Office de la Proprieté Canadian

Intellectuelle Intellectual Property
du Canada Office

Un organisme An agency of
d'Industrie Canada Industry Canada

CA 2423363 C 2009/09/01

(11)(21) 2 423 363

(12 BREVET CANADIEN
CANADIAN PATENT

13) C

(86) Date de dépdot PCT/PCT Filing Date: 2001/09/21

(87) Date publication PCT/PCT Publication Date: 2002/03/23
(45) Date de délivrance/lssue Date: 2009/09/01

(85) Entree phase nationale/National Entry: 2003/03/20

(86) N° demande PCT/PCT Application No.: US 2001/029851
(87) N° publication PCT/PCT Publication No.: 2002/025023
(30) Priorité/Priority: 2000/09/22 (US60/234,492)

(51) Cl.Int./Int.Cl. £E04G 77706 (2006.01)

(72) Inventeur/Inventor:
LONG, ROBERT T., SR., US

(73) Proprietaire/Owner:
COMPOSITE TECHNOLOGIES CORPORATION, US

(74) Agent: BLAKE, CASSELS & GRAYDON LLP

(54) Titre : ENSEMBLE DE CONNEXION POUR DES MURS ISOTHERMES EN BETON
(54) Title: CONNECTOR ASSEMBLY FOR INSULATED CONCRETE WALLS

L L

Ty ol XA~

s
N
’ \\\
Ko
L N
‘ ' Q‘. -.

XL
‘
VS S PII T ITT rom
aiat
L
Qb

i

EEEER

— e i 4

T —

RS f‘e\\\\m‘ﬁﬁ

77 P a2 7 77 7L 'IIMftmIA:I,‘:

I I ' \ % (Ql - 50
A R a-.""fl.d
L) o DT
a 1] ?
da'ai (4 TN
d I 1 } A
. II .
j 'S f
* | | Y,
A
- --ZLJL ) ! *
0 X,

(57) Abrégée/Abstract:

A through-insulation connector assembly for use in the construction of insulated concrete sandwich wall. The connector assembly
Includes a spool-shaped connector body (10) comprised of two, interconnecting pieces (12, 14) and a tie (50) that engages the
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(57) Abrege(suite)/Abstract(continued):
connector body (10). The two pieces (12, 14) of the connector body (10) are Iinstalled at the place of manufacture in a sheet of
foam Insulation board (48) that will be used as the insulation layer (46) in the construction of an insulated concrete sandwich wall.
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(57) Abstract: A through-insulation connector assembly for use in the construction of insulated concrete sandwich wall. The con-
nector assembly includes a spool-shaped connector body (10) comprised of two, interconnecting pieces (12, 14) and a tie (50) that
engages the connector body (10). The two pieces (12, 14) of the connector body (10) are installed at the place of manufacture in a
sheet of foam insulation board (48) that will be used as the insulation layer (46) in the construction of an insulated concrete sandwich

wall.
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CONNECTOR ASSEMBLY FOR INSULATED CONCRETE WALLS

Background of the Invention
5 The invention relates generally to insulated concrete sandwich walls and methods

of constructing such walls and, more particularly, to a two-piece connector that spans the
insulation layer and engages a tie rod that passes through the insulation layer into the
concrete layers on either side of the sandwiched msulation layer.

Insulated concrete sandwich walls are well known 1n the art. Typically, a

10  concrete sandwich wall panel is created by installing a layer of insulating material
between two layers of concrete. In order to create a safe assembly capable of resisting
handling and service imposed forces, the msulation layer must be penetrated by a
connection system that ties the two layers of concrete together.

Insulated concrete sandwich walls typically are constructed as horizontally-cast

15 or vértica]ly—cast assemblies. In both assemblies, the sandwich comprises an exterior
concrete layer, an interior concrete layer, and an insulation layer that separates the
concrete layers. Also in both assembly types, a plurality of connecting elements pass
through the insulation layer and serve to tie the two concrete layers together after the
concrete has hardened.

20 In vertically-cast assemblies, the individual concrete layers of the sandwich are
cast between a pair of parallel, vertical forms. These forms may be located at the site of
the to-be-completed building (site cast construction), or they may be located at an off-
site location and used to cast a part of a building module that will be moved to the
iauilding site (modular construction).

25 In the present art of vertically-cast insulated concrete sandwich walls, the initial
fabrication sequence typically begins with the erection of one of the pair of the concrete
forms that will form one of the surfaces of the concrete wall being constructed. A grid of

remnforcing steel for the first of the concrete layers is positioned adjacent to the forming

surface of the concrete form.

