»

-WO 97/ 28326 PCT/ AU97/ 00053

Z- SECTI ON STRUCTURAL MEMBER FI ELD OF THE | NVENTI ON Thi s
invention relates to a structural menber which has a Z-shaped
cross-sectionv@? d%ﬂ‘”]is intended to be 5 used as a |oad L hdedsh ENeENt
in a skeletal ructure The invention has been devel oped as a purlin
for use in a. r oof - supporting building structure and the invention is
hereinafter described in the context of a purlin. However, it will be
understood that the invention HoSE BERUCTURAE MEMBER cati on, to a
structural nmenb whi 6h 4 E INVE bIe for use in any | oad bearlng
structure. BA aII Z-section
purlins currently s H}Y%ntmn ‘F%]rafFe?c? f"?‘brﬁr%’l"?“? whifh a5

viewed in crosshagsa Jeshaped srogs+sedtitrsecmid ovhixh |im mnqndeﬂes:cn beear -

ol yps | VsRBDGS o Yol NS She W behle (W PBelorafl LERLLIRL,
each fl ange. %ﬁg yentien has been developed ggra P’éFl’t% ol 4R @ in

order to permt r20f- suppopunig nbuikdiyiisstiwctine andneheednvention is
over | appi ng h E@&ﬁ&f@é@hi rlgp i ordmft h g0
e @esézhﬁ:.ﬁ I thd tt has beerarﬂgtelv@ ‘oped

narrower than t e ot her. r esent |nvent|on
with the wevens dtowidilnge u BFRFPbnFRYbr &Prorinveatignodasss 25
for increasdéd shauagbhoaééntapmliuamm @bt ai seduttaral hﬁember WVHRIE is

descri bed basicggy Eiﬁié?ﬂof’é r_)mcgg& gg&at%g%dﬁ%,stt reng ortant |y, which

has regard for factors | uenc under di fferent
| oad and/ or supp8kt S SN progressing toward this
devel opnent the 30 Sorexlilads z-@aag:liloﬁed purldhs al?:uﬂr@ﬁ'tm emg&@ id?;ld

bendi ng Str%BQﬁQ%”EQB& Qﬁ%gb£é¢£@£h éfvéﬁ ngaga%_ Png ifss-

wth alip_return
direction towar EeFﬁ%mWeba 25N ngeg\)a:son puatﬂsa r@mm @hatearby

providing a |ipceatoah iweby 35wocmppaat1|temirl d\ﬁ)bcﬂdﬁa bﬂBﬂL’ﬂePf ﬁlbﬁlges

narrower flange yg q

appr oachi ng t heX yégt:dn% ; ih Fi %%ﬁ%hgn ? E‘Sgngg.b andsa,

consequence, an¥iBaid¥ d@?vé’ﬂtﬁrorﬁ gec| of | @achf félan!a[? The lips lie
approximately parallel to the web and, in order to permit

20 two purlin lengths to be connected in overlapping
relationship, the purlin is formed with one flange
narrower than the other.

]

The present invention has been developed with the

object of providing a section configuration that provides

25 for incregsed strength relative to that obtained from the
above described basic Z-section purlin configuration and,
importantly, which has regard for factors that influence
bending strength under different 1load and/or support
conditions. In progressing toward this development the

30 inventors recognised that an improvement in bending
strength might be obtained by providing each of the lips
with a 1lip return, that is with a 1lip portion that
returns in a direction toward the web. However, it was
also recognised that, by providing a 1lip return in a

35 conventional way, the length of the narrower flange would
need be reduced by an amount equal to or approaching the
width of the lip return on the wider flange. As a
consequence, any gain derived from inclusion of a lip
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-2- return would tend to be negated by the required reduction I n
wi dt h of the narrower flange. Therefore, the present invention
has been develqﬁwP as a Z-section purlin which is fornep mﬁsh a Cross-
5 section WR¥8corporates |ip returns and which al so j RCTIADD figured
to permt maximsation of the width of the. narrower fl ange.

SUMVARY OF THE | NVENTI ON The pr esent i nvention provides an

elongate 10 wetughuwahlgegbad vbibé negawdd Hyorumd dequiretieekdantion
which has a Z-gh ?thggs‘?hgeﬁi.lo&eczo \EI,\%I ng a web, two oppositely

directed par aI]1 |"anges projecting ou fromrespective ends of
the web and a ||p Zherfforet ckhe preggae éFVé‘a€¥P11I’a%§;ebe%Pf Aevelgped he

fl anges has aaw dah Asedtiicih periiwr WisRh t an fdimiedof witle wecemrdssl ange

wher eby [ e n,
over | appi ng reﬁ é:tt F%ﬁsﬁ’?’p%h ?&c%%égrgkﬁ%ﬁgg rgt‘r“rggg a&? Wﬁﬂ:ﬂhg}%é:t%a?l sed
in that: confisurpd| %P | pervivedafimisatiop oft utrslne wHiidghj oHothe

di sposed at a&alr&@bgéedlaﬁ L_e [err] |l ess than 180[err] to the lip, and
(b) the lip o 0 gl ects in a direction to forman

obtuse angle P& ¥ roorer r] but not greater than 180 with
respect to the sec'Bhel flgngeem25 inventiiorf or ponyides | i pnon ehengatend,

wider flafige @erd@tural %ﬁ&&b‘ér[ SRl )’ ‘i@t E‘éolt&aﬁoﬁﬂé&f Erom! Ntdd1PSand both
of the flanges pr.ovi ded wi t returns les [ hout inposjing an

unaccept abl e MEFGR: Fﬂ?ﬁyd’n t?r(ﬂsst'ﬁgcg?'?ﬁt comprising dEFPf | S¥de. 30
The lip on th@pposstelyaﬂnmteﬁlaagellw:y Blangdse projectisgosetwardby angl e

