WO 2005/103405 A2 || 000000 0 00O 0 A

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

(19) World Intellectual Property
Organization
International Burcau

(43) International Publication Date

PCT

(10) International Publication Number

WO 2005/103405 A2

3 November 2005 (03.11.2005)
(51) International Patent Classification’: E04C 3/30
(21) International Application Number:
PCT/US2005/007428

(22) International Filing Date: 9 March 2005 (09.03.2005)

(25) Filing Language: English

(26) Publication Language: English

(30) Priority Data:
10/811,333
10/913,674

26 March 2004 (26.03.2004)
6 August 2004 (06.08.2004)

Us
UsS

(71) Applicant (for all designated States except US): S-T-N
HOLDINGS, INC. [US/US]; 2255-A Renaissance Drive,
Suite 20, Las Vegas, NV 89119 (US).

(72) Inventors; and
(75) Inventors/Applicants (for US only): BINGEL, Nelson,

(74)

(81)

G., IIT [US/US]; 28 Burning Bush Way, Orchard Park,
NY 14127 (US). GEITNER, Lawrence, J. [US/US];
4713 Clifton Parkway, Hamburg, NY 14075 (US). REED,
Brian, E. [US/US]; 3053 Hillbrook Drive, Eden, NY
14057 (US).

Agent: SNYDER, George, L., Jr.; Hodgson Russ LLP,
One M & T Plaza, Suite 2000, Buffalo, NY 14203-2391
(US).

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, HR, HU, ID, IL, IN, IS, JP, KE,
KG, KP, KR, KZ, LC, LK, LR, LS, LT, LU, LV, MA, MD,
MG, MK, MN, MW, MX, MZ, NA, NI, NO, NZ, OM, PG,
PH, PL, PT, RO, RU, SC, SD, SE, SG, SK, SL, SM, SY, TJ,
TM, TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, YU, ZA,
M, ZW.

[Continued on next page]

(54) Title: POLE REINFORCEMENT TRUSS

(57) Abstract: A pole reinforcement truss
has an open cross-sectional configuration
characterized by opposite side flanges that
diverge with respect to one another as they
extend from respective opposite side edges
of the truss body. In one embodiment,
the cross-sectional configuration has an
intermediate curved bend through an
excluded bend angle and a pair of curved
bridge bends on opposite sides of the
intermediate curved bend each through
an included bend angle, wherein all three
curved bends have the same radius of
curvature. The truss maintains its geometry
in an improved manner after the onset
of yielding, thereby increasing ultimate
strength of the pole truss assembly.



WO 2005/103405 A2

0 000 O

(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, 7ZM,
ZW), Burasian (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, MC, NL, PL, PT, RO,
SE, SI, SK, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN,

GQ, GW, ML, MR, NE, SN, TD, TG).

Published:
—  without international search report and to be republished

upon receipt of that report

For two-letter codes and other abbreviations, refer to the "Guid-
ance Notes on Codes and Abbreviations” appearing at the begin-
ning of each regular issue of the PCT Gagzette.



10

15

20

25

WO 2005/103405 PCT/US2005/007428

POLE REINFORCEMENT TRUSS

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] The present application claims priority of U.S. Patent Application Serial
No. 10/811333 filed March 26, 2004 and U.S. Patent Application Serial No.
10/913,674 filed August 6, 2004.

FIELD OF THE INVENTION
[0002] The invention relates to the field of trusses for reinforcing poles, especially
wooden utility poles, telephone poles, and the like, to increase their useful lifetime

and allow them to withstand environmental forces.

BACKGROUND OF THE INVENTION

[0003] Utility lines, such as those carrying electrical power, cable television
signals or telephone signals, have traditionally been supported above ground using
poles, and especially wooden poles. As used herein, the term "pole” includes various
forms and definitions of elongated support members, e.g., posts and pilings, whether
or not constructed of wood. Such poles must be capable of withstanding not only the
columnar load applied by the weight of the objects supported thereon but also the
transverse or horizontal load imposed by transverse winds or unbalanced wire
tensions from angled or dead end wires that cause the upper end of the pole to deflect
relative to the buried bottom end of the pole.

[0004] After some years in service, wooden utility poles tend to experience decay
and rotting just below and/or slightly above ground level. While the decayed region
is normally relatively small and the penetration of the decay may be limited, the pole
is nonetheless structurally weakened and may not be sufficiently strong to withstand
wind and other environmental factors. Under these conditions, wind forces can result
in a pole breaking and toppling, sometimes without warning.

