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1 | NTERENGAGEABLE STRUCTURAL MEMBERS  The present invention
concerns a nethod for the manufacture of structural nenbers adapted for
tel escopi c edge to edge 1 :

INTERENGAGEABLE STRUCTURAL MEMBERS
This invention is concerned with novel
structural members and a process for manufacturing same.
Co-pending International <patent application
5 number PCT/AU89/00513 describes a method for formation of
structural members wherein a single strip of metal is
continuously roll-formed to provide a central web with a
hollow flange extending along each longitudinal edge.
Although the central web is usually planar it may be
10 contoured in a transverse direction. The hollow flanges
may be formed in any suitable cross sectional shape such
as circular, rectangular, triangular or the like and they
may be of the same or different sizes.
In a further co-pending Australian patent
15 application number PK2531 there is described a
substantial improvement in the method and structure of
the structural members disclosed in earlier co-pending
International  patent application number PCT/AU89/00313.
This further co-pending application describes the
20 formation of structural members comprising at least one
web having at least one hollow flange extending along af
longitudinal edge thereof. )
The improvement described in the further éo-—

pending application relates to the continuous fabrication

25 in roll forming machines o0f structural members formed .
from a multiplicity of separate metal strips. This

improved process enables the manufacture of étructurai'
members having a web (or webs) and a hollow flange (oxr
flanges) wherein the web and flange componehts_} ‘may be

30 comprised of differing metal thicknesses and ,grades

depending upon the requirement of the structurélfﬁemberﬁ

In addition, the improved process enables -st:hctural
members to be formed in a wide variety of configurationms.

' The present invention relates .to! new and

35 improved structural members and novel uses*therefor, the
new and improved structural members beingj.fabricated
generally in accordance with the processes of the

' ;k.
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engagenent with a |ike adjacent structural nmenber wherein said met hod

conprises the steps of: cold roll formng a structural nmenber having an
i nt ermedi ate web nmenber and opposed cl osed hol I ow side flanges extending
.al ong opposite sides of said web. Such & nethod is known from DE-C 651

727 (nearest state of the art) wherein each pile of a sheet piling
conpgises a v ioned | ¢y REREiRS @RBLICAELPPEN b@RCosGingl st hethe
nornmal plane dfigdkossheet andffor nesk-pendihgl | onvpaesher, wWagpaiikddions

hol I ow menber per/aus9,/00313 and PK2531 are incorporated herein by way
of cross reference.

5 Accordin§ to one aspect of the present
invention there is provided a structural member
comprising: -~

a first hollow flange and a second £lange
extending longitudinally of an intermediate web, said

10 first flange including a slotted aperture extending
longitudinally thereof in a direction parallel to a
longitudinal axis of said first flange.

The second flange may comprise a solid element
although preferably the second flange is hollow. If

15 required said first and second flange may be hollow and
both of said first and second flanges may include a
slotted aperture extending longitudinally thereof.

Suitably said first flange is adapted to
receivably locate within its interior a flange of an

20 adjacent structural member comprising at least one web
element and at least one flange element extending
longitudinally of an edge of said web element, said web
element extending through said slotted aperture when said
at least one flange element is receivably located within

25 the interior of said first flange.

Suitably, the second flange has a cross
sectional area less than the cross sectional area of the
interior of the first hollow flange.

The first and second hollow flanges may have

30 the same or different cross sectional shapes.

Preferably the cross sectional shapes of said
first and second flanges are similar or identical.

Most preferably first flange may be adapted in
use to receivably locate a second flange of an adjacent

35 substantially identical structural member.

The intermediate web membex may be

substantially planar or alternatively it may be contoured
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on one end being a mal e cl aw shaped nenber and wherein the other hollow
menber is a femal e cl aw shaped nenber. The external dianeter of the male
menber is snmaller than the internal dianmeter of the fenale nmenber so that
.a mal e nenber of one pile can be inserted into the femal e nenber of an

adjacent pile in order to connect the two piles. Both, the mal e nenber

and the fenmal tF2RBRBEFedYe &F i 2 itrngiteuinad sexdpr @f i 68id stopugbwnahg
| nt er nat i onalm¢mabent applicati on nunber PCT/ AU89/ 00313 (WO A-9001091)

descri bes a nethod for roation of structural . menbers wherein a single
strip of nmetal is conti'frtlgofs cil/"llxcﬁ%’- B laﬁdpr d iﬁsEer‘i‘ﬂ%al BGRPI% t h
a hol | ow f| anfkargeendhayy camprissackheongamedigrdedgmd thAlthaugh toe

central #eb igetal or differing grades and thickness of metal.

Suitably the slotting aperture may be in the
same plane as the intermediate web or in another plane
inclined thereto.

The slotted aperture may be of a width such as

10 to substantially restrain relative rotational motion
about a longitudinal axis between said first flange and a
flange receivably 1located therein or alternatively the
width of said slotted aperture may be such as to permit
at least 1limited rotational motion between said first

15 flange and a flange receivably located therein.

According to a second aspect of the invention
there is provided a composite structure comprising: -~

two' or more structural members having an
intermediate flange and a spaced parallel side flanges,

20 at least one of said side flanges comprising a hollow
flange having a slotted aperture extending longitudinally
thereof, said hollow flange receivably locating a side
flange of an adjacent structural member.

Suitably at least one of said structural

25 members includes a slotted hollow side flange adopted to
receive two or more side flanges of adjacent structural
members. '

The composite structure may comprise a
plurality of structural members each interconnecting with

30 an adjacent structural member to form a substantially
planar or non planar open composite structure.

Alternatively the composite structure may
comprise a plurality of structural members each
interconnecting with one or more adjacent structural

35 members to form a single closed composite structure or a
composite structure comprising open and closed portions.

The composite structure may comprise a rigid
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usually planar it may be contoured in a transverse direction. The holl ow
flanges nmay be fornmed in any suitable cross sectional shape such as
circular, rectangular, triangular or the |like and they may be of the sane
or different sizes. 4

structure wherein relative movement between adjacent

structural members is restrained by limiting relative

rotation between a hollow flange having a slotted

aperture and a f}ange of an adjacent structural member
5 receivably located therein.

Alternatively the <composite structure may
comprise a flexible structure wherein at least limited
rotational movement between adjacent structural members
is permitted.

10 According to yet another aspect of the
invention there is provided a method of manufacture for a
structural member comprising the steps of:-

fabricating a structural member having an

intermediate web and side flanges extending
15 longitudinally of said web, at least one of said side
flanges comprising a hollow aperture extending

longitudinally thereof, and;

forming a slotted aperture longitudinally of a
wall of said at least one side flange.

20 The structural member may be formed by any
suitably fabrication process but preferably is formed in
a roll forming operation from a single strip of metal or
from a plurality of strips of metal.

The slotted aperture may be formed by any

25 suitable process of metal removal. For example the metal
in the region of the slotted aperture may be removed by
abrasion with a grinding wheel or a strip of metal may be
removed by cutting wheels, shears or the like.
Alternatively a strip of metal may be removed by a gas

30 plasma metal cutting apparatus or a laser cutting
apparatus.

The slotted aperture may also be formed by a
roll forming process wherein the hollow flange is formed
form a strip of metal leaving the free edges of the strip

35 separated. Alternatively the slotted aperture may be
formed by a roll forming process wherein a hollow tubular
member is initially formed followed by an inward
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In a further co-pending Australian patent application nunber PK2531
(WO A-9205895) there is described a substantial inprovenent in the
met hod and structure of the structural nenbers disclosed in earlier
co- pendi ng I nternational patent applicatién nunber PCT/ AUB9/ 00313. Thi s

L bner oo Pedlah aprhicel | e OEsEt RepblEs CoAAOR o FGHAL Wflsca
extendi ng al dmpllow flange with a  slotted aperture extending
longitudinally thereof.

In order that the various aspects of the

5 invention may be more fully wunderstood, ©preferred
embodiments will now be described with reference to the
accompanying drawings in which Pig 1 shows schematically
the development of cross sectional shape in a roll formed
structural member formed from a single strip of metal.

10 Figs 2-4 show typical work station roller
profiles to develop the cross sectional shapes
illustrated in Fig 1.

Fig 5 shows échematically the welding of the
free edges of the hollow flanges of the section

15 illustrated in Figs 1-4.

Fig 6 shows schematically cross sections during
the roll forming of a hollow flanged structural member
fabricated from separate strips of metal.

Fig 7 shows schematically a roll forming

20 apparatus to produce the roll formed section of Fig 6.

Figs 8-15 show schematically typical profiling
stations in the roll forming apparatus of Fig 7.

Figs 16-18 show alternative forms of attachment
of hollow flanges to web sections.

25 Figs 19-23 illustrate a non-exhaustive array of
alternative cross sectional ©profiles of structural
members. ‘

Fig 24 shows schematically a composite beam
structure.

30 Fig 25 shows a cross sectional profile of a
structural member according to the present invention.

Fig 26 shows a further cross sectional profile
of a structural member according to the ©present
invention.

35 Fig 27 shows another cross sectional profile
accoxrding to the invention.

Fig 28 shows yet another cross sectional
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| ongi t udi nal

edge thereof. The i nprovenent described in the further

co-pending application relates to the continuous fabrication in rol
form ng machines of structural nenbers forned froma nultiplicity of
separate netal strips. This inproved prodess enabl es the manufacture of
structural nenbers_having a web (or webs) and a holl ow fl ange
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profile.

Figs 29 and 30 show enlarged cross sectional
views of interengaging hollow flanges.

Fig 31 shows a non-exhaustive array of
composite structurés according to the invention.

Figs 32 and 33 show schematically altermative
methods for forming hollow flanged structural members.

Fig 34 shows a composite structure according to
yet a further aspect of the invention.

Fig 35 shows schematically a further method for
forming a structural member with one or more slotted
hollow flanges.

Fig 1 shows schematically a typical development
of a cross sectional profile from a single strip of metal
according to the process described in co-pending
application number PCT/AU88/00313.

As shown in greater detail in Figs 2-4 a planar
strip of metal is progressively deformed to produce a
cross sectionally arcuate intermediate web 1 with hollow
flanges 2 having a generally circular cross-section
extending longitudinally of web 1. Although deforming
and shaping roller sets 3, 4 and 5 as shown co-operate to
produce hollow flanges 2 of identical cross-sectional
diameter, it will be clear to a skilled addressee that
with appropriate modification, roller sets 3,4 and 5 may
be adapted to produce hollow flanges 2 of differing cross
sectional diameters and/or shape. '

Fig 5 shows schematically the continuous
welding of the free edges of hollow flanges 2 to the
central web 1 to form a structural member having immense
structural integrity and fluid tight hollow flanges 2.

Welding of the free edges of flanges 2 is
suitably effected by a high frequency electrical
induction or resistance welding apparatus shown generally
at 7. After welding, the central web 2 may be reshaped
by further deforming or shaping rollers (not shown) to

produce a web 2 having a planar or profiled cross
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(or flanges) wherein the web and flange conponents nmay be conprised of
differing netal thicknesses and grades depending upon the requirenent of
the structural nenber. In addition, the ifgproved process enabl es

structural
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menbers to be formed in a wde‘variety or configurations.

sectional shape.

Fig 6 shows schematically the development of a
structural member from separate strips of metal according
to a process and apparatus described in co-pending
Australian patent épplication number PK2531.

At stage 1, metal strips representing web strip
10 and flange strips 11, 12 are fed into a tandem station
roll forming apparatus or alternatively flange strips 11,
12 are passed through separate roll forming mills while
web strip 10 passes therebetween.

Strips 11, 12 are progressively deformed to
produce hollow side flanges 13, 14 having elongate
slotted apertures 13a, 14a respectively as shown at stage

4. The hollow flanges 13, 14 are guided towards web
strip 10 until the free edges of web strip 10 are located
within slotted apertures 13a, 14a. The free edges of

flanges 13, 14 are then urged into contact with web strip
10 as shown at stage 5 by opposing.rollers in the region
of a welding station wherein the free edges of flanges
13, 14 are welded to web strip 10 to form an integral
structure.

Flanges 13, 14 may then be shaped to any
desired shape as illustrated at stages 6-8 by shaping
rollers located downstream of the welding station.

Fig 7 shows schematically an apparatus used to
produce the structural member of Fig 1.

