
;e3e?q,7?n22344R5666T,7LY @V1'O (12/Oa38a1 - 1  METAL ROOF TRUSS ' FIELD OF
THE INVENTION W   The present invention relates generally to a metal roof 5
truss and relates particularly, though not exclusively, to a method of
forming a metal roof truss and its components including elongate stiffening
webs and chord members. SUMMARY OF THE INVENTION 10 According to one aspect
of the present invention there is provided a metal roof truss comprising: a
lower chord member at opposing ends being connected to respective of a pair
of upper chord members; and a plurality of elongate compression webs at
opposing 15 ends being connected to the lower chord member and one of the
upper chord members, respectively, the compression webs and said chord
members each being of a channel section profile, one or more of the
compression webs at opposing ends being configured wherein opposing flanges
of 20 said compression web are cut or otherwise preformed to engage the
lower chord member and/or said one of the upper chord members whilst a
protruding end web portion of said compression web is mounted flush with a
corresponding web of said chord member. 25 It has been found that this
engagement or contact of the flanges of the compression web with the upper
or lower chord member increases the structural performance of the roof
truss. 30 Preferably, the lower and upper chord members together with the
plurality of compression webs are arranged in the same plane.    VVO
02/IIS38~1 - 2  PCT/AU01/111G-4l Preferably, the chord members and the
compression webs are ' of a substantially identical sectional profile. More
preferably the chord members and the compression webs 



5 include.a web and an opposing pair of flanges each having a free edge
portion turned inwardly of the chord member or compression web. Preferably
at least one of the flanges of the lower chord 10 member at its opposing
ends is cut or otherwise preformed to engage or contact respective of the
upper chord members. Preferably the chord members and/or the compression
webs 15 are in sectional profile asymmetric wherein one of the opposing
flanges is of a reduced height compared to the other of said flanges. More
preferably, a pair of the chard members and/or compression webs are
designed to interlock with one another to form a closed section. In 20 one
embodiment the web and/or the flanges of the chord members and/or the
compression webs include a longitudinally extending stiffening rib.
Preferably interconnected of the chord members and the 25 compression webs
include preformed holes which are mutually aligned for fixing of the roof
truss. More preferably the chord members and the compression webs are fixed
together via one or more fasteners which engage the preformed and aligned
holes. Fasteners commercially 30 available in Australia under the trade
mark TRUSSTITE are particularly suited.   V1'O 02/11S38;1 PCT/AU111/UlluG -
3  Preferably, the pair of upper chord members are at an upper end
connected to one another with an apex plate. More preferably the apex plate
is elongate and at least one of its opposing longitudinal edges includes a
5 stiffening flange. In one embodiment the stiffening flange includes a lip
formed orthogonal to the apex plate and the apex plate is fixed to the
chord members via a plurality of apex fasteners. 10 According to another
aspect of the present invention there is provided a method of forming a
plurality of elongate stiffening webs and/or chord members of a metal roof
truss, said method comprising the steps of: forming one or more pairs of
opposing notches in 15 elongate strip metal; and roll forming the elongate
strip metal to form said stiffening webs and/or chord members continuous
with one another and of a channel section profile. 20 Preferably, the pair
of opposing notches provide a frangible connection at the juncture of the
stiffening webs and/or chord members, the frangible connection permitting
separation of said webs and/or chord members after roll forming. Generally
the frangible connection is 25 provided at the juncture of a web of
adjoining of the webs and/or the chord members. More preferably the
separation is effected by manipulation only without cutting or separation
tools. 



30 Preferably said step of forming the notches involves punching or
stamping the strip metal.   WO 02/11~38~1 - 4  PCTL4U111lO1 GEC Preferably
the method also comprises pre-forming fastener holes in opposing ends of
the stiffening web and/or the chord member. More preferably the fastener
holes are prepunched in a web of the channel section profile. 5 According
to a further aspect of the present invention there is provided a method of
forming a metal roof truss, said method comprising of steps of: providing
processing means and printing means being 10 arranged to operatively
communicate with one another; inputting design information to the
processing means wherein the metal roof truss configuration and fixing
details are calculated; and printing at least the fixing details on
components of 15 the metal roof truss. Preferably the fixing details are
printed on the component of the roof truss to which the detail applies.
More preferably the fixing details are printed on elongate 20 stiffening
webs and/or chord members of the metal roof truss. Preferably, printing of
the fixing details involves inkjet printing on strip metal from which the
roof truss 25 component is thereafter to be roll formed. Preferably, the
inputting of design information involves inputting dimensional and loading
data pertaining to a building structure on which the metal roof truss is to
be 30 erected.   V1-'O (I2/(1;38;1 - 5  PCT/.AU(I1/111(a(~ According to yet
another aspect of the present invention there is provided a method of
forming a metal roof truss, said method comprising the steps of: providing
processing means to which design 