[0005]) Therefore, it is necessary to periodically replace older wooden poles. The

demand for replacement poles, in combination with the demand for new poles, has
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become increasingly difficult to meet. This demand presents environmental concerns
related to deforestation and the toxic effects of preservative chemicals used to treat
the poles. In addition, replacement of existing poles is expensive and may require
interruption of service to users of the utility. To overcome these and other problems
associated with pole replacement, various methods and apparatus for reinforcing in-
service poles have been developed to extend their useful life.

[0006] One technique for reinforcing utility poles is that of coupling an elongated
truss to the pole, in effect splinting or bridging across the weakened area of the pole.
Such trusses are customarily adapted to extend at least partway along the pole parallel
to its longitudinal axis to provide support against transverse wind forces and other
loading conditions. The steel truss has been used to strengthen wooden utility poles
for more than forty years.

[0007] One such pole reinforcing apparatus is the OSMOSE® Osmo-C-Truss™
system. This truss helps to restore the groundline strength of utility poles at a fraction
of the cost of pole replacement. The Osmo-C-Truss™ system comprises a C-shaped
galvanized steel reinforcing truss which is secured to a pole by a plurality of
galvanized steel bands fastened around the perimeter of the truss/pole assembly. The
Osmo-C-Truss™ system can extend the life of a pole for many years and is installed
without interrupting service to utility customers.

[0008] In spite of the many advantages of the Osmo-C-Truss™ system, some
performance issues are inherent in the use of a "C" or channel shaped reinforcing
apparatus. One significant performance issue is related to the ability of a "C" or
channel shaped design to withstand bending loads from a pole without twisting or
rotating about the pole. One solution in the prior art is to increase or "beef up" the
capacity of the apparatus by increasing its dimensions or the yield strength of the
material of construction. However, these approaches fail to consider the underlying
mechanical principles that govern the performance of such devices under load.
Because the shear centers and the elastic axes of the reinforcing apparatus reside well
outside the locus of the applied transverse load, there results significant torsional
forces acting upon the reinforcing apparatus in addition to the expected bending
forces. Specifically, "C" or channel shaped designs do not account for the
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relationship between the location of the shear center of the truss and the location of
the transverse applied load. The further the applied load is from the shear center and
elastic axis, the greater the torsional forces that act upon the truss in combination with
the bending forces. Torsional forces may cause the truss to shift its position about the
circumference of the pole, i.c., rotate about the pole, to a disadvantageous position
wherein the truss is no longer loaded in the direction of maximum strength. Further,
the reinforcing apparatus itself may twist and experience shape distortion when
subjected to torsional forces, causing a reduction in performance; possibly less than
the theoretical strength of the material of construction would afford.

[0009] Without a corresponding decrease in torsional rotation of the apparatus
about the pole, or a reduction in the torsional forces themselves, the increased
theoretical resistance to bending forces supplied by a truss having increased
dimensions or higher yield material may be of little practical value. In fact, the use of
higher strength materials to increase truss capacity is accompanied by a generally
proportional increase in the truss rotations and deflections that occur when the truss is
loaded beyond the capacity of a similarly-dimensioned truss formed of lower strength
material. The reinforced truss will undergo unacceptable rotation or twisting
deformation, causing premature failure before its theoretical bending capacity, as
determined using the undistorted shape, is reached. Further, while measures such as
adding material of higher yield strength may increase theoretical bending support,
they represent significant added costs, in many cases without yielding proportionate
benefits or expected results.

[0010] In an effort to address the problems mentioned above, several improved
truss embodiments are described in U.S. Patent No. 6,079,165 sharing common
inventors herewith. The embodiments involve various cross-sectional configurations
intended to bring the elastic axis and shear center of the open truss section closer to
the pole and to the point where load is transferred from the pole to the truss, thereby
reducing torsional loading on the truss.

[0011] While the truss configurations described in U.S. Patent No. 6,079,165
offer improved performance relative to prior trusses, there is still a tendency for all
prior art trusses to rotate about the pole to a position where the load is no longer
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acting along an intended direction relative to the truss section, and is instead acting
along a weak axis of the truss section. It has been observed that this problem actually
gets worse as higher yield strength steel is used, thereby defeating the purpose of
using higher yield steel. At the onset of yielding, there is a tendency for buckling to
occur in pole-engaging side flanges of prior art trusses. Consequently, the geometry
of the truss cross-section changes, thereby decreasing the effectiveness of the truss
and leading to ultimate failure rather rapidly after the onset of first yielding.
Generally speaking, prior art trusses have been designed for elastic capacity, and have
not been designed to resist buckling.

[0012] Accordingly, there is a need for a pole reinforcement truss that better

maintains its cross-sectional geometry after the onset of yielding.