30 A plurality of the through-msulation connectors are installed in the insulation
layer and the msulation layer is positioned adjacent the reinforcing steel and paraliel to
the forming surface. Known systems call for the installation of the through-insulation

connectors 1nto a free-standing sheet or board of foam msulation prior to its positioning
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adjacent the first reinforcing grid. Most through-insulation connectors are comprised of
two mterlocking pieces that must be assembled from either side of the sheet of foam
insulation at the same time. The insulation layer 1s most commonly of a size, for
example, four feet by eight feet, to make 1t difficult for a single operator to reach from
5  the edge of the msulation layer to position and interlock the two pieces of the connectors.
Since portions of the through-insulation connectors project laterally from both
opposing surfaces of the insulation layer, the plurality of projecting elements must be
threaded through the grid of the reinforcing steel. A difficulty in this step 1s that one of
the projecting ties may impinge on a portion of the grid and be directed or displaced off-
10  center. If a nearby tie also contacts a portion of the grid and 1s directed or displaced off-
center i a different direction, the isulation layer will bind and may require
manipulation of one or more of the projecting ties m order to move the msulation layer
into place. The reinforcing steel grid for the other concrete layer is next positioned
adjacent the opposite side of insulation layer and, again, the projections on the opposite
15  side of the insulation layer must be threaded through the second reinforcing steel grid.
The second of the pair of concrete forms 1s put into place, and concrete 1s poured on
either side of the msulation layer. The through-insulation connectors include flanges or
other structure which will engage and hold the insulation layer in position during pouring
of the plastic concrete.
20 There 1s, accordingly, a need for a through-insulation connector assembly which
would not only make 1t easier to assemble the connectors during construction of the wall,
but also stmplify the construction process. Such a connector assembly would enable a
vertically-cast insulated concrete sandwich wall to be constructed in less time, with less

labor and with the possibility of reducing the number of operators required to construct

25  the wall.

Summary of the Invention

The mmvention consists of a through-insulation connector assembly for use in the
construction of isulated concrete sandwich walls. The connector assembly includes a
30  spool-shaped connector body comprising two, interconnecting pieces and a tie that
engages the connector body. The two pieces of the connector body are installed at the
place of manufacture in a sheet of foam insulation that will be used as the msulation
layer 1n the construction of an insulated concrete sandwich wall. The two pieces of the

connector body each have a flange portion and a stem portion. The two pieces are
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axially aligned on opposite faces of the foam sheet with their stem portions facing the
foam sheet. The two pieces are moved toward each other along their mutual axes until
they are 1n contact engagement. The stem portions are dimensioned so that, upon mutual
contact engagement, the flange portions will each engage the corresponding face surface
of the foam sheet. The connector body includes an axial through-bore which receives the
tte. Cooperative engagement surfaces of the tie and connector body permit the tie to be
inserted and oriented to restrain the tie 1 an engagement relationship with the connector
body.

In use of the through-insulation connector assemblies of the present invention, a
plurality of the two-piece connector bodies are installed in the foam sheet at the place of
manufacture. The foam sheet with mstalled connector bodies 1s shipped to the location
where the wall will be constructed. Assembly of the wall form and insulation layer is
simplified in that the foam sheet is stood in place next to a steel reinforcing grid adjacent
an erected wall form. The second remforcing cage 1s put in place adjacent the foam
sheet and the ties are inserted into the connector bodies from the exposed side of second
reinforcing cage and oriented to engage the tie and the connector body. The opposite
wall form 1s erected and concrete 1s poured on either side of the msulating layer. In an
alternative construction process using the present invention, the first wall form is erected
and then both of the reinforcing grids are positioned. The foam sheet including the
mstalled connectors 1s then lowered or laterally shifted into place between the two
reinforcing grids. As in the other embodiment, the ties are then inserted into the
connectors from the exposed side of the second reinforcing grid and then the second wall
form 1s erected and the concrete is poured.

In a preferred embodiment of the invention, the two pieces of the connector body
have mterlocking surfaces which permit the two stem potions to be pushed together until
the 1nterlocking surfaces are engaged and thereafter prevent the pieces from being
separated. Alternatively, the two pieces may be held in contact during assembly and
then secured to each other by, for example, sonic, spin, or other welding or adhesives.

In a further embodiment, the cooperative engagement surfaces on the connector
body and the tie also act to provide a stop or reference point for the preferred depth that
the tie 1s to be inserted in the connector body. The stop or reference point will assure
that the ties are all inserted in the connector bodies at a uniform depth. Uniform

installation of the ties will assist in positioning the insulating layer at the desired location

spaced from the two wall forms.
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In another embodiment, graspable projections are formed in the end portion of
the tie that 1s not inserted into the connector body to assist the operator in generating the
force needed to orient the tie to engage 1t with the connector body.