[err] greater gdipn UYidtlivieO drddd fde Sthe webflaaaga naﬁchﬂttm_-lbueafrmlly
(but not necessaarllcé) beh[ di sp ﬁel at a qua
|

| ess than the€ Mg\ﬁhl c ié?tbgffvxégﬁ Fﬁgngﬁﬁoﬁ%' Yﬁe‘%tl?l ange

and 15 which is. narrower than that of the second flange whereby
two of the structural members may be Jjoined in

overlapping relationship, and the structural member is
characterised in that: '

(a) each 1lip is formed with a 1lip return which is

.20 disposed at an included angle 0 less than 180° to the’

lip, and

{b) the lip on the second flange projects in a direction
to form an obtuse angle ¢ greater than 90° but not
greater than 180° with respect to the second flange.

25 In forming the lip on the second, wider flange at an
angle ¢ greater than 80°, the lips on both of the flanges
may be provided with 1lip returns without imposing an
unacceptable reduction on the width of the first,
narrower flange.

30 The 1lip on the first, narrower flange may also be
disposed at an angle ¢ greater than 90° to the first
flange, and it will normally (but not necessarily) be
disposed at an angle which is egual to or less than the
angle ¢ which lies between the second, wider flange and

is its lip. To distinguish between the two angles ¢, that
which is associated with the second, wider flange is
hereinafter referred to as ¢, and that which is



35 its lip. To di stinguish between the two angles [err], that whi ch

I s associated wth the second, wi der flange is hereinafter referred
to as [err] and that which is WO 97/ 28326 .

PCT/ AU97/ 0005 - 3- APShLL with
the first, na%‘r’%mer’flangels referred to as [err]. The
angle [err] may be selected to be significantly greater than the angle

[err] as one way of providing for 5 maximsation of the width of the
narrower flangeassociated wihkbh the| firat amgiraowerr £1pRgRedf raterred &R t he
lip _returnagasgociated with the second, w der flange may be equal
to or different fromthat which is provi ded bet ween and t he

lip return which is S8€o@%&d 4 t ReYhPeoselected tﬁ’arrr‘%V\érg"gPF- hgRntly

- Gven that the igieatael lﬂiﬁﬁh améeanggér may bﬁleeqway @f proviéiiniger £dit ,
- that which |s assogi ated, w t t.he secon flange is hereinafter

referred to &s [ aﬁﬁi?ﬂa?f the "M‘:@noﬁstags%Pé‘?‘é%Fvﬁ]t F&he first,
narrower flange is 1Phe rmfc&uded tamgde [@r bktween the 1i‘p)randy t@levenp

application of thg, ?hb‘é"s%{ gg”% th the LQE%?(&‘“Q%J”% ge, Inbhr )&f”]

[err] and [err] wl
the strength &Quaghgo or déf?ﬁ’é?‘éﬁ‘ afr%n”d@tt widicly iﬁepmﬁﬁﬁﬁ between
i nterconnecti onthie Adp &ntd tHe t1ip NBahens whidly eid apPadei s twis hile

PREFERRED %ATU@@?SQZ§ H}ggl\glagg The obtuse angle [err]

bet ween the secon and its associated |lip would normally
be not greater than leenlglg;!térqfl}e two ynpduded apgiessfmrybaleayahi s

preferably 25 dicferdnsp tttmttthmehtuﬁe apgbeihcea] wiws \&mtehlﬂe&dsm; ange

95[err] to 125] a t e 0
120[err]. Vil hr}qagﬁal ﬁ{ er r{g%t%lfv\%é‘tnwf 1%]:%& aggngrér ove %'rﬂ a%lbaet and
its associ ated Mhachl s@ vmwmeﬂalwwl‘bethet fgreat. ema3Fowerhfilah®e| eig | .

However, theg angleg¢eclketd] t@r@éegabl y lies within the range 85[err] to

95[err] and nost preferably is apprOX| mat e| y
For any given application of the structural member,

the various angles 1. @9, 91 and 02 will be selected to
provide for optimisation of the strength of the
structural member whilst permitting interconnection of
20 two of the members in overlapping relatiocnship.
FERRED FEA' P THE T N
The obtuse angle ¢, between the second, wider flange
and its associated lip would normally be not greater than
135°, However, the structural member is preferably
25 formed so that the obtuse angle ¢; lies within the range
$5° to 125° and most preferably within the range 105° to
120°.
The angle ¢; between the first, narrower flange and
its associated lip also would .normally be not greater
30 than 135°. However, the angle ¢; preferably lies within
the range 85° to 95° and most preferably is approximately
90°.
The lip return angle 0, preferably lies within the
range 55° to 85° and most preferably is in the order of
35 60°.