SUMMARY OF THE INVENTION

[0013] Therefore, it is an object of the present invention to provide a pole
reinforcement truss that resists buckling to exhibit greater strength beyond yielding -
trusses of the prior art.

[0014] It is another object of the present invention to provide a pole reinforcement
truss that exhibits improved strength when loaded in an “off-axis” direction offset
from a strong axis of the truss section.

[0015] It is another object of the present invention to provide a pole reinforcement
truss that resists rotation around the pole when banded to the pole.

[0016] It is a further object of the present invention to provide a pole
reinforcement truss having the above-mentioned qualities that is simple and
inexpensive to manufacture.

[0017] These and other objects are achieved by a pole reinforcement truss of the
present invention that generally comprises an elongated body having a pair of
opposite ends connected by a pair of longitudinal edges, wherein the body has an
open cross-sectional configuration characterized by a pair of side flanges each
extending from a respective one of the longitudinal edges in a direction diverging
from the other side flange, and an intermediate section connecting the pair of side

flanges.
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[0018]  In one embodiment, the intermediate section includes a pair of bridge
portions associated one with each of the pair of side flanges, and a pair of apex
portions associated one with each of the pair of bridge portions. Each bridge portion
extends in a direction forming an included obtuse angle with the direction of the
associated flange, and eaéh apex portion extends in a direction forming an included
obtuse angle with the direction of the associated bridge portion. The pair of apex
portions converge toward one another to form an excluded obtuse angle. In an
embodiment exhibiting desired results, the excluded angle between the apex portions,
the included angle between each bridge portion and its associated apex portion, and
the included angle between each side flange and its associate bridge portion are equal,
preferably about 100 degrees, and are defined by way of curved bends.

[0019] The invention also extends to a method of manufacturing a pole
reinforcement truss from a length of plate of sheet material by forming a first curved
bend along a longitudinal first axis to give the material a generally V-shaped cross-
sectional configuration; forming a pair of second curved bends of opposite bearing to
the first curved bend along a pair of longitudinal second axes arranged on opposite
sides of the first axis, the pair of second curved bends defining a pair of side flanges
each limited by an associated one of the pair of second curved bends and an
associated side edges; and forming a pair of third curved bends of opposite bearing to
the first curved bend along a pair of longitudinal third axes arranged on opposite sides
of the first axis between the pair of second axes. The first curved bend, the pair of
second curved bends, and the pair of third curved bends are formed so that the pair of
stde flanges converge toward one another as they extend from the pair of second
curved bends toward the pair of edges.

[0020] In another embodiment, the intermediate section is configured differently
to include an intermediate curved bend about a radius of curvature external to the
open cross-sectional configuration and a pair of curved bridge bends each for
connecting the intermediate curved bend to an associated one of the pair of side
flanges. A pair of straight apex portions may be provided, each for joining a

respective one of the pair of curved bridge bends with the intermediate curved bend.
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Thus, the alternative embodiment provides a cross-sectional configuration having
only three curved bends, rather than five curved bends found in the first embodiment.
[0021]  The invention also provides a method of manufacturing a pole
reinforcement truss from a length of plate or sheet material by forming a first curved
bend along a longitudinal first axis to give the material a generally V-shaped cross-
sectional configuration, and forming a pair of second curved bends of opposite
bearing to the first curved bend along a pair of longitudinal second axes arranged on
opposite sides of the first axis, the pair of second curved bends defining a pair of side
flanges each limited by an associated one of the pair of second curved bends and an
associated one of the pair of edges, wherein the first curved bend and the pair of
second curved bends are formed so that the pair of side flanges converge toward one

another as they extend from the pair of second curved bends toward the pair of edges.

BRIEF DESCRIPTION OF THE DRAWINGS
[0022]  The nature and mode of operation of the present invention will now be
more fully described in the following detailed description of the invention taken with
the accompanying drawing figures, in which:

Fig. 1 is a perspective view showing a truss formed in accordance with one
embodiment of the present invention;

Fig. 2 is an elevational view showing the installation of the truss on a
utility pole;

Fig. 3 is a view showing the cross-sectional configuration of the truss as
the truss is installed in a first orientation relative to a pole;

Fig. 4 is a view similar to that of Fig. 3, however showing the truss
installed in a second orientation relative to the pole;

Figs. 5A-5C illustrate steps for manufacturing the truss from a piece of
material;

Fig. 6 is a cross sectional view of the truss with dimensional reference

characters for describing a truss of an advantageous scale;
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Fig. 7 is a view showing the cross-sectional configuration of a truss
formed in accordance with an alternative embodiment of the present invention as the
truss is installed in a first orientation relative to a pole;

Fig. 8 is a view similar to that of Fig. 7, however showing the truss
installed in a second orientation relative to the pole;

Figs. 9A-9B illustrate steps for manufacturing the truss from a piece of
material; and

Fig. 10 is a cross sectional view of the truss of the alternative embodiment

with dimensional reference characters for describing a truss of an advantageous scale.

