(12) STANDARD PATENT (11) Application No. AU 2013259288 B2
(19) AUSTRALIAN PATENT OFFICE

(54)

(51)

(21)
(87)
(30)

(31)

(43)

(44)

(71)

(72)

(74)

(56)

Title
Fastener with multiple threaded regions

International Patent Classification(s)
F16B 25/00 (2006.01) F16B 35/06 (2006.01)

Application No: 2013259288 (22) Date of Filing:  2013.05.10
WIPO No:  WO013/170180

Priority Data

Number (32) Date (33) Country
13/468,861 2012.05.10 us
Publication Date: 2013.11.14

Accepted Journal Date: 2017.03.09

Applicant(s)
Simpson Strong-Tie Company, Inc.

Inventor(s)
Park, Jeremy Scott

Agent / Attorney
Davies Collison Cave Pty Ltd, Level 15 1 Nicholson Street, MELBOURNE, VIC, 3000, AU

Related Art

EP 2317159 A1

US 6302631 B1

US 2003/0235483 A1
CA 2647663 A1

US 2010/0047035 A1
DE 202011100618 U1
US 4655661 A

DE 102008048703 A1
DE 102008057678 A1
GB 2227540 A




woO 2013/170180 A 1[I 00000000 OO O

(43) International Publication Date

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

(19) World Intellectual Property Ny
Organization é
International Bureau -,

=

\

(10) International Publication Number

WO 2013/170180 A1

14 November 2013 (14.11.2013) WIPO I PCT
(51) International Patent Classification: (81) Designated States (uniess otherwise indicated, for every
F16B 25/00 (2006.01) F16B 35/06 (2006.01) kind of national protection available): AE, AG, AL, AM,
21) International Apolication Number- AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
(21) International Application Number: BZ, CA. CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,
PCT/US2013/040592 DO, DZ. EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
(22) International Filing Date: HN, HR, HU, ID, IL, IN, IS, JP, KE, KG, KM, KN, KP,
10 May 2013 (10.05.2013) KR, KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD,
. ME, MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI,
(25) Filing Language: English NO, NZ, OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU,
(26) Publication Language: English RW, SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ,
TM, TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA,
(30) Priority Data: M, ZW.
13/468,861 10 May 2012 (10.05.2012) us
(84) Designated States (uniess otherwise indicated, for every
(71) Applicant: SIMPSON STRONG-TIE COMPANY, INC. kind of regional protection available). ARIPO (BW, GH,
[US/US]; 5956 W. Las Positas Boulevard, Pleasanton, CA GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, SZ, TZ,
94588 (US). UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
(72) TInventor; and TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
(71) Applicant : PARK, Jeremy, Scott [US/US]; 5956 W. Las EE, ES, FL, FR, GB, GR, HR, HU, IL, IS, IT, LT, LU, LV,
Positas Boulevard, Pleasanton, CA 94588 (US) MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, S, SK, SM,
? > ’ TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW,
(74) Agent: VIERRA, Larry, E.; Vierra Magen Marcus LLP, ML, MR, NE, SN, TD, TG).
575 Market Street, Suite 3750, San Francisco, CA 94105 Published:

(US).

with international search report (Art. 21(3))

(54) Title: FASTENER WITH MULTIPLE THREADED REGIONS

(57) Abstract: A fastener includes a shank having a point at a first end and a second, head end. A first helical thread region is
formed at the first end adjacent to the point having a first helical thread having a first effective diameter. A sub-region of a second
helical thread is formed within the first helical thread region adjacent to the first end. A head at the second end includes a cutting
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the head. The shank diameter in the sub-region and the first region is smaller than the other regions.
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FASTENER WITH MULTIPLE THREADED REGIONS

TECHNICAL FIELD

[0001]  The presentinvention relates to a fastener with multiple threaded regions

and a wood screw fastener.

