WD 99/ 14451
PCT/ AU98/ 00756 TI TLE
"HOLLOW FLANGE SECTI ON' FI ELD OF THE | NVENTI ON

Thi s inventy@emughates to a hollow flange section and a peERoshefss S
maki ng sane. The invention also relates to a conposite structural nenber
I ncorporating the holl ow fl ange section. 1

BACKGROUND TO THE | NVENTI ON A diverse range of structural
conponents have been devel oped in the IDTLE building industry over an

aftors and beans. Moot of 't heotOROMPOHANGESFEHER ! 1ol ste, purtine:
FIELD OF THE INVENTION
This invention relates to a hollow flange section and a method of
5 making same. The invention also relates to a composite structural member
incorporating the hollow flange section.

BACKGROUND TO THE INVENTION
A diverse range of structural components have been developed in the
10 building industry over an extended number of years. The components
include joists, purlins, rafters and beams. Most of these components can be
formed in steel and include rolled hollow sections (R.S.), rolied steel joists
(RAJ), 1-beams, C-sections and the like.

I-beams have been found useful in a wide range of applications

15 because of their relative ease of manufacture and structural efficiency in load
bearing situations. Conventional 1-beams (or universal beams) typically

consist of a pair of opposed parallel flanges joined by a single flat
intermediate web. in order to provide the required strength and resistance
to bending, the flanges are substantially thicker than the web.

20 Although useful, I-beams do have a number of disadvantages
including :

(1) Exposed surface area to mass and strength ratios are high
which lead fo increased costs for both corrosion protection and fire proofing;

(2) Flange widths to thickness ratios are generally limited to avoid

25 reductions in load bearing section capacity due to local buckiing
considerations;

(3)  Web widths to thickness ratios are generally limited to avoid |
reductions in section load bearing capacity due to local buckling
considerations;
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formed in steel and include rolled hollow sections (RS.), rolled steel

j oists (RAJ), I|-beans, C-sections and the liKke.

| - beans have been found useful in a w de range of applications 15

because of their relative ease of manufacture and structupal,gdsfobfskency in

| oad Wﬁpf‘ﬁb situations. Conventional |-beans (or universal beans)
typically consist of a pair of opppsed parallel flanges joined by.a
single flat i ntermedi ate web. In order to provide the required

strength and resistan trQNiRE R&tHYE oftrishurh GBRESHNTHENIF WBEY Aididsal | Y
t hi cker than the web.(;go The ho 'ﬁ%thou h useful, I-beams§do have a

nunber of di sadvamprgastion of substantiabmillicatg: and rust as well as ppavjding glipiiedd

surface area to nmass ang.strength ratios are high which l.ead to
i ncreased costs 1"3?‘"1%‘?&"‘3@9? %gn protection and fire proofing;

(2) Fl ange wi dths L &)t hi pfmes paindihg O8uriie mangfaciurey isi mot ed practivali d 25
reductions in | oad bearing section capacity due to |ocal buckling
consi der ati ofis; proposition. (3) Web widths to thickness ratios are

generally limted to #@bloicants havé BEWdAC h AifbnAtE SirdulPARmPRA MR
capacity due to | ocal buc P ng )

comprises a pair of hollow end sections and intermediate web characterised

in that each hollow end section is welded to the intermediate web so as to

form two weld lines or joins extending along the structural member. The

10 structural member is described in detail in International Patent Application

PCT/AUB9/00313. This patent application also describes a number of prior

art structural members that are alternatives to conventional I-beams.

The known structural members are pre-forfrned and delivered to a

building site in set lengths. This can cause problems if long beams must be
15 - transported appreciable distances. There is advantage to providing modutar
- beams that can be more easily transported and assembled on-site.

A known approach to construction of composite structural members
is to knit together a number of beams welded to a pair of opposed angle
brackets at the top and bottom. In order to achieve sufficient strength a

20 complex web of struts and braces must be provided within each structural
member and between structural members.

An improved form of the basic design of a composite structural
member is disclosed in United States patent number 5644888 in the name
of Johnson. [n the Johnson arrangement the angle brackets are replaced by

25 a hollow [-beam having a scalloped internal surface. The beams (or posts)
have complimentary surfaces that interlock with the I-beam. The interfitting
elements form a complex post and brace structure. The disadvantage of the
Johnson arrangement is the complexity of the elements leads to expense in
manufacture and difficulty of assembly.

30
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consi derations; 30 2
(4)- The hot rolling nmethod of manufacture commonly used | eads to
production of substantial mll scale and rust as well as providing a
limted wo 99igsirum t hi ckness; and (5) PR ueséctd Ng
during manufacture is not a practical 5 proposi tion. T
appl i cants have devel oped an alternate stBuctural nenber which
conprises a pair of hollow end sections and internedi ate web characteri sed
An approach to solving this problem is the Davis truss described in

Australian Patent Numbers 230690 and 250131. The Davis truss is formed
from a CHS (circular hollow section) web that is captured between an

he

opposed parallel pair of decapitated coat hanger shaped flanges. The
5 flanges are folded steel plate and thereforé need to be particularly heavy

gauge in order to provide the required strength and resistance to skew. In

order to capture the web a lower portion of the CHS web is crushed so as to

form a neck which fits between the sides of the open mouth of the flange.

The Davis truss fails to achieve the properties necessary for an effective
10 modular structural member. .