DETAILED DESCRIPTION OF THE INVENTION

[0023] Fig. 1 shows a truss 10 formed in accordance with an embodiment of the
present invention. Truss 10 generally comprises an elongated body 14 having a pair
of opposite ends 16 connected by a pair of longitudinal edges 18. As illustrated in
Fig. 2, truss 10 is useful for reinforcing a utility pole 2 sunk at its lower end into
ground 4 and configured to support utility wires 6. The truss 10 reinforces pole 2
against transverse winds 8 or other environmental forces, including unbalanced wire
tensions, and is attached to a lower portion of the pole using circumferential bands 12
and/or bolts 13. Although truss 10 of the present invention is shown and described in
the context of a utility pole, it is suitable to reinforce other types of poles as well.
[0024] Body 14 of truss 10 has an open cross-sectional configuration, shown in
Fig. 3, which can be constant over the length of the truss, or which can change in
scale over the length of the truss to provide a tapered truss. The cross-sectional
configuration is characterized by a pair of side flanges 20 each extending from a
respective one of the longitudinal edges 18 in a direction diverging from the other side
flange 20, and an intermediate section connecting the pair of side flanges 20 and
comprising a central first curved bend 30, a pair of apex portions 24 joined by the first
curved bend 30, a pair of bridge portions 22 respectively joined to the pair of side
flanges 20 by a pair of second curved bends 32, and a pair of third curved bends 34

each joining a respective bridge portion 22 to an associated apex portion 24. The
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cross-sectional configuration has an axis of symmetry 40 midway between the pair of
edges 18 through a center of curvature of first curved bend 30.
[0025]  Reference is made to Fig. 6 to further describe the cross-sectional
configuration of truss body 14. Each bridge portion 22 extends in a direction forming
an obtuse included angle A2 with the direction of the associated side flange 20. Each
apex portion 24 extends in a direction forming an obtuse included angle A3 with the
direction of the associated bridge portion 22, wherein the pair of apex portions 24
converge toward one another to form an excluded angle Al. As used herein,
“included angle” refers to an angle measured on the inside of the truss section, and
“excluded angle” refers to an angle measured on the outside of the truss section.
From a general standpoint, the angles Al, A2, and A3 are chosen to satisfy the
following relation:

180-A2 - A3 + %*A1 >0
where A1, A2, and A3 are expressed in degrees. By satisfying this relationship, the
side flanges 20 are caused to diverge from one another as they extend from their
respective edges 13,
[0026] By way of non-limiting example, Table 1 below gives presently preferred
dimensions of the cross-sectional configuration of Fig. 6 for a truss designed to be
used with poles ranging from 27.5 inches (69.85 centimeters) to 36.5 inches (92.71
centimeters) in circumference.

[0027] Tablel

Dimension Inches Centimeters Degrees
Al 100

A2 100

A3 100

L1 1.8485 4.6952

L2 1.6969 43101

L3 2.0094 5.1039

R (all bends) 0.75 1.905

T 0.1875 0.4763
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[0028] Figs. 5A through 5C illustrate a preferred method of fabricating truss 10 in
accordance with the present invention. To begin, a flat piece of metal sheet or plate
stock material of appropriate width is cut to length; a preferred length suitable for
most applications is ten feet (3.048 meters), however another length may be chosen
depending upon the application. In the example represented by Table 1 above, a
length of 3/16-inch thick steel plate seventeen inches wide was used. The material is
preferably alloy steel having a yield strength on the order of 100,000 psi (689,476
kPa). The workpiece, which may be tapered or rectangular, is then formed using a
press brake. The first curved bend 30 is formed along a central longitudinal axis of
the workpiece to give the sheet material a generally V-shaped cross-sectional
configuration as shown in Fig. SA. Next, the pair of second curved bends 32 are
formed along a pair of longitudinal second axes located one on each opposite side of
the central first axis at equal distances therefrom, thereby defining the pair of side
flanges 20 each limited by an associated one of the pair of second curved bends 32
and an associated one of the pair of edges 18. As can be seen in Fig. 5B, the second
curved bends 32 are of opposite bearing to the first curved bend 30. Finally, the pair
of third curved bends 34, also of opposite bearing to first curved bend 30, are formed
along a pair of longitudinal third axes located one on each opposite side of the central
first axis at equal distances from the central axis, wherein the pair of third axes are
between the pair of second axes. The result of this step can be seen in Fig. 5C. If
bolts 13 will be used to secure truss 10 to pole 2, then bolt holes 38 (shown in Fig. 1)
can be drilled before all bending steps, between bending steps, or after all bending
steps.