5 information is inputted for the calculation of the roof truss
configuration, and means for notching metal strip from which components of
the metal roof truss are to be roll formed, said notching means being
arranged to operatively communicate with the processing means; and 10
notching the metal strip utilising the notching means wherein opposing
pairs of notches are formed in the metal strip, said pairs of notches
defining a frangible connection between adjacent components of the metal
roof truss and being shaped dependent on the roof truss 15 configuration.
According to yet a further aspect of the present invention there is
provided an apparatus for forming a metal roof truss, said apparatus
comprising: 20 processing means to which design information is inputted for
the calculation of the roof truss configuration; and means for notching
metal strip from which components of the metal roof truss are to be roll
formed, said 25 notching means being arranged to operatively communicate
with the processing means wherein opposing pairs of notches are formed in
the metal strip, said pairs of notches defining a frangible connection
between adjacent components of the metal roof truss and being shaped 30
dependent on the roof truss configuration. Generally the adjacent
components include one or more elongate stiffening webs and/or chord
members.   V1-'O 02/(IS38s1 PCT/AU01/(lllnG - 6  Preferably, the apparatus
also comprises a roll former operatively coupled to the notching means
whereby the prenotched metal strip is roll formed into a channel 5 section
profile. BRIEF DESCRIPTION OF THE DRAWINGS In order to achieve a better
understanding of the nature of the present invention a preferred embodiment
of a metal 10 roof truss together with the various other aspects of the
invention will now be described, by way of example only, with reference to
the accompanying drawings in which; Figure I is a perspective view of a
metal roof truss; Figure 2 is an exploded perspective view of the metal 15
roof truss of Figure 1; Figure 3 is front and rear detailed views of a web
to chord connection of the roof truss of Figure 1; Figure 4 is front and
rear detailed views of a heel connection of the metal roof truss of Figure
1; 20 Figure 5 is a perspective view of pre-notched strip steel of roof
truss components prior to roll forming; Figure 6 is a perspective view of
an apex plate of the metal roof truss of Figure Z; and Figure 7 is a block
flow diagram of the general 25 process steps involved in forming a metal
roof truss 



according to an embodiment of the invention. DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENT As shown in Figure 1 there is a metal roof truss 10 30
comprising a lower chord member 12 at opposing ends being connected to
respective of a pair of upper chord members 14 and 16. The metal roof truss
10 also comprises a plurality of elongate stiffening webs such as 18 and 20
VVO 112/OS38s1 PCT/AL111 /O1 (aG _ 7 _ which at opposing ends are connected
to the lower chord member 12 and one of the upper chord members 14
respectively. In this example one of the stiffening webs is a compression
web 3.8 whereas the other stiffening web 5 is a tension web 20. The metal
roof truss 10 of this embodiment is shaped generally triangular wherein
adjacent ends of the upper chord members 14 and 16 are connected at an apex
connection 22. Opposite ends of the upper chord members 14 and 16 are
connected to opposing ends of the 10 lower chord member 12 at respective
heel connection such as 24. However, it should be appreciated that the
metal roof truss configuration may vary from that described whilst
remaining within the ambit of the invention, for example the bottom chord
may include more than one chord 15 member and similarly the pair of upper
chord members may be extended to multiple chords. As shown in Figure 2 the
lower and upper chords 12 to 16 together with the stiffening webs such as
18 and 20 are 20 cold roll formed from strip steel into a channel section
profile including a web 26 and an opposing pair of flanges such as 28 and
30. The flanges 28 and 30 include free edge portions which are turned
inwardly toward one another. The bottom and top chords 12 to 16 together
with the 25 stiffening webs 18 and 20 are fabricated from relatively light
gauged strip steel typically of a thickness of 0.75mm such as that
commercially available in Australia. According to one aspect of the
invention opposing ends of 30 the stiffening webs such as 18 and 20 are
configured wherein opposing flanges such as 28 and 30 of the respective
stiffening web 18 or 20 engage the lower chord 12 and one of the upper
chords such as 14.   wo o2ios3sw Pcmauomr>.~o _ 8 _ This is best
illustrated in Figure 3 where according to one embodiment the engagement or
contact of the flanges such as 28 and 30 of the compression web 18
increases the 