OBJECT OF THE INVENTION

it is an object of the present invention to provide a hollow flange
section useful in forming a composite structural member. .
15 It is a further object of the invention to provide a composite structural
member incorporating the hollow flange section.
It is a yet further object to provide a method of making the hollow
flange section and composite structural member.
Further objects will be evident from the following description.
20
DISCLOSURE OF THE INVENTION
In one form, although it need not be the only or indeed the broadest
form, the invention resides in a hollow flange section comprising :
a base member;
25 a pair of opposed cavity walls and a cavity base defining a cavity;
two opposing lateral support members extending from the base
member to the cavity walls such that each lateral support member forms an
enclosed volume with an adjoining one of the opposed cavity walls and an
adjoining portion of the base member:
30 wherein the cavity base and the base member form an integral
structure that resists skew deformation of the cavity.
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in that each hollow end section is welded to the internediate web so as to
formtw weld |ines or joins extending along the structural nmenber. The 10

structural menber is described in detail in International Patent

Applicati 0”w099/1445FCT/ AUB9/ 00313. This patent applicationpq)g0es6l8scribes a
nunber of prior art structural nenbers that are alternatives to
conventional |-beans. The kgown structural nenbers are
pre-fornmed and delivered to a building site in set lengths. This can

cause problens if | onghdeavity baseimdycbela portiohralkispbaseatiembpr ecmabibe a

di stances. There is advant a%e toéﬁgrovi di n'g nodul ar. beans that can be
more easily tran§fbafate) elementthal iglomedqle-tBe hase member to form the iniegra!
approach to consg{ryﬁhté?n of conposite structural nenbers is to knit
t oget her a nunber o eans wel ded to a pair of opposed angle

brackets at the top afible oclosed vblumer ey suitablyhbeequaref ér tsictangubrs bngt h a

20 conpl ex_web of. struts .gnd, br t _be broyi L thin.each

structural 5" pheferRhbe i B85 BEA tudhdie A AL aiER cthd PR 1hEBRSe
i nproved form of pidigbdragtian dighd @foah eAcloesd osiuines Havingtatrdhgular crossirenber
is disclosed in United States patent nunber 5644888 in the nane of

Johnson. In the $8¢tien arrangement the angle brackets are replaced by 25

Pave conpl i montar'y. sufTaRate pyABER oaSe RpmeRy pAFARapicihuFRIEL slort <! <)

have conplinentary sur I nt
interfitting member is suitably in the range 20° to 45° and is most suitably 30°.
10 The cavity is suitably rectangular having parallel opposed walls and

an open mouth opposite the base. The size of the cavity is selected to suit
a web used to form a composite structural member.

in preference the hollow flange section comprises a unitary structure,
suitably manufactured of carbon steel.

15 The base member and the cavity base are preferably welded to form
an integral structure. The weld is preferably selected from the following : high
frequency induction weld, metal inert gas weld, tungsten inert gas weld;
carbon dioxide shielded arc weld; atomic hydrogen gas weld, spot weld;
electron beam weld; laser weld or other suitable welding.

20 In one form the lateral support members join the cavity walls at the top
of the cavity walls.

In another form the hollow flange section further comprises lugs
extending beyond an intersection of the lateral support members and the
cavity walls. The lugs preferably terminate in a bead. In preference a plurality

25 of apertures are formed in the lugs to facilitate fixing of a web to the hollow
flange section for formation of a composite structural member.

In a further form, the invention resides in a process of forming a
hollow flange section comprising the steps of :

passing a strip through a plurality of forming stations to successively

30 deform the strip fo provide a cavity and a pair of substantially holiow
adjoining support volumes;
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el ements forma conpl ex post and brace structure. Th
Johnson arrangenent is the conplexity of the el enent
manuf acture and difficulty of assenbly. 30

e di sadvant age of the
s |l eads to expense in

SUBSTI TUTE SHEET (Rul e 26) An approach to sol ving

thi s probl ema%1445e Davis truss described in

Aust r BET/ A¥P80gNsent

Nunbers 230690 and 250131. The Davi s truss3 is fornmed

10

15

20

25

30

further forming the deformed strip so that the base of the cavity
contacts a base member connecting the adjoining support volumes; and

welding the base of the cavity to the base member.

In preference the stations are roll forming stations.

The process may suitably be performed in two phases. in the first
phase the strip is formed into a tube. In the second phase the tube is formed
into the hollow flange section.

The process may further include the step of forming lugs extending

beyond the adjoining support volumes. A further step of forming apertures-

in the lugs may also be included.

In a yet further form, the invention resides in a composite structural
member comprising : '

at least two opposed hollow flange sections, said hollow flange
sections comprising a base member; a pair of opposed cavity walls and a
cavity base defining a cavity; two opposing lateral support members
extending from the base member to the cavity walls such that each lateral
support member forms an enclosed volume with an adjoining one of the
opposed cavity walls and an adjoining portion of the base member; wherein
the cavity base and the base member are joined to form an integral structure
that resists skew deformation of the cavity; and

an intermediate web;

wherein the hollow flange sections are joined to opposing ends of the
intermediate web such that distal ends of the web are seated in a respective

cavity of the hollow flange section.

BRIEF AILS OF INGS

To assist in understanding the invention preferred embodiments will -

now be described with reference to the following figures in which :
FIG 1 shows a perspective view of a first embodiment of a
hollow flange section;
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froma CHS (circular hollow section) web that is captured between an
opposed parallel pair of decapitated coat hanger shaped flanges. The 5
flanges are folded steel plate and therefore need to be particularly heavy
gauge in order to ovide the required strength and resistance to skew. In
order to cap\"ﬂr”gli“gﬂe web a | ower portion of the CHS web i FTAHMISSo as to
forma neck which fits between the sides of the open nouth of the flange.
The Davis truss fails to achieve the properties necessary for an effective
10 nodul ar structu rrerrber

THE | NVENTI ON FG 2 t SNOWEANNCLYIEW Y 8 Fommnssite sir °ﬁ”?ﬁ'n5'% to
provi de a hol | owférhmgfeom an R S webtandra paaleéﬂiheﬂangesrdﬁﬁm 12 conposite
structural nenber. is a further of the |nvent|on to

provi de a conposite sﬂ%@tur al shows' & pﬁ@ﬁﬁ%‘f"eﬂf‘% qqrﬂ%osg RStHErw
fl ange section. %mb?]rc?fFlG 2, It is a yet further object to provide a

met hod of nmaking t fl ange section and conposite structural
menber . 5 FFRaidt her aijowstapespective view dka segandranobadihent afwi ng
description. 20 a holiow flange section; DI SCLOSURE OF THE | NVENTI ON
FIG5 shows an end view of a composite structural member
formed from an R.S. web and a pair of the flanges of FIG 4;
FIG6 shows a perspective view of the composite structural
10 member of FIG 5;
FIG7 shows a flowchart of a roll forming process for forming
the hollow flange section;

FIG8 shows an end view of a third embodiment of a hollow

flange section;

15 FIG9 shows an end view of a fourth embodiment of a hollow
flange section;
FIG10 shows an end view of a fifth embodiment of a haollow
flange section; -
FIG 11 shows an end view of a sixth embodiment of a hollow

20 flange section;
FIG 12 shows an end view of a seventh embodiment of a hollow

flange section;
FIG13 shows a graphical comparison of the bending capacity
of prior art joists compared to joists formed using hollow flange sections

25 according to the invention.

