- 1 - 12 Septenber 2006 CONNECTOR ASSEMBLY The present invention relates
to connector assenblies for attaching concrete bodies to structures, 5
for exanple in conposite slabs, colums, beans or any structure attached to
concrete sl abs, blocks, etc. The present invention also relates to
connector elenments that can be used as part of the conneskptenitr 2006

assenblies. The present inventi onggﬁ%g&ﬁhaéggE%P% ips that can be used

as part of the connector assenbli the present invention
relates to connector assenblies that include connectors in the form of

shear connector studs t'f}?é gaﬁég%@ﬁn@g&icoqpr}e&gtc& e&tg&% er ame

structure and a concrete sl | tion, in on orm the present
i nvention retatembliesoferecabracheneeencyrte edirs tsedsiudturs, shear

connect or sst Ugl$y daristth ti ANeohpo € fOT 4B s | N NEASENtbd VS M4 Uhy 25
relates to clips that can be used with the shear cqQnnector studs and the
connect or el ‘i%?“ﬁ(ﬁ&?&ﬁf\ﬁﬁwcfwjﬁﬁ@%o Hig Toheret e

conposite structures in building construction involves assenbling a
structural franework w%teh crrosssﬁtc%nnnveec&éin parlisrgalrlyel S 1iaanplcoan_lceocntdoazry
beans, and laying a ri }becP deckl ng acrosSs the supporting primary and
secondary beavsemdeinftrat ncpbdre wredesh paxt tdfertiss ¢ayeekierr t op of the
decki ng. {goncielguipipoured on top of the decking to conplete the
conposite structure. In construction works the structural framework is
usually nmade of steel. Figure 1 illustrates an exanple of a _ 2 _ 12

Sept enber 2006 st eel / o rpt s GONMMIGSHdre fdrD AL s sl dthes aaneflaies hataens

can be used as part of the connector assemblies.

15 In one form, the present invention relates to
connector assemblies that include connectors in the form
of shear connector studs that form the main connection

between a frame structure and a concrete slab.

20 In addition, in one form, the present invention
relates to connector elements that can be used with the

shear connector studs.
In additicn, in one form, the present invention
25 relates to clips that can be used with the shear connector

studs and the connector elements.

BACKGROQUND TO THE INVENTICN

30 Forming concrete composite structures in building
construction involves assembling a structural framework
with cross-connecting primary beams and secondary beams,
and laying a ribbed decking across the supporting primary
and secondary beams. Reinforcing bars or mesh are then

35 layed on top of the decking. Concrete is poured on top of
the decking to complete the composite structure. In
construction works the structural framework is usually

made of steel. Figure 1 illustrates an example of a



and reaches sufficient conpressive strength, the decking provides the main
rei nforcenent for the concrete slab and the slab becones the top flange of
the conposite beam 5 Connectors in the formof shear connector studs are
often used to strengthen the connection between the steel franmework and

concrete slab. The studs are fixed genepal |y wel ded, upiSeglteimidehroogh t he

st eel decki ng oL iL throu cpfd hol em|1n t{t}e deckr neqtbehorgethe
concrete is poured are ‘I:ac%d a ove T he’ primary secona%ry bea

Once the studsnérzeeeelsesrﬂuﬁ@mxeme comm:ee;/smmgﬁmqﬂportmtdepakinmf t he

connection fC}’{SP@%d@@W#@%&D& SLERF o EQRBNRT #6o ANCh £ ONGH £L &S| &bab 1ona
Dependi ng on the profile of the decki ngjtand the nature of the studs, the

strength, ducth®ityaRnECees cFefcioRfE1aRIR IRE R IFRIRIBHES RS- bet ween
the concrete slab and franmework can under uItr rrate | oad 20 condrtrons | ead
to the comon problem of_rib punch-throu e Refe

A qg: E’Va% of
exanpl e to steel / concr etF THPos e €tF ‘ﬁ'ﬂ Fhroudgh 14 | ure
occurs 25 whemré h@fsemdssadetsubjzmwdem tlmgq:tbmq:ﬂaiorsrtwtrvémcﬂse

betveen the copctete. and,sipelndTA0RNDLE. They Wil Slual herotpuctyre and

the load it supports have the effect rusti ng the concrete agai hst one
si de of each mwaHEa?ﬁP%@e‘éon‘eléﬁW}a?e’éF’%‘??%s@se attedk #REFEIRF ?He stud

and 30 f ofom ngh Aobkieak- i“@-—)’pﬂ\&glg@dlﬁbi@elﬁoﬂ% Qi&m&fbeﬁmﬁl@rthé he
| ongi t udi nal shear force i S %gshe into s of _the steel decking and

away fromthe SRR ThY PRITTRL TN 2T B ?‘Er% B i PEREAEBA, %A r ow A
I ndi cat es t heseckndaty ovearhs she@mcd otloe $tuddneam)rmset eliC agmenste t he 35

stud S fixed Eﬁ'é&%@a&ﬁ&kéﬁglx%éPtéﬁ@%aPQaé‘% %ﬁie TJ:-!:?nnection formed

between the steel framework and ceoncrete slab.

15

Depending on the profile of the decking and the

nature of the studs, the strength, ductility and
efficiency of the shear connecticn formed between the
concrete slab and framework can under ultimate load

20 conditions lead to the common problem of rib punch-throcugh

failure,.

Referring by way of example to steel/concrete

composite structures, rib punch-through failure occurs

25 when the studs are subjected to longitudinal shear forces
between the concrete and steel framework. The weight of
the structure and the load it supports have the effect of
thrusting the concrete against cne side of each stud
creating concentrated stresses at the base of the stud and

30 forming a break-away wedge in the concrete which, under
the longitudinal shear force, is pushed into the ribs of
the steel decking and away from the studs. This situation
is illustrated in Figure 2A. Arrow A indicates the
direction of shear force in the concrete C against the

35 stud S fixed through decking D to steel beam SB. The
break-away concrete wedge is denoted by W. With the steel
stud no longer confined by concrete arcund its base, it

can be bent relatively easily under the effects of the



break- away concrete wedge is denoted by W Wth the steel stud no |onger
confined by concrete around its base, it can be bent relatively easily
under the effects of the -3- 12 Septenber 2006 shearing force. This node
of failure significantly reduces the shear strength of the wel ded studs,
maki ng their shear force/slip behaviour _gassibly britthe sptemsrecas!