In Fig 7 the apparatus comprises separate let-
off stations 30, 31, 32 each supporting separate coiled
rolls 33, 34, 35 of sheet steel, each of the same or
different thickness and width if required. Strips 36 and
38 issuing from rolls 33, 35 respectively are directed to
roll forming mills 39,40 to form hollow members 41, 42
respectively of predetermined shape and cross sectional
area. As illustrated at stage 4 in Fig 6, the respective
pairs of free edges are slightly separated to form
continuous slots which face a respective edge of central

strip or web 37.
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It is an oject of the present invention to provide a nethod for the
manuracture of structural nenbers adapted for telescopic edge to edge
engagement with a |ike adjacent structural, menber with which a wide
variety in configuration of structural meftbers can be formed in an

econoni ca
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and fast MLl the region of welding station 43 the free

edges of web 37 are guided by rollers 44 into the
respective slots in adjacent hollow members 41, 42 to a
respective distance equal +to the respective wall
thicknesses of meibers 41, 42. Nip rollers 45 compress
members 41,42 to urge their respective free edges into
contact with wupper and 1lower surfaces of web 37
immediately prior to welding by high frequency electrical
induction or resistance welding units 46. Rollers 47,
48, 49 and 50 initially support web 37 and subsequently
the integral structure 51.

The structure 51 is then severed into
predetermined lengths by a flying saw (not shown) or the
like.

Suitably roll forming mills 39, 40 are
laterally movable to accommodate differing widths of web
37.

Figs 8-15 show schematically typical rolling
stations which may be employed in rolling mills 39, 40 in
Fig 7 to produce the hollow flange members 13, 14 shown
at stage 4 in Fig 6.

A number of significant variations may be made
to the method and apparatus of the invention to achieve a
wide variety of structural members.

Fig 16 shows, for example, that the system of

'Fig 7 may be adapted such that in the process of welding

the lips 60 of a slotted tubular member to the opposing
surfaces of a web member 63, a free edge 61 of the web
member may be guided fully into either or both of the
tubular members 62 until it engages the inner wall of the
tubular member. If required the free edge of the web 63
may be additionally welded to the interior of the tubular
member 62 by high frequency induction welding to form a
hollow flange divided into separate fluid tight
compartments.

Fig 17 shows an alternative configquration

wherein lips 60 are welded to opposing faces of web 63
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adjacent its edges.

Fig 18 shows yet another configuration wherein
a free edge 64 of web 63 is welded to the outer surface
of a hollow flange 65 having a slotted aperture 66
extending longitudinally thereof diametrically opposite
the attachment point of web 63. Slotted aperture 66 is
formed by leaving the free edges 65a of flange 65
separated and maintaining the separation at a
predetermined spacing during the shaping process by
projections 67 on outer rolls 68.

In other variations the central web may include
bre or post formed apertures or it may include a
longitudinally or transversely extending profiled shape
in the form of deep or shallow channels, xribs or the
like. In the case of transversely extending contoured
profiles, the inwardly facing regions of opposed hollow
flanges include planar faces arranged perpendicularly to
the edges of the web to facilitate welding of the
components of the structural member.

Figs 19-23 and 24 show a non-exhaustive array
of flange shapes and composite structures according to
the invention disclosed in co-pending Australian
application number PK2531.

Fig 24 in particular shows a composite
structure formed in accordance with +the inventions
disclosed in both co-pending Australian applications
PCT/AU88/00313 and number PEK2531. In this structure the
lower portion comprising flanges 70, 71 and web 72 is

formed from a single strip of metal in accordance with

co-pending application PCT/AU88/00313 to which is

subsequently added web 73 and hollow flange 74 (formed
from separate strips of metal) in accordance with the
invention described in co-pending Australian application
number PK2531.

Reference to Figs 1-24 and the disclosures of
co-pending Patent applications PCT/AU88/00313 and number
PK25331 is for the purpose of a clearer understanding of
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This object is achieved by the present invention in that said hollow side
flanges are initially closed by welding the free edges thereof to

respective junctions between the internediate web and the hollow fl anges;
and thereafter a slotted aperture is fornEd by renoval of material froma

Side” 11 nges, 1) FTERBRtA RFRTLLRD FFerih ng"BoLAecht oBBACEA BRte ChaL

the disclosures of these co-pending applications are
incorporated herein by way of cross reference and the
configurations, shapes and fabrication processes of
5 structural members are applicable to adaptation in
accordance with the present invention.
Fig 25 shows a cross-sectional configuration of
a structural member 80 formed in accordance with the
present invention. The structural member 80 comprises a
10 web 81 having an arcuate stiffening rib 82 formed
therein. A hollow flange 83 has its free edge 84 welded
to web Bl to form a fluid impervious conduit.
A second holiow flange 85 is formed on the
opposite side of web 81 and the free edge 86 of flange 85

15 is also welded to web 81. A slotted aperture 87 is
formed in the wall of flange 85 in the same plane as web
21.

The outer diameter of flange 83 is slightly
smaller than the inner diameter of flange ‘85 whereby
20 adjacent structural members 80 may be interconnected to
form a composite structure by lengthwise slidingly
engaging small flange 83 of one structural member within
a large flange 85 of another structural member.
The structural member 80 may be formed from one
25 or more strips of metal as generally described above and
the slotted aperture is formed after the free edge 86 of
flange 85 is welded to web 81. The slotted aﬁerture is
formed continuously by a gas plasma or laser cutting
apparatus and the strip of metal removed is discarded as
30 scrap.
Fig 26 shows an alternative configquration of a
structural member 90 wherein web 91 is formed as a
channel-like section. Flange 92 is of a smaller diameter
than flange 93 whereby after slotting flange 93, flange
35 92 may be slidingly located therein.
Fig 27 shows a similar configuration to Fig 26
except that a much thicker strip of metal is employed to
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of said hollow side flange parallel to said internediate web or a slotted
a erture is formed by initially formng a hollow tubular flange which is
subsequent|ly deformed inwardly to form a double walled hollow flange wi th

.a slotted aperture extending between the ¥hds thereof. The structulr)iall
nmenber nay be rmed b swta I abricati process but preferably is
formed in a coj{] RTINS r%?%/ Xa{ member ' 8.

Fig 28 shows yet another embodiment of a
structural member 97 comprising a channel shaped web 95
and a pair of hollow flanges 96 of equal diameter having

5 large slotted apertures 98, 99, the purpose of which will
be described with reference to Figs 29 and 30.

Fig 29 is an enlarged cross sectional view of a
small flange 92 of the structural member 90 shown in Fig
27 engaged in a slotted aperture 100 of flange 93 of an

10 adjacent structural member 90. Slotted aperture 100 is
of a width greater than the thickness of web 91 to allow
it limited pivotal movement between flanges 92 and 93.

Fig 30 shows an enlarged cross sectional view

of the interengaging flanges 92 and 93 of Fig 29 engaged

15 within a slotted flange 96 of structural member 97 shown
in Fig 28. Relative pivotal movement between flanges 92,
93 and 96 is permitted to at least a limited degree.

Fig 31 illustrates composite structures
rermissable with the structural members illustrated

20 generally in Figs 27, 28 and 29.

Figs 3la, 31b and 31lc show cross sections of
hollow columnar structures which may be utilized as
structural columns, free standing poles or box beams.
These structures may be hollow or filled with reinforced

25 concrete (with or without pre-stressing steel reinforcing
bars) or other reinforcing material such as carbon,
synthetic or glass fibres in a resin matrix. If
required, the columnar structures may also include post-
stressed tendomns.

30 Fig 314 shows a composite structure comprising
interconnected structural members shown generally in Figs
26 and 27. This composite structure may be utilized in
an upright manner as a structural barrier such as a wall
for a building, marine piling, shuttering for earthworks

35 or the 1like.

In a horizontal configuration, the

interconnected structural members may form a reinforced
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process frcma single strip or material and the opposed free edges of the

strip are wel ded by high frequency electrical induction or resistance
wel ding to the surface of the strip at the junction between the hollow -
flange and the internediate web. The /%ot t ed aperture may be forned by

any suitable BLB%%%% OEor concrete slab floors, mine wall and roof
reinforcing barriers or even as horizontal walling on a
structural frame.

Fig 31le shows yet another structural
5 configuration coﬁﬁrising a combination of structural
members illustrated in Figs 26, 27 and 28 wherein the
structural members of Fig 28 form spaced columns or box
beams 101 to provide additional upright or transverse

reinforcing to a barrier-like structure.

10 A structural member 102 interconnected to a
junction 103 of adjacent interconnecting structural
membexrs 104 and arranged perpendicularly thereto may
form an alternative form of structural support oxr
reinforcing to a composite structure according to the

15 invention.

Fig 32 shows an altermative method of

fabricating structural elements according to the

invention.
The structural member 110 is fabricated by
20 continuously forge welding flange strips 111, 112 to a
web 113. Forge welding is a well known process for

fabricating I- and T- beams and is generally described in
US Patent No 3,713,205.
Downstream of the forge welding station is a

25 roll forming mill which deforms flange strips 111, 112
away from web 113 to form hollow flanges 114, 115.
Hollow flange 114 is formed as a closed integral member
by fusing together the free edges of flange strip 111 by
high frequency electrical induction or resistance

30 welding. Hollow flange 115 may be formed in a similar
manner by fusing together the free ends of flange strip
112 and then subsequently forming slotted aperture 116 by
removing a strip of metal by, say, a gas plasma or laser
metal cutting apparatus.

35 Alternatively, slotted aperture 116 may be
formed by roll forming flange strip 112 such that its
free edges are spaced to form aperture 116.
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netal renoval. For exanple the netal in the region of the slotted aperture
may be renoved by abrasion with a grinding wheel or a strip of metal may
be renoved by cutting wheels, shears or the like. Alternatively a strip"of
nmetal may be renoved by a gas plasma netdB cutting apparatus or a |aser
cuttin appar at us.

d PP Fig 33 shows a variation of the ©process

described in Fig 32.
In this variation flange strip 111 is deformed

towards web 113 and the free ends of flange strip 111 are

5 fused to the sides of web 113 to form a hollow flange 114
which is internally reinforced by the edge portion of web
113.

The free ends of flange strip 111 are fused to
web 113 by high frequency electrical induction or
10 resistance welding.
Fig 34 shows a composite structure comprising a
plurality of structural members 120 each comprising a web
121 with a closed hollow flange 122 extending along one
side of web 121 and a larger hollow flange 123 extending
15 along the opposite side of web 121.
Hollow flange 123 includes a slotted aperture
124 extending longitudinally thereof and parallel to the
plane of web 121. The internal diameter of flange 123 is
chosen to accommodate an opposite smaller hollow flange
20 of an adjacent structural member.
The composite structure so formed provides a
sheet-like structure reinforced by hollow flanges 122 and
123. The width of slotted aperture 124 may be chosen to
permit a relatively rigid composite structure or at least
25 limited co-axial relative rotation between engaging
flanges 123, 124 to permit an arcuate or contoured
structure rather than the planar structure illuétrated.
Such a composite structure may be employed as a
structural support/lining for tunnels, = bridge
30 construction etc. In thin gauge metal, such a structure
may be employed as roofing or wall cladding. In heavier
gauges, the structure may be employed as piling or
shuttering in earthworks.
In Fig 35 a structural member 130 having a
35 hollow flange 131 may be formed from a single metal strip
by a process described in co-pending application no
PCT/AU90/00313 or from a plurality of metal strips by a
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The slotted aperture may also be fornmed by a roll formng process wherein
the hollow flange is formed forma strip of

“

14

process described in co-pending patent application number
PK2531.

The hollow flange 131 is then deformed in a

continuous roll forming operation to flatten the flange
5 to form a double walled planar flange 132 extending
longitudinally of an edge of web 133.

Planar flange 132 is subsequently deformed by
roll forming to produce a generally hollow double walled
flange 134 with a longitudinal slot 135 extending

10 therealong. While hollow slotted flange 133 is shown as
generally circular in cross section it should be
appreciated that the c;coss—sectional shape may be xroll
formed to any suitable cross section.

This variation of the process according to the

15 invention may be employed to provide a reinforced hollow
flange where the use of a thicker flange strip may not be
possible or otherwise where the use of a thin flange
strip is advisable for economic or process efficiency
reasons.

20 It will be readily apparent to a skilled
addressee that many modifications or variations may be
made in the products and processes according to the
invention without departing from the spirit and scope
thereof.

