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A structural stud comprises: a stud having a sidewall and first and second tabs. Each of the tabs Is punched out of the sidewall,

and has: a tab leg that Is substar

the sidewall at an angle of less tr

tially planar and is connected to the sidewall at one end of the tab leg, projecting outwardly from
an ninety degrees to the sidewall; and a tab foot, extending from the tab leg. In one tab, the tab

foot curves away from a hole In the sidewall created by the punching out of the tab, while in the other tab, the tab foot curves

toward the web and a hole in the

sidewall created the punching out of that other tab. Methods of forming and using the stud, and

also devices or punches for forming the stud are also provided.
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ABSTRACT

A structural stud comprises: a stud having a sidewall and first and second tabs. Each
of the tabs is punched out of the sidewall, and has: a tab leg that is substantially planar and
IS connected to the sidewall at one end of the tab leg, projecting outwardly from the sidewall
at an angle of less than ninety degrees to the sidewall; and a tab foot, extending from the tab
leg. In one tab, the tab foot curves away from a hole in the sidewall created by the punching
out of the tab, while in the other tab, the tab foot curves toward the web and a hole in the
sidewall created the punching out of that other tab. Methods of forming and using the stud,
and also devices or punches for forming the stud are also provided.
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DESCRIPTION

STRUCTURAL STUD

BACKGROUND OF THE INVENTION

This application claims the benefit of priority to U.S. Provisional Patent

Application No. 60/772,106 filed on February 10, 2006, now U.S patent 7,823,350,

I. Field of the Invention

The present invention generally relates to the field of building construction. More

particularly, the present invention relates to devices and methods for building a tilt-wall
building.

2. Related Art

The building and construction industry has previously employed a technique
for follaing walls 1n which structural studs are embedded in concrete. A primary
challenge with this technique 1s to embed the studs in concrete in such a way as to
minimize or eliminate any separation between the studs and the concrete once the wall
is formed. One m“eans of addressing this challenge has been through the design of the

structural studs themselves.

U.S. Patént No. 6,151,858 to Ruiz, et al. ("Ruiz") discloses an example of one
such design for a structural stud. The stud disclosed in Ruiz has a number of tabs
extending outwardly from the side walls of the stud, and each of the tabs is derived as a
cut-out portion of the side wall. The tabs are L-shaped and are folded out from the side
wall along a bend line that is generally at right angles to the longitudinal axis of the stud.

One problem with the machinery needed to form the tabs in Ruiz 1s that two
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strikes are required to form the tabs: one strike to punch the tab out of the side wall

U.S. Publication No. 2005/0055967 to Kariakin (“Kariakin”) discloses an

example of another design for a structural stud. Kariakin describes a number of

problems with the design disclosed in Ruiz, inclﬁding that the L-shaped tabs are
difficult to punch out from the side wall of the st}id' due to the extreme right angle
required which joins the two legs of the L-shape together. Kariakin also discloses that
another problem with the L-shaped tab design is that the surrounding concrete does
not completely engage the tab surface area, particularly around the right angle joint.
Kariakin attempts to overcome these problems by employmng tabs that are
substantially curved in side elevational view such tha;t the tabs are half U~shaped. The
tabs in Kariakin are said to be formed by means of a rolling guide with a punch that
pierces a portion of the side wall m order to force the section outward to define the
tab.

What is needed is a structural stud that pi'ovides improved adhesion betweelli
the stud and the surrounding concrete such that separation between the stud and the
concrete is further minimized in comparison to the examples disclosed above and
elsewhere in the prior art. What is further needed" is a structural stud which can be
formed by a device and a process that is less expenéive and has less problems than the
devices and processes by which other studs are formed.

The referenced shortcoimi,ngs are not intended to be exhaustive, but rather are
among many that tend to impair the effectiveness of previously known techniques for
designing structural studs; however, those mentioned here are sufficient to

demonstrate that the methodologies appearing in the art have not been altogether
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satisfactory and that a significant need exists for the techniques described and claimed

in this disclosure.

SUMMARY

Embodiments of the present invention include a structural stud that allows for
improved adhesion between the stud and the surrounding concrete. A further benefit
of the structural stud of certain embodiments of the present inventiqn 1s that i1t can be
formed by a device and a process that is less expensive and has less problems than the
devices and processes by which other studs are formed. In certain embodiments, the
structural stud of the present invention comprises a stud having a sidewall and a tab
punched out of the sidewall, the tab comprising: a tab leg that is substantially planar
and 1s connected to the sidewall at one end of the tab leg, and that projects outwardly
from the sidewall at an angle of less than ninety degrees. to the Sid-ewall; and a tab foot
extending from the tab leg and curving either away from or toward a hole in the
sidewall created by the tab punched out of thé stdewall. In some embodiments, the
hole in the sidewall is defined by a base side and a top side, the base side has a greater
length than the top side, and the tab leg extends from the base side. In certain
embodiments, the structural stud comprises a plurality of tabs. In still other
embodiments, the plurality of tabs is spaced such that the gap between successive tab
leg connections to the sideWall 1s less than about six mmches. In other embodiments,
the gap between Sucoeséive tab leg connections to the sidewall is about four inches.