An object of the invention is to provide a through-insulation connector assembly

>  for use 1 constructing msulated concrete sandwich walls.

Another object of the imnvention 1s to provide a through-insulation connector
assembly for use in constructing imnsulated concrete sandwich walls that is partially
installed during manufacture to reduce the labor required in the wall construction
Process.

10 A further object of the invention 1is to provide a through-insulation connector
assembly for use 1n constructing msulated concrete sandwich walls which simplifies the
wall construction process.

Yet another object of the invention 1s to provide a through-insulation connector
assembly for use m constructing insulated concrete sandwich walls that reduces the time

15 and expense of constructing the walls.

These and other objects of the mnvention will be appreciated by those of skill in

the art upon a review of this specification, the associated drawings, and appended claims.

Brief Description of the Drawings

20 Fig. 1 1s a perspective view of two pieces of a connector body of the present
mvention prior to assembly of the two pieces.

Fig. 2 1s a cross-sectional view through an insulated concrete sandwich wall
constructed between a pair of wall forms and showing a connector body and associated
tie. |

25 Fig. 3 1s an enlarged detail view showing the cooperating engagement surfaces of
the connector body and the tie.

F1g. 4 1s a perspective view of a tie.

Fig. 5 1s a cross-sectional view of a male spool piece of the connector taken along
Iine 5-5 of Fig. 1.

30 Fig. 6 1s an end view of the male spool piece of Fig. 5.

Fig. 7 1s a perspective view of a tie on which a hand graspable wing has been

over-molded to assist in pivotal movement of the tie.

Figs. 8 - 12 are perspective views of alternative embodiments of the connector.
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Detailed Description of the Preferred Embodiments

The present invention comprises a novel through-insulation connector assembly
for use in the construction of insulated concrete sandwich wall and an 1mproved method
of constructing insulated concrete sandwich walls using the connector assembly. A
preferred embodiment of the connector assembly includes a spool-shaped connector
body comprised of two, interconnecting pieces and a tie that engages the connector body.
The two pieces of the connector body are installed at the place of manufacture 1n a sheet
of foam 1nsulation that will be used as the msulation layer in the construction of an
insulated concrete sandwich wall. The two pieces of the connector body each have a
flange portion and a stem portion. The two pieces are axially aligned on opposite faces
of the foam sheet with their stem portions facing the foam sheet. The two pieces are
moved toward each other along their mutual axes until they are in contact engagement.
The stem portions are dimensioned so that, upon mutual contact engagement, the flange
portions will each engage the corresponding face surface of the foam sheet. The
connector body includes an axial through-bore which receives the tie. Cooperative
engagement surfaces of the tie and connector body permit the tie to be mserted and
oriented to restrain the tie in an engagement relationship with the connector body. In use
of the through-msulation connector assemblies of the present invention, a plurality of the
two-piece connector bodies are installed in the foam sheet at the place of manufacture.
The foam sheet with installed connector bodies 1s shipped to the location where the wall
will be constructed. Construction of the msulated concrete sandwich wall 1s simplified
in that the connector pieces are already installed in the foam sheet and the ties are
installed preferably after the foam sheet has been positioned.

Ilustrated 1 Fig. 1, generally at 10, 1s a spool-shaped connector body of the
present mvention, comprised of two, interlocking pieces, male spool piece 12 and female
spool piece 14. Male spool piece 12 includes a generally circular flange portion 16 and a
projected stem portion 18. A throughbore 20 is located on the axial centerline of the
stem portion 18 and passes through the center of the flange portion 16. Similarly, the
female spool piece 14 includes a projected stem portion 22, a generally circular flange
portion 24, and an axial throughbore 26.

Interlocking of the male piece 12 and female piece 14 is achieved by cooperating
elements on the stem portions 18 and 22. Specifically, stem portion 22 of the female
piece 14 terminates 1n a pair of diametrically facing locking clips 28a and 28b which

form a latch, and stem portion 18 of the male spool piece 12 presents radially extended,
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opposed retaining ears 30a, 30b which form a detent. Each of the retaming ears 30a, 30b
has a profile that includes a ramp 32a, 32b and a stop 34a, 34b, respectively. Each of the
locking clips 28a, 28b includes a locking aperture 36a, 36b, respectively, and are
separated by a distance corresponding closely to the width of the stem portion 18.
Locking clips 28a,28b have sufficient flexibility such that when the two spool pieces 12
and 14 are axially aligned with their stem portions facing each other, movement of the
spool pieces 12 and 14 toward each other will cause the locking clips 28a, 28b to spread
slightly 1n sliding engagement with the outer periphery of the stem portion 18. If the
spool pieces 12 and 14 have been pivoted to align the locking clips 28a, 28b with the
retaining ears 30a, 30b, the locking clips 28a, 28b will slide on the ramps 32a, 32b until
they pass the stops 34a, 34b, whereupon they will return to their relaxed position with the
ears 30a, 30b extended into the apertures 36a, 36b. The locking clips 28a, 28b are
restrained by the stops 34a, 34b from permitting separation of the spool pieces 12 and 14
from their interlocked condition.