reduci ng the s%rength gf t he c,%rPosit st%lr:%t Ly e. 5 The.%i kel% ood of
punch-t hr ough®f&FT P2 TREFBases™ad TRA%® Runbdt—OFC shed? - corietHBrs per pan
i ncreases andteduessthke shearofttréegtionoictios wabdedsesudductakisy is a
desirable fe o] | : tries it is
mandat ory | na{l'ltrl‘_rﬁgfrgiﬁ%%?g%%%gﬁgg?gﬁ%%%%%#gdg ?ﬁ%?hﬂgqgﬁag?f%o%%%ct or
studs in conpe¥e¥alit Fedeateg beedabrenrsgth it th¢ tgorresibe absectere -

according st 0 the 1£k8linasdi orbsinernthhSugsheai1das cenarehsds pasWigee the
slip occurs |on itudigal %% 15 between the concrete slab and eel beam The
slipis indi® Ti R FPRGPE SHRTCERRRRFOPE TR WRITRI TFUC DS gthe
ductil e shearstoaneft thestodneéatsonenaet¢aseal design standards is one
having a characteristic slip capacity exceeding 6 mm Noting that slip
capacity in a solid slab 20 increases with shank dianeter, studs with
certain dinensions ar Peorst ey eds ducdesiralFy featpie osgheanat i onal

desi gn Standagdsnacespt stubisagded shusoRs LehDgridyicii! £sidaddeestydifas an
overall length after welding of at |east 4 tinmes the shank di aneter, and
with a di anetEre35 B32tHoR21 eSS FRANSIRIRTANATIRDE B3R BREFHY TUMRTLERF eas
nost prone tosthdsksn addmpesies §orittgrés beodidel Be S| absc Ol 1 5ty UEAMTr es

are regions close_to_edges or_.voi dgé g%%ng__lffs of _ voi d_sb‘j3 ncl udet}péofi | ed

ri bbing on 3 Steer e i%ﬁc%%;'értl?ng n ﬁfélc\’/%sl}%ilspl PR EoRcT et e

body, while hoh¢aw tores amdpsbirasvhevdctlee eshipocerent elongitudinally
15 between the concrete slab and steel beam. The slip is

indicated in Figure 2A by Dimension B. The definition of
a ductile shear connector stud in scme national design
standards is one having a characteristic slip capacity
exceeding 6 mm. Noting that slip capacity in a solid slab
20 increases with shank diameter, studs with certain

dimensions are considered ductile. For example, some
national design Standards accept a headed stud as being
ductile if the stud has an overall length after welding of
at least 4 times the shank diameter, and with a diameter

25 of not less than 16 mm and not exceeding 22 mm.

Areas most prone to cracks and wedges forming in
concrete slabs or structures are regions close to edges or
voids. Examples of veoids include profiled ribbing on

30 steel decking creating notch-like voids in the concrete
body, while hollow ceores in pre-cast concrete alsoc create
voids. Of the open or closed type variety of steel
decking ribs the more significant problems are asscciated
with the open type ribs which are more responsible for

35 creating notch-like voids in the concrete body.

Rib punch-through failure occcurs predominantly in

secondary beams, that is beams spanning effectively



voids. O the open or closed type variety of steel decking ribs the nore
significant problens are associated wth the open type ribs which are nore
responsi ble for 35 creating notch-like voids in the concrete body. R b
punch-through failure occurs predomnantly in secondary beans, that is
beans spanning effectively -4- 12 Septenbar. 2006 per pendiSzpteniber@obbe
decking ribs, becgg Ec“ﬁé@ égcgggaé¥ kggangiéhe ghégséefoi es are directed
across the ribbed ecﬁlng and-are°thas" for & ffke?y 0 dﬁrry TRECRFTett s of
voi ds in the pefygst bhehbhxuatl Shanks beevwderethedrabsoss fie ronoedte | ayer
in conposite gkapPsniSaHaNgEal byuk %ofgnﬂfﬁﬂ,%w@a&% m‘; SEEELLHE

y, t stve

underneath are in tensjon. According € conpr es orce in the
concret e redu¥esdsr & the RiB8| Eootha peEadh shiwke hakveemnihe sthee.

greatest, #0 the &8Hsrotet YRGEAI LN S6MPLYidd SUDHOTLLA;&QuPOB1 eiheans
where the nonments reduce to. _zero, ThIS%fESCFIbeS a conposite beamin

positive benGPRBFeHEIOPorRTLEEI HaF Shest Perresuzferrertel ¥5°i it he
negat i ve noneténsigh ONSAttordnhdhyipushe osqmstd €s heanBoradi 0 €@ al so | ead

to rib punch Lo oughef ALLULEs FRodSLRE | B £OQET, LigPNenRIRION,Of i b
punch-through farfure 1s I'ess T1kely because e shear’ forces run parallel
to the deckineperbs and gherbedre thethe bend$ dof akereeably | $keplyto aff ect

the studsihet WeePotbedr ESfpodts heamOlwhi fe SEYe thGheh td PoEHs t £ 0uUgh
failure does not occur in_ 20 prinmary beans because even though the shear
force runs p%?%?telT?bstﬂ%SHE%??ﬁ r FHEPORBIR rREA st rRRFHF e each st ud
is still knowsehdibe, thtitiSlohgiBidl hylt shéde flecdd £0al shaddselds olghthde
si des of the open ribs, Fbugcpewn of thgiggg0£eé§ can. be .a critical

Tactor in thiterapara, mooRi el g o fl b A0 Ml Sl T
t aki ng t he abevechrobheatsnteadctounib gpundle-through failure. 1In
16 primary beams the phenomencn of rib punch-through failure
is less likely because the shear forces run parallel to
the decking ribs and therefore the rib voids are less
likely to affect the studs between the ribs. This is not
to say that rib punch-through failure does not occur in
20 primary beams because even though the shear force runs
parallel tco the decking ribs, concrete surrounding each
stud is still known to be thrust laterally to the decking
sheets through the sides of the open ribs. Haunch width

of the concrete can be a critical factor in this regard,

25 as can the presence of reinforcing steel.

In taking the above problems into account at the
design stage, empirical design formulae have been
developed for determining the design shear capacity of

30 studs used in composite structures. Whilst the formulae
can be of gquidance for simple censtructions, they are

relatively inaccurate in practice.

It is thought that placing studs in pairs
35 improves the strength of the shear connection, however
quite the opposite can be found to be true with strength
and ductility actually reduced due teo rib punch-through

fajilure.



design stage, enpirical design fornul ae have been devel oped for

determ ning the design shear capacity of 30 studs used in conposite
structures. Wiilst the formulae can be of guidance for sinple
constructions, they are relatively inaccurate in practice. It is thought
that placing studs in pairs 35 inproves the strength of 1elsepsdmessr 2006
connection, however qu&ﬁe t.he oqggééie can_be found 1o be true wt

h
strength and ductility Acttarly UCBH e t BT i BEPURERR hr DU TRt ur e.

-5- 12 Sept enberp@fBe Hhamabbyvb prebhéss Heendoinextrustwees owbenerate

conposite be e; al i t M@&§e SEPY i
attached to 28§%€§%2?§ %gdéeFéggﬁghhgo%téggéyéﬁgstenergﬁéﬂgeddegf?% %Ee

concret e bodyf2TheresRneePeddsdsiFuthar eonaye bR BoPYl e, TRRAFPITRGESE a
| ar ger strauct yeeuct@fet gyl bkea FbUul ebdBni | 16§t 60t £51 SHghr as sLhyBhioN

where two bolts cast in g.concrege.slab _C connect, a structural
conponent SC £9 Fﬁ% gﬁ%%retglgPﬁﬁ ?%rbgg SE?%?%fes?F?oa ﬁh#%ﬁgfﬂ% BRFTE are
connected wi thwaubsltls BV tasthénuppeendfetheatialh of cechinawel i sgruatthel

di rection of aan~ClLAac i I, K for the, free edge
FE of the coﬁ%@ %%égFaE? #ﬁegggeﬁgggg%¥%a§l%$s?%%?%?he?f%%$£%nﬁ F%e
casti ng- bol t swaschhthgobdstEnaraecennpotedewbbanpuexafipl ed1gh veRe akpwer

that is, fhe fhegrefdectStRaPOiningf iA5tHEakLSSLtidntbe £ORSKEAE Nhere a
crack may form |If S w; nnect i ng boli i's Igcated close_to the free edge
e

i |lustrated i AFRFGS ge W \\BAgb BT B ohRr BPER P Baki gt BFF ed¥e iR PFee
edge coul d weskencenctHeskodligbconThet £ras oddige hie =nbiadirar betffeatdoneaken

the bolt's holg,i “a%JEE %QbSBQSrSLetth&%SéUHi epgﬁ&&';gé*l{é £9u val ent to
rib punch-throug arvare in conposite beans. solutton s needed to
mai ntai n the énampieésygiven above, that is, the free edge is a point of
15 weakness in the concrete where a crack may form. If a
connecting bolt 1s lecated close to the free edge
illustrated in Figure 2B, a wedge of concrete breaking off
at the free edge cculd weaken or dislodge concrete arocund
the embedded belt and weaken the bolt’s held in the
20 concrete. The resulting problem is equivalent teo rib

punch-through failure in composite beams.

