate the initial setting of the cement and permit early autoclaving. Whether quick-
lime or the hydrate is used, the essential ingredient is calcium hydroxide which re-
quires, as is the case with the lime present in cement, finely divided silica with which
to react during the autoclave curing to form stable calcium hydrosilicate.

From the foregoing it may be concluded that optimum binders for economical pro-
duction of autoclaved cellular concrete may be blends of lime and cement over a broad
range of proportions. Lime may be used as an admixture for cement, or conversely,
cement may be used as an admixture for lime,

A sufficient quantity of reactive silica must be present to react all of the lime, for
optimum results. Unreacted lime remaining in the cured product causes low strength,
because lime itself is not a hard or strong material and is soluble in water. Generally
an excess of siliceous material is desirable for economic reasons, to assure ready
combination with all of the lime, and because most siliceous materials are hard and
strong and excess unreacted silica serves as relatively inert and inexpensive filler

or aggregate without seriously lowering strength, This principle is true to a lesser
degree, when portland cement is used, but when using lime, the available silica must
exceed a critical value, This critical value depends not only on the silica content of
the siliceous material but on its fineness as well, Silica in the interior of a coarse
particle of silica flour may not react with lime during the limited autoclave curing
schedules used commercially, In the manufacture of sand-lime brick only a small
proportion of the sand, consisting of the finest particles, and relatively small surface
area of the coarser sand particles serve as aggregate, sand-lime ratios in the range
of 1:10 to 1:20 being common.

Accordingly, the proportion of siliceous material to cement or lime used in the manu-
facture of autoclaved cellular concrete is usually well above what might be considered
stoichiometric amounts, For mixtures made with cement, ratios of cement to silica
flour (of equal fineness) of 1:1 to 1:3 are used; for a good, low-carbon fly ash, ratios

of 1:1 to 1:4 may be satisfactory. When lime hydrate is used the proportions of lime to
siliceous material may be 1:2,5 to 1:5 and even greater proportions of siliceous materi-
al may be used with quicklime,


http://www.nap.edu/catalog.php?record_id=21381

The physical properties of autoclaved cellular concrete depend in part on the chemical
nature of the cement or lime used, The reasons are obvious in the case of lime, but
for cements which consist of several major potentially cementitious compounds, con-
flicting conclusions on the role of cement composition have been given by various in-
vestigators, Reasons for such conflict may be found in the fact that cements have
changed during the period covered by various studies, and the work done in various
countries probably involved studies of dissimilar basic ingredients,

The two most important cementitious components of portland cement are dicalcium
silicate (C2S abbreviated for 2Ca0, Si0O2) and tricalcium silicate (C3S for 3Ca0.,Si02).
The alumina compounds, tricalcium aluminate (C3A for 3CaO. Al203) and tetracalcium
alumino ferrite (C4AF for 4Ca0. Al03.Fe203) are also important,

The calculated potential cementitious compound composition of a typical Type I cement
is as follows, according to Bogue

C3S 45%
CzS 27%
C3A 11%
C4AF 8%

Miranov and Malinina (21) studied the strength-producing properties of pastes of ce-
ments varying over a wide range in composition and of pastes of the four major ce-
mentitious ingredients individually, all with and without additions of silica flour, as
influenced by moist curing and by autoclave curing at various temperatures and of
several durations.

Neat pastes of C3S and C2S each develop low strength during autoclave curing, ac-
cording to Miranov and Malinina, but when finely divided silica flour is added in op-
timum proportions strengths are increased several fold. The optimum addition of
silica for C35S is twice that for C325, C3A neat paste develops no strength during
autoclave curing but modest strengths are obtained when silica admixture is used,
C4AF develops high strength but added silica lowers the strength progressively as the
amount added is increased. For silica addition producing optimum strength for C3A
however, the strength of C4AF with a similar addition is several times greater,

On the basis of studies by Miranov and Malinina, it may be concluded that portland
cement for autoclaved cellular concrete should contain the highest practicable quantity
of C35S and the lowest practicable quantity of C3A, Alumina should preferable be pre-
sent in the form of C4AF. The present author has determined that mortars made with
a cement having 70% C3S and no C3A had strengths after autoclave curing 40 to 80%
higher than those obtained with other '"typical' cements,

A ggregates

Autoclaved cellular concretes usually contain no aggregates in the usual sense,

g}ien aggregates are used, they are generally dense siliceous sands. Most of Graf's

moist-cured cellular concretes made by gas-generating processes contained sands
having 10 to 20% passing the No, 100 sieve, and less than 5% passing the No. 200, In
Graf's concretes of identical density and cement content, sand gradation had little
effect upon compressive strength, except for concrete containing the finest sand, which
had a markedly lower strength,

The use of lightweight aggregates as sole means for reducing the weight of concrete is
not within the scope of this report. However, we(- may consider concretes that are
hybrid lightweight aggregate-cellular concretes 23), " In such cases the cementitious
paste contains a high air or gas volume of the order of 30% of the concrete volume or
higher, and the purpose of the cell structure is limited to a lowering of density, Such
aggregates as expanded perlite, vermiculite, clay, shale, slate or slag can be used in

10
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concretes which are rendered cellular in structure by use of foaming agents, pre-
formed air-foams or chemical gas-forming agents, Such combinations provide lower
densities than when sand is used as aggregate. The lightweight aggregate is preferably
of a ""sand' or fine gradation with maximum particle size less than 1/4'" or 1/8". The
use of preformed air foams with expanded clays and shales not only provides moderate-
ly low concrete density, but also produces lower drying shrinkage than when no ag-
gregate is present. Such mixtures can be cured at ordinary temperature or autoclave
cured., The finest particles of the clays, shales and slates are usually pozzolanically
reactive at ordinary temperature, and reactive with lime or cement in the autoclave
because of their high silica contents.

Coarse aggregates are not used when a gas-generating process is employed because,
prior to gas generation in sufficient quantity to '"thicken" the thin slurry, the larger
particles do not remain uniformly suspended.

Acceleration of Hardening

Moist-cured cellular concretes have a low strength potential relative to ordinary dense
concrete, Without acceleration, the time required for removal of forms, or for handl-
ing precast elements, must be extended beyond requirements of convenience and econ-
omy. If hardening is delayed too long the cell structure may become unstable and

show a marked decrease in volume. In autoclaved cellular concretes large changes in
temperature prior to or during the onset of solidification may disrupt the cell structure,
Shortening the period between mixing and autoclaving is desirable,

An effective method of accelerating setting is the use of heat, by using ingredients at
a uniform elevated temperature, Foamin% agents and preformed foams generally
lose their stability at temperatures of 120"F or higher., Specially developed foaming
agents are said to be stable up to 150°F, however 8),

In some European commercial applications in which aluminum powder or hydrogen
peroxide gas-generating processes are employed, all materials are stored at a uni-
form elevated temperature prior to and following mixing so that acceleration due to
heat is attained without large changes in temperature, Storage temperature in'such
cases may be 100 to 120°F, The use o([ rriixing water at 150°F was recommended in
a process patented in 1927 by Schenck 24 .

Chemicals successfully used for accelerating setting and strength development of
portland cement concrete may be satisfactory in cellular concretes. When calcium
chloride, other salt solutions, or waterglass are used they should be added and mixed
into the slurry prior to introducing preformed foam or foaming agent, to avoid loss of
air, Sodium hydroxide, triethanolamine, or high alumina cement should not be used
in autoclaved materials because autoclaving destroys the cementitious value 25),
Calcium chloride has been used in moist-cured and autoclaved cellular concretes with
high-early-strength cement (26), A proprietary admixture designed to accelerate
hardening of foam concrete was developed recently

Plaster of paris, gypsum and anhydrite have been used to accelerate the early harden-
ing of cellular concretes,

In the hydrogen peroxide-calcium hypochlorite process, calcium chloride is a reaction
product, In the aluminum é)oWder process, supplementary alkali in the form of sodium
hydroxide is often added (28),

Water Ratios

For autoclaved mixtures containing finely divided siliceous materials the water-solids
ratio appears to be of greater significance than the water-cement or water-lime ratios,
Wa.teli-folids ratios of experimental mixtures reported earlier ranged from 0,45 to
0.85 1 . Lowest values, for silica and low carbon fly ash of cement fineness, varied
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little with proportions, The highest values, for expanded slate kiln dust (much finer
than the cement) and for a fly ash containing 9% of carbon but of the same fineness as
the cement, depended to a marked extent on the proportion of siliceous material used.

For cellular concretes in general, it is customary to gage the proper amount of water
in a mix by consistency rather than by a predetermined water-cement or water-solids
ratio.

Inasmuch as properties of cellular concretes are always compared in relation to dry
rather than to wet densities, very wet mixtures are not precluded, In the excess-
water process all of the ''cells" are micropores remaining after evaporation of excess
water, and the water-cement ratio loses completely the connotation it carries in con-
ventional concretes; water -cement or water-lime ratios of 5 to 10, or whatever value
is necessary to obtain the desired density, may be used.

PREPARATION OF CELLULAR CONCRETES

The necessarily intimate degree of mixing of the finely divided ingredients of cellular
concrete may be accomplished most efficiently by rapid mixing, Small amounts of
gas-generating chemicals must be dispersed uniformly in a fluid mixture to produce

a homogeneous cell structure, Efficient use of foaming agents in the mix-foam method
requires rapid beating or whipping action; in the preformed foam process, rapid mixing
produces a homogenous structure of relatively small and stable air cells free from
foam inclusions,

Kitchen-type mixers are suitable for small experimental batches and, for larger
batches, types used for mixing dough in bakeries are satisfactory. Horizontal drum
mixers with rotating paddles, and the types used for mixing plaster or mortar, may
be readily adapted for mixing cellular concretes by using a motor which permits con-~
tinuous variation in paddle speed up to 90 or 100 rpm. "Blenders'" with vertical drums
and paddles rotating at speeds up to several hundred rpm have been used by others.,

Chemical Processes

The most widely used gassing agents are aluminum pewder and hydrogen peroxide. In
theory, a known quantity of agent reacts with chemicals, added or otherwise present
in a cementitious mixture, to generate a known volume of gas, Ideally, the mixture
expands a predetermined amount,

Aluminum Powder Process-In portland cement mixtures sodium hydroxide may be
added with aluminum powder to accelerate the reaction and, by decreasing hydrogen
ion concentration of the mixture, permit all aluminum to be consumed in the reaction,
according to Caldwell 8),% Caldwell gives the reaction as

Z2Al+ 2NaOH + 2H0 =2 Na A10; + 3 Hy

According to this equation, 1 1b. of aluminum liberates about 20 cu. ft. of hydrogen

gas under standard conditions of pressure and temperature, For some mixtures, to
obtain a dry density of 40 lbs., per cu, ft., expansion should be approximately 100%,
and cell volume about 50% of the expanded mixture, The theoretical aluminum re-
quirements, per cu. yd. of concrete, should then be a minimum of about 0.6 to 0,8 1b,
This requirement would be influenced, to some extent, by the proportions of solids,
and to a greater extent by appreciable variations in water content of the mixture, In
practice, however, perfect efficiency is not obtained and the aluminum requirement

is usually higher than the theoretical. Under the best conditions, about 1 1b, of alu-
minum per cu, yd. of concrete is required for a density of 40 lbs. per cu, ft.

Efficiency of aluminum powder may be influenced by the amount of sodium hydroxide

*The reaction of aluminum and calcium hydroxide is: 2Al + 3 Ca (OH); = Al; (Ca0O)3
+ 3 Hz.
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used, which is usually two or three/times the weight of the aluminum; by particle size
of the aluminum, which is usually finer than 50 microns; by the purity and degree of ag-
glomeration of the aluminum particles; and by means taken to prevent escape of gas
from the mixture before hardening., The last-mentioned factor requires an agent to
stabilize the gas cells; foaming agents such as saponin or a neutralized resin have been

used for this purpose,

Aluminum powder may be mixed dry with the cement; water, stabilizing agent, and ag-
gregate or poazolan may then be added and mixed for a short period; sodium hydroxide
is usually added last, followed by a final short mixing period. Molds are partially
filled with the thin slurry, which expands as hydrogen is generated, in from 20 min,

to more than an hour. If the cells are not stable, the mixture may collapse after ex-
pansion is complete or the mixture may be denser at the bottom than at the top. These
difficulties may be overcome if solidification begins shortly after completion of ex-
pansion, If the cells are irregular, rather than sperical in shape, due either to ag-
glomeration of aluminum particles or instability of the cells, excessive lowering of
ifﬁl strength occurs, The method is said to require precise control of temperature

Despite various difficulties and the critical nature of required precautions, some pro-
ducts produced by the aluminum powder method are of excellent uniformity, expecially
when produced on a large scale with close control of raw rna.ter('als and manufacturing
conditions, The scatter in density values reported by Vinberg 30) for factory-pro-
duced materials under optimum conditions indicates that precise control of density is
difficult, however,

Hydrogen peroxide process — Reaction between hydrogen peroxide and calcium hy-
pochlorite (bleaching powder) is given by Graf 3) as

CaCl (OCl) + Hy O, = CaCly + Oz + H20

The ratio used of commercial bleaching powder (with 70% of active chlorine) to hy-
drogen peroxide (30% solution) may be 1.5 or higher. One pound of 30% H202 evolves
approximately 3-1/4 cu, ft, of oxygen, according to the equation, For cellular con-
cretes weighing 40 lbs. per cu. ft, (as considered in the section on the aluminum pow-
der process) about 4 to 5 lbs. of 30% H2072 and 6 to 8 lbs. of bleaching powder with
70% of active chlorine are theoretically required per cu, yd, of concrete, The H20;
process theoretically does not depend upon the chemical nature of the cement-water
mixture and presents no problems of agglomeration, particle size, dispersion, or
purity, as use of aluminum powder does. Stabilization of cell structure is necessary,
however, and saponin, neutralized resin, or other foaming or air-entraining agents
may be used for this purpose. Calcium chloride is evolved from the chemical reaction
in amounts sufficient to accelerate solidification of the mixtures (almost 2% by weight
of cement in 1:2 cement-silica mixtures weighing 40 lbs, per cu. ft. when dry).

Graf (3) has indicated that the oxygen and calcium chloride evolved in the HO5 pro-
cess cause rusting of steel reinforcement, and recommends that molds of noncorrosive
material be used. Graf has also shown that the density may be considerably lower at
the top than at the bottom of a specimen, and for this reason the height to which the
freshly mixed material may expand should be limited to not more than 16", *

In the hydrogen peroxide process the gas may, if desired, be almost entirely evolved
during mixing, or alternatively, most of it may be evolved in the molds, When hy-
pochlorite is added and mixed into a premixed slurry prior to adding the mixing the
peroxide, the "mix-expansion' occurs, ¥¥

*Dilnot(29) states that maximum rise is restricted to about 12" when the aluminum pow-
der process is used.

**¥To provide greater uniformity in mixing, calcium hypochlorite is prepared as an
aqueous suspension before use. In mixtures made at the National Bureau of Standards,

a suspension of 1 part of hypochlorite (70% of active CL) in 3 parts of water (by weight)
was used, "
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More gradual '""mold expansion' occurs when the order of adding and mixing of the
chemicals is reversed. Mix-expansion permits measuring the density of the expanded
concrete before molding; this cannot be done when aluminum powder is used. A high
degree of reproducibility is claimed for the peroxide process. It is claimed that cell
size may be controlled by the choice of cell-stabilizing material

FOAMED CELLULAR CONCRETE

Foaming processes used in making cellular concretes are air-entraining in character
and some agents used in structural, sand-gravel air-entrained concretes may be used
as foaming agents., The term '"foaming' connotes relatively high air contents, The
following types of foaming agents have been used:

1) Detergents and wetting agents (sodium lauryl sulfate, alkyl aryl sulfonate, and
others),

2) Resin soap and vegetable (8) or animal (32) glue.

3) Saponin,

4) Proprietary neutralized resin.

5) Hydrolyzed (protein such as keratin ("hoof and horn meal") (9), cattle hooves and
fish scales 18), blood and saponin , and casein,

Experiences with gas and foam processes indicate that excellent cellular concretes,
indistinguishable in physical properties, may be made by both methods.

In the mix-foam method, a foaming agent may be added to the mixture after all other
ingredients (including an accelerator) have been mixed to a fairly thin slurry; the mixer
may then be operated at 80 to 90 rpm for a final 2 or 3 min, Consistency after mixing
may be that of an easily pourable but thick cream; more viscous mixtures are sus-
ceptible to entrapment of large air voids during mixing or molding. Molds are usually
filled to overflowing to compensate for some subsidence due to bleeding of water through
the bottoms of the molds. The quantity of foaming agent required to obtain a given
density is affected by mixing speed and character of the mix ingredients, and may de-
pend upon the type of mixer used, quantity of materials mixed, mix consistency, na-
ture of the accelerator, mix proportions, length of mixing period, and, most important,
the type and brand of foaming agent used.

Preformed foam procesigf were used in making commercial moist-cured materials

in Europe prior to 1926 . The ?evelopment of hydrolyzed protein foaming agents and
compressed-air foam generators brought several manufacturers of foaming agents
used in fire fighting into the cellular concrete field, Development by these firms has
evolved simple and economical equipment and techniques for preparing and using air-
foam as an "aggregate" in cellular concretes. Under ideal conditions, an amount of
"air foam'' containing a definite volume of air is blended (Figs. 7, 8 and 9) without
change in volume, into a premixed slurry. The foams have densities of 2 to 5 1bs., per
cu, ft. and are prepared from 2 to 4% solutions of foaming agents; foam density and
concentration of the foaming agent solution depend upon the brand of agent used,

Using the same type of mixer employed in preparing mix-foamed concretes, satisfactory
results have been obtained with prefoamed foam.

In commercial applications, foam is "injected" from the foam generator directly into the
mixer and the quantity is gaged by duration of delivery, Advantages of the preformed
foam method are a much lower foaming agent requirement than in the mix-foam pro-
cess, and a close relationship between the amount of foaming agent used and the air
content of a mix,

Mixing ?gs(jellular concrete using the excess-water method ha? been described by An-
deregg ; this method was used by Humme{ d Huttemann (34) and is based upon a
previously cited patent of Ippach and Bieligk Excess-water mixtures patented
by Swezy and Jones in 1941 (35) consisted of hydrated lime, finely divided slate, or
shale, and had water-solids ratios of 1,2 to 8,
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Fig. 7 - (Upper left) Preformed air-
foam being injected into mix,

Fig. 8 - (Above) Partially blended air-
foam and cementitious slurry,

Fig. 9 - (Left) Discharging foam con-
crete made with preformed airfoam
from mix,

A

The process generally involves the use of lime (quicklime or hydrate) and finely ground
silica, slate or shale; asbestos fiber or diatomaceous earth may be added as water-
retaining materials, The material is cured in an autoclave. Densities of 30 lbs, per
cu, ft, or lower may be obtained, Since low density depends on a fine pore structure
left by evaporation of excess water, absorption may be relatively high, despite auto-

clave curing.

Comparison of Cell Structures Produced by Various Methods

Figures 10 and 11 are photographs of the ground surfaces of various cellular concretes.
In Figure 10 (a) is a Swedish cement-silica autoclaved material made with aluminum
powder; (b) is a Swedish autoclaved lime-shale material made with aluminum powder;
(c) is a moist-cured neat cement made with aluminum powder. Density of these ma-
terials was 35 to 45 lbs, per cu, ft. All materials in Figure 11 were autoclaved and
were made: (a) by the preformed foam process, and the others by mix-foaming,

Figures 12 and 13 show cell structures of materials made by the hydrogen peroxide
and prefoam processes, respectively (x 14).
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(b) ()

Fig, 10 - Commercially produced cellular concretes made by aluminum powder
process,

Fig. 11 - Experimental cellular concretes made by mix-foam and prefoam pro-
cesses,

Fig, 13 - Experimental cellular con-
crete made by prefoam process (14X),

Fig., 12 - Experimental cellular con-
crete made by hydrogen peroxide
process (14X).

16


http://www.nap.edu/catalog.php?record_id=21381

CURING OF CELLULAR CONCRETES

Moist Curing

Insulating and fill concretes are usually given a short period of moist curing (1 to 7
days) and then allowed to air dry, prior to application of a moisture-proofing materi-
al. The time required for satisfactory air drying is smallest in the materials of low-
est density.