90[err]. The Iip return-angle [err] preferably lies within the
range 55[err] to 85 and nost preferably is in the order of 35 60[err].
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-4- The lip return angle [err] preferably lies within the

range 85 toVBP% and nost preferably is approximately FPCTABTENNS

The widths of the lips and the lip returns will be 5 determned in part by
ot her sectional dinensions of the structural member and by |oad bearing
requi renents of thene 1ligeretfurn HMMECEr); GedEdrapllr el isabiichias enev dth
equal to 20%to 60% of the wi dth of the asso |atedflane and nost
preferably haF2dfi AT e§f8al®%% 389, MESE0BTRES 1¥0 1% 3R 8?‘”%%313’
associ at ed f| ®oge. Al so, each lip return preferably has a w dth equal

to 30% to 100% Ofrg%hﬁidt g;gog._h%t 94 Jsl Rnd é{; a_{%npé%uﬁgsef‘g{fplyﬁ_has a

wi dt h equal to %to B0 of S0C| at lip

whi ch i s &sodetesBifeth iphPast Y ‘Pl%‘i‘?’bv@?c‘:l nafl| penairnf RE athe dt h
which is the m::aﬁran fleiber camd by Idainbdaaringdtrequfirementspofhthé is

associ ated wi }%Wld é@&erlj%,%erably ha%@ewﬁphr?ﬁ&é\gl whi c.h

is associated W h the narr ave d chis
the sane as ort°2@°*d|tfq @t Of { Elwn Wifeh Pfit ﬁheoﬁssf’ﬁéat?‘? pElange randt hat

i's associ aicst \WridEeradlyewand,.a Wrikth féqude. t&loBeYero i60% Sof the
pr ef e”efﬁrcf hatwﬁﬂﬁ | £ £hd usgsﬁ?%gl\?%&sﬁfﬁggl at ‘iﬂs‘@ﬁ "Naen 11 %E{:ﬁ%rﬁ
narr ower ange W | I reater an

. ual’ to or
that of the | mqf@trabm h%asl & 2widgh s @guadedtQi qm h&0sek ofi depe

flange. . assodialefVWOL iy . WAGLE! rated umabcnqsme&am@ fhiée(i widtl@ge]'f her
in overlappingrela ] Cen returns may fit.
together in neg'1 l& E: ?8? €o 6reI Zt?t c%ﬁ{:eﬁltlﬁdtr iﬁ}y I n nost cases
t hat such a The lip which is assoc;ated with the first, narrower

15 flange may have a width which is the same as or different
from the width of the lip which is associated with the
second, wider flange.

The lip return which is associated with the first, -
narrower flange may have a width which is the same as or

20 different from the width of the 1lip return that is
associated with the second, wider flange. However, it is
preferred that the lip return which is associated with
the first, narrower flange will have a width which is
equal to or greater than that of the lip return that is

25 associated with the second, wider flange.

When two of the structural members are fitted
together in overlapping relationship, the adjacent 1lips
and lip returns may fit together in near-parallel
relationship, but it is likely in most cases that such a

30 relationship will not exist.

The web preferably is formed with at 1least one
channel -shaped recess that extends in the longitudinal
direction of the web. The or each channel-shaped recess
preferably has a depth which is equal to 0.5 to 5.0 times

35 the thickness of the material forming the web. The depth
of the channel-shaped recess most preferably is within
the range 0.5 to 3.0 times the thickness of the material
forming the web.



30 relationship will not exist. The web preferably is formed with

at | east one channel - shaped recess that extends in the |ongitudinal
direction of the web. The or each channel - shaped recess pref erably has
a depth whichgyj | to 0.5 to 5.0 tines 35 the thickness,«

mat eri al fornf%g e web. - The depth of the channel-sha§§§%¥%?§§§5nDst
preferably is within the range 0.5 to 3.0 tinmes the thickness of the
mat eri al form ng the web. WO 97/ 28326

PCT/ AU97/ 00053 A plurality of parallel chgnnel-shaped Aggessssity

of parallel chappekeshBDPdi s CESSRED withinPt@keWwabl ¥nk$ &Qéﬂeﬁré\féf&ﬂ#,he
web and, nost prfeferabl four such recssaes re provided. e
channel - shaped TOU%F (L sFECREFRaAAF ANPIRELPFRd or IPE SERRPRRLIS but
5 they preferabepehagee mayarhawe cahyr desifbdo criose-ekahnehal formshayred

recesses preferahby BreroFARIY AAd $h HRLatWeBrm. ai¥0, e ddnel-
structural nenb overl aggégﬂ] relationship, the

rs .are connecteg ég
channel - shaped FEeRE8cSeFRSses pPrRierably ar¢ec afdpe E8mthakentieR
portions of 10 twongiafudi hhél y struetdrad t mendexs are colhectedentinon
will be nmore fu ﬂ#ﬂ o] f (4N rigptd f s
preferred enbodFE§ﬁ¥ 0 é? ?glééééﬁég¥§ﬁ]%Rﬁ|§¢lé§%%ﬁ%#¥?%ﬁ|€%§ﬁ%§?gd3?h t he
acconpanyi ng tPedr ZRFREEtIVS wRPEr fRTRR A DpRtNeRs - of |
the drawi ng® - longitudidaljly extenddwy aupmekgpective vi ew of one of the
purlins, - FIA & 2 SRAW Wilﬁnﬁe\’hSWeOEuflf’oﬁﬁi@é’fb@Jo%"%??J o the
purlins |located_in_ overl appi ng,relationship, 'gure shows
di mensi onal asp&Liowing ;S'loe&ﬁ&'lPFb°n of | @& uPﬁe%%?’E?‘bnsa“g’Pdt’-ﬁenEecQﬁdP'
w der flange of Zesectfon hpurlin whildh 3% illustratedi gl €hd SdEopagiydplas of
buckl i ng stressd¥§§§ﬁ5525 buckl e hal f-wavel ength for two different purlin
sections .