5 structural performance of the roof truss 10. The lower and upper chords
12 to 16 together with the stiffening web such as 18 and 20 are arranged in
the same plane and the respective webs such as 26 of the stiffening webs
such as 18 and the chord members such as 12 are flush with one 10 another.
Importantly, the flanges such as 28 and 30 of the compression webs 18 are
at opposing ends cut or otherwise preformed to engage or contact the lower
and upper chords Z2 and 14, respectively. The "depth" to which the flanges
such as 28 and 30 are cut is dictated by the orientation 15 of the
stiffening web relative to the chord member such as 18 and 12 respectively.
The stiffening webs such as 18 and 20 and the lower or upper chord members
12 to 16 include preformed holes such 20 as 32 and 34 which are mutually
aligned for fixing of the roof truss 10. Screw fasteners such as those
commercially available in Australia under the trade mark TRUSSTITE which
have a relatively coarse thread, engage the aligned holes such as 32 or 34
so as to fix the stiffening web to 25 the lower chord 18 and 20
respectively. The aligned holes such as 32 and 34 are generally prepunched
in the strip steel from the chord member such as 1.2 or stiffening web 18
is roll formed. 30 As shown in Figure 4 the opposing flanges such as 28 and
30 of the upper chord member 14 are similarly preformed at one end to form
the heel connection 24. The flanges 28 and 30 are cut or otherwise
preformed at opposing ends of the   VI'O 02/OS38~1 - 9  PCT/A UU 1 /1111r41
upper chord member 14 wherein the flanges 28 and 30 engage or contact the
lower chord 12. The lower and upper chords 12 and 14 also include preformed
and mutually aligned holes such as 38 which is engaged by a TRUSSTITE or
other 5 fastener for fixing of the lower and upper chords 12 and 14. The
engagement or contact of the flanges 28 and 30 of the upper chord 14 with a
corresponding flange such as 28 of the lower chord 12 further increases the
structural performance of the roof truss 10. The "depth" to which the 10
flanges 28 and 30 of the upper chord 14 or 16 are cut or otherwise
preformed is dictated by the configuration of the roof truss 10 and in
particular the angle of the upper chord member 14 or 16 relative to the
lower chord 12. 15 The channel section chords 12 to 16 and stiffening webs
such as l8 and 20 of this embodiment are asymmetric in sectional profile.
One of the opposing flanges such as 28 is of a reduced height compared to
the other of said flanges such as 30 wherein a pair of channel section 20
chords or webs such as 12 or 18 are designed to interlock with one another
to form a chord or stiffening web of a closed section. The chords 12 to 16
and/or stiffening webs 18 and 20 may include one or more longitudinally
extending stiffening ribs. Preferably, the stiffening ribs are 



25 formed in the web such as 26 of the channel section. According to
another aspect of the invention there is a method of forming elongate
stiffening webs such as 18 and 20 and/or chord members such as 12 to 16. As
shown in 30 Figure 5 this embodiment of the method involves preforming one
or more pairs of opposing notches such as 36 and 38 in elongate strip steel
40. The pair of opposing notches such as 36 and 38 provide a frangible
connection at the   w'o u2n~;3sw P~Tia~unom~a~~ - 10  juncture of, in this
example, adjacent stiffening webs such as 18 and 20. The preformed opposing
notches 36 and 38 are shaped so that: i) the adjacent stiffening webs 18
and 20 of this 5 embodiment can, after roll forming of the section, be
separated by manipulation or by repeated bending of the adjacent webs 18
and 20; ii) opposing flanges such as 28 and 30 of the respective stiffening
web 18 or 20 contact the lower chord 12 or 10 upper chord 14 or 16 when the
roof truss 10 is erected. In this example the opposing notches such as 36
and 38 extend part way into the web such as 26 of the corresponding
stiffening web 18 or 20. Thus, the web 26 is 15 sufficiently weakened at
the juncture of the stiffening webs 18 and 20 to allow separation of the
stiffening webs 18 and 20. However, the frangible connection is
sufficiently strong to retain the connection between adjacent metal roof
components such as the stiffening webs 20 18 and 20 during roll forming.
Therefore, the various components of the metal roof truss such as the
stiffening webs 18 and 20 can be fabricated as a "string". For example, the
stiffening webs such as 18 and 20 together with the other stiffening webs
of the roof truss 10 can be 25 fabricated as a single "string" and
separated prior to erection of the metal roof truss 10. Similarly, for
relatively small trusses the upper and lower chords such as 12 to 16 may be
linked in a "string". This increases the speed at which the metal roof
truss components can be 30 fabricated, reduces the risk of losing
components, and facilitates the erection of the metal roof truss such as
10.   wo o2ioa3sm - 11  PcTiatlooo~c.~c The prenotched chords such as 12 to
16 and stiffening webs 18 and 20 may also be preholed to facilitate
subsequent assembly. In this instance fastener holes such as 32 and 34 are
formed in opposing ends of the respective 5 stiffening webs such as 18 and
22 together with mutually aligned fastener holes formed in this example in
the bottom chord 12. The fastener holes such as 32 and 34 are prepunched in
the web such as 26 of the respective roof truss component either before,
after, or during 