BACKGROUND

[0001A] Variations in fastener design have been used to improve different
characteristics and performance of fasteners depending on the intended use of the
fastener. In general, a screw-type fastener includes a threaded shank with a pointed
tip at one end thereof and a head at the other end. The head has a recess for

accepting a driver tip.

[0002] Most types of screw fasteners are designed to be driven completely into a
material, so that the head bottom or top is flush with a surface of the material. In wood
screws having a conical head, the turning torque increases with both the depth of the
screw in the wood and when the conical head begins to penetrate into the surface of
the wood. This makes it difficult to completely drive the screw into the wood.

SUMMARY

[0003] According to one aspect of the present invention, there is provided a
fastener, comprising: a shank having a point at a first end and a head at a second
end, and having a base shank diameter, the shank including a first region having a
first helical thread having a first effective diameter, the first region of the shank having
a first continuous shank diameter, the first helical thread having a first height relative
to the first diameter, and a sub-region formed in the first region and having a second
helical thread having a second effective diameter, the sub-region of the shank
having a second continuous shank diameter smaller than the first shank diameter, the
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second helical thread having a second height relative to the second diameter, the
second helical thread interspersed with the first helical thread such that each thread
has a pitch, the pitch of the first helical thread matching the pitch of the second helical
thread; a third region formed spaced apart from the first region and having a third
helical thread having a third effective diameter, the third region of the shank having a
third continuous shank diameter, the third helical thread having a third height relative
to the third diameter, the third helical thread having a pitch smaller than the pitch of
the first helical thread; and the head having a bottom surface and having a cutting
structure, the cutting structure positioned to intersect the bottom surface and the
shank.

[0003A] According to another aspect of the present invention, there is provided a
wood screw fastener, comprising: a shank having a point at a first end, and a second
end, and having a base shank diameter, the shank including a first helical thread
region formed at the first end and including the point having a first helical thread
having a first effective diameter, the first region of the shank having a portion
including a first shank diameter, the first helical thread having a first height relative to
the first diameter, and a sub-region of a second helical thread formed within the first
helical thread region, and to the first end, and the second helical thread having a
second effective diameter, the shank in the sub-region having a continuous second
shank diameter smaller than the first shank diameter, the second helical thread
having a second height relative to the second diameter, the second helical thread
interspersed with the first helical thread such that each thread has a pitch, the pitch of
the first helical thread matching the pitch of the second helical thread; a third region
formed spaced apart from the first region and having a third helical thread having a
third effective diameter [[(H3)]], the third region of the shank having a third continuous
shank diameter [[(D3)]], the third helical thread having a third height relative to the
third diameter; and a head at the second end comprising a disk and having a cutting
structure, the cutting structure positioned to intersect a bottom surface of the disk and
the shank, the cutting structure has a square cross-section formed by four walls
intersecting the disk.
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[0003B] According to another aspect of the present invention, there is provided a
fastener, comprising: a shank having a first pointed end, and a second head end, the
shank having a base shank diameter; a first helical thread region formed at the first
pointed end and including the point having a first helical thread having a first effective
diameter, the first region of the shank having a portion including a continuous first
shank diameter, the first helical thread having a first height relative to the first
diameter; a sub-region of a second helical thread formed within the first helical thread
region and to the first end, and the second helical thread having a second effective
diameter, the shank in the sub-region having a continuous second shank diameter
smaller than the first shank diameter, the second helical thread having a second
height relative to the second shank diameter the second helical thread interspersed
with the first helical thread such that each thread has a pitch, the pitch of the first
helical thread matching the pitch of the second helical thread; a third helical thread
region formed spaced apart from the first helical thread region and between the head
end and the first helical thread region, and having a third helical thread having a third
effective diameter, the third region of the shank having a third continuous shank
diameter, the third helical thread having a third height relative to the third shank
diameter; and a head at the head end comprising a disk and having a cutting
structure, the cutting structure positioned to intersect a bottom surface of the disk and
the shank, the cutting structure has a square cross-section formed by four walls

intersecting the disk.