Prior art connector assemblies are installed m the foam sheet of insulation at the
site where the wall 1s being constructed. Typically, holes have been formed 1n the foam
sheet where the connector assemblies are to be mserted. These connectors have one or
more substantially planar flange members one of which 1s threaded over the tie and the
other 1s positioned up against the foam sheet on the opposite side and centered over a
hole. The tie includes a retaining member that prevents the first flange from being
removed from the tie and allows unidirectional msertion of the tie through the second
flange, thereby holding the flanges up against the faces of the foam sheet, with a central
portion of the tie passing through the hole in the foam sheet. Because the tie 1s required
to hold the flanges 1n position on the foam sheet, these connectors cannot practically be
pre-assembled because the projecting ends of the ties would greatly increase the volume
of the insulating layer to be shipped to the wall construction site.

The through-insulation connectors 10 of the present invention are seli-
connecting, making it practical to install the connectors 10 in the foam sheet by inserting
the stem portions of a male piece 12 and a female piece 14 into opposite ends of a pre-
formed hole m the foam sheet, aligning the connector pieces, and pressing the pieces 12
and 14 together to the mterlocked position. The flange portions 16 and 24 have
substantially planar surfaces opposite the stem portions. Therefore, flange portions 16
and 24 add little if anything to the thickness or volume of the foam sheet when 1nstalled

at the manufacturing site. Further, the foam sheet may be partially compressed in the
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area of the flange portions 16 and 24 during the assembly of the connectors 10.
Alignment of the spool pieces 12 and 14 so that they will interlock when pressed
together 1s facilitated by diametrically opposed shoulders 38a, 38b and 40a, 40b formed
in the flange portions 16 and 24, respectively. In the illustrated embodiment, shoulders
38a, 38b are parallel to the retaining ears 30a, 30b of the male spool piece 12, and
shoulders 40a, 40b are parallel to the locking clips 28a, 28b, however, any other
consistent relationship can of course be used. An operator, either human or machine, is
able to align the cooperative engagement surfaces of the male piece 12 and the female
piece 14 by sensing the shoulders 38a, 38b and 40a, 40b and making sure that they are
aligned or parallel to each other on opposing sides of the foam sheet.

Construction of an msulated concrete sandwich wall using the connector
assemblies of the present mvention begins with the erection of the first of a pair of
concrete wall forms 42 (Fig. 2). A first cage or grid 44 of reinforcing steel is positioned
parallel to the wall form 42 spaced the distance specified by well-known concrete wall
construction standards for the wall being constructed. In some applications, the next step
will be to place the msulating layer 46, comprised of a foam sheet 48 1n which a plurality
of through-insulation connectors 10 have been installed, near the reinforcing grid 44. At
this point, a tie 50 1s inserted into each of the connectors 10 to a pre-selected depth and
oriented by an operator to a retained position as described in more detail below. Since
each tie 50 1s mserted individually, the binding problem in the prior art associated with
trying to thread each of the plurality of projecting tie ends simultaneously through the
frequently crowded reinforcing grid 1s substantially reduced or eliminated.

Alternatively, prior to msertion of the ties 50, a second reinforcing grid 52 may be
positioned near the msulating layer 46, followed by insertion of the ties 50 from the open
or exposed side of the second grid 52. In other applications, the first and second
reinforcing grids 44, 52 are positioned as desired prior to placement of the insulating
layer 46. In this application, the insulating layer 46 1s then lowered or slid into the space
between the positioned grids 44, 52, followed by insertion and orientation of the ties 50
as previously described.