Steam Curing at Atmospheric Pressure

Steam curing at atmospheric pressures at temperatures of 125° to 180°F accelerates
the hardening of cellular concretes, Drying shrinkage and moisture movement of
concretes after atmospheric-pressure steam curing of various durations, up to 24
hrs., differ little from those properties of similar concretes after moist curing for
28 days at 70°F., Atmospheric-pressure steam curing produces strengths generally
near those attained after 3 days of moist curing (at 70°F if "nonreactive' (nonpozzo-
lanic) aggregates are used, according to Nurse 36), If the aggregates contain re-
active silica, strengths following atmospheric-pressure steam curing may be double
those attained with similar concrete after 3 days of moist curing at 70°F,

The variables of importance in high-pressure steam curing are:

1) Age and condition of the mixture at the start of the curing cycle,
2) Rates of change of temperature,

3) Curing temperature,

4) Duration of curing at constant elevated temperature.

It is essential with cellular concretes that large temperature changes occur only after
initial solidification, In commercial operations in Europe the waiting period may be
from 2 to 24 hrs. and preheating is oﬁoiu employed, Waiting periods of 16 hrs, to as
long as 4 months have been reported '*/, When the concrete was continuously moist
before autoclaving, the length of the waiting period had little effect on physical pro-
perties, Intermittent drying during an extended waiting period permanently injured
the cellular concrete by producing drying shrinkage cracks even after protracted con-
tinuous moist curing,

On the basis of presently available information, a satisfactory range of temperatures
for high-pressure steam curing of cellular concrete containing optimum ratios of
cement or lime to the siliceous ingredient appears to be 345° to 365°F (or steam pres-
sure of 125 to 150 psi). The length of curing under such conditions should be at least
5 to 6 hrs. in addition to the periods required for gradually increasing and decreasing
temperature, Curing cycles employed by various European firms are within these
general requirements,

Density

The physical properties of lightweight concretes depend rather sensitively upon density,
and values for the properties of cellular concrete should be qualified by their relation
to density, Appreciable quantities of water used in preparing cellular concretes are
removed as the concretes attain a satisfactorily dry condition.

European practice is to use the density after drying at 220°F for 24 hrs, (or to con-
stant weight) as a basis for evaluating other properties. In view of the fairly close
agreement between '"oven-dry'" and "room-dry' densities as shown in Table I, this
practice appears reasonable, The percentage by which density of a hardened cellular
concrete exceeds the oven- rg density is termed ''free moisture,' according to the
usage of Bessey and Dilnot (26)

COMPRESSIVE STRENGTH

Effects of free moisture upon compressive strength are indicated in Table II, The
first 2 to 3% of moisture reduces strength about one-half as much as the 20 to 50%
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TABLE 1

Density of Selected Cellular Concretes Under Various Moisture Conditions*

Ratio of Density to Oven-Dry Density

Type Density
of Cell Oven-Dry From After Auto- 24-Hr. Equilibrium 73°F
Former Binder Cure (lb,fc . It,) Molds clave cure Soak 50% R.H.
Foam Cement-silica Autoclave 40 1,34 1,22 1.36 1.02
Foam Cement-fly ash Autoclave 50 1,36 to 1,62 1,22t01,30 1.43to1.73 1.04
Gas Cement-silica Autoclave 44 - - 1,30 1,04to 1,07
Foam Cement-silica Atmos, steam 54 - - 1,32 1,02
Foam Cement (sand ag-
gregate) Atmos, steam 78 - - 1,20 1,02
Excess
water Lime-pozzolan Autoclave 20to30 >4,00 - =>4,00 -
*From Reference (1).
TABLE 1I
Effect of Free Moisture on Compressive Strength of Typical Cellular Concretes*
Room-Dry Saturated
Type of Density Oven-Dry Oven-Dry
Cell Oven-Dry Free HO Strength Free H;O Strength
Former Binder Cure (1b./cu, ft.) (percent) Ratio (percent) Ratio
Foam Cement (sand ag-
gregate) Atmos, steam 78 2 0.79 20 0.66
Foam Cement-silica Atmos, steam 55 2 0.74 32 0.56
Gas Cement-silica Autoclave 44 7 0, 85 30 0.70
Foam Cement-fly ash Autoclave 40 4 0,87 43 0.75
Foam Cement-sgilica Autoclave 40 2 0.88 36 0.73
Foam Cement-burned
slate Autoclave 45 2 0.88 66 057

*From Reference (1).
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reduction caused by saturation, in autoclaved as well as moist-cured materials, Ef-
fects of similar magnitude have been shown for cement mortars and sandstone by
Stradling (362) and for sand-lime brick by Bessey (37), Bessey and Dilnot (26) state
that comparison of strength test results of dry cellular concrete from different sources
""can have little meaning without a close definition of the degree of dryness,"

Graf (3) and Koudriashoff (32) have stated that increases in strength of up to 40% occur
over long periods of storage after autoclaving., An earlier study, including tests of
specimens soon after autoclaving, after oven-drying, and after months of room-drying
at ordinary temperature, indicatfcg that in many instances increases observed were due
to gradual loss of free moisture 1), Oven-dry specimens gradually decreased in
strength during subsequent storage at ordinary temperature, apparently due to increases
in free moisture, Atmospheric carbonation probably produces gradual increases in
strength after very long periods of time for all types of cellular concrete.

Compressive Strength of Moist-Cured Cellular Concrete

Data from various sources, including manufacturers' sales literature, are given in
Figure 14 for compressive strength and density of moist-cured cellular neat cement
and cement-sand mixtures, Strengths are for specimens 28 days old, except for those
reported by one manufacturer for specimens 42 days old. Most specimens were tested
in a "room-dry" condition, butafew, as indicated, were tested moist; densities cited
were for the room-dry condition for some specimens and for the oven-dry (220°F) con-
dition for others, Specimens were 3" x 6'" and 6'" x 12" cylinders, and cubes of several
sizes,

{\doist-cured 1:1.5 cement-pozzolan mixtures of the British Building Research Station
38) made by aluminum powder and foaming processes had cube strengths, when tested
wet at 28 days, equal to those of some neat cements shown in Figure 14, at oven-dry
densities of 40 to 60 lbs, per cu, ft,

Compressive Strength of Autoclaved Cellular Concrete

In Figure 15 compressive strength data from European literature on autoclaved cellular
concretes are shown, Precise moisture contents of the various materials, when tested,
are not known, but most are believed to have approached constant weight at ordinary
temperature,

Strengths of mixtures made with lime by the excess water method were higher than those
of mixtures made with cement by foaming or gassing processes, but silica used with
the excess water method was more finely divided.

Figure 15 indicates average strength values of European laboratory and commercial
autoclaved cellular concretes. The precise nature of the curing cycles and other de-
tails of manufacture are known to the author in relatively few cases; range of curing
temperatures and durations of complete curing cycles are believed to be 345° to 370°F
and 10 to 24 hrs,

Strength results from an earlier study are presented in Figure 16 (1), These materials
were 2'" x 3-1/2" cores from 6" x 12" cylinders and were tested in an "air-dry" con-
dition after storage at 73°F and uncontrolled humidity for 4 to 8 weeks,

Results in Figure 16 indicate that cellular concretes made by foaming procesées with
materials available in this country possess strengths at least equal to those produced
commercially abroad,

FLEXURAL AND TENSILE STRENGTH

Graf's () empirical relationship between compressive and flexural strengths for auto-
claved cellular concretes of various compositions and cell-forming processes is repre-
sented by the equation y = 0.75 x + 0,005 52
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where x is the flexural strength in psi, and y the compressive strength in psi, This
equation leads to ratios of flexural to compressive strength of over 0.5 for compressive
strengths under 500 psi, 0.35 at 1100 psi, and 0.25 at 2700 psi. Vinberg (30 gave
ratios of tensile to compressive strength of 0,11 to 0,12, Ratios of tensile to flexural
strength d?rived from Vinberg's data are in approximate agreement with Gonnerman and
Shuman's 39) value of 0. 55 for ordinary concrete,

Graf (3) obtained for moist-cured materials ratios of flexural to compressive strength
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about the same as those indicated for autoclaved materials, Ratios of about 0,2 to 0, 35
are given by European manufacturers and the British Building Research Station

Dried cellular neat cement tested at the National Bureau of Standards had ex-
tremely variable ratios of flexural to compressive strength; values as low as 0,05 were
obtained, aF)parently because of shrinkage cracking, for compressive strengths of 400
to 600 pai( « Very low-density, dry cellular neat cement may have virtually no flexural
strength,

BOND STRENGTH

Despite the dearth of information on bond, an appreciable proportion of commercially
made cellular concretes contain reinforcement, The Swedish autoclaved lime-shale
type (14) jg produced as beams, lintels and other structural shapes in which steel is
encased first in dense concrete or mortar and then embedded in the lightweight materi-
H. Some manufacturers do not provide denser covering for the steel, although Graf

) states that corrosion due to reaction products evolved in the hydrogen peroxide pro-
cess precludes use of that process for ordinary reinforced members,

ELASTICITY

Vinberg (30) ya6 reported average values for a static modulus of elasticity of Swedish
autoclaved cement-gilica cellular concrete, made by the aluminum powder process, as
follows:

Density, Lbs. per Cu, Ft, Compressive Strength Modulus of Elasticity,
(prism), psi psi
32,4 360 195,000
40.5 705 324,000
47.4 820 376,000
5,1 985 452,000

Stress-strain curves for autoclaved concretes having a density of 40 lbs, per cu, ft,
are shown in Figure 17; values for secant E (between the origin and the point on each
curve corresponding to one-half of the compressive strength) ranged from 385,000 psi

COMPRESSIVE STRESS, PSI

1400 1 | I 1 I ] I 1 I
1200 — —
1000 -
il 2 Fig, 17 - Stress-strain curves
for autoclaved cellular concretes

800 |- (from Reference No, 1),
400 |- o

AUTOCLAVED CELLULAR

CONCRETE

200} (16 HR AT 360°F 140 PSI)

DRY DENSITY = 40 LB/CUFT

o 1 1 1 L
800+

STRAIN, MICROINCHES PER INCH

for fly ash D to 280,000 psi for silica (1), Dynamic E values calculated from longitu-
dinal resonance data averaged 5% higher than secant E values, These and other dynamic
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E data indicate that not only cellular concretes of the same density, but also those of
the same strength, differ appreciably in E with the nature of the finely ground siliceous
material, The ranges appear in the following table:

Compressive Strength, psi Dynamic Modulus of Elasticity, psi
600 to 700 175,000 to 370,000
1,000 to 1,100 300,000 to 500,000
1,300 to 1,400 400,000 to 670,000

Values for Poisson's ratio reported by Vinberg (30) were close to 1/6 (a value often
obtained for ordinary concrete) at all densities and strengths, Values from National
Bureau of(ﬁa.ndards dynamic tests ranged from 0,15 to 0,25 for mixes of various com-
positions e

Average modulus of elasticity static values from Graf (3) and others for moist-cured
concretes formed by various processes are as follows:

Dry Density, 28-Day Compressive
lbs, percu, ft. Strength, psi Modulus of Elasticity, psi
24 (neat) 85 68,000
43 (1:3) 160 135,000 to 185,000
55 (1:3) 210 165,000 to 260,000
80 (1:3) 530 710,000

These values of E are lower than those for autoclaved materials of similar densities,

ABSORPTION AND CAPILLARITY

Impressions that these cellular concretes possess low water absorption are difficult

to reconcile with the magnitude of values in Table III, National Bureau of Standards'
moist-cured and autoclaved materials showed relatively low capillary rise (about 0, 5"
to 1, 5" after several days) at ordinary temperature and humidity, but gradually became

TABLE III
Water Absorption of Typical Cellular Concretes*

Type of -
Cell Density Absorption, Percent
Former Binder Cure (1b./cu, ft,) By Wgt. By Vol,

Gas or Foam Neat cement Moist 40 to 55 - 20 to 30
Foam Neat cement Autoclave 50 43 35
Gas Cement-sil-

ica Autoclave 35 56 28
Gas Lime-shale Autoclave 46 49 36
Foam Cement

(sand ag-

gregate) Atmos, steam 78 20 25
Foam Cement-8il-

ica Autoclave 43 36 25
Foam Cement-fly

ash Autoclave 41 43 28
Foam Cement-

burned

slate Autoclave 40 66 43
None Cement-

burned

slate Autoclave 85 30 41

*From Reference No, 1.
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saturated when relative humidity was extremely high (1), Capillarity test ""absorption"
values given for Swedish cement-silica material were 20 to 25% by weight at dry den-
sities of 37 to 25 lbs. per cu. ft. but these values may be of questionable merit, inas-
much as sizes of test specimens and the relative humidity were not stated (15

Sorption of water vapor from air given for Swedish cement-silica material was, by
weight, aboxtt 2.5% at 50% relative humitidy and about 6% at 90% relative humidity (15),
Kudriashev 4) reported similar values for autoclaved prefoamed lime-silica mixtures,

Data for autoclaved materials listed in Table III indicate that, for a single type of sili-
ceous material, the volume absorption appears to be independent of density, This is
illustrated by the expanded slate-kiln dust mixtures ranging from 40 to 83 lbs. per cu,
ft. in density, There was a good correlation between volume absorption and the ratio
of mixing water to solids, when average values for each siliceous material were con-
sidered. Adsorption did not appear to depend upon either the water-cement ratio or
the cement-pozzolan ratio,

Absorption values of moist-cured cellular concretes appear to be consistently some-
what lower than those for comparable autoclaved materials (1), Capillary rise and
saturation coefficient values were also consistently lower for moist-cured materials
in the few tests made at National Bureau of Standards.

Lowest absorption values in Table III are no lower than those reported for moist-cured
lightweight aggregate concretes containing perlite, pumice, or heavier aggregate.

Graf 3) stated that, because of the fineness of pore structure, absorption of cellular
concrete made by the excess water method is higher than for materials in which a
foaming or gassing agent was used,

RESISTANCE TO FREEZING AND THAWING

Frost resistance of cellular concretes in structures is greater than might be expected
from their porosiiiecg alone, Where used externally, according to the British Building
Research Station {38), cellular concrete is normally protected by stucco, When stuc-
coed, the gas- or foam-formed pores apparently do not become.filled with water under
normal conditions of exposure, These materials should not be expected or required to
resist laboratory freezing-and-thawing treatments employed for pavement concretes,

In the fase of microporous lightweight materials made with lime and excess water,
Graf (3) recommends use of a gassing agent to incorporate macropores into the cell
structure and thus improve frost resistance,

DRYING SHRINKAGE OF CELLULAR CONCRETES

Drying shrinkage values for various commercial and experimental European cellular
concretes, and for National Bureau of Standards' cellular materials, are listed in Table
IV. Some of Menzel's (19) values for noncellular mixtures are also shown. Both moist-
cured and autoclaved materials are listed. Materials of similar composition from dif-
ferent sources are not necessarily comparable because of differences in duration of
moist or autoclave curing and in curing temperatures; possible differences in fineness
and chemical composition of silicas, fly ashes, and cements may also account for dis-
parate values, as may also differences in size and shape of test specimens,

Shrinkage of Moist-Cured Materials

Table IV indicates that shrinkage of moist-cured neat cement (cellular or otherwise)

is high—about 10 times the values often associated with ordinary concrete, For neat
cement mixes of very low density, drying occurs rapidly at ordinary temperatures and
cracking, as shown in the upper half of Figure 18, quickly ensues, Some values for
cement-pozzolan mixtures cured in steam at atmospheric pressure were about the same
as for neat cement,
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TABLE IV
Drying Shrinkage of Various Cellular Concretes

Linear Drying

Type of
Cell Density Shrinkage

Former  Binder _ Aggregate Cure (1b. /cu. ft.) (%)
None Neat ce-

ment None Moist Noncellular 0.30
None Neat ce-

ment None Autoclave Noncellular 0.04
Al, pow- Neat ce-

der ment None Moist 40 to 50 0.50

Prefoam Neat ce-

ment None Moist 19 to 31 0.50 to 0, 65
Prefoam Cement Sand, 1:4 Moist 69 0.18
Prefoamn Cement Sand, 1:3 Atmos, steam 71 to 88 0.08 to 0,10
Prefoam Cement-sil-

ica None Atmos, steam 45 to 65 0.13 to 0,17
Mix-foam Cement-sil-

ica None Autoclave 40 0,08 to 0,11
Mix-foam Cement-fly

ash None Autoclave 40 0.05 to 0, 14
None Cement-

silica None Autoclave Noncellular 0.14
None Cement-

fly ash None Autoclave Noncellular 0.08

*From Reference No, 1.

Fig, 18 - Foamed neat cement (6"
discs), Upper specimens were
moist cured, lower ones autoclaved;
specimens at left weighed 20 lbs.
per cu, ft,, those at right 30 lbs,
per cu, ft, (from Reference No. 1).

Fibrous materials such as cow hairs, wood wool, asbestos, etc,, have been added to
low-density mixtures to avoid formation of large shrinkage cracks, but shrinkage is not
materially reduced by this means,
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Moist-cured cement-sand mixtures had shrinkage values ranging from 0.06 to over
0.3%, when drie(d at ordinary temperatures, The lowest values were associated, ac-
cording to Graf 3), with the highest densities and, according to other literature, with
the highest proportions of sand 8), When compared at the same densities, moist-
cured cellular concretes appear to be of no lower, and in some cases of higher shrink-
age, than similarly cured lightweight aggregate concretes .

High-pressure steam curing markedly improve? dimensional stability of mixtures gon-
taining portland cement, According to Menzel 19), 15 hrs. at 3509F reduced drying
shrinkage of noncellular cement-silica mixtures to values ranging from 1/8 to 1/2 of
those for similar 28-day moist-cured mixtures, depending upon type, grading, and
amount of siliceous material, and on the character of cement used, The greatest re-
duction occurred with neat cement.

It is difficult to compare drying shrinkage data from various sources for autoclaved
cellular concretes because of different methods of conducting tests, Ex e)pt in England,
the practice in Europe appears to be, as indicated in Graf's publication 3 , to measure
linear shrinkage occurring in a specimen after autoclaving and cooling to room tempera-
ture, rather than the shrinkage from an initially saturated condition, Shrinkage values
determined in this way by Graf for 1:2 and 1:3 mixtures of cement and silica, ground
shale, burned shale, and blast furnace slag, ."after three months' were usually less
than 0.01%. Some shale mixtures actually showed expansions up to 0,012% during the
same period, Graf's tests of lime-silica mixtures showed that materials with the
lowest lime content increased in length a maximum of 0,025% and those with the highest
lime contents decreased in length a maximum of 0,019%. Smaller length changes were
observed for lime-burned shale mixtures,

Values for autoclaved materials listed in Table IV are for shrinkage from a saturated

condition. When drying is conducted at ordinary temperature and humidity, the values
do not greatly exceed those for ordinary moist-cured sand-gravel cencrete tested in a
similar manner, Shrinkage of these materials (.s i)articula.rly dependent upon finemess
of the siliceous materials according to Menzel 19),

THERMAL EXPANSION

Values for the linear coefficient of thermal expansion of Swedish cpmmercial cellular
concrete published in manufacturers' literature are 3,9 x 10-6 per degree F ﬁg lime -
shale matfristl and 4,4 x 107° per degree F for cement-silica material 4), ).
Menzel's 19) values for noncellular autoclaved neat cement and cement-silica pastes
for the range of 70° to 140°F averaged 6.5 x 10-6 per degree F. It may be expected
that moist-cured cellular concrete containing sand will have thermal expansion coef-
ficients similar to those of dense concrete made with aggregate of similar mineral
composition, probably in the range of 5to 7 x 10”° per degree F,

THERMAL CONDUCTIVITY

Thermal conductivity values for moist-cured and autoclaved cellular concretes tested

in the oven-dry condition are given in Figure 19, These data were obtained from 17
different sources, including descriptive literature of 10 companies in Europe, and
publications of Graf, Kudri?ﬂhev. the British Building Research Station, and the Na-
tional Bureau of Standards . In the range from 20 to 60 lbs. per cu. ft., thermal
conductivity is a close function of density, despite the many sources of data and possibly
different types of specimens and test conditions, Data reported earlier by the present
author indicate an appreciable effect of moisture content on thermal conductivity, For
each increase in density of 1% due to free moisture an increase of 5% in conductivity was
indicated (23),

FIRE RESISTANCE

Heat transfer through porous materials is effected by conduction and, at high tempera-
tures, by radiation, Heat transfer due to radiation is an inverse function of the number
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of air-solid interfaces traversed, This fact and their relatively low thermal con-
ductivity and diffusivity suggest that cellular concretes might possess excellent fire
resistance properties., Test results for Danish moist-cured and Russian autoclaved
lime-silica materials indic?ted fire resistance properties markedly superior to those
of ordinary dense concrete

ACOUSTIC PROPERTIES

Cellular concretes do not appear to possess unique or even significant sound-insulation
characteristics, Transmission loss of air- bj)rne sound through single partitions is a
function of the mass per unit of wall area ( Departures from this law cited in sales
literature on cellular concrete are admittedly small, and the practical advantage in
selecting this type of material for sound insulation alone would appear to be insignifi-
cant, according to the British Building Research Station (38),  Beneficial levels of
sound absorption should not be expected due to the non-interconnecting nature of the
cell structures of most cellular concretes,

CONCLUSION

Moist-cured and autoclaved cellular concretes have been produced in Europe for over
30 years., Autoclaved '"'gas' and "foam' concretes have become increasingly important
as building materials since the end of World War II, first in Sweden and presently
throughout most of Europe. The reasons why these materials are still virtually un-
known commercially in the United States may be partly economic and partly technologic.