15 B F B
In the drawings -

Figure 1 shows a perspective view of one of the
purlins,

Figure 2 shows an end view of a portion of two of

20 the purlins located in overlapping relationship,

Figure 3 shows dimensional aspects of 1lip and 1lip
return portions of the second, wider flange of one of the
purlins,

Figure 4 shows graphs of buckling stress versus

25 buckle half-wavelength for two different purlin sections
when subjected to bending in a manner to place the wider
flanges of the purlins in compression, and

Figure 5 shows graphs which are similar to those of
Figure 4 but when the same purlin sections are subjected

30 to bending in a manner to place the narrow flanges of the
purlins in compression.
DETAILED DESCRIPTION OF THE INVENTION
As illustrated, the purlin is cold formed from roll-
reduced steel and it has a 2Z-shaped cross-section that
35 comprises a web 10 and two oppositely projecting
flanges 11 and 12 which extend outwardly from opposite
ends of the web. The flange 11 is referred to herein as
a "first" flange and it has a width which is narrower



when subjected to bending in a manner to place the w der fl anges of the

purlins in conpression, and Figure 5 shows graphs which are
simlar to those of Figure 4 but when the sane purlin sections are
subj ected 30 to bending in a manner to place the narrow fl anges of the
purlins in cBPYE¥eson. DETAI LED DESCRI PTI ON OF THE | NWERPRUSK©00s3

As illustrated, the purlinis cold fornmed.fromroll- reduced steel and

it has a Z-shaped cross-section that 35 Conprises a web 10 and two

oppositely proh£€tthd "secbhdnyfsddi: 2amdnde WHI ChiLXtB0NdLe8E WRBEIgehr om

opposite e . the b. The flange 11 is referred to herein as a
"first" fl angegg%%cbltlt raes\gg w dth which is narrower WO 97/ 28326

PCT/ AU97/ 00053 The fhzati haarrewend" fiange fllande 12prmedcavithesh be
seen fromip ouy ewkdch is inclinBe dtl 'S .afipld YElof | simalc gy {or med
with a lip 23 which is inclined at an ot 3o ofaﬁdfpypbro%%f‘gly 5
90 to the Pl ant?oft? Hee IRIRRS Of the) fiangecddnd and ¢he second,amjder? s
formed with a £langb} 1hiish fiosmedcwitRdaalipme whidde @1ihed at an
appr oxi rratelyggsﬁleer toet Laue h flapge 1 In the
case of a purlin avi%g gfv\e%%}'o 7 géﬁlgznooom 58 ggﬁt hp,zlathee A% sEBf1 ange
11 might typi ckd3ngehdee a nominal width in the order of 65 nmto 70 mm
and the secongnf | gwwe cdgde Mgt gh ﬁnnq;g‘;ﬂc? (Qzlﬁgg I }’f}[/mhéj&i] Mt

W e firs

the order, of 75 mmto 80 The_li assoc| at e )
f1 ange 111(21 gHto% ﬁ&?&m: hBfi ﬁg’Fg?o ng¢ )1 pightyitypicaldy baveraof 20
mmto 30 mm &mninad |width! in thessociext eof Wes hnithets eroned | &gecAad mi ght
have a noni nalsecond Widnge A2t RgRE dRAvE! a2 i ch of
the |ips 13 and 1415 Fode 12, pgft(fhy raeg‘%g%‘%@e%gi"%ﬁﬁrﬁl‘iﬁhgg 16.
The lip retur qrdexy oL (1o Pe§OafO0am™angIRe] diP] 18 aggocirtadt wivhoo
with respect the figrstheflangel3l amibhthethémp h@veira Hhomifal Nqbi-aed1af an
15 width in the order of 20 mm to 30 mm, and the lip 14
associated with the second flange 12 might have a nominal
width in the order of 25 mm to 30 mm.
| Each of the lips 13 and 14 is formed with a
respective 1lip return 15 and 16. The lip return 15 is

20 inclined at an angle 6, of approximately 90° with respect

to the lip 13, and the lip return 16 is inclined at an
angle 6, of approximately 60° with respect to the lip 14.

Thus, as can best be seen from Figure 2 the
regspective flanges, associated lips and lip returns are

25 dimensioned and angularly disposed so that the narrower
flange 11 nests within the wider flange 12 when two of
the purlins are joined together in overlapping
relationship.

The 1lip return 15 might typically have a nominal

30 (overall) dimension in the order of 10 mm to 15 mm and
the 1lip zreturn 16 might typically have a nominal
(overall) dimension in the order of 5 mm to 10 mm So as
to permit maximisation of the width of the first,
narrower flange 11.