10 prenotching of the strip steel such as 40. The prenotched and preholed
strip 40 is then cold roll formed into the channel section depicted in
Figure 2. The roll former is relatively low cost and "dumb" whereas the
prenotching and preholing of the strip steel is to be effected with a 15
relatively high degree of precision. This ensures that on fixing and
erection of the metal roof truss such as 10 the flanges such as 28 and 30
of for example the stiffening webs 18 and 20 bear against the lower and
upper chords 12 and 14 respectively. 20 Figure 6 illustrates an apex plate
42 to be included in the apex connection 22. The apex plate 42 is elongate
and includes a stiffening flange 44 along one of its longitudinal edges.
The stiffening flange 44 is.defined by 25 a lip which is bent at right
angles to the apex plate 42. The apex plate 42 is screwed or otherwise
fixed to the webs of adjoining top chords 14 and 16. The apex plate 42 is
oriented generally horizontally with the stiffening flange 44 located
between the top chords 14 and 16 and 30 directed inwardly of the roof truss
10. The apex plate 42 is suited to a range of apex connections up to an
angle of around 40 degrees. The apex plate 42 includes a plurality of
preformed holes such as 46 arranged for fixing of the   V1'O 02/OS38S1
PCT/AU01101C~O - 12  apex plate 42 to the upper chords 14 and 16 and the
webs such as 20. Figure 7 is a block flow diagram of the various steps 5
involved in design and fabrication of a metal roof truss such as that
described in the preceding paragraph. The general steps involved in forming
the metal roof truss 10 are as follows: i) design information is inputted
to a processor which 10 is configured to output control information to a
prenotching and preholding apparatus; ii) strip steel is fed to the
prenotching and preholing apparatuses which form the strip steel according
to the control information from the processor; 15 iii) fixing details
generated and outputted by the processor are printed on the prenotched and
preholed strip steel; and iv) the strip steel is roll formed in a
conventional relatively low cost roll former. 20 The fixing details are
preferably printed on the component such as the chord 12 or stiffening web
16 to which the detail applies. For example, the stiffening web 18 may
include the fixing details or instructions wherein it 25 requires two
fasteners at each end to be secured to the appropriately designated upper
and lower chord. Additionally, the roof truss component may include
postassembly validation information for checking by a third party. The
marking of components is also intended to 30 assist with the design
integrity of the roof truss and the speed at which it is assembled.   VVO
02/11s3861 PCT/AU01/Oll.lG - 13  The processor includes software which
operates in a CAD "environment" and determines the preferred configuration 



of the metal roof truss depending on the dimensional and loading data
pertaining to the building structure. 5 Additionally, the program
accurately determines the prenotching and preholing requirements dependent
on the relative angles of the various roof truss components. This is
particularly important in ensuring that, for example, the flanges of the
stiffening webs contact the upper and 10 lower chords. Those skilled in the
art will appreciate that the invention described herein is susceptible to
variations and modifications other than those specifically described. 15
For example, the sectional profile of the stiffening webs and/or chord
members may vary provided the structural advantages of the opposing flanges
engaging the chord members are achieved. The prenotching of the strip steel
may vary provided a frangible connection is provided 20 between adjacent
components, such as stiffening webs, of the metal roof truss. All such
variations and modifications are to be considered with the scope of the
present invention the nature of 25 which is to be determined from the
foregoing description. In the preceding summary of the invention, except
where the context requires otherwise due to express language or necessary
implication, the word "comprising" is used in 30 the sense of "including",
i.e. the features specified may be associated with further features in
various embodiments of the invention.   VI'O 02/OS38S1 - 14  CLAIMS: 1. A
metal roof truss comprising: PCT/AU111/UIG~G a lower chord member at
opposing ends being 5 connected to respective of a pair of upper chord
members; and a plurality of elongate compression webs at opposing ends
being connected to the lower chord member and one of the upper chord
members, respectively, the 10 compression webs and said chord members each
being of a channel section profile, one or more of the compression webs at
opposing ends being configured wherein opposing flanges of said compression
web are cut or otherwise preformed to engage the lower chord member and/or
said one 15 of the upper chord members whilst a protruding end web portion
of said compression web is mounted flush with a corresponding web of said
chord member. 2. A metal roof truss as defined in claim 1 wherein the 



20 lower and upper chord members together with the plurality of compression
webs are arranged in the same plane. 3. A metal roof truss as defined in
claim 1 or 2 wherein the chord members and the compression webs are of a 25
substantially identical sectional profile. 4. A metal roof truss as defined
in any one of the preceding claims wherein the chord members and the
compression webs include a web and an opposing pair of 30 flanges each
having a free edge portion turned inwardly of the chord member or
compression web.   V1'O (12/1IS38S 1 - 15  PCTLAIIIIt/u1~~~6 5. A metal
roof truss as defined in claim 4 wherein the flanges of the lower chord
member at its opposing ends is cut or otherwise preformed to engage or
contact respective of the upper chord members. 5 6. A metal roof truss as
defined in any one of the preceding claims wherein the chord members and/or
the compression webs are in sectional profile asymmetric wherein one of the
opposing flanges is of a reduced height 10 compared to the other of said
flanges. 7. A metal roof truss as defined in any one of the preceding
claims wherein a pair of the chord members and/or compression webs are
designed to interlock with one I5 another to form a closed section. 8. A
metal roof truss as defined in any one of the preceding claims wherein the
web and/or the flanges of the chord members and/or the compression webs
include a 20 longitudinally extending stiffening rib. 9. A metal roof truss
as defined in any one of the preceding claims wherein interconnected of the
chord members and the compression webs include preformed holes 25 which are
mutually aligned for fixing of the roof truss. 10. A metal roof truss as
defined in claim 9 wherein the chord members and the compression webs are
fixed together via one or more fasteners which engage the preformed and 30
aligned holes. 11. A metal roof truss as defined in any one of the
preceding claims wherein the pair of upper chord members 



