CONCRETE VOID FORM AND METHOD OF MODULAR CONSTRUCTION
THEREWITH

FIELD OF THE INVENTION

[0001] The present specification relates generally to modular construction and more specifically

to a sacrificial concrete void form and method of modular construction therewith.
BACKGROUND OF THE INVENTION

[0002] Modular construction is becoming increasing popular, due in large part to advantages
over traditional construction including time-savings, fewer weather-based delays, a reduced need
for on-site storage of materials, lower labor costs, and lower waste volume. Although modular
construction invariably reduces the amount of time required for the construction of a given
structure, a substantial amount of time is still involved at the on-site assembly stage. Often,
structures built from pre-constructed modules require a concrete superstructure for structural,
seismic, high wind, sound and fire rating requirements. The construction of that superstructure

necessarily involves concrete forming.

[0003] Currently, there are a number of solutions for conventional concrete forming, especially
in midrise and high-rise construction, but these solutions fail to meet the needs of the industry
because they require concrete forming, form stripping and/or reshoring. These solutions are
therefore expensive, wasteful and time consuming, as well as being very dangerous for workers
and the general public in the area of the construction site. These solutions are also ineffective in
circumstances where poured concrete superstructures are required in a timely manner, for example
after natural disasters like tornadoes, hurricanes, earthquakes, tsunamis, or pandemics or after

manmade disasters like war, where hospitals and housing must be constructed quickly.

[0004] The benefit and value of modular construction today is therefore curbed by the need for
a concrete superstructure and the protracted, tedious manner in which this concrete superstructure

is provided.

[0005] Accordingly, there remains a need for improvements in the art.



SUMMARY OF THE INVENTION

[0006] In an embodiment of the present invention, there is provided a concrete void form
comprising a steel frame having a top face, a bottom face, and four side faces, wherein at least one
of the four side faces and the top face are covered with at least one sheet of corrugated steel

decking.

[0007] According to another embodiment, there is provided a method of modular construction
comprising constructing at least one concrete void form, the at least one concrete void form
comprising a steel frame having a top face, bottom face and four side faces, wherein at least one
of the four side faces and the top face are covered with at least one sheet of corrugated steel
decking; installing the at least one concrete void form at a construction site; and pouring concrete

over or adjacent to the at least one concrete void form.

[0008] Other aspects and features according to the present application will become apparent to
those ordinarily skilled in the art upon review of the following description of embodiments of the

invention in conjunction with the accompanying figures.
BRIEF DESCRIPTION OF THE DRAWINGS

[0009] The principles of the invention may better be understood with reference to the
accompanying figures provided by way of illustration of an exemplary embodiment, or

embodiments, incorporating principles and aspects of the present invention, and in which:
[0010] FIG. 1 is a perspective view of a concrete void form, according to an embodiment;
[0011] FIG. 2 is an exploded view of the concrete void form of FIG. 1;

[0012] FIG. 3 is a perspective view of a concrete void form, according to an embodiment, in

which the corrugated steel decking is not shown; and

[0013] FIG. 4 is a perspective view of a concrete void form, according to another embodiment,

in which the corrugated steel decking is not shown.

DETAILED DESCRIPTION OF THE EMBODIMENTS



[0014] The description that follows, and the embodiments described therein, are provided by
way of illustration of an example, or examples, of particular embodiments of the principles of the
present invention. These examples are provided for the purposes of explanation, and not of
limitation, of those principles and of the invention. In the description, like parts are marked
throughout the specification and the drawings with the same respective reference numerals. The
drawings are not necessarily to scale and, in some instances, proportions may have been

exaggerated in order to more clearly depict certain features of the invention.