35 Although the lips and associated 1lip returns are
shown in the drawings (particularly in PFigure 3) as
including arcuate portions and flat portions, one or the
other or both of the flat portions A and B (as shown in



angle [err] of approximately 60[err] with respect to the lip 14.
Thus, as can best be seen fromFigure 2 the respective fl anges,
associated lips and lip returns are 25 dinmensioned and angul arly di sposed

so that the n flange 11 nests within the w der f en
%gf) %:fﬁl s AR Gorhtesih

two of t are joined together in overl apprng
rel ati onship. The lip return 15 meght typically have a nom nal 30
(overall) dinmension in the order of 10 mMmmto 15 mm and the lip return

16 might typi calBigurevedla mayi bel mininfieedr 4id ) adi estentn such hehatr deheof 5
nmto 10 mm so GB_Sifs and0 139" FetuPBi ateati o 1ing oW detiabat Be1biyshy
narrower flange 11. %5 . Althouq_ght e,.l,I &i ang associated |lip returns
are shown | MANEE: RRFRYEDS NEYRd, X0 R RRY(PE g? as i ncl udi ng
arcuate portions andThesefepe] | ths, réfieraticdshenade iof drisospeetiiiehtibe

flat ‘portions A.and, . ShoQwn i, L2
PCT/ AU97/ 00053 & 1l§.p( %dﬁ:@x WL nld lip return \v/:\%gg §§%§ ?Fg&?geg'?t?r%? be
mni i sed to an aR&ifgds ¥eierpaeesheo overalhwigidhg j (sometimgs zneéerredt he

linmt, defined am edy byverall aBepther Pobki Wttdimined Nidi th& ebllorid or

Rerr]. r .the references nade in this specification 5
to "lip wdth" g:r?&g‘riqujgggégﬁf n wdth" wll be understood as being
references to oWdexRllyldphwidel et neRy &0y i8¢ /2) + Rp as "overal |

dept hs") as;glet @fEragd BYpt Peed Al WML = B el ati onshi ps: Overal |
lip wwdth = A + Rerr] taﬁ (ferr.]lz tlJ?ER[err*']ﬁEO Overall lip return wdth

= B+ Rerr] whegiger @8 #hoWRoWA thet Hrawingpnandang weul@undrmatlm|bs be -
the case, the angleecheer]the &uykd 80 i@ eguadt £6 dbhafr&fedf han 90°. The
fecesses 17, Each rotite Wek ot 16fe 2 temhen ¢ apibiondouicn 1P0gecuataa ey
depth in the or@xtepfling changel sl®ped inesessee LH.ckBach pécéd: hat adnfrom
whi ch 13e aidubkB fotm hAGMBHch rébéfs nddCa AEFETSER tHd ofdér of
0.5 to 3.0 times the thickness of the metal from which
the purlin is formed. Also, the recesses 17 are
orientated such that, when two of the structural members -
are connected in overlapping relationship as shown in
20 Pigure 2, the channel-shaped recesses in the respective
webs. 10 form complementary portions of longitudinally
extending tunnels 18.
Reference is now made to Figures 4 and 5 of the
drawings in which:
25 Curve A in Figure 4 is a graph of buckling stress
against buckle half-wavelength for a standard (prior art)
Z-section purlin when subjected to bending in a manner to
place the wider flange of the purlin in uniform
compression and the narrower flange in uniform tension.
3o Curve B in Figure 4 is a graph of buckling stress
against buckle half-wavelength for a Z-section purlin of
the type shown in Figure 1 when subjected to bending in a
manner to place the wider flange of the purlin in uniform
compression and the narrower flange in uniform tension.
35 Curve A in Figure 5 is a graph of buckling stress
against buckle half-wavelength for a standard (prior art)
Z-section purlin when subjected to bending in a manner to



~

erientated such that, when two of the structural nenbers are connected
I n overlapping relationship as shown in 20 Figure 2, the channel -shaped
recesses in the respective webs 10 form conpl enmentary portions of

| ongi tudinal ly ext endi ng tunnel s 18. Ref erence i s now made to
Fi gures 4 arM08738826 he drawi ngs in which: 25 CuFGUAROAOB; gure 4
Is a graph of buckling stress agai nsg buckl e hal f-wavel ength for a
standard (prior art) Z-section purlin when subjected to bending in a
manner to plicace e Wdiafow | aneegel ofe puid | Hurliwi fier Muniform
conpressi on and_t he narrower, Eggn?e I n f’lna{rI or m tension, é(e) i on Curve B in
Figure 4 is a %ﬁn%s@fmﬂuéﬂii S ?’%% egal hst 6u€1?| e“RAT 2 wavel ength
for a Z-section pufurweo® in Fhgurgpé disovin graph gofe brokRdngs @yressed to
bending in a g atimytnq;umeolrﬁaez-uaﬁe%ag_&?f kaaga QT—SEI&Q%BHV bu&n& BB fzr_m
conpression a e _narrower . nge_in uni form.tension. ; rve in
Figure 5i3% a ea}ryp& FE¥R ilﬁ‘g%%g}’ﬁgsl w e’égﬁmﬁaﬁfglﬁ%%ﬁ’l@%\}gl 8ngt h
for a standar dnggnenor tar t place Zheecnpgnopurflangehewfsubhectmirkin bdndi ng

in a manner tQypiform comp¥Es876883%3 the wider flange in uniform
PCT/ AU97/ 00053 - 8- pl ace the narrow

