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(57) ABSTRACT 
The present invention is an insulated concrete wall panel 
consisting of two layers of concrete with and insulating layer 
in between the concrete layers. A sinusoidal-shaped, fiber 
reinforced composite element connects the two concrete 
layers. The connector is imbedded in the two layers of 
concrete and passes through the insulation layer. The con 
nector provides the requisite transmission of forces merely 
by being consolidated in the concrete layers. 
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SNUOUS COMPOSITE CONNECTOR SYSTEM 

BACKGROUND OF THE INVENTION 

0001. This invention relates generally to concrete sand 
wich walls and, more specifically, to concrete Sandwich 
walls wherein the two concrete layers are tied together by a 
Sinusoidal element made of fiber-reinforced composite 
material. The concrete Sandwich walls are both stiff and 
Strong while providing high thermal efficiency. 
0002. In a typical pre-cast concrete sandwich wall, a layer 
of insulation is placed between two concrete panels and the 
entire System is held together using Some form of connecting 
System. Concrete Sandwich wall panels are Subject to lateral 
forces Such as wind and Seismic load, gravity loads, and 
temperature-induced forces. These lateral forces, as well as 
temperature differentials between the two layers of concrete 
induce Shear forces in the connection Systems as well as 
bending, Shear, and axial forces in both layers of the panel. 
0.003 Concrete sandwich panels are designed as compos 

ite, partially composite, or non-composite. A composite 
Sandwich panel of a given total thickness will have nearly 
the same StiffneSS and Strength as a Solid panel of the same 
thickness, while a non-composite panel will have roughly 
the same Stiffness and Strength as the Sum of the StiffneSS and 
Strength values for the individual concrete layers comprising 
the wall panel. Partially composite walls will have stiffness 
and Strength that are intermediate to the values for compos 
ite and non-composite panels. 
0004 Composite walls are normally made made using a 
connection System of metal trusses that passes through the 
insulation. Generally made of Steel, these metal trusses 
provide high shear stiffness and effectively limit differential 
Slip between the concrete layers. These trusses, however, are 
Susceptible to corrosion damage and have a very high 
thermal conductivity. Sandwich panels made with these 
metal trusses therefore have a Suspect Service life and 
provide relatively low thermal performance. 
0005 Non-composite and partially composite wall panels 
are normally constructed using flexible connectors that are 
installed perpendicular to the plane of the insulation. 
Because the connectors provide low shear restraint, large 
differential slip between the concrete layerS is possible. In 
the current art, partially composite panels are constructed by 
removing Sections of insulation to provide discrete through 
thickness concrete Zones. These Zones are normally located 
at the ends and at intermediate points along the length of the 
panel and limit the local slip between the concrete layers, 
however, the flexible connectors between through-thickneSS 
concrete Zones will allow local slip. Although the uncracked 
Stiffness of Such panels will be nearly the same as for a 
composite panel, partially composite panels will tend to 
crack at lower loads than composite panels. 
0006 Although composite and partially composite walls 
are much more efficient than non-composite walls in resist 
ing normal horizontal forces, the connection System's 
enforcement of Strain compatibility between the concrete 
layers can create undesirable behaviors. The primary func 
tion of an insulated concrete Sandwich panel is to provide a 
thermal barrier between the ambient environment and the 
conditioned air within the building. The thermal barrier 
must, therefore, lead to Significant temperature differentials 
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between the two concrete layers. Consequentially, as one 
concrete layer increases in temperature, it expands in the 
plane of the panel. The connection System and the other 
concrete layer eccentrically restrain this expansion, leading 
to “thermal bowing” of the assembly analogous to that 
observed with a bimetallic strip. Similar behavior will occur 
in composite or partially composite panels with different 
levels of prestressing between the two layers. While this can 
be primarily an aesthetic problem, it can also lead to failure 
of the Sealant at the joints between panels. This effect is most 
dramatic at the building corners, where the differential 
movement is magnified by the geometry of the joint. Also, 
in many applications, both composite and partially compos 
ite panels have excess capacity. 
0007. In contrast to a composite wall connection system, 
a non-composite wall connection System allows nearly unre 
Strained in-plane movement of the two concrete layers. 
Thermal bow is minimized, and joint Sealants are leSS likely 
to fail. 