V~'O 02/Oa38~1 - 16  PCT/A Ll l11 /01 G-4l~ are at an upper end connected
to one another with an apex plate. 12. A metal roof truss as defined in
claim 11 wherein the 5 apex plate is elongate and at least one of its
opposing longitudinal edges includes a stiffening flange. 13. A metal roof
truss as defined in claim 12 wherein the stiffening flange includes a lip
formed orthogonal to the 10 apex plate and the apex plate is fixed to the
chord members via a plurality of apex fasteners. 14. A method of forming a
plurality of elongate stiffening webs and/or chord members of a metal roof
15 truss, said method comprising the step of: forming one or more pairs of
opposing notches in elongate strip metal; and roll forming the elongate
strip metal to form said stiffening webs and/or chord members continuous
with one 20 another and of a channel section profile. 15. A method as
defined in claim 14 wherein the pair of opposing notches provide a
frangible connection at the juncture of the stiffening webs and/or chord
members, the 25 frangible connection permitting separation of said webs
and/or chord members after roll forming. 16. A method as defined in claim
15 wherein the frangible connection is provided at the juncture of a web of
30 adjoining of the webs and/or the chord members.   V4'O 02/OS38~1 PCT/A U
01 /( G.ll - 17  17. A method as defined in claim 15 wherein the separation
is effected by manipulation only without cutting or separation tools. 5 18.
A method as defined in any one of claims 14 to 17 wherein said step of
forming the notches involves punching or stamping the strip metal. 19. A
method as defined in any one of claims 14 to 18 10 also comprising
pre-forming fastener holes in opposing ends of the stiffening web and/or
the chord member. 20. A method as defined in claim 19 wherein the fastener
holes are prepunched in a web of the channel section 



15 profile. 21. A method of forming a metal roof truss, said method
comprising the steps of: providing processing means and printing means
being 20 arranged to operatively communicate with one another; inputting
design information to the processing means wherein the metal roof truss
configuration and fixing details are calculated; and printing at least the
fixing details on components of 25 the metal roof truss. 22. A method as
defined in claim 21 wherein the fixing details are printed on the component
of the roof truss to which the detail applies. 30 23. A method as defined
in claim 22 wherein the fixing details are printed on elongate stiffening
webs and/or chord members of the metal roof truss.   WO 02/11;38i1
PCT/AU111/(11l-4li - 18  24. A method as defined in any one of claims 21 to
23 ' wherein printing of the fixing details involves ink-jet printing on
strip metal from which the roof truss 5 component is thereafter to be roll
formed. 25. A method as defined in any one of claims 21 to 24 wherein the
inputting of design information involves inputting dimensional and loading
data pertaining to a 10 building structure on which the metal roof truss is
to be erected. 26. A method of forming a metal roof truss, said method
comprising the steps of: 15 providing processing means to which design
information is inputted for the calculation of the roof truss
configuration, and means for notching metal strip from which components of
the metal roof truss are to be roll formed, said notching means being
arranged to 20 operatively communicate with the processing means; and
notching the metal strip utilising the notching means wherein opposing
pairs of notches are formed in the metal strip, said pairs of notches
defining a frangible connection between adjacent components of the metal
roof 25 truss and being shaped dependent on the roof truss configuration.
27. A method as defined in claim 26 wherein the adjacent components include
one or more elongate stiffening webs 30 and/or chord members. 28. An
apparatus for forming a metal roof truss, said apparatus comprising:   V1'O
U2/U53H~1 PCT/AUUI/Illln( - 19  processing means to which design
information is inputted for the calculation of the roof truss
configuration; and means for notching metal strip from which components 5
of the metal roof truss are to be roll formed, said notching means being
arranged to operatively communicate 



