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(57) ABSTRACT 

A lightweight cementitious composition containing from 22 
to 90 volume percent of a cement composition and from 10 to 
78 volume percent of particles having an average particle 
diameter of from 0.2 mm to 8 mm, a bulk density of from 0.03 
g/cc to 0.64 g/cc, an aspect ratio of from 1 to 3, whereafter the 
lightweight cementitious composition is set it has a compres 
sive strength of at least 1700 psi as tested according to ASTM 
C39. The cementitious composition can be used to make 
concrete masonry units, construction panels, roadbeds and 
other articles and can be included as a layer on wall panels and 
floor panels and can be used in insulated concrete forms. 
Aspects of the lightweight cementitious composition can be 
used to make lightweight structural units. 
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LIGHTWEIGHT COMPOSITIONS AND 
ARTICLES CONTAINING SUCH 

REFERENCE TO RELATED APPLICATION 

0001. This application claims the benefit of priority of 
U.S. Provisional Application Ser. Nos. 60/656,596 filed Feb. 
25, 2005 and 60/664,120 filed Mar. 22, 2005, both entitled 
“Composite Pre-Formed Building Panels. 60/664,230 filed 
Mar. 22, 2005 entitled “Light Weight Concrete Composite 
Using EPS Beads. 60/686,858 filed Jun. 2, 2005 entitled 
“Lightweight Compositions and Materials” and U.S. Provi 
sional Application Ser. No. 60/728,839 filed Oct. 21, 2005 
entitled “Composite Pre-Formed Insulated Concrete Forms.” 
which are all herein incorporated by reference in their 
entirety. 

BACKGROUND OF THE INVENTION 

0002 1. Field of the Invention 
0003. The present invention is directed to novel composi 

tions, materials, methods of their use and methods of their 
manufacture that are generally useful as agents in the con 
struction and building trades. More specifically, the com 
pounds of the present invention can be used in construction 
and building applications that benefit from a relatively light 
weight, extendable, moldable, pourable, material that has 
high strength and often improved insulation properties. 
0004 2. Description of the Prior Art 
0005. In the field of preparation and use of lightweight 
cementitious materials, such as so-called lightweight con 
crete, the materials that have been available to the trades up 
until now have generally required the addition of various 
constituents to achieve a strong but lightweight concrete mass 
that has a high homogeneity of constituents and which is 
uniformly bonded throughout the mass. 
0006 U.S. Pat. Nos. 3,214,393, 3,257,338 and 3,272,765 
disclose concrete mixtures that contain cement, a primary 
aggregate, particulate expanded styrene polymer, and a 
homogenizing and/or a surface-active additive. 
0007 U.S. Pat. No. 3,021,291 discloses a method of mak 
ing cellular concrete by incorporating into the concrete mix 
ture, prior to casting the mixture, a polymeric material that 
will expand under the influence of heat during curing. The 
shape and size of the polymeric particles is not critical. 
0008 U.S. Pat. No. 5,580,378 discloses a lightweight 
cementitious product made up of an aqueous cementitious 
mixture that can include fly ash, Portland cement, sand, lime 
and, as a weight saving component, micronized polystyrene 
particles having particle sizes in the range of 50 to 2000 um 
and a density of about 1 lb/ft. The mixture can be poured into 
molded products Such as foundation walls, roof tiles, bricks 
and the like. The product can also be used as a mason's mortar, 
a plaster, a stucco or a texture. 
0009 JP 9 071 449 discloses a lightweight concrete that 
includes Portland cement and a lightweight aggregate such as 
foamed polystyrene, perlite or 
0010 vermiculite as a part or all parts of the aggregate. 
The foamed polystyrene has a granule diameter of 0.1-10 mm 
and a specific gravity of 0.01-0.08. 
0011 U.S. Pat. Nos. 5,580,378, 5,622,556, and 5,725,652 
disclose lightweight cementitious products made up of an 
aqueous cementitious mixture that includes cement and 
expanded shale, clay, slate, fly ash, and/or lime, and a weight 
saving component, which is micronized polystyrene particles 
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having particle sizes in the range of 50 to 2000 um, and 
characterized by having water contents in the range of from 
about 0.5% to 50% VfV. 
0012 U.S. Pat. No. 4,265,964 discloses lightweight com 
positions for structural units such as wallboard panels and the 
like, which contain low density expandable thermoplastic 
granules; a cementitious base material. Such as, gypsum, a 
Surfactant; an additive which acts as a frothing agent to incor 
porate an appropriate amount of air into the mixture; a film 
forming component; and a starch. The expandable thermo 
plastic granules are expanded as fully as possible. 
(0013 WO 98 02397 discloses lightweight-concrete roof 
ing tiles made by molding a hydraulic binder composition 
containing synthetic resin foams as the aggregate and having 
a specific gravity of about 1.6 to 2. 
(0014 WO 00/61519 discloses a lightweight concrete that 
includes a blend of from around 40% to 99% of organic 
polymeric material and from 1% to around 60% of an air 
entraining agent. The blend is used for preparing lightweight 
concrete that uses polystyrene aggregate. The blend is 
required to disperse the polystyrene aggregate and to improve 
the bond between the polystyrene aggregate and Surrounding 
cementitious binder. 
(0015 WO 01/66485 discloses a lightweight cementitious 
mixture containing by volume: 5 to 80% cement, 10 to 65% 
expanded polystyrene particles; 10 to 90% expanded mineral 
particles; and water Sufficient to make a paste with a substan 
tially even distribution of expanded polystyrene after proper 
mixing. 
(0016 U.S. Pat. No. 6,851,235 discloses a building block 
that includes a mixture of water, cement, and expanded poly 
styrene (EPS) foam beads that have a diameter from 3.18 mm 
(/s inch) to 9.53 mm (3/8 inch) in the proportions of from 68 to 
95 liters (18 to 25 gallons) water; from 150 to 190 kg (325 to 
425 lb) cement; and from 850 to 1400 liters (30 to 50 cubic 
feet) Prepuffbeads. 
0017 Generally, the prior art recognizes the utility of 
using expanded polymers, in some form, in concrete compo 
sitions, to reduce the overall weight of the compositions. The 
expanded polymers are primarily added to take up space and 
create voids in the concrete and the amount of “air space' in 
the expanded polymer is typically maximized to achieve this 
objective. Generally, the prior art assumes that expanded 
polymer particles will lower the strength and/or structural 
integrity of lightweight concrete compositions. Further, con 
crete articles made from prior art lightweight concrete com 
positions have at best inconsistent physical properties, such 
as Young's modulus, thermal conductivity, and compressive 
strength, and typically demonstrate less than desirable physi 
cal properties. 
0018 Concrete walls in building construction are most 
often produced by first setting up two parallel form walls and 
pouring concrete into the space between the forms. After the 
concrete hardens, the builder then removes the forms, leaving 
the cured concrete wall. 
0019. This prior art technique has drawbacks. Formation 
of the concrete walls is inefficient because of the time 
required to erect the forms, wait until the concrete cures, and 
take down the forms. This prior art technique, therefore, is an 
expensive, labor-intensive process. 
0020. Accordingly, techniques have developed for form 
ing modular concrete walls, which use a foam insulating 
material. The modular form walls are set up parallel to each 
other and connecting components hold the two form walls in 
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place relative to each other while concrete is poured there 
between. The form walls, however, remain in place after the 
concrete cures. That is, the form walls, which are constructed 
of foam insulating material, are a permanent part of the build 
ing after the concrete cures. The concrete walls made using 
this technique can be stacked on top of each other many 
stories high to formall of a building's walls. In addition to the 
efficiency gained by retaining the form walls as part of the 
permanent structure, the materials of the form walls often 
provide adequate insulation for the building. 
0021 Although the prior art includes many proposed 
variations to achieve improvements with this technique, 
drawbacks still exist for each design. The connecting compo 
nents used in the prior art to hold the walls are constructed of 
(1) plastic foam, (2) high density plastic, or (3) a metal bridge, 
which is a non-structural Support, i.e., once the concrete 
cures, the connecting components serve no function. Even So, 
these members provide thermal and Sound insulation func 
tions and have long been accepted by the building industry. 
0022. Thus, current insulated concrete form technology 
requires the use of small molded foam blocks normally 12 to 
24 inches in height with a standard length of four feet. The 
large amount of horizontal and vertical joints that require 
bracing to correctly position the blocks during a concrete 
pour, restricts their use to shorter wall lengths and lower wall 
heights. Wall penetrations such as windows and doors require 
skillfully prepared and engineered forming to withstand the 
pressures exerted upon them during concrete placement. 
Plaster finishing crews have difficulty hanging drywall on 
Such systems due to the problem of locating molded infurring 
strips. The metal or plastic furring strips incurrent designs are 
non-continuous in nature and are normally embedded within 
the foam faces. The characteristics present in current block 
forming systems require skilled labor, long lay-out times, 
engineered blocking and shoring and non-traditional finish 
ing skills. This results in a more expensive wall that is not 
Suitable for larger wall construction applications. The highly 
skilled labor force that is required to place, block, shore and 
apply finishes in a block system seriously restricts the use of 
Such systems when compared to traditional concrete con 
struction techniques. 
0023. One approach to solving the problem of straight and 
true walls on larger layouts has been to design larger blocks. 
Current existing manufacturing technology has limited this 
increase to 24 inches in height and eight feet in length. Other 
systems create hot wire cut opposing foamed plastic panels 
mechanically linked together in a secondary operation utiliz 
ing metal or plastic connectors. These panels are normally 48 
inches in width and 8 feet in height and do not contain con 
tinuous furring strips. 
0024 However, none of the approaches described above 
adequately address the problems of form blowout at higher 
wall heights due to pressure exerted by the poured concrete, 
fast and easy construction with an unskilled labor force, and 
ease of finishing the walls with readily ascertainable attach 
ment points. 
0025. Therefore, there is a need in the art for lightweight 
concrete compositions that provide lightweight concrete 
articles having predictable and desirable physical properties 
as well as for composite pre-formed building panels and 
insulated concrete forms with internal blocking and bracing 
elements that overcome the above-described problems. 

SUMMARY OF THE INVENTION 

0026. The present invention provides a lightweight 
cementitious composition containing from 22 to 90 Volume 
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percent of a cement composition and from 10 to 78 volume 
percent of particles having an average particle diameter of 
from 0.2 mm to 8 mm, a bulk density of from 0.03 g/cc to 0.64 
g/cc, an aspect ratio of from 1 to 3, wherein after the light 
weight cementitious composition is set, it has a compressive 
strength of at least 1700psiastested according to ASTMC39. 
0027. The present invention also provides the above-de 
scribed lightweight cementitious composition set in the form 
of concrete masonry units (CMUs), construction articles, pre 
cast/pre-stressed construction articles, construction panels, 
or roadbeds. 
0028. The present invention further provides a method of 
making an optimized lightweight concrete article that 
includes: 

0029) identifying the desired density and strength prop 
erties of a set lightweight concrete composition; 

0030) determining the type, size and density of polymer 
beads to be used in the lightweight concrete composi 
tion; 

0.031) determining the size and density the polymer 
beads are to be expanded to: 

0.032 optionally expanding the polymer beads to form 
expanded polymer beads; 

0033 dispersing the polymer beads in a cementitious 
mixture to form the lightweight concrete composition; 
and 

0034) allowing the lightweight concrete composition to 
set in a desired form. 

0035. The present invention additionally provides a com 
posite building panel that includes: 

0.036 a central body, substantially parallelepipedic in 
shape, comprised of an expanded polymer matrix, hav 
ing opposite faces, a top surface, and an opposing bot 
tom surface; 

0037 at least one embedded framing studs longitudi 
nally extending across the central body between said 
opposite faces, having a first end embedded in the 
expanded polymer matrix, a second end extending away 
from the bottom surface of the central body, and one or 
more expansion holes located in the embedded stud 
between the first end of the embedded stud and the 
bottom surface of the central body, wherein, the central 
body comprises a polymer matrix that expands through 
the expansion holes; and 

0.038 a concrete layer containing the above-described 
lightweight cementitious composition covering at least a 
portion of the top surface and/or bottom surface. 

0039. The present invention also provides a composite 
floor panel that includes: 

0040 a central body, substantially parallelepipedic in 
shape, containing an expanded polymer matrix, having 
opposite faces, a top surface, and an opposing bottom 
Surface; and 

0041 two or more embedded floor joists longitudinally 
extending across the central body between said opposite 
faces, having a first end embedded in the expanded poly 
mer matrix having a first transverse member extending 
from the first end generally contacting or extending 
above the top surface, a second end extending away from 
the bottom surface of the central body having a second 
transverse member extending from the second end, and 
one or more expansion holes located in the embedded 
joists between the first end of the embedded joists and 
the bottom surface of the central body; 
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0042 wherein, the central body includes a polymer 
matrix that expands through the expansion holes; 

0043 wherein the embedded joists include one or more 
utility holes located in the embedded joists between the 
bottom surface of the central body and the second end of 
the embedded joists and the space defined by the bottom 
surface of the central body and the second ends of the 
embedded joists is adapted for accommodating utility 
lines; 

0044 wherein a concrete layer containing the above 
described lightweight cementitious composition covers 
at least a portion of the top surface and/or bottom Sur 
face; and 

0045 wherein the composite floor panel is positioned 
generally perpendicular to a structural wall and/or foun 
dation. 

0046. The present invention further provides an insulated 
concrete structure that includes: 

0047 a first body, substantially parallelepipedic in 
shape, containing an expanded polymer matrix, having 
opposite faces, a first Surface, and an opposing second 
Surface; 

0048 a second body, substantially parallelepipedic in 
shape, containing an expanded polymer matrix, having 
opposite faces, a first Surface, an opposing second Sur 
face; and 

0049 one or more reinforcing embedded studs longitu 
dinally extending across the first body and the second 
body between the first surfaces of each body, having a 
first end embedded in the expanded polymer matrix of 
the first body, and a second end embedded in the 
expanded polymer matrix of the second body, one or 
more expansion holes located in the portion of the 
embedded studs embedded in the first body and the 
second body; 

0050 wherein, the first body and the second body 
include a polymer matrix that expands through the 
expansion holes; and the space defined between the first 
surfaces of the first body and the second body is capable 
of accepting concrete poured therein; and 

0051 wherein a concrete layer containing the above 
described lightweight cementitious composition fills at 
least a portion of a space between the first surface of the 
first body and the first surface of the second body. 

0052. The present invention additionally provides a light 
weight structural unit that includes: 

0053 a core, having a first major face and a second 
major face, the core containing a solid set lightweight 
cementitious composition that includes 22 to 90 volume 
percent of a cement composition and from 10 to 78 
Volume percent of particles having an average particle 
diameter of from 0.2 mm to 8 mm, a bulk density of from 
0.03 g/cc to 0.64 g/cc, an aspect ratio of from 1 to 3 

0054 a first face covering applied over at least a portion 
of the first major face; and 

0055 a second face covering applied over at least a 
portion of the second major face. 

DESCRIPTION OF THE DRAWINGS 

0056 FIG. 1 shows a top plan view of a pre-formed insu 
lated concrete form according to the invention; 
0057 FIG. 2 shows a top plan view of a pre-formed insu 
lated concrete form according to the invention; 
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0.058 FIG.3 shows a cross-sectional view of a pre-formed 
insulated concrete form according to the invention; 
0059 FIG. 4 shows a partial perspective view of a stud 
used in the invention; 
0060 FIG. 5 shows a perspective view of a pre-formed 
insulated concrete form according to the invention; 
0061 FIG. 6 shows a perspective view of the concrete and 
stud portion of an insulated concrete form according to the 
invention; 
0062 FIG. 7 shows a perspective view of the concrete and 
a stud portion of an insulated concrete form according to the 
invention; 
0063 FIG. 8 shows a partial perspective view of a stud 
used in the invention; 
0064 FIG. 9 shows a plan view of an insulated concrete 
form system according to the invention; 
0065 FIG. 10 shows an insulated concrete form corner 
unit according to the invention; 
0.066 FIG. 11 shows a cross-sectional view of a concrete 
composite pre-formed tilt-up insulated panel according to the 
invention; 
0067 FIG. 12 shows a cross-sectional view of a concrete 
composite pre-formed tilt-up insulated panel according to the 
invention; 
0068 FIG.13 shows a cross-sectional view of a reinforced 
body for use in making the concrete composite pre-formed 
tilt-up insulated panel in FIGS. 11 and 12; 
0069 FIG. 14 shows a perspective view of an embedded 
metal stud for use in making the reinforced body in FIG. 13 
and the concrete composite pre-formed tilt-up insulated pan 
els in FIGS. 11 and 12; 
0070 FIG. 15 shows a cross-sectional view of a concrete 
composite pre-formed tilt-up insulated panel according to the 
invention; 
(0071 FIG.16 shows a cross-sectional view of a reinforced 
body for use in making the concrete composite pre-formed 
tilt-up insulated panel in FIG. 15: 
0072 FIG. 17 shows a cross-sectional view of a concrete 
composite pre-formed tilt-up insulated panel according to the 
invention; and 
(0073 FIG. 18 shows a perspective view of an embedded 
metal stud for use in making the reinforced body in FIG. 16 
and the concrete composite pre-formed tilt-up insulated pan 
els in FIGS. 13 and 15; 
0074 FIG. 19 shows a cross-sectional view of a pre 
formed building panel according to the invention; 
0075 FIG. 20 shows a cross-sectional view of a pre 
formed building panel according to the invention; 
0076 FIG. 21 shows a cross-sectional view of a pre 
formed building panel according to the invention; 
0077 FIG. 22 shows a cross-sectional view of a concrete 
composite pre-formed building panel system according to the 
invention; 
0078 FIG. 23 shows a perspective view of a floor system 
according to the invention; 
007.9 FIG. 24 shows a perspective view of a floor system 
according to the invention; 
0080 FIG. 25 shows a perspective view of a construction 
method according to the invention; 
I0081 FIG. 26 shows a partial perspective view of a level 
track according to the invention; 
I0082 FIG. 27 is a scanning electron micrograph of the 
surface of a prepuffbead used in the invention; 
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0083 FIG. 28 is a scanning electron micrograph of the 
interior of a prepuffbead used in the invention; 
0084 FIG. 29 is a scanning electron micrograph of the 
surface of a prepuffbead used in the invention; 
0085 FIG. 30 is a scanning electron micrograph of the 
interior of a prepuffbead used in the invention; 
I0086 FIG. 31 is a scanning electron micrograph of the 
surface of a prepuffbead used in the invention; and 
0087 FIG. 32 is a scanning electron micrograph of the 
interior of a prepuffbead used in the invention. 

DETAILED DESCRIPTION OF THE INVENTION 

0088. Other than in the operating examples or where oth 
erwise indicated, all numbers or expressions referring to 
quantities of ingredients, reaction conditions, etc. used in the 
specification and claims are to be understood as modified in 
all instances by the term “about.” Accordingly, unless indi 
cated to the contrary, the numerical parameters set forth in the 
following specification and attached claims are approxima 
tions that can vary depending upon the desired properties, 
which the present invention desires to obtain. At the very 
least, and not as an attempt to limit the application of the 
doctrine of equivalents to the scope of the claims, each 
numerical parameter should at least be construed in light of 
the number of reported significant digits and by applying 
ordinary rounding techniques. 
0089. Notwithstanding that the numerical ranges and 
parameters setting forth the broad scope of the invention are 
approximations, the numerical values set forth in the specific 
examples are reported as precisely as possible. Any numerical 
values, however, inherently contain certain errors necessarily 
resulting from the standard deviation found in their respective 
testing measurements. 
0090 Also, it should be understood that any numerical 
range recited herein is intended to include all Sub-ranges 
subsumed therein. For example, a range of “1 to 10” is 
intended to include all Sub-ranges between and including the 
recited minimum value of 1 and the recited maximum value of 
10; that is, having a minimum value equal to or greater than 1 
and a maximum value of equal to or less than 10. Because the 
disclosed numerical ranges are continuous, they include 
every value between the minimum and maximum values. 
Unless expressly indicated otherwise, the various numerical 
ranges specified in this application are approximations. 
0091. As used herein the term “formable material refers 
to any material in liquid, semi-solid, Viscoelastic, and/or other 
Suitable form that can be manipulated and placed into an 
enclosed space of predetermined shape and/or dimensions 
where it becomes solid by either cooling, curing, and/or set 
ting. 
0092. As used herein, the term “particles containing void 
spaces' refer to expanded polymer particles, prepuff par 
ticles, and other particles that include cellular and/or honey 
comb-type chambers at least Some of which are completely 
enclosed, that contain air or a specific gas or combination of 
gasses, as a non-limiting example prepuff particles as 
described herein. 

0093. As used herein the terms “cement” and “cementi 
tious refer to materials that bond a concrete or other mono 
lithic product, not the final product itself. In particular, 
hydraulic cement refers to a material that sets and hardens by 
undergoing a hydration reaction in the presence of a sufficient 
quantity of water to produce a final hardened product. 
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0094. As used herein, the term "cementitious mixture' 
refers to a composition that includes a cement material, and 
one or more fillers, adjuvants, or other materials known in the 
art that form a slurry that hardens upon curing. Cement mate 
rials include, but are not limited to, hydraulic cement, gyp 
Sum, gypsum compositions, lime and the like and may or may 
not include water. Adjuvants and fillers include, but are not 
limited to sand, clay, fly ash, aggregate, air entrainment 
agents, colorants, water reducers/Superplasticizers, and the 
like. 