Embodiments of the present mvention also include a method of forming a
structural stud comprising obtaining a stud having a sidewall; striking the sidewall of

- the stud with a punch; and fqrcin g the punch into a die, creating a tab punched out of

the sidewall, the tab éomprising: a tab leg that 1s substaintially planar and 1s connected
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to the sidewall at one end of the tab leg, and that projects outwardly from the sidewall
at an angle of less than ninety degrees to the sidewall; and a tab foot extending from
the tab leg and curving either away from or toward a hole in the sidewall created by
the tab punched out of the sidewall. In some embodiments, the hole created in the
sidewall 1s defined by a basé side and a top side, the base side has a greater length
than the top side, and the tab leg extends from the base side. In other embodiments,
the sidewall of the stud 1s struck with plurality of punches, creating a plurality of
tabs in the sidewall. In certain embodiments, the plurality of tabs 1s spaced such that
the gap between successive tab leg connections to the sidewall 1s less than about six
inches. In still other embodiments, the gap beﬁeen successive tab leg connections to |
the sidewall 1s about four inches. In yet another embodiment, the tab is created in one

strike of the sidewall with the punch.

Embodiments of the present 1mvention eﬂso mclude a device for forming a
structural stud comprising a punch for striking a sidewall of the stud and a die mto
which the punch is férced, where stﬁking the sidewall with tﬁe pﬁnch and forcing the
punch into the die creates a tab punched out of the sidewall, the tab comprising: a tab
leg that is substantially planar and is connected to the sidewall at one end of the tab
leg, and that projects outwardly from the sidewall at an angle of less than ninety
degrees to the sidewall; and a tab foot extending from the tab leg and curving either
away from or toward a hole i the sidewall created by the tab punched out of the
sidewall. In some embodiments, the hole 1 the sidewall 'is defined by a bése side and
a top side, the base side has a greater length than the top side, and the tab leg extends
from the base side. In other embodiments, the device comprises a plurality of
punches and dies and creates a plurality Qf tabs 1n th.c sidewall. In certain

embodiments, the plurality of tabs is spaced such that the gap between successive tab
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leg connections to .the sidewall is less than about six inches. In still ether
' embodiments, the gap between successive teb 'leg connections to the sidewall 1s about
fe’ur' inches. In yet another embodiment; the device is capable of creating the tab in
one strike of the sidewall with the punch.

Embodiments of the present invention also include a method of building a tilt-
wall building comprising: obtaining a plurelity of structural studs, each ‘stud
comprising: a stud having a sidewall; and a tab punched' out of the sidewall, the tab
comprising: a tab leg that is substantially planar and 1s connected to the sidewall at
one end of the tab leg, and that projecte outwardly from the sidewall at an angle of
less than ninety degrees to the sidewall; énd a tab foot extending from the tab leg and
curving either away froin or toward a hoie in the sidewall created by the tab punched
out of the sidewall; combining the plurality of structural studs with a structural mesh
on a 'substantially horizontal surface such that the studs and mesh are substantially
parallel to each other and to the substantially horizontal surface and there are voids
formed between the structural sfuds; embedding the structural studs and structural
mesh in concrete to form a panel; and raising the panel such that it 1s substantially
perpendicular to the ground. In some embodiments, the method further comprises
laying lifting anchors in the voids formed between the structural studs prior to
embedding the structural studs and structural mesh in concrete; embedding | the
structural studs, structural mesh, and lifting anchors in concrete to form a panel, such
that a portion of each lifting anchor 1s exposed; and using the lifting anchors to raise
the panel. In other embodiments, the method further comprises laying support
anchors in the voids formed between the structural studs prior to embedding the

structural studs and structural mesh in concrete; embedding the structural studs,
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structural mesh, and support anchors in concrete to form a panel, such that a portion
of each support anchor 1s exposed; and attaching supports to the supp ért anchors.

Embodiments' of the present invention also include a panel comprising a
plurality of structural studs, each stud comprising a stud having a sidewall; and a tab
punched out of the sidewall, the tab comprising: a tab leg that is substantially planar
and 1s connected to the sidewall at one end of the tab leg, and that proj ects outwardly
from the sidewall at an angle of less than ninety degrees to the sidewall; and a tab foot
extending from the tab leg and curving either away from or toward a hole in the
sidewall created by fhe tab punched out of the sidewall; and a structliral mesh, where
the plurality of structural studs and the structural mesh are embedded 1in concrete. In
some embodiments, the panel further comprises at least one lifting anchor embedded
in the concrete, while in other embodiments the panel further comprises at least one
support anchor embedded in | the concrete.

In other embodiments, the present invention comprises a structural stud
comprising: a stud having a sidewall; a vertical tab punéhed- out of the sidewall and a
vertical hole resulting from the vertical tab, the tab comprising a tab leg that is
substantially planar and is connected to the sidewail at one end of the tab leg, and that
projects outwardly from the sidewall at an angle of less than niliety degrees to the
sidewall; and a tab foot extending from the tab leg of the vertical tab punched out of :
the sidewall and curving either away from or toward the vertical hole in the sidewall
resulting froni the vertical tab punched out . of the sidewall; and a horizontal tab
punched out of the sidewall and a horizontal hole resulting from the horizontal tab,
the tab comprising a tab leg that is substantially planar and is connected to the
stdewall at one end of the tab leg, and that projects outwardly from the sidewall at an

angle of less than ninety degrees to the sidewall; a tab foot extending from the tab leg
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of the horizontal tab punched out of the sidewall and curving either away from or
toward the horiz’ontél hole in the sidewall resulting from the vertical tab punched out
of the sidewall; where the end of vertical tab that is connected to the sidewall is
substantially perpendicular to the end of the horizontal tab that is connected to the
sidewall.