0008 Each of the wall types therefore have positive and 
negative features. Although non-composite wall panels are 
generally too flexible or have insufficient Strength to Safely 
resist wind loads, many composite and partially composite 
wall panels have exceSS capacity and Suffer from thermal 
and differential pre-stress bowing. There is a need for an 
intermediate, partially composite connection System for 
concrete Sandwich panels that provides adequate resistance 
to lateral loads while providing reduced thermal bowing and 
provides a thermally efficient wall panel. 
0009 Prior art connecting systems use truss-type con 
nectors that may be weblike, diagonal, or sinusoidal. In the 
prior art, these Sandwich panel walls that use truss-type 
connectors normally use chord members, or pre-stressed 
rods that are welded, wrapped around, or otherwise attached 
to the trusS-type connectors. Beyond providing anchorage of 
the sinuous members within the concrete, these chord mem 
bers or pre-stressed rods provide little, if any, benefit as the 
concrete layers themselves then act to carry longitudinal 
forces. The disadvantage of this System is that the concrete 
is must carry the forces, not the connectors. 
0010 Examples of this type of connecting system include 
U.S. Pat. No. 4,236,364, describing a concrete sandwich 
wall panel that has a wire sinuous connecting element. This 
connecting element is crimped over chords or pre-stressing 
steel used within the concrete layers. Also, U.S. Pat. No. 
5,440,845 describes a concrete sandwich wall panel that 
uses a fiber composite sinuous element wound around a 
reinforcing rod contained within the concrete layers. U.S. 
Pat. No. 6,088,985 describes a weblike truss connecting 
System. 

SUMMARY OF THE INVENTION 

0011. The present invention is an insulated concrete wall 
panel consisting of two layers of concrete with and insulat 
ing layer in between the concrete layers. A Sinusoidal 
shaped, fiber-reinforced composite element connects the two 
concrete layers. The connector is imbedded in the two layers 
of concrete and passes through the insulation layer. The 
connector provides the requisite transmission of forces 
merely by being consolidated in the concrete layers. 
0012. Therefore, a primary objective of the invention is 
the provision of an improved concrete Sandwich wall that is 
Stiff, Strong, and thermally efficient. 
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0013 Another objective of the invention is the provision 
of an improved connector that bears and transmits the forces 
within the concrete panel. 
0.014) A further objective of the invention is the provision 
of an improved connection System for concrete Sandwich 
walls that results in a wall that while partially composite by 
definition, has the characteristics and Strength of a fully 
composite wall. 
0.015. Another objective of the invention is the provision 
of an improved connection System for concrete Sandwich 
walls that acts to carry longitudinal forces instead of requir 
ing the concrete panels to bear these forces. 
0016 A further objective of the present invention is the 
provision of a connection System for concrete Sandwich 
walls that requires leSS Skill and is leSS expensive to con 
Struct. 

0.017. Another objective of the invention is the provision 
of an improved connection System for concrete Sandwich 
walls that uses connectors that are not attached to any 
pre-Stressed reinforcing rods. 
0.018. These and other objects of the present invention 
will become apparent to those skilled in the art upon 
reference to the following Specification, drawings, and 
claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0.019 FIG. 1 is a sectional view through a concrete 
Sandwich wall panel showing the connectors in place. 
0020 FIG. 2 is a sectional view through a concrete 
Sandwich wall panel showing the assembly of the wall panel 
with the Sinuous connecting element installed in pre-notched 
insulation. 

0021 FIG. 3 is a perspective view of the same assembly 
as in FIG. 2. 

0022 FIG. 4 is a sectional view through a concrete 
Sandwich wall panel showing the assembly of the wall panel 
with the Sinuous connecting elements attached to longitu 
dinal reinforcing elements and the insulating layers then 
pushed into position. 
0023 FIG. 5 is a perspective view of the same assembly 
as in FIG. 4. 