[0029] Returning now to Fig. 3, a ﬁrst installation orientation of truss 10 relative
to pole 2 is shown, wherein an open mouth of the truss section faces the pole such that
edges 18 engage the pole. Bolts 13 are preferably arranged to extend through holes
38 in each bridge portion 22 for securing truss 10 to pole 2, and it is also
contemplated to arrange bolts to extend through centrally located bolt holes through
curved bend 30 in addition to, or in place of, bolts through bridge portions 22. Bolts
13 are preferably through-bolts extending through pole 2, however shorter lag screws
may also be used.

-9.
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[0030] As shown in Fig. 4, truss 10 can be installed in an opposite orientation
wherein the mouth of the truss section faces away from pole 2. In this orientation,
bolts 13 are arranged to extend through centrally located bolt holes through curved
bend 30, and could also be arranged to extend through holes 38 in apex portions 24.
The fact that truss 10 is reversible in this manner makes installation possible in cases
where the orientation of Fig. 3 cannot be used due to interfering hardware already on
the pole, an important advantage over non-reversible trusses.

[0031] Fig. 2 shows truss 10 installed adjacent the bottom buried end of pole 2
such that it bridges from the buried portion of the pole to the exposed portion of the
pole, thereby providing reinforcement where localized rotting and weakening of the
pole is most likely to occur or to have occurred. Of course, installation at other
segments of the pole may be advisable, particularly in locations where the pole has
sustained localized damage that might weaken the poie.

[0032] Figs. 7, 8, and 10 depict a pole reinforcement truss 50 in accordance with
another embodiment of the present invention. Truss 50 is similar to truss 10
described above in that it generally comprises an elongated body having a pair of
opposite ends connected by a pair of longitudinal edges 18. The body of truss 50 has
an open cross-sectional configuration which can be constant over the length of the
truss, or which can change in scale over the length of the truss to provide a tapered
truss. Similar to the first embodiment, the cross-sectional configuration is
characterized by a pair of side flanges 60 each extending from a respective one of the
longitudinal edges 18 in a direction diverging from the other side flange 60, and an
intermediate section connecting the pair of side flanges 60. The intermediate section
differs from that of the first embodiment, and includes an intermediate curved bend 70
through a first bend angle BA1 about a radius of curvature R1 external to the open
cross-sectional configuration, and a pair of curved bridge bends 62 each through a
second bend angle BA2 about a radius of curvature R2 internal to the open cross-
sectional configuration for connecting the intermediate curved bend 70 to an
associated one of the pair of side flanges 60. In a preferred cross-sectional
configuration, a pair of straight apex portions 64 respectively connect the intermediate
curved bend 70 to the pair of curved bridge bends 62, however it is possible to merge

-10-
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the intermediate curved bend 70 directly into each of the curved bridge bends 62 and
eliminate the pair of apex portions 64. In order to cause the side flanges 60 to diverge
from one another as they extend from their respective edges 18, the bend angles BA1
and BA2 are chosen to satisfy the following relation:

2*BA2 -BA1-180>0
where BA1 and BA2 are expressed in degrees. It is also possible to omit one or both
of the side flanges 60 such that each curved bridge bend 62 terminates at an edge 18,
in which case satisfying the above relationship will provide a cross-sectional
configuration wherein curved bridge bends 62 will initially diverge from one another
traveling from edges 18, before the curvature brings about convergence.
[0033] Table 2A below shows presently preferred dimensions of the cross-

sectional configuration of Fig. 10 for a truss designed to be used with poles ranging
from 36.5 inches (92.71 centimeters) to 40.5 inches (102.87 centimeters) in

20

circumference.