In another embodiment, the vertical hole is defined by a base side and a top
side, the base side has a greater length than the top side, aild the vertical tab leg
extends from the base side; and the horizontal hole is defined by a base side and a top
side, the base side has a greater length than the top side, and the horizontal tab leg
extends from the base side.

In other embodiments, the structural stud cémpﬁses a plurality of vertical tabs
and resulting vertical holes and horizontal tabs and reSulting horizontal holes. In

“another embo diment, the Vertic'al tabs and vertical holes and the horizontal tab s and
horizontal holes are positioned in an alternating arrangement on the sidewall such that
there is a horizontal tab and horizontal hole between each" vertical tab and vertical
hole. In yet another embodiment, the horizontal holes and the vertical holes are
spaced such that the distance between_ the centers of successive vertical and horizontal
holes 1s less than about 6 inches. In still another embodiment, the horizontal holes
and the vertical holes are spaced such that the distance between the centers of
successive vertical and horizontal holes 1s about 4 inches.

In other embodiments, the present invention comprises a method of building a
tilt-wall bulding comprising: obtaining a plurality of structural studs, each stud
comprising: a stud having a sidewall; a vertical tab punched out of the sidewall and a
vertical hole resulting from the vertical tab, the tab comprising a tab leg that 1s

substantially plana;i' and 1s connected to the sidewall at one end of the tab leg, and that
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projects outwardly from the sidewall at an angle of less than ninety degrees to the
-sidewall; and a horizontal tab punched out of the sidewall and a horizontal hole
resulting from the horizontal tab, the tab comprising a tab leg that 1s substahtially
planar and is connected to the sidéwall at one end of the tab leg, and that projects
outwardly from the sidewall at an angle of less than ninety degrees to the sidewall;
Where the end of vertical tab that ié coﬁnected, to the sidewall is substantially
perpendicular to the end of the horizontal tab that is connected to the sidewall;
combining the plurality of structural studs with a structural mesh on a substantially
horizontal surface such that the studs and mesh are substantially parallel to each other
~and to the substantially horizontal surface and there are voids formed between the |
structural studs; embedding the structural studs and structural meéh in concrete to
form a panel; and raising the panel such that it is substantially perpendicular to the
ground.

In still other embodiments, the present invention comprises a panel
corhpris:ing: a plurality. of structural studs, each stud compxising: a stud having a
sidewall; a vertical tab punched out of the sidewall and a vertical hole resulting from

- the wvertical téb, the tab comprising a tab leg that is substantially planar and 1is
connected to the sidewall at one end of the tab leg, and that projects outwardly from
the sidewall at an angle of less than njnety degrees to the sidewall; and a horizontal
tab punched out of the sidewall and a horizontal hole resulting from the horizontal
tab, the- tab comprising a tab leg that 1s substantially planar and is connected to the
sidewall at one end of the tab leg, and that projects outwardly from the sidewall at an

 angle of less than ninety degrees to the sidewall; where the end of vertical tab that is

connected to the sidewall is substantially perpendicular to the end of the horizontal
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tab that is connected to the sidewall; and a structural mesh, where the plurality of
structural studs and the structural mesh are embedded in concrete.
 Descriptions of well known processing techniques, components, and
equipment are omitted so as not to unnecessarily obscure the present methods and
devices 1n unnecessary detail. The descriptions of the present methods and devices
are exemplary and non-limiting. Certain subsﬁtutions, modiﬁcati:ons, additions and/or
rearrangements falling within the scope of the claims, but not explicitly listed in this
‘disclosure, may become apparent to those or ordinary skill in the art based on this
disclosure.
Additional embodiments of the present invention, and details associated with

those embodiments, are described below.

BRIEF DESCRIPTION OF THE DRAWINGS

The followfng drawings 1illustrate by way of ex“amp le and not ltmitation.
Identical reference numerals do not necessarily indicate an identical structure. Rather,
the same reference numeral may be used to indicate a similar feature or a feature with
similar functionality. Every feature of each embodiment is not always labeled in
every figure in which that embodiment appears, in order to keep the embodiments
clear. The drawings form part of the present specification and are included to further
demonstrate certain asp écts of the present invention. The vention may be better
understood by reference to one or more of these drawings i combination with the

“description of illustrative embodiments presented herein:

FIG. 1 1s a partial 1sometric view of one embodiment of the present structural
studs.

KIG. 2 1s a side view of one embodiment of the present structural studs.

FIG. 3 is a front view of one embodiment of the present structural studs.



CA 02641653 2008-08-06
WO 2007/095470 PCT/US2007/061935

FIG. 4 1s a top view of one embodiment of the present structural studs.

FIG. 5 1s a partial 1sometric view of ohe embodimenf of the present Structural
studs.

FIG. 6 is a partial cutaway perspective view of a tilt-wall panel formed
according to one embodiment of the present methods.

FIG. 7 1s a partial cutaway perspectiife \}iew of a tilt-wall panel formed
according to one embodiment of the present methods.

FIG. 8 is an isometric view of another embodiment of the present structural
studs.

FIG. 9 is a side view of another embod:iment of the present structural studs.

FIG. 10 is a front view of another embodiment of the present structural studs.

FIG. 11 is a top view of another embodiment of the present structural studs.