0095. As used herein, the term “concrete” refers to a hard 
strong building material made by mixing a cementitious mix 
ture with sufficient water to cause the cementitious mixture to 
set and bind the entire mass. 

0096. As used herein, the terms “(meth)acrylic' and 
“(meth)acrylate' are meant to include bothacrylic and meth 
acrylic acid derivatives, such as the corresponding alkyl esters 
often referred to as acrylates and (meth)acrylates, which the 
term "(meth)acrylate' is meant to encompass. 
0097. As used herein, the term “polymer is meant to 
encompass, without limitation, homopolymers, copolymers, 
graft copolymers, and blends and combinations thereof. 
0098. In its broadest context, the present invention pro 
vides a method of controlling air entrainment in a formed 
article. The formed article can be made from any formable 
material, where particles containing Void spaces are used to 
entrain air in a structurally supportive manner. Any Suitable 
formable material can be used, so long as the particles con 
taining void spaces are not damaged during the forming pro 
cess. As such, when Suitable particles are used, the formable 
material can be a cementitious composition, a metal, a 
ceramic, a plastic, a rubber, or a composite material. 
0099 Metals that can be used in the invention include, but 
are not limited to aluminum, iron, titanium, molybdenum, 
nickel, copper, combinations thereof and alloys thereof. Suit 
able ceramics include inorganic materials such as pottery, 
enamels and refractories and include but are not limited to 
metal silicates, metal oxides, metal nitrides and combinations 
thereof. Suitable plastics include, but are not limited to poly 
olefins, homopolymers of vinyl aromatic monomers; copoly 
mers of vinyl aromatic monomers, poly(meth)acrylates, 
polycarbonates, polyesters, polyamides, and combinations 
thereof. Suitable rubbers include natural rubbers, synthetic 
rubbers and combinations thereof. 

0100. As used herein, the term “composite material' 
refers to a solid material which includes two or more sub 
stances having different physical characteristics and in which 
each Substance retains its identity while contributing desir 
able properties to the whole. As a non-limiting example, 
composite materials can include a structural material made of 
plastic within which a fibrous material. Such as silicon car 
bide, glass fibers, aramid fibers, and the like, are embedded. 
0101 The particles are selected such that they do not melt 
or otherwise become damaged during the forming process. 
For example, a polymer particle would typically not be used 
in a metal forming operation. Suitable materials from which 
the particles containing Voids can be selected include poly 
mers, plastics, ceramics, and the like. When polymers and/or 
plastics are used, they can be expanded materials as described 
below. When ceramics are used, they are formed with voids 
therein. As a non-limiting example, a ceramic can be formed 
by incorporating a polymer therein, which is Subsequently 
burned away leaving void spaces in the ceramic. The ceramic 
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with Void spaces can then be used in metal to provide a 
lightweight formed metal part. 
0102 Thus, the present invention is directed to methods of 
controlling air entrainment where an article is formed by 
combining a formable material and particles containing Void 
spaces to provide a mixture and placing the mixture in a form. 
0103 Although the application discloses in detail cemen 

titious mixtures with polymer particles, the concepts and 
embodiments described herein can be applied by those skilled 
in the art to the other applications described above. 
0104 Embodiments of the present invention are directed 

to a lightweight concrete (LWC) composition that includes a 
cementitious mixture and polymer particles. Surprisingly, it 
has been found that the size, composition, structure, and 
physical properties of the expanded polymer particles, and in 
Some instances their resin bead precursors, can greatly affect 
the physical properties of LWC articles made from the LWC 
compositions of the invention. Of particular note is the rela 
tionship between bead size and expanded polymer particle 
density on the physical properties of the resulting LWC 
articles. 

0105. In an embodiment of the invention, the cementitious 
mixture can be an aqueous cementitious mixture. 
0106 The polymer particles, which can optionally be 
expanded polymer particles, are present in the LWC compo 
sition at a level of at least 10, in some instances at least 15, in 
other instances at least 20, in particular situations up to 25, in 
some cases at least 30, and in other cases at least 35 volume 
percent and up to 78, in some instances up to 75, in other 
instance up to 65, in particular instances up to 60, in some 
cases up to 50, and in other cases up to 40 volume percent 
based on the total volume of the LWC composition. The 
amount of polymer will vary depending on the particular 
physical properties desired in a finished LWC article. The 
amount of polymer particles in the LWC composition can be 
any value or can range between any of the values recited 
above. 
0107 The polymer particles can include any particles 
derived from any suitable expandable thermoplastic material. 
The actual polymer particles are selected based on the par 
ticular physical properties desired in a finished LWC article. 
As a non-limiting example, the polymer particles, which can 
optionally be expanded polymer particles, can include one or 
more polymers selected from homopolymers of vinyl aro 
matic monomers; copolymers of at least one vinyl aromatic 
monomer with one or more of divinylbenzene, conjugated 
dienes, alkyl methacrylates, alkyl acrylates, acrylonitrile, 
and/or maleic anhydride; polyolefins; polycarbonates; poly 
esters; polyamides; natural rubbers; synthetic rubbers; and 
combinations thereof. 
0108. In an embodiment of the invention, the polymer 
particles include thermoplastic homopolymers or copoly 
mers selected from homopolymers derived from vinyl aro 
matic monomers including styrene, isopropylstyrene, alpha 
methylstyrene, nuclear methylstyrenes, chlorostyrene, tert 
butylstyrene, and the like, as well as copolymers prepared by 
the copolymerization of at least one vinyl aromatic monomer 
as described above with one or more other monomers, non 
limiting examples being divinylbenzene, conjugated dienes 
(non-limiting examples being butadiene, isoprene, 1.3- and 
2.4-hexadiene), alkyl methacrylates, alkyl acrylates, acry 
lonitrile, and maleic anhydride, wherein the vinyl aromatic 
monomer is present in at least 50% by weight of the copoly 
mer. In an embodiment of the invention, styrenic polymers 
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are used, particularly polystyrene. However, other suitable 
polymers can be used. Such as polyolefins (e.g. polyethylene, 
polypropylene), polycarbonates, polyphenylene oxides, and 
mixtures thereof. 
0109. In a particular embodiment of the invention, the 
polymer particles are expandable polystyrene (EPS) par 
ticles. These particles can be in the form of beads, granules, or 
other particles convenient for the expansion and molding 
operations. 
0110. In the present invention, particles polymerized in a 
Suspension process, which are essentially spherical resin 
beads, are useful as polymer particles or for making expanded 
polymer particles. However, polymers derived from solution 
and bulk polymerization techniques that are extruded and cut 
into particle sized resin bead sections can also be used. 
0111. In an embodiment of the invention, resin beads (un 
expanded) containing any of polymers or polymer composi 
tions described herein have a particle size of at least 0.2, in 
some situations at least 0.33, in some cases at least 0.35, in 
other cases at least 0.4, in some instances at least 0.45 and in 
other instances at least 0.5 mm. Also, the resin beads can have 
a particle size of up to 3, in Some instances up to 2, in other 
instances up to 2.5, in Some cases up to 2.25, in other cases up 
to 2, in Some situations up to 1.5 and in other situations up to 
1 mm. In this embodiment, the physical properties of LWC 
articles made according to the invention have inconsistent or 
undesirable physical properties when resin beads having par 
ticle sizes outside of the above described ranges are used to 
make the expanded polymer particles. The resinbeads used in 
this embodiment can be any value or can range between any 
of the values recited above. 
0112 The expandable thermoplastic particles or resin 
beads can optionally be impregnated using any conventional 
method with a suitable blowing agent. As a non-limiting 
example, the impregnation can be achieved by adding the 
blowing agent to the aqueous Suspension during the polymer 
ization of the polymer, or alternatively by re-suspending the 
polymer particles in an aqueous medium and then incorpo 
rating the blowing agent as taught in U.S. Pat. No. 2.983,692. 
Any gaseous material or material which will produce gases on 
heating can be used as the blowing agent. Conventional blow 
ing agents include aliphatic hydrocarbons containing 4 to 6 
carbon atoms in the molecule, such as butanes, pentanes, 
hexanes, and the halogenated hydrocarbons, e.g. CFCs and 
HCFCS, which boil at a temperature below the softening 
point of the polymer chosen. Mixtures of these aliphatic 
hydrocarbon blowing agents can also be used. 
0113 Alternatively, water can be blended with these ali 
phatic hydrocarbons blowing agents or water can be used as 
the sole blowing agent as taught in U.S. Pat. Nos. 6,127,439; 
6,160,027; and 6.242.540 in these patents, water-retaining 
agents are used. The weight percentage of water for use as the 
blowing agent can range from 1 to 20%. The texts of U.S. Pat. 
Nos. 6,127,439, 6,160,027 and 6.242.540 are incorporated 
herein by reference. 
0114. The impregnated polymer particles or resin beads 
are optionally expanded to a bulk density of at least 0.5 lb/ft 
(0.008 g/cc), in some cases at least 1.25 lb/ft (0.02 g/cc), in 
other cases at least 1.5 lb/ft (0.024 g/cc), in some situations 
at least 1.75 lb/ft (0.028 g/cc), in some circumstances at least 
2 lb/ft (0.032 g/cc) in other circumstances at least 3 lb/ft 
(0.048 g/cc) and in particular circumstances at least 3.25 
1b/ft (0.052 g/cc) or 3.5 lb/ft (0.056 g/cc). When non-ex 
panded resin beads are used higher bulk density beads can be 
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used. As such, the bulk density can beas high as 40 lb/ft (0.64 
g/cc). The bulk density of the polymer particles can be any 
value or range between any of the values recited above. 
0115 The expansion step is conventionally carried out by 
heating the impregnated beads via any conventional heating 
medium, Such as Steam, hot air, hot water, or radiantheat. One 
generally accepted method for accomplishing the pre-expan 
sion of impregnated thermoplastic particles is taught in U.S. 
Pat. No. 3,023,175. 
0116. The impregnated polymer particles can be foamed 
cellular polymer particles as taught in U.S. patent application 
Ser. No. 10/021,716, the teachings of which are incorporated 
herein by reference. The foamed cellular particles can be 
polystyrene that are expanded and contain a volatile blowing 
agent at a level of less than 14 wt %, in some situations less 
than 6 wt %, in some cases ranging from about 2 wt % to about 
5 wt %, and in other cases ranging from about 2.5 wt % to 
about 3.5 wt % based on the weight of the polymer. 
0117. An interpolymer of a polyolefinand in situ polymer 
ized vinyl aromatic monomers that can be included in the 
expanded thermoplastic resin or polymer particles according 
to the invention is disclosed in U.S. Pat. Nos. 4.303,756 and 
4,303,757 and U.S. Application Publication 2004/0152795, 
the relevant portions of which are herein incorporated by 
reference. 
0118. The polymer particles can include customary ingre 
dients and additives, such as flame retardants, pigments, dyes, 
colorants, plasticizers, mold release agents, stabilizers, ultra 
violet light absorbers, mold prevention agents, antioxidants, 
rodenticides, insect repellants, and so on. Typical pigments 
include, without limitation, inorganic pigments such as car 
bon black, graphite, expandable graphite, Zinc oxide, tita 
nium dioxide, and iron oxide, as well as organic pigments 
Such as quinacridone reds and violets and copperphthalocya 
nine blues and greens. 
0119. In a particular embodiment of the invention the pig 
ment is carbon black, a non-limiting example of such a mate 
rial being EPS SILVER(R), available from NOVA Chemicals 
Inc. 

0120 In another particular embodiment of the invention 
the pigment is graphite, a non-limiting example of Such a 
material being NEOPORR), available from BASF Aktieng 
esellschaft Corp., Ludwigshafen am Rhein, Germany. 
0121 When materials such as carbon black and/or graph 

ite are included in the polymer particles, improved insulating 
properties, as exemplified by higher R values for materials 
containing carbon black or graphite (as determined using 
ASTM-C578), are provided. As such, the R value of the 
expanded polymer particles containing carbon black and/or 
graphite or materials made from Such polymer particles are at 
least 5% higher than observed for particles or resulting 
articles that do not contain carbon black and/or graphite. 
0122) The expanded polymer particles can have an aver 
age particle size of at least 0.2, in Some circumstances at least 
0.3, in other circumstances at least 0.5, in some cases at least 
0.75, in other cases at least 0.9 and in some instances at least 
1 mm and can be up to 8, in some circumstances up to 6, in 
other circumstances up to 5, in some cases up to 4, in other 
cases up to 3, and in Some instances up to 2.5 mm. When the 
size of the expanded polymer particles is too small or too 
large, the physical properties of LWC articles made using the 
present LWC composition can be undesirable. The average 
particle size of the expanded polymer particles can be any 
value and can range between any of the values recited above. 
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The average particle size of the expanded polymer particles 
can be determined using laser diffraction techniques or by 
screening according to mesh size using mechanical separa 
tion methods well known in the art. 

I0123. In an embodiment of the invention, the polymer 
particles or expanded polymer particles have a minimum 
average cell wall thickness, which helps to provide desirable 
physical properties to LWC articles made using the present 
LWC composition. The average cell wall thickness and inner 
cellular dimensions can be determined using scanning elec 
tron microscopy techniques known in the art. The expanded 
polymer particles can have an average cell wall thickness of at 
least 0.15um, in some cases at least 0.2 Lum and in other cases 
at least 0.25 lum. Not wishing to be bound to any particular 
theory, it is believed that a desirable average cell wall thick 
ness results when resin beads having the above-described 
dimensions are expanded to the above-described densities. 
0.124. In an embodiment of the invention, the polymer 
beads are optionally expanded to form the expanded polymer 
particles such that a desirable cell wall thickness as described 
above is achieved. Though many variables can impact the 
wall thickness, it is desirable, in this embodiment, to limit the 
expansion of the polymer bead so as to achieve a desired wall 
thickness and resulting expanded polymer particle strength. 
Optimizing processing steps and blowing agents can expand 
the polymer beads to a minimum of 0.5 lb/ft. This property of 
the expanded polymer, bulk density, may be described by pcf 
(1b/ft) or by an expansion factor (cc/g). 
0.125. As used herein, the term "expansion factor” refers to 
the Volume a given weight of expanded polymer bead occu 
pies, typically expressed as cc/g. 
I0126. In order to provide expanded polymer particles with 
desirable cell wall thickness and strength, the expanded poly 
mer particles are not expanded to their maximum expansion 
factor; as such an extreme expansion yields particles with 
undesirably thin cell walls and insufficient strength. As such, 
the polymer beads can be expanded at least 5%, in Some cases 
at least 10%, and in other cases at least 15% of their maximum 
expansion factor. However, so as not to cause the cell wall 
thickness to be too thin, the polymer beads are expanded up to 
80%, in some cases up to 75%, in other cases up to 70%, in 
some instances up to 65%, in other instances up to 60%, in 
Some circumstances up to 55%, and in other circumstances up 
to 50% of their maximum expansion factor. The polymer 
beads can be expanded to any degree indicated above or the 
expansion can range between any of the values recited above. 
Typically, the polymer beads or prepuffbeads do not further 
expand when formulated into the present cementitious com 
positions and do not further expand while the cementitious 
compositions set, cure and/or harden. 
I0127. As used herein, the term “prepuff refers to an 
expandable particle, resin and/or bead that has been 
expanded, but has not been expanded to its maximum expan 
sion factor. 
I0128. The prepuff or expanded polymer particles typically 
have a cellular structure or honeycomb interior portion and a 
generally Smooth continuous polymeric Surface as an outer 
Surface, i.e., a Substantially continuous outer layer. The 
Smooth continuous Surface can be observed using scanning 
electron microscope (SEM) techniques at 1000x magnifica 
tion. SEM observations do not indicate the presence of holes 
in the outer Surface of the prepuff or expanded polymer par 
ticles. Cutting sections of the prepuff or expanded polymer 
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particles and taking SEM observations reveals the generally 
honeycomb structure of the interior of the prepuff or 
expanded polymer particles. 
0129. The polymer particles or expanded polymer par 

ticles can have any cross-sectional shape that allows for pro 
viding desirable physical properties in LWC articles. In an 
embodiment of the invention, the expanded polymer particles 
have a circular, oval or elliptical cross-section shape. In 
embodiments of the invention, the prepuff or expanded poly 
mer particles have an aspect ratio of 1, in Some cases at least 
1 and the aspect ratio can be up to 3, in Some cases up to 2 and 
in other cases up to 1.5. The aspect ratio of the prepuff or 
expanded polymer particles can be any valur or range 
between any of the values recited above. 
0130. The cementitious mixture is present in the LWC 
composition at a level of at least 22, in some cases at least 40 
and in other cases at least 50 volume percent and can be 
present at a level of up to 90, in some circumstances up to 85, 
in other circumstances up to 80, in particular cases up to 75. 
in some cases up to 70, in other cases up to 65, and in some 
instances up to 60 volume percent of the LWC composition. 
The cementitious mixture can be present in the LWC compo 
sition at any level stated above and can range between any of 
the levels stated above. 

0131. In an embodiment of the invention, the cementitious 
mixture includes a hydraulic cement composition. The 
hydraulic cement composition can be present at a level of at 
least, in certain situations at least 5, in Some cases at least 7.5, 
and in other cases at least 9 volume percent and can be present 
at levels up to 40, in some cases up to 35, in other cases up to 
32.5, and in some instances up to 30 volume percent of the 
cementitious mixture. The cementitious mixture can include 
the hydraulic cement composition at any of the above-stated 
levels or at levels ranging between any of levels stated above. 
0.132. In a particular embodiment of the invention, the 
hydraulic cement composition can be one or more materials 
selected from Portland cements, poZZolana cements, gypsum 
cements, aluminous cements, magnesia cements, silica 
cements, and slag cements. 
0133. In an embodiment of the invention, the cementitious 
mixture can optionally include other aggregates and adju 
vants known in the art including but not limited to sand, 
additional aggregate, plasticizers and/or fibers. Suitable 
fibers include, but are not limited to glass fibers, silicon car 
bide, aramid fibers, polyester, carbon fibers, composite fibers, 
fiberglass, and combinations thereofas well as fabric contain 
ing the above-mentioned fibers, and fabric containing com 
binations of the above-mentioned fibers. 
0134) Non-limiting examples of fibers that can be used in 
the invention include MeC-GRID(R) and C-GRID(R) available 
from TechFab, LLC, Anderson, S.C., KEVLAR(R) available 
from E.I. du Pont de Nemours and Company, Wilmington 
Del. TWARONR available from Teijin Twaron B.V., Arn 
heim, the Netherlands, SPECTRAR available from Honey 
well International Inc., Morristown, N.J., DACRONR) avail 
able from Invista North America S.A.R.L. Corp. 
Willmington, Del, and VECTRANR) available from Hoechst 
Cellanese Corp., New York, N.Y. The fibers can be used in a 
mesh structure, intertwined, interwoven, and oriented in any 
desirable direction. 

0135 Further to this embodiment, the additional aggre 
gate can include, but is not limited to, one or more materials 
selected from common aggregates Such as sand, Stone, and 
gravel. Common lightweight aggregates can include ground 
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granulated blast furnace slag, fly ash, glass, silica, expanded 
Slate and clay; insulating aggregates such as pumice, perlite, 
Vermiculite, scoria, and diatomite; LWC aggregate Such as 
expanded shale, expanded slate, expanded clay, expanded 
slag, fumed silica, pelletized aggregate, extruded fly ash, tuff. 
and macrolite; and masonry aggregate Such as expanded 
shale, clay, slate, expanded blast furnace slag, sintered fly ash, 
coal cinders, pumice, scoria, and pelletized aggregate. 
0.136. When included, the other aggregates and adjuvants 
are present in the cementitious mixture at a level of at least 
0.5, in Some cases at least 1, in other cases at least 2.5, in some 
instances at least 5 and in other instances at least 10 Volume 
percent of the cementitious mixture. Also, the other aggre 
gates and adjuvants can be present at a level of up to 95, in 
Some cases up to 90, in other cases up to 85, in Some instances 
up to 65 and in other instances up to 60 volume percent of the 
cementitious mixture. The other aggregates and adjuvants 
can be present in the cementitious mixture at any of the levels 
indicated above or can range between any of the levels indi 
cated above. 

