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€) Concrete sandwich panel.

@ A concrete sandwich panel includes a structural pre-case

concrete panel (10), an insulative panel (20) and an outer de-
corative concrete pane! (25). The inner (10) and outer panels
(25) are integrally connected by C-shaped metal ties (16)
which connect reinforcing rods (23) in the inner (10) and outer
layers (25).
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CONCRETE SANDWICH PANEL

To enhance thé insulating capability of precast concrete
wall panels, laminas of insulation have been inserted
between an inner structural concrete wall panel and an
outer decorative concrete face panel or shell. In such
constructions it is desirable that the assembly be tied
together to provide no significant movement of the various
lamina relative to each other. It is necessary that the
face panel be sufficiently integrated with the structural
panel to prevent inadvertant loss thereof such as sliding
off of the face shell during shipment or erection or pull-
ing off due to wind suction. However, because of the non-
uniform temperature gradient through the cross-section of
the composite panel differential temperature effects
could cause thermal cracking of either the structural or
face panel if there is no flexibility or capability of
yielding in the connection between the panels. If the
elastic behaviour of the sandwich wall panel is totally
composite there is a greater potential for thermal
cracking. The present invention provides a tie system to
integrate the face panel, insulation panel and structural
panel to provide good performance and minimize thermal
cracking and also provide sufficient integrity to maintain
a tight interface between the insulation and structural
panel and prevent the entry of water therebetween.

According to the present invention there is provided a
precast insulative concrete panel construction comprising
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a first concrete panel section having longitudinally
extending reinforcing rods, insulative panel sections
super-imposed on said first panel secticon and having gaps
between said sections, a second concrete panel section
having corresponding longitudinally extending reinforcing
rods and tie means to connect said reinforcing rods of
said first and second panels, to maintain said panels in
unitary assembly and to allow for non-composite expansion
and contraction of said panels due to temperature differ-
entials so that c¢racking of said panels due to temperature
changes is minimized.

Preferably, the tie means comprises C-shaped ties having
allochiral hook end portions with said end portions
engaged with said reinforcing rods and said ties having a
thickness greater than 3.76 mm (.1&8 inches) and less than
12.7 mm (.5 inches).

The invention further provides a method of making a
composite concrete insulative panel comprising the steps
of:

(a) extruding a first concrete panel section with a
first set of longitudinally extending reinforcing rods;

(b) applying an insulative panel in superimposed
relationship on said first panel;

(¢) inserting connector ties in engagement with the
reinforcing rods of said first panel section prior to
setting of the concrete in said first section;

(d) applying a second insulative panel to support
the connector ties between the first and second insulative
panel section;
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(e) supporting a second set of reinforeing rods
above said insulative panels in engagement with the
upstanding connector ties; and

(f) extruding a second concrete wall panel over said
insulative panel sections.

The invention provides a sandwich wall panel and method of
making the same whiech includes an insulative lamina
sandwiched between a structural concrete panel and a
concrete face panel. A system of integrating the panel
sections and insulative lamina is provided which minimizes
composite action of the panel under stress which could
lead to thermal cracking due to differential temperature
effects.' The structure which integrates the three lamina
maintains a tight interface between the insulation and the
structural panel. In the preferred embodiment C-shaped
ties connecting longitudinally extending reinforcing rods
in both concrete panels and having a diameter of 6.35 to
4.76 mm (of 1/4 to 3/16 inch) were found to provide the
desired balance between rigidity and non-composite
action.

The method of the invention relates to the assembly of the
panels wherein the C-ties are held in place, while the
cast structural panel is wet, by the abutting ends of the
overlying blocks of insulation. The abutting ends are
pressed against the C-ties with the lower hook of the
C-ties engaged with the reinforcing rods in the lower
panel. The reinforecing rods for the face panel are
pressed into the upper curves of the C-ties by blocks of
wood supported on the insulation to properly orient and
position the reinforecing rods in the upper hook portions
and support the reinforcing rods until the face panel has
cured.
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Further objects and features of the invention will become
apparent from the disclosure.

One embodiment of the invention will nbw be described by
way of example reference being made to the accompanying
drawings in which:-

Fig. 1 is a perspective view with parts broken away
showing the composite panel of the invention.

Fig. 2 is an enlarged sectional view along line 2-2
of Fig. 1.

Fig. 3 is a plan view of the panel shown in Fig. 1
prior to deposition of the face panel. )

Fig. 4 is a schematic diagram of the steps of the
method of making the panel.

Fig. 5 is a chart comparing test deflections data
using 4.76 mm (3716 inch) ties under main span load with
theoretical composite and non-composite deflection.

Fig. 6 is a chart similar to Fig. 5 using a 6.35 mm
(174 inch tie).

Fig. 7 1is a chart similar to Fig. 5 showing
deflection in a cantilever load test with a 4.76 mm
(3716 inch) tie.

Fig. 8 is a chart similar to Fig. 7 of a cantilever
load test with a 6.35 mm (1/Y4 inch) tie.

Although the disclosure hereof is detailed and exact to
enable those skilled in the art to practice the invention,
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the physical embodiments herein disclosed merely
exemplify the invention which may be embodied in other
specific structure. The scope of the invention is defined
in the e¢laims appended hereto.

1n the drawings, Fig. 1 shows a sandwich panel 8 which
includes a pre-stressed concrete structural panel section
10 which can be formed by an apparatus such as that shown
in U.S.-A-3,382,304 or U.S.-A-3,979,171. ' The panels can
be 10.16 ecm., 15.24 em., 20.32 em., 25.4 em., 30.48 cm.,
(four inches, six inches, eight, ten or twelve inches)
thick. Typically, wall panels are 15.24 cm or 20.32 cm
(six or eight inches) thick.