DESCRIPTION OF ILLUSTRATIVE EMBODIMENTS

The terms “comprise” (and any form of comprise, such as “comprises” and
“comﬁﬁsing”), “have” (and any form of have, such as “has’™ and “having”),"‘contain”
(and any form of contain, such as “contains” and ‘“‘containing”),and “include™ (and
any forma of include, such és “includes” and “including’®) are open-ended lnking
verbs. As a result, a structural stud, device, or method that “comprises,” “has,”
“contains,” or “includes” one or more elements pbssesses those one or more elements,
but is not limited to possessing only those one or more elements or steps. Likewise,

2?2

an element of a structural stud, device, or method that “comprises,” “has,” “contains,”

or “includes” one or more features possesses those one or more features, but is not
limited to possessing only those one or more features. Furthermore, a structure that 1s
configured in a certain way must be configured in at least that way, but also may be

configured in a way or ways that are not specified.

10



CA 02641653 2008-08-06
WO 2007/095470 PCT/US2007/061935

The terms “a” and “an” are defined as one or more than one unless this
disclosure explicitly r'equireé otherwise. The terms “substantially” and “about” are
defined as at least close to (and includes) a given value or state (preferably within
10% of, more preferably within 1:% of, and most preferably within 0.1% of).

. One embodiment of the present invention is the version of the present
structural stud shown in FIGS. 1-4. The structural stud comprises a stﬁd 101 having a
baseplate 102, a sidewall 103 connected to the baseplate 102, and a tab 105 punched
out of the sidewall. The tab 105 comprises a tab leg 107 that 1s substantially planar
and 1s connected to the sidewall 103 at one end of the tab leg 107. The tab leg 107
projects outwardly from the sidewall 103 at an angle of less than ninety degrees to the
sidéwall 103. wI—E[::Wing the. tab leg 107 project outwardly af an éngle of less than ninety.
degrees results in improved adhesion between the structural stud and the surrounding
concrete. The tab 105 also comprises a tab foot 109 extending from the tab leg 107
and curving away from a hole 111 in the sidewall 103 created by the tab 105 punched
out of the sidewall 103. Having the tab foot 109 curve away frorﬁ the hole 111 1n the

- sidewall 103 further results in 1improved adhesion between the structural stud and the
surrounding concrete. In some embodiments, the hole 111 in the sidewall 103 1s
defined by a base side 113 and a top side 115, the base side has a greater length than
the tfop side, and the tab leg 107 extends from the base side 113.

Another embodiment of the structural stud of the present invention is shown in
FIG. 5. In this embodiment, the structural stud 104 comprises a baseplate 106, é
sidewall 108, a plurality of tabs 110, 112, and 114 punched out of the sidewall 108,
and a plurality of holes 122, 124, and 126 created by the tabs 110, 112, and 114
punched out of the sidewall 108. In some embodiments, the plurality of tabs 110,

112, and 114 is spaced such that the gaps between successive ones of tab leg

11
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connections 116, 118, and 120 are anywhere from aboutv 1 to about 24 inches,
inoluding about 1.5, 2, 2.5, 3,3.5,4,4.5,5,55,6,65,7,7.5, 8, 8.5, 9, :9.5, 10, 10.5, .-
11, 11.5, 12, 12.5, '13,- 13.5, 14, 14.5, 15, 15.5, 16, 16.5, 17, 17.5, 18; 18.5, 19, 19.5,
20, 20.5, 21, 21.5, 22, 22.5, 23, and 23.5 inches, or any range derivable within these
numbers. In some embodiments, the gaps between successive ones of tab leg
connections 116, 118, and 120 are less than about si;c inches, which further results in

improved adhesion between the structural stud and the surrounding concrete. In other
embodiments the gaps between successive ones of tab leg connection 116, 118, and
120 are about four inches.

While FIG. 5 only depicts three tabs in the sidewall of the structural stud, the
number of tabs, the sizes of the tabs, and the spacing of the tabs caﬁ vary depending
on the size, thickness, and tensile strength of the structural stud. For example, the
embodiments described above where the gaps between successive tab leg connections
are less than about six inches, and in particular about four inches, encompass a
structural stud where the width of the basepl.ate 106 1s e,boﬁt 6 inches, the width of the
sidewall 108 1s about 2 inches, and the stud is composed of steel that is 16 gauge in
thickness and has a tensile strength of 50 ksi (i.e., kilo-pound per square inch). For
studs of different sizes and/or steel thicknesses and tensile strengths, the sizes of the
gaps can be proportionally scaled. Other steel thicknesses that are suitable for use in
certain embodiments of the structural studs of the present invention include 8, 9, 10,
11, 12, 14, 18, and 20 gauge steel. Other steel tensile strengths that are suitable for
use in certain embodiments of the structural studs of the present invention include 33,
34, 35, 36, 37, 38, 39, 40, 41, 42, 43, 44, 45, 46, 47, 48, 49, 50, 51, 52, 53, 54, and 55

ksi, or any range derivable within these numbers.
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With regard to the size and number of the tabs, in some embodiments, the size
and number of the tabs is such that the total surface area of the sidewall divided by the
total surface area of .the holes created by the tabs results in a ratio of less than about
9.6. More pafticularly, the ratio is any of the following: 9.6, 9.5, 9.4, 9.3, 9.2, 9.1,
9.0, 8.9, 8.8, 8.7, 8.6, 8.5, 8.4, 8.3, 8.2, 8.1, 8.0, 7.9, 7.8, 7.7, 7.6, 7.5, 7.4, 7.3, 7.2,
7.1, 7.0, 6.9, 6.8, 6.7, 6.6, 6.5, 6.4, 6.3, 6.2, 6.1, 6.0, 5.9, 5.8, 5.7, 5.6, 5.5, 5.4, 5.3,
5.2.5.1,5.0,4.9, 4.8, 4.7, 4.6,4.5,4.4,43,4.2,4.1, 4.0, 3.5, 3.0, 2.5, 2.0, and 1.5, ox
any range derivable within these numbers.