with the processing means wherein opposing pairs of notches are formed in
the metal strip, said pairs of notches defining a frangible connection
between adjacent 10 components of the metal roof truss and being shaped
dependent on the roof truss configuration. 29. An apparatus as defined in
claim 28 wherein the adjacent components include one or more elongate 15
stiffening webs and/or chord members. 30. An apparatus as defined in claim
28 or 29 also comprising a roll former operatively coupled to the notching
means whereby the prenotched metal strip is roll 20 formed into a channel
section profile. .Ay.A.A.AR.Asr.A r.A{sr.A{sr.A_.A.AAL.As.A{.As.A L.A?.Ar.A
9.As%'@CD|)89B`c5qr|wrmhc^Y]ca]ca]ca]ca]ca]ca]ca]cTa]ca]ca]ca]ca]ca]ca]ca]c
a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c<a]ca]ca]c^a]ca]ca!r* + - ` a      $&J
v|wrmhc^Y]ca]ca]ca]ca]ca]ca]ca]ca]ca]caU]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c
a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!A*^phDh
@\-|wrmhc^Y]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]
ca]ca]ca]ca]caU]ca]ca]ca]ca]ca]ca]ca!F~~&M $
!!!"e""###!$}xsnid_Z]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca
]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!!$U$$$$:%<%a%%&<&s&&''(;
((***+,5,m,,S----;
.w.x..|wrmhc^Y]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]
ca]ca]ca]ca]ca]ca]caU]ca]ca]ca]ca]ca]ca!.x/////&0`0000
1i1j111128292222222223r3s333x4|wrmhc^Y]ca]ca]ca]ca]ca]ca]ca]ca]caU]ca]ca]ca
]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!x44&52535^5
55=88899#9999):B:C:b:y:::D;E;
;;D<<<$=>:@|wrmhc^Y]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]caU]
ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!:@A@M@T@d@j@k@@@AAXBYBBBBB.C/C
>C?CqDtDHEIE%G&G\GGGGG7HH}xsnid_Z]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c
a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!HHH%I&I5I6IiIjIy
IzIIIJ6J7JEJFJLJ]JJJ(KKKMM,MMMNANBNQN|wrmhc^Y]ca]ca]ca]ca]ca]ca]caU]ca]ca]c
a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!QNRN
wNN$O5OgOOPP-QCQ~QQS(S-S7S>SFShSxSSSST`UaU3VkVVIWwWW|wrmhc^Y]ca]ca]ca]ca]ca
]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]caU]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c
a]ca]ca]ca!WRXzXXXXY*Y+YnYpYYZIZsZZZ[;
[[[\\q\\\\\]]]]]]}xsnid_Z]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]
ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!]^#^*^A^{^^^'_a___`Gataa
abb$c3cGcNcc_deHeIe}eggg7h:h}xsnid_YU]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c
a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!:h_hi1igijjlm
Wmmmmmmm+n>nnnooptpppp?q|w}xsnid_YU]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]
ca]ca]ca]ca]ca]ca]caU]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca'@CDeFy#10%<&'(
)-!`"10%<<&'()- 10%<&'()-Sl10%<&'()-10%<&'()-10%<&'()-D|)BdE"10%<&'()-SS
10%<&'()-S10%<&'()-S` 10%<&'()-`
"10%<&'()-@&10%<&'()-a`czX9-10%<&'()-!|l-#10%|<|<&'()- !yl-#10%mm&'()-
!#10%&'()-!t`#10%h<h<&'()-Sf10%<&'()-cdE:/ 10< 10<L<10%<&'()-:10%<&'()-yF7
10%&'()-510%<&'()-yF410%<&'()-yS/10%<&'()- 5kxY7/ 10!L9!10%&'()-z
M$10%<&'()-, 10%<&'()-!10%<&'()-f10%<&'()-10%<&'()- 10<k-   



aB7/ 10!L,Z10%<&'()-!t"10%h<h<&'()-y,, 10%<&'()-,10%<&'()-,`
10%<&'()-L9!10%<&'()-z  z[<7/ 10!@S/ 10%<&'()--10%<&'()-S,,M10%<&'()-!y
!10%mWmW&'()- !~ !10%rr&'()- !~ !10%<<&'()-  !"#$J~\= 10!,M10%'o&'()-!!10%;
;&'()-!B!10% o o&'()- 10< 10< 10<@Y710%<&'()-5"10%<&'()-!}[9~\= 10!!yy
10%&'()- !~#10%oo&'()- @10%'o&'()-@10%'o&'()-! L "10%(o(o&'()-!L
"10%77&'()- vA*zX6~\= 10!s*#10%oo&'()-!s*#10%22&'()-!y% 10%oo&'()-
S"10%'o&'()-!QSF10%'o'o&'()-!y 10%'o'o&'()- *^pxmbC 10!s*10%'o&'()- 10'o
10'o 10'oS3710%'o&'()-510%'o&'()-fy2`10%'o&'()-f010%'o&'()-hDdEmbC
10!s*@`10%'&'()-y` s10%'o&'()-@ @10%'o&'()-y@Y
10%'o&'()-z"10%'o&'()-10%'o&'()-Dh @\a?mbC 10!!
#10%'o'o&'()-SS910%'o&'()-S10%'o&'()-f10%'o&'()-!,"10%'o'o&'()-zS10%'o&'()-
P-^?mbC 10!*!10%'p&'()- !*!10%oo&'()- f`'&10%'o&'()-" 10%'o&'()-!~"
10%&'()-f  10%'o&'()--bC 