A solution is needed to maintain the integrity
and strength of composite concrete structures and overcome
25 the adverse effects resulting from the formation of cracks

and wedges in concrete compeosite structures,

SUMMARY OF THE INVENTION

30 According fo the present invention there is
provided a connector assembly for connecting together a
structural component and a concrete body wherein the
connector assembly is capable of resisting shear forces
between the structural component and the concrete body and

35 includes:

(a) a connector having a shank with one end

adapted to be embedded in concrete and the other end



and strength of conposite concrete structures and overcone 25 the adverse
effects resulting fromthe formati on of cracks and wedges in concrete
conposite structures. SUMVARY OF THE | NVENTI ON 30 According to the present
invention there is provided a connector assenbly for connecting together a
structural conponent and a concrete body.gherein the canrsptotrcassesbly is

capabl e of resistin hear force bet n the structural co nent .and the
concrete bodyagﬁakeg5%?n%Fuagé?cgg? §°2§ﬁ%eﬁ orc %ﬁ?%gcﬁmgﬂggggmj?ﬁdone end
adapted to be enbedded in concrete and the other end - 6 - 12 Septenber

2006 adapted to be attggpedatgoéggcgggugig&%étfﬁgygnggtéd%ggeéb%?grn]a

connector elenent that 1s adapte O surrou connect or “and
barrier that $3rspueddthe fFpaneehercandefedr AndardheY nbkatoher epecadound

the connert ofrokr eher abhietb8rCRARCELAE i A8SCRBhYréBE! 2id6Sn@ thEans for
hol di ng the connector el enment around the 10 connector. Preferably the

hol di ng meansSPRPESEPFp ext ending between the connector and the connector
el enent. 15 Preferably the connector has a shank with one end adapted to

be enbedded in concret3€€%g%%%ﬁlgtgﬁg gggheé@ggn§g%ééb{§xfﬁéf§@eg 1o t he

structural component. n-arrangenent prefera e clip 20
i ncl udes: (a)maanpafsribplddngl thy chenertprtelamerttabpundfthée connector
el ement, and 28nfbta8rplurality of legs fornmed fromresilient material
that extend inwardly and have inner ends that describe an opening that can
recei ve the shank of the

Preferably the holding means is a clip extending

between the connector and the connector element.

15 Preferably the connector has a shank with one end
adapted to be embedded in concrete and the other end
adapted to be attached to the structural component.

With such an arrangement preferably the clip

20 includes:

(a) a means for coupling the clip to a section

of the connector element, and

25 (b) a plurality of legs formed from resilient
material that extend inwardly and have inner ends that
describe an opening that can receive the shank of the
connector, and which copening has a diameter that is less
than that of the shaﬁk, whereby in use the legs deflect

30 when the clip is pushed over the shank so that the shank
extends through the cpening and the inner ends of the legs
contact the shank and thereby couple the clip to the
shank.

Preferably the holding means is adapted to hold

35 the connector element from the connector so that there is

a spacing of at least 20 mm between the components,



connector,

and whi ch opening has a dianeter that is |less than that of

t he

shank, whereby in use the |legs deflect 30 when the clip is pushed over the
shank so that the shank extends through the opening and the inner ends
the legs contact the shank and thereby couple the clip to the shank.

Preferably the holding neans is adapted tg_hold 35 the caupaghisdr 2ebenment
fromthe connector so that ther a of at |east 20 bet wee
the component s —7- 12 4be RERFeSR0ET TBF POREFET TS hbe FERHGS e
adapted to hohdléihéheonneoeotoel efreméntr Snehhehe onoeueéctoa gpspanygngfofat
| east 25 nmm gth@égsgrggeﬁﬂbly the holding neans is adapted to hold th

r

connect or el ement

om the connector so that there is a spacing of at

| east 30 nm Preferably the holding means is adapted to hold 10 the

connector £l ement from udee COAELELM1FOthBahol BEAG hEand SPALENFLEE 8b
| east the nax%§3g1§hze of a reggie in oncrgﬁe in the concrete body
n

bet ween the ¢

‘Fs‘?"ﬂ/B? BF ePEFRBIY ﬁ%mh ‘a|ﬁ‘§;n’i"r%%‘§r|§°aﬁﬁ?ﬁ‘ed to

hol d t he connesépe ebeaeapabnog1bﬁeatoheestoBOSmmthat there is a spaci
of least 1.25 tinmes the maxi mum size of aggregate in concrete in the
concrete body. More preferably the hol ding neans is adapted to 20 hold
connector el ement from Prefevapbyt bre seeidong nerne i3 apierd nge ofobd
| east 1.5 1i ”EﬁetQSnHEESEHEma§é1¥.ént0fréﬂg{':ﬁgaé@nh@cﬁ@ﬂcéét €nkp fhergopgrete
body. The connector el enent exa 25 a ring of so
material, speti FPREIPY Gal %nﬁééﬁts{:ﬁél ma%m‘r“f‘nﬁlgg AEsAIPFeE2EDi 12w t h
smal | pitch weaflepgse in ahei tuatrenewhede bleweennelé occepeneitsi S a

with small

15

20

25

30

35

pitch w ndings, preferably the ends of the

More preferably the holding means is adapted to
hold the connector element from the connector so that
there is a spacing of least 1.25 times the maximum size of

aggregate in concrete in the concrete bedy.

More preferably the holding means is adapted to
hold the connector element from the connector so that
there is a spacing of at least 1.5 times the maximum size

of aggregate in concrete in the concrete body.

The connector element may be, by way of example,
a ring of solid material, specifically galvanised steel, a

ring of mesh or a ceoil with small pitch windings.

In a situation where the connecteor element is a
coil with small pitch windings, preferably the ends of the
coils are closed to facilitate the development of hoop

stresses in the coil.

Preferably the connector element is a continuous

ring of solid material, such as steel.