DETAILED DESCRIPTION OF THE DRAWINGS

In the drawings, like reference numerals refer to like parts.
Referring to FIG 1 there is shown a hollow flange section 1 having a
30 base member 2 and opposing lateral support members 3. The lateral support
members 3 are separated by a cavity 4 having opposed cavity walls 5 and
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In one form although it need not be the only or indeed the broadest
form the invention resides in a hollow flange section conpri sing:

a base nenber; 25 a pair of opposed cavity walls and a cavity
base definin [ ty; two opposing |ateral pg nbers
ext endi ng frgﬁﬁ?ﬁgggase menber to the cavity mallspsﬁéﬁﬁ%ﬁgﬁpeach

| ateral support nenber fornms an encyosed volunme with an adj oi ni ng
one of the opposed cavity walls and an adj oining portion of the base
member; 30 cavity DESE 61 Theldagityasisk blis WaRied e bBse Ritaber®Thigs lataram an

I nt egr al structure that resists skew deformation of the cavity.

4 support members 3, cavity walls 5 and base member 2 form opposing

enclosed volumes 7.
The .cavi'ty 4 is sized and shaped to receive web members for
5 formation of a composite structural member as described in detail below with
reference to FIG 2.

The lateral support members 3 provide structural strength to the
flange 1 by supporting the cavity walls 5. The inventors have found that
between 20° and 45° is a suitable choice for the angle 0 between the base

10 member 2 and the lateral support members 3. In the preferred embodiments
an angle of 30° is selected as being most appropriate. Smaller angles do not
have sufficient enclosed volume to provide the required strength. Larger
angles require additional metal without improving performance.

A composite beam 8 can be formed by welding a web member 9

15 between opposing holiow flange sections 1, as shown in FIG 2. The flange
sections % are welded to the web 9 at 10. The resultant composite beam 8
can be used in situations previously requiring I-beams. The inventors have

conducted comparative tests between a conventional universal beam and
composite beams of the form shown in FIG 2. The following table shows that

20 equivalent strength is achieved at substantial reduction in mass.

Universal beam composite beam
material grade 300 plus grade 450
length 200mm 200mm
strength 1 1
25 mass R - .81
Universal beam composite beam
material grade 300 plus grade 450
iength 310mm 310mm
30 strength 1 1
mass 1 g7
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The cavity base may be a portion of the base nenber or may be a

separate elenent that is joined to the base nenber to formthe integral
structure. The encl osed vol une may suitably be square or

rect angul anyg bdh4452 preference the |lateral support nentrersuvasa7ie near and
extend fromthe base menber at an angle to form encl osed vol unes
havi ng a triangul ar cross- section$ The angl e between
t he base nenber and an adjoining |ateral support menber i s suitably
in the range 20 to 4Bjcomppsigstructirainsorporatingihs/ hallopdiange sagfionis shown The

cavity is suitabl ctangul . ' | : an

open mout h oppod? hé ﬁhtﬁ%ggrgscgﬁ%}\f@,@@ggﬁ? ac{ch@mg%%??@i@?gﬁ@gﬁ @8?@ %Y suit

a web used to f qofts? stEWRE@S|2, Garlt intiiedr béanmanérabers or braces, such ad 13,

preference the hollow fl ange section cor%ri ses at%mi %laég iérﬁlﬁé%e

sui tabl y manuf acssemblegtbetwesy @ topdiange 44 and a bottom $ande, 18 8 and t he

cavity base_ are Y. Bhs 1Bt ¢ghiRkheSinanRérr . The
5 q%r%&fsaﬁ, A ??”F%Qdﬁg tc} gﬁmange sectiBfs 18 €81 friall

weld is preferably séle omt owng: high frequency
i nducti on wel d, destdited atove. gas wel d, tungsten inert gas wel d;

clcotron beam el d;  PaStrRLadArReRp Ca IR e arie Sus TSI R < | o
form the | at er algyRROmasseoRBafed @ pridrhat eenstiugtior hethats. Faethéomore,
transport of components to a construction site is significantly easier since the
10 structure can be assembled on-site rather than transported complete, -

A further embodiment of a hollow flange section is shown in FIG 4.
The hollow flange section 21 comprises a base member 22 and opposing
lateral support members 23. The lateral support members 23 are separated
by a cavity 24 having opposed cavity walls 25 and cavity base 26. The cavity

15 " =base 26 is welded to the base member 22.
The cavity walls 25 extend beyond the lateral support members 23 to
~ provide lugs 27 terminating in beads 28. The lugs 27 facilitate mechanical
- fixing of web 30 and flanges 21, as shown in FIG 5. Suitable forms of
mechanical fixing include Tek™ screws 31 and bolts 32. The hollow flange
20 section 21 may be made with pre-punched apertures to facilitate on-site
assembly of the structure 33 shown in FIG 6.

As with the embodiment of FIG 1 the lateral support members 23
provide support to the cavity walls 25 thereby giving structural strength to the
flange 21. The combination of the lateral support members 23 and the weld

25 of the cavity base 26 to the base member 22 resists skew deformation of the
cavity 24.