In other embodiments, the size and number of 'tabs is such that the total

; surface area of the holes created by the tabs 'is greater than about 10% of the total
‘surface area of the sidewall. More particularly, the total surface afea of the holes
created by the tabs is any of the following percentages of the total surface area of the
sidewall: 10.1%,.10.2%, 10.3%, 10.4%, 10.5%, 10.6%, 10.7%, 10.8%, 10.9%, 1".1.0%, |
11.1%, 11.2%, 11.3%, 11.4%, 11.5%, 11.6%, 11.7%, 11.8%, 11.9%, 12.0%, 12.1%,

ﬂ 12.2%.', 12.3%, 12.4%,'12.5%, 12.6%, 12.7%, 12.8%, 12.9%, 13.0%, 13.1%_, 13.2%,
13.3%, 13.4%, 13.5%, 13.6%, 13.7%, 13.8%, 13.9%, 14.0%, 14.1%, 14.2%, 14.3%,
14.4%, 14.5%, 14.6%, 14.7%, 14.8%, 14.9%, 15.0%, 15.1%, 15.2%, 15.3%, 15.4%,
15.5%, 15.6%, 15.7%, 15.8%, 15.9%, 16.0%, 17%, 18%, 19%, 20%, 25%, 30%, 35%,
40%, 45%, 50%, 55%, 60%, 65%, or 70%, or aﬁy’- range derivable within theée
nmnbers.

In some embodiments, the present invention comprises methods and devices
for forming a structural stud. The device used in certain embodiments of the method
comprises a punch and die mechanism to form the tabs in the sidewall of the
structural stud according to certain embodiments of the present invention. A major

advantage of some embodiments of these methods and devices is that only one strike

13
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by the punch and die mechanism is needed to form the tabs of the present structural

~ studs. An embodimenf of the tabs fonned by the methods and devices are depicted in
F1GS. 1-4. One embodiment of the method comprises striking the sidewall 103 of the
stud 101 with a punch and forcing the punch into a die, creating a tab 105 punched out
of the sideWall 103. The tab 105 comprises a tab leg 107 that is substantially planar
and 1s connected to the sidewall 1d3 at one 'énd of fhe taB leg 107. The tab leg 107
projects outwardly from the sidewall 103 at an angle of less than ninety degrees to the
sidewall 103. The tab 105 also comprises a tab toot 109 extending from the tab leg
107 and curving away from a hole 111 in the sidewall 103 created by the tab 105
punched out of the sidewall 103. In some embodiments, the hole in the "sidewall is
defined by a base side 113 and a top side 115, the base side has a greater length than
the top side, and the tab leg 107 extends from the base side 113. The tapered shape of
the hole in the“ sidewall allows for better clearance of the~die that forms the tab in the
structural stud.

The present invention also provides . a method of building a tilt-;wall building
that incorporates embodiments of the structural stud described above. Embodiments
of a tilt-wall panel formed according to certain embodiments of the present method
are depicted in FIGS. 6-7. As shown in FIGS. 6-7, these embodiments comprise
obtaining a plurality of the present structural studs 117 and 119 and combining the
plurality of structural studs 117 and 119 with a structural mesh 121 (such as a rebar
network) on a substantially horizontal surface such that the studs and mesh are
substantially parallel to each other and to the substantially horizontal surface and there
are volds formed between the studs. The method further compﬁses embedding the
structural studs 117 and 119 and structural mesh 121 in concrete 123 (or a suitable

alternative material) to form a panel 125. The panel 125 is then raised such that it 1s

14
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substantially perpendicular to the ground and forms a wall or part of a wall. In some
embodiments, the method further comprises laying lifting anchors 127 in the voids
formed between the structural studs 117 and 119 prior to embedding the structural
studs and structural mesh in concrete, embedding the structural studs 117 and 119,
structural mesh. 121, and lifting anchors 127 in concrete to form a panel 125, such that
a portion of each lifting anchor 127 is exposed, and using the lifting anchors 127 to
raise the panel 125 such that it 1s substantially perpendicular to the ground. In other
embodiments, the method further comprises laying supp ort anchors in the voids
formed between the structural studs prior to embedding the structural studs and
structural mﬁesh in concrete, embedding the structural smds, | structu;ral mesh, and
support anchors 1n concrete to fofm a panel, such that a portion of each support
ealnchor is exposed, and attaching supports to the support anchors. In some
embodiments, anywhere from 1 to 36 lifting anchors and/or support anchors are used
to raise and/or support a panel, including 2, 3, 4, 5, 6, 7, é, 9, 10, 11, 12, 13, 14, 15,
16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31; 32, 33, 34, 35, and ’36
lifting anchors and/or support anchors, or any range derivable within these numbers.
Those of skill in the art can determine the -appropriate number of lifting anchors
and/or support anchors, placement of the lifting anchors and/or support anchors, and
manner of attaching the lifting anchors tol the lifting apparatus and/or the support
anchors to the support apparatus for a given panel size to safely and efficiently raise a
panel into position and/or support the panel once it is raised into position without
having the panel break under its own weight during the lifting and/or supporting
process.

Another embodiment of the structural stud of the present invention is shown in

FIGS. 8-11. In this embodiment, the structural stud 201 comprises a baseplate 203, a
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sidewall 205, a plﬁrality of vertiéal tabs 207 and 209 punched out of the sidewall 205,
a plurality of vértical holes 211 and 213 créated by the vértical tabs 207 and 209
punched out of the sidewall 205, a plurality of horizontal tabs 215 and 217 punched
out of the sidewall 205, and a plurality of horizontal holes 219 and 221 created by the
horizontal tabs 215 and 217 punched out of the sidewall 205.