0.137 The cementitious mixture, expanded polymer par 
ticles, and any other aggregates and adjuvants are mixed 
using methods well known in the art. In an embodiment of the 
invention a liquid, in some instances water, is also mixed into 
the other ingredients. 
0.138. In an embodiment of the invention, the concrete 
composition is a dispersion where the cementitious mixture 
provides, at least in part, a continuous phase and the polymer 
particles and/or expanded polymer particles exist as a dis 
persed phase of discrete particles in the continuous phase. 
0.139. As a particular and non-limiting embodiment of the 
invention, the concrete composition is substantially free of 
wetting agents or dispersing agents used to stabilize the dis 
persion. 
0140. As a non-limiting embodiment of the invention and 
as not wishing to be limited to any single theory, Some key 
factors that can affect the performance of the present LWC 
composition can include the Volume fraction of the expanded 
resin bead, the average expanded bead size and the micro 
structure created by the inter-bead spacing within the con 
crete. In this embodiment, the inter-bead spacing can be esti 
mated using a two-dimensional model. For simplicity in 
description, the inter-bead spacing can be limited to the bead 
radius. Additionally, and without meaning to limit the inven 
tion in any way, it is assumed in this embodiment that the 
beads are arranged in a cubic lattice, bead size distribution in 
the LWC composition is not considered, and the distribution 
of expanded bead area in the cross-section is not considered. 
In order to calculate the number of beads per sample, a three 
dimensional test cylinder is assumed. 
0.141. The smaller the expanded bead size, the greater the 
number of expanded beads required to maintain the same 
expanded bead volume fraction as described by equation 1 
below. As the number of expanded beads increases exponen 
tially, the spacing between the expanded beads decreases. 

N, represents the number of expanded beads. 
0142. ALWC test specimen with diameter D and height H 
(usually 2"x4" or 6'x12"), containing dispersed expanded 
polymer beads of average expanded bead diameter B, and a 
given Volume fraction V contains an amount of expanded 
polymer beads N, given by equation 1: 
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0143. Note that N is inversely proportional to the cube of 
the expanded polymer bead diameter. The constant of propor 
tionality, K=1.5V HD, is a number that is dependent only on 
the sample size and the Volume fraction of expanded polymer 
beads. Thus for a given sample size, and known expanded 
polymer bead volume fraction, the number of beads increases 
to a third power as the bead diameter decreases. 
0144. As a non-limiting example, for a 2"x4" LWC speci 
men, at 90 pcf (1b/ft) (corresponding to expanded polymer 
bead 43% volume fraction with pre-puff bulk density of 1.25 
pcf), the number of beads increases fourfold and sevenfold 
moving from a 0.65 mm bead to 0.4 mm and 0.33 mm beads 
respectively. At 2.08 pcf. the increase in the number of beads 
is sixfold and sevenfold for 0.4 mm and 0.33 mm beads 
respectively. At 5 pcf. the increases are twofold and threefold 
respectively. Thus, the density correlates to the bead size. As 
shown below, the density also affects the cell wall thickness. 
The strength of a concrete matrix populated by expanded 
beads is typically affected by the cell wall stiffness and thick 
CSS. 

0145. In an embodiment of the invention, where monodis 
perse spherical cells are assumed, it can be shown that the 
mean cell diameter dis related to the mean wall thickness 8 by 
equation 2: 

d-/v - (2) v 1 - p fps 

0146 where p is the density of the foam and p is the 
density of the solid polymer bead. 
0147 Thus for a given polymer, depending on the particu 
lar expansion process used, one can obtain the same cell wall 
thickness (at a given cell size) or the same cell size at various 
values of 8. The density is controlled not only by the cell size 
but also by varying the thickness of the cell wall. 
0148. The table below exemplifies the variation of 
expanded polymer bead density with bead size for three 
classes of beads. 

Foam Particle Expansion Average Number of 
Bead Size, Density Size factor beads for 43% volume 
microns (pcf) (mm) (cc/g) fraction 

6SO 2.OO 1764 31 96,768 
6SO 3.00 1541 21 145,152 
6SO 4.OO 1400 16 193,536 
400 2.OO 1086 31 415,233 
400 3.00 O949 21 622,849 
400 4.OO O862 16 830,466 
330 2.OO O896 31 739,486 
330 3.00 O.783 21 1,109,229 
330 4.OO O.711 16 1478,972 

0149. Desirable microstructures and/or morphologies can 
fall into distinct classes. The first is a bicontinous or co 
continuous composite with special interfaces and the second 
comprises of special inclusions in a connected matrix. The 
effective properties of both bicontinous and singly connected 
microstructures are described by known optimal cross-prop 
erty bounds. 
0150. In many cases, the smaller the beads, the greater the 
number of beads required to maintain the same expanded 
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polymer bead volume fraction as described by equation 1. As 
the number of beads increases exponentially, the spacing 
between the beads decreases. 
0151. The optimal bounds can be described by a number 
of relations representing critical numbers or limits. As a non 
limiting example, for a given Volume fraction, there is often a 
critical bead size corresponding to a critical number of beads 
that can be dispersed to provide a desired morphology Such 
that all the beads are isolated and the concrete is singly con 
nected. It is also possible to form a morphology where all of 
the beads are non-isolated but contacting. 
0152 Finite element analysis of a 2-dimensional cross 
section was performed using ANSYSR (a finite element 
analysis program available from ANSYS Inc., Canonsburg, 
Pa.). In the finite element mesh of the cross-section, the beads 
are modeled as non-contacting or isolated circles in a singly 
connected concrete matrix. 
0153. The results demonstrate that under loading, the 
stresses build up in a direction perpendicular to the load axis. 
The maximum stress concentrations are at the horizontal 
boundary between the expanded polymer beads, which tend 
to be deformed from a circular shape to an elliptical shape. 
0154) In a particular embodiment of the invention, the 
concrete composition contains at least some of the expanded 
polymer particles arranged in a cubic or hexagonal lattice. 
0.155. In an embodiment of the invention, the present LWC 
composition is substantially free of air entraining agents, 
which are typically added to create air cells or voids in a batch 
of concrete. 
0156. In another embodiment of the invention, the LWC 
composition can include reinforcement fibers. Such fibers act 
as reinforcing components, having a large aspect ratio, that is, 
their length/diameter ratio is high, so that a load is transferred 
across potential points of fracture. Non-limiting examples of 
suitable fibers include fiberglass strands of approximately 
one to one and three fourths inches in length, although any 
material can be used that has a higher Young's modulus than 
the matrix of the cementitious mixture, polypropylene fiber 
and other fibers as described above. 
0157. The LWC compositions according to the invention 
can be set and/or hardened to form final concrete articles 
using methods well known in the art. 
0158. The density of the set and/or hardened final concrete 
articles containing the LWC composition of the invention can 
beat least 40 lb/ft (0.64 g/cc), in some cases at least 45 lb/ft 
(0.72 g/cc) and in other cases at least 50 lb/ft (0.8 g/cc) lb/ft 
and the density can be up to 130 lb/ft (2.1 g/cc), in some cases 
120 lb/ft (1.9 g/cc), in other cases up to 115 lb/ft (1.8 g/cc), 
in some circumstances up to 110 lb/ft (1.75 g/cc), in other 
circumstances up to 105 lb/ft (1.7 g/cc), in some instances up 
to 100 lb/ft (1.6 g/cc), and in other instances up to 95 lb/ft 
(1.5 g/cc). The density of the present concrete articles can be 
any value and can range between any of the values recited 
above. 
0159. The LWC compositions can be used in most, if not 

all, applications where traditional concrete formulations are 
used. As non-limiting examples, the present LWC composi 
tions can be used in structural and architectural applications, 
non-limiting examples being party walls, ICF or SIP struc 
tures, bird baths, benches, shingles, siding, drywall, cement 
board, decorative pillars or archways for buildings, etc., fur 
niture or household applications such as counter tops, in-floor 
radiant heating systems, floors (primary and secondary), tilt 
up walls, Sandwich wall panels, as a stucco coating, road and 
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airport safety applications such as arresting walls, Jersey 
Barriers, Sound barriers and walls, retaining walls, runway 
arresting systems, air entrained concrete, runaway truck 
ramps, flowable excavatable backfill, and road construction 
applications such as roadbed material and bridge deck mate 
rial. 
0160 Additionally, LWC articles according to the inven 
tion readily accept direct attachment of Screws, as a non 
limiting example drywall screws and nails, which can be 
attached by traditional, pneumatic, or powder actuated 
devices. This allows easy attachment of materials such as 
plywood, drywall, studs and other materials commonly used 
in the construction industry, which cannot be done using 
traditional concrete formulations. 
0161 When the LWC compositions of the invention are 
used in roadbed construction, the polymer particles can aid in 
preventing and or minimizing crack propagation, especially 
when water freeze-thaw is involved. 
0162. In an embodiment of the invention, the set and/or 
hardened LWC compositions according to the invention are 
used in structural applications and can have a minimum com 
pressive strength for load bearing masonry structural appli 
cations of at least 1500 psi (105.5 kgf/cm), in some cases at 
least 1700psi (119.5 kgf/cm), in other cases at least 1800 psi 
(126.5 kgf/cm), in some instances at least 1900 psi, and in 
other instances at least 2000 psi (140.6 kgf/cm). For struc 
tural lightweight concrete the compositions can have a mini 
mum compressive strength of at least 2500 psi (175.8 kgf/ 
cm). Compressive strengths are determined according to 
ASTM C39. 
0163 The compositions of the invention are well suited to 
the fabrication of molded construction articles and materials, 
non-limiting examples of Such include wall panels including 
tilt-up wall panels, T beams, double T beams, roofing tiles, 
roof panels, ceiling panels, floor panels, I beams, foundation 
walls and the like. The compositions exhibit greater strength 
than prior art LWC compositions. 
0164. In an embodiment of the invention, the molded con 
struction articles and materials can be pre-cast and/or pre 
stressed. 
0.165. A particular advantage that the present invention 
provides is that the set concrete composition and/or molded 
construction articles formed from Such compositions can be 
readily cut and/or sectioned using conventional methods as 
opposed to having to use specialized concrete or diamond 
tipped cutting blades and/or saws. This provides Substantial 
time and cost savings when customizing concrete articles. 
0166 The compositions can be readily cast into molds 
according to methods well knownto those of skill in the art for 
roofing tiles in virtually any three dimensional configuration 
desired, including configurations having certain topical tex 
tures such as having the appearance of wooden shakes, slate 
shingles or Smooth faced ceramic tiles. A typical shingle can 
have approximate dimensions often inches in width by sev 
enteen inches in length by one and three quarters inches in 
thickness. In the molding of roofing materials, the addition of 
an air entrainment agent makes the final product more weath 
erproof in terms of resistance to freeze? thaw degradation. 
0167. When foundation walls are poured using the LWC 
compositions of the invention, the walls can be taken above 
grade due to the lighter weight. Ordinarily, the lower part of 
the foundation wall has a tendency to blow outwards under 
the sheer weight of the concrete mixture, but the lighter 
weight of the compositions of the invention tend to lessen the 
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chances of this happening. Foundation walls prepared using 
the present LWC compositions can readily take conventional 
fasteners used in conventional foundation wall construction. 

0168 Embodiments of the present invention provide a 
stay in place insulating concrete forming system that is con 
tinuous in nature with length being limited only by transpor 
tation and handling limitations, where the present lightweight 
concrete composition is poured and allowed to set in the 
insulating concrete forming system. The present insulating 
concrete forming system includes two opposing foamed plas 
tic faces, containing an expanded polymer matrix, connected 
internally and spaced apart by perforated structural metal 
members. The foamed plastic faces and metal spacing mem 
bers are aligned within the form to properly position verti 
cally and horizontally concrete reinforcement steel, while 
allowing for proper concrete flow and finish work attach 
ments. The molded in structural steel members act as internal 
bracing keeping the forms straight and aligned during con 
crete placement eliminating the need for most external block 
1ng 

0169. Further, the present invention provides pre-formed 
insulated concrete forms, into which the present lightweight 
concrete composition can beformed, that include one or more 
reinforcing structural elements or bars running longitudi 
nally, the end of which are at least partially embedded in 
oppositely facing expanded polymer bodies. The remainder 
of the reinforcing structural element(s), the portion between 
the expanded polymer bodies, are at least partially exposed. 
The portions of the ends that are encapsulated in the expanded 
polymer matrix can provide a thermal break from the external 
environment. The reinforcing structural elements can be 
flanged lengthwise on either side to provide attachment 
points for external objects to the panel. 
0170 Perforations in the reinforcing structural elements in 
the end portions which are encapsulated in the expanded 
polymer matrix allow for fusion of the expandable polymer 
particles perpendicularly. Perforations in the exposed portion 
of the reinforcing structural element provide attachment 
points for lateral bracing and/or rebar and allow for uniform 
concrete flow when concrete is poured into the present insu 
lated concrete form. A tongue and groove or overlapping 
connection point design provides for panel abutment while 
maintaining the integrity of the concrete form. Longitudinal 
holes can run through the expanded polymer matrix and can 
be variable in diameter and location to provide areas for 
placement of utilities, lightening the structure and channels 
for venting of gasses. Panel manufacture is accomplished 
through the use of a semi-continuous or continuous molding 
process allowing for variable panel lengths. 
0171 The embedded framing studs or floor joists used in 
the invention can be made of any suitable material. Suitable 
materials are those that add strength, stability and structural 
integrity to the pre-formed building panels. Such materials 
provide embedded framing studs meeting the requirements of 
applicable test methods known in the art, as non-limiting 
examples ASTM A36/A36M-05, ASTM A 1011/A1011M 
05a, ASTM A 1008/A 1008M-05b, and ASTM A 1003/A 
1003M-05 for various types of steel. 
0172 Suitable materials include, but are not limited to 
metals, construction grade plastics, composite materials, 
ceramics, combinations thereof, and the like. Suitable metals 
include, but are not limited to, aluminum, Steel, stainless 
steel, tungsten, molybdenum, iron and alloys and combina 
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tions of such metals. In a particular embodiment of the inven 
tion, the metal bars, studs, joists and/or members are made of 
a light gauge metal. 
0173 Suitable construction grade plastics include, but are 
not limited to reinforced thermoplastics, thermoset resins, 
and reinforced thermoset resins. Thermoplastics include 
polymers and polymer foams made up of materials that can be 
repeatedly softened by heating and hardened again on cool 
ing. Suitable thermoplastic polymers include, but are not 
limited to homopolymers and copolymers of styrene, 
homopolymers and copolymers of C to Coolefins, Cato Co 
dienes, polyesters, polyamides, homopolymers and copoly 
mers of C to Co (meth)acrylate esters, polyetherimides, 
polycarbonates, polyphenylethers, polyvinylchlorides, poly 
urethanes, and combinations thereof. 
0174 Suitable thermoset resins are resins that when 
heated to their cure point, undergo a chemical cross-linking 
reaction causing them to solidify and hold their shape rigidly, 
even at elevated temperatures. Suitable thermoset resins 
include, but are not limited to alkyd resins, epoxy resins, 
diallyl phthalate resins, melamine resins, phenolic resins, 
polyester resins, urethane resins, and urea, which can be 
crosslinked by reaction, as non-limiting examples, with diols, 
triols, polyols, and/or formaldehyde. 
0175 Reinforcing materials and/or fillers that can be 
incorporated into the thermoplastics and/or thermoset resins 
include, but are not limited to carbon fibers, aramid fibers, 
glass fibers, metal fibers, woven fabric or structures of the 
mentioned fibers, fiberglass, carbon black, graphite, clays, 
calcium carbonate, titanium dioxide, woven fabric or struc 
tures of the above-referenced fibers, and combinations 
thereof. 
0176 A non-limiting example of construction grade plas 

tics are thermosetting polyester or vinyl ester resin Systems 
reinforced with fiberglass that meet the requirements of 
required test methods known in the art, non-limiting 
examples being ASTM D790, ASTM D695, ASTM D3039 
and ASTM D638. 
0177. The thermoplastics and thermoset resins can option 
ally include other additives, as a non-limiting example ultra 
violet (UV) stabilizers, heat stabilizers, flame retardants, 
structural enhancements, biocides, and combinations thereof. 
0178. In a particular embodiment of the invention, the 
embedded framing studs or embedded floor joists are made of 
a light gauge metal. 
(0179 The embedded studs or embedded floor joists 
described herein can have a thickness of at least 0.4 mm, in 
Some cases at least 0.5 mm, in other cases at least 0.75 mm, in 
Some instances at least 1 mm, in other instances at least 1.25 
mm and in some circumstances at least 1.5 mm and can have 
a thickness of at least 10 mm, in some cases at least 8 mm, in 
other cases at least 6 mm, in Some instances at least 4 mm and 
in other cases at least 2 mm. The thickness of the embedded 
studs or embedded floor joists will depend on the intended use 
of the pre-formed building panel. 
0180. In an embodiment of the invention, the embedded 
framing studs or embedded floor joists have holes or openings 
along their length to facilitate fusion of the expanded plastic 
material and to reduce any thermal bridging effects in the 
reinforcing bars, studs, joists and/or members. 
0181. In the present invention, the foamed plastic faces 
can be molded from any suitable expandable plastic material, 
as described above, on a molding machine capable of insert 
ing the metal members and forming two opposing face panels 
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while maintaining the composite materials in their relative 
position in a continuous or semi continuous process. 
0182. The expanded polymer matrix makes up the 
expanded polymer body described herein below. The 
expanded polymer matrix is typically molded from expand 
able thermoplastic particles. These expandable thermoplastic 
particles are made from any suitable thermoplastic 
homopolymer or copolymer. Particularly suitable for use are 
homopolymers derived from vinyl aromatic monomers 
including styrene, isopropylstyrene, alpha-methylstyrene, 
nuclear methylstyrenes, chlorostyrene, tert-butylstyrene, and 
the like, as well as copolymers prepared by the copolymer 
ization of at least one vinyl aromatic monomer as described 
above with one or more other monomers, non-limiting 
examples being divinylbenzene, conjugated dienes (non-lim 
iting examples being butadiene, isoprene, 1.3- and 2.4-hexa 
diene), alkyl methacrylates, alkyl acrylates, acrylonitrile, and 
maleic anhydride, wherein the vinyl aromatic monomer is 
present in at least 50% by weight of the copolymer. In an 
embodiment of the invention, styrenic polymers are used, 
particularly polystyrene. However, other suitable polymers 
can be used, such as polyolefins (e.g. polyethylene, polypro 
pylene), polycarbonates, polyphenylene oxides, and mixtures 
thereof. 
0183 In a particular embodiment of the invention, the 
expandable thermoplastic particles are expandable polysty 
rene (EPS) particles. These particles can be in the form of 
beads, granules, or other particles convenient for the expan 
sion and molding operations. Particles polymerized in an 
aqueous suspension process are essentially spherical and are 
useful for molding the expanded polymer body described 
herein below. These particles can be screened so that their size 
ranges from about 0.008 inches (0.2 mm) to about 0.1 inches 
(2.5 mm). 
0.184 The expandable thermoplastic particles can be 
impregnated using any conventional method with a suitable 
blowing agent. As a non-limiting example, the impregnation 
can be achieved by adding the blowing agent to the aqueous 
Suspension during the polymerization of the polymer, or alter 
natively by re-suspending the polymer particles in an aqueous 
medium and then incorporating the blowing agent as taught in 
U.S. Pat. No. 2.983,692. Any gaseous material or material 
which will produce gases on heating can be used as the 
blowing agent. Conventional blowing agents include ali 
phatic hydrocarbons containing 4 to 6 carbon atoms in the 
molecule. Such as butanes, pentanes, hexanes, and the halo 
genated hydrocarbons, e.g. CFC's and HCFCS, which boil at 
a temperature below the softening point of the polymer cho 
sen. Mixtures of these aliphatic hydrocarbon blowing agents 
can also be used. 