fl ange of the rp?f’rﬁ:ﬁ'cﬁ"i n uni form conpression and the wider flange in

uni formtension. ComparabDer perBinnsécyiens Shaving meminadf dimedsiogsstress

agai nst bygkl esiihd - ¥RVEhENEbD16Wind FaBEE! hale PBEEhNafk1y8ed 8ok RBeShOWN
in Figure 1 when susrbéect%d | ace the narrow

fl ange of the FHFHISF 9% ertigﬁil?‘sgpl ng%#%rg%ﬁhﬂnngg?}e%ﬁtggﬁgﬁe? 3 mye in
uni form t ensi on. Conpar abl e purlin sections having nom nal
di rensions 10 shown in the follow ng T have been anal ysed for the
pur pose of deriving the graphs shown in Figures 4 and 5.
TABLE
PURLIN TYPE
DIMENSION STANDARD - FIG 1
Z-SECTION : Z2-SECTION
i Metal thickness 1.5 mm 1.5 mm
15 Depth 200 mm 200 mm
Narrow flange 74 mm 69 mm
Wide flange 79 mm 77 rmm
Narrow flange lip 15.5 mm 28 mm
Wide flange lip 15.5 mm 2%2.5 mm
20 Narrow flange lip return - 14.5 mm
Wide flange lip return - 10 mm
|| Lip angle ¢;-narrow flange 90° 90°
Lip angle ¢,-wide flange 90° 120°
Lip return angle #;-narrow flange - 20°¢
25 Lip return angle 0;-wide flange } 60°

In curves A and B in the two Figures 4 and 5, local
buckling occurs at short half-wavelengths, distortional
buckling at intermediate half-wavelengths and flexural-
torsional buckling at longer half-wavelengths. In

30 respect of the 2-section purlin as shown in Figure 1 and



PURLI N TYPE DI MENSI ON '
STANDARD FIG1 Z- SECTI ON

Z- SECTI ON Met al t hi ckness 1.5 mm 1.5 mm 15
Dept h 200 mMm 200 mMm [ ‘%Jﬂk nge
74 mm 69 N 226\ de fl ange %&nﬂ% 3 77
nmm Narrow flange lip _ - g -15.5 mMm 28 mMm W de
flange lip 15.5 mm 29.5 mm 20 Narrow flange lip
return referred to inj4he mpove Tabliede tHearkpedl,p d¢ismtemvional

- . 10 M ang  f£ld:RANYRrsebhi1 NAEAN flANGe resses indicac{qdeg_z [ |
err

90[ err] L angle [err]-w de flange \ 90

Lip return angl tgf‘é‘?gq] -na’r’?o%’\’/ 5ffe 4 dna s argohigherydhan | for  the, |
angl e [err]-w detdndmge (prior art) | nZ-seatdonA gputlBni n inddcawedFi yres 4
and 5, locak  cuPpeKld NG OCeYGRral SAOrdpdald - wavabgangt hsendi $hididsagal
buckling at interngdi ate hal f-wavel engths and_fl exural - torsi ona
buckl.ing at |EREEILARES Rhnde iferSion PPR1IER inacerpdange mishzthect | on
purlin as shownpresdntguirvdntiwh, when subj¥rted 2632bending which puts

PCT/ AU97/ 00053 £1 : : -9- f 0 kp the
above Table, t h%n? oc_a?flg‘caii sj'{lorqﬂm rfz?FSl?n gﬁg fﬁheeiu?%rf I’E o?lgi g%{éﬁggubk'ﬁgng
stresses i ndi caB@RFAPT toouthes ekl ingumesistanges af e HIgh&tandards or

t he st andar (pfjur oara)t )purkiact whenpuidbjedted ced edhey SaméUlsteesd N
Figures 4 andg, ; tq%g,ce, t he buckling resi stance of the
Z-section purl i?\l%]né)c‘%:or ance with the



present invention, when subject rmg which puts one flange in
conpression and the other in ten ““‘ﬂm |or to the buckling
resi stance of the standard 10 SH“{“ ‘\\ﬂ“‘ n when subjected to the

same stress di stribution. L WO 97/ 28326
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1. An elongate structural menber whichq4is cold formed from steel and
~ which has a Z-shaped cross-section conprising a web, two oppositely

directed paraldgg ciarMsanges projecting outwardly from respective ends of

t he web andallp aéﬂth%outa% edge of gac hf n lfII’Sit f t he

fl anges having a w Yt h I C &rr B et tha o ?lﬁe fecon%i fl ange

wher eby two offeimedstfings gheel andioviahs hm@/ BHeZjshaned gragscsespprng
relationshi p, @éiﬁi:ﬂa.%lnbhe St Méﬂ ur aﬂwdm%oé?ﬁélgr C hracenl S?ﬁrh@lbﬁ!at

h f d at
o nerides nrgrangas, Bebiactibg ]°)u"1"e§§1¥h%M@Fspﬁf%e ends g2 RRE” O
(b) the lip orwetheawkconllipl ahgther opitetr sedgeaoti eachi diamhge,t 8 farstan