25
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nmetal {1eaving the free edges of the strip separat ed. Alternatively the
slotted aperture may be fornmed by a roll form ng process erein a holl ow

tubul ar nenber is initially formed followed by an inward é‘fﬂ"mﬁi‘m‘iﬁﬁii’ced

‘the tubular nmenber to forma double wallé@ hollow flange wi
a first bhollow flange and a second flange each

aperture extending |ongitudinally thereof. |
P , CLAIMg g y

1, A structural member comprising:-

extending longitudinally of an intermediate web, said
first £flange dincluding a slotted aperture extending
longitudinally of said first flange 1in a direction
parallel to a longitudinal axis of said first flange.
2. A structural member is claimed in claim 1
wherein said second flange is hollow.
3. A structural member as claimed in claim 2
wherein said second flange includes a slotted aperture
extending longitudinally thexeof.
4. A structural ﬁember as claimed in any preceding
claim wherein said first flange is adapted to receivably
locate within its interior a flange of an adjacent
structural member comprising at least one web element and
at least one flange element extending longitudinally of
an edge of said web element, said web element extending
through said slotted aperture when said at 1least one
flange element is receivably located within the interior
of said first flange.
5. A structural member as claimed in claim 4
wherein said slotted aperture is of a width such as to
substantially restrain relative rotational motion about
the respective longitudinal axes of said first flange and
a flange receivably located therein. .
6. A structural member as claimed in c¢laim 4
wherein said slotted aperture is of a width such as to
permit at least limited relative rotational motion about
the respective longitudinal axes of said first flange and
a flange receivably located therein.
7. A composite structure comprising:-

at least one structural member according to any
preceding claim; and,

a further structural menmber having an
intermediate web and spaced ©parallel side flanges

extending longitudinally of said intermediate web, said

A



According to a second aspect of the invention there is Phigshed €@ Bedn Répladed

roll formed steel structural menber adapted for tel esco

engagenent with a |ike adjacent structural nember whene l J E‘o

.accordance with a nethod of the present jgvention, said er

conprising: an intermediate web wth hollow side flanges extending al ong
further structural member being interconnected to said at

least one structural member by a side £flange located
within the hollow interior of said first flange.
8. A composite structure as claimed in claim 7
wherein at least one of said at least one structural
member and said further structural member includes a
slotted hollow side flange adapted to receive two or more
rested side flanges of adjacent structural members.
9. A composite structure as claimed in e¢laim 7 or
8 wherein a plurality of structural members are
interconnected to form a substantially planar or non-
planar open composite structure.
10. A composite structure according to claim 7 or
claim 8 wherein a plurality of structural members are
interconnected to form a single hollow closed composite
structure.
11. A composite structure according to claim 7 or
claim 8 wherein a plurality of structural members are
interconnected to form a composite structure comprising
open and closed portions.
12. A method for manufacturing structural members
according to any one of claims 1 to 6, said method
comprising the steps of:-

fabricating a structural member having an
intermediate web and side flanges extending
longitudinally of said web, at least one of said side
flanges comprising a hollow member with a hollow aperture
extending longitudinally thereof; and,

forming a slotted aperture longitudinally of a
wall of said hollow member.
13. A method according to claim 12 wherein said
structural member is fabricated from one or more strips
of metal in a continuous cold roll forming operation.
14. A method according to claim 13 wherein said
slotted aperture is formed removal of metal from said
wall of said hollow member.

15. A method according to claim 13 wherein said
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opposed sides of said web, at |east one of said hollow side flanges

I ncluding a slotted aperture extendi ng between opposed ends thereof
substantially parallel to said internediate web; said structural nenber:
characterised in that said slotted apertg e is spaced fromthe junction of

r
the web and said at |east one hollow sid 7flanges havi ng said slotted

aperture ther§iRded fYdReflangs ¥BkheROFLANS SN 88 He¥R10PRASELhg

the free edges of the strip separated.

16. A method according to claim 13 wherein the
slotted aperture is formed by initially forming a hollow
tubular member which hollow tubular member is
subsequently deformed by an inward deformation to form a
double walled hollow flange with a slotted aperture
extending longitudinally thereof.
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faces of said internediate web, said flange wall portions having spaced
respective free edges defining the boundaries of said slotted aperture.
The second flange may conprise a solid elenent although preferably the -

second flange is hollow. If required gakgphieisst and second flange may be
hol  ow and both of said first and

Structural membsers having an intermediate web and hollow
tubulaxr side flanges extending longitudinally of the web
are formed in a cold rolling operation such that one of
the tubulax side flanges has an outside diameter smaller
than the inside diameter of the opposite tubular side
flange. The larger diameter side flange has a
longitudinally slotted aperxrture to permit a composite
structure to be formed by nesting the smallex diameter
flange in the larger diameter £lange of an adjacent
structural member. The composite structure bhaving a
plurality of interconnected structural members may be
assembled as a closed or open structure.
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5 second flanges may include a slotted aperture extending
| ongi tudinally thereof.
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Suitably said first flange is adapted to receivably |ocate wthinits
interior a flange of an adjacent structural nenber conprising at |east
one web el enment and at | east one flan el enent extending longitudinally
of an edge of said vveb el ement, %/L@b el ement extendi ng through said
slotted aperturg.w sai d aN I east one flange elenment is receivably

| ocated within the |\t~ I or of id first flange.
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Sui tably, the second flange has a cross sectional area |ess t han t he

cross sectional area of the interior of the first hol | ow f | ange. The
first and second hol |l ow fl anges may h?g 5he same or different cross -
sectional shapes. ?7

QN 12
\ 10 J
‘ O——0O
Stage 1 Stage 5
f
\
Stage 2 Stage 6
Stage 3 Stage7
13i 14
\130 1l+c1/© Db @
Stage & Stage 8

Fig.6.
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Preferably the cross sectional shapes of said first and second fl anges

are simlar or identical. Most preferably first flange nmay be adapted
in use to receivably | ocate a secopﬂééiange of an adj acent substantiatly
i dentical structural nenber. The medi ate web nenber may be

substantially planar or

Fig.7

50
g
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axi s of

| ongi t udi nal
web and the first and second

t he

5/15

required,

fl anges nmay conprise the sane

|

menber .

alternatively it may be contoured transversely of a

said struccura
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5a grade and thickness of netal or differing grades and thickness of
net al . Suitably the slotting aperture may be in the sanme plane as the
i ntermedi ate web or in another plane |é|f/5| ned thereto. The

Fig.12.
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slotted aperture may be of a width such as to substantially restrain

rel ative rotational notion about a |ongitudinal axis between said first
flange and a flange receivably | ocated therein or alternatively the width
of said slotted aperture nmay be suc7ﬁ§ to permt at least |imted
rotational notion between said first/ffange and a fl ange receivably

| ocat ed t herein.
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The conposite structure may conprise a plurality of structural menber s
each interconnecting with an adjacent structural nenber to forma
substantially planar or non pl anar open conposi te structure.
Alternatively the conposite structur ﬁ%§ conprise a plurality of
structural nenbers each interconnecting wwth one or nore  adjacent
structural nenbers to forma single closed conposite

b—(3 b 5

(a) Flg 79 (b)

I

(a) Flg 20 (b)

O0—0 e—=6

@ Figz1.  ®

XTI
X \

©  Fig22  ®

3
1
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N
(A
(a) . (b)

Fig.23
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structure or a conposite structure conprising open and cl osed portions.
The conposite structure may conprise a rigid structure wherein relative
novenent between adjacent structural nbers is restrained by limting-
relative rotation between a hol |l ow q ki@e having a slotted aperture and a
fl ange of an adj acent
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structural nenber receivably | ocated therein.
5b Alternatively the conposite structure nay conprise a flexible

10/15

Fig.29

Fig.30.
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structure wherein at least limted rotational novenent between adj acent
structural nenbers i6 permtted. In order that the various aspects of
the invention may be nore fully underztiggjd, preferred enbodi nents wll"®
.now be described wth reference to th conpanyi ng draw ngs in which
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Fig 1 shows schematically the devel opnment of cross

sectional shape in a roll fornmed structural nenber f or med
froma single strip of netal. Fi gs 3- show typi cal work station
roller profiles to deve Z j he cross sectional shapes

illustrated in Fig 1. Fig 5 shows schematically the
wel ding of the free edges
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Fig.32 -
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of the hollow fl anges of the section illustrated in
shows schematically cross sections during the rol

form ng of a hollow flanged structur nber
separate strips of netal. 75/2ﬁ

Fig 6

apparatus to

Fig.33.

Fig 7
produce the rol

Figs 1-4.

fabricated from
ows schematically a rol

form ng

formed section of Fig 6.

111

H.—~~

—— 113

114

 w— ,Y " X v — |

110

X -~ X C

T ~—113

- 115

116

This Sheet Has Been Repl

i



FH gs 8-15 show schematically typica
the roll formng apparatus of Fig 7.
attachnent of holl ow fl
illustrate a non-exhaustive array of
sectional profiles of structural

a conposite beam structure.

.

120

1

nmenbers.

profiling stations in

Figs 16-18 show alternative forns of
to web sections. Figs 19-23
rnative Cross
Fig 24 shows schematically
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5c  Fig 25 shows a cross sectional profile of a structural
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menber accg/

cross sectional profile o

present

PN O el T

ding to the prgsg g,,pventlon Fig 26 ,~ shows a further

| nventmn. Fig 27 shows anet her cross secf;l onal

profile acccrding to the invention. Fig 28 shows vet

anot her
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INTERENGAGEABLE STRUCTURAL MEMBERS i

This invention is concerned -with novel
structural members and a process for manufacturing same.

Co-pendipg International patent application
number PCT/AU89/00313 describes a method for formation of
structural members wherein a single strip of metal is
continuously roll-formed to provide a central web with a
hollow flange extending along each longitudinal edge.
Although the central web is usually planar it may be
contoured in a transverse direction. The hollow flanges
may be formed in any suitable cross sectional shape such
as circular, rectangular, triangular or the like and they
may be of the same or different sizes.

In a further co-pending Australian patent
application number PR2531 there is described a
substantial improvement in the method and structure of
the structural members disclosed in earlier co-pending
International  patent application npumber PCT/AU89/00313.
This further co-pending application describes the
formation of structural members comprising at least omne
web having at least one hollow flange extending along a
longitudinal edge thereof.

The improvement described in the further co-
pending application relates to the continuous fabrication
in roll forming machines o0f structural members formed
from a multiplicity of separate metal strips. This
improved process enables the manufacture of structural
members having a web ﬁor webs) and a hollow flange (or
flanges) wherein the web and flange components may be
comprised of differing metal thicknesses and grades
depending upon the requirement of the structural member.
In addition, the improved process enables structural
members to be formed in a wide variety of configqurations.

The ©present invention relates to new and
improved structural members and novel uses therefor, the
new and improved structural members being fabricated

generally in accordance with the ©processes of the

Sheet Has Been Replaced Tiiz i# {he replacement sheet
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profile. Figs 29 and 30 show enlarged cross sectional
views of interengagi ng hollow flanges. This Sheet Has Been Replaced

B

abovementioned co-pending applications. Accordingly, the

2

disclosures of co-pending patent ‘applications
PCT/AU89/00313 and PK2531 are incorporated herein by way
of cross reference.

5 Accordiné to one aspect of the ©present
invention  there is provided a structural member
comprising:-~

a first hollow flange and a second flange
extending longitudinally of an intermediate web, said

10 first flange dincluding a slotted aperture extending
longitudinally thereof in a direction parallel to a
longitudinal axis of said first flange.

The second flange may comprise a solid element
although preferably the second flange is hollow. If

15 required said first and second flange may be hollow and
both of said first and second flanges may include a
slotted aperture extending longitudinally thereof.

Suitably said first flange is adapted +to
receivably locate within its interior a flange of an

20 adjacent structural member comprising at least one web
element and at least one flange element extending
longitudinally of an edge of said web element, said web
element extending through said slotted aperture when said
at least one flange element is receivably located within

25 the interior of said first flange.

Suitably, the second <flange has a cross
sectional area less than the cross sectional area of the
interior of the first hollow flange.

The first and second hollow flanges may have

30 the same or different cross sectional shapes.

Preferably the cross sectional shapes of said
first and second flanges are similar or identical.

Most preferably first flange may be adapted in
use to receivably locate a second flange of an adjacent

35 substantially identical structural member.

The intermediate web memberxr may be

substantially planar or altermatively it may be contoured
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according t Figs 32 and 33 show
schemat i cal met hods for form ng holl ow fl anged

Fig 31 sho eaﬁ%s gg@g stive array of 5 conposite structures
e

structural Fig 34 shows a conposite structure
according to yet a further aspect the invention. 10
Fig 35 shows schematically a further nethod for formng a

structural EQ%RrefMetﬂ} 8F€ a OELoHPEEudﬂzQit %Qus of helidWsichdRq8Sal
Fig 1 shows schematicall'y a vertica

profile fron?ﬁméﬁﬁgle strip of netal 15 according to the process
described in  co-pend nfequiredaPrhecCaidioramiimeae FIHAUBLAA0ZLETond

As show in ..g;.rl.g%tg%rs d%ta?ri lcc':zr:} ! gs Ztl'f' a pI anarrade and thickness of
5 metal or differing grades and thickness of metal.
Suitably the slotting aperture may be in the
same plane as the intermediate web or in another plane
inclined thereto.
The slotted aperture may be of a width such as
10 to substantially restrain relative rotational motion
about a longitudinal axis between said first flange and a
flange receivably located therein or alternatively the
width of said slotted aperture may be such as to permit
at least limited rotational motion between said first
15 flange and a flange receivably located therein.
According to a second aspect of the invention
there is provided a composite structure comprising:-
two® or more structural members having an
intermediate flange and a spaced parallel side £flanges,
20 at least one of said side flanges comprising a hollow
flange having a slotted aperture extending longitudinally
thereof, said hollow flange xreceivably locating a side
flange of an adjacent structural member.
Suitably at least one of said structural
25 membexs includes a slotted hollow side flange adopted to
receive two or more side flanges of adjacent structural
members. .
The composite structure may comprise a
plurality of structural members each interconnecting with
30 an adjacent structural member to form a substantially
planar or non planar open composite structure.
Alternatively the composite structure may
comprise a plurality of structural members each
interconnecting with one or more adjacent structural
35 members to form a single closed composite structure or a
composite structure comprising open and closed portions.