0185. Alternatively, water can be blended with these ali 
phatic hydrocarbons blowing agents or water can be used as 
the sole blowing agent as taught in U.S. Pat. Nos. 6,127,439; 
6,160,027; and 6.242.540 in these patents, water-retaining 
agents are used. The weight percentage of water for use as the 
blowing agent can range from 1 to 20%. The texts of U.S. Pat. 
Nos. 6,127,439, 6,160,027 and 6.242.540 are incorporated 
herein by reference. 
0186 The impregnated thermoplastic particles are gener 
ally pre-expanded to a density of at least 0.5 lb/ft (0.008 
g/cc), in some cases at least 1 lb/ft (0.016 g/cc), in other cases 
at least 1.25 lb/ft (0.02 g/cc), in some situations at least 1.5 
1b/ft (0.024 g/cc), in other situations at least 2 lb/ft (0.032 
g/cc), and in some instances at least about 3 lb/ft (0.048 
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g/cc). Also, the density of the impregnated pre-expanded 
particles can be up to 35 lb/ft (0.56 g/cc), in some cases up to 
30 lb/ft (0.48 g/cc), and in other cases up to 25 lb/ft (0.4 
g/cc). The density of the impregnated pre-expanded particles 
can be any value or range between any of the values recited 
above. The pre-expansion step is conventionally carried out 
by heating the impregnated beads via any conventional heat 
ing medium, Such as steam, hot air, hot water, or radiant heat. 
One generally accepted method for accomplishing the pre 
expansion of impregnated thermoplastic particles is taught in 
U.S. Pat. No. 3,023,175. 
0187. The impregnated thermoplastic particles can be 
foamed cellular polymer particles as taught in U.S. patent 
application Ser. No. 10/021,716, the teachings of which are 
incorporated herein by reference. The foamed cellular par 
ticles can be polystyrene that are pre-expanded and contain a 
volatile blowing agent at a level of less than 6.0 weight per 
cent, in Some cases ranging from about 2.0 wt % to about 5.0 
wt %, and in other cases ranging from about 2.5 wt.% to about 
3.5 wt % based on the weight of the polymer. 
0188 An interpolymer of a polyolefinand in situ polymer 
ized vinyl aromatic monomers that can be included in the 
expandable thermoplastic resin according to the invention is 
disclosed in U.S. Pat. Nos. 4,303,756 and 4,303,757 and U.S. 
Application Publication 2004/0152795, the relevant portions 
of which are herein incorporated by reference. A non-limiting 
example of interpolymers that can be used in the present 
invention include those available under the trade name 
ARCEL(R), available from NOVA Chemicals Inc., Pittsburgh, 
Pa. and PIOCELANR), available from Sekisui Plastics Co., 
Ltd., Tokyo, Japan. 
0189 The expanded polymer matrix can include custom 
ary ingredients and additives, such as pigments, dyes, colo 
rants, plasticizers, mold release agents, stabilizers, ultraviolet 
light absorbers, mold prevention agents, antioxidants, and so 
on. Typical pigments include, without limitation, inorganic 
pigments such as carbon black, graphite, expandable graph 
ite, Zinc oxide, titanium dioxide, and iron oxide, as well as 
organic pigments such as quinacridone reds and violets and 
copper phthalocyanine blues and greens. 
0190. In a particular embodiment of the invention the pig 
ment is carbon black, a non-limiting example of such a mate 
rial being EPS SILVER(R), available from NOVA Chemicals 
Inc. 
0191 In another particular embodiment of the invention 
the pigment is graphite, a non-limiting example of Such a 
material being NEOPORR), available from BASF Aktieng 
esellschaft Corp., Ludwigshafen am Rhein, Germany. 
0.192 The pre-expanded particles or “pre-puff are heated 
in a closed mold in the semi-continuous or continuous mold 
ing process described below to form the pre-formed building 
panels according to the invention. 
0193 The pre-formed building panels used in the present 
invention can be made using batch shape molding techniques. 
However, this approach can lead to inconsistencies and can be 
very time intensive and expensive. 
0194 Alternatively, the foamed plastic faces can be 
molded from any Suitable expandable plastic material, as 
described above, on a molding machine capable of inserting 
the metal members and forming two opposing face panels 
while maintaining the composite materials in their relative 
position in a continuous or semi continuous process. 
0.195 The pre-formed building panels used to make the 
ICF units and other building panels described herein can be 
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made using an apparatus for molding a semi-continuous or 
continuous foamed plastic element that includes 
0196) a) One or more molds that include: 

0.197 i) a bottom wall, a pair of opposite side walls and 
a cover, and 

0198 ii) a molding seat, having a shape mating that of 
the element, defined in the mold between the side walls, 
the bottom wall and the cover; 

0199 b) means for displacing the covers and the side walls 
of the molds towards and away from the bottom wall to 
longitudinally close and respectively open the mold; and 
0200 c) first means for positioning in an adjustable man 
ner said covers away from and towards said bottom wall of the 
mold to control in an adjustable and Substantially continuous 
manner the height of the molding seat. 
0201 The apparatus is configured to include the embed 
ded framing studs or embedded floor joists configured as 
discussed herein. As a non-limiting example, the methods and 
apparatus disclosed in U.S. Pat. No. 5,792.481 can be adapted 
to make the ICF units, of the present invention. The relevant 
parts of U.S. Pat. No. 5,792.481 are incorporated herein by 
reference. 

0202 More particularly, the present insulated concrete 
form includes a first body, substantially parallelepipedic in 
shape, containing an expanded polymer matrix, having oppo 
site faces, a first Surface, and an opposing second surface; a 
second body, Substantially parallelepipedic in shape, contain 
ing an expanded polymer matrix, having opposite faces, a first 
Surface, an opposing second Surface; and one or more embed 
ded studs longitudinally extending across the first body and 
the second body between the first surfaces of each body, 
having a first end embedded in the expanded polymer matrix 
of the first body, and a second end embedded in the expanded 
polymer matrix of the second body. One or more expansion 
holes are provided in the portion of the embedded stud 
embedded in the first body and the second body. The first 
body and the second body include a polymer matrix that 
expands through the expansion holes. The space defined 
between the first surfaces of the first body and the second 
body is capable of accepting concrete poured therein. 
0203. An embodiment of the present invention provides 
insulated concrete forms (ICF) and ICF systems. As shown in 
FIG. 1, ICF 510 includes first expanded polymer body 511 
and second expanded polymer body 512, left facing embed 
ded metal studs 514, and right facing embedded metal studs 
516 (reinforcing embed bars). The embedded metal studs 514 
and 516 have embedded ends 520 and 522 respectively that do 
not touch outer surface 524 of first expanded polymer body 
511. Embedded metal Studs 514 and 516 have embedded ends 
521 and 523 respectively that are adjacent to outer surface 525 
of second expanded polymer body 512. Space 505 is defined 
as the space between inner surface 530 of first expanded 
polymer body 511 and inner surface 531 of second expanded 
polymer body 512 for the height of ICF 510. 
0204 Expanded polymer bodies 511 and 512 can have a 
thickness, measured as the distance from inner surface 530 or 
531 respectively to outer surface 524 or 525 respectively of at 
least 2, in some cases at least 2.5, and in other cases at least 3 
cm and can be up to 10, in Some cases up to 8, and in other 
cases up to 6 cm from inner surface 30 of expanded polymer 
body 512. The thickness of expanded polymer bodies 511 and 
512 can independently be any dimension or range between 
any of the dimensions recited above. 
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0205 Embedded ends 520 and 522 extend at least 1, in 
Some cases at least 2, and in other cases at least 3 cm into 
expanded polymer body 512 away from inner surface 530. 
Also, Embedded ends 520 and 522 can extend up to 10, in 
Some cases up to 8, and in other cases up to 6 cm away from 
inner surface 530 into first expanded polymer body 511. 
Embedded ends 526 and 528 can extend any of the distances 
or can range between any of the distances recited above from 
inner surface 530 into polymer body 511. 
0206. In another embodiment of the invention, embedded 
ends 520 and 522 can extend from /10 to 9/10, in some cases /3 
to 2/3 and in other cases /4 to 3/4 of the thickness of first 
expanded polymer body 511 into expanded polymer body 
511. 

0207. The orientation of embedded metal studs 514 and 
516 is referenced by the direction of ends 520,521,522, and 
523. The ends can be oriented in any direction that suits the 
strength, attachment objectives or stability of the insulated 
concrete form. 

0208. The spacing between each of embedded metal studs 
514 and 516 is typically adapted to be consistent with local 
construction codes or methods, but can be modified to Suit 
special needs. As such, the spacing between the metal studs 
can be at least 10, in Some instances at least 25 and in some 
cases at least 30 cm and can be up to 110, in some cases up to 
100, in other cases up to 75, and in some instances up to 60 
cm. The spacing between embedded metal studs 514 and 516 
can be any distance or range between any of the distances 
recited above. 
0209 ICF 510 can extend for a distance with alternating 
embedded metal studs 514 and 516 placed therein. The length 
of ICF 510 can be any length that allows for safe handling and 
minimal damage to ICF 510. The length of ICF 510 can 
typically be at least 1, in Some cases at least 1.5, and in other 
cases at least 2 m and can be up to 25, in Some cases up to 20, 
in other cases up to 15, in Some instances up to 10 and in other 
instances up to 5 m. The length of ICF 510 can be any value 
or can range between any of the values recited above. In some 
embodiments of the invention, each end of ICF 510 is termi 
nated with an embedded metal stud. 
0210. The height of ICF 510 can be any height that allows 
for safe handling, minimal damage, and can withstand the 
pressure from concrete poured within ICF 510. The height of 
ICF 510 can be at least 1 and in some cases at least 1.25 m and 
can be up to 3 M and in some cases up to 2.5 m. In some 
instances, in order to add stability to ICF unit 510, reinforcing 
cross-members or rebar (not shown) can be attached to 
embedded metal studs 514 and 516. The height of ICF 10 can 
be any value or can range between any of the values recited 
above. 
0211 Space 505, the space between inner surface 530 and 
inner surface 531 for the height of ICF 510, can be any 
suitable volume and/or dimensions. Suitable volume and/or 
dimensions are those where the weight of the lightweight 
concrete poured into space 505 is not so high as to cause any 
part of ICF 510 to fail, i.e., allow concrete to break through 
ICF 510 such that the volume of concrete is not contained in 
space 505, but large enough that the poured and set concrete 
can support whatever is to be built on the resulting ICF con 
crete wall. Thus, the distance between inner surface 530 and 
inner surface 531 taken with the height defined above can be 
at least 5 in some cases at least 10 and in other cases at least 
12 cm and can be up to 180, in some cases up to 150 cm and 
in other cases up to 120 cm. In some instances, in order to add 
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stability to ICF unit 510, reinforcing cross-members or rebar 
(not shown) can be attached to embedded metal studs 514 and 
516. The distance between inner surface 530 and inner Sur 
face 531 can be any value or can range between any of the 
values recited above. 
0212. In a particular embodiment of the invention, ICF 
510 can be used as a storm wall. In this embodiment, space 
505 is filled with the present lightweight concrete composi 
tion as described herein and the distance from inner surface 
530 to inner surface 531 can beat least 2 in some cases at least 
5 and in other cases at least 10 cm and can be up to 16, in some 
cases up to 14 cm and in other cases up to 12 cm. In this storm 
wall embodiment, the distance between inner surface 530 and 
inner Surface 531 can be any value or can range between any 
of the values recited above. 
0213 Storm walls made according to the present invention 
can be used as any of the other wall panels and tilt-up walls 
described herein. 
0214. As shown in FIG.1. ICF 510 has a finite length and 

first body 511 and second body 512 have an inner lip terminus 
517 and an outer lip terminus 518. Typically, lengths of ICF 
510 are interconnected by inserting an inner lip terminus 517 
of one ICF 510 adjacent an outer lip terminus 518 of another 
ICF 510 to form a continuous ICF. Thus, a larger ICF con 
taining any number of ICF 510 units can be assembled and/or 
arrayed. 
0215. An alternative embodiment of the invention is 
shown in FIG. 2, where ICF508 is similar to ICF 510 except 
that inner surface 530 of body 511 and inner surface 531 of 
body 512 include oppositely opposed inner arching sections 
532 and 534 respectively. Inner arching sections 532 and 534 
provide a non-linear space within ICF 508, such that light 
weight concrete poured into ICF 508 will have sections that 
have a larger cross-sectional width and sections having a 
Smaller cross-sectional width. 
0216. In another embodiment of the invention shown in 
FIG. 3, ICF 509 has exposed ends 536 and 538 instead of 
embedded ends 521 and 523. Exposed ends 536 and 538 
extend at least 1, in some cases at least 2, and in other cases at 
least 3 cm away from outer surface 525 of second expanded 
polymer body 512. Exposed ends 536 and 538 can be used to 
attach finish Surfaces, such as drywall, plywood, paneling, 
etc. as described herein to ICF 509. Also, Exposed ends 536 
and 538 can extend up to 60, in some cases up to 40, and in 
other cases up to 20 cm away from outer surface 525 of 
expanded polymer body 512. Exposed ends 536 and 538 can 
extend any of the distances or can range between any of the 
distances recited above from outer surface 525. 
0217 Referring to FIG. 3 embedded metal studs 514 and 
516 can have utility holes (as described below) spaced along 
their length between outer surface 525 and exposed ends 536 
and 538. The utility holes (not shown here, but as described 
and illustrated below) are useful for accommodating utilities 
Such as wiring for electricity, telephone, cable television, 
speakers, and other electronic devices, gas lines and water 
lines. The utility holes can have various cross-sectional 
shapes, non-limiting examples being round, oval, elliptical, 
square, rectangular, triangular, hexagonol or octagonal. The 
cross-sectional area of the utility holes can also vary indepen 
dently one from another or they can be uniform. The cross 
sectional area of the utility holes is limited by the dimensions 
of embedded metal studs 514 and 516, as the utility holes will 
fit within their dimensions and not significantly detract from 
their structural integrity and strength. The cross-sectional 
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area of the utility holes can independently be at least 1, in 
Some cases at least 2, and in other cases at least 5 cm and can 
be up to 30, in some cases up to 25, in other cases up to 20cm. 
The cross-sectional area of the utility holes can independently 
be any value or range between any of the values recited above. 
0218. In an embodiment of the invention, the utility holes 
can have a flanged and in many cases a rolled flange Surface 
to provided added strength to the embedded metal studs. 
0219 FIGS. 4 and 5 show features of the present ICF and 
storm panels as they relate to ICF508 (FIG. 2). A feature of 
embedded metal studs 514 and 516 is that they can include 
expansion holes 540 and pour holes 542. As such pour holes 
544 can be a punched hole extending along the vertical axis of 
embedded metal studs 514 and/or 516 that is positioned to 
allow the free flow of the lightweight concrete and to fix and 
position horizontal concrete reinforcements. Similarly, 
expansion holes 540 can be a punched hole of sufficient 
diameter or slot of sufficient void area to allow the fusion and 
flow of the polymer matrix through the formed plastic panel. 
0220. The molded in light gauge metal structural mem 
bers, embedded metal studs 514 and 516, can be continuously 
or semi continuously formed to create a composite panel of 
unlimited length. The structural metal members are strategi 
cally punched along the outer vertical axis to provide expan 
sion holes 540, which allow for the flow of and fusion of the 
expandable plastic materials through the metal members. The 
center vertical axis of the metal member is punched to provide 
pour holes 542, which permit the free flow of normal concrete 
and to aid in the fixing and placement of horizontal concrete 
reinforcement materials. FIGS. 6 and 7 show the formed and 
set lightweight concrete 550 in relation to embedded metal 
Studs 514. 
0221 Embedded ends 521 and 523 act as continuous fur 
ring strips running vertically on predetermined centers to aid 
in the direct connection of finish materials, top and bottom 
structural tracks, wall penetrations and roof and floor connec 
tion points, such as the level track described herein. 
0222. The expandable plastic materials in the composite 
panel acts as a forming panel when lightweight concrete is 
placed within the form and can also provides insulation and 
Sound deadening. Further, the expandable plastic materials 
face of the composite panel acts as a forming panel when 
concrete is placed within the form and also provides insula 
tion and Sound deadening. 
0223) The design of the present ICF provides horizontal 
and vertical concrete pathways created by the two opposing 
face panels fixed by the light gauge structural members. 
0224. When lightweight concrete is poured into space 505 
of the present ICF, an internal concrete post is formed by the 
two opposing face panels within the vertical post wall con 
figuration of the panel design, set lightweight concrete 550. 
The concrete core created in the form acts as horizontal brac 
ing to the light-gauge structural metal members in the present 
ICF. In the vertical post wall panel design the concrete core 
allows for horizontal reinforcement along the axis of the 
vertical post created between the form face panels. 
0225. In the present ICF, the interlocking panel ends 
formed by inner lip 517 and outer lip 518 are self aligning, self 
sealing and securely connect one panel side termination to the 
other panel side termination point, forming a continuous hori 
Zontal as well as continuous vertical concrete placement 
form. 

0226 FIG.8 shows an embodiment of the invention where 
the surface of steel member 560, which can be used as embed 
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ded metal studs 514 and/or 516 in the present ICF have 
dimples 565 in opposing directions creating a Surface that 
increases concrete adhesion and prevents cracking of the 
concrete in contact with steel member 560. The dimple effect 
on the member surface adds to the shear resistance of the steel 
and concrete composition. The dimpling of the steel Surface 
creates a stronger connection between the foam and the steel 
member of the plastic foam faces of the panel when molded as 
a composite structure. 
0227 FIG. 9 shows an embodiment of an insulated con 
crete form system 575 for providing a foundation that 
includes a plurality of ICF's 508 connected end to end to form 
ICF system 575. Corner unit 552 is used to interconnect 
parallel ICF lines 554 and perpendicular ICF lines 556. Light 
weight concrete is poured into space 505 of ICF wall system 
575 and allowed to set to form a completed insulated concrete 
wall system. 
0228 Corner unit 552, as shown in FIG. 10 essentially 
includes a first ICF508A and a second ICF 508B (like fea 
tures are numbered as above) oriented at an angle to first ICF 
508A, where corner section 552 is molded to include first ICF 
508A and second ICF508B to form a continuous first body 
590 and a continuous second body 592 and providing a con 
tinuous space 505 there between. 
0229 Referring to FIG. 3, a particular advantages of ICF 
509 includes the ability to easily run utilities prior to attaching 
a finish surface to the exposed ends of the embedded metal 
studs. The exposed metal studs facilitate field structural fram 
ing changes and additions and leave the structural portions of 
the assembly exposed for local building officials to inspect the 
framing. 
0230. A utility space defined by outer surface 525 of 
expanded polymer body 512 and exposed ends 536 and 538 
can be adapted for accommodating utilities. Typically, 
exposed ends 536 and 538 have a finish surface attached to 
them, a side of which further defines the utility space. 
0231. In an embodiment of the invention, the utility space 

is adapted and dimensioned to receive standard and/or pre 
manufactured components, such as windows, doors and 
medicine cabinets as well as customized cabinets and shelv 
ing. 
0232 Further, the air space between the outer surface of 
the expanded polymer body 512 and the finish surface allows 
for improved air circulation, which can minimize or prevent 
mildew. Additionally, because the metal studs are not in direct 
contact with the outside environment, thermal bridging via 
the highly conductive embedded metal studs is avoided and 
insulation properties are improved. 
0233 Suitable finish surfaces include, but are not limited 
to finish Surfaces such as wood, rigid plastics, wood paneling, 
concrete panels, cement panels, drywall, sheetrock, particle 
board, rigid plastic panels, or any other suitable material 
having decorating and/or structural functions or other con 
struction Substrates 
0234. In a particular type of wall construction useful in the 
invention uses foam plastic walls to form a sandwich structure 
containing the poured LWC composition. After hardening, 
the foam walls are left intact to add significantly to the insu 
lation properties of the walls. Such walls can be made of 
extruded or expanded polymer particles as described above or 
the like, and frequently are available to contractors in pre 
formed wall and corner units that Snap or clip together, 
according to methods well known to those in the construction 
trades. 
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0235 An embodiment of the invention relates to a tilt up 
insulated panel that is adapted for use as a wall or ceiling 
panel. As shown in FIGS. 11-14, one-sided wall panel 340 
includes a reinforced body 341 that includes expanded poly 
merform 342 (central body) and embedded metal studs 344 
and 346 (embedded reinforcing bars). Expanded polymer 
form 342 can include openings 348 and utility chases 349, 
which traverse all or part of the length of expanded polymer 
form 342. The embedded metal studs 344 and 346 have 
embedded ends 352 and 356 respectively that are not in con 
tact with inner face 350 of expanded polymer form 342. The 
embedded metal studs 344 and 346 also have exposed ends 
358 and 360 respectively that extend from outer face 362 of 
expanded polymer form 342. 
0236 Expanded polymer form 342 can have a thickness, 
measured as the distance from innerface 350 to outerface 362 
of at least 8, in Some cases at least 10, and in other cases at 
least 12 cm and can be up to 100, in some cases up to 75, and 
in other cases up to 60 cm. The thickness of expanded poly 
merform 342 can be any distances or can range between any 
of the distances recited above. 
0237 Exposed ends 358 and 360 extend at least 1, in some 
cases at least 2, and in other cases at least 3 cm away outerface 
362 of expanded polymer form 342. Also, Exposed ends 358 
and 360 can extend up to 60, in some cases up to 40, and in 
other cases up to 20cm away from outerface 362 of expanded 
polymer form 342. Exposed ends 358 and 360 can extend any 
of the distances or can range between any of the distances 
recited above from outer face 362. 

0238. In an embodiment of the invention, embedded metal 
studs members 344 and 346 have a cross-sectional shape that 
includes embedding lengths 364 and 366, embedded ends 352 
and 356, and exposed ends 358 and 360. The orientation of 
embedded metal studs members 344 and 346 is referenced by 
the direction of embedded ends 352 and 356. In a particular 
embodiment of the invention, embedded ends 352 and 356 are 
oriented away from each other. In this embodiment, one-sided 
wall panel 340 is adapted so that exposed ends 358 and 360 of 
embedded metal studs 344 and 346 are imbedded in concrete 
370 that is applied to outer face 362. 
0239. The spacing between each of embedded metal studs 
344 and 346 is at least 25 and in some cases at least 30 cm and 
can be up to 110, in Some cases up to 100, in other cases up to 
75, and in some instances up to 60 cm measured from a 
midpoint of exposed end 358 to a midpoint of exposed end 
360. The spacing between embedded metal studs 344 and 346 
can be any distance or range between any of the distances 
recited above. 

0240. In an embodiment of the invention, one-sided wall 
panel 340 includes expanded polymer body 342 (central 
body), embedded metal studs 344 and 346 (reinforcing 
embedded bars), which include flanges 311, cornered ends 
312, utility holes 346 located in an exposed portion of embed 
ded metal studs 344 and 346, expansion holes 313 in an 
embedded portion of embedded metal studs 344 and 346, and 
embedded ends 344 and 346, which do not touch inner face 
350. 