The composite structure 33 has a similar construction to the
embodiment of FIG 3 and comprises vertical beam members or posts, such
as 34, and inclined beam members or braces, such as 35, assembled

30 between a top flange 36 and a bottom flange 37 The beam members 34, 35
are joined to the flange sections 36, 37 by bolts 38. For ease of assembly,
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of the cavity walls. I n another formthe hollow fl ange
section further conprises |ugs ext endi ng beyond an intersection of
the |l ateral support nenbers and the cavity walls. The Iugs

preferably termnate in a bead. In preference a plurality 25
apertures ar¥OPYMEd in the lugs to facilitate fixing of ap%éﬁu%s@mlsﬁe

hol | ow fl ange section for formation,of a conposite structural
menber . In a further form t?’le i nvention resides in a process

ggsfs?;g‘ ggs?r I p thr ouliyhI ridy {)é ?FélgﬁnﬁS&i ?ior m gBé gtﬁgplgg'tr?get gt ggicgfssi vely 30
deformthe strip to pﬂ'bm etabedlmemtst yf i d pmdr Ft& 4 udescebéd adabbovehatd ow
adj oi ning suppor tco\lln?emgetfy manufactured by roll forming a metal strip according to the
steps depicted in FIG 7. The step of forming a tube is optional since the
5 hollow flange section can be formed directly from the strip. There may be
advantage in forming tube on a separate roll forming line prior to formation
of the hollow flange section.
After forming of the profile the base member and cavity base are
welded in a welding station. The formed hollow section then passes a
10 finishing section where it is painted and cut to length, as required.
it will be appreciated that a different set of roli forming roliers will be
required for the embodiment of FIG 1 and the embodiment of FIG 4.
A third embodiment of the hollow flange section is shown in FIG 8.
This hollow flange section 40 can be conveniently formed by a similar
15 process as described above. A flat strip or tube is rolled to form enclosed
volumes 41. The enclosed volumes are defined by the base member 42,
lateral support members 43 and cavity walls 44. The cavity 45 is defined by
the cavity base 46 and cavity walls 44. The cavity base 46 and base member
42 are welded at 47 to complete the hollow flange section. Other shapes for
20 the enclosed volume are also possible. _
A fourth embodiment of the hollow flange section is shown in FIG 9.
The hollow flange section 50 is conveniently formed from a flat strip by the
process described above, although the optional step of tube forming is not
available. The flat piate is bent in a series of roli forming stations to tum the
25 extremities over to form enclosed volumes 51. The enclosed volumes are
defined by the base member 52, lateral support members 53 and cavity walls
54, The cavity 55 is defined by the base member 52 and cavity walls 54. -
Welds 56 complete the hollow flange section 50.
Welding of a terminating edge of a strip to a continuing face of a strip,
30 as required by weld 56 in FIG 9, has proven problematic. The preferred
method of welding two strip edges together is induction welding. However,
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5 further formng the deformed strip so that the base of the

cavity contacts a base nenber connecting the adjoining support

vol unes; and wel di ng the base of the cavity to the base

menber . In preference the stations are roll ] ations.
5 wﬁ?@“ﬁﬁsbcess may suitably be perforned in twop|fo gséﬂg@ﬂm?&n t he
first phase the strip is forned injo a tube. In the second phase the
tube is fornmed into the hollow flange secti on. The

process may furt hefuclidiverfmglid Rss saecetbiul fr Welding d@wripeeddgdi étrip face
beyond t he adjoi ni ng support volunmes. A further step of Torm ng apertures

10" in the | ugsdudedo dissipatios of paTangsnd heat in the face. The inyentpry bave selvyerbr f or m

the invention regides.in ' ctural menber conpri sing:
at |east two oppﬁleeﬂoﬁllg’m M&F@%@ﬁé g"eeif%{:%{ns, said hollow fl ange

sections conprising aThaRsliowETEnge sectionadan o befovsed foavivo/comporentsid a 15
cavity base defining a cavity; twd o Posin | at eral su 8ort menber s
extending frdm t B8 i G 19-0At h& %\fl‘ﬁ Qﬁ\ﬁép{"l" @CE 'T‘Hﬁ?eseécﬁa?eat eral
suppor t member - 8hiipofbnt S Inae ok RriEd 19l hikerd bade Mt CX\end fatéiap

opposed cavity wa an adj ol ning portion of the base nmenber; wherein
support members 63. A separate cavity 64 is formed as a U section having
cavity walls 65 and cavity base 66. The base component 61 and cavity 64
are then welded at 67 to form the hollow flange section 60.

10 Embodiments of the hollow ﬂaﬁge section of FIG 4 can also be formed
from a flat plate. Two examples are shown in FIG 11 and FIG 12. In both
examples a flat plate is shaped in a series of roll forming stations and then
welded to complete a hollow flange section.

Composite structural components fabricated from two hollow flange

15 sections and an interconnecting' web provide better strength for mass
characteristics than existing components and therefore represent a
significant economic benefit for the building industry. The advantage of the
composite structural component is exemplified in FIG 43 which plots the
bending capacity of a standard joist and a joist utilizing the hollow flange

20 section for a range of standard joist sizes. As is clearly seen in the plot, the
composite structural component always outperforms the conventional
component. '

Throughout the specification the aim has been to describe the
preferred embodiments of the invention without limiting the invention to any

25 one embodiment or specific collection of features.
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/
the cavity base and the base nenber (\\‘\‘“g‘to forman integral
structure 20 that resists s e“\ the cavity; and
an internedi ate web; a elﬂn the Q |l ow fl ange sections are
joined to 0@8@%/&&91 ends of th el Nt ET. fe web sug, ?rlkﬁﬁ% A stal
ends of the web are seated in a respective cavity o Iq

fl ange section. 25 11 BRI EF DETAI LS OF THE DRAW NGS
To assi st in understanding the invention preferred enbodi nents wl|l

now be described with reference to the CpAlMS/i ng figures in which:

FIG1 shows a perls:lp ctive view of a first enbodi ment of a 30 hol | ow
fl ange secti on; ollow flange section comprising :

a base member,
a pair of opposed cavity walls and a cavity base defining a cavity;

5 two opposing lateral support members extending from the base
member to the cavity walls such that each lateral support member forms an
enclosed volume with an adjoining one of the opposed cavity walls and an
adjoining portion of the base member;

wherein the cavity base and the base member form an integral
10 structure that resists skew deformation of the cavity.