[0003C] Technology is described herein which comprises a fastener having
elements allowing securing elements in wood, composite or other material and
providing an improved counter-sunk head. The fastener includes a shank having a
point at a first end and a second, head end. A first helical thread region is formed at
the first end adjacent to the point and has having a first helical thread having a first
effective diameter. A sub-region of a second helical thread formed within the first
helical thread region adjacent to the first end. A head at the second end includes a
top portion such as a disk and a cutting structure, the cutting structure positioned
to intersect a bottom surface of the disk and the shank, the cutting structure has a
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square cross-section formed by four walls intersecting the disk. A third helical thread
region may be provided between the first region and the head. The shank diameter in

the sub-region and the first region is smaller than the other regions.

[0004] This Summary is provided to introduce a selection of concepts in a
simplified form that are further described below in the Detailed Description. This
Summary is not intended to identify key features or essential features of the claimed
subject matter, nor is it intended to be used as an aid in determining the scope of the

claimed subject matter.

BRIEF DESCRIPTION OF THE DRAWINGS

[0005] The present invention will now be described, by way of non-limiting
example only, with reference to the accompanying drawings, briefly described as

follows.

[0005A] Figure 1 depicts a perspective view of a first embodiment of a fastener in

accordance with the present technology.

[0006] Figure 2 depicts a plan view of a first embodiment of a fastener in

accordance with the present technology.

[0007] Figure 3 depicts a partial, cross-sectional view of a first embodiment of a

fastener in accordance with the present technology.

[0008] Figure 4 depicts a partial cross-sectional view of the head of a first

embodiment of a fastener in accordance with the present technology.

[0009] Figure 5 depicts an end view of a first embodiment of a fastener in

accordance with the present technology.
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[0010] Figure 6 depicts a perspective view of a second embodiment

of a fastener in accordance with the present technology.

[0011] Figure 7 depicts an end view of a second embodiment of a

fastener in accordance with the present technology.

[0012] Figure 8 depicts another embodiment of the fastener in

accordance with the present technology.

[0013] Figure 9 depicts a cross-sectional view of the embodiment of
Figure 8.

[0014] Figure 10 is an enlarged view of the head 350 of the
embodiment of Figure 8.

[0015] Figure 11 is a cross-sectional view along line b-b in Figure 10.

[0016] Figure 12 is an end view of the fastener shown in Figures 8 —
11.

DETAILED DESCRIPTION

[0017] The technology described herein is a fastener having
elements allowing securing elements in wood, composite or other
material and providing an improved counter-sunk head. The fastener
requires less torque than a fastener having a completely threaded shaft
and improves the ability of the head to the screw to enter the fastened
material so that a surface of the screw is flush with a surface of the

material.

[0018] A first embodiment of the fastener technology will be
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described with respect to Figures 1 — 5.

[0019] The fastener of Figures 1 — 5 includes a shank 100 having a
pointed tip 102 at one end thereof and a head 104 at another end. The
shank may be formed of galvanized steel. The body of the shank has a
base shank diameter Ds. A first region 110 of the shank includes a first
helical thread 112 formed on the shank 100. The first region extends
from adjacent to pointed tip 102 to an intermediate point adjacent to a
spacer 120. The shank in the first region has a shank diameter D1
which is smaller than Ds. The first thread 112 has an effective diameter
H1, with a first thread height above the shank in the first region ((H1-
D1)/2) and a pitch Pa. The first region 110 includes a sub-region 115
with a second thread 114 formed on the shank, of a shorter thread
length (smaller number of turns) and interspersed with the first helical
thread 112 The shank has a shank diameter D2 in the second region
which is smaller than diameter D1. The second thread 114 has smaller
effective diameter H2 than diameter H1 of the first helical thread 112,
has a second thread height ((H2-D2)/2) and has a pitch P2 which
matches the pitch P1 of the first thread 112.