0241. In an embodiment of the invention, inner face 350 
can have a corrugated Surface, which can be molded in or cut 
in, which enhances air flow between inner face 350 and any 
surface attached thereto. 
0242 Expansion holes 313 are useful in that as expanded 
polymer body 342 is molded, the polymer matrix expands 
through expansion holes 313 and the expanding polymer 
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fuses. This allows the polymer matrix to encase and hold 
embedded metal studs 344 and 346 by way of fusion in the 
expanding polymer. In an embodiment of the invention, 
expansion holes 313 can have a flanged and in many cases a 
rolled flange surface to provided add strength to the embed 
ded metal Studs. 

0243 Openings 348 can have various cross-sectional 
shapes, non-limiting examples being round, oval, elliptical, 
Square, rectangular, triangular, hexagonal or octagonal. The 
cross-sectional size of openings 348 can be uniform or they 
can vary independently of each other with regard to size and 
location relative to outer face 362 and inner face 350. The 
spacing between each opening 348 can be at least 1 and in 
Some cases at least 3 cm and can be up to 110, in Some cases 
up to 100, in other cases up to 75, and in Some instances up to 
60 cm measured from a midpoint of one opening 348 to an 
adjacent opening 348. The spacing between openings 348 can 
independently be any distance or range between any of the 
distances recited above. 

0244. The cross-sectional area of openings 348 can also 
vary independently one from another or they can be uniform. 
The cross-sectional area of openings 348 is limited by the 
dimensions of expanded polymer form 342, as openings 348 
will fit within the dimensions of expanded polymer form 342. 
The cross-sectional area of openings 348 can independently 
be at least 1, in some cases at least 5, and in other cases at least 
9 cm and can be up to 130, in some cases up to 100, in other 
cases up to 75 cm. The cross-sectional area of openings 348 
can independently be any value or range between any of the 
values recited above. 

0245 Reinforced body 341 has a finite length and has a 
male terminal end 371 that includes forward edge 372 and a 
receiving end 376 which includes recessed section 376, 
which is adapted to receive forward edge 372. Typically, 
lengths of one-sided wall panel 340 are interconnected by 
inserting a forward edge 372 from a first one-sided wall panel 
340 into a recessed section 378 of a second one-sided wall 
panel. In this manner, a larger wall or ceiling section contain 
ing any number of one-sided wall panels can be assembled 
and/or arrayed. The width of one-sided wall panel 340, mea 
sured as the distance from protruding edge 380 to trailing 
edge 374 can typically beat least 20, in some cases at least 30, 
and in other cases at least 35 cm and can be up to 150, in some 
cases up to 135, and in other cases up to 125 cm. The width of 
one-sided wall panel 340 can be any value or can range 
between any of the values recited above. 
0246. An example of a one-sided wall panel 340 according 
to the invention is shown in FIG. 11, where four embedded 
metal studs 344 and 346 are used. The present LWC compo 
sition is poured, finished and set to form a concrete layer 370 
that encases exposed ends 358 and 360 of embedded metal 
studs 344 and 346. 

0247. The embedded ends 350 and 356 of embedded metal 
studs 344 and 346 are available as attachment points for a 
finish Surface Such as wood, rigid plastics, wood paneling, 
concrete panels, cement panels, drywall, sheetrock, particle 
board, rigid plastic panels, or any other suitable material 
having decorating and/or structural functions or other con 
struction substrates sheetrock 375 as shown in FIG. 11). In a 
particular embodiment of the invention, the lightweight gyp 
sum based product described below is used as drywall or 
sheetrock 375. The attachment is typically accomplished 
through the use of Screws. 
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0248. An embodiment of the invention is shown in FIG. 
12. In this embodiment, reinforcement mesh 371 is attached 
to exposed ends 358 and 360 of embedded metal studs 344 
and 346. Reinforcement mesh 371 can be made of any suit 
able material, non-limiting examples being fiberglass, metals 
Such as steel, stainless Steel and aluminum, plastics, synthetic 
fibers and combinations thereof. Desirably, after reinforce 
ment mesh 371 is attached to exposed ends 358 and 360, 
concrete layer 370 is poured, finished and set so as to encase 
reinforcement mesh 371 and exposed ends 358 and 360. In 
this embodiment, reinforcement mesh 371 increases the 
strength of concrete layer 370 as well as increasing the 
strength of the attachment of concrete layer 370 to reinforced 
body 341. 
0249. In an embodiment of the invention, one-sided wall 
panel 340 is assembled on a flat surface and a first end is lifted 
while a second end remains stationary resulting in orienting 
one-sided wall panel 340 generally perpendicular to the flat 
surface. This is often referred to as “tilting a wall in the art 
and in this embodiment of the invention, one-sided wall panel 
340 is referred to as a “tilt-up wall.” 
0250. An embodiment of the invention relates to a second 

tilt up insulated panel that is adapted for use as a wall or 
ceiling panel. As shown in FIGS. 15-18, two-sided wall panel 
440 includes a reinforced body 441 that includes expanded 
polymer form 442 (central body) and embedded metal studs 
444 and 446 (embedded reinforcing bars). Expanded polymer 
form 442 can include openings 448 that traverse all or part of 
the length of expanded polymer form 442. The embedded 
metal studs 444 and 446 have a first exposed end 452 and 
second exposed end 456 respectively that extend from first 
face 462 of expanded polymer form 442. The embedded 
metal studs 444 and 446 also have second exposed ends 458 
and 460 respectively that extend from second face 450 of 
expanded polymer form 442. 
0251 Expanded polymer form 442 can have a thickness, 
measured as the distance from second face 450 to first face 
462 similar in dimensions to that described above regarding 
expanded polymer form 342. 
0252. The exposed ends can extend at least 1, in some 
cases at least 2, and in other cases at least 3 cm away either 
face 450 or face 462 of expanded polymer form 442. Also, 
The exposed ends can extend up to 60, in Some cases up to 40, 
and in other cases up to 20 cm away from either face of 
expanded polymer form 442. The exposed ends can extend 
any of the distances or can range between any of the distances 
recited above from eitherface of expanded polymerform 442. 
0253) In an embodiment of the invention, exposed ends 
452, 456, 458, and 460 are imbedded in first concrete layer 
469 and second concrete layer 470 that are applied to faces 
450 and 462. 

0254 The spacing between each of embedded metal studs 
444 and 446 can be as described regarding embedded metal 
studs 344 and 346. 
0255. In an embodiment of the invention, two-sided wall 
panel 440 includes expanded polymer body 442 (central 
body), embedded metal studs 444 and 446 (reinforcing 
embedded bars), which cornered ends 412, utility holes 446 
located in an exposed portion of embedded metal studs 444 
and 446, and expansion holes 413 in an embedded portion of 
embedded metal studs 444 and 446. 
0256 Expansion holes 413 are useful in that as expanded 
polymer body 442 is molded, the polymer matrix expands 
through expansion holes 413 and the expanding polymer 
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fuses. This allows the polymer matrix to encase and hold 
embedded metal studs 444 and 446 by way of fusion in the 
expanding polymer. In an embodiment of the invention, 
expansion holes 413 can have a flanged and in many cases a 
rolled flange surface to provided added strength to the embed 
ded metal Studs. 
0257 Openings 448 can have various cross-sectional 
shapes, and similar spacing and cross-sectional area as 
described regarding openings 348 in expanded polymer body 
342. 

0258 Reinforced body 441 has a finite length and has a 
male terminal end 471 that includes forward edge 472 and a 
receiving end 476 which includes recessed section 478, 
which is adapted to receive forward edge 472. Typically, 
lengths of two-sided wall panel 440 are interconnected by 
inserting a forward edge 472 from a first two-sided wall panel 
440 into a recessed section 478 of a second two-sided wall 
panel. In this manner, a larger wall or ceiling section contain 
ing any number of two-sided wall panels can be assembled 
and/or arrayed. The width of one-sided wall panel 440, mea 
sured as the distance from forward edge 472 to recessed 
section 478 can typically be at least 20, in some cases at least 
30, and in other cases at least 35 cm and can be up to 150, in 
Some cases up to 135, and in other cases up to 125 cm. The 
width of two-sided wall panel 440 can be any value or can 
range between any of the values recited above. 
0259 An example of a two-sided wall panel 440 according 
to the invention is shown in FIG. 15, where four embedded 
metal studs 444 and 446 are used. The present LWC compo 
sition is poured, finished and set to form concrete layers 469 
and 470 that encases exposed ends 452, 456, 458, and 460 of 
the embedded metal studs. 
0260 Alternatively, as shown in FIG. 17, two-sided wall 
panel 439 includes variations of two-sided wall panel 440. In 
two-sided wall panel 439 one (or alternatively both, which is 
not shown) of exposed ends 452 and 456 (and alternatively 
also 458 and 460) are available as attachment points for a 
finish surface 475 such as wood, rigid plastics, wood panel 
ing, concrete panels, cement panels, drywall, sheetrock, par 
ticle board, rigid plastic panels, or any other Suitable material 
having decorating and/or structural functions or other con 
struction substrates. The drywall or sheetrock can include the 
lightweight gypsum based product described below. The 
attachment is typically accomplished through the use of 
screws. In this embodiment, the space 476 defined by the 
finished surface, the exposed ends 444 and 446 and the 
expanded polymer body 442 can be used to run utilities, 
insulation and anchors for interior finishes as described 
above. 

0261. In this alternative embodiment, reinforcement mesh 
471 is attached to exposed ends 458 and 460 of embedded 
metal studs 444 and 446. Reinforcement mesh 471 can be 
made of any suitable material, non-limiting examples being 
fiberglass, metals such as steel, stainless steel and aluminum, 
plastics, synthetic fibers and combinations thereof. Desirably, 
after reinforcement mesh 471 is attached to exposed ends 458 
and 460, concrete layer 470 is poured, finished and set so as to 
encase reinforcement mesh 471 and exposed ends 458 and 
460. In this embodiment, reinforcement mesh 471 increases 
the strength of concrete layer 470 as well as increasing the 
strength of the attachment of concrete layer 470 to reinforced 
body 441. 
0262. In an embodiment of the invention, two-sided wall 
panel 440 is assembled on a flat surface and a first end is lifted 
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while a second end remains stationary resulting in orienting 
two-sided wall panel 440 generally perpendicular to the flat 
surface, i.e., "tilting a wall as described above. 
0263. The present invention also provides floor units and 
floor systems that include composite floor panels containing 
the present lightweight concrete composition. The floor pan 
els generally include a central body, Substantially parallelepi 
pedic in shape, containing an expanded polymer matrix, hav 
ing opposite faces, a top Surface, and an opposing bottom 
Surface; and two or more embedded floor joists longitudinally 
extending across the central body between the opposite faces, 
having a first end embedded in the expanded polymer matrix, 
having a first transverse member extending from the first end 
generally contacting or extending above the top surface, a 
second end extending away from the bottom surface of the 
central body having a second transverse member extending 
from the second end, and one or more expansionholes located 
in the embedded joists between the first end of the embedded 
joists and the bottom surface of the central body. The central 
body contains a polymer matrix as described above that 
expands through the expansion holes. The embedded joists 
include one or more utility holes located in the embedded 
joists between the bottom surface of the central body and the 
second end of the embedded joists and the space defined by 
the bottom surface of the central body and the second ends of 
the reinforcing embedded joists is adapted for accommodat 
ing utility lines. A concrete layer containing the present light 
weight cementitious composition covers at least a portion of 
the top surface and/or bottom surface. The composite floor 
panel is positioned generally perpendicular to a structural 
wall and/or foundation. 

0264. As shown in FIG. 19, floor unit 90 includes expand 
able polymer panel 92 (central body) and embedded metal 
joists 94 and 96 (reinforcing embedded bars). Expandable 
polymer panel 92 includes openings 98that traverse all or part 
of the length of expanded polymer panel 92. The embedded 
metal joists 94 and 96 have embedded ends 104 and 106 
respectively that are in contact with top surface 102 of 
expanded polymer panel 92. The embedded metal joists 94 
and 96 also have exposed ends 108 and 110 respectively that 
extend from bottom surface 100 of expanded polymer panel 
92. 

0265 Embedded metal joists 94 and 96 include first trans 
verse members 124 and 126 respectively extending from 
embedded ends 104 and 106 respectively, which are generally 
in contact with top surface 102 and exposed ends 108 and 110 
include second transverse members 128 and 129 respectively, 
which extend from exposed ends 108 and 110 respectively. 
The space defined by bottom surface 100 of expanded poly 
mer panel 92 and the exposed ends 108 and 110 and second 
transverse members 128 and 129 of embedded metaljoists 94 
and 96 can be oriented to accept ductwork placed between 
embedded metal joists 94 and 96 adjacent bottom surface 
1OO. 

0266 Expanded polymer panel 92 can have a thickness, 
measured as the distance from top surface 102 to bottom 
surface 100 of at least 2, in some cases at least 2.5, and in other 
cases at least 3 cm and can be up to 50, in Some cases up to 40, 
in other cases up to 30, in some instances up to 25, in other 
instances up to 20, in Some situations up to 15 and in other 
situations up to 10 cm from top surface 102 of expanded 
polymer panel 92. The thickness of panel 92 can be any 
distances or can range between any of the distances recited 
above. 
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0267 Exposed ends 108 and 110 extend at least 1, in some 
cases at least 2, and in other cases at least 3 cm away from 
bottom surface 100 of expanded polymer panel 92. Also, 
Exposed ends 108 and 110 can extend up to 60, in some cases 
up to 40, and in other cases up to 20 cm away from bottom 
surface 100 of expanded polymer panel 92. Exposed ends 108 
and 110 can extend any of the distances or can range between 
any of the distances recited above from bottom surface 100. 
0268. In an embodiment of the invention, embedded metal 
joists 94 and 96 have a cross-sectional shape that includes 
embedding lengths 114 and 116, embedded ends 104 and 
106, and exposed ends 108 and 110. The orientation of 
embedded metal joists 94 and 96 is referenced by the direc 
tion of open ends 118 and 120. In an embodiment of the 
invention, open ends 118 and 120 are oriented toward each 
other. In this embodiment, floor unit 90 is adapted to accept 
ductwork. As a non-limiting example, a HVAC duct can be 
installed along the length of embedded metaljoists 94 and 96. 
0269. As used herein, the term “ductwork” refers to any 
tube, pipe, channel or other enclosure through which air can 
flow from a source to a receiving space; non-limiting 
examples being air flowing from heating and/or air-condi 
tioning equipment to a room, make-up air flowing from a 
room to heating and/or air-conditioning equipment, fresh air 
flowing to an enclosed space, and/or waste air flowing from 
an enclosed space to a location outside of the enclosed space. 
In some embodiments, ductwork includes generally rectan 
gular metal tubes that are located below and extend generally 
adjacent to a floor. 
0270. The spacing between each of embedded metaljoists 
94 and 96 can be as described regarding embedded metal 
studs 344 and 346. 
0271 Openings 98 can have various cross-sectional 
shapes, and similar spacing and cross-sectional area as 
described regarding openings 348 in expanded polymer body 
342. 
0272. As shown in FIG. 19, expanded polymer panel 92 
can extend for a distance with alternating embedded metal 
joists 94 and 96 placed therein. The length of floor unit 90 can 
be any length that allows for safe handling and minimal 
damage to floor unit 90. The length of floor unit 90 can 
typically be at least 1, in Some cases at least 1.5, and in other 
cases at least 2 m and can be up to 25, in Some cases up to 20, 
in other cases up to 15, in Some instances up to 10 and in other 
instances up to 5 m. The length of floor unit 90 can be any 
value or can range between any of the values recited above. In 
some embodiments, an end offloor unit 90 can be terminated 
with an embedded metal joist. 
(0273. As shown in FIG. 19, expanded polymer panel 92 
has a finite length and has a male terminal end 91 that includes 
forward edge 93 and trailing edge 95 and a receiving end 97 
which includes recessed section 99 and extended section 101, 
which is adapted to receive forward edge 93, and trailing edge 
95. Typically, lengths of floor units 90 are interconnected by 
inserting a forward edge 93 from a first floor unit 90 into a 
recessed section 99 from a second floor unit 90. In this man 
ner, a larger floor section containing any number offloor units 
can be assembled and/or arrayed. 
(0274 The width of floor unit 90 can be any width that 
allows for safe handling and minimal damage to floor unit 90. 
The width of floor unit 90 is determined by the length of 
embedded metal joists 94 and 96. The width of floor unit 90 
can be at least 1 and in Some cases at least 1.5 m and can be up 
to 3 m and in Some cases up to 2.5 m. In some instances, in 
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order to add stability to floor unit 90, reinforcing cross-mem 
bers (not shown) can be attached to embedded metal joists 94 
and 96. The width of floor unit 90 can be any value or can 
range between any of the values recited above. 
(0275 Floor unit 90 is typically part of an overall floor 
system that includes a plurality of the composite floor panels 
described herein, where the male ends include a tongue edge 
and the female ends include a groove arrayed Such that a 
tongue and/or groove of each panel is in Sufficient contact 
with a corresponding tongue and/or groove of another panel 
to form a plane. A concrete layer that contains the present 
lightweight concrete composition covers at least a portion of 
a surface of the floor system. The established plane extends 
laterally from a foundation and/or a structural wall. 
0276. In the present floor system, ductwork can be 
attached to the reinforcing metal bars of at least one compos 
ite floor panel. 
0277 Additionally, a flooring material can be attached to 
one or more of the first transverse members of the composite 
floor panels. Any suitable flooring material can be used in the 
invention. Suitable flooring materials are materials that can be 
attached to the transverse members and cover at least a por 
tion of the expanded polymer panel. Suitable flooring mate 
rials include, but are not limited to plywood, wood planks, 
tongue and grooved wood floor sections, sheet metal, sheets 
of structural plastics, stone, ceramic, cement, concrete, and 
combinations thereof. 

0278. An embodiment of the invention relates to a floor or 
tilt up insulated panel that is adapted to act as a lightweight 
concrete I-beam form. As shown in FIG.20, I-beam panel 140 
includes expanded polymer form 142 (central body) and 
embedded metal studs 144 and 146 (embedded reinforcing 
bars). Expanded polymer form 142 includes openings 148 
that traverse all or part of the length of expanded polymer 
form 142. The embedded metal studs 144 and 146 have 
embedded ends 152 and 156 respectively that are in contact 
with inner face 150 of expanded polymer form 142. The 
embedded metal studs 144 and 146 also have exposed ends 
158 and 160 respectively that extend from outer face 162 of 
expanded polymer form 142. 
0279 Expanded polymer form 142 can have a thickness, 
measured as the distance from innerface 150 to outerface 162 
similar in dimensions to that described above regarding 
expanded polymer panel 92. 
0280 Exposed ends 158 and 160 extend at least 1, in some 
cases at least 2, and in other cases at least 3 cm away outerface 
162 of expanded polymer form 142. Also, Exposed ends 158 
and 160 can extend up to 60, in Some cases up to 40, and in 
other cases up to 20cm away from outerface 162 of expanded 
polymer form 142. Exposed ends 158 and 160 can extend any 
of the distances or can range between any of the distances 
recited above from outer face 100. 

0281. In an embodiment of the invention, embedded metal 
studs 144 and 146 have a cross-sectional shape that includes 
embedding lengths 164 and 166, embedded ends 152 and 
156, and exposed ends 158 and 160. The orientation of 
embedded metal studs 144 and 146 is referenced by the direc 
tion of open ends 168 and 170. In an embodiment of the 
invention, open ends 168 and 170 are oriented toward each 
other. In this embodiment, I-beam panel 140 is adapted to be 
imbedded in lightweight concrete that can be applied to outer 
face 162. 
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0282. The spacing between each of embedded metal studs 
144 and 146 can be as described regarding embedded metal 
studs 344 and 346. 
0283) Openings 148 can have various cross-sectional 
shapes, and similar spacing and cross-sectional area as 
described regarding openings 348 in expanded polymer body 
342. 
0284 As shown in FIG. 20, expanded polymer panel 140 
has a finite length and has a male terminal end 170 that 
includes forward edge 172 and trailing edge 174 and a receiv 
ing end 176 which includes recessed section 178, which is 
adapted to receive forward edge 172, and protruding edge 
180. Typically, lengths of I-beam panels 140 are intercon 
nected by inserting a forward edge 172 from a first I-beam 
panel 140 into a recessed section 178 of a second I-beam 
panel. In this manner, a larger roof, ceiling, floor or wall 
section containing any number of I-beam panels can be 
assembled and/or arrayed. The width of I-beam panel 140, 
measured as the distance from protruding edge 180 to trailing 
edge 174 can typically beat least 20, in some cases at least 30, 
and in other cases at least 35 cm and can be up to 150, in some 
cases up to 135, and in other cases up to 125 cm. The width of 
I-beam panel 140 can be any value or can range between any 
of the values recited above. 