Lightweight concrete masonry units of excellent appearance and dimensional stability
are available throughout the country due to the growth in recent years of an industry
engaged in production of lightweight aggregates of structural quality. The fact that
concrete masonry units are made at high production rates by automatic machinery,

and are generally hollow or 'cored,'" accounts for low labor and material costs, Cellu-
lar concrete production costs are more than double those of our hollow, lightweight units
per equivalent gross volume. The hollow units are laid in the wall more easily by the
mason and are sufficiently attractive in texture to require only painting rather than
plaster or stucco., These lightweight aggregate units are more stable in dimensions
during cycles of wetting and drying., Thus, the immediate future of cellular concrete

in this country does not appear to be in the field of masonry units,

Cellular concrete in the form of reinforced plank for floors, roofs and wall panels should
be no more expensive to produce here than precast concrete for Bimilar purposes made
by present methods, and would offer superior thermal insulation without requiring addi-
tional insulation, The application of such cellular concrete members would appear
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better suited for commercial and institutional buildings than for houses.

Moist-cured cellular neat cement mixtures having densities of 15 to 30 lbs. per cu,
ft, possess little strength, and drying shrinkage of 0,3 to 0. 6%, but appear to have
good thermal insulation properties, Where the function of the material is essentially
structural, adequacy of cellular neat cement appears questionable, Cement content
and drying shrinkage of this material are undesirably large at densities high enough to
produce adequate compressive strength,

Some moist-cured mixtures are made with sand in sufficient amounts to reduce shrink-
age to a tolerable value; but to attain adequate strength, density must be increased to
values attained by some lightweight aggregate concretes having higher strength, equal
or lower shrinkage and, in certain cases, superior moisture properties.

Great advantages in lowered shrinkage and essentially complete strength development
may be attained in less than one day by autoclave curing, particularly if a finely divided
siliceous material comprises a major portion.of a mix, Low-cost siliceous material
suitable for autoclaved concrete occur in abundance throughout the United States,

Autoclaved cellular concretes have greater strength and dimensional stability (including
lower shrinkage), but also have higher moisture absorption than moist-cured light-
weight aggregate concretes of comparable density,

It is possible that the next decade will see more of the bold initiative required to pro-
vide a foothold for cellular concretes in our building materials industry. Then, if the
present rapid growth of the use of this important building material in Europe may be
taken as a criterion, the use of cellular concretes will become well known to the archi-
tectural and engineering professions in this country,
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Foamed Metals

By Johan Bjorksten, W.S, Fiedler and L, F. Yntema,*
Bjorksten Research Laboratories

The interest in foamed materials of construction has led to many developments in the
technology of foamed cements and concretes, glass and plastics., The list of useful
properties of these materials has been extended to include lower densities and higher
insulating values. The inclusion of metals in the group of foamed materials repre-
sents a new concept in the field of metallurgy and offers a material characterized by
an entirely new category of properties,

Solid metals have many useful properties such as strength, elasticity and resistance

to wear and corrosion, which are important in engineering technology., However, their
densities are for the most part comparatively high; the problem of combining light
weight with other useful properties becomes one of great significance. This is shown
by the interest in cellular or honeycomb assemblies made by brazing, welding or other
methods.

The patent literature (U.S. 2,434,775; January 30, 1948 and U,S. 2,553,016; May 15,
1951) describes a foam-like metal made by heating under pressure a mixture or com-
posite of a metal and a gas-forming material to a temperature above the melting point
of the base metal and then releasing the pressure to permit thegas-forming material to
decompose. On solidifying, the metal assumes a foamed structure,

It may not be surprising that a laboratory with a broad experience in foaming plastics
should see the possibilities of applying the techniques of dealing with low melting or-
ganic compounds to the problem of foaming metals, and should exploit the concept.,
This has been the contribution of the Bjorksten Research Laboratories to a completely
new field of metallurgy. Much of the basic technology has been developed, and has
been described in the literature and in patents and patent applications.

Most of the work has been on aluminum and its alloys. This a light metal; the melting
point is low; it has good mechanical properties; it i8 comparatively cheap and it is
easy to handle in the liquid state, Another consideration is that foaming agents, the
gas-producing materials, can be introduced at atmospheric pressure and the foaming
reaction also proceeds at atmospheric pressure. Accordingly, work to date has dealt
chiefly with aluminum and its alloys, having in mind, however, the foaming of other
heavier, high melting metals, such as copper and iron, These foams have been pro-
duced on a laboratory scale but the emphasis on the aluminum systems has resulted
in a technology that is ripe for commercial development.

Basically, the procedure for producing a foamed aluminum body comprises adding a
foaming agent to a pool of molten aluminum or aluminum alloy, mixing thoroughly, and

*This paper was presented by L.F. YNTEMA, Chief, Metallurgy Div., Bjorksten Re-
search Laboratories; A, B. and Hon. Sc. D., Hope College; A. M. and Ph. D., Univer-
sity of Illinois; formerly associated with Stanford Research Institute, Fansteel Metal-
lurgical Corp. Co-authors are JOHAN BJORKSTEN (Ph. D., University of Helsingfors,
Finland) who is also vice president of ABC Packaging Machine Co., and president of

Bee Chemical Co., and WILLIAM S. FIEDLER, Project Engineer, Bjorksten Labora-
tories.
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pouring into a mold. It should be stated that a pilot plant has produced foam by a con-
tinuous process, Full development of such a continuous casting operation only awaits
more complete engineering studies.

A laboratory pilot plant is being built at Madison (Wis.) under an industrially sponsor-
ed contract with the first objective of producing 4' x 8' panels, 1/2" and 1" thick,

A large number of process variables can be employed to produce differences in the
foamed metal, The composition of the metal, whether pure aluminum or an alloy,
the operating temperatures, the type and amount of foaming agent, the mixing opera-
tion, the type of mold, whether heated or cold metal, ceramic or sand, all are con-
trollable variables that contribute to the versatility of the operation.

Foam can be produced from pure aluminum, but for many operations the aluminum-
magnesium alloys in the 7 to 10% magnesium range are preferred. The 10% alloy has

a liquidus-solidus range of 1122° to 968°F in which the plasticity contributes to stability
of the foam, Since surface tension is a factor in controlling bubble size and foam
stability, the effects of minor constituents such as oxygen, accidentally or intentionally
introduced, can be important.

The foaming agent obviously must not introduce into the metal harmful elements which
affect its mechanical and physical properties, It should possess chemical and thermal
stability, so that it can be handled and stored safely. Its thermal stability should allow
complete dispersion in molten metal without undergoing much premature decomposition,
and yet it should decompose completely when the mix is poured into the mold. The
volume of gas evolved per unit weight should be large. A number of possible foaming
agents are known; those presently preferred are the hydrides of zirconium or titanium.
The amounts required are small, being of the order of 0.5% by weight, Obviously,

the density of a foam depends on the amount of foaming agent used.

The density of the foamed metal and the structure of the foarn are of primary interest
in its use as an engineering material, One determining factor that controls these pro-
perties is the type of mold. Obviously a melt that is chilled rapidly by contact with a
cold, heavy metal plate will have little opportunity to produce a foam, and an essen-
tially solid casting will be formed, However, as the rate of chill is reduced, either by
heating the metal mold or by substituting a material with lower thermal conductivity,
such as sand or a ceramic, the solid wall formed in contact with the mold wall becomes
thinner and a lower density casting is produced. The ratio of porous structure to solid
wall is increased, :

An interesting and important characteristic of foaming metal lies in its expansion, In
the simplest operation, the metal is poured into the bottom of the mold and, as foaming
takes place, the metal rises, In a casting with a 2" x 8" cross-section, a rise of 8' has
been observed. The density of the foam in the casting, measured in sections taken from
top to bottom, is essentially constant, Another consideration inherent in this expansion
is that a complicated mold will be filled, The exact foaming pressures have not been
measured, but they are known to be high,

The size of the bubbles forming the foam and their structure, whether isolated or con-
nected (an open foam), are subject to operational control.

The uses of any material, and especially of a material for general structural use, are
based on several factors. Among these are availability and cost, workability, mechani-
cal and physical properties, fire resistance, and performance in terms of resistance

to corrosion and weathering, and to rot and other types of biological decay. A brief
statement about each of these is in order,

There will be no shortage of raw materials, The aluminum and magnesium industries
are well established, Projections of uses for foamed aluminum show that the produc-
tive capacity of the aluminum industry in both primary and secondary metal can meet
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the demands, although a welcome expansion of the aluminum market will result. The
availability of foamed aluminum depends primarily on the growth of the industry itself.
Since the major item in the production cost of foamed aluminum is the base metal,
costs will be fixed to a large degree by the cost of aluminum,

The workability of foamed aluminum is good; it can be cast into thin sections (1/2")
and into large dimensions without warpage. The accuracy of the casting is limited
only by the closeness of dimensions of the mold, The surface may be a plane, or if
so desired a design can be cast into the surface. The casting can be dressed by
sanding or other conventional means. A casting can be cut on a band saw or with a
hand saw., Assemblies can be made with nails, screws, bolts, and by welding.

The strength is dependent in part upon the inherent properties of the alloy used.

The mechanical strength as measured by transverse rupture of a 2" wide test piece,
supported on a 12" span, is approximately proportional to density,

Density/ 1bs /ft3 Transverse Rupture-2'" Wide-1'" Thick'l2'" Span
15 110 - 175 1bs,
20 180 - 250 lbs.
25 240 - 310 lbs,
30 280 - 400 1bs,

The data given are those of the 7% magnesium alloy,
It should be mentioned that there is no directionality of physical properties.

The K factor for foamed aluminum is reported as follows:

Density/ lbs /1t temperature K factor
11,24 75° 3:1
18,18 75° 3.65
27.17 75° 4.7

The density of foamed aluminum may be varied by suitable processing from 8% of that
of pure aluminum to values approaching that of solid metal, Comparison with common
wood is interesting.

Wood Density - 1bs/ft3
Balsa 7.5 to 12,5
Ash 33,0
Cypress 30.0
Douglas Fir 26.0
Sugar Maple 42,0
White Oak 44,0
Walnut 35,0

These densities, excepting that of the lower density balsa, can be duplicated in foamed
aluminum,

The use of aluminum and its alloys under conditions where resistance to corrosion is
important does not need elaboration here., The composition of the foamed metal

1s essentially that of the parent metal and any statement made about the latter will apply
to the former,

The physical structure and insulating properties of the material make it remarkably

flameproof., An oxy-acetylene flame, directed onto the surface of a 1" thick panel,
caused only localized melting and oxidation, The porous structure limits conductance
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of heat into the mass of metal. Its nonsparking characteristic may be the basis for
specialized uses, With these properties in mind, potential uses can be envisioned,
Those mentioned will be typical and do not cover all suggestions,

Fig., 1 - Foamed aluminum closed
cell structure in water,

Fig, 2 - Foamed aluminum gear
(wt. - 6 1bs,) and decorative panel
sand mold,

Fig. 3 - Foamed aluminum planter
sand mold,
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One of the obvious uses that can be considered is in wall panels 1/2" and thicker in a
standard 4' x 8' size and larger, as the technology progresses, Such panels, the first
product of the pilot plant now being readied for operation under an industrially spon-
sored contract, can find use in both interior and exterior construction, The fact

that panels may be cast with a plain surface or with a design offers possibilities in
architectural planning., The inherent resistance of aluminum and its alloys to atmos-
pheric corrosion and to rot can be exploited. This use is obvious and needs no elabora-
tion, The panels can, if desired, serve as a plaster or paint base.

The fire-resistant properties suggest use in marine construction for bulkheads, and the
like. The strength and lightness can be used to advantage in roof decking and in the
side walls of trailers, boxcars, etc,

An interesting application is as the core of a laminated door. All householders have
experienced the warpage of outside doors which shrink on the inside and swell on the
outside, One can envision a composite, a foamed aluminum core, covered with wood
or plastic, that would be no heavier than a conventional construction and that would be
warp-free,

This concept may also be used in the construction of small boats, particularly in the
decking and transoms. When fabricated of wood and a plastic, there are problems

of forming a composite wood structure into arched or curved shapes. The foamed
aluminum can be cast accurately into a required shape and then covered with plastic
or another finishing surface, The absence of moisture in foamed metal eliminates the
possibility of bubble formation when the plastic is applied. Another point for con-
sideration lies in the elimination of swelling and warping that may be caused by moist-
ure penetrating accidental holes in the plastic,

A specialty use in the printing industry has been suggested, A '"back-up plate,'" a piece
of hardwood such as cherry, is used in the printing of pictures to position the surface
of the picture in the same plane as the type. The variation in thickness in the wood
plate occasioned by changes in humidity suggests use of a material of constant di-
mensions, a condition that is met by foamed aluminum.

Foamed aluminum panels may be used as open storage tank covers to control evapora-
tion and the fire hazards present in such materials as petroleum. Low densities can
be produced that will provide a floating cover.

Furniture, particularly lawn furniture, can be made of this material, Chairs, benches,
tables will be light and weatherproof.

The architectural uses are perhaps chiefly limited by the imagination of designers,
Decorative panels can be cast; the material may be anodized for color effects; it can
be used for decorative fireproof ceilings; one skin surface can be removed to expose
the cellular structure which has an inherent decorative value,

There are many other uses, The metal casting industry can find uses in metal molds
and patterns, Shipping boxes and containers for fragile equipment are potential appli-
cations, because of the shock absorption property,

The usefulness of a material must be judged by many criteria which can be briefly
summed up in two questions, First, is it competitive in cost with the traditional ma-
terials? Second, is its performance equal or superior? If the answer to these is af-
firmative, the material has a place in commerce., There is also a third consideration
that can be of major importance, Does it possess a property, or combination of pro-
perties, that can be applied to completely new uses? An old but good example of this is
the use of glass for windows to admit light but to exclude the vagaries of weather. When
a new material becomes available, the development of entirely new uses presents an
interesting challenge to the imagination,
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Open Forum Discussion

Moderator - Thomas E. Werkema, Staff,
Director of Research, The Dow Chemical Co.

Panel Members - Messrs, Lovett, Valore and Yntema

Robert Sheridan, Eastman Kodak Co.,: No aluminum assemblies in current use in

Mr., Yntema:

building construction have fire resistance ratings because of the low
melting point of the material. Have any standard fire tests been made
on foamed aluminum? Is the melting point higher than that of the solid

metal?

To my knowledge the melting point of the foamed and the solid material
is the same.

R. Zbinden, DuPont: Is the foaming agent dissolved or dispersed in the molten alu-

Mr, Yntema:

Mr. Zbinden:

Mr. Lovett:

Mr. Zbinden:

Mr, Lovett:

minum?

It is dispersed, and then it's possible that there is a solution that takes
place later.

What is the density range of foamed glass?
Foamed glass is made only in one density, 9 lbs, per cu. ft.

How do glass tiles compare with other sound absorbers available in
performance and in cost?

We are speaking now of the foamed glass with the open cell which I
discussed. The one unit of the foamed glass which is illustrated in
my paper will equal, in sound absorption, possibly six to seven sq.
ft. of other products on the market today. The cost of the unit is
perhaps 2 to 2-1/2 times as expensive, but you don't need as many
units to do a sound-conditioning job.

David Countryman, Douglas Fir Plywood Assoc.: Can you discuss use of foamed

Mr, Lovett:

glass for core material of sandwich panels, particularly bonding of
faces? Can structurally rigid glues be used?

Foamed glass has been bonded. The most common practice of bonding
is in the curtain wall field, where a neoprene base adhesive is used to
bond the foamed glass directly to porcelain enameled stainless steel
or aluminum panels,

J. M. McClellan, Wyandotte Chemicals: What is the cost of foamed glass per board

Mr. Lovett:

foot?

The present cost of foamed glass, manufactured and shipped to the
nearest rail siding, freight allowed, averages about 13¢ per board foot.
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F.M. Scantlebury, B.F. Goodrich Co.: What is the k factor of the foamed metals?

Mr, Yntema:

At a density of 11-1/4 lbs, per cu, ft. the k factor is 3.1. At a den-
sity of 22 1lbs, per cu. ft. the k factor is 4.7.

W.M, Lukacs, YMCA National Bldg, Div.: In pouring concrete foam into a cavity

Mr, Valore:

wall, is there a depth limit at which the weight of material will cause
"defoaming" or collapse of the bottom part?

There is a very low limit for the chemically foamed, cellular foamed
concrete, as we may call it, That limit is usually about 20", vertical
lift of pour, But I believe that single pours up to 20' or 30' are pos-
sible with the preformed foam variety, or even higher,

L.E. Rivkind, Mearl Chemical Corp.: Expansion of the use of precast foam concrete

36

in the U,S. has been slow for a number of reasons, While the chemis-
try and engineering has been fairly well established for the precast
type of product, a substantial capital investment is required for the
autoclaves: high pressure steam plant, molds, cutting equipment,
materials handling and other accessory equipment. The problems of
promotion of a new material, in the face of the multiplicity of building
codes and the labor relations problems, have also been a deterrent,

Where foam has been combined with conventional aggregate concrete in
the manufacture of moist-cured masonry products and for poured-in-
place construction, it contributes to lower density, superior texture and
lower cost, However, the foam character is submerged in the final
product and not generally recognizable as a structural foam concrete,
It is therefore not possible to estimate with any degree of accuracy

the current usage of foam in these applications. On the other hand,

the growth of poured-in-place foam concrete has been very rapid in

the last few years. During the post-World War II period, the pro-
motion of insulating aggregate concretes and monolithic poured gypsum
decks created a more favorable climate, Furthermore, with the de-
velopment of the superior protein-base foaming agents and improved
preformed foam generators, foam concrete became a more controllable
product.

By improved formulation, the use of special additives and proper moist
curing, the drying shrinkage of 0,3% to 0. 6% reported by Mr, Valore
for moist-cured foam concrete may be reduced to 0, 18% to 0.30%. This
is well within the acceptable range for roof deck systems in which foam
concrete is combined with either rails and form boards, high tensile
corrugated galvanized steel or structural concrete,

With completely portable, self-contained equipment, mounted on a
small trailer or flat bed truck, it is now possible to make foam con-
crete continuously at the rate of 40 cu. yds. per hour, Still higher
rates are in the immediate offing. In terms of 2! thick insulating con-
crete roof decks this is equivalent to 6,500 sq. ft. per hour, a truly
fantastic rate compared to what was considered satisfactory as little
as two years ago. Cement, withor without sand or other aggregates,
may be handled in bags or bulk and continuously conveyed to the mobile
mixer where they are intimately blended with water and foam, and then
discharged into a pump which propels the foam concrete through hoses
to the point of placement. Foam concrete has been pumped as high as
250" vertically in a single lift for use in multi-story floor fills and has
been pumped horizontally as much as 900' from the mixing point.

Use of this continuous automatic equipment makes it possible to
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Mr, Lukacs:

Mr, Valore:

Mr, Werkema:

Mr, Valore:

N.A. Lombard,

Mr. Yntema:

Mr. Werkema:

Mr. Yntema:

minimize the human errors inherent in batch operations, Once the
rate of foam generation for the required density is established for the
desired pouring rate, it is only necessary to check sample weights
periodically of the product issuing from the hose.

Are these concrete foams hygroscopic?

They are hygroscopic to the same extent that ordinary concrete pro-
ducts are, That is, they may be dried to an oven-dried condition and
then placed in various relative humidities, and they will pick up a
certain small percentage of moisture. Generally, at a 50% relative
humidity, after oven drying, at 230°F, they will probably pick up some
2 or 3%. The air-dried variety will pick up more; the autoclaved vari-
ety will pick up less,

1s the paper to which you referred available? Could you give us that
reference again?

The paper is titled ""Cellular Concrete.' It was published by the Amer-
ican Concrete Institute in May-June 1954, and may be ordered from
the American Concrete Institute at a cost of $1, 00,

Douglas Aircraft Co,, Aircomb Div,: Would a door panel of foamed
aluminum core, faced both sides with plywood, remain flat under
normal conditions?

It would.

Have you made any speculations relative to the cost of these foamed
metals yet?

There has been a series of studies made, but I don't feel qualified to
discuss it,

James L., Pease, Jr., Pease Woodwork Co.: What is the cost of equipment necessary

Mr, Yntema:

Mr, Werkema:

Mr, Valore:

to produce 3' x 7' x 1-1/2" slabs?