[0015] According to an embodiment, a concrete void form 100 is provided to enable structures
to be built from pre-constructed modules to create the permanent formwork for a concrete
superstructure. Accordingly, concrete void form 100 may obviate and/or reduce the need for
conventional concrete forming, form stripping, reshoring, and/or tarping in the construction of a
building and facilitate modular construction. Accordingly, concrete void form 100 may reduce
construction delays associated with inter alia curing times for concrete and reduce an amount of
time required to complete a given construction project. Consequently, concrete void form 100 may
be especially beneficial after natural disasters like tornadoes, hurricanes, earthquakes, tsunamis,
or pandemics or after manmade disasters like war, where hospitals and housing must be
constructed quickly. Concrete void form 100 may also reduce costs associated with a given
construction project by reducing labour costs and material costs and by contributing to the faster
completion of revenue-generating properties. Further, concrete void form 100 may reduce waste
associated with traditional concrete forming, form stripping and/or reshoring. Concrete void form
100 may be constructed off-site and may be subject to permit requirements distinct from those
applied to the erection of structures on-site, thereby enabling the advancement of a given project
while awaiting issuance of one or more permits, again saving time and costs necessarily associated

with that time.

[0016] As shown in FIG. 2, concrete void form 100 comprises a steel frame 110 having a top
face, a bottom face, and four side faces, wherein at least one of the four side faces and the top face
are covered with at least one sheet of corrugated steel decking 120. Steel frame 110 can also be
seen in FIG. 3. Steel frame 110 may comprise at least two steel tubes and two steel beams.

According to an embodiment, at least one sheet of corrugated steel decking 120 comprises at least



one of 16-gauge composite steel decking and 20-gauge corrugated steel decking. A set of
requirements for a given project and/or a location of concrete void form 100 within a larger
structure may inform a choice of gauge of at least one sheet of corrugated steel decking 120. At
least one sheet of corrugated steel decking 120 may comprise at least four sheets of corrugated
steel decking, one sheet for each of three of the four side faces and the top face. At least one sheet
of corrugated steel decking 120 may be fastened to steel frame 110 by way of one or more of
screwing, shooting and welding. A size and shape of each of steel frame 110 and sheet of
corrugated steel decking 120 may vary. Steel frame 110 may be L-shaped or may be rectangular,
as shown in FIGs. 1 - 3. At least one concrete void form 100 may further comprise at least one
bent steel plate 160, as shown in FIG. 4. At least one bent steel plate 160 may form part of and be
installed within steel frame 110. Where concrete void form 100 and steel frame 110 are to include
one or more interior columns, the one or more interior columns may be shaped, constructed and

installed into steel frame 110 with at least one bent steel plate 160.

[0017] According to an embodiment, as shown in FIGs. 1 and 2, concrete void form 100 further
comprises at least one of rebar mat 130 and tied rebar (not shown), affixed to concrete void form
100 parallel to a surface of at least one sheet of corrugated steel decking 120. A size and shape of
rebar mat 130 may vary. According to an embodiment, a size and shape of rebar mat 130
corresponds to a size and shape of at least one sheet of corrugated steel decking 120, as shown in
FIGs. 1 and 2. Rebar mat 130 may comprise at least four rebar mats. According to an embodiment,
the at least four rebar mats are disposed along at least the top face and three of the four side faces
of steel frame 110. Rebar mat 130 may be configured to a set of specifications for a project in
which concrete void form 100 will be used. By way of example only, a high-rise building within
a seismic region will need more and larger rebar mat 130 than a low-rise building in a location
with fewer seismic requirements. By way of further example, a concrete column or pier may have

different rebar mat 130 and tied stirrups then a shear wall or other structural element.

[0018] According to an embodiment, as shown in FIGs. 1 and 2, concrete void form 100 further
comprises at least one cast-in-place concrete wall 140 in front of the at least one sheet of corrugated
steel decking covering at least one of the four side faces. A size and thickness of at least one cast-

in-place concrete wall 140 may vary. A set of requirements for a given project may inform a choice



of size and thickness of at least one cast-in-place concrete wall 140. According to an embodiment,

at least one cast-in-place concrete wall 140 comprises at least two cast-in-place concrete walls.

[0019] According to an embodiment, as shown in FIGs. 1 and 2, concrete void form 100 further
comprises a cast-in-place concrete top layer 150 above the top face and at least one sheet of
corrugated steel decking 120. A size and thickness of cast-in-place concrete top layer 150 may
vary. A set of requirements for a given project may inform a choice of size and thickness of cast-

in-place concrete top layer 150.