As the wall panel 10 is being extruded, pre-cut pieces of
insulation 20, 101.6 cm (forty inches) wide and 121.92 cm
(four feet) long are superimposed on the wet concrete
panel section 10. Next, C-shaped ties 16 preferably
formed from stainless steel are embedded in the panel and,
as illustrated in Fig. 2, hooked around the strands 1.
The connector ties 16 have hook shaped ends in allochiral
relation. The C-ties 16 are positioned between the
abutting ends 21 between adjacent insulative panels 20, as
illusfrated in Fig. 1 and 3. The insulative panels 20 are
pressed together as the C-ties are inserted to support
them in wet concrete. After the insulative panels are
applied and the C-ties inserted and held in an upright
position, four more reinforcing rods are laid on top of
the insulation and supported in spaced relation above the
insulation with small pieces of wood 27. The pieces of
wood are sized to press the reinforcing rods 23 in the
upper hooks of the C~ties in a tight fit. Cross ties 30
and 32 are also connected to the reinforeing rods to mini-
mize cracking of the panel ends. A 5.08 em (two inch)
layer of concrete is then extruded on top of the insula-

tion, encasing the top four strands, the ties and end
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cross bars to form the face panel 25. The assembly is
then cured overnight and the planks are cut to length and
stockpiled and shipped.

The C-ties 16 can be arranged in a pattern as illustrated
in Fig. 3, with four C-ties adjacent the ends of the
panel, with two C-ties staggered at spaced intervals along
the length of the panel. With the use of 121.92 em (4
foot) insulation panels the C-ties 16 are spaced at
121.92 ecm (4 foot) intervals.

Because of the insulation lamina which isolates the face
panel 25 from the structural panel 10 there normally will
be a non-uniform temperature gradient through the sandwich
panel. Accordingly the means tying the first and second
panels together must accommodate thermal expansion of the
panels to avoid thermal cracking. It has been found that
C-shaped connectors made from 4.76 mm to 6.35 mm (3/16

inch or 1/4 inch) wire rod have been suitable to provide
non-composite action between the face and structural

panels yet maintain sufficient integrity of the panel so
the face is not lost during handling or erection or by

wind suection, ete.

Tests were conducted to compare the measured deflection of
the face panel with the theoretical composite deflection
and the theoretical non-composite deflection when a load
was applied to the structural panel. Bars measuring
3.175 mm By 25.4 mm (1/8 inch by 1 inch) were tested as
ties between the panels and were found to provide too much
composite action which could lead to panel cracking due to
differential temperature effects.
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—> Figures A, p, B and F illustrate comparison of test

10

20

—> Figures ﬁ‘?:—md

25

results with theoretical calculated composite and non-
composite deflections. In the tests a face tie arrangement
such as that shown in Fig. 1 was employed with the ties at
a 121.92 em (4 foot) spacing. The structural panel cross-
section was 15.24 cem (6 inch) pre-stressed with 5.08 cm (2
inches) of urethane insulation plus a 5.08 em (2 inch)

thick facing panel. The tests involved a panel 8.38 m (27
feet 6 inches) in length. The panels were supported at
two points 160 cm (5 feet 3 inches) from the ends. The
panels were loaded up by piercing the face panel and

insulation and applying the load directly on the panel 10
and deflections were measured. Both cantilever and main

span tests were performed. Figures ‘ﬂ and ,5 show
deflection in inches (1 inch = 2.54 cm) and the load in
pounds (1 pound = 0.454 kg) with the measured

deflections for two separate main span tests indicated by
curves A and B. These curves show essentially a non-
composite action of the outer and inner panels which is
suitable for a gommercial sandwich panel. Similarly the

Z?Ehow a non-composite action in cantilever
tests using the 4.76 mm and 6.35 mm (3/16 and 1/4 inch)
ties. In prior tests with the use of flat iron ties
3.175 mm by 25.4 mm (1/8 by 1 inch) the test results
provided a curve close to the theoretical composite
deflection curve. With 9 gauge ties 3.76 mm (.148 inches)
the test results provided a curve closer to the theoreti-
cal non-composite curve.

The request for correction is allowed under
R. 88 EPC | with the exception of the deleted
points /.
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CLAIMS:

1. A precast insulative concrete panel construction
comprising a first concrete panel section having longi-
tudinally extending reinforcing rods, insulative panel
sections superimposed on said first panel section and
having gaps between said sections, a second concrete panel
section having corresponding longitudinally extending
reinforcing rods and tie means to connect said reinforeing
rods of said first and second panels, to maintain said
panels in unitary assembly and to allow for non-composite
expansion and contraction of said panels due to tempera-
ture differentials so that cracking of said panels due to
temperature changes is minimized.

2. The panel construction of Claim 1 wherein said tie
means comprises C-shaped ties having allochiral hook end
portions with said end portions engaged with said
reinforcing rods and said ties having a thickness greater
than 3.76 mm (.148 inches) and less than 12.7 mm (.5
inches).

3. The method of making a composite concrete insulative
panel comprising the steps of:

(a) extruding a first concrete panel section with a
first set of longitudinaly extending reinforcng rods;

(b) applying an insulative panel in superimposed
relationship on said first panel;

(e) inserting connector ties in engagement with the
reinforcing rods of said first panel section prior to
setting of the concrete in said first section;
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(d) applying a second insulative panel to support
the connector ties between the first and second insulative
panel section;

(e) supporting a second set of reinforecing rods
above said insulative panels in engagement with the
upstanding connector ties; and

(f) extruding a second -concrete wall panel over said
insulative panel sections.
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