Cost of the equipment to process a considerable quantity of material,
in other words the ratio of value of output to capital investment, is
very favorable, For the most part, the expensive items of equipment
are regular commercial items on the market today,

This is truly a research subject, and the kind of subject that should be
included in more and more BRI Conferences. This is an item which is
not yet in production; how can we answer this question of cost? We
know what these metals cost. I think we can speculate that as soon as
they are in mass production, they could be quite inexpensive,

Mr, Chairman, as long as we are talking of research, I would like to
direct a comment to Mr. Yntema with respect to foamed aluminum,
Since I was good enough to mention the use of aluminum as a foaming
agent of concrete, I wonder if he has tried concrete as a foaming agent
of aluminum.

P. A, Elias, Food Machinery Co.: What is the current usage of glass (tons/year) for

Mr. Lovett:

foamed glass?
Foamed glass is being used extensively today mainly as an insulation

for hot and cold piping, tanks, freezer room installation, freezer tun-
nels, and in curtain walls., Also, it has gained a large market in the
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roof insulation field., We make approximately 100 million board feet
a year, or a little less,

Mr. Elias: What is the long-term price and volume outlook?

Mr. Lovett: The price could possibly come down as quantity goes up and the tech-
nique of manufacturing is improved, We don't know what will happen
to labor cost,

L.E. Rivkind, Mearl Chemical Corp.: How does the thermal conductivity or k factor
of foam concrete compare with perlite or vermiculite concrete of equal

density?
Mr. Valore: It is the same,

B.B. Christensen, Alcan International: Have any tests been made to establish values
for the resistance of foamed aluminum ?

Mr, Yntema: No, we do not have any quantitative measures on that,

R.S. Cook, Virginia Metal Products: Is there a foaming agent for cement which aids
the binding strength between the cement and the aggregate, as well as
introducing the gas which causes foaming? If there is such an agent,
by what degree does it increase the strength as compared with a purely
gas-foaming agent?

Mr. Valore: I don't know of any such agent. The binding characteristic, as far as
I know, is due entirely to the chemical nature of ingredients other than
the foaming ingredients.

D.J. Valsvic, Wood Conversion Co,: Has foamed glass been evaluated in a section for
wall or roof and found to pass a one-hour fire rating under ASTM E -

1197

Mr, Werkema: Mavy I rephrase this question somewhat to relate tothe fire resistance of
foamed glass or foamed glass-type construction. Have you had any
tests in this regard?

Mr, Lovett: Yes, when you get up to a temperature around 1,350°, foamed glass
will start to soften, It will not burn or support combustion, A pure
foamed glass panel 4" thick subjected to the standard time-temperature
curve will last about 17 to 20 minutes, Of course, when it's in the
sandwich, that is entirely different, It's a good, fire resistant materi-
al.

D. Tikker, Monsanto Chemical Co.: Why didn't the house of foam glass ever go into
production?

Mr. Lovett: As you know, in every city we have building codes, When you come
along with a glass material, that in many people's minds is very fragile,
there is a real problem, a promotional problem, in getting a house
built, approved and accepted by the proper authorities in the various
cities, I think, more than any one fact, that is why it has never gone
into production. You could build it, if you had a lot in an area where
there were no codes, and you would have a pretty nice house,

Don S. Poole, Goodyear Tire & Rubber Co,: Would you comment on why you think
foamed concrete homes have not been accepted here in the U,S.?

Mr. Valore: I think it's because we are a very conservative people. We tend to go
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with the tried and true., For example, in the Southwest, almost all the
houses over the price of $15,000 have cedar shingle roofs, and there
doesn't seem to be anything that can be done about it. Whether or not
anybody should do anything about it, I don't know—they make very good
roofs.

Mr. Lovett: There are problems of development techniques, and problems of codes,
For instance if a manufacturer goes to the Federal Housing Adminis-
tration and wants to get his material approved, he must develop test
data, present engineering data by established organizations, etc.

In other words, there is a certain amount of procedure that has to be
gone through before new materials can be established, and then, of
course, there is the problem of bucking our standard type of archi-
tecture, etc., We haven't particularly had the need here, as they have
in Europe, for new types of building materials., We have been rather
rich in conventional materials,

Unsigned question: I have a question relative to structural uses of other types of foams,
particularly foamed steel.

Mr, Yntema: We are attacking the problem of foaming iron and other metals, Just
what the success will be, of course, is questionable and after we've
got it, we still have the problem of application of these materials, It
is an intriguing problem and well worth studying,

Mr. Lovett: We are foaming a few silicates at high temperatures, about 3,400°,
and the finished block is about 14 lbs, density,

Mr. Valore: Research has been going on for a number of years in foamed ceramics,
I believe the Structural Clay Products Research Foundation sponsors
some of that research and is carrying out some of its own. There
was a publication six or seven years ago in the Bulletin of the American
Ceramic Society on some work done, I believe at Ohio State, making
an attempt at foamed building materials., I refer to expanded clay,
shales and slates used as lightweight aggregate. These, of course,
are used in structural concrete. There are also the foamed slags
which are used as aggregates for making concrete blocks and for
structural concrete.
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Urethane Foams in Structures

By R,H. Harding, Research Department
Union Carbide Chemicals Company

(Note: Illustrative materials were prepared with the help of Mr. R. L. Rollins and
Miss Idair Smookler, Background information was provided by Union Carbide Chemi-
cals Company, the cofnpanies and periodicals credited in this paper, and other publi-
cations which have appeared during the past three years.)

The commercial history of urethane foams dates from the 1940's, Although some as-
pects of urethane chemistry were recognized long before this period, applications of
rigid foamms were fostered by the stresses of war production, Engineers in the German
aircraft industry, faced with material shortages, recognized in these durable materials
a key to the rapid production of strong wingtips, rudders, and other control surfaces, The ex-
terior metal shell of these components was fabricated and a urethane mix was simply poured
into the cavity. This liquid quickly expanded and cured to fill the unit with a lightweight, self-
adhering rigid foam which survived the continuing strains of all weather battle flight,

Following World War II, urethane technology commanded more attention in the United
States., Although the aircraft industry continues to expand its use ot rigid foam-cored
structures, established applications presently center about flexible urethane foams.
Produced by adjustments in chemistry, lightweight flexible foams are rapidly sup-
planting other cushioning materials, They are of value also for their sound-absorbing
ability, and for thermal insulation and "soft hand" when used in garments,

To depart momentarily, then, from the rigid foams that will form the basis of this
discussion, Figure 1 may give some idea of the general versatility of urethane sys-
tems., The walls of the office are faced with an attractive acoustical tile manufactured
from flexible foam. The secretary's chair can be upholstered with a comfort-cushioning
foam at low cost. A thin sheet of flexible foam may provide a nonskid underlay, giving
a luxurious, deep-pile feel to the carpet. Similarly, another thin sheet may be incor-
porated inthe drapes to provide sound absorption and insulation withno effect on appearance.

The secretary's office equipment may have been shipped in lightweight containers
utilizing tough, rigid or semi-rigid foam as spacers to prevent damage in transit.

This same equipment may be finished with urethane surface coatings and the typewriter
platen might be made of a wear-resistanturethane elastomer. The thermos in which
she carries coffee for the morning breal might be insulated with a rigid urethane foam,
as may the frost-proof refrigerator in which she stores the cream.

Interesting as these observations may be, they do little to reveal the ultimate utility
of urethanes on the American scene. In the examples just cited, urethanes were wel-
comed as inexpensive or more effective replacements for existing materials in con-
ventional products, Generally speaking, utility was established mainly through a
single outstanding property. Yet, the greatestbenefits of these new products will prob-
ably accrue to the consumer only when applications utilizing their unique combinations
of properties are fully developed.

Work along these lines is now being pursued by farsighted chemicals companies and
manufacturing firms across the country, but it is still in its infancy. Efficient appli-

#*R,H, HARDING, Member, American Chemical Society, American Institute of Chemicé.l
Engineers, American Assn, for the Advancement of Science; B,S. in Chemical Engi-
neering, and Ph, D,, Purdue University; formerly research assistant at Purdue,
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cation of rigid foams in structures is particu-
larly challenging: not only to the foam tech-
nologist but also to the architect, the struc-
tural engineer, the building contractor, and
even to administrators of the nation's 2,200
building codes, By the same token, the re-
ward for increased extent of usage promises
to be great: not only for pioneers in the field
but also in terms of lower cost, high quality
buildings for the public,

The remainder of this report will outline ob-
jectively just what rigid urethane foams are,
and what they offer that makes them attrac-
tive in structural applications.

First, what are urethane foams? Figure 2

. gives a simplified version of their nature,
Figure 1. At least two reactive liquid ingredients are

needed. The first is normally a "'polyol"

having two to six '"legs," each terminated by the hydroxyl group commeon to all alco-

hols. While a '"three-legged" polyol is shown as an example, the number, length and

chemical structure of these chains determine whether a foam will be rigid or flexible.

These same factors can also affect properties of foams within either class appreciably.

You may have heard these polyols called "polyethers' or ''polyesters,'' since bothtypes
of compounds are manufactured for use in foams. A major chemical difference be-
tween these materials appears in the circles shown at the left in Figure 2. Other dis-
tinctions include a tendency toward higher viscosity and higher cost among polyesters
than for most polyethers.

A diisocyanate model is shown as an example of the second main ingredient, Com-
mercially available products contain just two isocyanate groups, and are more expen-
sive than most polyols, Fortunately, this molecule is small: one pound commonly
yields two to four pounds of rigid foam, depending on the polyol used.

An isocyanate adds spontaneously to a hydroxyl, liberating heat and forming a urethane
group like the one circled at the right. Clearly, this process increases the size and
complexity of the product molecule. Although only the first steps in the reaction are

ESSENTIALS OF URETHANE FORMATION
BASIC URETHANE FOAMING PROCESS
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Figure 2, Figure 3,
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shown, it continually repeats so long as mobile groups are present, The molecule
thus proceeds to grow and branch until its intermeshed chains eventually link to each
other. The result is a solid, cross-linked matrix having entirely different properties
from the starting materials, Any urethane foam block thus represents essentially
one large molecule, analogous in character to a single pour of concrete.

The practical significance of this discussion might be clarified by Figure 3. Here,
the manufacturing technology for urethane foams is reduced to its essentials. As can
be seen, two feeds are customarily used. While each is based on one of the starting
materials just described, additional ingredients may be required in one feed or the
other. These include 'catalysts' which adjust the rates of foaming and curing, ''sur-
factants' which stabilize the wet foam and help control cell structure, and "blowing
agents" which cause the mass to expand.

In present-day rigid foams the blowing agent is usually an inexpensive, non-combustible,
low-boiling liquid which absorbs its heat of vaporization from the reacting chemicals
about it. The gas generated is dispersed throughout the foam as invisibly small bub-
bles. Density of the final product, and thereby its raw material cost per board foot,

is determined largely by the amount of blowing agent included.

How are urethane foams actually made? The two composite liquid feeds are charged
to the tanks of a foam machine. From here they are metered to a mixing head in cor-
rect proportions. The mixer may be continuous or intermittent in operation, and large
or small, The major requirement is that it thoroughly blend the streams, which may
have very different viscosities, in the fraction of a second available.

When the foaming reaction has been initiated, the object to be filled or covered with
foam is placed at the mixer outlet., Within minutes, the viscous liquid dispensed by the
machine has expanded to many times its original volume (about 36 times for a 2 lbs,
per cu, ft, product), and solidified. The raw foam is then well on its way toward de-
veloping its final properties although, because of the heat generated, its interior tem-
perature may still be rising toward a peak in the neighborhood of 300°F, Depending
on the product desired, the foam may then be considered finished or it may be cured
further in an oven, permitted to cool, warehoused, removed from its mold, or cut
into boards and other shapes.

One example of a foam machine in operation appears in Figure 4 U)*. Here we see an
operator applying foam with a spray machine at a rate of about 2 or 3 lbs. per minute,.
Only the feed hoses are visible; the metering system is out of sight on the ground below,
The ability of urethane polymers to adhere to almost any clean surface is utilized, as
are their rapid self-foaming and self-curing properties.

Notice the operator's protective clothing, Although the foamed product is inert and
non-allergenic, prolonged contact with isocyanate liquid and its vapors should be avoided
since it might induce an asthmatic condition, Fumes are more pronounced when
spraying than when pouring, so in the latter case normal ventilation usually provides
needed protection,

A second example of a foam machine in use appears in Figure 5(2). A portable machine
is filling the between-shell void in a steel tank at a rate of about 10 lbs, per minute.
Expanded foam is visible above the drip shield, Flaws can be touched up by refoaming
where necessary, with perfect adhesion,

This tank, incidentally, will be used as a liquid nitrogen container, If it were a produc-
tion item rather than a specialty, it could be formed with no imperfections on a mechan-
ized line at throughputs of 100 lbs, per minute. Continuous slabs of foam are, in fact,
made in this manner and then slit into boards of desired dimensions., Since urethanes
are adhesives only while wet and foaming, cured foams can be cut and machined on

: otk
*Raised figures in parentheses refer to list of references at end of paper.
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Figure 4. Figure 5.

It was mentioned earlier that the amount of blowing agent used is a major factor in
determining the final density of a foam pour., A second important consideration is
that of mold configuration, Not only is the operation we see here filling the sidewalls
of the tank, it is also filling the bottom. Since the steel walls exert frictional drag on
the rising foam that will soon adhere to them, and since a limiting void is filled, the
product will have a higher density than would be obtained in free expansion. Experi-
ence indicates that a higher content of blowing agent is needed to overcome such con-
straint and obtain a specified foam density, Other factors influencing the density and
physical properties of foams include the temperatures of feeds, the type of pour used
when filling molds, and the fluidity and chemical activity of the system,

While listing these manufacturing variables, it occurs to me that an impression may
be conveyed that urethane systems are too complicated to be useful. Quite the con-
trary, these are desirable features that partially explain the versatility of the materi-
als, In producing any given item, handling conditions are optimized and fixed, but
each different item can be treated in the manner best suited to its particular require-
ments, It is for these same reasons that various types of steels and concretes are
developed.

We have looked briefly into what urethane foams are and how they are made, We know
that a liquid poured into a container quickly expands to fill the void completely, simul-
taneously bonding strongly to the container walls and serving as a rigidizing connec-
tive web, We know that a liquid sprayed on a surface quickly expands into a thick,
tough coating of preselected density and that no adhesives or other expensive treat-
ments are normally required. But, so far, we have only a few clues as to why people
go to such lengths to dispense these inert products, The subject of foam properties

is certainly one worthy of further discussion,

Among the outstanding features of rigid urethane foams are their low weight and their
high strength-to-weight ratio, Figure 6 gives some notion of the densities which are
achieved by these products, and of the mechanical properties to which they lay claim,
In a.dd1t10n to strengths, moduli of elasticity and rigidity are estimated conservatively,
At 185°F, polyether foams commonly retain 80 to 90% of these indicated room tempera-
ture strengths, because of their thermoset chemical structure. Foams suitable for
continuous service at temperatures as high as 350°F have been reported but are not
economical in all applications,

A general word of caution—like wood, urethane foams tend to be orthotropic. Although
homogeneous to the eye, their properties can vary with cell structure and the conditions

44


http://www.nap.edu/catalog.php?record_id=21381

MECHANICAL PROPERTIES OF RIGID URETHANE FOAM
(POLYETHER QUASI-PREPOLYMERS AT 75°F)
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under which they were made, For these reasons the final test of properties should be
made on the finished item in which foams are used,

By virtue of their high strengths, properly formulated urethane foams Wlth den51t1es

of approximately 2 lbs, per cu, ft, can be maintained indefinitely at -300 °F to +160°F
and higher with no permanent change in volume. Because urethanes are very stable,
such exposures cause no physical deterioration, At 160°F and 100% relative humidity
foam specimens do change in volume: long-term exposures can lead to 10% swell, or
less at higher densities, but again with no degradation. However, these latter "ac-
celerated aging' conditions may induce effects which would not exist in practice. En-
closure of specimens within skins is usually sufficient to arrest this dimensional change,
We may therefore conclude that rigid urethanes are both tough and durable,

The effective thermal conductivity of urethane Ioams at 75°F may vary between about
0. 10 and 0, 15 Btu-inch per hour per sq. ft. per °F, the actual value depending on cell
structure and direction of heat transfer, By contrast, the effective conductivity of
cork at 75 F is about 0,30, These exciting values resu.lt from the low conductivity of
the blowing agent (which occupies 97% of the volume in a 2 lbs, per cu. ft. product)
and the fact that each of the 100,000 individual cells in a cubic inch of foam is enclosed
by polymer. The foam therefore retains the blowing gas, excludes more conductive
vapors, and minimizes internal convection,

Urethane forms are unaffected by mildew and fungi, they do not rot, and are not at-
tacked by rodents or insects, and they are inert to greases, oils, detergents and many
chemicals and solvents, Although they will transmit water vapor at very low rates,
commonly below 1 perm-inch at 75° F, they are unaffected by contact with cold or hot
tap water, The usual absorption tests reveal merely that cut cells at specimen sur-
faces have filled with water,

Closed-cell rigid foams are probably not as effective sound absorbers as their open-
celled, flexible counterparts but still provide a useful dividend in this regard, Noise
reduction coefficients near 0,4 might be expected from a 3/4" thickness of rigid, 2 lbs,
per cu, ft, urethane foam,

While so highly transparent to radar that they are normally used as aircraft radomes,
rigid urethane foams are excellent electrical insulators with high dielectric strengths.
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One property of universal interest for structural applications is flammability. Most
urethane foams are normally slow-burning materials which can be modified to extinguish
themselves upon removal of the igniting flame, A few foams are inherently self-ex-
tinguishing., In any case, this property is more important in finished products than
separate components, By preventing the "chimney' effect commeon to stud construc-
tion, for example, foam -cored panels retard the spread of fire whether or not the foam
itself is self-extinguishing, By completely occupying voids and supplying noncombustible
vapor, urethane foams actually help smother fires, while their strength retention at
elevated temperatures and their thermal insulating power help maintain panel integrity,
Further, urethane foams do not support '"punking,' which occurs in some conventional
structural materials and permits re-establishment of an "extinguished" fire.

In addition to their utility in aircraft, rigid urethane foams are achieving industrial
prominence through their insulating efficiency. On this basis they have been applied

in household refrigerators, truck bodies and ships, They are also used in boat hulls
to absorb the repeated impact of waves, to distribute loads between the inner and outer
hulls, and to prevent sinking in event of accident, Similarly, unsinkable marker buoys
and fishing floats have been constructed of foam,

An all-foam military radome appears in Figure 7(3). This 26' Canadian dome, al-
though not a sandwich structure, approaches the type of construction in which we are
interested. It is designed to bear wind and snow loads and to survive cold, heat and
sunlight. Individual rigid urethane foam panels were prefabricated, then cemented
together on the site with more rigid foam.

Figure 8 shows the construction of a building with steel-faced curtain walls, The ure-
thane foam panel core has a density of only 2 lbs, per cu. ft, In addition to this office
building, the same type stressed skin panels have been used successfully on a bank,

a power house, and a college addition, Desired thermal and acoustical properties are
obtained in flat, rigid panels without the expense of glue lines, heavy skins, or stiffen-
ing members 4 .

While these examples indicate encouraging progress in a material introduced for large
structures only a few years ago, great progress is still expected. Prefabrication of
larger panels is possible because of their light weight. Such prefabrication permits
improved quality through factory supervision, and lower cost through reduced labor,
Since the foams can be molded, structural shapes can be designed to distribute loads

so framing can be minimized or even eliminated. Again, the reduction of hand assembly
operations provides economies, Load-bearing panels can be prefabricated into complete

Figure 7,
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utility cores in the factory and trucked to the construction site with attendant efficiency
gains, As we learn to handle smaller numbers of larger components, on-site con-
struction time and its obvious problems will be reduced phenomenally.

It is likely that a key to this type of structure will be effective design of the joints be-
tween load-bearing panels, While use of larger panel sections will reduce the problem,
it cannot be eliminated. A second problem hinges on the details of designs to provide
more economical utilization of the thermal, acoustical and strength properties offered
simultaneously by urethane foams, This requires consideration of panel dimensions,
facing materials, foam density and manufacturing conditions.