[0020] According to an embodiment, there is provided a method of modular construction
comprising: constructing at least one concrete void form, the at least one concrete void form
comprising a steel frame having a top face, bottom face and four side faces, wherein at least one
of the four side faces and the top face are covered with at least one sheet of corrugated steel
decking; installing the at least one concrete void form at a construction site; and pouring concrete
over or adjacent to the at least one concrete void form. According to another embodiment, the at
least one sheet of corrugated steel decking comprises at least one of 16-gauge composite steel
decking and 20-gauge composite steel decking. The at least one sheet of corrugated steel decking,
and the steel frame, are engineered to withstand the pressure of poured concrete. According to an

embodiment, the at least one concrete void form further comprises at least one bent steel plate.

[0021] The step of constructing the at least one concrete void form may comprise at least one of
welding and bolting together at least two steel tubes and at least two steel beams. One or more of
a size, orientation, and thickness of the at least two steel tubes and the at least two steel beams may
be selected based on one or more of a set of specifications for a project within which the at least
one concrete void form will be installed and a specific location within a building where the at least
one concrete void form will be installed. According to an embodiment, the at least two steel beams
form a top rail and a bottom rail of the at least one concrete void form and the at least two steel
tubes are welded in and form upright and horizontal components of the at least one concrete void
form, creating a modular box shape. A set of dimensions and components of at least one concrete
void form may vary depending on a set of specifications for a project employing the at least one

concrete void form.



[0022] The at least one concrete void form may comprise a plurality of concrete void forms. The
plurality of concrete void forms may comprise concrete void forms of different shapes. According
to an embodiment, the plurality of concrete void forms is connected by at least one of welding and
bolting. According to an embodiment, the plurality of concrete void forms is bolted together using
structural bolts and jumper plates. A set of specifications of the structural bolts may vary. The

structural bolts may be selected based on a set of specifications for a given project.

[0023] According to a further embodiment, the method of modular construction further
comprises connecting the plurality of concrete void forms with threaded rod ties. The threaded rod
ties may be specifically designed for use in a particular position along the plurality of concrete
void forms. The threaded rod ties may be spaced 48 apart. According to an embodiment, the
threaded rod ties are constructed of %4 threaded rod. Connecting the plurality of concrete void
forms with threaded rod ties may prevent shifting, separation and/or bowing of the plurality of
concrete void forms before, during and/or after concrete pouring. The threaded rod ties may also

support the live load of cast-in-place concrete poured over the plurality of concrete void forms.

[0024] According to an embodiment, the method of modular construction further comprises
affixing at least one of rebar mat and tied rebar to at least one of the four side faces and the top
face, parallel to the at least one sheet of corrugated steel decking. At least one rebar mat may be
affixed to at least one of the four side faces and the top face, parallel to the at least one sheet of
corrugated steel decking, by at least one of welding and tying at least one rebar mat to the steel

frame.

[0025] According to an embodiment, the method of modular construction further comprises
installing at least one additional concrete void form adjacent to the at least one concrete void form;

and pouring concrete over or adjacent to the at least one additional concrete void form.

[0026] The method of modular construction may further comprise installing at least one upper
concrete void form on top of the concrete and the at least one concrete void form. The step of
installing at least one upper concrete void form on top of the concrete and the at least one concrete

void form may be completed before the concrete cures, thereby potentially expediting



construction. Once cured, the poured concrete may act as a strong structural frame for the stacked

concrete void forms.

[0027] The method of modular construction may further comprise finishing an interior of the at
least one concrete void form with at least one of steel studs, insulation, doors and trim, electrical,
plumbing, HVAC, drywall, millwork, flooring, lighting and plumbing fixtures, finishes and
furnishings, and thereby potentially expediting construction and reducing an amount of time
between beginning construction and having a move-in ready, fully operational apartment, office,

hospital or other building.