0285 I-beam panel 140 includes I-beam channel 182. The 
present I-beam panel is advantageous when compared to prior 
art systems in that the connection between adjacent panels in 
the prior art is provided along the thin section of expanded 
polymer below I-beam channel 182. The resulting thin edge is 
prone to damage and/or breakage during shipment and han 
dling. The I-beam panel of the present invention eliminates 
this problem by molding in the I-beam channel, eliminating 
the exposure of a thin edge section to potential damage. 
0286. In an embodiment of the invention, rebar or other 
concrete reinforcing rods can be placed in I-beam channel 
182 in order to strengthen and reinforce a lightweight con 
crete I-beam formed within I-beam channel 182. 
0287. In another embodiment of the invention shown in 
FIG. 21, instead of I-beam channel 182, I-beam panel 141 
includes channel 183. Channel 183 is adapted to accept round 
ductwork or other mechanical and utility parts and devices 
and/or can be filled with lightweight concrete as described 
above. 
0288 An example of an I-beam system 200 according to 
the invention is shown in FIG. 22, where four I-beam panels 
140 are connected by inserting a forward edge 172 from a first 
I-beam panel 140 into a recessed section 178 of a second 
I-beam panel. Lightweight concrete is poured, finished and 
set to form a lightweight concrete layer 202 that includes 
lightweight concrete I-beams 204, which are formed in 
I-beam channels 182. The embodiment shown in FIG.22 is an 
alternating embodiment, where the direction of I-beam chan 
nel 182 of each I-beam panel 140 alternately faces toward 
lightweight concrete layer 202 and includes lightweight con 
crete I-beam 204 or faces away from lightweight concrete 
layer 202 and I-beam channel 182 does not contain concrete. 
In an embodiment of the invention, the facing away I-beam 
panel can be I-beam panel 141. Alternatively, every I-beam 
panel 140 could face lightweight concrete layer 202 and 
include lightweight concrete I-beam 204. 
0289. In the embodiment shown, exposed ends 158 and 
160 are either embedded in lightweight concrete layer 202 or 
are exposed. The exposed ends 158 and 160 are available as 
attachment points for a finish surface 210, which can include 
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wood, rigid plastics, wood paneling, concrete panels, cement 
panels, drywall, sheetrock, particle board, rigid plastic pan 
els, lightweight concrete construction articles described 
herein, or any other Suitable material having decorating and/ 
or structural functions or other construction substrates 210. 
The attachment is typically accomplished through the use of 
screws, nails, adhesive or other fasteners known in the art. 
0290. In an embodiment of the invention, I-beam system 
200 is assembled on a flat surface and a first end is lifted while 
a second end remains stationary resulting in orienting I-beam 
system 200 generally perpendicular to the flat surface and 
erected by "tilting a wall as described above. 
0291. In another embodiment of the invention, I-beam 
system 200 can be used as a roof on a structure or a floor in a 
Structure. 

0292 Generally, the floor system forms a plane that 
extends laterally from a foundation and/or a structural wall. 
0293 FIGS. 23 and 24 show floor systems 140 and 141 
respectively. Floor system 140 is established by contacting 
forward edge 93 with recessed section 99 to form a continu 
ous floor 142. Like features of the individual floor panels are 
labeled as indicated above. As described above, various 
shaped types of ductwork can be secured in the space defined 
by bottom surface 100 of expanded polymer panel 92 and the 
exposed ends 108 and 110 and second transverse members 
128 and 129 of embedded metal joists 94 and 96. As non 
limiting examples, rectangular ventilation duct 147 is shown 
in FIG. 23 and circular air duct 148 is shown in FIG. 24. 
0294 Embodiments of the present invention provide a 
composite building panel that includes a central body, Sub 
stantially parallelepipedic in shape, containing an expanded 
polymer matrix as described above, having opposite faces, a 
top Surface, and an opposing bottom Surface; at least one 
embedded framing stud longitudinally extending across the 
central body between the opposite faces, having a first end 
embedded in the expanded polymer matrix, a second end 
extending away from the bottom surface of the central body, 
and one or more expansion holes located in the embedded 
stud between the first end of the embedded stud and the 
bottom surface of the central body, where the central body 
contains a polymer matrix that expands through the expan 
sion holes; and a lightweight concrete layer covers at least a 
portion of the top surface and/or bottom surface. 
0295. The embodiment of the invention shown in FIG. 24 
shows an example of using combinations of the composite 
panels described herein and combining features of the various 
panels. This embodiment combines I-beam panel 140 and 
floor panel 92 (shown as 92 and 92A). In this embodiment, 
receiving end 176 of I-beam panel 140 accepts forward edge 
93 offloorpanel 92 and recessed section 99 offloorpanel92A 
accepts forward edge 172 of I-beam panel 140 to provide 
tongue and groove connections to establish continuous floor 
system 141. In this embodiment, circular ductwork 148 is 
installed along bottom surface 100 of floor panel 92 between 
embedded metal joists 94 and 96. In this embodiment, the 
flooring material is the present lightweight concrete compo 
sition as layer 145, which covers top surface 102 of floor 
panels 92 and 92A and outer face 162 of I-beam panel 140. 
I-beam channel 182 extends from and is open to outer face 
162 and is filled with lightweight concrete and the thickness 
of concrete layer 145 is sufficient to encase exposed ends 158 
and 160 of I-beam panel 140. The combination shown in this 
embodiment provides an insulated concrete floor system 
where utilities can be run under an insulation layer. 
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0296. As shown in the embodiment of FIG. 23, a layer of 
the present lightweight concrete composition 149, with a 
grooved exposed surface, covers floor units 90. In an alterna 
tive embodiment (not shown) a plywood, plastic, particle 
board or other suitable sub-floor can be attached to first trans 
verse members 124 and 126 and the lightweight concrete 
composition layer 149 applied thereto. 
0297. As shown in FIG. 25, an end of embedded metal 

joists 94 and 96 are seated in and attached to a joist rim 122 
and a second joist rim is attached to the other end of embed 
ded metal joists 94 and 96. A lightweight concrete layer 149. 
as a floor, can be applied over transverse members 124 and/or 
126. 
0298 Referring to FIG. 25, embedded metal joists 94 and 
96 have utility holes 127 spaced along their length. Utility 
holes 127 are useful for accommodating wiring for electricity, 
telephone, cable television, speakers, and other electronic 
devices. Utility holes 127 can have various cross-sectional 
shapes, non-limiting examples being round, oval, elliptical, 
Square, rectangular, triangular, hexagonal or octagonal. The 
cross-sectional area of Utility holes 127 can also vary inde 
pendently one from another or they can be uniform. The 
cross-sectional area of utility holes 127 is limited by the 
dimensions of embedded metal joists 94 and 96, as utility 
holes 127 will fit within their dimensions and not significantly 
detract from their structural integrity and strength. The cross 
sectional area of utility holes 127 can independently be at 
least 1, in some cases at least 2, and in other cases at least 5 
cm and can be up to 30, in some cases up to 25, in other cases 
up to 20 cm. The cross-sectional area of utility holes 127 can 
independently be any value or range between any of the 
values recited above. 
0299| Expansion holes 113, as mentioned above are useful 
in that as expanded polymer body 92 is molded, the polymer 
matrix expands through expansion holes 113 and the expand 
ing polymer fuses. This allows the polymer matrix to encase 
and hold embedded studs 94 and 96 by way of the fusion in the 
expanding polymer. In an embodiment of the invention, 
expansion holes 113 can have a flanged and in many cases a 
rolled flange surface to provided added strength to the embed 
ded metal Studs. 

0300. In an embodiment of the invention, the floor system 
can be placed on a foundation. However, because foundations 
are rarely perfectly level, a level track can be attached to the 
foundation prior to placement of the floor system. The level 
track includes a top surface having a length and two side rails 
extending from opposing edges of the top Surface, where the 
width of the top surface is greater than a width of the foun 
dation and the length of the top surface is generally about the 
same as the length of the foundation. The level track is gen 
erally attached to the foundation by placing the level track 
over the foundation with the side rails generally contacting 
the sides of the foundation, situating the top Surface Such that 
it conforms to level and permanently attaching the level track 
to the foundation. A rim joist can be used to aid in attaching 
the top surface to an end of the plurality of composite floor 
panels. 
0301 More particularly, a level track 128 can be attached 
to foundation 130 prior to placement of the floor system (see 
FIGS. 25 and 26). Level track 128 can be placed on founda 
tion 128 and leveled. The level is made permanent by fasten 
ing level track 128 to foundation 130 by using fasteners 131 
(nails shown, although screws or other Suitable devices can be 
used) via fastening holes 132. Screws 133 can also be used to 
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attach level track 128 to foundation 130 via screw holes 135. 
Some of screw holes 135 can be used in conjunction with 
screws 133 to attachabottom lip of joist rim 122 to level track 
128. Screws 133 can also maintain the level position of level 
track 128 until a more permanent positioning is achieved. 
Alternatively or additionally mortar can be applied via mortar 
holes 134 to fill the space between level track 128 and the top 
of foundation 130. After level track 128 has been attached 
and/or the mortar has sufficiently set, the flooring system can 
be fastened to the foundation. 

0302 Level track 128 includes side rails 137, which are 
adapted to extend over a portion of foundation 130. The width 
of level track 128 is the transverse distance of a top portion of 
level track 128 from one side rail 137 to the other. The width 
of level track 128 is typically slightly larger than the width of 
foundation 130. The width of level track 128 can be at least 10 
cm, in some cases at least 15 cm, in other cases at least 20 cm 
and in Some instances at least 21 cm. Also, the width of level 
track 128 can be up to 40 cm, in Some cases up to 35 cm, and 
in other cases up to 30 cm. The width of level track 128 can be 
any value or range between any of the values recited above. 
0303. The length of side rail 137 is the distance it extends 
from a top portion of level track 128 and is sufficient in length 
to allow for proper leveling of level track 128 and attachment 
to foundation 130 via fasteners 131 and fastening holes 132. 
The length of side rail 137 can be at least 4 cm, in some cases 
at least 5 cm, and in other cases at least 7 cm. Also, the length 
of side rail 137 can be up to 20 cm, in some cases up to 15 cm, 
and in other cases up to 12 cm. The length of side rail 137 can 
be any value or range between any of the values recited above. 
0304. A wall system 50 can be attached to or set on light 
weight concrete layer 149 as shown in FIG.25. In wall system 
50, a bottom end of metal studs 14 and 16, partially embedded 
in polymer body 14 are seated in and attached to a bottom 
track 44 and a top slip track (not shown). This configuration 
leads to the formation of bottom channel 52. 

0305. In an embodiment of the invention, the LWC com 
position is formed, set and/or hardened in the form of a 
construction panel, without the use of a pre-formed building 
panel as described above. In this embodiment, the construc 
tion panel can be adapted for use in a floor, wall, ceiling, or 
roof. 

0306 Additionally, the LWC compositions of the inven 
tion can be used as a stucco or as a plaster, being applied by 
any means well known to those of ordinary skill in those 
trades; as a wall board, of the sandwich type of construction 
wherein the hardened material is sandwiched by suitably 
strong paper or other construction material; as pavers for 
sidewalks, driveways and the like; as a pour material for 
sidewalks, driveways and the like; as a monolithic pour mate 
rial for floors of buildings; as chimney Stacks or Smoke stacks; 
as bricks; as roof pavers; as monolithic pour material for 
radiant heat floor systems; as blocks for landscape retaining 
walls; as pre-stressed concrete wall systems; as tilt-up wall 
systems, i.e. where a wall component is poured on site and 
then tilted up when hardened; and as mason's mortar. 
0307. In an embodiment of the invention, the concrete 
compositions according to the invention are formed, set and/ 
or hardened in the form of a concrete masonry unit. As used 
herein, the term “concrete masonry unit refers to a hollow or 
Solid concrete article including, but not limited to scored, split 
face, ribbed, fluted, ground face, slumped and paving Stone 
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varieties. Embodiments of the invention provide walls that 
include, at least in part, concrete masonry units made accord 
ing to the invention. 
0308. In an embodiment of the invention, the molded con 
struction articles and materials and concrete masonry units 
described above are capable of receiving and holding pen 
etrating fasteners, non-limiting examples of Such include 
nails, screws, staples and the like. This can be beneficial in 
that surface coverings can be attached directly to the molded 
construction articles and materials and concrete masonry 
units molded construction articles and materials and concrete 
masonry units. 
0309. In an embodiment of the invention, a standard 2/2 
inch drywall screw can be screwed into a poured and set 
Surface containing the present light weight concrete compo 
sition, to a depth of 1/2 inches, and is not removed when a 
force of at least 500, in some cases at least 600 and in other 
cases at least 700 and up to 800 pounds of force is applied 
perpendicular to the Surface screwed into for one, in some 
cases five and in other cases ten minutes. 
0310 Embodiments of the present invention provide light 
weight structural units such as gypsum wallboard and the 
like. These units include a core of cementitious material as 
described above, covered at least on both of its major surfaces 
by cover or face papers which are adhered to the cured cemen 
titious core. While the product to be made can be described as 
a gypsum wallboard in which the base cementitious material 
is some form of gypsum composition or combinations of 
gypsum compositions, it will be understood that for different 
applications, other forms of cementitious material Such as 
plaster of Paris, stucco, cements of all kinds may be used to 
make other products and fall within the scope of the present 
invention. 
0311. As used herein, the term "gypsum” refers to the 
mineral gypsum as found in nature is primarily calcium Sul 
fate dihydrate (CaSO4·2H2O) and "gypsum compositions' 
refer to compositions and/or mixtures that contain gypsum. 
To make gypsum wallboard, the mineral is ground and cal 
cined so that it is primarily the hemihydrate of calcium sulfate 
(CaSO/2 HO) and denoted as hemihydrate, stucco or cal 
cined gypsum. If dehydration is complete, calcium Sulfate 
(CaSO). 
0312 Embodiments of the invention provide for making a 
lightweight core for a structural unit includes the following 
combinations of materials: 

0313 (1) a base gypsum composition that includes cal 
cined gypsum, 

0314 (2) polymer particles having an average particle 
size of from 0.2 mm to 8.0mmanda bulk density of from 
0.03 g/cc to 0.64 g/cc as described above: 

0315 (3) optionally a surfactant, 
0316 (4) optionally a frothing agent suitable for use 
with latex; 

0317 (5) optionally a film forming component, such as 
a latex, 

0318 (6) optionally a starch composition, and 
0319 (7) optionally water, plus other additives as may 
be desired. 

0320. The slurry or mixture can be prepared by adding to 
a Suitable vessel a part of the water, one or more surfactants, 
and a frothing agent, which under agitation forms a froth. 
After allowing for appropriate air to be entrained, the latex 
and starch can be added. During continued agitation, the 
gypsum is added slowly to prevent lumping or clumping, and 
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then the balance of the predetermined amount of water is 
added. To this the polymer particles are added with stirring or 
agitation continued to obtain a smooth homogeneous mix 
ture. When it serves an advantageous purpose, the order of 
addition can be varied. 
0321. In an embodiment of the invention, the polymer 
particles can be added to the gypsum based material at from 
about 0.1 to up to about 3% by weight of the gypsum, in some 
cases from about 0.5 to about 3 weight percent, from about 10 
to about 60 percent by volume of the gypsum based material, 
or at the levels defined above. 
0322 The latex can be used at from about 0.1 to about 5.0 
percent by weight of gypsum and in Some cases from 1 to 3 
weight percent. 
0323. In an embodiment of the invention, the latex con 
tains a styrene butadiene copolymer, a vinyl acetate 
homopolymer or copolymer, a non-limiting example being an 
ethylene vinyl acetate copolymer, or combinations thereof. 
0324. The surfactant and/or frothing agent, when used as a 
single or combined additive, can be used at from about 
0.075% to about 0.3% by weight of gypsum, in some cases 
about 0.1 to 0.2 weight percent. In particular embodiments, 
magnesium lauryl Sulfate is used. 
0325 The starch can be used at from about 0.5 to about 
3.0% by weight of gypsum, and in some cases at about 1 to 
about 2 weight percent. 
0326 Gypsum, limestone and/or dolomite can provide the 
balance of the formulation. 
0327 Advantageously, the polymer particles not only 
lighten the weight of the wallboard, but add insulating value 
and in reducing the amount of gypsum they reduce the water 
requirement in the formulation. Thus an advantage to the 
present invention is that the gypsum mixture or slurry 
requires very little or no water in excess of that required for 
proper hydration. Further, the total water content in the gyp 
Sum based material can be as low as practicable, on the order 
of about 50 to 60% by weight of hemihydrate, keeping in 
mind that it is desirable to use only as much excess of water 
over that required to react with the cementitious compound as 
is necessary to provide the desired homogenous flowable 
mixture which may by readily placed into a mold or other 
means for making lightweight cementitious cores for wall 
board. 
0328. The prepuff or polymer particle density, diameter 
and Volume can be varied to provide targeted and/or other 
wise desirable properties to the gypsum composition. This 
permits the engineering of specific characteristics into sheet 
rock, wallboard or other products made from the present 
lightweight gypsum composition, non-limiting examples 
being fire resistance, insulation value, shear resistance, fin 
ished board weight, and/or fastener holding and tear-out 
strength. 
0329. An advantage to the present invention is the more 
uniform size and distribution of the polymer particles within 
the wallboard or gypsum material than prior art attempts at 
including expanded particles in the wallboard and/or compo 
sitions. Further, the presence of the polymer particles pro 
vides added strength as well as flexibility to the wallboard. In 
the final product, this shows up as an increase in compressive 
strength as well as flexural strength. 
0330. In an embodiment of the invention, when wallboard 
containing the above-described gypsum composition is 
exposed to extreme heat and/or flames, a honeycomb struc 
ture results which can maintain much of the strength of the 
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wallboard. This can be advantageous in increasing the length 
of time until failure, which aids in evacuating structures made 
using such materials. 
0331. In an embodiment of the invention, a standard 1/4" 
inch drywall screw can be screwed into the present light 
weight wallboard or gypsum material, to a depth of /2 inches, 
and is not removed whena force of at least 500, in some cases 
at least 600 and in other cases at least 700 and up to 800 
pounds of force is applied perpendicular to the Surface 
screwed into for one, in some cases five and in other cases ten 
minutes. 

0332. In an embodiment of the invention, wallboard con 
taining the above-described gypsum composition has a mini 
mum compressive strength of at least 300 psi (21.1 kgf/cm), 
in some cases at least 400psi (28.1 kgf/cm), in other cases at 
least 500 psi (35.2 kgf/cm), in some instances at least 600 psi 
(42.2 kgf/cm), and in other instances at least 700 psi (49.2 
kgf/cm). Compressive strengths are determined according to 
ASTM C39. 

0333. The present invention is also directed to buildings 
that include the LWC compositions according to the inven 
tion. 

0334. The present invention also provides a method of 
making an optimized lightweight concrete article that 
includes: 

0335 identifying the desired density and strength prop 
erties of a set lightweight concrete composition; 

0336 determining the type, size and density of polymer 
beads to be expanded for use in the light weight concrete 
composition; 

0337 determining the size and density the polymer 
beads are to be expanded to: 

0338 expanding the polymer beads to form expanded 
polymer beads: 

0339 dispersing the expanded polymer beads in a 
cementitious mixture to form the light weight concrete 
composition; and 

0340 allowing the lightweight concrete composition to 
set in a desired form. 

0341 The desired density and strength properties of the 
set and/or hardened LWC composition are determined based 
on the intended application. 
0342. In an embodiment of the invention, the type, size 
and density of polymer beads to be expanded and the size and 
density the polymer beads are to be expanded to can be 
determined based on empirical and/or published data. 
0343. In another embodiment of the invention finite ele 
ment analysis can be used to determine the type, size and 
density of polymer beads to be expanded and the size and 
density the polymer beads are to be expanded to. 
0344) The resulting lightweight concrete composition is 
allowed to set and/or harden to provide LWC articles and 
concrete masonry units as described above. 
(0345. The present invention will further be described by 
reference to the following examples. The following examples 
are merely illustrative of the invention and are not intended to 
be limiting. Unless otherwise indicated, all percentages are 
by weight and Portland cement is used unless otherwise 
specified. 
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EXAMPLES 

0346 Unless otherwise indicated, the following materials 
were utilized: 

(0347 Type III Portland Cement (CEMEX, S.A. de C.V., 
MONTERREY, MEXICO). 

0348 Mason Sand (165 pcf bulk density/2.64 specific 
gravity) 

(0349 Potable Water ambient temperature (~70° 
F/21° C.) 