A third problem involves acceptance of the new architectural shapes which may evolve
as solutions to the preceding considerations, Everyone would grasp the opportunity

to own and trade homes as casually as automobiles are handled today, Everyone would
doubtless welcome homes that could be operated at half the cost of present structures,
but everyone might not enjoy living in an unconventional house resembling a star-shaped
pavilion, for example, If such designs are recommended for foam-panel homes, public
acceptance may be delayed until their efficiency is clearly demonstrated in practice,
despite the favorable comparison in structural economy of foam construction with the
complexities of conventional framing,

It is expected that the application of rigid foams in structures may continue growing
for the next 10, 20, or perhaps 50 years before it approaches maturity. We are only
sure that it will grow-rprogressing through the joint efforts of foam technologists,
structural engineers, and architects with an eye for the future. We may not end up
with spheroid or paraboloid structures, but whatever shapes we have will be comfort-
able, easy to maintain, attractive, durable, and readily available at low cost, to
foster higher over-all living standards,
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Foamed Polystyrene
in Thin Shell Construction

By E.E. Ziegler,* Manager, Fabricated Products Group,
Plastics Technical Service, The Dow Chemical Company

Some organic and inorganic foamed materials have been used in construction for a
number of years, whereas others are relatively new, In all cases, a great deal of
research and development on these products assures us of improved properties an |
more widespread use in the months and years to come. This paper will review a rew
concept of construction making effective semistructural use of a well known plastic
foam that has been on the market over 15 years, but on which continuing research
has made repeated improvements in recent years,

It has been true in the past, but will be more true and more important in the future,

that we must have better and more useful materials of construction, as well as more
economical methods of construction, in order that the widely heralded building boo:m
of the 1960's may go forward as rapidly, economically, and aesthetically as our in-
genuity will allow,

It is natural, therefore, in this period of national growth and accompanying construction
that synthetic materials, in many cases tailor-made for specific uses, and new techni-
ques for the proper use of these materials, may offer potential solutions to the prob-
lems of shortage and ever-rising cost of skilled labor. The growing popularity of
plastics for use in construction (estimated to be over one billion lbs, in 1960) may be
attributed to both economic and aesthetic reasons, The economic factors include signi-
ficant weight reduction, ease of transportation, ease of installation, lower installation
and maintenance costs, more uniform availability, and in many cases, longer use-life,
The aesthetic factors include color, texture, pattern, design flexibility, and, recently,
new concepts in architecture,

One of the latest advances in a combined structural and architectural use of plastics

has to do with the use of thermoplastic foam in thin shell construction, Actually, thin
shell construction has been used in monumental buildings throughout the world for
several decades, Internationally famous architects such as Nervi, Toroja, Candela,
Saarinen, and Yamasaki have molded concrete into flowing spans for beautiful thin

shell roofs. More and more architects are letting their thoughts and ideas wander along
unlimited horizons of shape and surface, and are emphasizing an aesthetic approach

to modern architecture more than ever before, Already domes, scalloped domes,
barrel vaults, and hyperbolic paraboloids stand in testimony to the aesthetic flexibility
of this architectural concept.

It might be said that thin shell construction has assumed the proportions of a world-
wide parade, the more rapid acceptance of which has been hampered in the United
States by the high cost of the formwork and supporting falsework necessary for casting
the concrete roofs,

The new and rather revolutionary approach which we have taken in an attempt to solve
this portion of the problem involves the use of continuously extruded polystyrene foam
*E.E, ZIEGLER, Member, Building Research Institute, Manufacturing Chemists' Assn,,
Society of the Plastics Industry; B.S., Wayne State University, also attended Armour

Institute; formerly associated with General Motors Truck Co., and with Standard Qil
Company of Indiana. -
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simultaneously as:

1) Permanent thermal insulation,

2) Permanent vapor barrier,

3) A nonremovable form board on which to cast wet cement,
4) A base for interior decoration,

Before developing the details of this construction, it should be under'atood that ex-
truded polystyrene foam has been widely accepted as thermal insulation for over 15
years, It has a permanent low K factor of 0,28, weighs less than two lbs, per cu.
ft., is so water resistant that it is commonly used as marine flotation, and yet is
easily handled and fabricated with tools ranging from a jackknife up throu_gh power
wood-working equipment, It is available in a self-extinguishing formulation, Be-
cause of its distinctive cellular construction, it has an unusual ability to bond secure-
ly to cementitious products, For many years, this foam has been adhered to interigr
masonry surfaces with a uniform layer of cement mortar. After the mortar has dried,
plaster may be applied directly on the foam surface, thereby eliminating the need for
furring and lath, We consider this use of extruded polystyrene foam as a plaster base
to be very practical and, in many cases, very economical since the foam serves both
as permanent insulation and vapor barrier,

Extruded polystyrene foam, because of the outstanding characteristics mentioned above,
has been used for years as a core for sandwich panels. Surface skins may include
aluminum, steel, plywood, asbestos board, particle board, or other thin but strong
materials. The foam's ability to bond tenaciously to cement and plaster has also

made it usable for curtain wall panels with concrete, ceramic tile, or colored stone
facings. Apgain, this lightweight, foamed plastic core is an integral insulation and
vapor barrier,

The next logical step in the development of this concept makes use of the above-men-
tioned properties in the use of rigid polystyrene foam as '"form liners.'" The on-site
casting of concrete roofs over wood forms often requires later addition of insulation,
vapor barrier, and a base for interior surface finishing, Foam boards bent over and
fastened temporarily to irregularly shaped formwork prior to casting the concrete

serve all three functions simultaneously, Once the concrete is set and the form boards
are removed, the exposed foam surface serves as insulation and vapor barrier on

the warm side of the roof and remains available for the application of interior finishes
which might include gypsum plaster, acoustical plaster, or sprayed plaster-based
paints,

A variation of this '"form liner'" concept involves the use of rigid polystyrene foam
boards in ''tilt up" or "lift slab'" construction where large flat or contoured sections
might be cast from concrete on horizontal forms or even contoured earth and then
tilted or lifted into position with the foam boards remaining on the underside,.

A further advance in the development of this concept permits on-site construction of
continuous, insulated structural sandwich panels, Wire mesh is first attached to the
building frame and extruded foam boards are fastened to it., Covering the foam with
additional wire mesh permits the spraying or troweling of mortar or direct applica~-
tion of plaster to form the finished walls, In this use, the foam serves as a temporary
vertical form board during construction and as permanent insulation and vapor barrier
thereafter, Flat or angled roofs can also be constructed by essentially this same
technique. Even a folded plate roof has been successfully constructed by this technique
in which the basic roof elements were folded-plate segments of foam boards reinforced
by steel rods and wire mesh and sprayed with cement on top and bottom,

From the architectural viewpoint, thin shell construction allows for unlimited archi-
tectural freedom in the creation of graceful, flowing structures, From the construc-
tion viewpoint, this concept offers two advantages:

1) The roof may be erected first with a bare minimum of vertical supports, providing
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protection and cover for exterior wall construction and interior decoration,
2) Large areas may be spanned without intermediate vertical supports by roofs
requiring an economical minimum of construction materials,

Conventional construction of thin shell roofs has involved the creation of elaborate
forms, the erection of extensive supports, and the casting of adequately reinforced
concrete, After the concrete has attained sufficient strength, removal and, in many
cases, destruction of the form work and supports has been necessary, Further steps
are often involved, particularly the application of vapor barrier and thermal insulation
as well as additional interior decoration, A simplified construction technique for thin

shell roofs appears, therefore, to be of prime interest (Fig. 1).

For many shell configurations, the plywood forms and much of the falsework can be
eliminated through the use of extruded polystyrene foam as a structural form board
to serve as such only while the cement is wet, In the construction of a scalloped dome,
for example, boards of foam have been arched and placed between steel angles, covered

Fig. 1 - Progressive model of thin
shell construction technique. One
section shows conventional roof form-
ing techniques with many upright
supports, The others show hyper-
bolic paraboloids with use of extruded
polystyrene foam as the permanent
roof form,

Fig. 2 - Full-scale section of 100’
diameter dome, showing extruded
polystyrene foam '"form boards"
arched in place before spray appli-
cation of concrete surface.
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with wire mesh, and sprayed with concrete, The arched boards had adequate strength
to support the weight of wet concrete during its curing cycle, A full-scale test section
of a 100' diameter dome has been erected by this technique and has been tested to
prove its unusually high load-carrying ability (Fig. 2).

Hyperbolic paraboloids are formed by straight-line generators on two axes, One way
to use this principle in constructing a hyperbolic paraboloid roof is to use high-ten-
sioned steel wires as straight-line generators, The wires could then be covered with
insulating foam boards, After the installation of reinforcing wire mesh over the foam,
this surface could then be covered with cement. If properly designed, such sandwich
combinations would have sufficient strength to withstand the load imposed by a layer
of wet concrete, With dried concrete as the top surface of the sandwich, they would
provide a weather-resistant roof surface of considerable strength and rigidity., This
straight-wire hyperbolic paraboloid concept has already been used in the construction
of a five-unit sport lodge wherein each unit's roof was a grouping of four identical
hyperbolic paraboloids,

A straight-wire systerm was recognized in early studies at Purdue University as a
possible key to shaping hyperbolic paraboloids from boards of extruded foam as a form
for the permanent shell cover., Some consideration was given to sandwiching a layer
of foam boards between two sets of tightened straight wires, Tightening the wires suf-
ficiently to form true straight-line generators while the wires were supporting and
warping the foam boards would require excessively high tension, which would have then
resulted in sizable lateral deflections of the edge beams. The deflections could have
been partially overcome by driving wedges between the foam and the edge beams, es-
sentially prestressing the foam and exerting an outward pressure on the beams, As
research progressed, it became apparent that framing could be simplified and stresses
could be lowered by offsetting the wires, Further studies and experiments were there-
fore undertaken to develop an "offset-wire' system,

The case for offset-wire generatifn of the desired shape is summed up by a quotation
from a Purdue University report 1).%

"Much has been written on the geometry of the hyperbolic paraboloid surface,

and much has been made of the fact that the surface can be generated by a series
of straight lines. Indeed, the straight-line generators are the key to ease of
forming a permanent hyperbolic paraboloid shell in the conventional manner of
utilizing falsework and wood forms., However, it is proposed that the true ""magic"
in the forming of the hyperbolic paraboloid structural shell lies not in its straight-
line generators, but in the parabolas formed by the intersection of vertical planes
and the hyperbolic paraboloid surface."

Thus, one set of offset wires forming parabolic traces concave upward may be crossed
at approximately right angles by another set of wires, also concave upward, on which
may be laid extruded polystyrene foam boards of desired thickness aligned to each
other by sheet metal clips, A similar set of crossed wires, mounted on top of the
polystyrene foam and oriented so as to be concave downward, completes the elements
of the structural sandwich, Tightening the wires thus mounted brings the elements
into snug alignment so that the foam boards (when additionally compressed by edge
beam wedges) act as a shell membrane with appreciable strength,

The same Purdue University report concludes:

'""The Styrofoam¥**shell serves as atemporary structural formwork for placing and
curing permanent shell material and would remain bonded to the permanent shell
as insulation and vapor barrier. Furthermore, the Styrofoam can serve as a base
for plastering the interior of the shell roof, "

A 20-foot square hyperbolic paraboloid model was constructed to prove the practicabil-
ity of this novel approach and to allow for load-deflection tests, When completed, the
*Numbers in parentheses refer to list of references at end ot paper.
*%Editor's Note: The Dow Chemical Company's brand name for foamed polystyrene,
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Fig, 3 - A 20' x 20' shell loaded with
19, 2 psf dead load,

~ — ——

Tt e

Fig. 4 - Underneath view of the 20' x
20' shell at Purdue supporting a 19,2
psf uniform load.

Fig, 5 - Close-up elevation from low
corner of 20' x 20' shell,
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offset wire-polystyrene foam (3" thick) sandwich with 7' ""saddle depth'" varied from
a true hyperbolic paraboloid by less than 1/2'" over its entire surface. A uniform load
of 20 lbs, per sq. ft. over the entire area resulted in a maximum deflection at its
center point of approximately 2-3 /4", with no buckling, This deflection was reduced
to less than 1/2" under the same loading after a 1/4' thick layer of cement was trowel-
ed and cured on the top surface,

The possibilities opened up by the successful construction and testing of this model

are extensive, Plans are now under way for building a 30' square hyperbolic paraboloid
with a weatherproofed concrete surface, as well as a four-sectioned hyperbolicpara-
boloid roof for a new and distinctive gasoline station. Models have been constructed

of essentially rectangular and round plan views by using elongated, diamond-shaped
hyperbolic paraboloids and truncated sections of the same basic shape combined in a
variety of designs.

It would appear that the possibilities for unlimited architectural freedom, engineering
advances, and more economical thin shell construction are limited only by the imag-
ination,

Professor F.J. McGarry, Department of Civil and Sanitary Engineering, Massachusetts
Institute of(Technology, has summed up his opinion of this new and intriguing concept
as follows (2);

""The use of Styrofoam as a construction aid in the fabrication of thin shell concrete
structures could well prove to be one of the most significant advances in building tech-
nology since the advent of curtain wall construction, The construction economies and
architectural freedom which can be simultaneously achieved with this new technique
will certainly expand use of these new buildings far beyond their present rather narrow
limits, It represents one of the most intelligent and rational combinations of the
dynamic field of plastics technology with that of civil engineering which has yet occur-
red,"

LIST OF REFERENCES

1) Waling, J,L., and Greszczuk, L,B,, Experiments with thin shell structural
models, presented at the Annual Meeting, American Concrete Institute, March,
1960.

2) McGarry, Frederick J,, Personal communique to E,E, Ziegler, April 25, 1960,
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Open Forum Discussion

Moderator - Thomas E, Werkema, Staff,
Director of Research, The Dow Chemical Co,

Panel Members - Messrs, Harding and Ziegler

J.N. Siegfried, Johns-Manville Corp,: Discuss and compare briefly the relative
moisture sensitivity of urethane and styrene foams,

Mr. Harding: Our experience is that a urethane foam generally has a water vapor
permeability rate somewhat less than 1 perm-inch, and we find those
polystyrene materials that we have looked at fall within the same
range.

Mr, Siegfried: Discuss the probable products of combustion of each when consumed
by fire,

Mr, Ziegler: I am most familiar with the products of combustion of foamed poly-
styrene, but I believe the same thing is true of urethane, Once it has
been cured and aerated, as both foams need to be after manufacture,
similar products result from the burning of either of these foams as
from the burning of wood, paint, upholstery or clothing, You almost
always have carbon monoxide given off and if there is enough of that,
you are in trouble, but as far as the giving off of noxious gases against
which you would need protection, I don't believe this is any problem,

L, Dean Sneary, Phillips Petroleum Co,: Do you foresee much use of polyethylene
foam in building and, if so, of what order of magnitude vs. poly-
styrene foam ?

Mr, Ziegler: Polyethylene foam has roughly the same density as the polystyrene
foam. It is characterized by being much softer, however, I would
say at the present time that its horizon in construction will be very
limited because, for one thing, its price is rather high and it is not
characterized as an excellent thermal insulator, It is better used for
buoyancy, Its noncellular, flexible structure allows you to bend it
right around yourself for ski belts, life jackets, etc, It is also useful
for packaging, since its impact resistance allows the dropping of
otherwise fragile items from quite a high distance without damage,
Also, it has some gasketing uses, but at the present time, with its
characteristics and price, its use in building is probably very limited.

Robert Sheridan, Eastman Kodak Co,: Is it not true that a system of falsework or
scaffolding is required for placing the polystyrene in hyperparaboloid
roofs, whichin effect replaces the formwork which you say has been
eliminated ?

Mr, Ziegler: It depends on the size of the roof being constructed as well as the code

requirements in the area. The 20' x 20' hyperparaboloid constructed
at Purdue University had absolutely no vertical support under it. Were
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Leon Lipshutz,

Mr, Harding:

it to advance in size to 100' or 200', or even more along one length,

I am sure you would want some supporting falsework underneath, But,
instead of supporting it every square foot with another 4" x 4'" or larger,
it has been proposed by some consulting engineers in New York that
for a structure which measured 280' across we might use a 1'" x 6"
piece of supporting wood every 6' or 8'., This would assure safety of
the workmen walking around on top and prevent them from falling
through, although the men at Purdue walked around on this 400 sq. ft.
test roof with just plain shoes on, There are all sorts of ways to pro-
vide even more protection, for instance, reinforcing the foam with

a burlap skin or chicken wire skin, but I certainly do not agree that
the same amount of falsework would be needed underneath this system
as is used in conventional construction at the present time,

Carl Koch & Assoc., Inc,: What is the latest price per pound of poly-
urethane ?

The raw material costs of many polyurethane systems will run in the
neighborhood of 40 to 60¢ a pound, depending on the materials that are
chosen, etc,

Unsigned question: Have you evaluated polyurethane foams as a core in a laminated

Mr. Harding:

structural panel other than a filler in a stressed skin panel? How does
it compare to a wood stud wall?

With respect to conductivity in panel construction, with some more
rigid material used as the panel face, if we assume no thermal short-
circuits occur, the K factor of the foam itself is approximately 0,10
to 0,15, The entire assembly then would have a U factor that could
be calculated from that of the foam, if there are no short circuits,
Some strength tests have been made, To go into the details of the re-
sults of these tests would be time-consuming, but in general, we can
simply say that they performed better than they were designed to per-
form. They withstooddirect loads that were amazingly high and, in
combination with wind loads, still performed over and above any hous-
ing requirements or codes,

Unsigned question: Does moisture penetration of urethanes cause breakdown of foam

Mr. Harding:

Mr,

Werkema:

or other undesirable characteristics in cold climates ?

We have never seen any evidence that either low temperatures or
moisture caused any deterioration in the foam itself, In fact, we have
accumulated a good deal of evidence to show that cold temperatures
leave these foams essentially unaffected, and moisture has practically
no effect, significantly no effect, on the strength of foams that have
been exposed to it for quite some time, Whether the combination of
low temperatures with moisture, as for example in a house constructed
in very cold climates where we have moist warm air on the inside and
cold air on the outside, would cause any damage, would really depend
more on the over-all structural design, Obviously, moisture barriers
can be used if it looks like there is going to be such a problem. The
additional thickness could easily be designed to maintain the tempera-
ture of the foam at high enough levels to avoid freezing within the foam
wherever the water concentration would be high enough to cause a
problem,

Mr, Ziegler, in the experiences you've had with low temperature in-
sulation particularly, do you know of any bad effects on these foamed
polystyrene insulations from moisture permeability ?
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Mr, Ziegler:

One of the main problems is not the transfer of moisture through the
foam, but rather the transmission of the moisture at low freezing
conditions in the joints, Extruded polystyrene foams, however, have
an exceedingly low pick-up of moisture, Even in marine flotation use,
with subsequent freezing in the winter, this has not been a serious
problem.

Howard E. Phillips, American Telephone and Telegraph Co.: You mentioned the

Mr., Harding:

"gslow burning' property of foamed polyurethanes, Have any tests on
fire resistance been made by the National Fire Protection Association,
The National Board of Fire Underwriters, or other laboratory tests
which would indicate what construction applications would be approved
by most building codes ?

I have seen the results of some large-scale tests. I don't believe I
am free to discuss them in detail, They are not our results directly,
but the end indication of this work was that there is no problem in curtain
wall structures, or even in some load-bearing-applications. I have
seen results of flammabilitytests where a non-treated foam was used
as the core in the panel with gypsum board as the facing material,

A stud wall panel and this foam-cored panel were exposed simultaneous-
ly to a gasoline fire, Both panels held up for about 20 minutes, There
was a difference of several minutes in favor of the standard stud con-
struction because a split occurred in the gypsum board face of the
foam panel, The foam showed no signs of damage so long as it was
protected from direct access to the flames and to air at the same time,
The foam, of course, has no air or other combustible gas in it, and

so it must have access to air before it can burn or be burned, In

this case, the performance of the foam-cored panel was very nearly
the same as that of the stud construction,

Unsigned question: On equivalent spans what has been your cost per sq. ft, experience

Mr, Ziegler:

with the conventional rigid or trussed frame as against the thin shell
hyperbolic paraboloid

At the present time we are not far enough along to give actual per foot
cost, We might use one illustration, however, to indicate its lower
cost, TWA's Idlewild airport construction is using this particular
form arched over the curved concourses running out to the emplaning
areas because of lower cost than that of typical construction, It's
going to take us just a little bit more time to get these sq, ft. costs
worked out, and then we will publish them, We don't have them yet.

A.J, Steiner, Underwriters' Laboratories: How has the 'fireproof building" men-

Mr. Ziegler:

tioned by Mr. Ziegler been demonstrated ?

When you encase a low burning material, or a self-extinguishing ma-
terial, such as was used for the Inland Steel Building in Chicago, with
2" of concrete all around it, you don't have much of a fire hazard left,
In addition, even if this concrete were not there, the contribution
made to the fire by so few pounds of material is practically inconse~
quential. Between those two things I think we have the answer,

Unsigned question: Is polyurethane or polystyrene being sprayed on cold piping as

Mr. Ziegler:
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insulation ?