[0020] A third region 130 of the shank includes a third helical thread
132. A spacer region 120 separates the third region from the first
region. The shank has a shank diameter D3 in the third region which
may be equivalent to or slightly larger than D1, and helical thread 132
has an effective diameter H3 smaller than H1, and larger than or equal
to H2, with a third thread height ((H3-D3)/2) above the surface of the
shank. The shank has a pitch P3 which is smaller than pitch P1 or P2.

[0021] In one embodiment, the relationship between the

aforementioned dimensions includes one or more of the following:

[0022] H1:H2 is in a range of about 1.3 to 1.04 and in one
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embodiment is in a range of about 1.2 — 1.05.

[0023] H1:H3 is in a range of about 1.4 to 1.03 and in one

embodiment is in a range of about 1.3 — 1.05.

[0024] D1:D2 is in a range of about 1.25 to 1.02 and in one

embodiment is in a range of about 1.15 - 1.05

[0025] D2:D3 is in a range of about 0.95 to 0.75 and in one

embodiment is in a range of about 0.92 — 0.88

[0026] A head 140 is provided at the other end of the shank 100. The
head comprises a top portion which may include a disk 142 having a top
surface and a bottom surface. In another embodiment (not shown), the
top portion of the head includes no disk but terminates in a top surface.
The top surface of the head is formed to have a recess forming a Phillips
socket. Note that instead of the Phillips recess, a square or other
shaped recess may be formed in the top of the head 142 to receive a

driver.

[0027] Below the top surface 142 is a cutting structure 150 having, in
one embodiment, a generally square cross section (as viewed in Figure
5) defined by walls 153, 154, 155, 156. The walls have a first end
intersecting the shank and a second end terminating in the bottom
surface of head 142 in a beveled edge. Each wall has a respective
beveled edge 153a, 153b, 154a, 154b, 155a, 155b, 156a, 156b.

[0028] The bottom surface of head 142 also includes edges 143, 144,
145, 146 bisecting each beveled edge. The edges 143 have triangular
cross sections and intersect with respective beveled edges 153a/153b,
154a/154b, 155a/155b, 156a/156b. In one embodiment, no beveled
edges are used. Each edge 143 — 146 may have a beveled end

opposing the wall it bisects. In another alternative, a beveled end is not
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used. Each wall joins an adjacent wall by a rounded edge. Walls 153
and 154 are joined at edge 163; walls 154 and 155 joined at edge 164,
walls 155 and 156 joined at edge 165, and walls 156 and 157 joined at
edge 166. The edges may be rounded as illustrated or comprise an
angled edge. Each edge 163, 164, 165, 166 and each wall 153 - 157
may include a first arcuate portion 192 intersecting the disk transitioning
to a second, opposing arcuate portion intersecting the shank. It should
be recognized that alternative embodiments of the head may be utilized.
In one embodiment, no disk is provided and the head has a polygonal or
square shape with the edges forming corners of an upper surface of the
head.

[0029] The screw is designed to be a self-boring screw into the

material to be fastened. However, a pilot hole may be utilized.

[0030] When the screw is driven into a material, the first helical
thread and second helical thread operate to pull the screw into the
material as the screw is rotated an pressure applied to the bore.
Because the first thread 112 has a greater effective diameter, it is
responsible for more of the torque and pull of the fastener into the
material. The second thread gives increased pull down as the screw
starts. The second thread also provides this increased pull down with
less torque by providing the thread will a shorter length than the first
thread, and only in the boring region of the screw. In comparison to a
fully threaded screw (one with a helix that is uniform along its entire
length), the present screw requires an less torque as it bores into
material due to the variation between the first and secondary thread, as
well as the spacer 120. Because of the limited lengths of both the first
and second regions, the tension in the screw does not increase past the
first region. The first region 110 and sub-region 115 provides the main

tension resisting boring of the screw into the material. But once the
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screw entering a surface of material enters beyond the sub-region 120,
resistance due to the threads levels off since the remaining portion of the

fastener is smaller than the effective diameter of the threads 112.