The wvertical tabs 207 and 209 comprise tab legs 223 and 225 that are
substantially planar and are connected to 'tlule sidewall 205 at one end of the tab legs
223 and 225. The tab legs 223 and 225 project outwardly from the sidewall 205 at an
angle of less than ninety degrees to the sidewall 205. Having the tab legs 223 and 225
project outwardly at an angle of less than ninety degrees results in improved adhesion
bemeen the structural stud and the surrounding concrete. The vertical tabs 207 and
209 also comprise tab feet 227 and 229 extending from the tab legs 223 and 225 and
curving away from vertical holes 211 and 213 created by the vertical tabs 207 and 209
punched out of the sidewall 205. Having the tab feet 227 and 229 curve away from
the vertical holes 211 and 213 in the sidewall 205 furthel; results in imprévcd adhesion
between the structural stud and the surrounding concrete. In some embodiments, the
vertical holes 211 and 213 in the sidewall 205 are defined by base sides 231 and 233
and top sides 235 and 237, the base sides have a greater length than the top sides, and
the tab legs 223 and 225 extend from the base sides 231 and 233. -

The horizontal tabs 215 and 217 comprise tab legs 239 and 241 that are
substahtially planar and are connected to the sidewall 205 at one end of the tab legs
239 and 241. The tab legs 239 and 241 project outwardly from the sidewall 205 at an
angle of less than minety degrees to the sidewall 205. Having the tab legs 239 and 241
project outwardly at an angle of less than ninety degrees results in improved adhesion

between the structural stud and the surrounding concrete. The horizontal tabs 215 and
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217 also corﬁprise tab feet 243 and 245 extending ﬁom the tab legs 239 and 24.1 and
curving toward horizontal holes 219 and 221 created by the horizontal tabs 215 and
217 punched out of the sideWaII 205. Hav:ingthé tab feet 243 and 245 curve toward
the horizontal holes 219 and 221 in the sidewall 205 further results in improved
adhesion between thé structural stud and the surrounding concrete. In some
embodiments, the horizontal holes 219 and 221 m the sidewall 205 are defined by
base sides 247 and 249 and top sides 251 and 253, the base sides have a greater length
than the top sides, and the tab legs 239 and 241 extend from the base sides 247 and

249. In the embodiment shown in FIGS. 8-11, base sides 247 and 249 and top sides

251 and 253 for horizontal holes 219 and 221 are substantially perpendicular to base

sides 231 and 233 and top sides 235 and 237 for vertical holes 211 and 213. Thus, the
ends of vertical tab legs 223 and 225 connected to the sidewall 205 are substantially
perperidicular to the ends of horizontal tab legs 239 and 241 connected to the sidewall |
205. This substantially perpendicular arrangement results in further improved
adhesion between the structural stud and the surrounding co.ncrete and makes panels
that comprise the stud and concrete combination more resistant to shear stress.

In the embodiment shown m FIGS. 8-11, the vertical tabs 207 and 209 and
vertical holes 211 and 213 and the horizontal tabs 215 and 217 and horizontal holes
219 and 221 are positioned 1n an alterhating arrangement on sidewall 205 such that
there 1s a horizontal tab and horizontal hole between each vertical tab and vertical
hole. In some embodiments, the horizontal holes and the vertical holes are spaced
such that the distance between the centers of successive vertical and horizontal holes
1s anywhere from about 1 to about 24 inches, including about 1.5, 2, 2.5, 3, 3.5, 4, 4.5,
5,5.5,6,6.5,7,7.5,8,8.5,9,9.5, 10, 10.5, 11, 11.5, 12, 12.5, 13, 13.5, 14, 14.5, 15,

15.5, 16, 16.5, 17, 17.5, 18, 18.5, 19, 19.5, 20, 20.5, 21, 21.5, 22, 22.5, 23, and 23.5 .
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inches, or any rén ge derivable within these numb ers. In some embodiments, the
distanée between the cénters of successive vertical and horizontal holes is less than
about 6 inches, which further results in improved adhesion betWeen the structural stud
and the surrounding concrete. In other embodiments the distance between the centers
of successive vertical and horizontal holes is about four inches.

While FIGS. 8-11 only depict four tabs in the 'sfi'dewall' of the structural stud,
the number of tabs, the sizes of the tabs, and the spacing of the tabs can vary
depending on the size, thickness, and tensile strength of the structural stud. For
example, the embodiments described above where the distance between the centers of
successive vertical and horizontal holes is less than about six inches, and in particular
about four inches, encompass a structural stﬁd where the width of the baseplate 203 1s
about 6 inches, the width of the sidewall 205 is about 2 inches, and the stud 1s
composed of steel that is 16 gauge in thickness and has a tensile strength of 50 ksi
(i.e., kilo-pound per square inch). For studs of different sizes and/or steel thicknesses
and tensile strengths, th'e distanées between the holes can be proportionally scaled.
Other steel thicknesses that are suitable for use in certain embodiments of the
structural studs of the present invention include 8, 9, 10, 11, 12, 14, 15, and 20 gauge
steel. Other steel tensile strengths that are suitable for use in certain embodiments of
the structural studs of the present invention include 33, 34, 35, 36, 37, 38, 39, 40, 41, |
42, 43, 44, 45, 46, 47, 48, 49, 50, 51, 52, 53, 54, and 55 ksi, or any range derivable

within these numbers.

ok R ok ok Xk ok

All of the methods and devices disclosed and claimed herein can be made and

executed without undue experimentation in light of the present disclosure. While the

methods and devices of this invention have been described in terms of preferred
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embodiments, it will be apparent to those of skill in the art that variations may be
applied to the methods and devices and in the steps or in the sequence of steps of the
method described herein without departing from the concept and scope of the
invention. All such similar substitutes and modifications apparent to those skilled in
the art are deemed to be within the scope and concept of the invention as defined by
the appended claims.