Polystyrene is not being sprayed on for any use, The sheets may be
formed around piping if a source of heat is supplied to form up these
materials containing compressed gas, softening them while the gas
expands, In the case of the extruded board, it is available as
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preformed pipe covering, It is not available for forming on the spot.

Mr, Harding: One comment with respect to spraying pipe in place, present-day
equipment in the spray line generally gives such a large amount of
blow-by that spraying would be an uneconomical approach for pipe.
Preformed pipe insulations are frequently made of polyurethane.

John Odegaard, Kingsberry Homes Co,: In the production of foam-filled panels how
could a quality control inspector be assured that voids were not pre-
sent and that good adhesion takes place ?

Mr. Harding: This is largely a matter of developing the proper foaming technology
in the plant, It happens to be one of the items that separates the men
from the boys in the manufacturing field at this time., This matter of
adhesion and voids is a good, healthy technological problem, but it
is not one that can't be solved.

T.H, Beals, Pittsburgh Plate Glass Co.: Can polyurethane rigid foam be used as the
insulation and form board in the thin shell construction you have

described?

Mr, Ziegler: Yes, however in our preliminary thinking we have not made thermal
insulation No. 1 on the list of requirements. You can hardly afford
to pay twice as much for rigid urethane foam as you would for rigid
polystyrene foam which will do essentially the same job for non-
removable form board, essentially the same job or at least as good
as the paper barrier, and is plenty good enough in unit thickness for
thermal insulation,

W. Oberdick, University of Michigan: Can water be entrained in foamed polyurethanes ?

Mr, Harding: Perhaps that question has reference tothe fattthatone possible way of
expanding the urethane foam is by a water reaction with the isocyanate,
As for actual entrainment, the polymer itself would have no water left
as such. Once the foaming reaction were completed, the water pre-
sent during the foaming operation would be consumed by the isocyanate
and converted to carbon dioxide and other chemicals, I have never
seen a polyurethane foam with water in it,

Julian H, Scott, Standard Bldg. Prod. Co,: You discussed foamed glass as a sound-
absorbing material, What are its sound transmission properties, i,e.,
as a noise isolator between rooms?

Mr, Lovett: The transmission property of a foamed glass material about 4" thick
would give a reduction of about 28 decibels, It's a lightweight material,

Nils Ohlson, Dyfoam Corp.: How can it be stated that polystyrene is a vapor barrier,
when the National Bureau of Standards states that a vapor barrier must
have a rating of less than 1,0 perms and the same organization plans
to reduce this to 0.5 perms?

Mr, Ziegler: Yes, our perm rating right now is generally considered well below 1,0,
I certainly do know that in the case of deep freeze units we do not use
the vapor barriers except at intersecting corners where the passageway
between the foam creates a problem, as I mentioned before. Where
this is a problem, I am sure you get bad frosting and freezing in areas
of this nature,

Unsigned question: Is there any information on the bond between foamed polystyrene
and plaster vs. plaster and standard lath?
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Mr, Ziegler:

We haven't published any figures on that yet, There is some work
going on right now both in Midland (Mich,) and at Armour Research
Foundation to determine characteristics of plastering on foam, from
which we hope to have data that will answer your question directly,
The data we have today are really not broad enough or specific enough
to warrant publication, but from the experience we've had in over 11
years of plastering directly on polystyrene foam, we don't anticipate
any problems in this area,

D.S. Poole, Goodyear Tire and Rubber Co,: Have you any information relative to use

Mr, Valore:

Mr, Ziegler:

of expanded polystyrene beads in concrete ?

I have read of that work with much interest, and I would be very much
interested in knowing the properties of such concrete. It's hardfor me to
conceive how you might not get some of the disadvantages of both ma-
terials, Possibly it would be better to use polystyrene foams, It
would also, I think, be quite an expensive aggregate,

I agree generally with this, We have done some work with the addi-
tion of foamed polystyrene beads to cement., Each individual bead

is very water resistant, while added to a matrix which isn't water re-
sistant, It is an expensive way to lighten concrete, particularly in
the face of competitive materials which are already doing a good job
and which treat the concrete better than prefoamed beads,

H.S, Segalas, Procter & Gamble: Is there a type of paint which might be used direct-

Mr, Ziegler:
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ly on foamed polystyrene for interior decoration, rather than on plas-
ter?

Any water base latex paint is an excellent medium for covering poly-
styrene foams, They will not attack chemically, they can be brushed,
sprayed, or rolled, and they adhere tenaciously to the foam surface,
which isn't very glass-like anyway, and this creates a very nice effect.
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Mgr, Arch, Services, Barrett Div., Allied Chemical
Corp., 40 Rector St., New York 6, N. Y.

Chemist, Natl. Bureau of Standards, Conn, Ave. &
Van Ness St,, Washington 25, D.C,

Genl, Mgr,, Unibuilt Components Co., P,O, Box 476,
Ralston, Neb,

Dir, of Product Devel,, Plasticrete Corp., Hamden, Conn,
Shell Chemical Co,, 110 W, 518t St,, New York, N.Y,
Editor, Architectural & Engineering News, 500 Bloom-
field Ave,, Montclair, N.J,

Mgr,, Marketing & Planning, St, Regis Paper Co,,
Panelyte, 2403 S, Burdick, Kalamazoo, Mich,

Tech, Dir,, Intl. Conference of Building Officials,

610 S, Broadway, Los Angeles, Calif,

Vice Pres,, Eng,, The Standard Products Co,, 2160
Halstead, Lakewood, Ohio

Flintkote Co,, Whippany, N.J,

Arch,, Veterans Administration, Washington 25, D.C,
Vice Pres., Tomkins Bros,, 74 Passaic St, , Newark
4, N.J.

Partner, Chatelain, Gauger & Nolan, 1632 K St,, N.W,,
Washington, D.C,

Sales Eng,, E.I. duPont de Nemours & Co,, Inc,,
Elastomers Dept., Wilmington, Del,

Field Repr., Prod. Dev., Hooker Chemical Corp.,
Niagara Falls, N.Y,

Industry Specialist, E,I, duPont de Nemours & Co,,
Inc., Polychemicals Div,, Chestnut Run, Wilmington,
Del,

Librarian, Federal Housing Admin,, 811 Vermont Ave,,
Washington 25, D,C.

Arch,, U,S. Bureau of the Budget, Washington 25, D,C,
Devel. Mgr., General Products Div., Dominion Rubber
Co,., 51 Breithaupt St,, Kitchener, Ont,, Canada
Market Mgr,, Alcan International, Ltd,, P,O., Box
6090, Montreal 3, Canada

Mgr., New Proj. Dept., Union Carbide Chemicals Co.,,
270 Park Ave,, New York 17, N, Y,

Supt, Physical Plant, McMaster University, Hamilton,
Ont., Canada

Vice Pres,, Armstrong Cork Co,, Lancaster, Pa,
Assoc, Prof,, Architecture, Dept., of Architecture,
University of Illinois, Urbana, Ill,

West Penn Power Co,, Cabin Hill, Greensburg, Pa.
Mgr., Prod, Devel., New Castle Products, Inc,, 1711
I Ave,, New Castle, Ind.

Staff Arch,, Monsanto Chemical Co,, 800 N, Lindtergh,
St, Louis 66, Mo.

Marine Terminals Planning Eng,, Port of New York
Authority, 111 8th Ave,, New York, N, Y,

Mgr,, Eng, Serv,, Union Carbide Chemicals Co,, P,O,
Box 8361, So, Charleston, W, Va,
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Connor, Neil A,
Conroy, M,E,
Cook, Robert S,
Cosby, John N,
Coski, Bernard S.
Coughlan, Harry W,
Countryman, David
Craun, B.T.
Creaghan, Frank C,
Crease, Pierre L,

Croom, C.E,
Cross, Graham B,

Culin, Nembhard N,

Cu.l.len, Wm. C.

Cunningham, Warren W,

Cutright, Harold G,

Dacey, J.P.
Dahlenburg, C.E,
Daigle, Sidney I.
Darlington, Robert P,
Davis, M, A,

Davis, Willard P,
Deas, Eugene

Decat, H,

Deegan, Wm, J., Jr.
Delattre, J.I.

Delevante, Owen L,

Delmonte, David E,
Demarest, William

Dennison, E,L A,
Derbyshire, L,G.

Dess, H. M,

Head, Arch, Stds, Div,, Federal Housing Admin, ,
Washington 25, D,C,

Sales Dev,, Olin Mathieson Corp,, 745 5th Ave,, New
York, N, Y.

Mgr. Prod. Planning, Virginia Metal Products, Inc.,
Orange, Va,

Dir. of Res. & Dev., Barrett Div., Allied Chemical
Co., 40 Rector St,, New York, N.Y.

Chief, Struct,, CivilEng., U.S. Naval Ordnance Lab.,
White Oak, Silver Spring, Md,

Arch,, Forest Service, U.S., Dept, of Agriculture, Div,
of Eng,, 1405 Auditors Bldg., Washington 25, D.C,
Mgr., Res. & Eng., Douglas Fir Plywood Assn,, 1119
A St,, Tacoma, Wash,

San, Eng,, Federal Housing Admin,, 811 Vermont Ave.,
N.W,, Washington 25, D,C,.

Maint, Supv,, State Dept, of Hospitals, Baton Rouge,
La.

Assoc,, Scherr-McDermott, Inc., 39 S. Miller Rd.,
Akron, Ohio

Assoc, Prof,, Syracuse University, Syracuse 10, N.Y.
Insulite Div, , Minnesota & Ontario Paper Co,, 500
Investors Bldg., Minneapolis, Minn,

Assoc,, Frederick G, Frost Jr. & Assoc,, 144 E,
30th St,, New York 16, N, Y.

Chemist, Natl, Bureau of Standards, Conn, Ave,, &
Van Ness St,, Washington 25, D,C,

Arch,, Geddes, Brecher, Qualls and Cunningham, 258
S. Van Pelt St,, Philadelphia, Pa,

Genl, Sales Mgr., Omark Industries, Inc., 9701 S.E,
McLoughlin Blvd,, Portland 22, Ore,

Sales Mgr.,, The Standard Products Co,, 316 Fisher
Bldg., Detroit, Mich,

Spec, Asst,, General Services Dept., E.I, duPont de
Nemours & Co,, Inc., Wilmington 98, Del,

Southern Distr,, Unistrut, 437 Philip St,, New Orleans,
La.

Dept. of Arch, Eng., Washington State University,
Pullman, Wash, )
Veterans Administration (Construction) Munitions Bldg. ,
Washington 25, D,C,

Supv, , Keasbey & Mattison Co., Butler Pike, Ambler, Pa,
Proj. Dir,, Reynolds Metals Co,, Richmond 18, Va,
Eng., B.B. Chemical Co,, Boston, Mass,

Chief Eng,, Modular Constr,, American Bridge Div.,
U.S. Steel Corp., 437 Grant St,, Pittsburgh 30, Pa,
Plant Eng, , American Bridge Div,, U.S, Steel Corp.,
P.O. Box 1107, Harrisburg, Pa,

Proj. Mgr., Harrison & Abramovitz, 630 Fifth Ave. ,
New York, N, Y.

Res, Chemist, Hercules Powder Co,, Wilmington, Del,
Dir,, Plastics in Bldg., Mfg. Chemists' Assn,, 1825
Conn, Ave., Washington 9, D, C,

Mgr,, Sales Eng,, Johns-Manville Corp., 22 E, 40th
St., New York 16, N. Y.

Tech, Serv, Eng., General Electric Co,, Laminated
Plastics Dept., Coshocton, Ohio

Res. Chemist, Union Carbide Metals Co., 47th & Royal
Ave,, Niagara Falls, N. Y,
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Devereux, W,D,
DeVries, John B,
Dickens, H, B,
Dietz, Albert G,H.
Diller, Jesse D,

Dirkse, D.S.
Donovan, Daniel K,

Dorrance, George P,
Duke, Ted

Dunn, L. M,
Dunnington, Jon B,
DuShane, Ray N,

Dyer, R.C,

Ebert, Carl J,
Edberg, Edwin A,
Egan, Charles
Ekblaw, Walter
Elias, Paul A,
Ellicott, Charles R,

Elliott, Robert D,
Emerson, William L,

Engdahl, R, B,
Enzian, R.I.

Etkes, Asher, B,
Evans, Ben

Evans, Giles L,, Jr,
Evans, Robert E,
Faber, R, D,
Farmer, G,D., Jr,
Feichter, H. R,
Feild, George B,

Fey, Earl A,
Field, J.H,, Jr.
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Grp. Supv,., Olin Mathieson Chemical Corp., Metals
Div,, 275 Winchester Ave,, New Haven 4, Conn,

Sales Devel. Eng,, Rohm and Haas, Washington Sq.,
Phila, , Pa.

Natl, Research Council, Ottawa 2, Canada

Prof,, M,1.T,, Room 5-209, Cambridge 39, Mass,
Pathologist, Laurel Res, Center, U.S. Forest Service,
RFD #2, Laurel Md,

Bldg. Res., Dow Chemical Co., Midland, Mich,

Res, Eng., Larsen Products Corp., P.O., Drawer 5938,
Bethesda, Md.

Tech, Advisor, Turner Construction Co,, 150 E, 42nd
St,, New York, N, Y,

Staff Eng,, Structural Clay Products Inst., 1520 18th St,,
N.W., Washington, D,C,

Devel, Mgr., Bldg. Products & Structures, Aluminum
Co, of America, P,O, Box 1012, New Kensington, Pa,.
Res, Arch,, Butler Mfg, Co,, 7400 E, 13th St,, Kansas
City, Mo.

Project Eng., Arcadia Metal Products, 801 S. Acacia
Ave,, Fullerton, Calif,

Mgr., Plant Eng. and Planning, Supplies Div,, Intl,
Business Machines Corp., Vestal, N. Y,

Editor, The Construction Specifier, 632 Dupont Circle
Bldg., Washington 6, D.C,

Tech, Specialist, Koppers Co., Inc,, P,O. Box 65,
Monaca, Pa.

Mgr., Tech, Serv, & Product Planning, Owens-Corning
Fiberglas, Box 901, Toledo, Ohio

Eng., Reynolds Metal Co., 503 World Center Bldg.,
Washington, D.C,

Central Devel. . Food Machinery & Chemical Co,, P,O.
Box 8, Princeton, N,J.

Mkt, Devel, Dept., Monsanto Chemical Co., Indian
Orchard, Mass,

U.S, Dept. of Justice, Washington 25, D,C,

Eastern Reg, Sales Mgr., Hexcel Products Inc.,

42-15 Crescent St,, L.I,C. 1, N, Y.

Staff Eng, , Battelle Inst,, Columbus, Ohio

Product Mgr., A.M, Byers Co,, Clark Bldg., Pitts-
burgh 35, Pa.

Etkes Assoc,, 16 E, 52nd St,, New York, N. Y,

Coord. Arch., Res., Texas A & M College, College
Station, Tex,

Exec. Secy,, Masonry Institute, Inc,, Washington
Bldg., 15th & New Yark Ave., N.W., Washington 5, D, C.
Res, Chemist, Tectum Co,, 535 E, Broad St,, Colum-
bus, Ohio

The Intl. Nickel Co., Inc,, 67 Wall St,, New York, N.Y,.
Sen, Proj. Eng., U,S. Army Engineers Res., & Devel,
Lab,, Ft. Belvoir, Va.

Dir, of Res,, U.S. Ceramic Tile Co., 217 Fourth St,,
N.E., Canton, Ohio

Supv., Hercules Powder Co., Hercules Research Center,
Wilmington, Del,

Arch,, 8890 Lackland Rd,, St, Louis 14, Mo.

Tech, Supt., Adhesives, The B,F., Goodrich Co,, 500
So, Main St,, Akron, Ohio
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Finchum, R. N,

Fischer, Robert E,
Fishburn, C.C.,
Flavell, J.R.
Fleischer, H,O,
Fligor, K.K.
Foley, Wm, F,
Folley, Milo D,
Folsom, Charles
Ford, Claude A,
Forth, Leo,, Jr.
Fowle, E.R., Jr.
Fox,, E.J.
Francis, Floyd D,
Friedericy, J. A,
Friel, Daniel D,

Fritz, Richard C,
Frownfelter, C,R.

Fuller, G.R,

Furst, Theodore
Gallagher, Gerald R,
Gaston, J.E,

Gaul, John W,
Geddes, Robert L.

Genre, William G,
Geoghegan, Richard T,

Gertler, Sidney

Gill, Grayson
Gilman, Stanley F,

Glasberg, Oscar S,
Glickman, M,

Glynn, T.W.

Specialist, School Plant Management, Office of Educ.,
U.S. Dept., of Health, Educ., and Welfare, 330 Indep.
Ave., S.W,., Washington 25, D.C.

Assoc, Editor, Architectural Record, 119 W, 40th St,,
New York, N, Y.

Mtls. Eng,, Natl, Bureau of Standards, Washington 25,
D.C.

Sales Eng,, Dyfoam Corp., 202 E, Cherry St,, New
Castle, Pa.

Chief, Div. of Timber Processing, Forest Products
Lab,, Madison 5, Wis,

Head of Plastic Sect., Goodyear Tire & Rubber Co.,
1485 E, Archwood Ave., Akron, Ohio

Secy., Hass Wholesale, Inc.,, 3922 W, Sample, So.
Bend, Ind,

Arch,, Sargent-Webster Crenshaw & Folley, 2112 Erie
Blvd, E,, Syracuse 3, N.Y,

Pres,, Bass & Co,, Hopkinsville, Ky,

Arch,, Veterans Administration, Washington 25, D.C,
Project Dir,, The Sherwin Williams Co,, 101 Prospect
Ave,, Cleveland, Ohio

Application Eng.,, B.B. Chemical Co,, 784 Memorial
Dr., Cambridge, Mass,

Mgr., Bldg. Mtls., Dept., Union Carbide Corp., 270
Park Ave., New York 17, N. Y,

Dir,, Dept. of Arch., Intl. Nickel Co., 64 Wall St.,
New York, N, Y,

Assoc, Prof. of Chem. Eng., Res. Labs for Eng. Sci-
ences, University of Virginia, Charlottesville, Va,
Devel, Mgr,, E.I. duPont de Nemours & Co,, Inc,,
Louviers Bldg,, Newark, Delaware

Adv, Mgr,, McKinney Mfg., Co., Pittsburgh 33, Pa,
Tech, Rep., Pittsburgh Plate Glass Co.,, 1 Gateway
Center, Pittsburgh 22, Pa,

Veterans Administration, Munitions Bldg., Washington
25, D.C.

Duke Window & Door Co,, Thornwood, N, Y,

Dir, of Res,, OCDM, Executive Office Bldg., Wash-
ington 25, D.C,
Gen, Mgr,, Bldg. Mtls, Res., Armstrong Cork Co.,
Lancaster, Pa,
Plant Mgr., The Whitmer-Jackson Co,, Inc,, P.O,
Box 31, Medina, N, Y,
Arch,., Geddes, Brecher, Qualls and Cunningham, 258 S,
Van Pelt St,, Phila,, Pa,
Mgr., Showcase Homes, Inc., Box 17, Eighty Four, Pa,
Chief Const. Eng., Housing Dept. , New York Life Insur-
ance Co,, 51 Madison Ave,, New York 10, N.Y,
Industry Analyst, Bus, & Def, Services Admin,, Bldg.
Mtls. Div., Room 4036, Dept, of Commerce Bldg.,
Washington 25, D,C,
Pres,, Grayson Gill Inc,, 1913 San Jacinto St,, Dallas
1, Tex,
Mgr., Compressor Dev,, Carrier Air Conditioning Co.,
Carrier Parkway, Syracuse 1, N, Y,
Editor, Glass Digest, 130 W, 57th St., New York 19, N.Y,
Test Eng,, American Bridge Div,, U,S. Steel, P.O,
Box 1107, Harrisburg, Pa.
V.P, Devel., Blue Ridge Glass Div., AmericanSt. Gobain,
Box 929, Kingsport, Tenn,
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Gochenour, C, I,
Godley, Jack
Goodspeed, H.S,
Goody, Marvin E,
Gordon, Allen

Gordon, Peter B,

Graham, Raymond W.

Grant, Eric

Gray, Charles R,
Gray, Donald R,
Gray, Richmond
Greenfeld, Sidney H.
Gregory, Gretchen B,
Grimm, Clayford T.
Grossinger, John S,
Guth, Thomsen
Guthridge, D.J.
Guy, Roland

Haeger, Leonard G,
Hager, S.B,
Hajjar, A. William

Halle, Roger
Halmos, E.E.

Hamburger, Irvin
Hamilton, Warren L,
Handler, Benjamin
Hanlon, C, M,
Hanrahan, Frank J,
Hanson, Raymond L,
Harding, R.H.
Hardy, Howard C.
Harrison, R, G.