Regardless of the construction method that has been applied, following
positioning of the two grids 44, 52 and the insulating layer 46, including the ties 50, a
second of the pair of concrete forms 54 1s erected near the second grid 52. The length of
the tie 50 1s selected to be near to but slightly less than the spacing of the wall forms 42

and 54 to assist 1n positioning the insulating layer 46 as desired inside the pair of wall
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forms 42, 54. While 1n some applications it may be permissible to allow the ends of the
ties 50 to bear on the forming surfaces of both of the wall forms 42 and 54, there are
circumstances where bearing of the end of a tie 50 on a wall form 42 or 54 is not desired.
For example, elastomeric form liners are sometimes used to create a patterned surface in
the concrete wall being formed. Bearing of an end of a tie 50 on the elastomeric material

may damage it, resulting not only 1n a flaw 1n the instant formed wall surface but also in

subsequently formed wall surfaces using the damaged elastomeric liner. Plastic concrete
1s poured into the regions between the first concrete wall form 42 and one side of the
mmsulating layer 46 and between the second concrete wall form 54 and the opposite side
of the msulating layer 46. If there 1s a concern about an end of a tie 50 bearing on one of
the wall forms 42 or 54, the plastic concrete is poured first on the side of concern and a
positive relative elevation maintained, thereby biasing the foam sheet and associated ties
50 away from the wall form of concem.

Care 1s taken not to create too high of a differential head of plastic concrete on
opposite sides of the insulation layer 46. The matenal of the foam sheet 48 1s most
commonly extruded polystyrene foam, a material relatively weak in resisting the bending
and shear stress imposed by lateral loads. While the connectors 10 have a substantial
surface area 1n contact with the faces of the foam sheet 48 and will, in combination with
the retained ties 50, help to resist movement of the foam sheet 48 in response to forces
created by a differential head of concrete, too great a differential will cause failure of the
foam sheet 48 1n areas between the connectors 10. Since the head of plastic concrete
mcreases with depth, one accommodation 1s to space the connectors more closely near
the bottom of the foam sheet 48. This concern 1s present with prior art connector
assemblies as well, and experience has shown that a careful operator can avoid exceeding
the maximum head differential with little training.

As 1llustrated m Fig. 2, the end portions of the ties 50 extend away from the foam
sheet 48 toward each of the wall forms 42 and 54. The plastic concrete is typically
vibrated to reduce the formation of voids in the concrete walls 56 and 58 being formed.
Vibration of the plastic concrete thus also assists in consolidating the concrete around the
extended end potions of the ties 50, thereby improving the mechanical connection
between the ties 50 and the concrete walls 56 and 58 when set.

The rods 50 are, in a preferred embodiment, formed of a fiber-reinforced
polymeric material by pultrusion. Alternatively, the ties 50 can be formed of injection

molded polymeric material. The ties 50 have low thermal conductivity to minimize
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thermal transfer between the concrete walls 56 and 58. In a preferred embodiment, the
ties 50 have a cross section that includes a pair of parallel side faces 60a, 60b and two
radiused end faces 62a, 62b (Fig. 4). Alternatively, the ties 50 may have elliptic, oval, or
generally rectangular cross sections. Two pair of notches 64a, 64b and 66a, 66b are
formed 1n a central portion of the tie 50 by machining or similar process. These notches
64a, 64b and 66a, 66b will engage interior portions of the connector 10 upon installation
of the tie 50, and thereby serve to define the location, as well as transfer load between the
connector 10 and the tie 50. On either side of the central notches 64a, 64b and 66a, 66b
are end portions 68 and 70. The end potions 68 and 70 may be identical in length, but
typically are of different lengths. Notches 72a-d are formed in end portion 68 and
notches 74a, 74b are formed 1 end portion 70. The notches 72a-d and 74a, 74b assist in
anchoring of the tie 50 1n the concrete walls 56 and 58. In the 1llustrated embodiment,
there are more notches 1 one end portion than the other, but this is merely a design
feature that allows an operator to distinguish one end portion from the other, necessary
when end portions of differential length are employed.

A tie 50 1s mserted into an assembled connector 10 by aligning the tie 50 with
one of the shaped openings 1n the flange portions 16 or 24 of the male spool piece 12 or
female spool piece 14, respectively, one of which 1s 1llustrated in Fig. 1 at 76. Referring
to Fag. 5, a cross section of the throughbore 20 of the male spool piece 12 shows that it 1s
provided with a section 78 of resiricted clearance at the flange portion and a section 80 of
unrestricted clearance at the stem portion. The restricted clearance portion 78 is of a
length that closely corresponds to the width of the notches 64a, 64b and 66a, 66b of the
tie 50. Although not shown, a cross section of the female spool piece 14 would have
identical restricted and unrestricted clearance sections. The tie 50 is aligned with the
opening 76 and mserted into the connector 10. After it has been mserted to a depth
where the notches 64a, 64b and 66a, 66b are positioned in the area or the restricted
clearance sections, a pivoting force is applied to the tie 50 about its longitudinal axis.
Due to the reduced dimension of the tie 50 in the area of the notches 64a, 64b and 66a,
66b, which corresponds to the restricted clearance sections, the tie 50 will be allowed to
pivot in response to the applied force.