2. The hollow flange member of claim 1 wherein the cavity base is a
portion of the base member.

15 3. ‘The hollow flange member of claim 1 wherein the cavity base is
separate from the base member but joined to form the integral structure.

4, The hollow flange member of claim 1 wherein the lateral support
members are non-linear and extend from the base member to form enclosed
20 volumes having a rectangular cross-section.

5. The hollow flange member of claim 1 wherein the lateral support
members are linear and extend from the base member at an angle to form
enclosed volumes having a triangular cross-section.

25
6. The hollow flange member of claim 5 wherein the angle between the
base member and the adjoining lateral support member is in the range 20°
to 45°.

30 7. The hollow flange member of claim 5 wherein the angle between the
base member and the adjoining lateral support member is 30°.

\\_
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6 . FIG 2 end view of a conposite structural

menber f or med m an RS f the flanges of FIG 1;
FIG 3 shows a p ﬁ fﬁH‘}fEBBEnD S|te structural
menber of FI 39,1445 “‘i\m’m AGEimws a per SpeCtbé’ﬁAﬂésﬁ)\ﬁsg

t < IG5

second enbodi men & hol 1%ow fla

shows an end vi ew of a conposite structurqh rrenber formed from an
R'S. web and a pair of the flanges of FIG 4; FIG 6 shows
a perspective vi ey of Thehsllowpiarigecmeinbee tofiraldim 1 whereiffEtfieegavity HasGaS:

FIG 7 shows a flowhart of a roll formng process for form ng{

the hol | ow f | angdeatapgulgncross-section with parg|iet gpposed waligang aB PPERAUBW of a
third enmbodi nent fl ange section; 15 FIG9
shows an end vi ew Pe‘@?’louér%yw rf%()di ment of a hol | ow fl ange section;
FI G 10 shows an end view of a fifth enbodi nent of a hol |l ow

5 9. The hollow flange member of claim 1 having a unitary structure.

10.  The hollow flange member of claim 1 having a non-unitary structure
wherein the base member and the cav‘ity base are welded to form an integral
structure.

10
11.  The hollow flange member of claim 10 wherein the weld is selected

from the following : high frequency induction weld, metal inert gas weld,
tungsten inert gas weld, carbon dioxide shielded arc weld; atomic hydrogen
gas weld, spot weld; electron beam weld; and laser weld.

15
12. The hollow flange member of claim 1 wherein the lateral support.

members join the cavity walls at the top of the cavity walls.

13. The hollow flange member of claim 1 wherein the hoilow flange
20 section further comprises lugs extending beyond an intersection of the lateral
support members and the cavity walls.

14.  The hollow flange member of claim 13 wherein the lugs terminate in
a bead.

25
15.  The hollow flange member of claim 13 having a plurality of apertures
formed in the lugs to facilitate fixing of a web to the hollow flange section for
formation of a composite structural member. -

ot Has Been Replaced

30 it

SUBSTITUTE SHEET (Rule 26)



fl ange secti on; FI G shows an end view of a sixth
enbodi rent of a hol | ow 2D_f_l_a.n&e::nsez:cm@quq tl\ﬁ FIG12  shows
an end view of a seventh errbodl_mant of a.-ho Lé‘ V\F fl ange secti on;

FI G 13 SWOYS7143510" aph|H i mlllum”u £he_bendj ng CaPé‘f/‘AWsmmss of

prior art joists conpared usi ng hol |l ow flange sections 25

I——-—-

according to the inventi on: nees o DETAI LED DESCRI PTI ON OF
THE DRAW NGS In the drawings, |ike reference nunerals refer to
li ke parts. 16. A prodestef farmingtzohdfo® flangé section comipising thestepowr:f | ange

S ae e "o o s R By LR RE SRRl Bt
opposed cavity wahé strip ®frovide a cavity and a pair of substantially hollow adjoining
support volumes;
5 further forming the deformed strip so that a base of the cavity contacts
a base member connecting the adjoining support volumes; and
welding the base of the cavity to the base member.

17.  The process of claim 16 wherein the stations are roll forming stations,
10 '

18. The process of claim 16 further including the step of forming lugs

extending beyond the adjoining support volumes.

19.  The process of ciaim 18 further including the step of forming apertures
15 in the lugs.

20. A process of forming a hollow flange section comprising the steps of:
passing a strip through a tube forming station to form a tube;
passing the tube through a plurality of forming stations to successively

20 deform the tube to provide a cavity and a pair of substantially hollow
adjoining support volumes; |
further forming the deformed tube so that a base of the cavity contacts

a base member connecting the adjoining support volumes; and

welding the base of the cavity to the base member.
25

21, The process of claim 20 further including the step of forming lugs

extending beyond the adjoining support volumes.

22.  The process of claim 21 further including the step of forming apertures
30 in the lugs.
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7 cavity base 6. The caV|ty base 6 is welded to the base nenber 2.
The | ateral support nmeg y=wedyl s 5 and base nenber 2 form
opposi ng encl osed volu The cavity 4 is sized and
shaped to r b menber § for FEEOLACf:m mati ¢gn of a co Juctur al
menber as dg'g)?r)l‘ged in det ai I=seFowwrer——=— referencenPeﬁﬁP%@;

The | ateral support nenbers 3 pI’OVI de strygtural strength to the

flange 1 by supporting the cavity walls 5. The inventors have found that
between 20[err] ggd 45[06ﬁfpbsi‘t§stﬁle$&#'alﬁahﬂ)eﬁb&hﬁﬁsuﬁ@‘ the angle [err]

bet ween the base |0 nber 2 d the latera ort nmenbers 3. In the
preferred embodi ment sat least twn oppgsed bpliag|flange Se§ @@;ﬁ e&ﬂlQb@O!i%Wtfbngg nmost

o ovi e the r oqui PR SRPRERS { Bpap.member™ b B bsB ca BT WARTTNA S, 1T, o

wi t hout i nprovi ngavig baseraizfiRing a cavity; two op‘boemgphserhEsbﬁwn SnerAberbe

formed by wel ding a web nenher
5 extending from the base member to the cavity walls such that each lateral

support member forms an enclosed volume with an adjoining one of the
opposed cavity walls and an adjoining portion of the base member; wherein
the cavity base and the base member form an integral structure that resists
skew deformation of the cavity; and
10 an intermediate web;
intermediate web such that distal ends of the web are seated in a

respective cavity of the hollow flange section.