0024 FIG. 6 is a sectional view through a concrete 
Sandwich wall panel showing the assembly of the wall panel 
with the first concrete layer and insulating layer in position 
and the Sinuous connecting elements then pushed into place. 
0.025 FIG. 7 is a perspective view of the same assembly 
as in FIG. 6. 

0026 FIG. 8 is . . . 

DETAILED DESCRIPTION OF THE 
INVENTION 

0.027 Composite sandwich wall 10 includes a first con 
crete layer 12 and a Second concrete layer 14 with an 
insulating layer 16 Sandwiched therebetween. Embedded in 
both the first concrete layer 12 and the Second concrete layer 
14 and extending through the insulating layer 16 is a sinuous 
connecting element 18. 
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0028. The sinuous connecting element 18 is composed of 
fiber reinforced composite material formed during linear, 
prismatic, thermoplastic pultrusion. The preferred method of 
bending the fiber-reinforced composite material into Sinu 
Soidal form uses microwave energy directed at discrete 
locations along the length of the linear pultrusion, as 
described in U.S. patent application Ser. No. 60/397.551 
(incorporated herein by reference). 
0029. The fibers within the sinuous connecting element 
18 must remain the same length during the bending process. 
Accordingly, the fibers on the outside of the bend must move 
laterally to maintain nearly the same length on the inside of 
the bend, while the fibers on the inside of the bend must have 
a bend shorter radius to maintain the same length. When 
cooled, the bends and deviations are locked into Sinusoidal 
form. When installed within concrete, these local deforma 
tions help to provide anchorage of the sinuous connecting 
element 18 to the concrete by forcing radial Stresses in the 
Surrounding concrete. An additional Source of anchorage, 
which is a direct function of the bend radius and the bending 
capacity of the element, is found using virtual work. If a 
force, P, is sufficient to pull the bent profile through a virtual 
displacement, 6, then the external virtual work=Pö. The 
internal virtual work=2M Ö/R, where R=the bend radius of 
the profile and M=the bending capacity of the profile. 
Therefore, P=2M/R. The anchorage of the wire is therefore 
at least partially dependent on maintaining a bending resis 
tance within the connector profile. 

0030. In one embodiment, as shown in FIGS. 2-3, the 
insulating layer 16 is pre-machined and rigid. The sinuous 
connecting element 18 is installed at the edges of the 
insulating layer 16. The combined insulating layer 16 and 
sinuous connecting element 18 are then installed in a con 
crete panel by placing the combination in the first concrete 
layer 12 and then placing the Second concrete layer 14 on the 
insulating layer 16. 

0031. In a second embodiment, as shown in FIGS. 4-5, 
sinuous connecting elements 18 are attached to longitudinal 
reinforcing Strands 20 that are located near the center of the 
future concrete layers. The sinuous connecting elements 18 
are attached in Such a manner that they extend approxi 
mately equal distances from the centerline of the future 
insulating layer. This attachment can be effected using wire 
ties or plastic clips that bind the Sinuous connecting ele 
ments 18 to the longitudinal reinforcing strands 20. Multiple 
sinuous connecting elements 18 are installed acroSS the 
width and the length of the form. A first layer of concrete 12 
is placed in the form, and a relatively flexible insulating 
layer 16 is placed between the Sinuous connecting elements 
18. The second layer of concrete 14 is then placed. In this 
embodiment, the insulating layer 16 is flexible and resilient 
So as to be capable of deforming at the sinuous connecting 
elements 18 to form a seal around the elements and to 
provide a continuous thermal break over the full panel area. 

0032). In a third embodiment, as seen in FIGS. 6-7, the 
order of the installation is altered. Initially, the longitudinal 
reinforcing Strands 20 are in place in the first concrete layer 
12 or both the first concrete layer 12 and the second concrete 
layer 14. After the first concrete layer 12 is placed in the 
form, flexible and resilient insulating Strips 16 are installed. 
The sinuous connecting elements 18 are then pushed 
through the joints between the insulating Strips 16. This may 
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require that the form or the sinuous connecting elements 18 
be vibrated during installation to allow the element to be 
pushed into the plastic concrete in the first layer of concrete 
12. The sinuous connecting elements 18 will have depth 
indicators to allow the installers to gauge the depth of 
insertion of the elements. After insertion to the correct depth, 
the resilient insulating layer 16 will hold the elements at the 
proper depth while the Second layer of concrete 14 is placed. 
This method is an advantage over existing methods in that 
the widths of the insulation Strips do not require coordina 
tion with the location of the reinforcing elements in either 
concrete layer. 