In the embodiment of the scolid steel ring
connector element, preferably at least the rings are cut

from a length of galvanised steel tube. The rings

of
n
S is

e

15
ng

t he

[id

coi



30 coils are closed to facilitate the devel opnent of hoop stresses in the
coil. Preferably the connector elenent is a continuous ring of solid
material, such as steel. 35 In the enbodi ment of the solid steel ring
connector elenent, preferably at least the rings are cut froma |ength of
gal vani sed steel tube. The rings -8 12 S@ptenber 2006 1prefperaidrypchave an
outer dianeter o% 7gb ﬁnd a_wal | g 2€ tenS|Ie stegi $f 350
MPa proof strBEE-FE*pYe QV?eanOQEFeF 3ﬁe t B8 ™ TRRA 3nFR Tt of ™
element is pthiekablyighptenemleabtyelnoﬁosso|MBabpf@ﬁe sheebschacrete i s
poured with LRI a i t he ans_for. hol di t he
connect or gﬁegféggéﬁngg?%eigw%%né ggé QFQEl S|?ﬁ§t|on ?%tmﬁ|c%e% A
concrete bodylsspreﬁesabbmrkeﬁtbyeatpablyled Heektngnhbqfngeahhepstandlng

rib or rigs éSRéL@EédlgyPBaQéd Qi@ﬁeéaP£¥t£Q§n£98”8£}QVthQLGEEBin
annul ar and preferably has a hei ght _approxi natel 80% t he helght of

the rib or r|BEEoﬂeaPﬁefﬂﬁcRPﬁﬁlﬁﬁdtPﬂeﬁPP?e75@Etﬁ%e%%$bh?r%¥n?h5 ®ib or
ribs. 15 Thecenneeetor el enent is preferably provided with [|ateral cross
pl ates on opposite sides of the elenent wherein the cross plates are
adapted to support reinforcing rods extending parallel to the decking ribs
to 20 assist in confinihy 2heitontier elmrduireh t Hee copmernetr bodwcbsding to

the presepy iEMg;%i:QthﬁErE b§ofiyéah&écpm¢ﬂﬁsdlﬁgcmgwnawgrﬂﬁ

structure inclu g a concrete body and a Structural nponent CTonnect ed
25 toget her b§rwayPsf sgrasahedt By aégénbpyef%ﬁ@b%bn‘ﬁ%%t%wn%%‘éféﬁm y
i ncl udi ng: element is annular and preferably has a height

approximately 60% - 80% the height of the rib or ribs on
the decking and ideally 70% the height of the rib or ribs.
15
The connector element is preferably provided with
lateral cross plates on opposite sides of the element
wherein the cross plates are adapted to support
reinforcing rods extending parallel to the decking ribs to

20 assist in confining the concrete arcund the connector.

According teo the present invention there is
further preovided a composite concrete structure including
a concrete body and a structural compeonent connected
25 together by way of a connector assembly, the connector

assembly including:

(a) a connector embedded in concrete and

attached to the structural component; and

30
(b} a connector element that surrounds the
connector and forms a barrier that is spaced from the
connector and confines concrete around the connector.
35 Preferably the connector assembly includes a

means holding the connector element arcund the connector.



(a) a connector enbedded in concrete and attached to the structural
conponent; and 30 (b) a connector elenent that surrounds the connector and
forms a barrier that is spaced fromthe connector and confines concrete
around the connector. 35 Preferably the connector assenbly includes a

means hol ding the connector el ement aroundg _the connect or2 SepterdizerSep enmber

2006 Preferably the hol di ns,is a i p_extendi ng between the _.
connector and the conne%:f%fg]é 2hEnthe W]g+%$%ﬂp?/a?%el pact O?X{I%dlng

connect or el erehweed thenrbhesectnnesndrthe aptnheastr2€@lemendbre preferably
t he spacing of the connector elenent fromthe connector is at |east 25 mm
10 More preferably the spacing of the connector elenent fromthe connector

is at least 30 mm Pref®rabeyibhe SRRCTPRCVIT e Ermmerrrciermedt om

the conned or fismathbeashnbheodBxk N $646t 080 Ibmaggregate in concrete in
the concrete body. More preferably the spacing of the connector el enent
fromthe connector is at least 1.25 tines the nmaxinmmsize of aggregate in
concrete in the concretdMor@Opbefiyraldby etpeecépaabhy dhetbpacomgeotot he

connect or elgﬂ%n& fremthe, conpector is;at_|east %.§5tines the maxi mum
si ze of aggregate i cgﬁcre?e N %%e 2oncrete %%S ody.mTh one enbodi nent,
the connector elenent may surround nore than one connector. 30 According

to the prgsent inventi otdeffetsrabiy! thbUshhInpr OFi R Sosh€atoLONNECt OF

assenbly for use in construction of concrete fongosiée structures having a
element from the connector is at least 30 mm.

Preferably the spacing of the connector element
from the connector is at least the maximum size of

15 aggregate in concrete in the concrete body.

More preferably the spacing of the connector
element from the connector is at least 1.25 times the
maximum size of aggregate in concrete in the concrete

20 body.

More preferably the spacing of the connector
element from the connector is at least 1.5 times the
maximum size of aggregate in concrete in the concrete

25 body.

In one embodiment, the connector element may

surround more than one connector.

30 According to the present invention there is still
further provided a shear connector assembly for use in
construction of concrete composite structures having a
concrete body supported by a decking on a structural
framework, the shear connector assembly including:

35

{a) at least cone shear connector stud adapted

tc be permanently fixed through the decking; and



concrete body supported by a decking on a structural franmework, the shear
connector assenbly including: 35 (a) at | east one shear connector stud
adapted to be permanently fixed through the decking; and - 10 - 12
Sept enber 2006 (b) a connector elenent adapted to forma barrier
surroundi ng at | east one connector stud aigpaced di st anesdpheneirrooost o
confine the concrete ar?%pd t he congecto stug a P{efe£ab%x t he shear

u AR-C

. connec
connector assenbly incl 2a“Reans connect o “efenent

around the cbﬁneéeurssruduaddngonCehEasc ghethenBGGﬂorlatﬁﬂeaespbtydthe
hol di ng meansgi S¢an6bi PRE¥LERERNYo BELYRRD £ﬂ§6899898£8r ?QQ?&hé gonnect or

el ement. According to the present invention there 1s StiT
provi ded a mefABBS6FOFoffAg a conposite concrete 15 structure |ncluding:
(a) assemding a structural franme incorporating interconnected cross beans

and a decki ng nounted o a ernanentl
connect or st uds uprigh? ?E?Bﬁ%ﬁy?ﬁéed%%%?% FFEAFY %%F%ﬁﬁﬂgt ﬁ%%%%
(c) positioni agneasenfiect brldisgehhei noneeatoonel@bend dheundckhag wher ei n

the el ement fQBHﬁeétQEVEEG& afldr EGHRLRY; At ok epst ﬁ@@g?tUd a spaced
di stance therefrom and (d) pouring concrete on t ecking to forma 30

conposite structure. ldeally, the nethod includes cutting nore than one
connect orqel ement from prbeagibl¢f tss €€b14148 means is a clip extending

between the connector and the connector element.

According to the present invention there is still
further provided a metheod of forming a composite concrete

15 structure including:

{a) assembling a structural frame incorporating
interconnected cross-beams and a decking mounted on the
beams;

20
(b} permanently fixing shear connector studs

upright through the decking and aligned with the beams;

(c) positioning a connecteor element in relation
25 to the decking wherein the element forms a barrier
surrounding at least cne stud a spaced distance therefrom;

and

(d) pouring concrete on the decking to form a

30 composite structure.

Ideally, the method includes cutting more than

one connector element from a length of steel tube.

35 The method further includes distancing the stud
and surrounding connector element from the decking rib at

which concrete failure is most likely to occur.