[0034] Table 2A

Dimension Inches Centimeters Degrees
S1 5.9423 15.0934

S2 10.3173 26.2059

S3 3.9971 10.1526

BAl 80

BA2 160

L1 0.8266 2.0996

L3 0.3649 0.9268

R1 2.00 5.08

R2 2.00 5.08

T 0.1875 0.4763

[0035] Table 2B below shows presently preferred dimensions of the cross-

sectional configuration of Fig. 10 for a truss designed to be used with poles ranging

from 30 inches (76.2 centimeters) to 37.5 inches (95.25 centimeters) in

circumference.
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[0036] Table 2B

Dimension Inches Centimeters Degrees
S1 5.3357 13.5527

S2 9.2107 23.3952

S3 3.4914 8.8682

BA1 80
BA2 160
L1 0.6756 1.7160

L3 0.3885 0.9868

R1 1.75 4.445

R2 1.75 - | 4.445

T 0.1875 0.4763

[0037]  Figs. 9A and 9B illustrate a preferred method of fabricating truss 50 in
accordance with the present invention. To begin, a flat piece of metal sheet or plate
stock material of appropriate width is cut to length; a preferred length suitable for
most applications is ten feet (3.048 meters), however another length may be chosen
depending upon the application. In the example represented by Table 2A above, a
length of 3/16-inch thick steel plate seventeen inches wide was used. The material is
preferably alloy steel having a yield strength on the order of 100,000 psi (689,476
kPa). The workpiece, which may be tapered or rectangular, is then formed using a
press brake. The intermediate curved bend 70 is formed along a central longitudinal
axis of the workpiece to give the sheet material a generally V-shaped cross-sectional
configuration as shown in Fig. 9A. Next, the pair of curved bridge bends 62 are
formed along a pair of longitudinal second axes located one on each opposite side of
the central first axis at equal distances therefrom, thereby defining the pair of side
flanges 60 each limited by an associated curved bridge bend 62 and an associated
edge 18. As can be seen in Fig. 9B, the curved bridge bends 62 are of opposite
bearing to the intermediate curved bend 70. If bolts 13 will be used to secure truss 50
to pole 2, then bolt holes 38 (shown in Figs. 7 and 8) can be drilled before all bending

steps, between bending steps, or after all bending steps.
-12-
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[0038] Returning now to Fig. 7, a first installation orientation of truss 50 relative
to pole 2 is shown, wherein an open mouth of the truss section faces the pole such that
edges 18 engage the pole. Bolts 13 are preferably arranged to extend through holes
38 in each curved bridge bend 62 for securing truss 50 to pole 2, and it is also
contemplated to arrange bolts to extend through centrally located bolt holes 38
through intermediate curved bend 70 in addition to, or in place of, bolts through
curved bridge bends 62. Fig 8 shows truss 50 installed in an opposite orientation to
that of Fig. 7 such that the mouth of the truss section faces away from pole 2. In this
orientation, bolts 13 are arranged to extend through centrally located bolt holes 38
through intermediate curved bend 70, and could also be arranged to extend through
non-central holes through apex portions 64, outer lateral portions of intermediate
curved bend 70 and/or curved bridge bends 62. Holes 38 at a portion of the truss
section generally tangential to pole 2 are shown in Fig. 8. The fact that truss 50 is
reversible in this manner makes installation possible in cases where the orientation
shown in Fig. 7 cannot be used due to interfering hardware already on the pole. Truss
50 is positioned along and about pole 2 in the same manner as described above for
truss 10 with reference to Fig. 2. |

[0039] As will be appreciated, each of the cross-sectional configurations of
trusses 10 and 50 has a shear center that is located close to pole 2 and thus to the
location at which force is transmitted to the truss, so as to minimize torsional loading
on the truss. Moreover, by angling side flanges 20 and 60 inward toward the pole as
shown in Figs. 3 and 7, the flanges are shorter and are optimized between inward and
outward buckling to help the truss maintain its original cross-sectional geometry after
the onset of yielding. Because the trusses resist buckling and better maintain their
original geometry, they have improved plastic capacity (strength beyond yielding)
relative to trusses of the prior art. The trusses of the present invention are designed to
increase the ultimate strength of the pole-truss assembly, as distinguished from the
yield strength, to provide greater benefit to utility companies. The trusses also exhibit
better “off-axis” strength relative to prior art trusses in situations where the truss must
be installed at a less than ideal position on the pole, for example if a riser or
communications box is in the way.

-13-
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[0040] Another benefit realized by trusses 10 and 50 when they are installed as
shown in Figs. 3 and 7 is that the side flanges 20 and 60 provide a better grip on the
pole to help prevent the truss from rotating about the pole if the truss is mounted to
the pole solely by bands 12, which are less expensive to use than bolts 13.

[0041] It will also be appreciated that trusses 10 and 50 of the present invention
are economical to manufacture. In the embodiment represented by Table 1, all five
curved bends (curved bend Al, both curved bends A2, and both curved bends A3)
have the same radius of curvature and define the same angle between joined straight
portions of the cross-section. Consequently, press brake setup is extremely simple. It
is preferred to keep the angles A1, A2, and A3 constant and provide different size
trusses by changing lengths L1, L2, and L3, which can be accomplished by choosing
stock of a different width and/or altering the locations of the second and third curved
bends 32 and 34. In the embodiment represented by Tables 2A and 2B, only three
curved bends are required, preferably all having the same radius of curvature for easy
manufacturing setup. This embodiment is readily scaled by changing the radii of
curvature R1 and R2 of the curved bends and by using a piece of stock sheet or plate

material having a different width.