Harron, Ronald J.
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Mgr., Product Devel., Hooker Chemical Corp., 47th
St. and Buffalo Ave,, Niagara Falls, N, Y,

Mkt, Mgr., Gregory Industries, Inc., Nelson Stud
Welding & Polish Mfg. Div., Toledo Ave. & E. 28th

St., Lorain, Ohio

Res, Eng., Johns-Manville Res, Center, Manville, N,J,
Asst. Prof, of Arch., Mass, Inst. of Technology,

Room 7-303, 77 Mass, Ave,, Cambridge 39, Mass,
Mkt, Planning Consultant, American-Standard, 40 West
40th St.,, New York, N.Y.

Vice Pres,, Wolff and Munier, Inc., 50 West 44th St, ,
New York 36, N.Y.

Asst. Prof., University of Florida, Gainesville, Florida

Dir. of Tech, Serv., Devoe & Raynolds Co,, Ingc.,

Trade Sales Div,, P.O, Box 328, Louisville, Ky,

Asst, Res, Eng,, Stran-Steel Corp., 1033 Crawford,
Terre Haute, Ind,

Plastics Dept., The Dow Chemical Co,, Bldg. 433,
Midland, Mich,

Vice Pres,, Gray Products Co,, Inc,, Waverly, Va.
Chemist, Natl, Bureau of Standards, Washington 25, D, C.
Federal Housing Administration, 811 Vermont Ave.,
N.W., Washington, D.C.

Mgr. Arch, & Engr, Dept., Zonolite Co., 135So. LaSalle
St., Chicago, Ill,

Mgr,, Special Projects, Crane Co,, P.O, Box 780,
Johnstown, Pa.

Assoc,, Office of Walk C, Jones, Jr,, Arch,, 1215
Poplar Ave.,, Memphis, Tenn,

Eng,, Federal Housing Admin., Washington 25, D.C,.
Batelle Memorial Inst,, 505 King Ave,, Columbus 1,
Ohio

Arch, Res, Consultant, P,O, Box 132, Princeton, N.,J.
Veterans Administration, Munitions Bldg., Wash, 25, D.C.
Dir,, Airwall Concept Res,, Penn. State University,
University Park, Pa,

277 Park Ave,, New York, 17, N, Y,

Wash, Editor, Civil Engineering, The Homer Bldg.,
Washington, D.C,

Civil Eng, , USAF Hqtrs, Dir, of Civil Eng,, 2800 Ne-
wark St,, N, W,, Wash, 25, D,C,

Industrial Eng., Modular Components Corp., 2117 Say-
brook Ave,, Los Angeles 22, Calif,

Prof, of Planning, Dept., of Arch,, University of Mich,,
Ann Arbor, Mich,

Component Eng, , Masonite Corp., 111 West Washington,
Chicago 2, Ill,

Exec. Vice Pres,, American Inst. of Timber Const, ,
1757 K St,, N, W., Washington, D,C,

Chief Eng., Arch, Products, Stran-Steel Corp., 1033
Crawford, Terre Haute, Ind.

Res, Dept., Union Carbide Chemicals Co,, South Char-
leston, W, Va.

Owner, Howard C, Hardy & Assoc., 53 W, Jackson,
Chicago 4, Ill,

Sr. Analyst, Republic Steel Corp., Republic Bldg., 25
Prospect Ave,, Cleveland 1, Ohio

Dept. of Health, Educ. & Welfare, Res, Facilities Plan-
ning Br,, Bldg, 13, Rm, 21311, Bethesda 14, Md.
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Hart, Charles J.
Haswell, William S.
Hathaway, Caleb R,
Hauck, John E,
Hawkins, D. R,
Hazell, Gordon G.

Heider, S. A.
Helene, Sidney J.

Heller, R.E,
Henderson, T. W.
Henry, Elvin F,
Hensel, James H.

Heritage, Clark C,
Herrman, Arthur P,

Herrmann, Melvin R,
Hess, J, Frank
Hess, Robert W,
Hettling, W.C,
Higgins, J.R.

Hill, Frederick B,, Jr.
Hill, Mrs, Isabel C.
Hodges, Paul
Hoeing, W.J.
Hollerbach, L.C.
Holmes, Burton

Holmgren, Robert E,
Holtz, R, T,

Honish, J. K,

Hossli, R.I,
Houck, Robert H,
Houvener, Irving S,
Hovland, Lyle W,

Res. Eng., Natl, Electrical Contractors Assn., Inc,,
610 Ring Bldg., Washington 6, D.C.

Managing Dir., Natl. Builders' Hardware Assn,, 515
Madison Ave,, New York 22, N.Y.

Economist, U,S., Forest Service, 3841 So. Agr., Bldg.,
Washington 25, D,.C,

Organizer, Operative Plasterers' & Cement Masons'
Intl, Assn., 1125 17th St., N, W., Washington, D.C,
Proj. Mgr., United Shoe Machinery Corp., 140 Federal
St., Boston, Mass,

Mgr, Field Eng, Dept,, The Ruberoid Co., 724 Trans-
portation Bldg., Washington, D, C.

Mech, Eng., Federal Housing Admin,, Wash, 25, D,C,
Arch., Res. Sect,, Design Serv,, Veterans Admin,
08702, Wash, 25, D.C,

Civil Eng., Hqtrs U.S, Air Force, AFOCE, Wash, 25,
D.C.

Vice Pres, - Eng., United Steel Fabricators, Inc.,
High & Gasche Sts,, Wooster, Ohio

Soil Scientist, Fed. Housing Admin,, 811 Vermont Ave.,
Washington 25, D,C.

Project Eng,, Tectum Corp., 535 East Broad St.,
Columbus, Ohio

Consulting Eng., P.O, Box 1273, Tacoma 1, Wash,
FAIA, Dean, College of Architecture & Urban Planning,
Univ, of Washington, Campus, Seattle 5, Wash.

Str., Res, Eng., Bur, of Yards & Docks, Navy Dept.,
Washington 25, D,C,

Pres,, Elwin G, Smith & Co., Inc., Williams St. &
Emsworth, Pittsburgh 2, Pa,

Dir, of Res,, Georgia Pacific Corp., Equitable Bldg.,
Portland, Ore,

Asst, Sales Mgr., Yale & Towne Mfg, Co,, 11 So,
Broadway, White Plains, N, Y.

Dir. Product Devel,, Gustin-Bacon Mfg, Co,, 2920
Fairfax, Kansas City, Kan,

Tech, Assist,, E,I. duPont de Nemours & Co,, Inc.,
Wilmington, Del,

Arch,, Veterans Administration, Munitions Bldg. ,
Washington 25, D, C,

Standard Building Products Co,, 14200 Cloverdale, De-
troit 38, Mich,

Mgr, New Products, Whirlpool Corp., 300 Broad St.,
St. Joseph, Mich,

Mgr., Bldg, Mtls, Sales Div,, Wheeling Corrugating
Co,, Market St., Wheeling, W, Va,

Tech, Editor, Progressive Architecture, 430 Park Ave,,
New York, N.Y, .

Pres,, Porcelain Steel Corp., Connersville, Ind,

Chem, Eng., B.F., Goodrich Chemical Co,, 3135 Euclid
Ave, . Cleveland, Ohio

Union Carbide Plastics Co,, 270 Park Ave,, New York
17, N.Y,.

Arch, Res, Center, U,S, Steel Corp., Monroeville, Pa,
Res, Dept,, Potlatch Forests, Inc,, Lewiston, Idaho
Eng., The Dow Chemical Co., 1707 Bldg,, Midland, Mich,
Dev, Eng., Aluminum Co. of America, P,O, Box 1012,
New Kensington, Pa.

Howard, Paul T.
Howe, Gaius W,

Chemist, Natl, Bureau of Standards, Washington 25, D, C,
Arch,, Natl, Institutes of Health, P,H,.S,, Bethesda, Md.
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Hoyes, Charles

Hubbell, Dean S,
Huddle, C.F.

Humes, Harold L.
Humke, Roger K,
Humphries, C, R,
Hunt, T. W,

Hursh, John R,
Hurst, Homer T,
Hutchins, X.S,

Jack, William
Jackson, Norton B,
Jansson, John P,
Jantsch, Albert F,
Jastremsky, Julian K,
Jellinger, Thomas C,
Jellison, P, J,

Johns, D.H.

Johnson, G, O,
Johnson, Herbert H.

Johnson, Kenneth M,

Johnson, Marvin R, A,

Johnson, Ralph J,
Johnstone, B, Kenneth

Jones, J. W,

Jones, R, A,
Jones, Stanley S.
Jones, Walk C,, Jr,

Jordan, A,J., Jr.
Jordan, Louis

Juhasz, John J,

Kaplan, M. F,
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Advertising Mgr., Fabricated Products Div., Townsend
Co,, West Newton, Pa.

Vice Pres,, Porcelain Steel Corp., Connersville, Ind,
Head, Tech, Facilities, Res, Lab, Gen, Motors Corp.,
G. M. Tech, Center, Warren, Mich,

Vice Pres.,, Baldwin-Ehret-Hill, Inc,, 500 Breunig Ave,,
Trenton, N.J.

Mkt, Supv., Minnesota Mining & Mfg, Co,, 900 Bush
Ave,, St, Paul, Minn,

Proj. Mgr., Minnesota Mining & Mfg. Co., 367 Grove
St., St, Paul 1, Minn,

Eng.,, Portland Cement Assn,, 33 W, Grand Ave., Chi-
cago, I,

Chief Eng,, Armco Drainage and Metal Products, Inc,.,
1001 Grove St., Middletown, Ohio

Res, Prof., V.P,1, Agric, Exp, Sta., Blacksburg, Va,
Civ, Eng,, U.S. Coast Guard Hdqtrs,, 13th & E St.,
N.W., Washington 25, D,C,

Acoustical Res. Tech,, Res, Center, Johns-Manville,
Manville, N.J.

Mgr., Asbestos-Cement Products Assn,, 509 Madison
Ave,, New York, N, Y.

A, I.A., Mgr., Arch, Sales, Olin Mathieson Chemical
Corp., 400 Park Ave,, New York 22, N, Y,

Mgr. of Diversification, New Castle Products, Inc.,
1711 I Ave,, New Castle, Ind,

135 East 65 St,, New York, N.Y,

Assist, Prof,, Iowa State University, Ames, Iowa
Genl, Mgr., Fabricated Products Co., West Newton, Pa.
Grp. Leader, American Can Company Res. Lab., 433
N. Northwest Highway, Barrington, Ill,

U.S. Steel Corp., Pittsburgh, Pa,

Arch.,, Weed-Johnson-Assoc,, Suite 605, 550 Brickell
Ave,, Miami 32, Fla,

Sales Eng., Stanley Hardward, Div., of The Stanley
Works, 195 Lake Street, New Britain, Conn,

Design Consultant, Div, of School Planning, N,C.

Dept. of Public Instruction, Education Bldg., Raleigh,
N.C.

Dir,, Res, Inst., Natl. Assn, of Home Builders,

1625 L St,, N. W., Washington, D,C,

Arch,, B.K. Johnstone & Assoc,, 500 Law & Finance
Bldg., Pittsburgh 19, Pa,

Specialist, Educ. of Visually Handicapped, U.S. Office
of Educ., Dept. of Health, Educ, & Welfare, Washington
25, D,C.

Res, Prof. of Arch,, Small Homes Council, University
of Illinois, Urbana, Ill,

Chief, Eng, Div., U,S, Naval Ordnance Lab,, White
Oak, Silver Spring, Md.

Office of Walk C. Jones Jr,, Arch,, 1215 Poplar Ave.,
(P.O. Box 5808), Memphis 4, Tenn,

Pres., Jordan Millwork Co,, Sioux Falls, So, Dak,
Exec, Secy,, Div, of Eng, & Industrial Res., NAS-NRC,
2101 Constitution Ave,, Washington, D.C,

Chemist, Food Mach, & Chem, Corp., P.O, Box 8,
Princeton, N, J.

Res, Assoc,, c/o Natl, Bureau of Standards, Washington
25, D.C.
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Kaplan, Morris
Kapple, W, H,
Keane, Gustave R,
Keller, Caroll R,
Keller, Robert R,
Kelso, R. L,
Kemp, W.E,
Kendall, R,C,
Kent, John E,
Kerner, Charles H,
King, John M,
Kinne, W.S., Jr.

Kithil, Richard
Kleinhans, H. F,.

Knight, Richard C.
Koch, Carl
Koelling, William
Kohn, Bernard
Koppes, W.F,
Krauss, W.W.
Kreuttner, J. W,
Kruchkow, Norman
Kuespert, D, R.
Kunkel, Bob
Kutner, Phillip N,

Kuypers, Bert

Lalonde, Albert J,
Lance, O,C.
Lang, Kenneth G,

Larsen, Phyllis H,

Larson, C, Theodore

Larson, W, T,

Tech, Dir,, Consumers Union, 256 Washington St.,

Mt, Vernon, N, Y,

Res, Assoc., Prof. of Arch,, Small Homes Council,
University of Illinois, 602 S. Ridgeway, Champaign, IlL
Prod. Admin., Eggers & Higgins, Arch., 100 East
42nd St,, New York 17, N, Y,

Mkt, Planning Mgr., Westinghouse Electric Corp.,
Micarta Div,, Hampton, S.C,

Pres,, Robert R. Keller & Assoc,, Inc., 43 Union St.,
Manchester, N, H,

Staff Eng., Modular Components Corp., 2117 Saybrook
Ave., Los Angeles 22, Calif.

Tech, Dir., Koppers Co., Inc,, Pittsburgh, Pa.
Owens-Illinois Glass, Muncie, Ind,

Staff Consultant, Arthur D, Little, Inc,, 20 Acorn Park,
Cambridge, Mass,

Partner, Golemon & Rolfe, Archs. - Engs., 5100 Travis
St,, Houston 2, Tex.

Dir,, Res, Serv's,, Natl, Assoc., of Home Builders,
1625 L St,, N.W,, Washington, D.C,

Dir., Univ, Facilities Res, Center, University of
Wisconsin, 819 Irving Place, Madison 6, Wis,

Vice Pres,, The Carwin Co,, North Haven, Conn,
Mgr., Marketing & Planning, Pawling Rubber Corp.,
Pawling, N.Y.

Chief, Far East Branch, Housing Div,, Intl. Coopera-
tion Adm,, Washington 25, D, C,

Pres,, Carl Koch & Assoc,, Inc., 55 Brattle St., Cam-
bridge, Mass,

Spec. Features Dir., Amer., Builder Magazine, 30
Church St,, New York 7, N.Y.

Arch,, Balsa Ecuador Lumber Corp., 500 Fifth Ave.,
New York 36, N.Y,.

Arch, Consultant, 154 S, Alward Ave., Basking Ridge,
N. J.

Proj. Eng,, Rep. Steel Corp., Res, Center, 6801
Brecksville Rd., Cleveland 31, Ohio

Vice-Pres,, Buensod-Stacey Corp., 45 W, 18th St,,
New York, N, Y,

Associate, Urbahn, Brayton & Burrows, Arch,, 635 Madi-
son Ave,, New York, N.Y,

Div, Head, E,I, duPont de Nemours & Co,, Inc,, Wil-
mington, Del,

Assoc, Ed., Chem, & Engineering News, 1155 16th St.,
N.W., Washington, D.C.

Arch, - Eng., Styrene Developments Inc, , 550 Midland
Ave,, Saddle Brook, N,J.

Design Consultant, Johns-Manville Prod., Corp., Res,
Center, Manville, N.J,

Sales Mgr., O 'Connor Homes Inc,, Southampton Rd.,
Westfield, Mass,

Secy,, Natl, Woodwork Mfrs., Assn., 332 So, Mich,,
Chicago, Ill,

Gen, Mgr,, Collier Glasson Co,, P,O, Box 3297,

Sta. "C", Toledo, Ohio

Pres,, Larsen Products Corp., Bethesda, Md,

Prof, of Arch,, University of Michigan, Ann Arbor, Mich,
Mgr., Aluminum Extrusions & Bldg. Prod, Sales, Revere
Copper and Brass Inc,, 230 Park Ave,, New York1l7, N, Y,
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Head, Construction Econ. Section, Battelle Inst,, 505
King Ave,, Columbus 1, Ohio

Materials Eng., U.S. Coast Guard, 1300 E St., N. W.,
Washington, D,.C.

Dominion Tar & Chemical Co. Ltd., 1400 Metcalfe St,,
Montreal, Canada

Development Assoc,, Plastics Div., Monsanto Chemi-~
cal Co., Springfield 2, Mass.

Res, Arch,, Washington State University, Pullman, Wash,
Res. Prod. Devel., Pennsalt Chemicals Corp., P.O,
Box 4388, Phila, 18, Pa.

Natl, Res, Council, Ottawa 2, Canada

Chem. Eng,, Navy Bur, of Yards & Docks, Washington
#5, D.C.

Head, Dept., of Arch,, University of Florida, Gainesville,
Fla,

Asst., Prod. Sales Mgr,, "POP" Rivet Div,, United Shoe
Machinery Corp., Shelton, Conn,

Pres,, Const, Fasteners Inc,, Spruce & Water Sts,,
Reading, Pa.

Supv., Marine Planning & Constr, Div,, Port of New
York Authority, 111 8th Ave., New York, N, Y,

Asst, Prof,, University of Illinois, Urbana, Ill,

Group Leader, Union Carbide Plastics Co., Bound Brook,
NI J.

Arch,, Arthur D, Little, Inc., 30 Memorial Drive,
Cambridge, Mass.

Program Consultant, E,I. duPont de Nemours & Co,,
Inc,, Mech, Dev, Lab., 101 Beech St., Wilmington 98,
Del,

Assoc,, Carl Koch & Assoc,, Inc., 55 Brattle St.,
Cambridge, Mass,

Chief, Div. of Physics & Engineering, U,S. Forest
Products Lab., Madison 5, Wis,

Editor, Stained Glass, 500 Univ, Dr,, Fairfax, Va.
Sr, Mech., Eng., Battelle Memorial Inst,, 505 King
Ave,, Columbus 1, Ohio

AIRCOMB Admin,, Douglas Aircraft Co,, Inc., 3000
Ocean Park Blvd,, Santa Monica, Calif,

Res, Asst., School Housing Section - U,S. Office of
Educ., 4th & Indep. Ave,, S.W., Wash, D.C,.

Exec, Dir,, ACTION-Housing, Inc., 1 Gateway Center,
Pittsburgh 22, Pa,

Tech., Dir., Natl. Paint, Varnish & Lacquer Assn,, 1500
Rhode Island Ave,, Wash, 5, D,C,

Mgr,, Tech., Service Dept,, Pittsburgh Corning Corp.,
1 Gateway Center, Pittsburgh, Pa,

Proj. Div,, Reynolds Metals Co,, 1519 Summit Ave,,
Richmond, Va,

Sect, Mgr,, Design-Research, Masonite Corp,, 111
W. Washington St., Chicago, Ill,

New Prod, Supv,, Calif, Redwood Assn,, 576 Sacra-
mento, San Francisco, Calif,

Dir, of Res., YMCA Natl. Council, Bldg. Service Div,,
291 Broadway, New York 7, N, Y,

Sr. Arch, Eng., Veterans Admin,, Washington, I.C.

Chief Eng,, Rosco Metal & Roofing Prods. Ltd,, 840
Dupont St,, Toronto, Canada

Controller of Plant, Board of Educ,, 150 Oakburn Cres,
Willowdale, Ontario, Canada
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Proj. Eng., Stanley Hardware, 195 Lake St,, New
Britain, Conn,

Dir., Physical Plant, University of Buffalo, 3435 Main
St,, Buffalo 14, N.Y.

Mkt, Specialist, Johns-Manville Products Corp., Re-
search Center, Manville, N, J.

Exec, Vice Pres., Home Manufacturers Assn.,, 1117
Barr Bldg., Washington 6, D.C,

Mkt, Mgr., Minn, Mining & Mfg, Co., St. Paul, Minn,
Tech, Rep., Union Carbide Chemicals Co,, 270 Park
Ave,, New York 17, N.Y.

General Eng., J. George Stewart, Arch,, of the Capi-
tol, Washington, D,C,

Editor, NAHB Journal, 1625 L. St,, N.W,, Wash, 6, D.C,
Dept, Healgh, Educ, & Welfare, Res, Facilities Plan-
ning Branch, Bldg., 13, Rm, 21311, Bethesda 14, Md.
Chief, Product Eng. Tech., Services, Kaiser Aluminum
& Chemical Sales, Inc,, 228 N, LaSalle St,, Chicago,
111,

Asst, Chief Eng,, Non-Refrigerated Appliances, Frigi-
daire Div,, General Motors Corp., Dayton 1, Ohio
Assoc, Ed., Manufactured Homes, Barr Bldg., Wash-
ington, D.C.