0350 Expandable Polystyrene M97BC, F271C, 
F271M, F271T (NOVA Chemicals Inc., Pittsburgh, Pa.) 

0351. EPS Resin-1037C(NOVA Chemicals, Inc.) 
0352 /2 inch Expanded Slate (Carolina Stalite Com 
pany, Salisbury, N.C.—89.5 pcf bulk density/1.43 spe 
cific gravity) 

0353 Unless otherwise indicated, all compositions were 
prepared under laboratory conditions using a model 42N-5 
blender (Charles Ross & Son Company, Hauppauge, N.Y.) 
having a 7-ft working capacity body with a single shaft 
paddle. The mixer was operated at 34 rpm. Conditioning was 
performed in a LH-10 Temperature and Humidity Chamber 
(manufactured by Associated Environmental Systems, Ayer, 
Mass.). Samples were molded in 6'x12" single use plastic 
cylinder molds with flat caps and were tested in triplicate. 
Compression testing was performed on a Formey FX250/300 
Compression Tester (Formey Incorporated, Hermitage, Pa.), 
which hydraulically applies a vertical load at a desired rate. 
All other peripheral materials (slump cone, tamping rods, 
etc.) adhered to the applicable ASTM test method. The fol 
lowing ASTM test methods and procedures were followed: 

0354 ASTM C470 Standard Specification for Molds 
for Forming Concrete Test Cylinders Vertically 

0355 ASTMC192—Standard Practice for Making and 
Curing Concrete Test Specimens in the Laboratory 

0356 ASTM C330 Standard Specification for Light 
weight Aggregates for Structural Concrete 

0357 ASTM C51 1-Standard Specification for Mix 
ing Rooms, Moist Cabinets, Moist Rooms, and Water 
Storage Tanks Used in the Testing of Hydraulic Cements 
and Concretes 

0358 ASTM C143 Standard Test Method for Slump 
of Hydraulic-Cement Concrete 

0359 ASTM C1231–Standard Practice for Use of 
Unbonded Caps in Determination of Compressive 
Strength of Hardened Concrete Cylinders 

0360 ASTM C39 Standard Test Method for Com 
pressive Strength of Cylindrical Concrete Specimens 

0361 Cylinders were kept capped and at ambient labora 
tory conditions for 24 hours. All cylinders were then aged for 
an additional 6 days at 23+2°C., 95% relative humidity. The 
test specimens were then tested. 

Example 1 

0362 Polystyrene in unexpanded bead form (M97BC-0. 
65 mm, F271 T-0.4 mm, and F271M-0.33 mm) was pre-ex 
panded into EPS foam (prepuff) particles of varying densities 
as shown in the table below. 
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Prepuff Particle 

Bead Bulk 
Bead Mean Size, Density, 
Type lm lb/ft Mean Size, Jim Standard deviation, Jim 
F271M 330 2.32 902 144 
F271M 330 3.10 824 8O 
F271M 330 4.19 725 103 
F271 T 400 2.40 1027 176 
F271 T 400 3.69 1054 137 
F271 T 400 4.57 851 141 
M97BC 6SO 2.54 1705 704 
M97BC 6SO 3.29 1474 587 
M97BC 6SO 5.27 1487 S84 

0363 The data show that the prepuff particle size varies 
inversely with the expanded density of the material. 

Example 2 
0364 Polystyrene in unexpanded bead form (0.65mm, 0.4 
mm, and 0.33 mm) was pre-expanded into prepuff particles 
with a bulk density of 2 lb/ft as shown in the table below. The 
prepuff particles were formulated into a LWC composition, in 
a 3.5 cubic foot drum mixer, that included 46.5 wt.% (25.3 
Vol.%) Portland cement, 16.3 wt.% (26.3 Vol.%) water, and 
1.2 wt.% (26.4 Vol.%) prepuff particles. The resulting LWC 
compositions had a concrete density of 90 lb/ft. The average 
compressive strength (determined according to ASTM C39. 
seven day break test) is shown in the table below. 

Prepuff Particle Concrete 

Bead Bulk Density, Compressive Strength, 
Mean Size, Im b/ft Density, lb/ft psi 

6SO 2.00 90 1405 
400 2.00 90 1812 
330 2.00 90 1521 

0365. The data show that as the mean unexpanded bead 
size decreases, at a constant prepuff particle density, that 
Surprisingly higher compressive strength does not necessarily 
result from ever decreasing unexpanded bead size as Sug 
gested in the prior art. More particularly, the data show that an 
optimum unexpanded bead size with respect to compressive 
strength at 2.00 pcf exists when loaded to obtain 90 pcf 
concrete density. This optimum appears to be between 330 
microns and 650 microns for this particular formulation. 

Example 3 
0366 Since the prepuff particle density also impacts the 
overall concrete density, changing the EPS density requires a 
change in the EPS loading level to maintain a constant con 
crete density. This relationship holds only as long as the total 
amount of prepuff particles is not so large as to compromise 
the strength of the Surrounding concrete matrix. The relation 
ship between the prepuff particle density and loading level 
provides additional opportunities to optimize concrete 
strength while controlling the overall concrete density. 
0367 Polystyrene in unexpanded bead form (0.65 mm) 
was pre-expanded into prepuff particles having varying den 
sities as shown in the table below. The prepuff particles were 
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formulated into LWC compositions containing the compo 
nents shown in the table below, in a 3.5 cubic foot drum mixer, 
and each having a concrete density of 90 lb/ft. 

Sample A Sample B Sample C 

Prepuff Particle Bulk Density 1.26 3.29 5.37 

(1b/ft) 
Portland Cement, wt.% 46.7 (28.5) 46.2 (22.1) 45.8 (18.9) 
(vol.%) 
Water, wt.% (vol.%) 16.4 (29.8) 16.2 (23) 16.1 (19.7) 
EPS, wt.% (vol.%) 0.7 (16.8) 1.8 (35.6) 2.6 (44.9) 
Sand, wt.% (vol.%) 36.2 (24.9) 35.8 (19.3) 35.5 (16.5) 

0368. The following data table numerically depicts the 
relationship between prepuff density and concrete strength at 
a constant concrete density of 90 lb/ft. 

Concrete 

Compressive 
Bead Prepuff Particle Density, Strength, 

Mean Size, im Bulk Density, lb/ft lb/ft psi 
Sample A 6SO 1.26 90 1463 
Sample B 6SO 3.29 90 1497 
Sample C 6SO 5.37 90 2157 

0369. The data show that as the prepuff particle density 
increases, the compressive strength of the LWC composition 
also increases at constant concrete density. 

Example 4 

0370 Polystyrene in unexpanded bead form (0.65 mm) 
was pre-expanded into prepuff particles having a bulk density 
of 1.1 lb/ft as shown in the table below. The prepuff particles 
were formulated into LWC compositions, in a 3.5 cubic foot 
drum mixer, containing the components shown in the table 
below. 

Sample D Sample E Sample F Sample G 

Prepuff Particle 1.1 1.1 1.1 1.1 
Bulk Density 
(1b/ft) 
Portland 46.4 (22.3) 46.8 (21.6) 46.3 (18.9) 46.1 (16.6) 
Cement, wt.% 
(vol.%) 
Water, wt.% 17 (24.3) 16.4 (22.5) 17 (20.6) 17 (18.2) 
(vol.%) 
EPS, wt.% 0.6 (33.9) 0.6 (37) 0.9 (44) 1.1 (50.8) 
(vol.%) 
Sand, wt.% 36 (19.5) 36.2 (18.9) 35.9 (16.5) 35.8 (14.5) 
(vol.%) 

0371. The following data table numerically depicts the 
relationship between prepuff density and concrete strength at 
a constant concrete density of 90 lb/ft. 
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Concrete 

Compressive 
Bead Prepuff Particle Density, Strength, 

Mean Size, Jim Bulk Density, lb/ft lb/ft psi 
Sample D 6SO 1.1 93.8 1900 
Sample E 6SO 1.1 89.6 1252 
Sample F 6SO 1.1 80.9 982 
Sample G 6SO 1.1 724 817 

0372. The data show that as prepuff particle loading in the 
LWC composition increases at constant foam particle density, 
the light weight concrete density and compressive strength 
decreases. 

Example 5 
0373) Polystyrene in unexpanded bead form (0.65 mm) 
was pre-expanded into prepuff particles having various den 
sities as shown in the table below. The prepuff particles were 
formulated into LWC compositions, in a 3.5 cubic foot drum 
mixer, containing the components shown in the table below. 

Sample H Sample I Sample J Sample K 

Prepuff Particle 1.1 2.3 3.1 4.2 
Bulk Density 
(1b/ft) 
Portland 46.8 (21.6) 46.8 (26.8) 46.8 (28.4) 46.8 (29.7) 
Cement, wt.% 
(vol.%) 
Water, wt.% 16.4 (22.5) 16.4 (28) 16.4 (29.6) 16.4 (31) 
(vol.%) 
EPS, wt.% 0.6 (37) 0.6 (21.8) 0.6 (17.2) 0.6 (134) 
(vol.%) 
Sand, wt.% 36.2 (18.9) 36.2 (23.4) 36.2 (24.8) 36.2 (25.9) 
(vol.%) 

0374. The following table numerically depicts the rela 
tionship between prepuff density and concrete strength at a 
constant concrete prepuff loading based on the weight of the 
formulation. 

Concrete 

Compressive 
Bead Prepuff Particle Density, Strength, 

Mean Size, Jim Bulk Density, lb/ft lb/ft psi 
Sample H 6SO 1.1 89.6 1252 
Sample I 6SO 2.32 109.6 1565 
Sample J 6SO 3.1 111.7 2.96S 
Sample K 6SO 4.2 116.3 3O45 

0375. The data show that as prepuff particle density in the 
light weight concrete composition increases at constant 
prepuff particle loading (by weight), light weight concrete 
density and compressive strength increases. 

Example 6 
0376 Polystyrene in unexpanded bead form (0.65 mm) 
was pre-expanded into prepuff particles having various den 
sities as shown in the table below. The prepuff particles were 
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formulated into LWC compositions, in a 3.5 cubic foot drum 
mixer, containing the components shown in the table below. 

Sample L Sample M 

Prepuff Particle Bulk Density 1.1 3.1 
(1b/ft) 
Portland Cement, wt.% (vol.%) 46.3 (18.9) 46.2 (21.4) 
Water, wt.% (vol.%) 17 (20.6) 16.2 (22.3) 
EPS, wt.% (vol.%) 0.9 (44) 1.8 (37.5) 
Sand, wt.% (vol.%) 35.9 (16.5) 35.8 (18.7) 

0377 The following table numerically depicts the rela 
tionship between prepuff density and concrete strength at a 
constant concrete density. 

Concrete 

Compressive 
Bead Prepuff Particle Density, Strength, 

Mean Size, Jim Bulk Density, lb/ft lb/ft psi 
Sample L 6SO 1.1 80.9 982 
Sample M 6SO 3.1 79.8 1401 

0378. The data show that as prepuff particle density in the 
LWC composition increases at constant concrete density, the 
compressive strength of the LWC increases. 

Example 7 

0379 Polystyrene in unexpanded bead form (0.65 mm) 
was pre-expanded into prepuff particles having various den 
sities as shown in the table below. The prepuff particles were 
formulated into LWC compositions, in a 3.5 cubic foot drum 
mixer, containing the components shown in the table below. 

Sample N Sample O 

Prepuff Particle Bulk Density 3.9 5.2 
(1b/ft) 
Portland Cement, wt.% (vol.%) 46 (21.5) 45.6 (21.4) 
Water, wt.% (vol.%) 16.1 (22.4) 16 (22.3) 
EPS, wt.% (vol.%) 2.3 (37.3) 3 (37.5) 
Sand, wt.% (vol.%) 35.6 (18.8) 35.4 (18.7) 

0380. The following data table numerically depicts the 
relationship between prepuff density and concrete strength at 
a constant concrete density. 
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Concrete 

Compressive 
Bead Prepuff Particle Density, Strength, 

Mean Size, Jim Bulk Density, lb/ft lb/ft psi 
Sample N 6SO 3.9 85.3 1448 
Sample O 6SO 5.2 84.3 1634 

0381. The data show that as prepuff particle density in the 
LWC composition increases at constant concrete density, the 
compressive strength of the LWC increases. 

Example 8 
0382. The following examples demonstrate the use of 
expanded slate as an aggregate in combination with the 
prepuff particles of the present invention. Polystyrene in 
unexpanded bead form was pre-expanded into prepuff par 
ticles having various densities as shown in the table below. 
The prepuff particles were formulated into LWC composi 
tions, in a 3.5 cubic foot drum mixer, containing the compo 
nents shown in the table below. 

Mixed expanded 
slate? EPS runs Example P Example Q 

Bead Mean Size, O.33 0.4 
micron 
Prepuff Particle Bulk 5.24 4.5 
Density, pcf 
Weight % 

Cement 19.84% 21.02% 
EPS 1.80% 1.44% 
Expanded slate 42.02% 39.07% 
Water 6.96% 7.36% 
Volume 96 

Cement 9.53% 10.34% 
EPS 22.71% 21.74% 
Expanded slate 41.91% 39.91% 
Water 9.95% 10.78% 
LWC density (pcf) 90.9 93.7 
LWC strength (psi) 136O.O 1800.0 

0383. The data show that desirable light weight concrete 
can be obtained using the prepuff of the present invention and 
expanded slate as aggregate in light weight concrete compo 
sitions. 

Example 9 
0384 The following examples demonstrate the use of 
expanded slate as an aggregate used in combination with the 
prepuff particles of the present invention. Polystyrene in 
unexpanded bead form was pre-expanded into prepuff par 
ticles having various densities as shown in the table below. 
The prepuff particles were formulated into LWC composi 
tions, in a 3.5 cubic foot drum mixer, containing the compo 
nents shown in the table below. 

Example R Example S Example T Example U Example V Example W 

Bead size (mm) O.S 0.4 0.4 0.4 0.4 0.4 
Prepuff density 40 3.4 3.4 3.4 3.4 3.4 
(1b/ft) (unexpanded) 
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-continued 

Example R Example S Example T Example U 

Weight % 

Cement 34.4% 35.0% 36.2% 37.3% 
Sand O.0% 23.2% 9.9% O.0% 
EPS 25.0% 1.5% 1.4% O.6% 
Slate 25.9% 26.3% 38.1% 47.1% 
Water 14.6% 14.0% 14.5% 14.9% 

Total 100.0% 100.0% 100.0% 100.0% 
water cement O43 O.40 O.40 O4O 
Volume 96 

Cement 15.8% 16.1% 16.1% 18.3% 
Sand O.0% 12.1% S.0% O.0% 
EPS 39.5% 27.3% 24.4% 11.9% 
Slate 24.7% 25.2% 35.3% 48.0% 
Water 20.0% 19.2% 19.2% 21.8% 

total 100.0% 100.0% 100.0% 100.0% 
compressive 3813 2S36 2718 4246 
strength (psi) 
density (pcf) 89.3 91.1 90.7 98.0 

Example 10 

0385 One-foot square, 4 inch thick concrete forms were 
made by pouring formulations prepared according to 
examples X and Y in the table below into forms and allowing 
the formulations to set for 24 hours. 

Example X Example Y 

bead size (mm) 0.4 O.65 
Prepuff density (1b./ft) 3.4 4.9 
wt % 

Cement 35.0% 33.1% 

Sand 23.2% 45.4% 
EPS 1.5% 2.9% 

Slate 26.3% O.0% 
Water 14.0% 13.2 

total 100.0% 
water cement O4O 40.0% 
Volume 96 

Cement 16.1% 16.0% 

Sand 12.1% 24.7% 
EPS 27.3% 40.3% 

Slate 25.2% O.0% 
Water 19.2% 19.1% 

total 100.0% 
compressive strength 2S36 2109 
(psi) 
density (pcf) 91.1 90.6 

0386. After 7 days, a one-foot square, /2 inch sheet of 
plywood was fastened directly to the formed concrete. A 
minimum of one-inch penetration was required for adequate 
fastening. The results are shown in the table below. 
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Example V Example W 

35.9% 37.1% 
15.8% 1.9% 
1.5% 1.3% 

32.4% 44.7% 
14.4% 14.9% 

100.0% 100.0% 
O40 O.40 

16.1% 16.1% 
8.0% 1.0% 

26.4% 23.4% 
30.3% 40.3% 
19.2% 19.2% 

100.0% 100.0% 
2549 2516 

89.7 89.9 

Fastener Example X Example Y 

7 d coated nails 

attachment No penetration when 100% penetration and 
slate is encountered attachment 
Easily removed Could not be manually 

removed from the concrete 
without mechanical 
assistance 

removal 

2/3 inch standard 
dry wall screw 

attachment No penetration when 100% penetration and 
slate is encountered attachment. Screw broke 

before concrete failed. 
Could not be manually 
removed from the concrete 
without mechanical 
assistance. Screw could be 
removed and reinserted with 
no change in holding power. 

removal Easily removed 

0387. The data demonstrates that the present light-weight 
concrete composition, without slate, provides Superior grip 
ping capability with plywood using standard fasteners com 
pared to traditional expanded slate formulations, while slate 
containing concrete did not readily accept fasteners. This 
represents an improvement over the prior art as the time 
consuming practice of fixing anchors into the concrete to 
enable the fasteners to grip thereto can be eliminated. 

Example 11 

0388 One-foot square, 4 inch thick concrete forms were 
made by pouring the formulations of Examples X and Y into 
forms and allowing the formulations to set for 24 hours. After 
7 days, a one-foot square, /2 inch sheet of standard drywall 
sheet was fastened directly to the formed concrete using 
standard 134 inch drywall screws. A minimum of one-inch 
screw penetration was required for adequate fastening. The 
results are shown in the table below. 
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Fastener Example X Example Y 

1/4 inch standard 
dry wall screw 

100% penetration and 
attachment. Screw could 
penetrate through the 
drywall. 
Could not be manually 
removed from the concrete 
without mechanical 
assistance. Screw could be 
removed and reinserted with 
no change in holding power. 

attachment No penetration when 
slate is encountered 

removal Easily removed. 

0389. The data demonstrates that the present light-weight 
concrete composition, without slate, provides Superior grip 
ping capability compared to traditional expanded slate for 
mulations, which did not readily accept fasteners. This rep 
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-continued 

Fastener Example X Example Y 

removal Easily removed. Could not be manually removed 
from the concrete without 
mechanical assistance. 

0391 The data demonstrates that the present light-weight 
concrete composition, without slate, provides Superior grip 
ping capability compared to traditional expanded slate for 
mulations, which did not readily accept fasteners. This rep 
resents an improvement over the prior art as the expensive and 
time consuming practice of using TAPCONR) (available from 
Illinois Tool Works Inc., Glenview, Ill.) or similar fasteners, 
lead anchors, or other methods known in the art to fasten studs 
to concrete can be eliminated. 

Example 13 
0392 Concrete without additional aggregate was made 
using the ingredients shown in the table below. 

Ex. AA Ex. BB Ex. CC Ex. DD Ex. EE Ex. FF Ex. GG Ex. HH Ex II 

Starting Bead 
bead size (mm) 0.4 
Density (pcf) 1.2 
Prepuff size (mm) 1.35 
Expansion Factor 48 
wt % 

Cement 33.0 
Sand 51.5 
EPS O.6 
Water 14.9 
Volume 96 

Cement 16.O 
Sand 28.1 
EPS 34.5 
Water 21.4 
compressive 1750 
strength (psi) 
density (pcf) 93 

resents an improvement over the prior art as the time 
consuming practice of fastening nailing studs to the concrete 
to allow for attaching the drywall thereto can be eliminated. 

Example 12 

0390 Two-foot square, 4 inch thick concrete forms were 
made by pouring the formulations Examples X and Y into a 
form and allowing the formulations to set for 24 hours. After 
7 days, a three foot long, 2"x4" stud was fastened directly to 
the formed concrete using standard 16d nails. A minimum of 
two-inch nail penetration was required for adequate fasten 
ing. The results are shown in the table below. 

Fastener Example X Example Y 

16 dnail 

attachment No penetration when slate 
is encountered 

100% penetration and 
attachment. 

O.S1 O.65 0.4 O.S1 O.6S O.4 O.S1 O.65 
1.3 1.5 3.4 3.3 3.4 5.7 5.5 4.9 
1.56 2.08 O.87 1.26 1.54 0.7S 1.06 1.41 

48 48 18 18 18 12 12 12 

35.8 35.0 33.0 33.0 35.0 33.0 33.0 33.1 
472 SO.1 SO3 SO4 48.9 49.0 49.2 45.3 
O.8 O.9 1.8 1.7 2.2 3.0 3.0 2.9 

16.1 14.O 14.8 14.8 14.O 14.9 14.8 13.2 

16.0 16.0 16.0 16.0 16.O. 16.0 16.O. 16.0 
23.7 25.8. 27.5 27:S 25.2 26.8. 26.9 24.7 
38.8 39.1 35.1 35.1 39.8 35.8 35.7 40.2 
214 19.1 21.4 21.4 19.1 21.4 21.4 19.1 

16SO 1720, 177O 2200 1740 1850 2400 2100 

87 89 90 92 88 89 90 90 

0393. The data shows that the average prepuff size 
required to provide maximum compressive strength compo 
sitions is dependant, to some degree, on the expansion factor 
of the prepuff. Focusing on average prepuff size alone does 
not provide a good indicator of maximum potential concrete 
strength. This point is illustrated by comparing examples BB 
and FF. Example FF (1.54 mm size) does not provide maxi 
mum compressive strength at an 18x expansion factor, yet it 
is near the maximum strength that can be obtained from beads 
expanded 48x. 
0394. Using a combination of prepuff size and expansion 
factor can provide an indicator for maximum concrete 
strength. As an example, example AA (prepuff size, 1.35 mm 
and expansion factor 48) provides 93 pcf concrete with a 
compressive strength of 1750 psi while a similarly sized 
prepuff, example II (prepuff size 1.41 mm and expansion 
factor 12) provides 90 pcfconcrete with a significantly higher 
compressive strength of 2100 psi. Thus smaller prepuff size 
and a lower expansion factor can provide higher compressive 
strength in the present light weight concrete composition 
within an optimum range of prepuff particle size. 
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0395 

Example 14 

26 

Concrete with expanded slate as an aggregate was 
made using the ingredients shown in the table below. 