10!!s10%:&'()-y10%:&'()-s10%:&'()- 10'o 10'o 10'o510%'o&'()-f010%'&'()-
F~dEbC 10!S10%:&'()-S`10%:&'()-L  10%:&'()-&10%:&'()-S
10%:&'()-,Y10%:&'()-z~}[<bC 10! #10%:j&'()-! #10%&'()-F
10%:&'()-Sm10%:&'()-z!#10%&'()-Z!#10%&'()-Z~aBbC
10!510%:&'()-SS/m10%:&'()--!10%:&'()-!LS*y 10%::&'()-fS(
10%:&'()-SL'10%:&'()-#$%&M $ {Y: 10!f10%(&'()-!\
10%<(<(&'()-!&!10%nnnn&'()-!8&!10%((&'()- 10: 10: 10:S810%:&'()-z$
!!!"1"}^?{Y: 10!f 10%&'()-zY10%(&'()-:10%(&'()-!df!10%D(D(&'()-
!}"10%l(l(&'()-f 10%L&'()-z1"e""#[###}[<{Y:
10!yS/s10%(&'()-!(!10%&'()-!R(!10%l(l(&'()-%"10%(&'()-zf&$@10%(&'()-!df
10%D(D(&'()-z#!$U$$$$7%8%9%dE:/ 10(
10(fl:10%(&'()-y810%(&'()-yF7m10%(&'()-5"10%(&'()-f410%(&'()-f210%(&'()-9%:
%a%%&<&s&&rS4/ 10@L 10%'o&'()-` 310%'o&'()-@&10%'o&'()-,10%'&'()-y!{s&!10%
&'()-!Ks&!10% o o&'()- 10(&Y'''(;((a?4/ 10@!k3!10%'o'o&'()-
@10%'o&'()-@10%'o&'()-SS10%'o&'()- "10%'o&'()- !k "10%&'()- ((A)_**+{+|];4/
10!k4"10%'o'o&'()-GfS/Z10%'&'()-y"#10%'&'()-!k"#10%oo&'()-!p"#10%&'()-
a3!10%&'()- 



{+,,,,5,m,,S-oP1 L "10%:&'()-z,  10%:&'()-y!cps&!10%^^&'()-M!Ys&!10%
&'()-M 10oo 10oo 10oo!4"10%oo&'()-GS----;..x/dBoP1 L "10! #10%::&'()-@@
10%:&'()- #10%:&'()-SM10%:&'()-@s 10%:&'()-@10%:&'()-x///&0`00 1dEoP1 L
"10!Ss* 10%:&'()-yS(10%:&'()-S9' 10%:&'()-%"10%:&'()-@$
10%:&'()-@"s10%:&'()- 111122222aVK@ L "1 10: 10: 10:f37 10%:&'()- 5
"10%:&'()-fy210%:&'()-f010%:&'()-!s-"10%&'()-222233x4a?VK@ L
"!`!10%##&'()-!`!10%&'()-,l
10%:&'()-"10%:&'()-y10%:&'()-10%:&'()-x44&5^5556a?VK@ L
"!~#10%..&'()-@10%:&'()-S
10%:&'()-@S10%:&'()-!t,#10%::&'()-z@L10%:&'()-68=888#999aB7@  10:SF7
10%:&'()- 5#10%:&'()-f 410%:&'()-@0,
10%:&'()-z#10%:&'()-!t#10%&'()-9999):b:y::gH@  10:,9-10%`&'()-
M10%`&'()-10%`&'()-!v'!10%&'()-!q'!10%  &'()- 10: 



10:::4;;;D<<dBH@  10:!3,#10%``&'()-,`10%`&'()-zL!10%`&'()-` 10%`&'()-`
10%`X&'()-& 10%`&'()-<<$==>>?}[9H@
!|)-#10%&'()-!~)-#10%aa&'()-!x"#10%||&'()-!"#10%&'()-,!z10%`&'()-l-
10%`&'()-?:@>@?@@@A@M@T@d@~_@  !"10%\&'()-S&10%\&'()-10%\&'()- 10` 10`
10`@910%`&'()-!s)-#10%&'()-d@AASBrCqDtDREwX6~_@
!`'@#10%&'()-%10%\&'()-!l-#10%\\&'()-!~l-#10%\\&'()-!kl-#10%&'()-!pl-#10%\\
&'()-REnFYGZG[G\GGGoM@ !`'@#10%!s'!10%&'()-!{s'!10%  &'()- 10\\ 10\\
10\\!x`'@#10%\\&'()-!`'@#10%&'()-GGG7HHHHdEM@ !`'@#1@ 10%M&'()-g@
10%Me&'()-g@`10%ME&'()-L `!10%M&'()-@910%M&'()-@10%M&'()-HIIIIJLJ]JaBM@
!`!10%M&'()-lT10%M&'()- 10%M&'()-10%M&'()-y!"10%&'()- "10%M]&'()-
]JJJ(KKKLa?M@ !!kf/#10%&'()--`!10%M&'()-S*`10%M&'()-zS`'
10%M&'()-y%10%M&'()-!QS"910%&'()-zLMMMM,MMMNoP1 SL10%'o&'()-S
m10%'o&'()-!!10%//&'()-s!h!10% o o&'()-s 10 10
10!of/#10%&'()-NwNN$O5OgOOaBoP1
SL10f10%'o&'()-fs10%'o&'()-10%'o&'()-S@10%'o&'()-S 10%'o&'()-!`
10%&'()-OPP-QCQ~QQ}^<oP1 S!@,Z"10%&'()-ff*
10%'o&'()-ys'10%'o&'()-3"10%'h&'()- 