Cespect 1o the sacund pes, Ba0idd QUbiB0h wiiol & iilrscldd HgLPERLEM (1
claimed in cl a‘?gn % SFEP?‘ﬁeer%ﬁ%ct‘ﬂ"ﬁr@éf i ﬁ“’f’ha?gt he'e | FEENCEHERE 1 st

fl ange IOF apemhers nmay dbeecjdiored oif oowezbappime frelafienshi@) andspect
to the I S r g err] between
t he secon fIa t\y&g}a?' m@x%eg E@{ﬁ %Hé?&c%@? fLSEd e J:ﬁaé The

structural me §§°@I a”'rﬁd -”rsh (ﬁ%"ﬁfil with CII&Pm petyFR hé’fhi"-'h is
charact eri sed disgdeid 1a|mealnl fnobufiéd® Aigle e@ynarf bangresy ajiact 380R 8o
direction to fa_ém an obt angle [err] which Is not greater than
135[err] withT oY taé;l t he second fl ange. 4. The structural
menber as cl ai fid |t,1§1ec|laprrp11 She second flange projects in a dlrectlon

15 to form an obtuse angle (¢,;) greater than 90° but not
greater than 180° with respect to the second flange.

2. The structural member as claimed in claim 1
further characterised in that the lip on the first flange
projects in a direction to form an angle (¢1) with

20 respect to the first flange which is not greater than the
angle (¢,) between the second flange and the lip on the
second flange.

3. The structural member as claimed in claim 1 or
claim 2 further characterised in that the lip on the

25 second flange projects in a direction to form an obtuse
angle (¢9) which is not greater than 135° with respect to
the second flange.

4. The structural member as claimed in claim 1 or
claim 2 further characterised in that the 1lip on the

30 second flange projects in a direction to form an obtuse
angle {¢5) falling within the range 95° to 125° with
respect to the second flange. '

5. The structural member as claimed in claim 1 or
claim 2 further characterised in that the 1lip on the

35 second flange projects in a direction to form an obtuse
angle (¢p) falling within the range' 105° to 120°.

6. The structural member as claimed in claim 2
further characterised in that the lip on the first flange



ctaim2 further characterised in that th e 30 second fl ange
projects inadlrectlontoformamﬂ ﬁ“w @ﬂ [err] falling within

t he range 95[err] to 125 with cond fl ange. : S.
The structural as claimed in cIa|m1 or claim2 fy

characterised 'R t a?sthe lip on the 35 second flange projec Sﬂ:ﬁ%mgoss
direction to form an obtuse angle [errhifalling within the range 105 to
120[err]. 6. The structural member as clained in claim2
further charact eP¥&igftsn dRatat iddrecpion tiwe formt thengmgle (¢)) wivh

97/ 28326 t t t £1 /%HQZEOOQQP’ Lects
in a direction to sf%ercm t heo angl e e f[:Lg'-rﬂr vm'at sg respect ntOt lgﬁga%?rst
flange which j sham, 435 greater than 135[err]. 7. The

structural nenber as 7l ai Trd istrtlcturad nembdir t ber cdwinaed efhsSaftaim t pat

the angle [egr] e@ngﬂ;ﬁ__ e d i n LT
flange fall sgvm tﬁ% gcr‘-'gr?lEEQSP'err g’gotgg. a&s@'ie (%1? g&@%#l% Ehe
structural menbefizst dlangedand thei dip on the tHorstfllengecfiaddd whthhat

the angle [err] Qeg\mgettggolgo Y69, and the first flange i s approxi mately

90 : : t tu nb I e ,of
cl Eiﬂnrs] 1to 8, furthcgr' ch %c'[g%“gg ﬂeﬁﬁbe&f}ec?ﬁl rf?dﬂ?% et éﬁ@ Perr]

and [err] betweefnntihen edpericterisedsinnthahethe angdeodidql ebetween ethens

are differeyg 1. ral I gredln claim?9
further charéact e%' seé‘cil r?iltghgtl;gﬁeﬂl ryé é‘esgagggg IeE ?§}§ between the lip
return and the lip adsoci ReRdSWRGrunsd membes:e@@nd:lfamﬁgb in cany,i eng nof he
range 55[err] tocBAms 1 to 8, FhrtHbf Shitwditdrilsd® e that €he Eﬁdlhﬂe&' aim

9 20 further Cfﬁ[ag"lce{?e f§1edaﬁ‘§] b?at e%@‘ge% H#ge(%e%ggl glv[aerlﬁ%pgngand tg_:hween

the lip-return an I'p assoc cond
appr oxi mat el y gmoqz.gtgg[ dip] returns are @dffélenttructural menber as
claimed in ggaim9 19, fid h%&ﬁbéﬁ@&ien}é&@ﬂ Mg hah 4 é.lﬂ-féd' anU%&Qﬁxn%e

rr] 2 he |i r rn .an i i
[err] 25 bet Weeipuzztheer gha:gatéjten%e 1n ptas&(l)ec %.E‘x%luded angle (0;)

between the lip return and the lip associated with the
second flange lies within the range 55° to 85°.
11. The structural member as claimed in claim 9:

20 further characterised in that the included angle (87)
between the 1lip return and the lip associated with the
second flange is approximately equal to 60°.

12. The structural member as claimed in claim 9
further characterised in that the included angle (6;)

25 Dbetween the lip return and the lip associated with the
first flange lies within the range 85° to 95°.

13. The structural member as claimed in claim 9
further characterised in that the included angle (6;)
between the 1lip return and the lip associated with the

30 first flange is approximately equal to 90°.