[0031] The third region helical thread 132 is believed to provide
additional pull down as the bore may shrink into the shank as the shank
enters the bore. Because the pitch of thread 132 is smaller than threads
112 and 114, and has a lower height H3, this portion of the screw pulls
into the material more rapidly than the first region. The third region thus
provides additional pressure near the head/material interface to pull the
two materials being joined together. In an alternative embodiment,
threads 132 may comprise annular rings. Finally, as the cutting
structure 150 reaches the surface of the material, edges 163, 164, 165,
166 allow the head 142 of the screw to more efficiently sink into the
fastened material. The edges 143, 144, 145, 146 in combination with
edges 163, 164, 165, 166 allow the head 142 to sink into material so that

the head is flush with a surface of a fastened material.

[0032] If the material is wood, the fastener 100 including head 142
penetrates smoothly into the wood without encountering any large
turning resistance. Cracking is a major problem in wood fasteners. The
edges act as drill edges and do help resist the formation of cracks in the
wood.

Any form of pyramid head may be utilized including any other polygonal

cross-sectioned head.

[0033] Figures 6 and 7 illustrate a second embodiment of the
fastener 200. Fastener 200 includes a first portion 610, second, sub-
region 630 and third region 630 having parameters and helical threads
matching those of screw 100 illustrated and described with respect to

Figures 1 - 5.
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[0034] In screw 200, the cutting structure 250 has a square cross
section adjacent to the disk 242. However, edges 263, 264, 265 266 are
formed to have a in a one-eighth turn when viewed from the tip toward
that shank. In alternative embodiments, the edges can be straight (e.g.
parallel to the axis) and as large as one-half turn (where four edges are
provided) or one-third turn (in an embodiment where only three edges
are provided). That is, each edge 263, 264, 265 266 intersects the
shank 202 at a respective location 263a, 264a, 265a, 266a, and
intersects disk 242 at a second point 263b, 264b, 265b, 266b, with a
continuous arcuate edge 263, 264, 265 266 therein between. Edges
263, 264, 265 266 may be rounded or angled as edges 163, 164, 165,
166. The direction of rotation is clockwise from the shank to the disk
143, and thus matches the right-hand turned helical threads in regions
610, 620, 630. Additional cutting edges 643, 644, 645, 646 are provided

and have a structure and effect similar to edges 143, 144, 145, 146.

[0035] An advantage of the embodiment of screw 200 is in
providing less resistance when the cutting structure 250 encounters the
material surface. In the above embodiments, the ratio of the length Lh
of the cutting structure to the length Ls of the fastener is in the range of
0.06 - 0.08 and may be about 0.07.

[0036] Figures 8 and 12 illustrate another embodiment of the fastener
300. Elements of fastener 300 which are similar to those in previous
embodiments share like numerals. Fastener 300 includes a head 304
with a cutting structure 350 which is conical and includes edges 802,
804, 806 and 808 and notches 812, 814, 816 and 818. Edges 802, 804,
806 and 808 surround a conical body 810 while notches 812, 814, 816
and 818 are provided on the underside of disk 820. Conical body 810 is
formed to intersect with shaft at an angle of approximately 23 degrees

with respect to the centerline of the shaft.
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[0037] Also included in the embodiments of Figures 8 — 12 is a helical ridge 200
having an exemplary pitch of, for example, 0.5 turns per inch and a diameter H4 of
approximately or slightly less than H3 and intersecting the second thread 114 but not
the first thread 112. This helical ridge 200 may be provided in all of the embodiments

described herein.