Starting Bead 
bead size (mm) 
Density (pcf) 
Prepuff size (mm) 
Expansion Factor 
wt % 

Cement 
Sand 
EPS 

Exp. Slate 
Water 
Volume 96 

Cement 
Sand 
EPS 

Exp. Slate 
Water 

7 - day 
strength (psi) 
Density (pcf) 

0396 

Ex. JJ 

F271T 
0.4 
3.4 
O.87 
18 

35.9 

1.1 
48.7 
14.4 

16.0 

19.9 
4S.O 

19.1 
3220 

92.8 
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Ex. KK Ex. LL Ex. MM Ex. NN Ex. OO Ex. PP Ex. QQ Ex. RR 

F271T F271 T 
0.4 0.4 
3.4 3.4 
O.87 O.87 
18 8 

33.0 3O.S 
8.2 S.6 
O.8 O.S 

44.8 41.3 
13.2 2.2 

16.O 6.O 
4.5 9.3 
15.5 0.7 
45.0 4S.O 

19.1 9.1 
3850 4070 

98.5 102.7 

F271 T 
0.4 
3.4 
O.87 

0.4 0.4 
3.4 3.4 
O.87 O.87 
8 18 

33.0 30.6 
8.0 24.3 
1.O 0.7 

34.8 32.2 
3.2 12.2 

6.O 16.0 
9.8 14.3 
2O2 15.7 
3S.O 3S.O 

9.1 19.1 
2890 3745 

96.8 101.5 

The data indicates that while the EPS Volume 
required to maintain approximately 90 pcf density concrete 
decreases somewhat linearly as the slate concentration 
increases; the present light weight concrete's strength 
increases exponentially as the amount of slate in the formu 
lation increases. This relationship highlights the potentially 
significant impact of including aggregates in the present light 
weight concrete formulation and demonstrates the potential 
for optimizing the amount of EPS and aggregates in the 
formulation to maximize strength at a desired density. In 
addition, the cost of various components can also be included 
in Such a design and the lightweight concrete formulation can 
be optimized for both maximum strength and lowest cost. 

Example 15 

0397 Concrete with unexpanded EPS (1037C) and no 
additional aggregate was made using the ingredients shown in 
the table below. 

Ex. JJ Ex. KK Ex. LL 

bead size (mm) O.S1 O.S1 O.S1 
Density (pcf) 40 40 40 
Expansion 1 1 1 
Factor 
wt % 

Cement 38.7 33.0 28.8 
Sand O 21.6 37.8 
EPS 43.9 30.4 20.4 
Water 17.4 14.9 13.0 

F271T F271T F271 T 
0.4 0.4 0.4 
3.4 3.4 3.4 
O.87 O.87 O.87 
18 18 18 

35.9 33.0 30.6 
21.1 27.7 33.2 
1.6 1.2 O.9 

27.0 24.9 23.0 
14.4 13.2 12.2 

16.O 16.0 16.O 
10.6 15.1 19.6 
29.3 24.9 20.4 
2SO 2SO 2S.O 

19.1 19.1 19.1 
2300 262S 3695 

88.1 94.5 101.3 

-continued 

Ex. JJ Ex. KK Ex. LL 

Volume 96 

Cement 16.O 16.0 16.0 
Sand O 11.8 23.6 
EPS 62.6 50.7 38.9 
Slate 21.4 21.4 21.4 
Water 16.O 16.0 16.0 
compressive 2558 2860 31 OO 
strength (psi) 
density (pcf) 76 89 100 

0398. The data show that unexpanded polystyrene resin 
beads (~40 pcfbulk density) can provide a light weight con 
crete composition having Surprisingly high compressive 
strength (2500-3200 psi) at low density (76-100 pcf). 

Example 16 

0399. Prepuff from F271T bead expanded to 1.2 lb/ft, 
F271C bead expanded to 1.3 lb/ft and M97BC bead 
expanded to 1.5 lb/ft were evaluated using scanning electron 
microscopy (SEM). The surface and inner cells of each are 
shown in FIGS. 20 and 21 (F271T), 22 and 23 (F271C), and 
24 and 25 (M97BC) respectively. 
0400. As shown in FIGS. 25, 27 and 29, the external struc 
ture of the prepuff particles was generally spherical in shape 
having a continuous Surface outer Surface or skin. As shown 
in FIGS. 26, 28 and 30, the internal cellular structure of the 
prepuff samples resembles a honeycomb-type structure. 
04.01 The size of the prepuff particles was also measured 
using SEM, the results are shown in the table below. 
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T prepuff 
(microns) (1.2 pcf) 

C prepuff (1.3 pcf) BC prepuff (1.5 pcf) 

Outer diameter 1216 1360 1797 
Internal cell size 42.7 52.1 55.9 
Internal cell wall 42 34 .24 
Cell wall cell size O098 O06S OO43 

C prepuff (3.4 pcf) BC prepuff (3.1 pcf) 

Outer diameter 1133 1294 
Internal cell size 38.2 31.3 
Internal cell wall 26 47 
Cell wall cell size OO68 O.O150 

0402 Taken with all of the data presented above, the data 
provide an indication that internal cellular structure might 
affect the strength of a light weight concrete formulation. 
0403. When used in light weight concrete compositions, 
the prepuff particles can impact the overall strength of the 
concrete in two ways. First, the larger particles, which have a 
lower density, change the concrete matrix Surrounding the 
prepuff particle and secondly, the lower density prepuff par 
ticle is less rigid due to the cell structure of the foamed 
particle. Since the strength of the concrete depends, at least to 
Some extent, on the strength of the prepuff particles, increased 
prepuff particle strength should result in greater light weight 
concrete strength. The potential strength increase can be lim 
ited by the extent to which it impacts the concrete matrix. The 
data in the present examples Suggest that the original bead 
particle size can be optimized to provide an optimally sized 
prepuff particle (which is controlled by the prepuff density), 
which results in the highest possible lightweight concrete 
strength. 
04.04. In other words, within an optimum prepuff particle 
size and optimum density range, the wall thickness of the 
prepuff will provide sufficient support to allow the present 
lightweight concrete composition to have better strength than 
light weight concrete compositions in the prior art. 
04.05 The data presented herein demonstrate that unlike 
the presumption and approach taken in the prior art, expanded 
EPS particles can do Surprisingly more than act simply as a 
void space in the concrete. More specifically, the structure 
and character of the prepuff particles used in the present 
invention can significantly enhance the strength of the result 
ing light weight concrete composition. 

Example 17 

0406. This example demonstrates the use of fasteners with 
the present light weight concrete composition and related 
pull-out strength. This evaluation was used to compare the 
load capacity of a screw directly installed in the present light 
weight concrete (approximately 90 pcf) with conventional 
concrete fasteners installed in normal weight and traditional 
lightweight concrete. 
04.07 Fastener pullout testing was performed on three 
types of concrete: normal weight, 143 pcf (sample MM, 140 
pcf normal concrete), lightweight concrete using expanded 
slate (123 pcf) (sample NN, 120 pcf LWC), and lightweight 
concrete with EPS (87 pcf) (sample OO, 90 pcfLWC) made 
as described above according to the formulations in the fol 
lowing table. 
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Sample MM Sample NN Sample OO 
140 pcf 120 pcf 90 pcf 

EPS bead size (mm) O.S1 
density (pcf) 3.37 
wt % 

cement 2O2 24.8 32.9 
sand 34.6 36.4 52.7 
EPS 186 
3/8" pea gravel 37.6 
1/2" expanded slate 29.4 
Water 7.7 9.41 12.S1 
vol% 

cement 16.0 16 16 
sand 30.9 26.5 28.9 
EPS 37 
9/8" pea gravel 3S.O 
1/2" expanded slate 39.4 
Water 18.1 18.1 18.12 
comressive 4941 9107 2137 
strength (psi) 
density (pcf) 143 123 87 

0408. An apparatus was built that allowed weights to be 
hung vertically from each fastener using gravity to apply a 
load in line with the axis of the fastener. The 90 pcf LWC had 
2/2" standard drywall screws directly installed to approxi 
mately 1/2" depth. The 120 pcf LWC had two types of fas 
teners installed into predrilled holes: 234" TAPCONR) metal 
screw-type masonry fastening anchors (Illinois Tool Works 
Inc., Glenview, Ill.) installed approximately 2" deep and stan 
dard 2/4" expanding wedge-clip bolt/nut anchors installed 
approximately 1/4" deep. The 140 pcf normal concrete also 
had two types of fasteners installed into predrilled holes: 234" 
TAPCON anchors installed approximately 2" deep and stan 
dard 2/4" expanding wedge-clip bolt/nut anchors installed 
approximately 1/4" deep. One of the drywall screws in the 
lightweight concrete was backed out and re-installed into the 
same fastener hole for testing. Also one of the TAPCON 
screws was removed and reinstalled to evaluate any loss in 
capacity. The following tables show the data and loadings for 
each anchor/fastener tested. 

90 pcf LWC Drywall Screw 

Screw Extract and 
Stone 1: Length (in) Exposed (in) re-install (in) Strength (Ib) 

Screw B 2.5 O.S94 1906 700 (a) 30 sec. 

90 pcf LWC Drywall Screw 

Exposed 
Stone 2: Screw Length (in) (in) Installed (in) Strength (Ib) 

Screw C 2.5 1.031 1469 >740 >10 min. 
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120 pcf LWCTAPCON Screws 

Exposed Extract and 
Stone 3: Screw Length (in) (in) re-install (in) Strength (Ib) 

Screw C 2.75 0.875 1875 >740 >10 min. 

120 pcf LWC Bolt Sleeve, Nut 

Anchor 
Stone 4: Length (in) Exposed (in) Installed (in) Strength (Ib) 

Anchor D 2.25 0.875 1.375 >740 >10 min. 

140 pcf normal concrete TAPCON Screws 

Exposed Extract and 
Stone 5: Screw Length (in) (in) re-install (in) Strength (Ib) 

Screw C 2.75 O.906 1844 >740 >10 min. 

140 pcf normal concrete Bolt/Sleeve, Nut 

Anchor 
Stone 6: Length (in) Exposed (in) Installed (in) Strength (Ib) 

Anchor C 2.25 1.094 1.156 >740 >10 min. 

04.09. The holding power of the drywall screws in the 90 
pcf LWC was surprisingly high as they did not easily break or 
tear from the concrete. The drywall screws were easy to 
install, only requiring a standard size electric drill. The grip 
ping strength of the drywall screws in the 90 pcf LWC was 
Such that if the applied drilling torque was not stopped before 
the screw head reached the surface of the concrete, the head of 
the screw would twist off. All of the fasteners held the 740 lbs. 
of load for at least 10 minutes except the backed out and 
re-inserted drywall screw in the 90 pcfLWC, which held 700 
lbs. for 30 seconds before tearing loose from the concrete. 
This drywall screw did not break at the failure point, but 
pulled out of the concrete. 
0410 Taking the above data as a whole, it has been dem 
onstrated that an optimum prepuff bead size exists (as a 
non-limiting example, approximately 450-550 um resin 
beads expanded to an expansion factor of approximately 
10-20 cc/g to a prepuff diameter of approximately 750 to 
1400 um for 90 pcflightweight concrete) to maximize the 
compressive strength of the present light weight concrete 
formulations. The compressive strength of the present light 
weight concrete formulations can be increased by increasing 
the present EPS prepuffbead density. Unexpanded polysty 
rene resin (~40 pcf bulk density) yields LWC of high com 
pressive strength (2500-3200 psi) considering the low density 
(76-100 pcf). Aggregates can be used in the present light 
weight concrete formulations. The present light weight con 
crete formulations, without course aggregates, provide a con 
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crete composition, which may be directly fastened to using 
standard drills and screws. When the EPS prepuffbeads are 
expanded to low bulk densities (for example <1 pcf), the 
beads have a weak internal cellular structure, which creates a 
weaker foam, and in turn provides a light weight concrete 
composition having a lower compressive strength. 

Example 18 
0411. A lightweight gypsum composition according to the 
invention was prepared using SHEETROCKR) general pur 
pose joint compound (United States Gypsum Company 
Corp., Chicago, Ill.), a gypsum based composition reportedly 
having the following formula: 
0412 Limestone or Dolomite or Gypsum (>45%) 
0413 Water (>38%) 
0414. Mica (<5%) 
0415 Vinyl Acetate Polymer or Ethylene Vinyl Acetate 
Polymer (<5%) 
0416. Attapulgite (<5%) 
0417 Optionally Talc (<2%) 
0418. One part by volume of the joint compound and two 
parts by volume of the prepuff particles of sample A were 
blended in a mixer until a smooth uniform composition was 
obtained. 
0419 Lightweight gypsum board samples were prepared 
in a 12"x4.5" mold either '/2" or 5/8" thick. Facing paper was 
used on each side (recycled 50 lb. acid free paper). One sheet 
of facing paper was placed in the mold, the mixture described 
above was placed in the mold to fill the volume of the mold 
and a second sheet of facing paper was placed over the light 
weight gypsum composition. The composition was allowed 
to set and dry at ambient conditions for several days until the 
weight of the sample did not change. The resulting board 
samples had similar physical properties to Type X gypsum 
board. 
0420 Control samples were factory produced /2" standard 
SHEETROCK gypsum board and 5/8" Type X SHEETROCK 
gypsum board from US Gypsum. 
0421. The center of samples (12"x4.5") were positioned 
2.5" from the nozzle of a propane torch, which was burned for 
90 minutes at 1760°C. The boards prepared from the present 
lightweight gypsum composition developed a honeycomb 
structure, with minimal crack development. The commercial 
sheetrock exhibited significant cracks in both the vertical and 
horizontal directions. Similar burn through patterns were 
observed on the non-flame side of all boards. Similar weight 
loss was observed by weighing the boards before and after the 
test (Type X 140 g before, 131 g after, 6.4% loss, lightweight 
gypsum boards according to the invention, 113 g before, 107 
g after, 5.3% loss). 
0422 Standard 1/4" drywall screws were screwed directly 
into lightweight gypsum boards of the present invention as 
described above to a depth of /2". The screws could not be 
manually pulled from the drywall boards. Standard drywall 
screws screwed directly into the commercial samples to /2" 
depth could be manually pulled from the board samples. 
0423. The examples demonstrate that lightweight gypsum 
board according to the invention provides at least similar 
physical and burn properties to commercially available gyp 
sum board, while demonstrating the added benefit of provid 
inga wall Surface that does not require the use of wallanchors 
in some instances. 
0424 The present invention has been described with ref 
erence to specific details of particular embodiments thereof. It 
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is not intended that such details be regarded as limitations 
upon the scope of the invention except insofar as and to the 
extent that they are included in the accompanying claims. 

1-21. (canceled) 
22. A composite building panel comprising: 
a central body, Substantially parallelepipedic in shape, 

comprised of an expanded polymer matrix, having 
opposite faces, a top surface, and an opposing bottom 
Surface; 

at least one embedded framing studs longitudinally extend 
ing across the central body between said opposite faces, 
having a first end embedded in the expanded polymer 
matrix, a second end extending away from the bottom 
Surface of the central body, and one or more expansion 
holes located in the embedded stud between the first end 
of the embedded stud and the bottom surface of the 
central body, wherein, the central body comprises a 
polymer matrix that expands through the expansion 
holes; and 

a concrete layer comprising a lightweight cementitious 
composition covering at least a portion of the top Surface 
and/or bottom surface; 

wherein the lightweight cementitious composition com 
prises 

from 22 to 90 volume percent of a cement composition, and 
from 10 to 78 volume percent of expandable polymer par 

ticles having an average particle size of from 0.2 mm to 
3 mm, a bulk density of from 0.008 g/cc to 0.56 g/cc, and 
an aspect ratio of from 1 to 3: 

wherein after the concrete composition is set, has a com 
pressive strength of at least 1700 psi as tested according 
to ASTM C39 after seven days. 

23-32. (canceled) 
33. The composite building panel according to claim 22, 

wherein the expandable polymer particles have a Substan 
tially continuous outer layer. 

34. The composite building panel according to claim 22, 
wherein the expandable polymer particles comprise 
expanded polymer particles having an inner cell wall thick 
ness of at least at least 0.15um. 

35. The composite building panel according to claim 22, 
wherein the expandable polymer particles comprise one or 
more polymers selected from the group consisting of 
homopolymers of vinyl aromatic monomers; copolymers of 
at least one vinyl aromatic monomer with one or more of 
divinylbenzene, conjugated dienes, alkyl methacrylates, 
alkyl acrylates, acrylonitrile, and/or maleic anhydride; poly 
olefins; polycarbonates; polyesters; polyamides; natural rub 
bers; synthetic rubbers; and combinations thereof. 

36. The composite building panel according to claim 22, 
wherein the cement comprises one or more materials selected 
from the group consisting of Portland cements, poZZolana 
cements, gypsum cements, gypsum compositions, aluminous 
cements, magnesia cements, silica cements, slag cements, 
Type I cement, Type IA cement, Type II cement, Type IIA 
cement, Type III cement, Type IIIA cement, Type IV cement 
and Type V cement. 

37. The composite building panel according to claim 22, 
wherein the concrete composition comprises one or more 
materials selected from the group consisting of sand, coarse 
aggregate, plasticizers and fibers. 
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38. The composite building panel according to claim 37, 
wherein the fibers are selected from the group consisting of 
glass fibers, silicon carbide, aramid fibers, polyester, carbon 
fibers, composite fibers, fiberglass, combinations thereof, 
fabric containing said fibers, and fabric containing combina 
tions of said fibers. 

39. The composite building panel according to claim 22, 
wherein the concrete composition has a density of from about 
40 to about 130 lb/ft. 

40. The composite building panel according to claim 22, 
wherein the central body comprises a male end and a female 
end. 

41. The composite building panel according to claim 22, 
wherein the reinforcing embedded members are longitudi 
nally extending within the central body along Substantially 
the entire length thereof. 

42. The composite building panel according to claim 22, 
wherein the reinforcing embedded members have a thickness 
of form 0.4 to 10 mm. 

43. The composite building panel according to claim 22 
comprising two or more reinforcing embedded members, 
wherein the distance between the reinforcing embedded 
members is from 10 cm to 110 cm. 

44. The composite building panel according to claim 22, 
wherein the expanded polymer matrix comprises polysty 
C. 

45. The composite building panel according to claim 39, 
wherein the male end of the central body comprises a tongue 
edge and the female end of the central body comprises a 
female groove edge that facilitates a tongue and groove union 
between a first central body and a second central body to form 
one or more combined composite building panels, wherein 
the first and second concrete layers are continuous over at 
least a portion of the top surface and bottom Surface. 

46. The composite building panel according to claim 22, 
wherein the central body has a thickness measured as the 
distance between the first surface and the second surface of 
from 2 cm to 50 cm. 

47. The composite building panel according to claim 22, 
wherein the central body comprises openings extending 
along the length of the central body. 

48. The composite building panel according to claim 47. 
wherein the openings have a cross-sectional shape selected 
from the group consisting of round, oval, elliptical, square, 
rectangular, triangular, hexagonal and octagonal and a cross 
sectional area of from 1 cm to 130 cm. 

49. The composite building panel according to claim 22, 
wherein the polymer matrix comprises carbon black, graphite 
or a combination thereof. 

50. The composite building panel according to claim 22, 
wherein the embedded framing studs are made of a material 
selected from the group consisting of metals, construction 
grade plastics, composite materials, ceramics, and combina 
tions thereof. 

51. The composite building panel according to claim 50, 
wherein the metals are selected from the group consisting of 
aluminum, Steel, stainless steel, tungsten, molybdenum, iron 
and alloys and combinations of Such metals. 

52. The composite building panel according to claim 50, 
wherein the construction grade plastics are selected from the 
group consisting of reinforced thermoplastics and reinforced 
thermoset resins. 

53. The composite building panel according to claim 52, 
wherein the thermoplastics are selected from the group con 
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sisting of homopolymers and copolymers of styrene, 
homopolymers and copolymers of C to Coolefins, Cato Co 
dienes, polyesters, polyamides, homopolymers and copoly 
mers of C to Oo (meth)acrylate esters, polyetherimides, 
polycarbonates, polyphenylethers, polyvinylchlorides, poly 
urethanes, and combinations thereof. 

54. The composite building panel according to claim 52, 
wherein the thermoset resins are selected from the group 
consisting of alkyd resins, epoxy resins, diallyl phthalate 
resins, melamine resins, phenolic resins, polyester resins, 
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urethane resins, and urea crosslinked by reaction with diols, 
triols, polyols, or formaldehyde. 

55. The composite building panel according to claim 52, 
wherein the reinforcing embedded members comprise one or 
more other additives selected from the group consisting of 
ultraviolet (UV) stabilizers, heat stabilizers, flame retardants, 
biocides, and combinations thereof. 

c c c c c 