[0028] According to an embodiment, the method of modular construction may further comprise
transporting the concrete void form to the construction site. The step of constructing at least one
concrete void form may be completed off-site, thereby making available the benefits of a
manufacturing and mass production facility to create concrete superstructures of all kinds.
Consequently, construction of the at least one concrete void form may not be subject to delays
associated with inclement weather; workers can perform the work in a sheltered, safe, comfortable,
and controlled environment; and the at least one concrete void form is protected from precipitation
during construction. Completing construction of the at least one concrete void form off-site may
reduce a quantity of material and personnel required at a given construction site, thereby reducing
the environmental impact, costs and other challenges associated with same. According to an
embodiment, the step of constructing at least one concrete void form is completed in an at least
one of a temperature-controlled environment and a humidity-controlled environment. Construction
of the at least one concrete void form in at least one of a temperature-controlled environment and

a humidity-controlled environment.

[0029] Various embodiments of the invention have been described in detail. Since changes in
and or additions to the above-described best mode may be made without departing from the nature,
spirit or scope of the invention, the invention is not to be limited to those details but only by the
appended claims. Section headings herein are provided as organizational cues. These headings

shall not limit or characterize the invention set out in the appended claims.



What is claimed is:

1. A concrete void form comprising a steel frame having a top face, a bottom face, and
four side faces, wherein at least one of the four side faces and the top face are covered

with at least one sheet of corrugated steel decking.
2. The concrete void form of claim 1, further comprising at least one bent steel plate.

3. The concrete void form of claim 1, wherein the steel frame comprises at least two steel

tubes and at least two steel beams.

4. The concrete void form of claim 1, wherein the at least one sheet of corrugated steel
decking comprises at least one of 16-gauge composite steel decking and 20-gauge

composite steel decking.

5. The concrete void form of claim 1, further comprising at least one of rebar mat and tied
rebar, affixed to the concrete void form parallel to a surface of the least one sheet of

corrugated steel decking.

6. The concrete void form of claim 1, further comprising at least one cast-in-place concrete
wall in front of the at least one sheet of corrugated steel decking covering at least one of

the four side faces.

7. The concrete void form of claim 1, further comprising a cast-in-place concrete top layer

above the top face and the at least one sheet of corrugated steel decking.
8. A method of modular construction comprising:

constructing at least one concrete void form, the at least one concrete void form
comprising a steel frame having a top face, bottom face and four side faces,
wherein at least one of the four side faces and the top face are covered with at

least one sheet of corrugated steel decking;

installing the at least one concrete void form at a construction site; and



10.

1.

12.

13.

14.

15.

16.

pouring concrete over or adjacent to the at least one concrete void form.

The method of claim 8, wherein the at least one concrete void form further comprises at

least one bent steel plate.

The method of claim 8, wherein the at least one sheet of corrugated steel decking
comprises at least one of 16-gauge composite steel decking and 20-gauge composite

steel decking.
The method of claim 8, further comprising:

installing at least one additional concrete void form adjacent to the at least one

concrete void form; and
pouring concrete over or adjacent to the at least one additional concrete void form.

The method of claim 8, further comprising installing at least one upper concrete void

form on top of the concrete and the at least one concrete void form.

The method of claim 12, wherein the step of installing at least one upper concrete void
form on top of the concrete and the at least one concrete void form is completed before

the concrete cures.

The method of claim 8, wherein the step of constructing the at least one concrete void

form is completed off-site.

The method of claim 14, wherein the step of constructing the at least one concrete void
form is completed in an at least one of a temperature-controlled environment and a

humidity-controlled environment.

The method of claim 8, further comprising affixing at least one of rebar mat and tied
rebar to at least one of the four side faces and the top face, parallel to the at least one

sheet of corrugated steel decking.



17.

18.

19.

20.

10

The method of claim 8, wherein the at least one concrete void form comprises a

plurality of concrete void forms.

The method of claim 17, wherein the plurality of concrete void forms is connected by at

least one of welding and bolting.

The method of claim 17, further comprising connecting the plurality of concrete void

forms with threaded rod ties.

The method of claim 8, further comprising finishing an interior of the at least one
concrete void form with at least one of steel studs, insulation, doors and trim, electrical,
plumbing, HVAC, drywall, millwork, flooring, lighting and plumbing fixtures, finishes

and furnishings.