[0038] Although the subject matter has been described in language specific to
structural features and/or methodological acts, it is to be understood that the subject
matter defined in the appended claims is not necessarily limited to the specific
features or acts described above. Rather, the specific features and acts described
above are disclosed as example forms of implementing the claims.

[0039] Throughout this specification and the claims which follow, unless the
context requires otherwise, the word "comprise", and variations such as "comprises"
and "comprising", will be understood to imply the inclusion of a stated integer or step
or group of integers or steps but not the exclusion of any other integer or step or

group of integers or steps.

[0040] The reference in this specification to any prior publication (or information
derived from it), or to any matter which is known, is not, and should not be taken as
an acknowledgment or admission or any form of suggestion that that prior publication
(or information derived from it) or known matter forms part of the common general

knowledge in the field of endeavour to which this specification relates.
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:

1. A fastener, comprising:

a shank having a point at a first end and a head at a second end, and
having a base shank diameter, the shank including

a first region having a first helical thread having a first effective diameter,
the first region of the shank having a first continuous shank diameter, the first helical
thread having a first height relative to the first diameter, and

a sub-region formed in the first region and having a second helical thread
having a second effective diameter, the sub-region of the shank having a second
continuous shank diameter smaller than the first shank diameter, the second helical
thread having a second height relative to the second diameter, the second helical
thread interspersed with the first helical thread such that each thread has a pitch, the
pitch of the first helical thread matching the pitch of the second helical thread;

a third region formed spaced apart from the first region and having a third
helical thread having a third effective diameter, the third region of the shank having a
third continuous shank diameter, the third helical thread having a third height relative
to the third diameter, the third helical thread having a pitch smaller than the pitch of
the first helical thread; and

the head having a bottom surface and having a cutting structure, the

cutting structure positioned to intersect the bottom surface and the shank.

2. The fastener of claim 1 wherein the cutting structure has a square cross-
section formed by four walls intersecting the bottom surface, each wall defined by a

straight edge relative to an adjacent wall.
3. The fastener of claim 1 wherein the cutting structure has a square cross-
section formed by four walls intersecting the bottom surface, each wall defined by an

arcuate edge relative to an adjacent wall.

4. The fastener of claim 3 wherein each arcuate edge comprises a one-eighth
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turn from a point intersecting the shank to a point intersecting the bottom surface.

5. The fastener of claim 3 wherein the head includes a disk having the bottom
surface, the bottom surface further includes four base edges extending away from the
bottom surface, each edge having a first side intersecting a middle of one of said
walls, each base edge extending from the first side to an edge of the disk.

6. The fastener of claim 1 wherein the first region is positioned adjacent to the
first end of the shank, the sub-region is positioned within the first region and the third
region is positioned between the first region and the cutting structure.

7. The fastener of claim 6 including at least one of the following:

wherein the ratio of the first effective diameter to the second effective
diameter is in a range of 1.3 — 1.05;

wherein the ratio of the first effective diameter to the third effective
diameter is in a range of 1.3 — 1.04;

wherein the ratio of the first shank diameter to the second shank diameter
is in a range of 1.25 — 1.05; or

wherein the ratio of the second shank diameter to the third shank diameter
is in a range of 0.95 — 0.75.

8. A wood screw fastener, comprising:
a shank having a point at a first end, and a second end, and having a base
shank diameter, the shank including:

a first helical thread region formed at the first end and including the
point having a first helical thread having a first effective diameter, the first
region of the shank having a portion including a first shank diameter, the
first helical thread having a first height relative to the first diameter, and

a sub-region of a second helical thread formed within the first helical
thread region, and to the first end, and the second helical thread having a
second effective diameter, the shank in the sub-region having a
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continuous second shank diameter smaller than the first shank diameter,
the second helical thread having a second height relative to the second
diameter, the second helical thread interspersed with the first helical
thread such that each thread has a pitch, the pitch of the first helical thread
matching the pitch of the second helical thread;

a third region formed spaced apart from the first region and having a
third helical thread having a third effective diameter [[(H3)]], the third
region of the shank having a third continuous shank diameter [[(D3)]], the
third helical thread having a third height relative to the third diameter; and
a head at the second end comprising a disk and having a cutting structure,

the cutting structure positioned to intersect a bottom surface of the disk and the
shank, the cutting structure has a square cross-section formed by four walls

intersecting the disk.