The claims are not to be interpreted as including means-plus- or step-plusfunction
[imitations, unless such a limitation 1s explicitly recited in a given claim using the

phrase(s) "means for" or "step for," respectively.
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CLAIMS

1. A structural stud comprising:
a stud having a sidewall and
a first tab punched out of the sidewall, the first tab comprising:

a tab leg that is substantially planar and is connected to the sidewall at one
end of the tab leg, and that projects outwardly from the sidewall at an
angle of less than ninety degrees to the sidewall; and

a tab foot extending from the tab leg and curving away from a hole in the
sidewall created by the first tab punched out of the sidewall; and

a second tab punched out of the sidewall, the second tab comprising:

a tab leg that is substantially planar and is connected to the sidewall at one
end of the tab leg, and that projects outwardly from the sidewall at an
angle of less than ninety degrees to the sidewall; and

a tab foot extending from the tab leg and curving toward the sidewall and a
hole in the sidewall created by the second tab punched out of the

sidewall.

2. The structural stud of claim 1, where each hole is defined by a base side and a top

side, the base side has a greater length than the top side, and the tab leg extends from the

base side.
3. The structural stud of claim 1, where the structural stud comprises a plurality of tabs.
4 The structural stud of claim 3, where the plurality of tabs is spaced such that the gap

between successive tab leg connections to the sidewall is less than about six inches.

5. The structural stud of claim 4, where the gap between successive tab leg

connections to the sidewall is about four inches.

. A method of forming a structural stud comprising:
obtaining a stud having a sidewall;
striking the sidewall of the stud with a first punch and a second punch; and
forcing the first punch into a die, creating a first tab punched out of the sidewall, the

tab comprising:

20



CA 02641653 2014-02-28

WO 2007/095470 PCT/US2007/061935

a tab leg that is substantially planar and is connected to the sidewall at one
end of the tab leg, and that projects outwardly from the sidewall at an
angle of less than ninety degrees to the sidewall; and

a tab foot extending from the tab leg and curving away from a hole in the
sidewall created by the tab punched out of the sidewall; and

forcing the second punch into a die, creating a second tab punched out of the
sidewall, the second tab comprising:

a tab leg that is substantially planar and is connected to the sidewall at one
end of the tab leg, and that projects outwardly from the sidewall at an
angle of less than ninety degrees to the sidewall;, and

a tab foot extending from the tab leg and curving toward the sidewall and a
hole in the sidewall created by the second tab punched out of the

sidewall.

. The method of claim 6, where each hole is defined by a base side and a top side, the

base side has a greater length than the top side, and the tab leg extends from the base side.

8. The method of claim 6, where the sidewall of the stud is struck a plurality of times

with at least one of the first and second punches, creating a plurality of tabs in the sidewall.

9. The method of claim 8, where the plurality of tabs is spaced such that the gap

between successive tab leg connections to the sidewall is less than about six inches.

10. The method of claim 9, where the gap between successive tab leg connections to the

sidewall is about four inches.

11. method of claim 6, where each tab iIs created in one strike of the sidewall with the

punch.

12. A method of building a tilt-wall building comprising:
obtaining a plurality of structural studs, each stud comprising:
a stud having a sidewall, and
a first tab punched out of the sidewall, the first tab comprising:
a tab leg that is substantially planar and i1s connected to the sidewall at
one end of the tab leg, and that projects outwardly from the
sidewall at an angle of less than ninety degrees o the sidewal,

and
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a tab foot extending from the tab leg and curving away from a hole in
the sidewall created by the tab punched out of the sidewall.
and

a second tab punched out of the sidewall, the second tab comprising:

a tab leg that is substantially planar and is connected to the sidewall at
one end of the tab leg, and that projects outwardly from the
sidewall at an angle of less than ninety degrees to the sidewall;
and

a tab foot extending from the tab leg and curving toward the sidewall
and a hole in the sidewall created by the second tab punched
out of the sidewall:

combining the plurality of structural studs with a structural mesh on a substantially
horizontal surface such that the studs and mesh are substantially parallel to
each other and to the substantially horizontal surface and there are voids
formed between the structural studs;

embedding the structural studs and structural mesh in concrete to form a panel; and

raising the panel such that it is substantially perpendicular to the ground.

13. The method of claim 12, further comprising:
laying lifting anchors in the voids formed between the structural studs prior to
embedding the structural studs and structural mesh in concrete;
embedding the structural studs, structural mesh, and lifting anchors in concrete to
form a panel, such that a portion of each lifting anchor is exposed; and
using the lifting anchors to raise the panel.

14, The method of claim 12, further comprising:
laying support anchors in the voids formed between the structural studs prior to
embedding the structural studs and structural mesh in concrete;
embedding the structural studs, structural mesh, and support anchors in concrete to
form a panel, such that a portion of each support anchor is exposed; and

attaching supports to the support anchors.