In a preferred embodiment, and as illustrated in Figs. 1 and 6, a pair of pawls 82a,
82b are formed in the unrestricted clearance section in the male spool piece 12. In an
alternate embodiment, similar pawls may be formed in the corresponding unrestricted

clearance section of the female spool piece 14. The pawls 82a, 82b extend in the desired



CA 02423363 2003-03-20
WO 02/25023 PCT/US01/298351

direction of pivotal movement of the tie 50 after insertion into the connector 10. The
pawls 82a, 82b flex to allow the tie 50 to pivot past them in the preferred direction, but
restrict reverse pivotal movement of the tie 50. The pawls 82a, 82b are positioned and of
a length to hold the tie 50 at a position pivoted 90 degrees from its orientation on

5 insertion. When oriented at a substantial angle away from its insertion orientation, the
tie 50 cannot be advanced or retracted relative to the connector 10 as the notches 64a,
64b and 66a, 66b are trapped by the restricted clearance portions. The pawls 82a, 82b do
not necessarily have to absolutely prevent reverse pivotal movement of the tie 50, but are
sufficient 1f they prevent an excess amount of pivotal movement of the tie 50 1 response

10 to vibration of the plastic concrete or the expected jostling of the wall forming elements
during construction of the wall. In fact, it may be advantageous to allow an operator to
remove the tie 50 1f desired. For ease of the operator, arrows 84a, 84b in the preferred
direction of pivotal movement are formed on the flange portions 16 and 24 of the male
spool piece 12 and the female spool piece 14, respectively. Of course, a great many pawl

15  or detent arrangements exist in a wide variety of arts that could be employed in the
present invention. An alternative to the disclosed pawl arrangement is to provide
radially inwardly raised portions on the interior of the thoughbore in the connectors 10
that would flex sufficiently to allow an operator to orient the tie 50 yet would resist
undesired pivotal movement of the tie 50 during construction of the concrete wall.

20 In an alternative embodiment of the tie 50, a hand graspable wing 86 (Fig. 7) 1s
provided on an end portion of the tie 50 to assist the operator in applying a pivoting force
to the tie 50. As an alternative, a simple installation tool could be used. The tool would
be of an easily hand graspable size and shape, such as a cylinder and would have a
longitudinal tie pocket open at one end of the tool. The tie pocket would be sized to

25  accept an end portion of the tie 50, allowing the tie 50 to be inserted into the tool until
the end of the tie came 1nto contact with the closed end of the tie pocket, thus setting the
depth of the tie upon insertion into a connector 10. Engagement surfaces on the inside of
the tie pocket would prevent the tie from pivoting inside the tool. Accordingly, pivotal
movement of the tool would result in pivotal movement of the tie.

30 An alternative embodiment of the connector is illustrated in Fig. 8, generally at
110. Also comprising a male spool piece 112 and a female spool piece 114, the
connector 110 ditfers from the connector 10 in the arrangement of the cooperative
interlocking engagement members. In connector 110, the stem portion 122 of the female

spool piece 114 1s of uniform outer diameter around its entire circumference, with
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locking apertures 136a and 136b (not shown). The stem portion 118 of the male spool
piece 112 is similar to the stem portion 18 of the connector 10, with the exception that
the retaining ears 130a, 130b are allowed to flex radially inwardly by longitudinal
notches 131a-d cut in the male stem portion 118 on either side of the retaining ears 130a,
130b. On assembly of this connector 110, when the female stem portion 122 is received
about the male stem portion 118, the retaining ears 130a, 130b will flex radially
inwardly, until the apertures 136a, 136b are moved past the corresponding stop 134a,
134b, whereupon the retaining ears 130a, 130b will return to their radially extended
position, mterlocking the male spool piece 112 and the female spool piece 114 to form
the connector 110.

Another alternative embodiment of the connector 1s 1llustrated in Fig 9, generally
at 210. This embodiment 1s 1dentical to connector 10 except that two pair of pawls 282a,
282b and 283a, 283b are provided so that a tie 50 may be pivoted 1n either direction, thus
eliminating the need for directional arrows on the flange portion.

Yet another embodiment of the connector 1s 1llustrated in Fig. 10, generally at
310. In this embodiment, there are no cooperating engagement elements that serve to
lock the two spool pieces 311 and 313 together. Instead, the stem portions 318 and 322
present flat end surfaces. To assemble the connector 310, the stem portions 318 and 322
are brought nto aligned abutting engagement and secured to each other by welding, for
example, spinning, staking, hot plate solvent, adhesives, or the like.