The composite structure may comprise a xrigid

devel opnent of a cross sectional
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strip of metal is progressively deformed to produce Cross

sectionally arcuate internediate web 1 with holl ow 20 Thlsfﬂh&m weerQR

a generally circular cross-section ext endi ng

web 1. Al t hough deform ng and shapi ng roI I er

shown co-operate to produce hollow ,fl ange

cross-secti onal dianeter, it wll be clear to a Skl | ed addressee
that 25 Wﬂ%ﬂﬁﬂﬂﬂﬂ%&'a&ﬁeﬂ@ﬂhf'E@iheﬂverohkeém@%es 5%tﬁ£éﬂ“j§§i$g

be adapted to produce hoI w_fl anges 2 erin onal
di aneters andFf g members “is repfgainefoyRY stieleingadelative

conti nous ro\malthd’tg. obetweenfree mdges offhwokdew hﬁbiﬁgesa 2 1St e ?0
o) oy kbR e e L e S T b L
receivably located therein.

Alternatively the composite structure may
comprise a flexible structure wherein at least limited
rotational movement between adjacent structural members
is permitted.

10 Accoxding to yet another aspect of the
invention there is provided a method of manufacture for a
structural member comprising the steps of:-

fabricating a structural member having an

intermediate web and side flanges extending
15 longitudinally of said web, at least one of said side
flanges comprising a hollow aperture extending

longitudinally thereof, and;

forming a slotted aperture longitudinally of =a
wall of said at least one side flange.

20 The structural member may be formed by any
suitably fabrication process but preferably is formed in
a roll forming operation from a single strip of metal or
from a plurality of strips of metal.

The slotted aperture may be formed by any

25 suitable process of metal removal. For example the metal
in the region of the slotted aperture may be removed by
abrasion with a grinding wheel or a strip of metal may be
removed by cutting wheels, shears or the like.
Alternatively a strip of metal may be removed by a gas

30 plasma metal cutting apparatus or a laser cutting
apparatus.

The slotted aperture may also be formed by a
roll forming process wherein the hollow flange is formed
form a strip of metal leaving the free edges of the strip

35 separated. Alternatively the slotted aperture may be
formed by a roll forming process wherein a hollow tubular
member is initially formed followed by an inward

This is ths replacement sheet
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Welding of the free edges of flanges 2 S suitably effected

by a high frequency el ectrical I nduction or resistance wel ding
apparatus shown generally 35 at 7. After welding, the central web 2 may
be reshaped by further deformng or shaping rollers (not shown)

to produce a web 2 having a Q;anar or profiled cross

deformation of the tubular member to form a double walled
hollow flange with a slotted aperturé extending
longitudinally thereof.

In order that the <various aspects of the

5 invention may be more fully understood, preferred
embodiments will now be described with reference to the
accompanying drawings in which Fig 1 shows schematically
the development of cross sectional shape in a roll formed
structural member formed from a single strip of metal.

10 Figs 2-4 show typical work station xroller
profiles to develop the Cross sectional shapes
illustrated in Fig 1.

Fig 5 shows échematically the welding of the
free edges of the hollow flanges of the section

15 illustrated in Figs 1-4.

Fig 6 shows schematically cross sections during
the roll forming of a hollow flanged structural member
fabricated from separate strips of metal.

Fig 7 shows schematically a xoll forming

20 apparatus to produce the roll formed section of Fig 6.

Figs 8-15 show schematically typical profiling
stations in the roll forming apparatus of Fig 7.

Figs 16~18 show alternative forms of attachment
of hollow flanges to web sections.

25 Figs 19-23 illustrate a non-exhaustive array of
alternative CXoss sectional profiles of structural
members. .

Fig 24 shows schematically a composite beam
structure.

30 Fig 25 shows a cross sectional profile of a
structural member according to the present invention.

Fig 26 shows a further cross sectional profile
of a structural member according to the present
invention.

35 Fig 27 shows another cross sectional profile
according to the invention.

Fig 28 shows yet another cross sectional
This Sheet Has Been Replaced Thiz i
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7 - sectional shape. Fig 6 shows schematically the
devel opnent of a structural nenber from separate strips of netal

5- At stage 1, netal strips representing welh t(hias Been Replaged
and flange strips 11, 12 are fed into a tanden station
apparatus or alternatively flange strips 11, 12 are palmﬁ&m“ﬁwjﬁf
separate roll formng mlls while
profile.
Figs 29 and 30 show enlarxged croﬁs sectional
views of interengaging hollow flanges.
Fig 31 shows a non-exhaustive array of
5 composite structurés according to the invention.
Figs 32 and 33 show schematically alternative
methods for forming hollow flanged structural members.
Fig 34 shows a composite structure according to
yvet a further aspect of the invention.

10 Fig 35 shows schematically a further method for
forming a structural member with one or more slotted
hollow flanges.

Fig 1 shows schematically a typical development
of a cross sectional profile from a single strip of metal

15 according to the ©process described in co-pending
application number PCT/AU88/00313.

As shown in greater detail in Figs 2-4 a planar
strip of metal 4is progressively deformed to produce a
cross sectionally arcuate intermediate web 1 with hollow

20 flanges 2 having a generally circular cross-section
extending longitudinally of web 1. Although deforming
and shaping roller sets 3, 4 and 5 as shown co-operate to
produce hollow flanges 2 of identical cross-sectional
diameter, it will be clear to a skilled addressee that

25 with appropriate modification, roller sets 3,4 and 5 may
be adapted to produce hollow flanges 2 of differing cross
sectional diameters and/or shape. '

Fig 5 shows schematically the continuous
welding of the free edges of hollow flanges 2 to the

30 central web 1 to form a structural member having immense
structural integrity and fluid tight hollow flanges 2.

Welding of the free edges of flanges 2 is
suitably effected by a high frequency electrical
induction or resistance welding apparatus shown generxally

35 at 7. After welding, the central web 2 may be reshaped
by further deforming or shaping rollers (not shown) to
produce a web 2 having a planar or profiled cross
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10 web strlprh pgﬁg l{}ﬁg&petv\een Strips 11, 12 are

progressively produce hollow side flanges 13, 14
havi ng eIongat d apertures 13a, 14a respectively as shown at
st age anges 13, 14 are guided towards web 15
strip 10 unt|I the free edges of web strip 10 are | ocated W t hin
slotted apertures 13a, 1l4a. The free edges of flanges 13, 14 are
t hen urged igb@ﬁyaﬂémxswg§$ web strip 10 as shown at stage 5 by
opposing rollers in th egjon 1.n tati,on ereint efree
edges of flanges 20 % 6 1%BQVE \ﬁé’l%fé’}f%a\%&ggsﬁ?pd Yﬁ\ﬁ?’gmﬁgﬁzm

i nt egr al stnﬂmﬁnﬂ&h&member from separafbaryedpsl®f mbtalrngcondﬁng be

gﬂggiegg 10 %Y a professeUandNABBpaticul! | HSLLRUGRA! £ 2085-pladhidy
5 Australian patent application number PK2531.
At stage 1, metal strips representing web strip
10 and flange strips 11, 12 are fed into a tandem station
roll forming apparatus or alternatively flange strips 11,
12 are passed through separate roll forming mills while
10 web strip 10 passes therebetween.

Strips 11, 12 are progressively deformed to
produce hollow side flanges 13, 14 having elongate
slotted apertures 13a, 1l4a respectively as shown at stage
4. The hollow flanges 13, 14 are guided towards web

15 strip 10 until the free edges of web strip 10 are located
within slotted apertures 13a, 1l4a. The free edges of
flanges 13, 14 are then urged into contact with web strip
10 as shown at stage 5 by opposing-rollers in the region
of a welding station wherein the £free edges of flanges

20 13, 14 are welded to web strip 10 to form an integral
structure.

Flanges 13, 14 may then be shaped to any
desired shape as illustrated at stages 6-8 by shaping
rollers located downstream of the welding station.

25 Fig 7 shows schematically an apparatus used to
produce the structural member of Fig 1.

In Fig 7 the apparatus comprises separate let-
off stations 30, 31, 32 each supporting separate coiled
rolls 33, 34, 35 of sheet steel, each of the same or

30 different thickness and width if required. Strips 36 and
38 issuing from rolls 33, 35 respectively are directed to
roll forming mills 39,40 to form hollow members 41, 42
respectively of predetermined shape and cross sectional
area. As illustrated at stage 4 in Fig 6, the respective

35 pairs of free edges are slightly separated to form
continuous slots which face a respective edge of central

strip or web 37.
This is ths replacement sheet
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rollers | ocated downstream of the welding station. 25 ' Fig 7

shows schematically an apparatus used to produce the structural
menber of Fig 1. In Fig 7 the apparatus conprises separate
| et - off stations 30, 31, 32 each supporting separate coiled
rolls 33, 34, 35 of sheet steel, each ofgthe same or 30 different
t hi ckness and width if required. Strips 36 and 33 issuing fromrolls

33, 35 respecti vel y areml;l regs edelylon of rekldaiber néegtibhl 543'391:14@ tfrefeOr m
hol | ow nmenber ectively of predeterm ned e ross
Zﬁbte%t [

es
sect i onal 3%1? °£s VFPUS?% atgEY ¥niuee th4e
pairs of fr:eespedg&s'e as¥otssl| ighaﬁjacea}narhmacbwtmembemm 41, 4zonbi rauous

slots which Tace,a-k§9RECtAYELEHOE Ole i "ako  theSt r:i:é)sféct\f\fpe 37 wa11
5 thicknesses of members 41, 42. Nip rollers 45 compress
members 41,42 to urge thelr respective free edges into
contact with upper and lower surfaces of web 37
immediately prior to welding by high frequency electrical
induction or resistance welding units 46. Rollers 47,
10 48, 49 and 50 initially support web 37 and subsequently

the integral structure 51.
The structure 51 is then severed into
f predetermined lengths by a £flying saw (not shown) or the

like.

15 Suitably roll forming mills 39, 40 are
laterally movable to accommodate differing widths of web
37.

Figs 8-15 show schematically typical rolling
stations which may be employed in rolling mills 39, 40 in

20 Fig 7 to produce the hollow flange members 13, 14 shown
at stage 4 in Fig 6.

A number of significant wvariations may be made
to the method and apparatus of the invention to achieve a
wide variety of structural members.

25 Fig 16 shows, for example, that the system of
"Fig 7 may be adapted such that in the process of welding
the lips 60 of a slotted tubular member to the opposing
surfaces of a web member 63, a free edge 61 of the web
member may be guided fully in.to either or both of the

30 tubular members 62 until it engages the inner wall of the
tubular member. If required the free edge of the web 63
may be additionally welded to the intexior of the tubular
member 62 by high frequency induction welding to form a
hollow flange divided into separate fluid tight

35 compartments.

Fig 17 shows an alternative configuration

wherein lips 60 are welded to opposing faces of web 63

THiE 3 e TeLacsmant sheet
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I'n the region of welding station 43 the free edges of web 37 are
guided by rollers 44 into the respect hﬁcﬂTijlaced

ive slots in adftescsbedt H
erers e e LT

Fig 18 shows yet another configuration wherein

adjacent its edges.

a free edge 64 of web 63 is welded to the outer surface
of a hollow flange 65 bhaving a slotted aperture 66

5 extending longitudinally thereof diametrically opposite
the attachment point of web 63. Slotted aperture 66 is
formed by leaving the free edges 65a of flange 65
separated and maintaining the separation at a
predetermined spacing during the shaping process by

10 projections 67 on outer xolls 68.

In other wvariations the central web may include
pre or post formed apertures or i1t may include a
longitudinally or transversely extending profiled shape
in the form of deep or shallow channels, xribs or the

15 like. In the case of transversely extending contoured
profiles, the inwardly facing regions of opposed hollow
flanges include planar faces arranged perpendicularly to
the edges of the web to facilitate welding of the
components of the structural member.