-14 -



10

15

20

25

30

WO 2005/103405

REFERENCE NUMERALS

[0042] 2 Pole

[0043] 4 Ground

[0044] 6 Utility lines

[0045] 8 Wind

[0046] 10 Truss

[0047] 12 Bands

[0048] 13 Bolts

[0049] 14 Truss body

[0050] 16 Truss ends '
[0051] 18 Longitudinal edges
[0052] 20 Side flanges

[0053] 22 Bridge portions

[0054] 24 Apex portions

[0055] 30 First curved bend
[0056] 32 Second curved bends
[0057] 34 Third curved bends
[0058] 38 Bolt holes

[0059] 40 Axis of symmetry
[0060] 50 Truss

[0061] 60 Side flanges

[0062] 62 Curved bridge bends
[0063] 64 Apex portions

[0064] 70 Intermediate curved bend
[0065] Al Excluded angle

[0066] A2 Second included angle
[0067] A3 First included angle
[0068] BA1 Excluded bend angle
[0069] BA2 Included bend angle
[0070] L1 Cross-sectional length of side flange
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(0071}
[0072]
[0073]
[0074]
[0075]
[0076]
[0077]
[0078]
[0079]

L2
L3

R1

S1

S2
S3

PCT/US2005/007428

Cross-sectional length of bridge portion
Cross-sectional length of apex portion

Radius of curved bend

Radius of intermediate curved bend

Radius of curved bridge bend

Distance between centers of curved bridge bends
Overall length dimension of cross-section
Overall width dimension of cross-section

Thickness
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WHAT IS CLAIMED IS:

A truss for reinforcing a pole, the truss comprising:

an elongated body having a pair of opposite ends connected by a pair
of longitudinal edges;

the body having an open cross-sectional configuration characterized by
a pair of side flanges each extending from a respective one of the longitudinal
edges in a direction diverging from the other side flange, and an intermediate

section connecting the pair of side flanges.

The truss according to claim 1, wherein the intermediate section of the cross-
sectional configuration includes:

a pair of bridge portions associated one with each of the pair of side
flanges, each bridge portion extending in a direction forming an obtuse angle
with the direction of the associated flange; and

a pair of apex portions associated one with each of the pair of bridge
portions, each apex portion extending in a direction forming an obtuse angle
with the direction of the associated bridge portion, wherein the pair of apex

portions converge toward one another.

The truss according to claim 2, wherein the pair of apex portions are joined by a

curved bend.

The truss according to claim 2, wherein each of the pair of flanges is joined to

its associated bridge portion by a curved bend.

The truss according to claim 2, wherein each of the pair of bridge portions is

joined to its apex portion by a curved bend.

The truss according to claim 2, wherein fastener holes are provided through
each of the pair of bridge portions.
-17-
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10.

11.

The truss according to claim 2, wherein fastener holes are provided through

each of the pair of apex portions.

The truss according to claim 3, wherein fastener holes are provided through the

curved bend joining the pair of apex portions.

A truss for reinforcing a pole, the truss comprising:
an elongated body having a pair of opposite ends connected by a pair
of longitudinal edges; A .
the body having an open cross-sectional configuration characterized
by:
a pair of straight ai)ex portions forming an excluded angle Al
with one another;
a pair of straight bridge portions each forming a first included
angle A3 with an associated one of the pair of apex portions;
a pair of straight side flanges each forming a second included
angle A2 with an associated one of the pair of bridge portions;
wherein the angles A1, A2, and A3 are chosen to satisfy the
following relationship:
180-A2 - A3 + 5*A1 >0

in which angles A1, A2, and A3 are expressed in degrees.

The truss according to claim 9, wherein the cross-sectional configuration is
further characterized by an axis of symmetry midway between the pair of edges,
and the pair of apex portions are symmetrical about the axis of symmetry, the
pair of bridge portions are symmetrical about the axis of symmetry, and the pair
of side flanges are symmetrical about the axis of symmetry.

The truss according to claim 9, wherein the excluded angle Al, the first

included angle A3, and the second included angle A2 are equal to one another.
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12.

13.

14.

The truss according to claim 11, wherein the excluded angle Al, the first

included angle A3, and the second included angle A2 are all equal to 100°.