35 The nethod further includes distancing the stud and surrounding
connector elenent fromthe decking rib at which concrete failure is nost
likely to occur. 11 _ 12 Septenber 2006 According to the present invention
there is further provided a clip for use with the above-descri bed

connector assenbly. 5 The purpose of the.¢{ip is to facHMS@&@m&ﬁQ@ang

t he connector el enent |g r el t|on to ﬁhe connect or @ m% a particularly
i nportant issue in the AFFFTRLTY Wdr KIRPTLRTN F ohhERR ST 9P WHISHE the

connect or assénbtlherspgemédall| § clspdfotOuia gehkr ghet abnse-dheceibpd

i ncludes: (a) gngggggrfggsgggﬁ§lng the clip to a section of the connector
el enent, and 15 (b) a plurality of legs formed fromresilient material

that extend inwardly and have inner ends that describe an opening that can

recei ve assection of th@hecpaﬂpggarofaﬂmemalg@_gpamnmhégmﬁghggaﬂgégflﬁ@at
is less 20 th that of the connector se tion, whereby in use th
bo] oot when Ehe BePortoR el Bloatern: REtebhnbt, Hoa  coRareEnE coRhEas or

section extenils ahpanghctiherdpehinpngraadt 1h3uenﬂﬁrth@dslﬁf1bhktlegskﬁﬂ@tact

the connect of 3eetbaflonpndn! DRLERY chOUBLENLIEE! LRoL0nEDe; SoNEELOf 1, 25 The

above descri be I'p makes possi |ve y
thereby the ceamdéctor elenent to the connector. 30 Preferably the legs are
fornmed tojenable the legs to flex in at |east one direction, when in use

the clip is pushed over the conpector to locate the C|I£ on the
In general terms, the clip 1ncludes:

(a) a means for coupling the clip to a section
of the connector element, and
15
(b) a plurality of legs formed from resilient
material that extend inwardly and have inner ends that
describe an opening that can receive a section of the
connector, and which opening has a diameter that is less
20 than that of the connector section, whereby in use the
legs deflect when the clip is pushed over the connector so
that the connector section extends through the opening and
the inner ends of the legs contact the ceonnector secticn
and thereby ccuple the clip to the connector.
25
The above described clip makes 1t possible to
effectively lock the clip and thereby the connector

element to the connector.

30 Preferably the legs are formed to enable the legs
to flex in at least one direction, when in use the clip is
pushed over the connector to locate the clip on the

connector.

-

35 Preferably'the legs are formed to enable the legs
to flex in two mutually perpendicular directions, when in
use the clip is pushed over the connector to locate the

clip on the connecter.



connector. 35 Preferably the legs are fornmed to enable the legs to flex
in tw nutually perpendicular directions, when in use the clip is pushed
over the connector to locate the <clip on the connector. - 12 - 12

Sept enber 2006 Preferably at |east one of the |legs includes an upward
crank. The cranked end facilitates guidingthe clip ontdzdepdebae@uoect or
In addition, the crankeg_epd facili es . initially locating the.clip in

t he correct orientationgf%PeFe g i%%a%%a?Eeo%%ﬁ%%c %ﬁcéég?i%bﬁ{hdes &n
Speci fical |y, uphardOceankked end provi des an obvi ous visual indication of
the correct orientation of the clip in relation to the connector section.
In addition, the cranked end increases resistance 15 to sliding novenent
of the clip after it hathpeepanbedtend Hrcithbtzermcfitiingctherclip onto
Speci ficaldy, taki dbAgefBy¥enent tends to cause the upwardly cranked end or
ends to dig into the connector section and thereby increase resistance to
further sliding novenent. 20 Preferably the leg or |legs that include the
cranked end further includadditegnsethe oprateed|end ofaedlitatescrease the
flexibl Ity ofntBeateq. 1882E0fg! eeSEELEOMn ! EAUCES EOC: | BE £ EaHHbE Ot O
push the clip over t connector to locate the clip on the connector
section and niRéatipnpsestbPecPBnEBheF oFeEhECN bePRPAYL 3¢ LB estha the | egs,

thereby pieveathiAdedi 8hdi povlietNgnl 88%iovk el diig1 0fndDEale88 &8 the

unsati sfactory 30 because it Erevents good_en agen%nt_of the clip onto the
connect or correct orientation of the clip In~relation to the

connector section.

In addition, the cranked end increases resistance
15 to sliding movement of the clip after it has been located
on the connector section. Specifically, sliding movement
tends to cause the upwardly cranked end or ends to dig
into the connector section and thereby increase resistance

to further sliding movement.

20
Preferably the leg or legs that include the
cranked end further include a leg section that is formed
to increase the flexibility of the leg.
25 The leqg section reduces the force required to

push the clip over the connector to locate the clip on the
connector section and makes it possible to control the
bending stresses in the legs, thereby preventing yielding
of the legs. Yielding of the legs is unsatisfactory

30 Dbecause it prevents gdod engagement of the clip cnto the

connector.,

Preferably the leg section is in the form of a
curved bend in the leg ocutwardly of the cranked end.

35
Preferably the inner ends of the legs are

relatively wide to enable the legs to grip the connector

section securely.



Preferably the leg sectionis in the formof a curved bend in the |leg
outwardly of the cranked end. 35 Preferably the inner ends of the legs are
relatively wide to enable the legs to grip the connector section securely.
- 13 - 12 Septenber 2006 Preferably the inner ends of the |egs include
projections that enable the legs to grip-§he connector 1geiptmbesecosely. 5
Preferably the legs are,foried,{romeprung, steel o ¢ Preferabl v, the fegs are
formed so as to mninise TRt erterence 1o coneretd f OW hg T ntEtHE" vol une
defined by thecgenhechsr thhénenablhathentégsett hertpnbeet conndftereferably
the means for goupling.tig-¢{ip to the section of the connector elenent
includes a plurality of <clasps that can clip onto the upper section of the
connector elenent. 15 The applicant has realised that it is possible to
integrallys formthe aboyveesfesshiPeth& NSt HFc f GFRIM B Sl th@Sseel .
connector el enent assenbly and that considerable advantages can be
achieved with this conbination. 20 Accordingly, the present invention also
provi des a connector ebeafatalabgetidylégs arse formed metd oto mssaEmbdy f or
connecti ng toﬂﬁ%gﬁke.@eggg%gtg QQQ%tg‘nglgwiﬁérfﬁEgrgl}leC\Q&P&E&”&e%&ﬁ' n the
connector asse 'S capa Pe”of resisting shear forces between the
structural cewpbhenconngctat edperetethatyenghese bR ceornassenbl y
i ncl udes {ghe connector el enent assenbly and a connector adapted to be
enbedded in : .

Preferably the means for coupling the clip to the

section of the connector element includes a plurality of
clasps that can clip onto the upper section of the

connector element.

15
The applicant has realised that it is possible to
integrally form the above-described connector element and
clip as a connector element assembly and that considerable
advantages can be achieved with this combination.
20

Accordingly, the present invention alsc provides
a connecteor element assembly for use in a connector
assembly for connecting together a concrete body and a
structural component wherein the connector assembly is
25 capable of resisting shear forces between the structural

component and the concrete body.

The connector assembly includes the connector
element assembly and a connector adapted to be embedded in

30 concrete.