\
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15 bet ween opposi ng hollow fl ange sections 1, as shown in FIG 2. The

fl ange , sections 1 are welded to the web 9 at 10. The resultant
conposite beam 8 can be used in situations previously requiring

| - beans. Thg, ors have conducted conparative en a
conventionaﬁmhﬁyggisal beam and conposite beans of PE§&§%B@¢%ﬁomn in
FIG 2. The followi ng table shows that 20 equi val ent strength is achieved
at substantial reduction in mass. Uni ver sal
beam conposite beam mat eri al grade 300 plus

grade 450 | engt h 200mM 200mMn
strength 25 nmass 1 .81

Uni ver sal beam conposite beam mat eri al grade 300

pl us grade 450 | engt h 310mM 310mM
30 strength 1 1




mass ) 1 A7

8 A conposite structure incorporating the hollow flange
section i s shown in FIG 3. The conposite structure 11 conprises
verti cal beaﬂhﬁﬁ rs or posts, such as 12, and i ngdppadsfpam menber s
or braces, such as 13, assenbl ed between a top flange 14 and a bottom
fl ange 15. The beam 5 menbers 11, 1 e welded to the flange sections
14, 15 in the manner descri be OoM9. A substantia
advant age of the conposite structure 0f 3 is the reduced nass
conpared to prior art construction methods. Furthernore, transport
of conponents to a construction site is significantly easier since the
eSS
1
/ B
/\_/
ST~
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1

FIG. 2



10 structure can be assenbled on-site rather than transported conpl ete.
A further enbodi nent of a hollow flange section is shown in FIG 4.

The hol |l ow fl ange section 21 conprises a base nenber 22 and opposi ng

| ateral supp@donaabers 23. The | ateral support nmenbers 2gcphgesigig’ at ed
by a cavity 24 having opposed cavity walls 25 and cavity base 26. The

cavity 15 base 26 is welded to the base nenber 22. The cavity walls
25 extend beyond the | ateral support §)23 to provi de |ugs 27
termnating in beads 28. The lugs 27 fdci|t“at e nechani cal fixing of

web 30 and flanges 21, as shown in FIG 5. Suitable forns of
mechani cal fixing include Tek[err] screws 31 and bolts 32. The hol | ow
flange 20 section 21 may be nmade with pre-punched apertures to facilitate
on-site assenbly of the structure 33 shown in FIG 6. As
with the enbodinent of FIG 1 the |ateral support nenbers 23 provi de
support to the cavity walls 25 there -ela!gk' ural strength to the
flange 21. The conbi nation of the | #k et nenbers 23 and the weld
25 of the cavity base 26 to the > resi kew def ormati on
posite struttre 33 has a

of the cavity 24.
simlar construction to the of FIG 3 and conpri ses
ds 34, and inclined beam

vertical beam nmenbers or posts

nmenbers or braces, such as 3

FI1G. 3



30 between a top flange 36 and a bottom fl ange 37 The beam nenbers 34, 35
are joined to the flange sections 36, 37 by bolts 38. For ease of assenbly,.
9 apertures nmay be pre-fornmed in the flanges and beans.

The enbodi mé,g(g f FI G 1l and FIG 4 described above are %CT/AUQBE%Em ently
manuf act ure y ik formng a netal strip according to t st eps
depicted in FIG 7. The step of formpg a tube is optional since the 5

hol | ow fl ange section can be formadé, e}Qy fromthe strip. There may be
advantage in formng tube on a separ Il forming line prior to
formation of the hollow flange section.




After formng of the profile the base nenber and cavity base are

welded in a welding station. The fornmed hol |l ow section then passes a 10
finishing section where it is painted and cut to | ength, as required.

It will be pated that a different set of roll form roll will be
required foﬁayﬁgﬁgﬁbodinent of FIG 1 and the enbodi nent c#¥%ﬂ4§qws%%

A third enbodi mrent of the hollow flange section is shown in FIG 8.

This holl ow fl ange section 40 can be éoé\/t@ ently formed by a simlar 15
process as descri bed above. A flat stTi tube is rolled to form encl osed
vol unes 41. The encl osed vol unes are defined by the QQSe menber 42,

| at eral support nenbers 43 and cavity walls 44. The Cavity 45 is defined by
the cavity base 46 and cavity walls 44. The caviDZé;ase 46 and base nenber
42 are wel ded at 47 conprete thq;§;i wangé—seet+or~ O her shapes for
20 the encl osed vglune are al so 5o B fourth

enbodi nent of the ho flange segfion is own in FIG The

hol | ow fl ange section RS convenfgently fopfred fro Tat strip by the
process described above, ough the optiopal st tube formng is not
avai l able. The flat plate is t |h a serifgs |l formng stations to

turn the 25 extremties over fF or m epgll vol unmes 51. The encl osed
vol unes are defined by t hse riyp2, | ateral support nenbers
53 and cavity walls 54. cavi iij by the base nenber
52 and cavity walls 54.

/—30
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FIG.5



Vel ds 56 conplete the hollow fl ange section 50. Vel di ng of a
termnating edge of a strip to a continuing face of a strip, 30 as .
required by weld 56 in FIG 9, has proven problematic. The preferred

met hod of ' two strip edges together is induction ' wever,
10 wﬁ%%%??%n wel ding is | ess successful for meldiﬁg%gbgﬂpfﬁ edge to
a strip face due to dissipati&s z:a rrent and heat in the face. The
i nventors have sol ved t he prolle ;ypre-heating t he face.