20 Figs 19-23 and 24 show a non-exhaustive array
of flange shapes and composite structures according to
the invention disclosed in co-pending Australian
application numbexr PRK2531.

Fig 24 in particular shows a composite

25 structure formed in accordance with the inventions
disclosed in both co-pending Australian applications
PCT/AU88/00313 and number PK2531. In this structure the
lower portion comprising flanges 70, 71 and web 72 is
formed from a single strip of metal in accordance with

30 co-pending application PCT/AU88/00313 to which is
subsequently added web 73 and hollow flange 74 (formed
from separate strips of metal) in accordance with the
invention described in co-pending Australian application
number PK2531.

35 Reference to Figs 1-24 and the disclosures of
co-pending Patent applications PCT/AUB8/00313 and number
PK2531 is for the purpose of a clearer understanding of
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respective distance equal to the respective wallyigsheet HiN BekiRPRER Of

menbers 41, 42. N p rollers 45 conpress nmenbers 4 e|r
respective free edges into contact with upper and i&“mﬂmﬂgﬁﬁ

web 37 i mmedi ately prior to welding by high freque

i nduction or resistance welding units 46,, Rollers 47, 10 48, 49 and 50
initially support web 37 and subsequently the integral structure 51.
The structuk@e Sdreként UfiffentBVensd id n§190uld B eGRaeEELsd hangt hs
by a flying saM/(not shown) or the I'i ke Suitably rol

forming miltde g¢sclpsurgse of qhétséralcl"ypﬁﬁ’@éﬁ’lge PEPRIICHFIRRR e EXe
differing w dotorfforsied herdin by way of cross reference and the

configurations, shapes and fabrication processes of
5 structural members are applicable to adaptation in
accordance with the present invention.
Fig 25 shows a cross-sectional configuration of
a structural member 80 formed in accordance with the
present invention. The structural member 80 comprises a
10 web 81 having an arcuate stiffening rib 82 formed
therein. A hollow flange 83 has its free edge 84 welded
to web 81 to form a fluid impervious conduit.
A second hollow flange 85 is £formed on the
opposite side of web 81 and the free edge 86 of flarge 85

15 is also welded to web 81. A slotted aperture 87 is
formed in the wall of flange 85 in the same plane as web
21,

The outer diameter of flange 83 is slightly
smaller than the inner diameter of £flange '85 whereby
20 adjacent structural members 80 may be interconnected to
form a composite structure by lengthwise slidingly
engaging small flange 83 of one structural member within
a large flange 85 of another structural member.
The structural member 80 may be formed from one
25 or more strips of metal as generally described above and
the slotted aperture is formed after the free edge 86 of
flange 85 is welded to web 8l. The slotted aﬁerture is
formed continuously by a gas plasma or laser cutting
apparatus and the strip of metal removed is discarded as
30 scrap.
Fig 26 shows an altermative configuration of a
structural member 90 wherein web 91 is formed as a
channel-like section. Flange 92 is of a smaller diametex
than flange 93 whereby after slotting flange 93, flange
35 92 may be slidingly located therein.
Fig 27 shows a similar configuration to Fig 26

except that a much thicker strip of metal is employed to

This is the replacement sheet

2 4 MAR 1997

Daje:



Figs 8-15 show schematically typical rolling stations which may be
enployed in rolling mlls 39, 40 in 20 Fig 7 to produce the holl ow fl ange

menbers 13, 14 shown at stage 4 in Fig 6. A nunber of
significant variations nay be nade to the nmethod and apparatus of the
invention to achieve a wi de variety ofy structural menbers. 25

Fig 16 shows, for exanple, that the system of Fig 7 may be adapted

such that in thedgiaoesstwd yekdéferal meﬁﬂ@EIg@§ 60 of a s}otteddtgbgaagf
the web — nonber may T8 gutBeqthalPy FRko BRORGETor SMAMICHhe 60 o
t ubul ar nenbes&n&btnual mémbaga@&;¢$mpiimmmgwchhﬁnﬁ@B shapefiUkidargs
menmber. | f r%%ﬁiEﬁqpébﬁ B%e%a%¥¥%‘¥1éﬂgééwﬁk6§f egqual diameter having
5 large slotted apertures 98, 99, the purpose of which will
be described with reference to Figs 29 and 30.

Fig 29 is an enlarged cross sectional view of a
small flange 92 of the structural member 90 shown in Fig
27 engaged in a slotted aperture 100 of flange 93 of an

10 adjacent structural member 90. Slotted aperture 100 is
of a width greater than the thickness of web 91 to allow
it limited pivotal movement between flanges 92 and 93.

Fig 30 shows'an enlarged cross sectional view

of the interengaging flanges 92 and 93 of Fig 29 engaged

15 within a slotted flange 96 of structural member 97 shown
in Fig 28. Relative pivotal movement between flanges 92,
93 and 96 is permitted to at least a limited degree.

Fig 31 illustrates composite structures
rermissable with the structural members illustrated

20 generally in Figs 27, 28 and 29.

Figs 31la, 31b and 31c show cross sections of
hollow columnar structures which may be utilized as
structural columns, free standing poles or box beams.
These structures may be hollow or filled with reinforced

25 concrete (with or without pre-stressing steel reinforcing
bars) or other reinforcing material such as carbon,
synthetic or glass fibres in a resin matrix. If
required, the columnar structures may also include post-
stressed tendons.

30 Fig 31d shows a composite structure comprising
interconnected structural members shown generally in Figs
26 and 27. This composite structure may be utilized in
an upright manner as a structural barrier such as a wall
for a building, marine piling, shuttering for earthworks

35 or the 1like.

In a horizontal configuration, the

interconnected structural mnembers may form a reinforced

.
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may be additionally welded to the interior of the tubular menber 62 by

hi gh frequency induction welding to forma hol | ow fl ange di vi ded
into separate fluid tight 35 conpart nents. Fig 17

shows an alternative configuration wherein lips 60 are welded to
opposi ng faces of web 63 12

support for concrete sladb floors, mine wall and roof
reinforcing barriers or even as horizontal walling on a
structural frame.
Fig 3le shows yet another structural
5 configuration com@rising a combination of structural
members illustrated in Figs 26, 27 and 28 wherein the
structural members of Fig 28 form spaced columns or box
beams 101 to provide additional upright or transverse
reinforcing to a barrier-like structure.

10 A structural member 102 interconnected to a
junction 103 of adjacent interconnecting structural
menbexs 104 and arranged perpendicularly thereto may
form an alternmative form of structural support orx
reinforcing to a composite structure according to the

15 invention.

Fig 32 shows an alternative method of

fabricating structural elenents according to the

invention.
The structural member 110 is fabricated by
20 continuously forge welding flange strips 111, 112 to a
web 113. Forge welding is a well known process for

fabricating I- and T- beams and is generally described in
US Patent No 3,713,205.
Downstream of the forge welding station is a
25 roll forming mill which deforms flange strips 111, 112
away from web 113 to form hollow f£flanges 114, 115.
Hollow flange 114 is formed as a closed integral member
by fusing together the free edges. of flange strip 111 by
high fregquency electrical induction or resistance
30 welding. Hollow flange 115 may be formed in a similar
manner by fusing together the free ends of flange strip
112 and then subsequently forming slotted aperture 116 by
removing a strip of metal by, say, a gas plasma or laser
metal cutting appaxatus.
35 Alternatively, slotted aperture 116 may be
formed by roll forming flange strip 112 such that its

free edges are spaced to form aperture 116.
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9 ' adj acent its edges. Fi ) 29t her
configuratioL wher ei n a free edge 64 of mgﬁw W%s 6 to the
outer surface of a hollow flange 65 hav mm ﬁ

aperture 66 5 extending longitudinally ther 1y
opposite the attachnment point of wgl 63. Slotted aperture 66 is
formed by leaving the free edges 65a of flange 65 separ at ed

and maintaining therigsesd atildws ah variation Preget €ns8i Nedocwdaci Ny
during the éeagll:g_lgedproc ss 3y 10 proj ections 67 on euter rolls 68.

In thls variation flange strip 111 is deformed
towards web 113 and the free ends of flange strip 111 are

5 fused to the sides of web 113 to form a hollow flange 114
which is internally reinforced by the edge portion of web
113.

The free ends of flange strip 111 are fused to

web 113 by high frequency electrical induction or
10 resistance welding.

Fig 34 shows a composite structure comprising a
plurality of structural members 120 each comprising a web
121 with a closed hollow flange 122 extending along one
side of web 121 and a larger hollow flange 123 extending

15 along the opposite side of web 121.

Hollow flange 123 includes a slotted aperture
124 extending longitudinally thereof and parallel to the
plane of web 121. The internal diameter of flange 123 is
chosen to accommodate an opposite smaller hollow flange

20 of an adjacent structural member.

The composite structure so formed provides a
sheet-like structure reinforced by hollow flanges 122 and
i23. The width of slotted aperture 124 may be chosen to
permit a relatively rigid composite structure or at least

25 limited co-axial relative rotation between engaging
flanges 123, 124 to permit an arcuate or contoured
structure rather than the planar structure illusfrated.

Such a composite structure may be employed - -as a

structural support/lining for tunnels, = bridge
30 construction etc. In thin gauge metal, such a structure
may be employed as roofing or wall cladding. In heavier

gauges, the structure may be employed as piling or
shuttering in earthworks.

In Fig 35 a structural member 130 having a

35 hollow flange 131 may be formed from a single metal strip

by a process described in co-pending application no

PCT/AU90/00313 or from a plurality of metal strips by a
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In other variations the central web may include pre or post forned

apertures or it may include a Iongitudl S%g ﬁk&naﬁsﬁﬂrsely
extending profiled shape in the form of dee nnels
ribs or the 15 like. In the case of transvers ontoured
profiles, the inwardly facing regions of oggosed ho Ianges
include planar faces arranged perpendicul ly to the edges of the

b t f I Idln onents of the structural
henber - 20 pr8888s WELEN8ea s (o ponan BIRERY capRbieT TAOR: Paybes
of flange shaﬁ%&Zséhd conposite structures.

The hollow flange 131 is then deformed in =a

continuous roll forming operation to flatten the flange
5 to form a double walled planar flange 132 extending
longitudinally of an edge of web 133.

Planar flange 132 is subsequently deformed by
roll forming to produce a generally hollow double walled
flange 134 with a longitudinal slot 135 extending

10 therealong. While hollow slotted flange 133 is shown as
generally circular in cross section it should be
appreciated that the c;:oss—sec’cﬁional shape may be roll
formed to any suitable cross section.

This variation of the process according to the

15 invention may be employed to provide a reinforced hollow
flange where the use of a thicker flange strip may not be
possible or otherwise where the use of a thin flange
strip is advisable for economic or process efficiency
reasons.

20 It will be readily apparent to a skilled
addressee that many modifications or wvariations may be
made in the products and processes according to the
invention without departing from the spirit and scope
thereof.

25
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Fig 24 in particular shows a conposite 25 structure formed in

accordance wth the invention di scl osed
Australian application PCT/ AUB9/ 00313. Tﬁkyma aéﬁ&:éép re t he
| ower portion conprising flanges 70, 71 and web 7 d froma
single strip of netal in accordance with 3@ co-pe i cn
PCT/ AU89/ 00313 to whi ch IS subSequently added meb 73 and hol | ow
flange 74 (f oppRems from separate strips of netal).

1. A structural member comprising:-

a first hollow flange and a second flange each
extending longitudinally of an intermediate web, said
first flange including a slotted aperture extending
longitudinally of said first flange 1in a direction
parallel to a longitudinal axis of said first flange.