The connector element assembly of the present

invention includes:

35 (a) a barrier section to confine concrete

around the connector, and



30 concrete. The connector el enment assenbly of the present invention

I ncludes: 35 (a) a barrier section to confine concrete around the
connector, and - 14 - 12 Septenber 2006 (b) an integrally formed clip
section for coupling the connector elenent, and nore particularly the
barrier section, to the connector. 5 Prefesably the cli p2sagtdroteriznobudes a

plurality of legs for d fron1re Iie terlgl hatsgé%eng I nwar dl y
from an upper section o he Barr sec i onan 50 eSFRRE? ehd t hat

descri be an openphgnghahecannnecépveelameett|endomoteepanhneularlgnﬂhéave a

di ameter thatyphs,-10Q.-l €83¢8BaN tRatnaf ~LhgeLPQpeEct or section, whereby in use
the 1 egs deflect when the connector element s pushed over the shank so

that the shank extends through the opening and the inner ends of the |egs

contact the connector seeféssbapdth@esely §6&$&&htiﬁbxﬁm@eciq51&%£EE$§ to
the 15 connectgr wi th theega%r er section tlon d %% sur t he
S

connector. Th@tab5¥e- H8EEFFbEE RoRREE 6?“5 ﬁf13 Fysx %ﬂ
effectively | oekeddly fhemcannepper. s&hticonnEcthbe baﬁreéeneﬂctaeseahdy can

be | ocated OnhévéoﬂﬂﬁékoénéétEﬁa&héeEQPﬂgftQE Q?é f@”tﬁ guLed. rLQL; gxanpl e

by wel ding, to a structural conponent tern e connector
el ement assen®l §eehRoBef otheecaCBRegtebnAREt BR Vet ol bampker clivdbci®r i s

secured, foor eX3sPtRaRYtMBEULAJEthEOc8nROcELE USEME DN C 0@3@@9@9& idh€se
ble formof fastener shank mnth one end

connect or nay eng % g %ﬁ of haV|qg
adapted to bet 888eTeT NSCENEPER e PP ROTFORRETHPE, S1FRER bR R OFPARYOBR  a 30
headed stud otha shahktstathl®l the shank extends through the opening

and the inner ends of the legs contact the connector

section and thereby couple the connector element to the

15 connector with the barrier section positioned to surround

the connector.

The above-described connector element assembly
can be effectively locked to the connector. The connector
20 element assembly can be located on a connector after the
connector has been secured, for example by welding, to a
structural component. Alternatively, the connector
element assembly can be lccated on a connector before the
connector is secured, for example by welding, to a

25 structural component.

The connector may be any suitable form of
fastener having a shank with one end adapted to be
embedded in concrete. For example, the connector may be a

30 headed stud or a structural bolt.

The headed stud may be a two component
construction, with a headed member and a shank member that
have complementary screw~threaded sections that facilitate

35 connecting the members together. This arrangement
facilitates locating the connecteor element assembly con the
connector. Specifically, with this arrangement, the

connecteor element assembly can be ceonveniently located con



The headed stud may be a two conponent construction, with a headed nenber
and a shank nenber that have conplenentary screwthreaded sections that
facilitate 35 connecting the nenbers together. This arrangenent
facilitates | ocating the connector elenment assenbly on the connector.
Specifically, with this arrangenent, the-1gonnector el er@riepassEni2iopscan be

conveniently aLf9, RNz r" nSERL€ he_s o when t he
shank nmenber %ggd%ggogne%?%g ?%%n1?ﬁ% ﬁgg %ﬁg%gﬁ%%rfﬁyggﬁédgﬁgp?%%
assenbl y al on§xehethechgededf mereesnavks hefbed bhe 2peeebdlyerlendinteei ng

the headed neahgtnt 85t BReSBAAKKMRENBEr An&' h&FaRE Vet NEohe8SLERE £RENEd SO
that the |egs C%g flex in one direction, en in use the connector

el ement is puBhrdeBVBF™PRE EBnhBEt BP2P6 TBRAEE-the connector el ement on
the connedor. 10 Preferably the legs are forned so that the legs can flex
in tw nutually perpendiycular directions. when in__use the connector

el enent is pushed domgg?%#?/r%k\)/iésf e ﬂ:‘é ank T oé AT 51 h@’a(‘:%n%é%t oro®

el ement on t heagofihert bn. ong reéerabhy whehedstusmetind ¢hmnéeysri ncl udes

an upward Créﬂémeﬁ@eigrﬁHEﬁQdGBGeiaEﬁéi&@ﬁ&écGHid%&QléQ&tQOEHQCtOr 20
el ement onto the connector. In addition, the cranked end facilitates

initially | oc3PTRYSERE ebRRBREOPeFRACRPPPACENE- correct orientation in
rel ati on 1o the connector section. 25 Specifically, the cranked end

provi des an obvi ous vi syal iggica ion of the c rrect oriqptation:pf t he
refer ¥. h? FLE (2 S50 o tha %49 egs
connect or el enent, and nore parti cul ar % the cl1p Section o e
can flex in two mutually perpendicular directions, when in
use the connector element is pushed downwardly over the
shank to locate the connector element on the connector.
15 .
Preferably at least one of the legs includes an

upward crank.

The cranked end facilitates guiding the connector

20 element onto the connector.

In addition, the cranked end facilitates
initially locating the connector element in the correct
orientation in relation to the connector section.

25 Specifically, the cranked end provides an obvious visual
indication of the correct orientation of the connector
element, and more particularly the clip section of the

connector element, in relation to the connector section.

30 In addition, the cranked end increases resistance
to sliding movement of the connector element after it has
been located on the connector section. Specifically,
sliding movement tends to cause the upwardly cranked end
or ends to dig inteo the cennector section and thereby

35 increase resistance to further sliding movement.

Preferably the leqg or legs that include the

cranked end further include a first leg section that is



connector elenent, in relation to the connector section. 30 In addition,
the cranked end increases resistance to sliding novenent of the connector
el enent after it has been |ocated on the connector section. Specifically,
sliding novenent tends to cause the upwardly cranked end or ends to dig
into the connector section and thereby 3516 ncrease resi dea&wpenigerf2006 her

sliding nove Pr ef h e : h LGl the cranked end
further incIHggggg?iﬁgtﬁﬁgggég%t?%% ?h%%;#%ﬂft 63¥ EQ&S£%§énber 2006
formed to increase the flexibility of the leg. The first leg section

reduces the downward fofge fi@gﬂiiég éébﬁ&ﬁﬁlEéﬁhéé&"%ﬂéC&oéﬂéﬁ%ﬁ“fé&@% t he
connector 5 to | ocate the connector el enent on the connector section and

makes it possFBEBiIFBdchbAt PBFRt hRehERBTRAGEST r @L€RenF PvehetPegSontReteby
preventing yi ebdingaté the tefsectdteblemgndfohhehé egonhsctisasestashory

because 11 Preygnt s .0o9d SROBGETENL, OL LNE, FOPREhOL LS TR, 20d fRre 10
particul arly fhe c?lp sBCtYON-0f The cORNEcIor erenent, Sonto the
connect or. Prtheragyiy,t heerebyspreventingiviehdifgraf ofhe legsved bend in

the | eg outwagdLyaphqt Be €hankedsend. w12, Prefgrably Lbeahhoel repdsvehtthe
| egs are relatively"wide to enable the legs to_grip the connector section

securely. 20 PPefcPRABRyTRRt| ARheFPRNAS BPCERE FEERETHcl ¥R MPFDj ecti ons

that enable thgrtegslhoigrtRet BRiphasktisecof ete EoeheLEdH:Yeldfehegs are
formed fron1sgr¥ng ﬁteel. 20 Preferably the legs are fornmed so as to
mnimse int@PFRrENBePB 88HeFete flowing into the vol une defined

Preferably the leg secticn is in the form of a
curved bend in the leg ocutwardly of the cranked end.
15
Preferably the inner ends of the legs are
relatively wide to enable the legs to grip the connector

section securely.