15. A panel comprising:
a plurality of structural studs, each stud comprising:
a stud having a sidewall; and

a first tab punched out of the sidewall, the first tab comprising:
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a tab leg that Is substantially planar and is connected to the sidewall at
one end of the tab leg, and that projects outwardly from the
sidewall at an angle of less than ninety degrees to the sidewall;
and

a tab foot extending from the tab leg and curving away from a hole in
the sidewall created by the tab punched out of the sidewall;
and

a second tab punched out of the sidewall, the second tab comprising:

a tab leg that is substantially planar and is connected to the sidewall at
one end of the tab leg, and that projects outwardly from the
sidewall at an angle of less than ninety degrees to the sidewall;
and

a tab foot extending from the tab leg and curving toward the web and
a hole in the sidewall created by the second tab punched out
of the sidewall; and

a structural mesh,
where the plurality of structural studs and the structural mesh are embedded in

concrete.

16. The panel of claim 15, further comprising:
at least one lifting anchor embedded in the concrete with the plurality of structural
studs and the structural mesh.

17. The panel of claim 15, further comprising:
at least one support anchor embedded in the concrete with the plurality of structural

studs and the structural mesh.

18. A structural stud comprising:
a stud having a sidewall;
a vertical tab punched out of the sidewall and a vertical hole resulting from the
vertical tab, the tab comprising:

a tab leg that is substantially planar and is connected to the sidewall at one
end of the tab leg, and that projects outwardly from the sidewall at an
angie of less than ninety degrees to the sidewall; and

a tab foot extending from the tab leg of the vertical tab punched out of the

sidewall and curving either away from or toward the vertical hole in the

23



CA 02641653 2014-02-28

WO 2007/095470 PCT/US2007/061935

sidewall resulting from the vertical tab punched out of the sidewall,
and
a horizontal tab punched out of the sidewall and a horizontal hole resuiting from the
horizontal tab, the tab comprising:

a tab leg that is substantially planar and is connected to the sidewall at one
end of the tab leg, and that projects outwardly from the sidewall at an
angle of less than ninety degrees to the sidewall; and

a tab foot extending from the tab leg of the horizontal tab punched out of the
sidewall and curving either away from or toward the horizontal hole in
the sidewall resulting from the horizontal tab punched out of the
sidewall;

where the end of vertical tab leg that 1s connected to the sidewall is substantially
perpendicular to the end of the horizontal tab leg that is connected to the

sidewall.

19.  The structural stud of claim 18, where:
the vertical hole I1s defined by a base side and a top side, the base side has a greater
length than the top side, and the vertical tab leg the extends from the base
side; and
the horizontal hole is defined by a base side and a top side, the base side has a
greater length than the top side, and the horizontal tab leg the extends from

the base side.

20. The structural stud of claim 18, where the structural stud comprises a plurality of

vertical tabs and resulting vertical holes and horizontal tabs and resulting horizontal holes.

21 The structural stud of claim 20 where the vertical tabs and vertical holes and the

horizontal tabs ‘and horizontal holes are positioned in an alternating arrangement on the

sidewall such that there is a horizontal tab and horizontal hole between each vertical tab and

vertical hole.

22. The structural stud of claim 21, where the horizontal holes and the vertical holes are
spaced such that the distance between the centers of successive vertical and horizontal

holes is less than about 6 Inches.
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23. The structural stud of claim 22, where the horizontal holes and the vertical holes are
spaced such that the distance between the centers of successive vertical and horizontal

holes is about 4 inches.

24 A method of building a tilt-wal! building comprising:
obtaining a plurality of structural studs, each stud comprising:
a stud having a sidewall;
a vertical tab punched out of the sidewall and a vertical hole resulting from the
vertical tab, the tab comprising:

a tab leg that is substantially planar and is connected to the sidewall at
one end of the tab leg, and that projects outwardly from the
sidewall at an angle of less than ninety degrees to the sidewali;
and

a horizontal tab punched out of the sidewall and a horizontal hole resulting
from the horizontal tab, the tab comprising:

a tab leg that is substantially planar and is connected to the sidewall at
one end of the tab leg, and that projects outwardly from the
sidewall at an angle of less than ninety degrees to the sidewall,

where the end of vertical tab that is connected to the sidewall is substantially
perpendicular to the end of the horizontal tab that is connected to the
sidewall,
combining the plurality of structural studs with a structural mesh on a substantially
horizontal surface such that the studs and mesh are substantially paraliel to
each other and to the substantially horizontal surface and there are voids
formed between the structural studs;
embedding the structural studs and structural mesh in concrete to form a panel; and

raising the panel such that it is substantially perpendicular to the ground.

25. A panel comprising:
a plurality of structural studs, each stud comprising:
a stud having a sidewalt:
a vertical tab punched out of the sidewall and a vertical hole resulting from the
vertical tab, the tab comprising:
a tab leg that is substantially planar and is connected to the sidewall at
one end of the tab leg, and that projects outwardly from the
sidewall at an angle of less than ninety degrees to the sidewall,

and
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a horizontal tab punched out of the sidewall and a horizontal hole resulting
from the horizontal tab, the tab comprising:

a tab leg that is substantially planar and is connected to the sidewall at
one end of the tab leg, and that projects outwardly from the
sidewall at an angle of less than ninety degrees to the sidewall;

where the end of vertical tab that is connected to the sidewall is substantially
perpendicular to the end of the horizontal tab that is connected to the
sidewall: and

a structural mesh,
where the plurality of structural studs and the structural mesh are embedded in

concrete.
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