woO 2007/095470 A1 |10 0 0O 0 00 0

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Organization
International Bureau

(43) International Publication Date
23 August 2007 (23.08.2007)

lﬂ[ﬁ A0 0O

(10) International Publication Number

WO 2007/095470 Al

(51) International Patent Classification:
E04C 3/07 (2006.01)

(21) International Application Number:
PCT/US2007/061935

(22) International Filing Date: 9 February 2007 (09.02.2007)
English
English

(25) Filing Language:
(26) Publication Language:

(30) Priority Data:
60/772,106

(71) Applicants and

(72) Inventors: VALLE, John [US/US]; 213 Village Blvd.,
Suite 8, Laredo, TX 78041 (US). VALLS, Kenneth, A.
[US/US]; 600 San Bernardo Ave., Fl. 8, Laredo, TX 78040
(US). MEDINA, Jose, R.; 213 Village Blvd., Suite 8,
Laredo, TX 78041 (US).

(74) Agent: GREENE, Gilbert, A.; Fulbright & Jaworski
L.L.P, 600 Congress Avenue, Suite 2400, Austin, TX
78701 (US).

10 February 2006 (10.02.2006) US

(81) Designated States (unless otherwise indicated, for every
kind of national protection available): AE, AG, AL, AM,
AT, AU, AZ, BA, BB, BG, BR, BW, BY, BZ, CA, CH, CN,
CO, CR, CU, CZ, DE, DK, DM, DZ, EC, EE, EG, ES, FI,
GB, GD, GE, GH, GM, GT, HN, HR, HU, ID, IL, IN, IS,
JP, KE, KG, KM, KN, KP, KR, KZ, LA, LC, LK, LR, LS,
LT, LU, LV, LY, MA, MD, MG, MK, MN, MW, MX, MY,
MZ, NA, NG, NI, NO, NZ, OM, PG, PH, PL, PT, RO, RS,
RU, SC, SD, SE, SG, SK, SL, SM, SV, SY, TJ, TM, TN,
TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

(84) Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, ZM,
ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM),
European (AT, BE, BG, CH, CY, CZ, DE, DK, EE, ES, FI,
FR, GB, GR, HU, IE, IS, IT, LT, LU, LV, MC, NL, PL, PT,
RO, SE, S, SK, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA,
GN, GQ, GW, ML, MR, NE, SN, TD, TG).

Published:

with international search report

[Continued on next page]

(54) Title: STRUCTURAL STUD

(57) Abstract: Embodiments of a structural stud and
panel for use in building a tilt-wall building are disclosed.
Devices and methods for forming structural studs and
panels are also disclosed.



WO 2007/095470 A1 | NI DA 000 0T 000 0000 A 0

—  before the expiration of the time limit for amending the  For two-letter codes and other abbreviations, refer to the "Guid-
claims and to be republished in the event of receipt of ance Notes on Codes and Abbreviations” appearing at the begin-
amendments ning of each regular issue of the PCT Gagzette.



WO 2007/095470 PCT/US2007/061935

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, which is hereby incorporated
by reference in its entirety.

1. 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 Axt
The building and construction industry has previously employed a technique

for forming walls in which structural studs are embedded in concrete. A primary
challenge with this technique is 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 means of addressing this challenge has been through the design
of the structural studs themselves.

U.S. Patent 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 is that two
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strikes are required to form the tabs: one strike to punch the tab out of the side wall
and another strike to form the L-shape in the tab.

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, including that the L-shaped tabs are
difficult to punch out from the side wall of the stud due to the exireme 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 employing tabs that are
substantiaﬂy curved in side elevational view such thét 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 in order to force the section outward to define the
tab.

What is needed is a structural stud that provides improved adhesion between
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 expensive and has less problems than the
devices and processes by which other studs are formed.

The referenced shortcomings are not intended to be exhaustive, but rather are
among many that tend to impair the effectiveness of préviously 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 invention is that it 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 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 sidrewall; 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 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 is less than about six inches. In other embodiments,
the gap between successive tab leg connections to the sidewall is about four inches.