0.033 With the sinuous connecting elements of the 
present invention, a concrete Sandwich wall has a Substan 
tially composite nature, as the connectors enhance the trans 
fer of forces between the concrete layers while also elimi 
nating or minimizing thermal transfer or bridging between 
the concrete layers. This connecting System is in no way 
attached to any chord elements or pre-stressed rods; instead, 
the connecting elements themselves are firmly anchored in 
the concrete and bear the forces. The concrete itself acts as 
the chord elements of a truss, eliminating the need for 
attachment to pre-stressed rods or chords. The sinuous 
connecting elements themselves carry the longitudinal 
forces. 

0034. The preferred embodiment of the present invention 
has been set forth in the drawings, specification, and 
although Specific terms were employed, these are used in a 
generic or descriptive Sense only and are not used for 
purposes of limitation. Changes in the form and proportion 
of parts as well as in the Substitution of equivalents are 
contemplated as circumstances may Suggest or render expe 
dient without departing from the Spirit and Scope of the 
invention as further defined in the following claims. 

What is claimed is: 

1. A method for constructing a concrete Sandwich panel, 
comprising the Steps of: 

a) providing a first concrete panel; 
b) providing a second concrete panel; 
c) providing an insulation layer between the two concrete 

panels, and 

d) connecting the concrete layers and the insulation layer 
using a sinusoidal element comprised of a fiber-rein 
forced composite article. 

2. A method for constructing a concrete Sandwich panel, 
comprising the Steps of: 

a) providing an insulation layer; 

b) installing a sinusoidal element comprising a fiber 
reinforced composite article; 

c) placing a the insulation layer with the installed sinu 
Soidal element on a first concrete layer, and 

d) placing a second concrete layer on top of the insulation 
layer. 
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3. A method for constructing a concrete Sandwich panel, 
comprising the Steps of: 

a) attaching sinusoidal elements to longitudinal reinforc 
ing elements; 

b) preparing a first concrete layer containing the longitu 
dinal reinforcing elements, 

c) placing an insulation layer between the sinusoidal 
elements, and 

d) placing a Second concrete layer over the insulation 
layer. 

4. A method for constructing a concrete Sandwich panel, 
comprising the Steps of: 

a) providing a first concrete layer with longitudinal rein 
forcing elements in place; 

b) installing an insulation layer over the first concrete 
layer; 

c) pushing sinusoidal elements into the insulation layer; 
and 

d) placing a second concrete layer with longitudinal 
reinforcing elements on the insulation layer. 

5. The method of claim 4 wherein the sinuous elements 
have depth indicators. 

6. An insulated concrete wall panel without pre-stressed 
reinforcing rods comprising: 

a) a first layer of concrete; 
b) a second layer of concrete; 
c) a layer of insulation material between said layers of 

COncrete, 

d) a sinusoidal element with a top end and a bottom end; 
e) said Sinusoidal element further comprising a fiber 

reinforced composite article; 

f) Said sinusoidal element having said top end located in 
Said first layer of concrete and extending through Said 
insulation layer and having Said bottom end embedded 
in Said Second layer of concrete. 

7. An insulated concrete wall panel comprising: 

a) a first layer of concrete; 
b) a second layer of concrete; 
c) a layer of insulation material between said layers of 

COncrete, 

d) a sinusoidal element with a top end and a bottom end; 
e) said Sinusoidal element further comprising a fiber 

reinforced composite article; 

f) Said sinusoidal element having said top end located in 
Said first layer of concrete and extending through Said 
insulation layer and having Said bottom end embedded 
in Said Second layer of concrete; and 

g) Said sinusoidal element is not engaged with any pre 
Stressed reinforcing rods. 