2. A structural member is claimed in claim 1
wherein said second flange is hollow.
3. A structural member as claimed in claim 2
wherein said second flange includes a slotted aperture
extending longitudinally therxeof.
4, A structural ﬁember as claimed in any preceding
claim wherein said first flange is adapted to receivably
locate within 4its interior a flange of an adjacent
structural member comprising at least one web element and
at least one flange element extending longitudinally of
an edge of said web element, said web element extending
through said slotted aperture when said at least one
flange element is receivably located within the interior
of said first flange.
5. A structural member as claimed in claim 4
wherein said slotted aperture is of a width such as to
substantially restrain relative rotational motion about
the respective longitudinal axes of said first flange and
a flange receivably located therein. .
6. A structural member as claimed in claim 4
~wherein said slotted aperture is of a width such as to
permit at least limited relative rotational motion about
the respective longitudinal axes of said first flange and
a flange receivably located therein.
7. A composite structure comprising:-

at least one structural member according to any
preceding claim; and,

a further structural member having an
intermediate web and spaced parallel side flanges

extending longitudinally of said intermediate web, said

P E TEL LA LBMM BAw aY
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further structural member being interconnected to said at

16

least one structural member by a side fl'ange located
within the hollow interior of said first flange.
8. A composite structure as claimed in claim 7
wherein at least one of said at least one structural
member and said further structural member includes a
slotted hollow side flange adapted to receive two oxr more
rested side flanges of adjacent structural members.
9. A composite structure as claimed in claim 7 or
8 wherein a plurality of structural ﬁembers are
interconnected to form a substantially planar or non-
rlanar open composite structure.
10. A composite structure according to claim 7 or
claim 8 wherein a plurality of structural members are
interconnected to form a single hollow closed composite
structure.
11. A composite structure according to claim 7 or
claim 8 whexrein a plurality of structural members are
interconnected to form a composite structure comprising
open and closed portions.
12, A method for manufacturing structural members
according to any one of claims 1 to 6, said method
comprising the steps of:-

fabricating a structural member bhaving an
intermediate web and side flanges extending
longitudinally of said web, at least one of said side
flanges comprising a hollow member with a hollow aperture
extending longitudinally thereof; and,

forming a slotted aperture longitudinally of a
wall of said hollow member.
13. A method according to claim 12 wherein said
structural member is fabricated from one or more strips
of metal in a continuous cold roll forming operation.
14. A method according to claim 13 wherein said
slotted aperture is formed removal of metal from said
wall of said hollow member.

15. A method according to claim 13 wherein said

O
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Fig 25 shows a cross-sectional configuration of a structural nenber
80 formed in accordance with the present i hligpteetdias Beed Replaced

structural nenber 80 conprises a 10 web 31 havi m,mmlgnﬁnmr
its
n

stiffening rib 82 forned therein. A holl ow

free edge 84 wel ded to web 81 to forma fluid inpervious conduit.

A second hollow flange 85 is fornmedl7on the opposite side of
web 81 and the free_edge 86 of flange 85 15 is also welded_  to web 81.
A slotted optPEhipe a@prfure is IogreRddframt Re SHIP BLf PEHGe dRFHhe

same plane astwebfree eddbs of the strip separated.
16. 2 method according to claim 13 wherein the
slotted aperture is formed by initially forming a hollow
tubular member which hollow tubular member is
subsequently deformed by an inward deformation to form a
double walled hollow flange with a slotted aperture
extending longitudinally thereof.
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The outer dianeter of flange 83 is slightly smaller than the inner

dianeter of flange 85 whereby 20 adj acent structural nenbers 80 may
be interconnected to form a conposite StyHikahet Bas BelyRepla@Agt hWi se
slidingly engagi ng small flange 83 of one str Wi t hin
a large flange 85 of another structural nenber. m'"u[“ﬂmm[mhe
structural nenber 80 nmay be forned from one 25 s of neta
as generally described above and the slotted aperture is fornmed after
the free edge 86 of flange 35 is welded to web 81. -The slotted
aperture 1is formed continuousl Bby a gas plasma or |aser
cutting apparatus and the strip fmetal renoved is discarded as 30
scrap. Fig-26 shows .an alternative configuration of a
(i;?éRENGAGEABLE STRUCTURAL MEMBERS

ABSTRACT

Structural members having an intermediate wedb and hollow
tubulax sgide flanges extending longitudinally of the web
are formed in a c¢old rolling operation such that one of
the tubulax side flanges has an outside diameter smaller
than the inside diameter of the opposite tubular side
flange. The larger diameter side flange has a
longitudinally slotted aperture to permit a composite
structuxe to be formed by nesting the smallexr diameter
flange 4in the larger diameter flange of an adjacent
structural member. The composite structure having a
plurality of interconnected structural members may be
assembled as a closed oxr open structure.

[

_,. ‘\
( Fig. 31 %®
R
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structural nenber 90 wherein web 91 is fornmed as a

channel -1i ke gsection. Flange 92 is of a smaller dianeter t han
flange 93 whereby after slotting flange 93, flange 35 92 may be
slidingly located therein. Fig 27 shows a simlar
configuration to Fig 26 except that a much thicker strip of netal is
enpl oyed to 7/]5

\__/""_‘\_____W

CEN
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Fig.5.

?s the replacemarit sheet

2 4 MAR 1997



fabricate the structural nmenber 90. Fig 28 shows yet
anot her enbodi nent of a structural nenber 97 conprising a channel
shaped web 95 " and a pair of hollow flanges 96 of equal dianeter
having 5 | arge slotted apertures 98, 99, the purpose of which wll
be described with reference to Figs 29 and 30. Fig 29 is an
enl arged cross sectional view of a smal | flange 92 of the structural
menber 90 shown in Fig 27 engageQ/}? a slotted aperture 100 of flange
93 of an 10 adj araent St ruct ur gl menbe 0. Slotted aperture 100 is

.IQ

P

2
of a width greater N-.f he thigkHess of web 91 to all ow

E!

<

H

« Fig.2

Fig.4.
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it limted pivotal
30 shows an enl arged cross secti onal
flanges 92 and 93 of Fig 29 engaged 15
menber
bet ween fl anges 92,

structural

degr ee.

perm ssable with the structura
27, 28 and 29.
hol | ow col umar structures which may be utilized as
free standi ng pol es
hollow or filled with reinforced 25
pre-stressing steel

col umms,

1

novenent between fl anges 92 and 93.

Vi ew of the interengagi ng

within a slotted flange 96 of
in Fig 28. Relative pivotal novenent

93 and 96 is permtted to at least a limted

Fig 31 illustrates conposite structures

nenbehg/gqlustrated 20 generally in Figs

Figs 31 b and 31c show cross sections of

structural

These structures nay be

concrete (with or wthout

Fig

97 shown

or box beans.

rei nforcing
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Stage 1 | Stage 5
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\
Stage 2 Stage 6
Stage 3 Stage7
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bars) or other reinforcing material such as carbon, synthetic or

glass fibres in a resin matrix. | f requi red, the col ummar
structures may al so i ncl ude post- stressed tendons. 30 Fig
31d shows a conposite structure conprising i nt erconnect ed structural
menbers shown generally in Figs 26 and 27. This conposite structure
may be utilized in an upright manner as a structural barrier such as a
wal | for a building, marine piligg,gihuttering for earthworks 35 or
the like. In a ho Z tal configuration, t he

i nterconnected structural nmenbers may forma reinforced

Fig.7 3

50
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12 - support for concrete slab floors, mne wall and roof
reinforcing barriers or even as horizontal walling on a structural
frame. Fig 3le shows yet anot her structural 5

configuration conprising a conbination of structural

5/15

Fig.8.
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menbers illustrated in Figs 26, 27 and 28 wherein the structural

menbers of Fig 28 form spaced col ums or box beans 101 to provide
addi ti onal upright or transverse reinforcing to a barrier-1like
structure. 10 A structural nenber 102 interconnected to a
junction 103 of adjacent interconnecting structural menber s 104

and arranged perpendicularly thereto may forman alternative form of
structural support or rei nf orcig to a conposite structure
according to the 15 i nvention. ?/5 Fig 32 -shows an
alternative nethod of fabricating structural el ements according
to the i nvent i on. The structural nenber 110 is

fabricated by Flg 72 .

VARV ARV A A SRV SRV Say fay AV NP Suv ARy SN Suy Aa & AP AR Ay v aar el

Fig.13
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20
Forge welding is a well known
beans and is generally describ

Downstream of the forge welding station is a 25

deforns flange strips 111, 11
flanges 114, 115. Hol | ow
menber by fusing together
hi gh frequency el ectrical

Hol | ow fl ange 115 may be forne
the free ends of flange strip

continuously forge welding flange strips 111, 112 to a

web 113.

process for fabricating |- and T-
ed in US Patent No 3, 713, 205.
roll formng mll which

pl asma or | aser

slotted aperture 118 hy 1 [
Y [

2 away fromweb 113 to form hol | ow
fl ange ?ﬂégs formed as a cl osed integral
the fr dges of flange strip 111 by
i nduction or resistance 30- welding.
dinasimlar manner by fusing together
g2 and th subsequently form ng
eppvf ng 43 ggrié:b 0 a gas
61 61
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metal- cutting apparatus. 35
116 may be

Alternatively, slotted aperture

formed by roll formng flange strip 112 such that its

free edges are spaced to formaperture 116.

8/15
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13 Fig 33 shows a wvariation of the process
described in Fig 32. In this wvariation flange strip 111
i s defornmed towards web 113 and the free ends of flange strip 111
are fused to the sides of web 113 to forma hollow flange 114

which is internally reinforced by the edge portion of web

The free ends of flange strip 111 are f 5 to web 113 by high
frequency electrical i nduction or 1 resi stance wel di ng.

Fig 34 shows a conposite struct7£e conprising a .

(Y  Fig.24.
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plurality of structural menmbers 120 each conprising a web 121 wth a

closed hollow flange 122 extending al ong one side of web 121 and
a larger hollow flange 123 extending 15 al ong the opposite side of web
121. Hollow flange 123 includes a slotted aperture
124 extending longitudinally thereof and parallel to the pl ane of
web 121. The internal dianmeter of flange 123 is chosen to
accomodat e an opposite snaller hollow f]ange 20 of an adj acent
structural menber. Th\go /&)rrposi te structure so forned
provides a sheet-like structure reinforced by hollow flanges 122
and 123. The width of slotted aperture 124 may be chosen to

permt a relatively rigid conposite structure or at |east limted
co-axial relative rotation bet gagi ng

Fig.29

Fig.30

This is the replacement gheet
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flanges 123, 124 to permt an arcuate or contoured structure

rat her than the planar structure illustrated. Such a
conposite structure may be enpl oyed as a struct ural support/Ilining
for tunnels, bri dge 30 construction etc. In thin gauge netal,
such a structure may be enpl oyed as roofing or wall cladding. In
heavi er gauges, the structure ma be enployed as piling or
shuttering in earthworks. j@% Fig 35 a structural nenber
130 having a 35 hol | ow fl ange 131 may be forned froma single netal
strip by a process described in co-pending application no

PCT/ AU8B9/ 00313 _or from a plurality of netal stri27 by a

Triv iy woe reUiasEmerm shoet
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process described in co-pendi ng patent application nunber
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The holl ow fl ange 131 is then deforned in a continuous roll form ng

operation to flatten the flange 65 to forma double walled planar
flange 132 extending | ongi tudi nally of an edge of web 133.
Pl anar flange 132 is subsequently deformed by roll formng to produce
a generally holl ow doubl e wal |l ed flange 134 wth a |ongitudinal
slot 135 extending 10 t her eal ong. %?ile hol | ow sl otted flange 133 is
shown as generally circular iﬁg/c 0SS section it should be
appreci ated that the cross-sectional shape nmay be roll . formed to any
sui tabl e cross section. This variation of the process
according to the 15 invention may be enpl oyedqto provide a reinforced
hol | ow fl ange where tne use of a thicken fKange strip may not be

(. t\ 1 / ‘

113
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Fig.33. <
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possi bl e or ot herw se where the use of a thin flange stripis
advi sable for economc or process efficiency reasons. 20 25

1415

Fig. 34.

7
-~
o
o~

This is tha replacemem gheet

Dade: 2 4 MAR lgg?



15/15

130

131

=

N 132

Y S 4

Fig. 353 13

N
W ARG AR AN, I A AR 4
2 Z L

(=

134

_,él-&r' 135

Ty e s reiiacemem aheet

AT

'-l
fInm; CRARER LI S 6 A4



1. A method for the manufacture of structural menbers adapt ed

fioisse & A3
for

tel escopi c edge to edge engagenent with a |i ke adjacent structural
menber, said nethod conprising the steps of: cold roll form.ng a

structural nmenber (97; 110; 130) having an
1

INTERENGAGEABLE STRUCTURAL MEMBERS

The prasent invention concerns a method for the manufacture of

structural members adapted for telescopic edge to edge

engagement with a like adjacent struczural member wherein said

D

me

thod comprises the steps of: cold xcll forming a structural

3
{4

mher having an intermediate web memier and opposed closed

=

Such a method is known from DE-C-651 727 (nearest state of the
art) wherein each pile of a sheet piling comprises a metal sheet
having at each end a portion bent out of the normal plane of the
sheet and formed to a hollow member, wherein the hollow member
on one end being a male claw-shaped member and wherein the other
hollow member is a female claw-shaped member. The external
diameter of the male member is smaller than the internal diameter
of the female member so that a male member of one pile can be
inserted into the female member of an adjacent pile in order to
connect the two piles. Both, the male member and the female
member are slit in a lengthwise direction.