Embodiments of the present invention 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 forcing the punch into a die, creating a tab punched out of

the sidewall, the tab comprising: a tab leg that is substéntially planar and is 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 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 other embodiments,
the sidewall of the stud is struck with a plurality of punches, creating a plurality of
tabs in the sidewall. In certain embodiments, the plurality of tabs is spaced such that
the gap between successive tab leg connections to the sidewall is less than about six
inches. In still other embodiments, the gap beMeen successive tab leg connections to
the sidewall is about four inches. In yet another embodiment, the tab is created in one
strike of the sidewall with the punch.

Embodiments of the present invention also include a device for forming a
structural stud comprising a punch for striking a sidewall of the stud and a die into
which the punch is forced, where striking the sidewall with the punch 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 in the sidewall created by the tab punched out of the
sidewall. 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 other embodiments, the device comprises a plurality of
punches and dies and creates a plurality of tabs in the 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 other
embodiments, the gap between successive tab leg connections to the sidewall is about
four inches. In yet another embodiment, the device is capable of creating the tab in
one sirike of the sidewall with the punch.

Embodiments of the present invention also include 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 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; épd 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; 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. 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 is 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,



WO 2007/095470 PCT/US2007/061935

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.

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 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 in the
sidewall created by the tab punched out of the sidewall; and a structural mesh, where
the plurality of structural studs and the structural mesh are embedded in 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 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 sidewail 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 vertical tab punched out of
the sidewall and curving either away from or toward the vertical hole in the sidewall
resulting from 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
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; 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
tqward the horizontal hole in the sidewall resulting from the vertical tab punched out
of the sidewall; where the end of vertical tab that is conmnected 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, and 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 comprises a plurality of vertical tabs
and resulting vertical holes and horizontal tabs and resulting horizontal holes. In

“another embodiment, 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. 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 is 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 is about 4 inches.

In other embodiments, the present invention comprises a method of building a
tilt-wall 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
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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 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 comnected 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 7
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
comprising: 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 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
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 in unnecessary detail. The descriptions of the present methods and devices
are exemplary and non-limiting. Certain substitutions, modifications, 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 following drawings illustrate by way of example and not limitation.
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 aspécts of the present invention. The invention may be better
understood by reference to one or more of these drawings in combination with the
description of illustrative embodiments presented herein:

FIG. 1 is a partial isometric view of one embodiment of the present structural
studs.

FIG. 2 is 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.
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FIG. 4 is a top view of one embodiment of the present structural studs.

FIG. 5 is a partial isometric view of one embodiment 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 is a partial cutaway perspective view 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 embodiment 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
“comprising”), “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 form of include, such as “includes” and “including’) are open-ended linking
verbs. As a result, a structural stud, device, or method that “comprises,” ‘“has,”
“contains,” or “includes” one or more elements possesses those one or more elements,
but is not limited to possessing only those one or more elements or steps. Likewise,

1]

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 is

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
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The terms “a” and “an” are defined as one or more than one unless this
disclosure explicitly requires 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 stud 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 is substantially planar
and is 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. 4Having the tab leg 107 project outwardly at an angle 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 from the hole 111 in the
sidewall 103 further results in improved adhesion between the structural stud and the
surrounding concrete. In some embodiments, the hole 111 in the sidewall 103 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.

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, a
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 about’ 1 fo about 24 inches,
including about 1.5, 2, 2.5, 3,3.5,4,45,5,55,6,6.5,7,7.5, 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 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 six 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 can 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 baseplate 106 is aboﬁt 6 inches, the width of the
sidewall 108 is 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.

12



WO 2007/095470 PCT/US2007/061935

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 particularly, 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, 80,79, 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, or
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 area 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%, 11.0%, .
11.1%, 11.2%, 11.3%, 11.4%, 11.5%, 11.6%, 11.7%, 11.8%, 11.9%, 12.0%, 12.1%,
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 these
numbers.