The hol |l ow fl ange section can also be fornmed fromtwo conponents 5 as
shown in FIG 10. A hollow flange section 60 conprises a base

FIG. 6



conponent 61 that is roll formed to nake a base nenber 62 and | atera
support .nenbers 63. A separate cavity 64 is forned as a U section having
cavity walls 65 and cavity base 66. The base conponent 61 and cavity 64
are then wely@agd ad; 67 to formthe hollow flange section 6901.,;‘?98,0075

Enbodi ments of the holl owfl ange section of FIG 4 can also be forne

froma flat plate. Two exanples are s i FIG 11 and FIG 12. In both
exanples a flat plate is shaped in a §€2?3£50f roll formng stations and

t hen wel ded to conplete a hollow fl ange section.

Conposite structural conponents fabricated fromtw hollow fl ange 15
sections and an interconnecting web provide better strength for nass
characteristics than existing conponents and therefore represent a
significant econom c benefit for the building industry. The advantage of

t he conposite structural conponent is exenplified in FIG 13 which
plots the bendi ng.capag] dard joist and a joist utilizing
t he hol |l ow fl ange 20 secti pn fﬁh ? range| of standard joist sizes. As is
clearly seen in the plot, the E osj te_ structural _conponent always
out perfornms the conventi onal prronent . i Throughout the
specification the aimhas beep to describe

he preferred enmbodi ment s
of the invention without |imtTng E I nvention to any 25 ; one enbodi nent
or specific collection of features.
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CLAI V5 1. A hol | ow fl ange section conpri sing: ' a base
menber ; a pair of opposed cavity walls and a cavity base
defining a ity: 5 two opposing |ateral suppgrt. oenbers
ext endi ng fm%ﬁglbase menber to the cavity wall ng‘béquqg&s each
| ateral support nenberforns an encl psed volune with an adjoi ni ng one
of the opposed cavity walls and an j 0i ni ng portion of the base
menber ; wherein the cavity base and the ba atmarrber form an
integral 10 structure that resists skew defornmation he cavity.
L
43\ - < /43
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2. The hol |l ow fl ange section of claim1 wherein the cavity base is a
portion.of the base nenber. 15 3. The holl ow fl ange section of claim
1 wherein the cavity base is separate fromthe base nenber but
joined to fgouhhg;i ntegral structure. 4. Thenggf,j‘\gygﬂ;‘ollsgnge
section of claiml1 wherein the lateral support menbers are
non-linear and extend fromthe base rr? o form encl osed 20 vol unes
havi ng a rectangul ar cross-section. r9 610 5. The hol | ow fl ange section
of claim1l wherein the |ateral support menbers are |inear and extend
fromthe base nenber at an angle to form encl osed vol unes having a
triangul ar cross-section. 25 6. The holl ow fl ange section of claim
5 wherein the angle between the base nenber and the adjoining |ateral
support nmenber is in the range 1T 0 45.

g

&
N

FIG. 11




30 7. The hol |l ow fl ange section of claim5 wherein the angl e between

t he base nmenber and the adjoining |ateral support nenber is 30.

PCT/ AU98/ 00756 12 8.
The hol | ow {}pRggspection of claim1l wherein the cavity Ba$,.89s00756
rectangul ar cross-section with parallel opposed walls and an open nouth
opposite the cavity base. 5 9 hol | ow fl ange section of claim
1 having a unitary structure. 10/ iﬁ
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10. The holl ow fl ange section of claim1 having a non-unitary stRGRAUPH00756
wherein the base nenberand the cavity base are welded to form Bepcivad dyhuly 1999

structure. 10 11. The hollow fl ange section of claim10 wherein the
weld is selected fromthe follow ng: high frequency induction weld,
metal inert gas weld, tungsten i nert as wel d; carbon di OXI de

shi el ded arc wel d; atom c hydrogen spot iﬂmﬂ [mn”"[
beam wel d; and | aser weld. 15 12. oI I ow flan

claim 1 wherein t he | apedclowstiEHYR! section comﬁmrp@ﬁrs join thé cavity "wal’l s*at
the top of the cavity walls. : ol | owf | ange. secti on of
claim1l wherein the hoalhaﬁEImembersect i on 20 further conprises | ugs

‘ext endi ng -beyond an int erse(‘ft i on

d
The cavi Oy vai s, " "aTaiGprpossd chufy walls Pk geavity brsh BBRhbO dil:
wherein the lugs term fgd @ppBsing lateraf sBBBErt members extending from the base

member to the cavity walls such that each lateral support member forms an
enclosed volume with an adjoining one of the opposed cavity walls and an
adjoining portion of the base member;
wherein the cavity base and the base member form an integral
10 structure that resists skew deformation of the cavity.

2. The hollow flange section of claim 1 wherein the cavity base is a

portion of the base member.

15 3. The hollow flange section of claim 1 wherein the cavity base is
separate from the base member but joined to form the integral structure.

4. The hollow flange section of claim 1 wherein the lateral support
members are non-linear and extend from the base member to form enclosed

20 volumes having a rectangular cross-section.

S. The hollow flange section of claim 1 wherein the lateral support
members are linear and extend from the base member at an angle to form

enclosed volumes having a triangular cross-section.

25
8. The hollow flange section of claim 5 wherein the angle between the
base member and the adjoining lateral support member is in the range 20°
to 45°.

30 7. The hollow flange section of claim 5 wherein the angle between the

base member and the adjoining lateral support member is 30°,

AMENDED SHEET (Atticle 34) (IPEA/AUY



25 . 15.  The hol | ow flange section of claim 13 having a a BQWLW/OB?SG

. 1999
oo e cect! oo TN TNET I Lﬁcz'f';aéﬁrr;zz:lgz :Irﬁctugf‘é?r;ﬁﬁer
3 i

process of forming a hollow flange section c,larrpri Si ng t he steps of:
i ons to successively

assing a strip t roug r al of form sta
gef or mg o 'I[D he stri HhFoRBI:lJ fl%'éﬁ %%R;'iopyogﬂ@"'ﬁ awvhergin the, cexity ihas ?
hol I ow adj oi ni ng  rectangufirRRSY¥stsetlbHWith parallel opposed walls and an open mouth

opposite the cavity base.
5 9. The hollow flange section of claim 1 having a unitary structure.