Still another embodiment of the connector 1s illustrated in Fig. 11, generally at
410. Two 1dentical male spool portions 412a, 412b are used, each of which 1s identical
to male spool portion 112 (Fig. 7). A docking collar 415 has two pair of locking
apertures 436a, 436b and 436¢, 436d (not shown). As with the connector 110, the stem
portions 418a, 418b will be received inside corresponding end portions of the docking
collar 415 and lock into place once the retaining ears 430a-d are released into the locking
apertures 436a-d. An advantage of this embodiment is that the length of the docking
collar 415 can be adjusted to match the thickness of the foam sheet, whereas the two
male spool pieces 412a, 412b can remain unchanged.

Another embodiment of the connector 1s illustrated in Fig. 12, generally at 510.
The two spool pieces 517a, 517b are identical to each other. Each has a split stem
portion 518a, 518b with a pair of extended locking tabs 519a-d. Corresponding locking
apertures 521a-d are formed in the flange portions 516a, 516b. Upon assembly of the
two spool pieces 517a, 517b, the locking tabs 519a-d are directed into a corresponding
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one of the locking apertures 521a-d, flexing radially inwardly upon insertion. Once
mserted, the locking tabs 519a-d will relax to their original dimension being retained
inside the locking apertures 521a-d, thus interlocking the two spool pieces 517a, 517b
together to form the connector 510.

An additional embodiment of the connector would employ a two-piece connector
in which one of the pieces has a stem portion which is of a length corresponding to the
thickness of the foam sheet in which it is to be inserted. The other piece has no stem
portion, comprising essentially only a flange portion with engagement elements for
interlocking the two pieces together. Such an embodiment may be particularly suited for
either spin welding or sonic welding as the region to be welded would be close to the
surface of the foam sheet and therefore more accessible to the transducer of the sonic
welder. A vanation of this embodiment provides a latch and detent structure for
mterlocking the connector piece with the extended stem portion to the flat flange
connector. To maintain the important feature of the present invention that the installed
connectors not substantially increase the width of the foam sheet, it may be necessary to
modify the flange connector and the foam sheet in the area of contact of the flange
connector. More specifically, 1t may be necessary to make the flange connector concave
and create a divot in the foam sheet to accommodate the concave flange connector so
that the detent and latch elements do not extend substantially above the undisturbed
surface of the foam sheet.

Another embodiment comprises a one-piece connector that has a relatively large
tlange portion only on one side and an extended stem portion that 1s inserted into the
foam sheet. Ribs or some sumilar frictional engagement structure could be provided to
retain the connector in the foam sheet. The connector would, accordingly, only resist
lateral forces applied to the foam sheet from the side opposite the flange. Accordingly,
care would have to be taken 1n pouring of the plastic concrete to maintain a positive head
on the side of the foam sheet opposite the flange portion. An advantage of such an
embodiment would be that the foam sheet could be shipped without any connectors and
both the connectors and ties would be installed at the site from the exposed side of the
toam sheet. A variation on this embodiment provides the flange and tie to be formed
mto an integral unit which would be installed in a single step at the wall construction
site.

While a variety of cooperative engagement elements of the connector pieces have

been described, many other cooperative engagement elements could be used within the
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scope of the present invention. For example, the two connector pieces could have male

and female threads and be assembled by rotating one of the pieces relative to the other

about their common axis; a threaded insert could be used in a manner similar to the
docking collar; or the two pieces could be interlocked by a press fit.

The foregoing description comprises illustrative embodiments of the present
mventions. The foregoing embodiments and the methods described herein may vary
based on the ability, experience, and preference of those skilled i the art. Merely listing
the steps of the method 1n a certain order does not necessarily constitute any limitation
on the order of the steps of the method. The foregoing description and drawings merely
explain and illustrate the mnvention, and the invention 1s not limited thereto, except
insofar as the claims are so limited. Those skilled in the art who have the disclosure
before them will be able to make modifications and variations therein without departing
from the scope of the mmvention. For example, while the preferred embodiment of the tie
has notches formed 1n 1t to serve to retain 1t upon assembly mside a connector, it will be
appreciated that the notches could mstead be raised portions or lugs formed on the tie.
The restricted clearance section and unrestricted clearance sections in the connector
would then be reversed, but would function the same to prevent further advancement or
retraction of the tie once mserted to the proper depth and pivoted approximately 90
degrees.
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1. A connector assembly for use 1in forming insulated concrete sandwich walls

10

having an insulation layer sandwiched between two concrete layers, comprising:

(a) a first connector piece positioned on one side of the mnsulation layer;

(b) a second connector piece positioned in axial alignment with the first
connector piece on the opposite side of the insulation layer;

(c) cooperative engagement elements on the two connector pieces that
mnterlock the two connector pieces together upon movement of the two
connector pieces mto contact engagement with each other; and

(d)  atie inserted into the interlocked connector pieces and having end

portions which extend to either side of the insulation layer.