' 14. The structural member as claimed in any one of
claims 1 to 13 further characterised in that each lip has
a width equal to 20% to 60% of the width of the
associated flange.

35 15. The structural member as claimed in any one of
claims 1 to 14 further characterised in that each lip
return has a width equal to 30% to 100% of the width of
the associated lip.



first flange lies within the range—85to 95{(erri 13. The
structural nenber as cl ai ned |n her characterised in that -
the included angle [err] munlm l““'i"‘I I|urn and the lip associated
with the 30 first flange is appr@xn:ra eqsua 14. The
structural n¥RP&32% claimed in any one of cI a| ms 1 t SCTAUPTROOF:
characterised in that each Iip has oM dth equal to 20%to 60% of the
wi dt h of the associ ated fl ange. 35 15. The structural nenber as
clainmed in any one1s. Theclstiritirhd eribdrdt hes chadmelerirsediaimt A&t each
lip retur ”f&%t& Wil P l etégszégo/?:ﬁgt 19020 9 :t.pt el L Qlociace®

associ ated i
PCT/ AU97/ 00053w1t:h the first flange has a width ppt_less than thgt Dfe

sthr ulct ural mentise laip Qiéﬁdﬁﬂalsﬁo&hﬂt&%lﬁlth t:héf l@e"c%ﬁ ehangs!t gr Ihsed i P t hat
the lip return assqe at rst_fla wi dth not | ess
t han t hat %f C} %gerett 5}‘#‘223% ﬁﬁéﬁrmﬁ‘?h ?%ﬁmiicb’ﬁdaf’yaﬁb‘g of

17. The structhg aPrﬁéﬁﬁmg aslafimprdantheancharaatierised tite phacediheg

cl ai mrs] furlt herwehaiact iz wi\tlt hak tr@asat on&'elmaiimiaﬁ!taﬁé tétilt *}C?%TesbeaSt
one channel -s t hat _ext ends e_|l.ongi nal direction
of the web. "G e’&f%'%%Tﬁg 5PPy ?ﬁ?h‘l"u%ﬁ}e&%?c&?‘&f‘nﬁg glllﬂ ec¥ebm 17 10

further characteri 38d i Fheh@truesural cmemberams| c3hiped in clms&?has a

depth which i Sfl%ﬂlﬁr t&&a’i:tte‘i'lgeﬁ t:.in”%hatth%he or dH&K ts'?ﬁ ggt eri al
formng the web h? EUCt ural menber as c ny one
of cl ai mEECYF RS & (?Ir' F'ﬁ t &% 88t ntQ x> thee 5\/0(90 t|1§‘e§5thﬁor ned
with a pl uratthitc)me@rs ofathel mhterimhnBdrmimgpetie web.r ecesses that ext end
in the |ongitudi naI19d| regRéi Qﬂrﬁétﬁfﬁl membdEPas claimed %19 2 gt ur al
menber as cl ai al ns % l? ar act er| sed

in _any o
in that the %iear’é"szol %/%rﬂgdguﬁﬂlﬁr F%aracsfy%t?&si a’pfar'f haty the| web is
channel - shapedormed r apidds e t lptursdticiyd |iof t hpadadigilt udihzainedi-shapean of

t he web. recesses that extend in the longitudinal direction of the
web. _

20. The structural member as claimed in any one of
‘claims 1 to 16 further characterised in that the web is

20 formed with four spaced-apart parallel channel -shaped
recesses that extend in the longitudinal direction of the
web. '

21. The structural member as claimed in claim 19 or
claim 20 further characterised in that each of the

25 channel-shaped recesses has an arcuate cross-sectional
form.

22. The structural member as claimed in any one of
claims 19 to 21 further characterised in that each
channel -shaped recess has a depth which is equal to 0.5

30 to 3.0 times the thickness of the material forming the
web.

23. The structural member as claimed in any one of
claims 19 to 22 further characterised in that the
channel-shaped recesses are orientated in a manner such

35 that, when two of the structural members are connected in
overlapping relationship, the channel-shaped recesses in
the vrespective webs form complementary portions of
longitudinally extending tunnels.



21. The structural nenber as claimed in claim19 or claim 20 further
characterised in that each of then““m‘m“ﬁmH H ed recesses has an

arcuate cross-sectional f or 19 § o - | e structural menber as
clained in any,.Qo f . clains 19 to 21 further charact er'_.stgg(ggi.,@”’ts at
each cha#r?e!f]'ﬁgﬁgped recess has a depth which-is equal tllo : ‘bto
3.0 tinmes the thickness of the nmaterial fofsng the web. 23.

The structural nenber as clainmed in any one of claims 19 to 22 further
characterised in tha24thé&he stgumzturalsmepbdrr substastiaklyraenslaived im a

manner such 35 chBal, WoRHph#piAl { NErspigs U Ahnd P GBS ALR LONGECt ofb I 1

over | appi ng rel g%igons iP’ ‘f chgnnel - shaped recesses In the respective
webs form conpl SREREAPFPET t9esifriped withopgfereRcrl tReR8%%ndi ng t unnel s.
WD 97/ 28326 PCT/ AU97/ 00053

- 13 - 24. The structural nenber substantially as shown in t he

acconpanyi ng dr aw ngs and substantially as her ei nbef ore descri bed
with .reference thereto.