The truss according to claim 9, wherein the pair of apex portions are joined to
one another by a curved bend, each of the pair of bridge portions is joined to an
associated one of the pair of apex portions by a curved bend, and each of the
pair of side flanges is joined to an associated one of the pair of bridge portions

by a curved bend.

A method of making a truss for reinforcing a pole, the method comprising the
steps of:

A) providing an elongated piece of material having‘a pair of opposite
ends connected by a pair of longitudinal edges, a longitudinal first axis
extending between the edges, a pair of longitudinal second axes located one on
each opposite side of the first axis, and a pair of longitudinal third axes located
one on each opposite side of the first axis, the pair of third axes being between
the pair of second axes;

B) forming a first curved bend along the first axis to give the material a
generally V-shaped cross-sectional configuration;

C) forming a pair of second curved bends of opposite bearing to the
first curved bend along the pair of second axes, the pair of second curved bends
defining a pair of side flanges each limited by an associated one of the pair of
second curved bends and an associated one of the pair of edges; and

D) forming a pair of third curved bends of opposite bearing to the first
curved bend along the pair of third axes, wherein the first curved bend, the pair
of second curved bends, and the pair of third curved bends are formed so that
the pair of side flanges converge toward one another as they extend from the

pair of second curved bends toward the pair of edges.
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16.
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17.
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19.
25 20.

The method according to claim 14, wherein the first curved bend, the pair of
second curved bends, and the pair of third curved bends are angularly equivalent

bends.

The method according to claim 15, wherein the first curved bend, the pair of
second curved bends, and the pair of third curved bends have the same radius of

curvature.

A truss for reinforcing a pole, the truss comprising:
an elongated body having a pair of opposite ends connected by a pair
of longitudinal edges;
the body having an open cross-sectional conﬁguratibn characterized by
a pair of side flanges each extending from a respective one of the longitudinal
edges in a direction diverging from the other side flange, and an intermediate
section connecting the pair of side flanges, wherein the intermediate section of
the cross-sectional configuration includes:
an intermediate curved bend about a radius of curvature
external to the open cross-sectional configuration; and
a pair of curved bridge bends each for connecting the
intermediate curved bend to an associated one of the pair of side

flanges.

The truss according to claim 17, wherein the intermediate section further
includes a pair of straight apex portions each for joining a respective one of the

pair of curved bridge bends with the intermediate curved bend.

The truss according to claim 17, wherein fastener holes are provided through

each of the pair of curved bridge bends.

The truss according to claim 18, wherein fastener holes are provided through the

intermediate curved bend.

-20- .
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21. A truss for reinforcing a pole, the truss comprising:
an elongated body having a pair of opposite ends connected by a pair
of longitudinal edges;
the body having an open cross-sectional configuration characterized
5 by:
an intermediate curved bend through an excluded bend angle
BAI;
a pair of curved bridge bends one on each opposite side of the
intermediate curved bend, wherein each curved bridge bend is through
10 an included bend angle BA2; -
wherein the bend angles BA1 and BA2 are chosen to satisfy the following
relationship:
2*BA2-BA1-180>0
in which bend angles BA1 and BA2 are expressed in degrees.

15 22. The truss according to claim 21, wherein the cross-sectional configuration is
further characterized by an axis of symmetry midway between the pair of edges,
the bend angle BA1 is bisected by the axis of symmetry, and the pair of curved

bridge bends are symmetrically arranged with respect to one another about the

axis of symmetry.

20 23. The truss according to claim 22, wherein the excluded bend angle BA1 is equal
to 80° and the included bend angle BA2 is equal to 160°.

24. The truss according to claim 21, wherein the intermediate curved bend and the

pair of curved bridge bends have the same radius of curvature.
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25.

26.

27.

A method of making a truss for reinforcing a pole, the method comprising the
steps of:

A) providing an elongated piece of material having a pair of opposite
ends connected by a pair of longitudinal edges, a longitudinal first axis
extending between the edges, and a pair of longitudinal second axes located one
on each opposite side of the first axis;

B) forming a first curved bend along the first axis to give the material a
generally V-shaped cross-sectional configuration; and

C) forming a pair of second curved bends of opposite bearing to the
first curved bend along the pair of second axes, the pair of second curved bends
defining a pair of side flanges each limited by an associated one of the pair of
second curved bends and an associated one of the pair of edges, wherein the first
curved bend and the pair of second curved bends are formed so that the pair of
side flanges converge toward one another as they extend from the pair of second

curved bends toward the pair of edges.

The method according to claim 25, wherein the pair of second curved bends are

angularly equivalent bends.

The method according to claim 25, wherein the first curved bend and the pair of

second curved bends have the same radius of curvature.
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