Co-pending International patent application number PCT/AU89/00313
(WO-A-9001091) describes a method for formation of structural
members wherein a single strip of metal is continuously roll-
formed to provide a central web with a hollow flange extending
along each longitudinal edge. Although the central web is
usually planar it may be contoured in a transverse direction.
The hollow flanges may be formed in any suitable cross sectional
shape such as circular, rectangular, triangular or the like and
they may be of the same or different sizes.

/ sy DErE. 2 i
’v/ ' % : ¥
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I nternmedi ate web nmenber (95; 113; 133) and opposed cl osed hol | ow si de
flanges (96; 114, 115; 131) extendi ng al ong opposite sides of said web
(95; 113; 133), said nethod characterised in that said hollow side

fl anges (96; 114, 115; 131) are initially closed by welding the free
edges thereof to respective junctions between the internedi ate web (95;

113; 133) and the hollow flanges (96; 114, 115; 131); and

In a further co-pending Australian patent application number
PK2531 (WO-A-9205895) there is described a substantial
improvement in the method and structure of the structural members
disclosed in earlier co-pending International patent application
number PCT/AU89/00313. This further co-pending application
describes the formation of structural members comprising at least
one web having at least one hollow flange extending along a

longitudinal edge thereof.

The improvemsnt described in the further co-pending application
continuous fabrication in rxoll forming wachines
of structural members formed from a multiplicity of separate
This improved process enables the manufacture of
ving a web {or wa2bs) and a hollow flange
(or flanges) wherein the web aznd flange components may be

G oI differing metal thicknesses and grades depending

(8

addition, th

"y

upon the rscuirement of the structural member. I

1 members to be formed in a

wide variety of configurations.

rovide a method

Joae

on Zo

g

it is an chject of th2 present invant

Hh

ted for

n
g

for the manufacturs of structural membars ad
edge to edge engagement with a like adjacent
structural member with which a wide varilety in configuration of

mambers can pbe formed in an eccnomiceal and fast



thereafter a slotted aperture (98; 116) is formed by renoval of mat eri al

froma closed wall

of said hollow flange in at | east one of said cl osed

hol | ow si de flanges(96; 115), said slotted aperture (93; 116) extending
bet ween opposed ends of said hol | ow side flange (96; 115) parallel to
I nternedi ate web (93; 113) or a slotted aperture (135) is fornmed

by initially formng a .

Tnis object is achieved by the present invention in that said
ollow side flanges are initially clcosed by welding the free
edges ther20f to respective junctions zetween the intermediate
w2b and the hollow flances; and thereafter a slotted aperture
is formed by removal of material from a closed wall of said
llow flange in at least one 0f said closed hecllow side

said slotted aperture extending between oppossd ends
of said hollow side flange parallel to said intermediate web or
a siotted eperture is formed by initially forming a hollow
tubular flange which is subsequently deformed inwardly to form

a double walled hollow flangs with a slotted aperture extending

>3
(g1
My
[1}]
[{})
b |
o
0
cr
a.
o
K
¢}
0

artwaen

o

ember may be formed by any suitably fabkricatiocn
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erably is formed in a continuous roll formin
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frcm a single strip of material and the opposed frse
edges of tha strip axe welded by high Zrequency electrical
resistance welding to the surface of the strip at

betwsen the hollow flange and the intermediate

The slotted acerture may be formed by any suitable prccess of
rercval. For examplzs the metal in the region of the
sicttad agerture may be removad by akrasion with a grinding
ne2l or 3 sirvip cf metal may te ra2moved by cutting wheels,
sie2ars or the like. Alternatively a strip of metal may be

removed zZy a gas plasma metal cutting apparatus or a laser
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hol | ow tubul ar flange (131) which is subsequently deforned inwardly to
forma double walled hollow flange (134) with a slotted aperture (135)
ext endi ng between the ends thereof. 2. Anethod as clainmed in claim1l
wherein said structural menber is forned in a continuous roll formng
process froma single strip of material and the opposed free edges of the

Tne slotted aperture may also be formed by a roll forming

s wherein the hollow flange is formed form a strip of
metal leaving the free edges of the strip separated.
Alternatively the slotted zperture may be formed by a roll
process wnerein a hollow tubular member is initially
formed folliowed by an inward deformation of the tubular membor
tc form a cdouble walled hollow flange with a slotted aperture

extending iongitudinally thereof.

According to a second aspect of the invention there is provided

a cold roll formed steel stiructural member adapted for

«
telescopic sdge to edge engagement with a like adjacent

structural member whenever made in accordance with a method of

h resent invention, said structural member comprising: an

o
[{1]
‘g

3

ermediate web with hollew side flanges extending along

ri

b
ad

.

coposed sides of said web, at least one of said hollow side

langes including a slotted aperture extending between opposed

ends thereof substantially parallel to said intermediate wsb:;
said structural member characterised in that said slotted
aperture is spaced from the junction of the web and said at

one hollow side flanges having said slotted aperture
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e
nerein to Zoxrm flange wall portions extending fxom opposed

1

A
faces of said intermediate web, said flange wall portions

ocundaries ci

th
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having spacad respective frs= edges d

aid slotted aperture.

n

The second flange may comprise a solid element alzhough
the second flange is hollow. If required said first

Y
and second flange may be hollow and both of said first and

This is the replacement sheet
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16 strip are welded by high frequency el ectrical induct
resi stance welding to the surface of the strip at the junct

5

second flanges may include a slotted aperture ex

ion or
i on
tenrdin

Suitably said first flangs is adapted to receivably lccate

-

aperture when said at least one flange element i

within its interior a flange of an adjacent struc
P

tural member

located within the interior of said first flange.

The first and second hollew flanges may have the

different cross sectionzl shapes.
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Preferably the cross sectional shapes o

flenges are similar or identical.

Mcst preferably first flange may be adapvted in u

-
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ternatively it may ba contoured transverssly o

—

4]
}—t
T

[B]

cngitudinal axis of said structural member. If

wenh and the first and second flanges may comoris
g Y 5

THiz p U8 TELiE
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razdiate web merbar may be sukstantially

planar or

Lred, the
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bet ween the hollow flange (96) and the internedi ate web (95). 3. A
method as clainmed in claim1 wherein the structural nmenber Is formed in
continuous roll form ng process from separate strips of material
conprising said internediate web (113) and at | east one of said holl ow
flanges (114), the free edges of cthe strip conprising said at |east one
hol | ow fl ange (114) bei ng fused On opposite surfaces of said web (113)

adj acent an
grade and thickness of metal or differing grades and thickness

Suitaply ths slotting aperture may be in the same plare as the

1

incermadiate web or in another plane inclined thereto. The
slotted aperture may be of a width such as to substantially
restrain relative rotaticnal motion about a longitudinal axis
between said first flange and a flange receivably located

th of said slotted asperture may

0.

therxein or alternatively the wi
pe such zg to permit at Jeast limited rotational wotion between

e
said first flange and a flange receivably located therein.

}-d

The composite structure may ccmprise a plurality of structure

mamrbers each interxconnecting with an adjacent structurzl member

to form a substantially planar ox non planar open ccmpcsite

Alternatively the composite structure may ccmpriss a plurality
of structural members sach interconnacting with one oxr more
adjacent structural members to form a single closed composite

structure ¢r a composite structure comprising open and closed

ne composite structure may comprise a rigid structure wherein

ralative mcvement between adjacent structural members is

restraired by limiting relative rctation between a hollew
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edge there
wel di ng.

tel escopi c edge to edge engagenent with a |ike adjacent
made
sai d structural

Alrternatively the composite structure may comprise a flexib

whenever

by hi gh frequency el ectri cal
4. A cold roll forned steel st

in accordance with a met hod
menber conpri sing: 5b

—

st limi

fu

structure wherein atc le

adjacent structural menbers i6

mpanying dr

resi stance
(97) adapted for
structural nenber

any one of clainms 1 to 3 ,

i nduction or
ructural nenber

of

=
=

(1)

ted rotational movement betuveen

permittad.

ts of the invention may be more

rad embodiments will now be described

in which

fu

wings

the davelopment of cross

in a roll formed structural member

formed from a single strip of metal.

show typical work station rollex profiles to

cdevelop the cross ssctional shapes illustrated in

the welding of the free adges

the rollow flanges of the section illustrated in

cress sections during the roll

h

wamber

3

flanged structural

fabricated from separate strips of metal.

In oxder that the varicus aspec
fully understcod, prefsx
with refsrence to ths acco
Fig 1 shows scrematically
sectional shape
Figs 2-2
Fig 1.
rig s shows schematically
ox
Figs 1-4.
fig 6 shows schamatically
forming of a hollow
rig 7 shows eschezmatically

produce the roll formed section of Fig 6.

a roll forming- apparatus to

~

show schematically tyvical vrofiling stations in

the roll forming spparatus of Fig 7.

Figs 16-13 show alternative forms of attachment of hollow
flangss to w2b sactions

Figs 19-23 illustrate z non-exhaustive array of alternative
cross sacticnal profiles of struccrural members.

Fig 24 shows schematically a composite beam structure.

This is the replacement sheet
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an internediate web (95) with holl ow side flanges (96) ext endi ng al ong
opposed sides of said web (95), at |east one of said hol |l ow side flanges
(96) including a slotted aperture (98) ext enci ng bet ween opposed ends

t hereof substantially parall el to said internediate web (95); sai d
structural nenber characterised in that saikd slotted aperture (98) is

spaced fromthe junction of the web (95) and

Fig 25 shows a cross sectional profile of a structurail
mefmber according to the present invention.

Fig 25 snows a furtcher cross sectional profile of a
structural member according to the present
invention.

Fig 27 shows another cross secticnal profils accerding :o
the invention.

Fig 28 snows vet another cross sectional

Yl iy ahie replacemer shect
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said at | east one hollow side flanges (96) having said slotted aperture
therein to formflange wall portions extending from opposed faces of said
internedi ate web (95) , said flange wall portions having spaced respective
free edges defining the boundaries of said slotted aperture (98).

&

Figs 25 2and 30 show enlarged cross sectional

views of interencaging hollow flanges.

rh

31 shows a roum-exhaustive arrxay a
5 ccnzosite structures accoxding to the invention.,
Pigs 32 and 33 show schematically alternative
metkhcds Zor forming hollow f£langed structural memkers,
Fic 34 shows a composits structure accordiag to
spect of the invention.

10 Fig 35 shows schematically a fuxther metho
fozminc a structural member with one or more sl
hollow Zlanges.

FPig 1 shows schematically- 2 typical dev
2

rzoss sectignal profils fr

'—l
wn

a ¢ s C
ccoxrding to the oDprocess described in co-pending
application numktex BCT/AUBY /00313,
As shown in greater detail in Figs 2-4 a planar
stxip of metal is progressively &efoxmed to produca a

se2ctionslly arcuate intermediate web 1 with b
v

[N}
O
h
Jot
»
1]

N
i
7]
[ 8]
g
4]

o
w
]
:
ct
ey
fu
o
g8
ks
0
o)
1
§4
v
ot
]
bl
O
u
,.‘
it
lJ
a
-
ct
‘J
Q
"]
4
9]
=
0
©noog
[a}

(¥}
[
(¢
48]
]
ol
it
)
|-.l
1‘
U]
o
[y
rt
0}
N
[o]
iy
B
fu
wn
rt
ti
9]
0
1
G
u
,-_a
'
("]
183
b
0
K
tr
[
-
)
¢!
13
Pl
E
@

)
suitably gffactaé Dby a high Zrsguency ‘electrica
in

duction or resistance welding apparatus showna gererally

ol

33 a 7. After welding, the central web 2 may he reshace
by further deforming or shaping rollers (not shown) %o
procduce a web 2 having a placar or profiled cxross
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t 17 5. A structural nmenber as clainmed in claim4 wherein said slotted
aperture (98) is positioned in a hollow side flange wal | at an angl e of
between 30[err] to 180[err] relative to a pl ane ext endi ng between the

| ongi tudi nal axis of said hollow side

secticnal shane.
Fig 6 shows schematically the development of a

structural memnber from separate strips of metal.

At stage 1, metal strxips representing web strip
10 and flange strips 11, 12 are fed into a tandem station
roll Zorming apvaratus or altermatively flange strips 11,
12 arsz passed through separate roll forming mills while
i0 web strip 10 passes thexebstween.

LS

Strips 11, 12 are oprogressively defoxmed to
procduce hollow side flanges 13, 14 having elongate
slotted apettures 13a, 14a respectively as sghown at stage
4. The hollow flanges 13, 14 are guided towaxds web

15 Txip 10 until the fres edges of web strip 10 ars located

slotted apertures 13a, 1l4a. The fxrge edges of
flanges 13, 14 are then urged into contact with web strip

10 2s shown at staga 3 by opposing rollers in the region

a w2lding station "wherein thas free edges of £langes

20 12, i¢ axe welded to web strip 10 to form an integral

Flanges 13, 14 may tken be shaped to any
shape as illustrated at stages 6-8 by shaving
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locatad downstxeam of the welding station.