!~3"10%rr&'()- !~3"10%'o'o&'()- QQRS%S&S'S(S7S}rg\= S!10%'o&'()- 10'o 10'o
10'o9M10%'o&'()-!0#10%&'()-3!0#10%&'()-3@,Z"10%'o&'()-f7S>SFShSxSSSdEg\=
S!` !10%'o&'()-&10%'o&'()-"s10%'o&'()-S
10%'o&'()-@l10%'o&'()-,:10%'o&'()-SS~TTU3VkV}[<g\= Sy$
10%'o&'()-!y@#10%##&'()- !p@#10%--&'()-
s!10%'o&'()-!ys!10%oo&'()-Ss10%'o&'()-kVVIWwWWXRX^?g\=
S&f2#10%'o&'()-3!y&f2#10%&'()-3010%'o&'()--10%'o&'()-`*'!10%'o&'()-!}%"10%o
o&'()-RXwXxXyXzXXXXYbC S@Y 10%(&'()-"10%(&'()-,:10%(&'()-10%(&'()- 10'o
10'o 10'oF710%'o&'()-YnYpYYZIZsZaBbC S10%(&'()-@,
10%(&'()-,10%(&'()-@`10%(&'()-L t10%(&'()-!   '10%((&'()-zsZZZ[;[[\dBbC
S!~&$ 10%((&'()-@! 10%&'()-y10%(&'()-S3
10%(&'()-@@10%(&'()-S10%(&'()-\q\\\]]]dEbC S!5G 10%(&'()-S2- 10%(&'()-zf0
10%(&'()--!10%(&'()-S,,10%(&'()-S(10%(&'()-]]^^^^#^*^A^bC
S!"10%:&'()-,:10%:&'()-10%:&'()- 10( 10(
10(f:10%(&'()-y810%(&'()-A^{^^^'_a__aBbC SS10%:&'()-S!10%:&'()-!L  10%;
;&'()-@&!10%:&'()-,:10%:&'()-@Y 10%:&'()-__b```GatazX9bC
%Z10%:&'()-!iS"10%::&'()-y!` 10%&'()-G 10%:h&'()-G!
10%nn&'()-G!310%&'()-ytaaaXbbb!c"c}^<.C
10::!410%::&'()-zyy2!10%:&'()-!,"10%33&'()- !,"10%::&'()-
Ss*`10%:&'()-f(10%:&'()-"c#c$c3cGcNcc_ddBC 10::!! 9 



"10%;;&'()- ,10%M&'()-!,10%H#H#&'()-!10%M&'()-10%M&'()- 10::
10::_ddeqe}eepfzX6BC 10:!!#10%MM&'()- !!#10%&'()- #10%M&'()- !~#10%&'()-
!@M!10%&'()- !@M!10%MM&'()- pffggg4h5h6h7h}^SH= 10:! 10M 10M
10M@Y710%M&'()-5 10%M&'()-,1- 10%M&'()- !!#10%MM&'()- !!#10%&'()-
7h_hi1igiij}[<SH= 10:!"10%(&'()- !"10%cc&'()- S,10%(&'()-L 10%(&'()-!$@
&10%&'()-!  &10%((&'()-jjjjskllmzY:SH= 10:!f2 10%(&'()-
x#10%v$v&'()-)!#10%h(h(&'()-!|#10%h^h^&'()-!#10%cHcH&'()-SF10%(&'()-mWmmmmm
mmm~\: 10:!!s!10%&'()-!rs!10%<<&'()- 10( 10(
10(y:10%(&'()-y910%(&'()-!F4t!10%((&'()-zm+n>nnnoo}[<~\:
10:!!!10%&'()-!~!10%rr&'()-@Ll10%<&'()-!;Lm"10%<<&'()-y!8
g10%,<,<&'()-@10%<&'()-ooptpp?q^<~\: 10:!!!10%&'()-!!y$m"10%<<&'()-S
-10%<&'()-!y z10%<<&'()-ySy10%<&'()-@Sy10%<&'()- Normal" "Heading 13]c"
"Heading 23]c" "Heading 33]c" "Heading 43]c" "Heading 53]c" "Heading 63]c"
"Heading 73]c" "Heading 83]c" "Heading 93]c"A "Default Paragraph
Font#%9")/6@=[DJ'PyU[#`6ej?nrtvxz|~r!$.x4:@HQNW]:h?qLMNOPQRSTUVWXDck  *D-~$
1"#9%&({+S-x/
12x469:<?d@REGH]JLNOQ7SSkVRXYsZ\]A^_ta"c_dpf7hjmmo?qYZ[\]^_`abcdefghijklmno
pqrstuvwxyz{|}~6Times New RomanArialCourier New"h Root EntryWordDocument,7
!"#$%&'()*+,-./0123456789:;
<=>?@ABCDEFGHIJKLMNOPQRSTUVWXYZ[\]^_`abcdefghijklmnopqrstuvwxyz{|}~ 