Pres,, United Steel Fabricators, Inc., High & Gasche
Sts., Wooster, Ohio

Asst, Commissioner, Federal Housing Admin,, Wash,
25, D.C.

Gen, Mgr,, Economic & Marketing Res.,, Armstrong
Cork Co,, Liberty & Charlotte Sts,, Lancaster, Pa.
Structural Res, Eng,, Natl, Bureau of Standards,
Washington 25, D,C,

Pittsburgh Plate Glass, Creighton, Pa.

Special Proj, Mgr,, Weyerhaeuser Co,, Tacoma Bldg.,
Tacoma 1, Wash,

Commodity Ind, Analyst, Office of Tech, Services, U,
S. Dept. of Commerce, Washington 25, D.C,

Editor, Power Engineering, 308 E, James St., Barring-
ton, Il,

Editor, American Roofer and Building Improvement
Contzactor, 180 No, Walker, Chicago 6, Ill,

Prod., Mgr., Wyandotte Chemicals Corp.,, Wyandotte,
Mich,

Natl, Sales Mgr., Minnesota Mining & Mfg. of Canada
Ltd,, P.O., Box 757, Oxford St., East, London, Canada
Dev. Eng.,, Goodyear Aircraft Corp., Akron, Ohio
Assoc, Prof, of Materials, Mass, Inst, of Technology,
77 Mass. Ave,, Cambridge, Mass,

Asst, Dir, Engineering, Community Facilities Admin, ,
1600 Rhode Island Ave,, N, W., Washington, D,C,
Mgr, Ind, Insul. Res,, Armstrong Cork Co,, Lan-
caster, Pa.

Vice Pres., & Gen, Mgr,, Neal-Blun Co,, 3500 Mont-
gomery St,, Savannah, Ga,

Tech, Rep. Prod, Dev, Dept,, Pittsburgh Plate Glass
Co., 1 Gateway Center, Pittsburgh, Pa,

Chief Engr, Plumbing Product Design, American-Stan-
dard Corp., 834 E. Broadway, Louisville, Ky,

Pres., General Panel Corp., 1205 Sixth St.,

Page Park, Ft, Myers, Fla,
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Sr. Editor, Engineering News-Record, 330 W, 42nd
St., New York 36, N.Y.

Sales Mgr., Construction Div., Huck Manufacturing Co. ,
2046 Belle Ave,, St, Louis 36, Mo,

Dev. Supv., B.F. Goodrich Chemical Co., P,O. Box
122, Avon Lake, Ohio

Plastics Eng,, Dow Chemical Co,, Plastics Tech, Ser-
vice, Midland, Mich,

Wood Technologist, Federal Housing Admin, 811 Ver-
mont AVE. ’ N. W. ’ waSh. Do Ct

Allen Industries, Inc,, Leland & G.T.R.R., Detroit 7,
Mich,

Applications Chemist, American Cyanamid Co., W,
Main St,, Stamford, Conn,

Mkt, Res, Analyst, Pittsburgh Plate Glass Co,, 1 Gate-
way Center, Pittsburgh 22, Pa,

Treas., Elm Coated Fabrics Co,, Inc., 261 5th Ave.,
New York 16, N, Y,

POWASERT Dept, Mgr., United Shoe Machinery Corp.,
140 Federal St., Boston, Mass.

Mgr. of Research, Structural Clay Products Res.
Foundation, Geneva, Ill.

Arch,, U.S, Steel Research, Monroeville, Pa,

Eng., Armstrong Cork Co,, Lancaster, Pa,

Aluminum Co, of Canada Ltd,, P.O. Box 6090,
Montreal 3, Canada

Arch, Rep., Reynolds Metals Co., 503 World Center
Bldg., Washington, D,C.

Chief Eng, , Elwin G, Smith & Co., Inc., Wms, St. -
Emsworth, Pittsburgh 2, Pa,

Devel. Eng., E.I, duPont de Nemours & Co., Inc.,
Wilmington 98, Del,

Asst, Editor, The Constructor, 1957 E Street, N.W.,
Washington, D.C.

Rm, 213, Transportation Bldg,, 815 17th St,, N.W,,
Washington 6, D.C,

Tech, Dir,, Edward Hines Lumber Co,, 200 S, Michigan
Ave,, Chicago 4, Ill,

Mgr, of Aluminum Div., Wisconsin Bridge and Iron

Co., 5023 North 35th St,, Milwaukee 9, Wis,

Secy., Northern Sash & Door Jobbers Assoc,, 20 N,
Wacker Drive, Chicago 6, Ill,

Structural Eng., U.S. Dept. of the Air Force, Wash-
ington 25, D.C,

Veterans Admin, , Munitions Bldg. , Washington 25, D.C,
Designer, Carl M, Freeman, Assoc,, 1111 Fidler Lane,
Silver Spring, Md.

Vice Pres,, Housing, New York Life Insurance Co,,

51 Madison Ave., New York 10, N,Y,

Chief, Forest Eng. Res, Br., Forest Service, U.S,
Dept, of Agriculture, Rm. 4209, South Agriculture Bldg.,
Washington 25, D,C,

Genl. Mgr., TishmanRes, Corp., 666 Fifth Ave,,

New York, N,Y,

Director of Res, & Devel,, Building Products Ltd.,
P,0O, Box 6063, Montreal, Canada

Res, Consultant, Stanhill Pty., Ltd., Suite 11, 67 Queens
Road, Melbourne, S.C, 3, Australia

Mkt. Analyst, Jones & Laughlin Steel Co,, 3 Gateway
Center, Pittsburgh, Pa,
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Parker, W.R,
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Parsons, D.E,

Staff Assoc,, Arthur D, Little, Inc., 15 Acorn Park,
Cambridge, Mass,

Staff Member, MIT Lincoln Lab,, Lexington 73, Mass,
Mgr., Design Eng., Caldwell Mfg., Co., P.O. Box 444,
Rochester 2, N. Y.

Pres,, Norair Engineering Corp,, 1118 22nd St., N.W.,
Washington 7, D.C,

Arch,, Rayco, 221 E, Rt 4, Paramus, N.J,

Chief, Const. Unit, Federal Aviation Agency, Wash-
ington 25, D.C.

Supv., Student Rehab. Center, University of Illinois,
Urbana, I,

Sr, Editor, American Builder Magazine, 30 Church St.,
New York, N.Y,

Plastics Tech., Ind, Test Lab,, Phila, Naval Shipyard,
Phila, Naval Base, Phila,, Pa,

Assoc, Prof,, College of Architecture and Design,
University of Michigan, Ann Arbor, Mich,

Southern Pine Assn,, New Orleans, La,

Mgr., Metal Door Hdwe, Sales, The Yale & Towne Mfg.
Co,, 11 So. Broadway, White Plains, N. Y,

Asst, Prof,, University of Illinois, Urbana, Ill,

Dir. of Res,, Kingsberry Homes, Fort Payne, Ala.
Eastern Editor, Consulting Engineer Magazine, 527
Lexington Ave., New York 17, N, Y,

Vice Pres,, Miracle Adhesives Corp., 250 Pettit Ave.,
Bellmore, L,I,, N, Y,

Vice Pres,, Dyfoam Corp., 7 East 42nd 5t., New York
17, N.Y,

Assoc, Editor, Industrial & Engineering Chemistry,
1155 16th St,, N.W., Washington, D, C,

Staff Consultant, Arthur D, Little, 35 Acorn Park,
Cambridge, Mass,

Mkt, Analyst, Kaiser Aluminum, 300 Lakeside Dr,,
Qakland, Calif,

Prod, Designer, Wood Conversion Co., St. Paul, Minn,
Dir, of Res,, Armco Steel Corp.,, Middletown, Ohio
Mgr. Electric System, Eng, & Design, General Electric
Co,, Appliance Park, Louisville, Ky,

Adviser on House Constr,, Central Mortgage and Housing
Corp., Head Office, Ottawa, Canada

Structural Eng., U.S, Coast Guard, Washington 25, D.C.
Pres., Osborn Electric Co., 5516 South Kings Highway,
St. Louis 9, Mo,

Exec., Vice Pres., Plywood Fabricator Service, Inc,
3500 East 118th St,, Chicago 17, Ill,

Assoc,, Chatelain Gauger & Nolan, 1632 K St., N.W.,
Washington, D,C,

Mgr., Tech, Service, Thiokol Chemical Corp., 780

N, Clinton Ave,, Trenton, N.J.

Chief Arch,, Sun Oil Co,, 1616 Walnut St,, Phila, 3, Pa,
Partner, Panitz Bros,, 1606 Kelly Ave,, Baltimore 9, Md,
Arch,, U,S, Dept, Agriculture - Housing Research,
Agricultural Res, Center, Beltsville, Md,

Dir, of New Business Devel,, Johns-Manville Corp,,
Manville, N, J.

Chief, Building Res. Div,, National Bureau of Standards,
Washington 25, D.C.
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Gen., Mgr., Dayton-Akron Sash & Door Co.,8 Norwood
Ave,, Dayton 7, Ohio

Mgr, Product Devel,, Owens-Corning Fiberglas Corp.,
Case Ave.,, Newark, Ohio

Treas,, Pease Woodwork Co,, 900 Forest Ave,, Hamil-
ton, Ohio

Vice Pres, & Gen, Mgr., Bldg. Materials Operations,
Armstrong Cork Co., Liberty & Charlotte Sts., Lancas -
ter, Pa.

Prof,, Small Homes Council, University of Illinois, Ur-
bana, Ill,

Henry Dreyfuss Co,, 6201 East Randolph St., Los
Angeles, Calif,

Mgr. Contract Dept,, Brockway-Smith-Haigh-Lovell
Co., 465 Medford St,, Charlestown, Mass.

Vice Pres., Standard Building Products Co., 14200
Cloverdale, Detroit 38, Mich,

In Charge of Building and Consumer Prod,, Intl. Nickel
Co., New York 5, N, Y,

Asst., Chief Draftsman, Albert Kahn Associated Arch,
and Eng., Inc., 345 New Center Bldg., Detroit 2, Mich.
Forester, U.S5. Dept. of Agriculture, Washington 25,
D.C.

Building Eng., American Tel. & Tel. Co., 195 Broad-
way, New York 7, N.Y.

Arch,, Bureau of Yards & Docks (Navy), Washington

25, D.C,

Lab, Head, Rohm & Haas Co., Bristol, Pa.
Designer-Consultant, 3460 E. Lincolnshire, Toledo 6,
Ohio

Commercial Dev,, The Goodyear Tire & Rubber Co. ,
Akron 16, Ohio

Product Devel, Mgr., U.S. Gypsum Co., 300 West
Adams, Chicago 6, Ill.

Actg, Chief Heat Transfer, Natl. Bureau of Standards,
Washington 25, D.C.

Owner, Quesenberry Constr. Co,, Box 204, Big Stone
Gap, Va.

Head, Plastics Section, Southern Research Inst,,
Birmingham, Ala,

Assoc, Dir,, John B. Pierce Foundation, 290 Congress
Ave,, New Haven 19, Conn,

Chief Eng., Mirawal Div,, Birdsboro Corp., Birdsboro,
Pa,

Chief Development Eng. , Hayes Industries Inc., 437
Fern Ave., Jackson, Mich,

Tech, Dir,, Home Manufacturers Assn,, 1117 Barr
Bldg., Washington, D.C,

Proj. Eng., New England Tel. & Tel, Co., 185 Franklin
St., Boston, Mass,

Managing Editor, Practical Bldr,, 5 So, Wabash Ave.,
Chicago 3, Ill,

Dir. of Res., Bird & Son., Inc., E, Walpole, Mass.
Structural Eng,, U,S, Coast Guard, 1300 Penn Ave.,
Washington 25, D,C,

Asst, Chief Eng., Wheeling Steel Corp., Steelcrete
Factory, Wheeling, W. Va,
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Veterans Administration, Munitions Bldg., Washington
25, D.C.

Industry Mgr., Home Bldg., U.S, Steel Corp., 525
William Penn Place, Pittsburgh, Pa.

Tech, Dir,, Mearl Chemical Corp., 220 W, Westfield
Ave,, Roselle Park, N.J.

Tech, & Prom. Rep., Johnson Service Co., 2117 M
St., N.W,, Washington, D.C.

Dir. of Res., U.S. Gypsum Co,, 300 W, Adams St.,
Chicago, Ill,

Vice President, Res, & Devel., Kawneer Co,, 1105
No, Front St., Niles, Mich,

Mgr, Facilities, Oper. & Maint,, I. B, M, Corp., 590
Madison Ave,, New York, N,Y.

Vice Pres,, Armstrong Contracting & Supply Corp.,
114 South St,, Baltimore 2, Md.

Exec. Secy,, Const, Spec. Inst., 632 Dupont Circle
Bldg., Washington, D,C.

Sales Mgr., Omark Industries, Inc,, 9701 S.E, Mc-
Loughlin Blvd,, Portland 22, Oregon

Chief Chemist, Bldg, Matls,, Bird & Son, Inc., E,.
Walpole, Mass.

Arch,, Research Div,, U.S. Steel Corp., Pittsburgh,
Pa.

Mgr., Product Dev., Koppers Co., Inc., Plastics

Div,, P.O, Box 65, Monaca, Pa.

Dean, School of Arch,, Syracuse University, Room 417
Slocum Hall, Syracuse, N.Y.

Sales Eng., Inland Mfg. Div., General Motors Corp.,
Dayton, Ohio

Tech, Mgr., Rigid Cellular Matls,, B,F. Goodrich Co.,
Shelton, Conn,

Managing Dir., American Inst, of Architects, 1735 N, Y.
Ave., N.W., Washington 6, D.C.

Chief Plastics Prod. Eng., General Tire and Rubber Co,,
1708 Englewood Ave,, Akron, Ohio

Cupples Products Corp,, 2650 South Hanley Rd., St.
Louis, Mo.

Plumbing Consultant, E,I, duPont de Nemours & Co,,
Inc., Louviers Bldg., Wilmington, Del.

Fred Schmitt Constr, Co,, Inc,, P,O, Box 167, Beria,
Ohio

Kaiser Aluminum & Chemical Sales, Inc,, 300 Lakeside
Dr,, Oakland, Calif,

Mgr, Eng,, Corning Glass Works, Corning, N, Y,
Eng,, Bureau of Yards and Docks, Dept. of Navy,
Washington 25, D.C.

Mkt, Supv., Minnesota Mining & Mfg. Co., 900 Bush
Ave,, St, Paul, Minn,

Chief of Specif, Div,, H,K, Ferguson Co,, 1783 East
11th St,, Cleveland 14, Ohio

Mkt, Mgr., New Products, Armstrong Cork Co,,
Lancaster, Pa.

Vice Pres,, Standard Bldg. Products Co,, 14200 Clover-
dale, Detroit 38, Mich,

Mgr,, Structural Products Div., Bishop Products Ltd.,
Fleeceline, Rd,, Toronto 14, Canada

Res. Eng., Butler Mfg,, Co,, 7400 E, 13th St,, Kansas
City, Mo,

75


http://www.nap.edu/catalog.php?record_id=21381

Segal, Jacques H.
Segalas, H, A,

Segura, M. A.
Sellers, M,D.

Sellick, Jay
Shaller, Herman
Shappell, H. M,
Sheridan, Robert
Shields, J. W.
Shope, John G,
Short, Robert J,
Shye, S.

Siegfried, Jim
Sill, Harold D,

Simpson, J.R.
Slater, Robert
Slowinski, R,H,
Small, G. Milton

Smith, Donald M,

Smith, Homer J,
Smith, Howard C,
Smith, Jack B,
Smith, Raymond F,
Smith, R.E,
Smith, W, Hunt
Sneary, L, Dean
Snider, Eliot
Snyder, Marvin K,
Spencer, George A,
Spies, Henry A.

Spurney, F.E,

76

Arch,, Dept. of Defense, OCE, Eng, Div., Washington
25, D.G,

Bldg. Devel,, Procter & Gamble Co,, Cincinnati 17, Ohio
Res., Assoc,, Esso Res. & Eng, Co,, Linden, N.J.
Sales Dev. Mgr. Plastic Materials of Const.,, B.F,
Goodrich Chem, Co,., 3135 Euclid Ave,, Cleveland,
Ohio

New Business Dev., Avco Corp.,, Nashville, Tenn,
Dept. of Health, Educ. & Welfare, Res, Facilities
Planning Br,, Bldg. 13, Rm, 21331, Bethesda 14, Md.
Mkt, Planner, Union Carbide Plastics Co., 270 Park
Ave., New York, N, Y,

Struct. Eng. Consultant, Eastman Kodak Co,, Bldg.
23, Kodak Park, Rochester 4, N.Y,

Staff Eng., Union Carbide Metals Co,, 430 Buffalo
Ave,, Niagara Falls, N.Y,

Chief Eng.,, Natl, Lumber Mfrs, Assn,, 1319 18th

St., N.W., Washington, D.C.

Director, Eng., Explor,, The Procter & Gamble Co.,
Ivorydale Technical Center, Cincinnati 17, Ohio

Chief Eng, , Hart Industries, 163 W, Bristol, Elkhart,
Ind.

Res, Engr,, Johns-Manville Corp., Manville, N.J.
Dir. Govt. Operations, The General Tire & Rubber Co.,
1120 Conn. Ave., Washington, D,C,

Chief, Stds. & Studies, Federal Housing Admin, , Wash,
25, D.C.

Vice Pres,, Panel Structures, Inc,, 45 Greenwood
Ave,, East Orange, N, J.

Res. Group Leader, Natl, Gypsum Co,, 1650 Military
Rd,, Buffalo, N.Y,

Arch., G. Milton Small & Assoc,, 611 Tucker St.,
Raleigh, N,C.

Mgr. Venture Explor,, Polychemicals Dept., E. I
duPont de Nemours and Co., Inc., Exper, Sta., Bldg,
269, Wilmington 98, Del.

Supv., Arch,, General Services Adm. P.B.S., 220
Quackenbos St,, N, W., Washington 11, D,C,
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BUILDING RESEARCH INSTITUTE

The Building Research Institute is a unit of the Division of Engineering and Industrial
Research of the National Academy of Sciences-National Research Council, BRI was
organized in 1952 to meet the need of the construction industry for an organization
‘which could focus the attention of the entire industry on building research and technol-
ogy. It also acts as an information center and maintains liaison with building research
agencies in other countries throughout the world,

The members of BRI are people interested in advancement of the science of building.
Among those listed as BRI members are: architects, engineers, contractors, home
builders, building owners, manufacturers of building products and materials, distrib-
utors, technical and professional societies, trade associations, research laboratories,
financial, real estate and insurance firms, trade and consumer publications, profes-
sional consultants and technical experts from colleges, universities and government
agencies in this country and abroad. Memberships are open to companies, associations,
societies and individuals,

MEETINGS

Operating on the principle that the personal exchange of experience and ideas is the
basis of the growth of a science, BRI conducts:

1) Research correlation conferences on specific design problems and
the cross-industry application of building products (open to the public)

2) Workshop, round-table and study groups on specific subjects (open
to BRI members and invited guests)

Research correlation conferences take the form of multi-subject meetings and are
held twice a year, spring and fall, Programs on various subjects of interest to the
building industry and its related professions of architecture and engineering are pre-
sented in half-day, full-day, two-day or three-day sessions, depending on the field
to be covered and the amount of time necessary.

PUBLICATIONS

The Building Research Institute publishes and distributes to members the proceedings
of its conferences, technical meetings and study groups. Building Science News, the
Institute newsletter, reports monthly on Institute activities, as well as on building
research news of general interest, and recently published new building research
reports, articles, etc, Building Science Directory, founded in 1956, provides a com-
prehensive guide to sources of information on research and technical developments

in the industry, Supplements to the Directory are issued quarterly with an annual in-
dex, The BRI Documentation Service is also available to members, All of these ser-
vices are provided without charge. Nonmembers may purchase copies of published
proceedings of public conferences and subscribe to regular issues of the Building
Science Directory at nominal cost,

83


http://www.nap.edu/catalog.php?record_id=21381

.
e "I

R

=== 1


http://www.nap.edu/catalog.php?record_id=21381

	Front Matter
	FOAMED GLASS
	FOAM AND GAS CONCRETES
	FOAMED METALS
	OPEN FORUM DISCUSSION
	URETHANE FOAMS IN STRUCTURES
	FOAMED POLYSTYRENE IN THIN SHELL CONSTRUCTION
	OPEN FORUM DISCUSSION
	ATTENDANCE AT THE BRI 1960 FALL CONFERENCES
	PREVIOUSLY PUBLISHED BRI CONFERENCE PROCEEDINGS
	ABOUT BRI