20 Preferably the inner ends of the legs include
projections that enable the legs to grip the shank

securely.

Preferably the legs are formed from spring steel.
25
Preferably the legs are formed so as to minimise
interference to concrete flowing into the volume defined

by the connector element that encleose the connector.
30 Preferably the opening is a circular opening.

According to the present invention there is also
provided a method of manufacturing the above-described
connector element éssembly that includes stamping a flat

35 Dblank from a steel sheet, the blank having (a}) a
rectangular section that corresponds to the barrier
section and (b) 4 elongate members extending from one side

of the rectangle that correspond to the legs of the clip



by the connector elenent that enclose the connector. 30 Preferably the
opening is a circular opening. According to the present invention there is
al so provided a nethod of manufacturing the above-described connector
el enent assenbly that includes stanping a flat 35 blank froma steel sheet,
the bl ank having (a) a rectangul ar section-that correspérfdptander 280barri er

section and (p) _4.elon : S I f i e
rectangl e tha?g%g%?%épgﬁ%gfggt eél§§§£%£9%£erc%%%L€a§7§€d§?egéhégﬁb%? 2006
section, fol dfegnt heerkarangul arcteeni oandf shapipd abike t olofgrhe thembarsi er
section, and ghapbpd the ebgnostetnENbels stocfonmthe legs of the clip
section. 5 According to the present invention there is also provided a
nmet hod of manufacturing the above-descri bed connector el enent assenbly
that incl wdes pressi ng BcEolpdisd ape dtie st sdn O Mravesi teisdn Stieete idiealso
cup-shaped nenber. .havin cylipdrica |l.that, forns _the barrier
sebtion 10 RECEHARE hote RasHL el hatRta B R atad RS SRR on.
BRI EF DESCRI Pd¢ithé OFc I HEL ORI NGSs dsb Thetlpr bsemt 1l ndwerproms g descupbed
further by “ﬂyhagéf?%aﬁmf- piL Leference,io:t henacoqupanyidg MLaipgs by
which: Figure 1 1llTustrates a conventional conposite ™ 20 structure in a
bui | di ng const#ViERd of; C¥L A1 oal | ¥ahh thratsteER? oL RAF ALY heepEbPr ens
associ at eth W 4Rdt Beafpi B Bhé BRBROSH LobRatke P&gfi ghirenkBoiipustrates
probl ens associa%ed wth another prior art conposite structure; Figure 3
is a perspectPYe“VPBw of a connector assenbly according to an enbodi ment
of the present 30 invention;

BRIEF DESCRIPTION OF THE DRAWINGS

15 The present invention is described further by way
of example with reference to the accompanying drawings by

which:

Figure 1 jillustrates a conventicnal composite

20 structure in a building constructicn;

Figure 2A is an illustration showing the problems

associated with the prior art composite beams;

25 Figure 2B illustrates problems associated with

another prior art composite structure;

Figqure 3 is a perspective view of a connector
assembly according to an embodiment of the present

30 invention;

Figure 4 is a side sectional view of the

connecter assembly shown in Figure 3;

35



Figure 4 is a side sectional view of the connector assenbly shown in
Figure 3; 3~ - 18 - 12 Septenber 2006 Figure 5 is another side sectional
view of the connector assenbly shown in Figure 3; Figure 6 is a side view
of an enbodi nent of a 5 connector assenbly in accordance with the
invention incorporating a restraining cligp; Figure 7 |32&epeatbapzabspl an
view of Figure 6 takenradohg §ine andthdd Fideirsedticn#l peispast | tiea Vi ew
of the connector assenbly shown jn Figure 3 with reinforcing rods; Figure
9 is a graph SRBUPRECFeqBFEEPLY gNPYRsf™ HEIVERt3invol ving prior art;
Figure 10 is a graph showing results of the sanme test as Figure 9 but

i ncorporating the present invention; 20 Figure 11 is a graph show ng
results froma second tBsguravel ving shde presemntt javenbeogimenguwe 42 is a
verti cal oss-sectLog ggggggpgan enbodi. ment oft gﬂépiin agfgﬂdance W th

the presert 28°PRGERPT oA EONBIEd™FoP e CHARRCT of ~ &Y et TP EF Gt 2% 13 is a top

pl an view of iheoebbpadifigt Aerestpacaing elepent shown in Figure 12; 30
Figure 14 is a vertical cross-section through an enbodi nent of a connector
el enent assenbly in accordance w th the present invention, the Figure also

showing in outline a ceppeelof a0dyillusisali o4, R0 4+ o pird NE
connector elenent assenbly in relation to the connector in _ 19 12
Sept enber 2008akeseabdbnghdsvecdnponents as a connector assenbly; and Figure

15 is a tﬁp pl an view of the connector

Figqure 8 is a perspective view of the connector

assembly shown in Figure 3 with reinforecing rods;

Figure 9 is a graph shewing results of a first

15 test involving prior art;

Figure 10 is a graph showing results of the same

test as Figure 9 but incorporating the present invention;

20 Figure 11 is a graph showing results from a

second test involving the present invention;

Figure 12 is a vertical cross-section through an
embodiment of a c¢lip in accordance with the present

25 invention coupled to a connector element;

Figure 13 is a top plan view of the clip and the

connector element shown in Figure 12;

30 Figure 14 is a vertical cross-section through an
embodiment of a connector element assembly in accordance
with the present invention, the Figure alsoc showing in
outline a connector and illustrating the position of the

connector element assembly in relation to the connector in



el ement shown in Figure 14. 5 DESCRI PTI ON OF PREFERRED EMBODI MENTS OF THE
I NVENTI ON A connector assenbly illustrated in the Figures includes shear
connector elenment 10 and a connector in the 10 formof a fastener that
connects the conponents of a concrete conmposite structure. The connector
el ement increases the ductility and sheatg strength, and2tSeptesflgar @008 he

h i stapge, . pf d - ' b
shear resis fﬁ&g of tﬁeéé?&gﬁﬁé &fe O%%”%}[S%ﬁ% EROPOZL %}}}:ZIE%/PC&WEG y

surroundi ng e fastener in the 15 arrier t confining the
concrete around the fastener. In a preferred enbodi nent, which is the

mai n enbodi ment descri begghesei s, id he €OHNNECAONvEE BN theS WS OAREISo A
mof a studg.that nount ed upright on decking in a

connector in t?e fo% ig
conposi te contrBPe”bedP*20 Rohk¥RFS 1% i s understood that the present
connect or ° assenbly could apply to any conposite structure involving the

connecti on of pAsERAPONGA! Of OPRERERRES HSBOSIMENRECOHR! BHE CRpesigeton n t he
concrete. 25 Frgure 3 rtfrustrates a standar dsnear connector stud 11

wel ded t hrough ribbed decking 12, either directly or through a pre-punched

hole, to a secondary stgel beam 13 A nnector, el engnt 10 _surrounds

shear.
stud 11. Figure 4 is a si 6" Sect’ onal View s |fgruartee Sut Wi th 1 he 30

stud 11 and eirseaded Ospgbeddefinédtar beleiéntonCr£i® d4conddetshent the
connector elenment 10 sits on the ﬁan 22 of the decking and fornms a barrier

surroundi Wy tHierBt 0. anbraterpEcFrftafryrethe BT (PP bRUMYE The base of

the stud shagkncidtdheoRb8Eetsedrpabedigent ride-deckd:fgrisiamstieel -20- 12
Sept enber 2006 ribbed decking, either directly or through a pre-punched

hol e, and t heirtnegaseswehgeduchirbubh and shekt ngtrenghe, andecthorahere

under neat h. the shear resistance, of a fastener in a concrete

composite structure by surrounding the fastener in the

15 form of a barrier thereby confining the concrete around
the fastener. In a preferred embodiment, which is the
main embodiment described herein, the connector element
surrcounds a connector in the form of a stud that is
mounted upright on decking in a composite ccncrete beam.