9. The fastener of claim 8 wherein each wall is defined by a straight edge

relative to an adjacent wall.

10. The fastener of claim 8 each wall is defined by an arcuate edge relative to

an adjacent wall.

11. The fastener of claim 10 wherein each arcuate edge comprises a one-
eighth turn from a point intersecting the shank to a point intersecting the disk.

12. The fastener of claim 11 wherein the third helical thread has a pitch smaller

than a pitch of the first helical thread.

13. The fastener of claim 12 including at least one of the following:

wherein the ratio of the first effective diameter to the second effective
diameter is in a range of 1.3 — 1.02;

wherein the ratio of the first effective diameter to the third effective
diameter is in a range of 1.3 — 1.02;
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wherein the ratio of the first shank diameter to the second shank diameter
is in a range of 1.25 — 1.02; or
wherein the ratio of the second shank diameter to the third shank diameter

is in a range of 0.95 —0.75.

14. The fastener of claim 12:

wherein the ratio of the first effective diameter to the second effective
diameter is in a range of 1.3 — 1.02;

wherein the ratio of the first effective diameter to the third effective
diameter is in a range of 1.4 — 1.02;

wherein the ratio of the first shank diameter to the second shank diameter
is in a range of 1.25 — 1.02; and

wherein the ratio of the second shank diameter to the third shank diameter

is in a range of 0.95 — 0.85.

15. A fastener, comprising:

a shank having a first pointed end, and a second head end, the shank
having a base shank diameter;

a first helical thread region formed at the first pointed end and including the
point having a first helical thread having a first effective diameter, the first region of
the shank having a portion including a continuous first shank diameter, the first helical
thread having a first height relative to the first diameter;

a sub-region of a second helical thread formed within the first helical thread
region and to the first end, and the second helical thread having a second effective
diameter, the shank in the sub-region having a continuous second shank diameter
smaller than the first shank diameter, the second helical thread having a second
height relative to the second shank diameter the second helical thread interspersed
with the first helical thread such that each thread has a pitch, the pitch of the first
helical thread matching the pitch of the second helical thread;

a third helical thread region formed spaced apart from the first helical
thread region and between the head end and the first helical thread region, and
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having a third helical thread having a third effective diameter, the third region of the
shank having a third continuous shank diameter, the third helical thread having a third
height relative to the third shank diameter; and

a head at the head end comprising a disk and having a cutting structure,
the cutting structure positioned to intersect a bottom surface of the disk and the
shank, the cutting structure has a square cross-section formed by four walls

intersecting the disk.

16. The cutting structure of claim 15 wherein each wall of the cutting structure

is defined by a straight edge relative to an adjacent wall.

17. The fastener of claim 15 each wall is defined by an arcuate edge
comprising a one-eighth turn from a point intersecting the shank to a point

intersecting the disk.

18. The fastener of claim 15 including at least one of the following:

wherein the ratio of the first effective diameter to the second effective
diameter is in a range of 1.3 — 1.03;

wherein the ratio of the first effective diameter to the third effective
diameter is in a range of 1.4 — 1.03;

wherein the ratio of the first shank diameter to the second shank diameter
is in a range of 1.25 — 1.02; or

wherein the ratio of the second shank diameter to the third shank diameter
is in a range of 0.95 — 0.75.

19. The fastener of claim 15 wherein the bottom surface further includes four
base edges, one of each base edge extending from the disk away from the bottom
surface, the edges having a first end intersecting a middle of one of said walls, the

based edge extending from the first end to an edge of the disk.
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