2. A connector assembly as defined in claim 1, wherein the tie 1s oriented after its
msertion in the mterlocked connector pieces to prevent its retraction or further

advancement.

3. A connector assembly as defined in claim 2, wherein 1n the tie is pivoted to

prevent 1ts retraction or further advancement.

4. A connector assembly as defined 1n claim 2, wherein hand graspable projections

are provided on the tie {o facilitate its orientation.

5. A connector assembly as defined 1n claim 1, further comprising retaining
elements on either the first or second connector piece for retaining the tie in position

inside the mterlocked connector pieces after its insertion.

6. A connector as defined in claim 5, wherein the tie is oriented after its insertion in
the mterlocked connector pieces to prevent its retraction or further advancement and the

orientation of the tie engages the retaining elements.

7. A connector as defined 1n claim 1, wherein the cooperative engagement elements
comprise a detent and latch, one of which is on the first connector piece and the other of

which 1s on the second connector piece.
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8. A connector as defined 1n claim 7, wherein the detent comprises a fixed ear and
the latch comprises a flexible clip that passes over the fixed ear as the pieces are moved
toward the imterlocked position and which engages the ear i the interlocked position to

prevent disengagement of the two interlocked pieces.

9. A connector as defined 1n claim 1, wherein the cooperative engagement elements
comprise a detent and latch associated with each connector piece wherein the detent of
the first piece 1s engaged by the latch of the second piece and the detent of the second
piece 1s engaged by the latch of the first piece upon movement of the two pieces toward

5 the interlocked position to prevent disengagement of the two interlocked pieces.

10. A connector assembly for use in forming msulated concrete sandwich walls
having an nsulation layer sandwiched between two concrete layers, comprising:
(a) a first connector piece positioned on one side of the insulation layer;
(b) a second connector piece positioned 1 axial alignment with the first
5 connector piece on the opposite side of the insulation layer;
(c) cooperative surfaces on the two connector pieces that abut each other
upon movement of the two connector pieces into contact with each other;
(d) means securing the first and second connector pieces to each other at the
cooperative surfaces to interlock the pieces together; and
10 (e) a tie mserted mnto the mterlocked connector pieces and having end

portions which extend to either side of the insulation layer.

11. A connector assembly as defined i claim 10, wherein the securing means

comprises welding.

12. A connector assembly as defined in claim 10, wherein the securing means

comprises an adhesive.
13. A connector assembly for use in forming insulated concrete sandwich walls

having an msulation layer sandwiched between two concrete layers, comprising:

(a) a first connector piece positioned on one side of the insulation layer;
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a second connector piece positioned in axial alignment with the first
connector piece on the opposite side of the insulation layer;

a docking member positioned 1n axial alignment between the first and
second connector pieces;

cooperative engagement elements on the two connector pieces and the
docking member that interlock the two connector pieces to the docking
upon movement of the two connector pieces into contact engagement with
the docking member; and

a t1e inserted mto the mterlocked docking member and connector pieces
and having end portions which extend to either side of the insulation

layer.

A method of constructing an insulated concrete sandwich wall having an

insulation layer sandwiched between two concrete layers, comprising the steps of:

(a)

(b)

(c)
(d)

(€)

positioning a first connector piece on one side of the insulation layer;
positioning a second connector piece on the opposite side of the insulation
layer 1n axial alignment with the first connector piece;

providing cooperative engagement elements of the two connector pieces;
moving the two connector pieces into contact engagement whereupon the
cooperative engagement elements interlock the two connector pieces
together; and

inserting a tie into the interlocked connector plates to a depth where end

portions extend to either side of the insulation layer.

A method as defined 1n claim 14, further comprising the step of orienting the tie

after 1ts msertion mto the interlocked connector elements to prevent its retraction of

further advancement.

A method of assembling an insulation layer to be used in the construction of an

insulated concrete sandwich wall, comprising the steps of:

5
10
13.
16.
S

(a)
(b)

positioning a first connector piece on one side of the insulation layer;
positioning a second connector piece on the opposite side of the insulation

layer in axial alignment with the first connector piece;

16
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(c) providing cooperative engagement elements of the two connector pieces;

and

(d)  moving the two connector pieces mto contact engagement whereupon the
cooperative engagement elements interlock the two connector pieces

10 together.

17. A method as defined in claim 16, further comprising the step of locally
compressing the insulation layer contacted by the connector pieces during movement of

the two connector pieces into interlocking engagement so that the mterlocked connectors

do not substantially increase the width of the msulation layer absent the connectors.
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