Fig 7 shows schematically an apparatus used to

N
(¥])

oroducs the structural member of

In ig 7 the apparaiu

rclls 33, 34, 35 of

ferent thickness and width 1f requixed. Strip
35 c
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38 issuing from rolls 33,
©l)l Zorming mills 39,40 to form hol

resyectively ci predetermined
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rea. As illustrated at st
rs of Zfree edges are slightly separated to form
a

a
cntincous slots which face a respective edge of centr
trip ox web 37.
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flange (96) and the junction of said hollow side flange (96) and a
respective side of said internediate web (95). 6. A structural nenber
as claimed in claim4 or claimb5 wherein bot h of said opposing holl ow
side flanges (96) include a slotted aperture (98) extending between

respecti ve ends t her eof . :

adjacent its edges.

Fig 18 shows yet another configurxation wherein
a zr22 edge 64 of web 83 is welded to the outer surface
0o & hollow flange & ing a slotted aperture &5
e

5 v
ongitudinally thexeof dJdiametrically opposite

w
rt
[{]
1)
()
>
23
[Te]
f—

7]

the =zttachment roint of web 63. Slotted apexture 65 i

w

]

formeé by leaving the free edges 65a o0Ff flange 6
e

paratad and maintaining the separation at
o

D

s

predetarmined spacing during th shaping process by
10 oreiections 67 on cuter rolls 68.

In othex variations the centxal wsb may include

pre or post formed apertures or 1t may include =

longitudinally or transversely extending profiled shape

[{)

Th2 foxm of deep oxr skallow channels, ribs or =th

[o]]

15 like. In the case of <transvers=ly extezding contoure
preiiiss, the inwardly facing regions of opposed hollow
fizngas include plapar fzces arranged perpendicularly to
The =2d8ges o0f the web <tTo facilitate; welding of the
componants of tTthe strxucturzl membex,

24 show a non-exhaustive axrxzay

139
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and composite structures,

ig 24 in particular skows a conposits

2ra formed in accordance with the invention
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a in . co-pending Australian application

JO0313 In this structure the
lower portion comprising Zlanges 70, 71 ard web 72 is
forxmzl Zxom a single strip of metzl in accoxdance with

ing zpplicaticn 2CT/AU89/00313 to which

}o-

n3 5
subsecuently added web 73 and kollow flarge 74 (formed

frox separate strips of matal),
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7. A structural nenber as clained in any one of clains 4 to 6 wherein
opposi ng hol l ow side flanges (96) have substantially circul ar cross
sections. 8. A structural nenber as clainmed in any one of clainms 4 to 7
wherein said slotted aperture (98) has a width such as to permt limted
rotational novenent of a tel escopically engaged

10

13

Fig 25 shows a cross-se=ctional configuration of
2 structural member 80 forxmed 1in accordance with the
present invention. The structural memker 80 comprises a
10 web 31 hraving an arcuate stirffening xib 82 formed
therein. A hollow Zflange 83 has its free edge 84 welded

TO wed 81 to form a fluid impexrvious conduit.
A second hollow flange 85 is formed on the
opposite side of web 81 and the free edge 86 of flange 85
to web 81. A

slotted aperture 87 Ais
Zformed in tne wall of flarge 85 in the same plane as wed
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The outer diameter of flange 83 4is slightly
smallezr than the inner dianster of flarnge 85 whexeby
uvecturazl members 80 =may be interconnected *to
rm 2 composite structurs ty lengthwise slidingly
flange 83 of one structural member within

a largs flange 85 oF another structural membex. '
sctural membex 80 may be formed from orns

of metal as gexerally described =above and

o
v
Q

th

s
lotted apexture is formed after the free edge 86 of
flange 35 is welded to web 81. The slotted aperture is
formed continuously by a gas plasma or laser cutting

S

o
apparatus and the stxip of metal removed is discaxded a

Fig 26 shows an alterrative configuration cf a
al member 90 wherein wsb 91 is formed as a
channel-like section. Flange 92 is of a smallexr diametex
than flange 93 whereby after slotting £flaznge 93, Zflange

35 92 may e slidingly located thersin.
Fig 27 shows a similar coafiguration to Fig 25

except that a much thicker strip of metal is employed ©o
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hol I ow fl ange (96) of a |ike adjacent structural nenber w thout flexure
of said aperture hollow side flange (96). 9. A strucrural nenber as
claimed in any one of clainms 4 to 7 wherein said slotted aperture (98)
has a width such as to substantially restrain relative rotationa
novenent between said apertured hollow flange (98) and a tel escopically
enaged 13

Fig 33 shows a vwvariation of the ©oprocess
descriked in Fig 32.

In this variation £flange strip 111 is deformed
towaxds web 113 and the free ends of flange strip 111 are

used ©o the sides of web 113 to form a hollow flange 114

n
1y

which is internally reinforced by the edge portion of web

The free ends of flange stxip 111 are fused to

web 113 by high frequency electrical induction ox
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plufalizy of structural members 120 each comprising a web
2 closed Rhollow flange -122 exterding along ons
ide of web 121 and a largex hollow flange 123 extending
ong the cpposite side 0f web 121.
Eollow £flangs 123 includss slotted aperture

a
24 extending longitudinally thereof and parallel to the

e
The composite structure so IZormed provides a
la

ructure reinforced by hollow flanges 122 and

o
o
(¢}
ot
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23. The width of slotted aperture 124 may be chosen to
e

tively rigid ccmposite structure ox at least

[
14

e
t2d co-axial relative xrotation Dketween engaging

)
[§]]

£langes 123, 124 to pexmit an arcuate or contoured

pvlanar structure illustrated.

in Fig 35 a structural member 130 having a

ce 131 may be formed from a single metal stxin
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w
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ess described in co-pending application =no

c
PCT/ AUBY00313 or from a plurality of metal strips by a
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hol | ow fl ange (98) of a like adjacent structural menber.

10. A

structural nenber as clained in any one of clains 4 to 3 wherein the

internediate web (97) and said holl ow side flanges

14

process described in co-pendirg vatent application numter

The hollow flange 131" is then deformed in a

continuous roll forming operation to flatten the flange

5 to. Ioxm a double walled planar Ilange

longitudinally of an edge of web 133,

132 extending

Planar flange 132 is subsequently deformed by

roll forming to prcduce a generally hollow double walled
]

ange 134 with a2 longitudinal slot 135 extending

10 thersalong. While hollow slotted flange 133 1s shown as

generaily cirxcular 3in cross section it

c
formed to any suitable cross sectioa.

should Da

izted that ths cross-sectioral shape may be roll

This variation of the process accoxding to the

15 invention may be employed to provide a reinforced hollow
flangs wh2xre the use of a thicker flange strip may not be

. possible or otherwise whers the use of a <thin £flange

{
stxip is advisaeble Ifor economic or process effic

v
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18 (96) extending al ong opposed sides of said web (97) are forned
fromthe sane strip or material. 11. A structural nenber as clainmed in
any one of claims 4 to 9 wherein the internediate web (97) and at | east

one of said

15

CTATMS

the manufacture of structural members adapted
scoplc edgs to edge engagemant with a like adjacenc
said methcd comprising the steps of:

14 roll forming a structurxal memkar (97; 110; 130) having an
incermediate web member (95; 113; 133) and opposed closed
ide flanges (9&; 114, 115; 131) extending along

T
o]
[
—
o)
b3
n

of said web (95; 113; 133), said method
charactaerised in that said hollow side flanges (96; 114, 115;
pective junctions between the intezrmediate web (95; 113;
llow flanges (96; 114, 115; 131) ;- and

o
car a slotted aperture (38; 115) is formed by removal c¢f

P
=t

macerizl from a closed wall of said hellow flange in at least
6;

one 0f said closed hollow side flanges(s 115), said slotted

o
acarture (83; 118) extending betweesn orposed ends of said

el (96; 115) parallel to said intermediate wab

2 slotted apsrture (135) is formed by initially forming a
w tubular flange (121) which is s:ubseguently deformed

inwardly to form a double walled hollcw fla
slotted aperture (13%) extending bketwsz:n the ends therxeof.
2. A mathod as claimed in claim 1 wherzin said structural

member is formed in a continuous roll forming process from a

single strip of material and the opccsed free edges of the

Y Ox U T aghen Rl

* € L M § = T



hol | ow side flanges (96) are formed respectively from separate strips of

mat eri al wel ded toget her. 12. A structural nenber as clainmed in any one
of clains 4 to 11 wherein said apertured holl ow side flange conprises a
doubl e wal | ed structure (134). 1%3. A conposite structure conprising

a plurality of edge to

freguency electrical induction cor
resistance welding to the surface of the strip at the juncticn

franges (S5) and the intermediate web (§53).

~=2 in claim 1 wherein the structural memter
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roll forming process from ssparate
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nzterial comorising said intermediate web (113) and
£ said rollow flanges (114}, the frees edges of
comprising said at least one hollow flange (11¢)

ite surfacss of said web (113) adjacent an

by high freguency electrical induction or

ructuxal membex (97) adapted fer
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scopic edge to edgs engagement with & like adjacent
‘henever made in accordance with a method of
any one of claims 1 tc 3, said structural member comprising:
termsdiate web {3$3) with hollow side flanges (356)

zxtandinc along opposad sides of said web (95), at lsast one of
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aperiure therein to form flange wall portions extending from

houndaries of said slioctted aperture (28).
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edge tel escopically engaged structural nmenbers (120) according

one of clains 4 to 12. 14. A conposite structure as clained in claim13

wher ei n
structural

respective opposite hollow side flanges of a plurality of

to any

menbers are tel escopically emgaged with respective hol | ow
side flanges of adjacent structural nenbers to forma

5. A structural membasr as claima2d in c¢claim ¢ wherein said
slotted aperture’ (98) ic positioned in a hollow side flang

wall at an angle of be2tween 30
extending oatween the longitudinal axis of
flange (85) and the junction cf said holl
and a2 respsctive side of said intermsdiate
§. A structural mexber as claimed in claim & or cla
zoth of said opposing hollcw side £langes (96) irclude =z
slotted aperture (98) extending between respsctive ends

thareof.

7. A structurxal membsr as claimed in anyv one of claims & ¢

wherein opposing hollew side flangas (55) have substantizal

circular cross secticns.

8. A strucctural member as clazimed in any one of claims ¢ to
wherein said slotted aperture (98) has a width such as to
£ a telescopically engz

permit limiced rotational movement of

nolleow flange (926) of a like adjecent structur

5. A& structural membsr as claimsd in anv one of claims ¢ to

(¢8) nas & width such as to

o

i0. A structural member as claimed in

wherein the intermediats web (97) and s&ai

g o Trie I fra raplacemnt sheet

SRR IRRTT I 2

o
¢

Dabe:

1()
h
0n



hol | ow structure (101) 15. A conposite structure (101) as clained in

claim13 or claim 14 further including structural nenbers (102) having

opposed apertured side flanges adapted to tel escopically engage over

al ready tel escopically edge to edge gﬂpaged adj acent structural nenbers

(104) .

(s8) extending along copposed sides of said web (97) are formaz

from the same strip oi material.

11. A structural member as claimad in any one of c¢laims 4 to §

intermediats wab (97) and ac least one of said

fu

wherein th

hollow side flanges (96) are formed respectively from szaparate

strips cf material welded together.

=h

12. A structural membesr as claimed in any one c¢f claims ¢ to 11
wherein said apertured hollow side flange comprises a double

willed strxucturse (134).
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14. A composite structure as claimed in claim 13 wherein
rescective coppesite hollcocw side flanges of a plurality of

structural members are telescopically engaged with respective
nollow side flanges of adjacent structural members to form a

nollow structurs (101} .

15. A composite structurxe (101) as claimed in claim 13 or clain

¢ further including structural members (102) having ozposed

zpertured side flanges adapted to telescopically engags over
already telescosically =dg2 to edge engaged adjacent siructural

TN 00 O in s e repiacenisnt shest
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INTERENGAGEABLE STRUCTURAL MEMBERS

ABSTRACT

Structural membsers having an intermediate web and hollow
tubular side flanges extending longitudinally of the web
are formed in a cold rolling operation such that one of
the tubulax side flanges has an outside diameter smaller
than the inside diametsr of the opposite tubular side
flange. The larger diameter side flange has =a
longitudinally slotted aperture to permit a composite
structure to be formed by nesting the smallex diametex
flange in +the larger dJdiameter £flange of an adjacent
structural member. The composite structure having a
plurality of interconrnected structural members mnay be
assembled as a closed or open structure.

Fig. 31