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 sirike

13
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by the punch and die mechanism is needed to form the tabs of the present structural
studs. An embodiment of the tabs formed by the methods and devices are depicted in
FIGS. 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 is 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
sidewall 103. 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. 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 voids formed between the studs. The method further comprises 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 is

14



WO 2007/095470 PCT/US2007/061935

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 is substantially perpendicular to the ground. 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,A 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. 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 to 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 plurality of vertical tabs 207 and 209 punched out of the sidewall 205,
a plurality of vertical holes 211 and 213 created by the vertical 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 vertical tabs 207 and 209 comprise tab legs 223 and 225 that are
substantially planar and are connected to the 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
between 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 furthef results in impréved 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
substantially 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 ninety 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 comprise tab feet 243 and 245 extending from the tab legs 239 and 241 and
curving toward horizontal holes 219 and 221 created by the horizontal tabs 215 and
217 punched out of the sidewall 205. Having the tab feet 243 and 245 curve toward
the horizontal holes 219 and 221 in the sidewall 205 further results in improved
adhesion between the structural stud and the swrrounding concrete. In some
embodiments, the horizontal holes 219 and 221 in 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
perpendicular 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 concrete and makes panels
that comprise the stud and concrete combination more resistant to shear stress.

In the embodiment shown in 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 in an alternating arrangement on sidewall 205 such that
there is 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
is anywhere from about 1 to about 24 inches, including about 1.5, 2, 2.5, 3, 3.5, 4, 4.5,
5,55,6,65,7,75,8,85,9,9.5, 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 range derivable within these numbers. In some embodiments, the
distance between the centers 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 sidewall 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 stud where the width of the baseplate 203 is
about 6 inches, the width of the sidewall 205 is 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 distances 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, 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.

* % k & ¥ %k
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, spirit, and scope of the
invention. All such similar substitutes and modifications apparent to those skilled in
the art are deemed to be within the spirit, 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-plus-
function limitations, unless such a limitation is 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 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 in the sidewall created by the tab punched out of
the sidewall.

2.  The structural stud of claim 1, where the 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.

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

7. The method of claim 6, where the 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 with a plurality

of 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. The method of claim 6, where the tab is created in one strike of the sidewall

with the punch.

12. A device for forming a structural stud comprising a punch for striking a
sidewall of the stud and a die into which the punch is forced, where striking the
sidewall with the punch 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 in the sidewall created by the tab punched out of the sidewall.

13. The device of claim 12, where the hole is defined by a base side and a top
side, the base side has a greater length than the fop side, and the tab leg extends from

the base side.
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14. The device of claim 12, where the device comprises a plurality of punches and

dies and creates a plurality of tabs in the sidewall.

15.  The device of claim 14, 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.

16. The device of claim 15, where the gap between each tab leg connection to the

sidewall is about four inches.

17. The device of claim 12, where the device is capable of creating the tab in one

strike of the sidewall with the punch.

18. 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 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 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 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.

19. The method of claim 18, further comprising:
laying lifting anchors in the voids formed between the structural studs prior to
embedding the structural studs and structural mesh in concrete;

22



WO 2007/095470 PCT/US2007/061935

20.

21.

22.

23.

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.

The method of claim 18, 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.

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 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 in the sidewall created by the tab
punched out of the sidewall; and

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

concrete.

The panel of claim 21, further comprising:
at least one lifting anchor embedded in the concrete with the plurality of

structural studs and the structural mesh.

The panel of claim 21, further comprising:

23



WO 2007/095470 PCT/US2007/061935

at least one support anchor embedded in the concrete with the plurality of
structural studs and the structural mesh.

24. 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 angle 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 sidewall resulting from 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 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 is connected to the sidewall is
substantially perpendicular to the end of the horizontal tab leg that is

connected to the sidewall.

25. The structural stud of claim 24, where:
the vertical hole is 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
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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.

26. The structural stud of claim 24, where the structural stud comprises a plurality
of vertical tabs and resulting vertical holes and horizontal tabs and resulting horizontal

holes.

27. The structural stud of claim 26, 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.

28. The structural stud of claim 27, 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.

29. The structural stud of claim 28, 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.

30. A method of building a tilt-wall 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 thén
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 is substantially plal}ar and is connected to the

sidewall at one end of the tab leg, and that projects
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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 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.

31. A panel comprising:
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 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
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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