10.  The hollow flange section of claim 1 having a non-unitary structure
wherein the base member and the cavity base are welded to form an integral
structure.

10
11.  The hollow flange section of claim 10 wherein the weld is selected
from the following : high frequency induction weld, metal inert gas weld,
tungsten inert gas weld, carbon dioxide shielded arc weld; atomic hydrogen
gas weld, spot weld; electron beam weld; and laser weld.

15
12.  The hollow flange section of claim 1 wherein the lateral support

members join the cavity walls at the top of the cavity walls.
13.  The hollow flange section of claim 1 wherein the hollow flange section
20 further comprises lugs extending beyond an intersection of the lateral

support members and the cavity walls,

14, The hollow flange section of claim 13 wherein the lugs terminate in

a bead.

25
16.  The hollow flange section of claim 13 havnng a plurality of apertures
formed in the lugs to facmtate fixing of a web to the hollow flange section for
formation of a composite structural member.

30

AMENDED SHEET (Atticie 34) (IPEA/AU)



5 " further ferningthedeformed strip so that a base of PCRAWSSIN0TI6

contacts . * a base;g g the adj oi ni ng suppor tRepavadp@duly AP
wel di ng t he base of thHIB mm!J.e Hﬂmm ase nenber to forman integral
structure that resists s or mati on of the cavity. 10 17. The
process of claim 16 wherein the stations ar? roll form ng stations.

18. The process claim16 further u the step of formng | ugs

ext endi ng beyond 1(%1 dﬁPEﬂ%ﬁﬁQ&%’BH&@H‘a&ﬂ e sectign compgisingthe Rﬁ@fss of

claimi18 furt her Moc pith o IQFallfaFHfrl'%H?rﬁp% atthnsf’d)&EédéEQﬁr elyUei&fn

| ugs. ange section”conpri sing
t he steps of: the strlp to providesa cgvity ahd |a3palnrcmgubsearttldu9 Hodlow adjoling i on
"to forma tube; 20 passi ng the tube through a plurality of
forming stations Y4pport volumes;
5 further forming the deformed strip so that a base of the cavity contacts

a base member connecting the adjoining support volumes; and
welding the base of the cavity to the base member to form an integral
structure that resists skew deformation of the cavity.

10 17.  Theprocess of claim 16 wherein the stations are roli forming stations.

18.  The process of claim 16 further including the step of forming lugs
extending beyond the adjoining support volumes.

15 19. The process of claim 18 further including the step of forming
apertures in the lugs.

20.  Aprocess of forming a hollow flange section comprising the steps of:
passing a strip through a tube forming station to form a tube;

20 passing the tube through a plurality of forming stations to
successively deform the tube to provide a cavity and a pair of substantially
hollow adjoining support volumes;

further forming the deformed tube so that a base of the cavity contacts
a base member connecting the adjoining support volumes; and

25 welding the base of the cavity to the base member to form an integral

structure that resists skew deformation of the cavity.

21.  The process of claim 20 further including the step of forming lugs
extending beyond the adjoining support volumes.

30 '
22, The process of claim 21 further including the step of forming

apertures in the lugs.

AMENDED SHEET (Atticle 34) (IPEA/AD)



successi V:ﬁy deform the tube—toprovide a cavity and a pair of  PCI/AU98/00756

substantially * hol | ow_ adi Qaminf@i support vol unes; Received 30 July 1999
furtherformng the del““ﬁiﬁﬁ%&&“at a base of the cavity contacts
a base nmenber connect L BT lsni ng suppgrt volunes; and 25

wel di ng the base of thé& cavity to the base nenber to forman integral

structure that r 'St%‘?ﬁ@ﬁ"?‘ﬁ%%‘g@&m éﬁ%‘%@%’@?}éﬁ’ﬁm 29 | ugs 21. The

process of claim?20 fur ] ng t _
ext endi ng beyond the é&aljleast two opppsed hollbwniange38éctions, sal®.holldweflgmgeess

of claim21 further including the step of formng apertures in the
| ugs. sections comprising a base member; gpair of opposed cavity walls and a
Received 30 Jul'y 989 pase defining*a cavity; two opposing lateral support members
5 extending from the base member to the cavity walls such that each lateral
support member forms an enclosed volume with an adjoining one of the
opposed cavity walls and an adjoining portion of the base member; wherein
the cavity base and the base member form an integral structure that resists
skew deformation of the cavity; and
10 an intermediate web;
wherein the hollow flange sections are joined to opposing ends of the
intermediate web such that distal ends of the web are seated in a respective

cavity of the hollow flange section.

AMENDED SHEET (Atrticle 34) (IPEA/AU)
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23. A conposite structural nenber conpri sing: at |east two Bt

hol I pw fl.ange sections, said hollow flange sections conprisis8 base
menber; a palr of %lpposed cavity walls and a cavity base def@g a cavity;
t wo opposi ng Ng@#rber to the

canty v ﬁxﬁ#ﬁ@%ﬁx“&%ﬂm A P IO ARGt U

of t he| GRinternaton Bxtent Glisallentiom’ ¥ he cavj ty @amnaﬁvdal?thecatbagenmnber WE B9/24451
integrpl E04CGATI309 B2AD §/B6i st s skepyAte rrat | on >
| - - SRk Byt one iaf i e

an i nternedi ate web; wherein_ it he ons —ar
' d f th di f p
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{54) Tifle: HOLLOW FLANGE SECTION
(57) Abstract

A hollow flange section (1) consist-
ing of an open cavity (4) defined by a
pair of opposed cavity walls (5) and a cav-
ity base (6), Two enclosed volumes are
formed adjacent the cavity by lateral sup-
port members (3) extending from a base
member (2) to intersect each cavity wall
(5). The cavity base (6) and the base rnem-
ber (2) form an integral structure that re-
sists skew deformation of the cavity. The
enclosed volumes provide structural sup-
port that gives the hollow flange section
greater strength, Also described is a com-
posite beam formed from a pair of hollow
flange sections with an intermediate web,
The composite beam has greater strength
with Jess mass than comparable prior art
beams.
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