20 However, it is understoed that the present connector
assembly could apply to any composite structure invelving
the connection of a component to concrete using connectors

embedded in the concrete.

25 Figure 3 illustrates a standard shear connector
stud 11 welded through ribbed decking 12, either directly
or through a pre-punched heole, to a secondary steel beam
13. A shear connector element 10 surrounds stud 11,
Figure 4 is a side sectional view of Figure 3 but with the

30 stud 11 and element 10 embedded in a bed of concrete 14.
The shear connecteor element 10 sits on the pan 22 of the
decking and forms a barrier surrounding the stud. More
specifically, the barrier surrounds the base of the stud

shank. In the preferred embodiment the decking is a steel



5 When concrete is poured onto the decking to cover the stud 11 and
element 10 it flows into a pocket 15 defined by the area encl osed by the
el enent 10 and totally enbeds both the stud and el enent in concrete.
Placing the barrier element 10 around the stud 11 has the effect of 10
confining the concrete around the base of2dhe stud and 1prSpemibergOCONCT et e
from escapi ngrilkeél ggekingonéitreér dAeeotly ngtythitdeghaseppé-phecheédd IS
securely confjned regardless of the fornmatjon of cracks or wedges that
woul d ot her wietedi 8PEdGRecBRERet® VROARSr BiRoudhetRe udepiing 48 Fhet he
enbodi ment shgwhe1tBEaRONR8EFREaghemeNt 10 is an annul ar steel ring spaced
approximately 38 mmfrom the axial centre of the stud. However, the

el ement 10 need not be a solid annular barrier but can be an el ement 20
formng a §arri er with ‘Q}tlggrccrbgég é[_.elri st i&ge néinggaﬁgé. o Flgr ex,grrpl e, t he
el enent nay be an annular mesh or grid Rrenentosurroundi ng the st ud Wi ch,
while still etheckttu@ 1lnasanélanegtthe tonfleke miodna pdekdasesof the
stud, also provides the wet concrete access to the pocket 15 to 25 nore

qui ckly and t RSt bughI §¥ FIF 2RE3pBREEPSEY BY | BUF ngletfet wkt dctretalty

flow through &heehs! BSthNthlBes BBEhanBaEibfént SIA LAt Yetrd Ne £ £OENE €04 d
consist of a spiral coil surrounding the stud and having w ndi ngs of a

sufficiently Basriepi etameptas0t arpensi bee asteodflhibrys thoeffertbef still

al | ow congyetg, 1o fiQ | te b@%x‘é‘??@té h%ro%%g{:lqgsbagé COBNL 5 NBEG; Ofn gt €€l are

conveni ent, econom ¢ and atrvely si e to use, however elenents
made of ot herpratentahg capabéee of rélr &t cgp sy t ek celednt dénSeméenber
2006 barriers are_al so envjsaged. For exanple, other materials. that could

C e
be used are h?ﬁﬂQEf?%ﬁb¥h pPastrEe ot cHiposFi? 1 FefeTPErLY tFRtHRE%ot
chem cally regebaiiBsEh8rCORET B6Bmation of cracks or wedges that would

otherwise dislodge concrete from around the stud base.

15

In the embodiment shown, the connecter element 10

is an annular steel ring spaced approximately 38 mm from
the axial centre of the stud. However, the element 10
need not be a solid annular barrier but can be an element

20 forming a barrier with other characteristics and shapes.
For example, the element may be an annular mesh or grid
element surrounding the stud which, while still effective
in confining the concrete around the base of the stud,
also provides the wet concrete access to the pocket 15 to

25 more quickly and thoroughly fill the pocket by allowing
the wet concrete to flow through the holes in the mesh
barrier. Similarly, the element could consist of a spiral
coil surrounding the stud and having windings of a
sufficiently small pitch so as to provide a confining

30 barrier but still allow concrete to flow in between the
windings. Elements made of steel are convenient,
econcomical and relatively simple to use, however elements

made of other materials capable of forming suitable



In the preferred enbodi nent the elenents are steel rings, 5 that are cut
froma length of steel tubing. In the enbodinent illustrated in Figure 5
the base of the annular ring elenent is cut to acconmodate

i nterconnection lips or joints. Simlarly, the elenment 10 can be nodified
to accommodat e other features of the decking such as | d®3dpbsnbeF@okeep t he
el enents centbakkyers peai hles betoseqetine E6ACERAEP1S, POUKhed, mat8pidisg or
restraining clip 30 15 illustrated in Figures 6 and_7 is |ocated on the top
rim 21 of thkhetefipAtdibe ¥aedraser AiaPngtELRGER sPLRFTLAr OF nCOPPPREEDl € t o

a circlip butpylpstead hag thagen8EMEndhi 3¥byt 20LE2! Ly RAPRL! ¥o5EpatLat ed
d Far )

fromeach other extending outwardly froma Sem-circu centre Centre

32 clips 20 aEnuhbet heefhankdlémbbdsnedtlthandlehentsraee astgeBlringsend

t owar ds th; tgﬁggiﬂ]Zl o% %he conpect or ele ntgl and clip onto the rim
1.

21 by way “of pET93°5F FRE™eRd SFI RaRh AFFF31 " Hhe9tetaining clip is

resilient such that the arns 31 are able to maintain the connector el ement
10 25 a spaced distance fromthe stud 11 but allow sone anount _ of

flexibility to enable the EefpdRestsment pel HiSerted 1anttaersit istand the
forces of the,gpyipg WAL Sﬂﬂﬁiékeriggr%ﬂaméﬁétngcutnté“a@é$ﬁm8é£€e

enbodi nent, the restraining clip onl as two opposed arns extending from

30 a sem -cirtotercoenéceionhéipki pri joinkel y $ombkantyle the alemsnti ent

pl asti c. iIIus%rate _%n gi ure 6 the circular _c nt%e 32 o he clip 30

i s placed thi gfid? BR PRE*TEPHd"ChARRTBOTRALR ¢ %Efoﬁe YtHE 2t elBht 10 with
the arnms -22-342xSeyt BRI ag006w e£xbendi ng downwardly onto the rim21 to in
effect hold the elenment 10 down so that it does not displace during
pouring of concrete. It is understood that the retaining clip is not the

only means of holding the gh&fele 3 PeMEhts centrally in position before

the concrete is poured, a holding or restraining clip 30
15 illustrated in Figures 6 and 7 is located on the top rim
21 of the element 10. The restraining clip is similar in
principle to a circlip but instead has three arms 31
substantially equally separated from each other extending
outwardly from a semi-circular centre 32. Centre 32 clips
20 around the shank 16 of stud 11 and the three arms 31
extend towards the top rim 21 of the connector element 10
and clip onto the rim 21 by way of clasps 33 at the end of
each arm 31. The retaining clip is resilient such that
the arms 31 are able to maintain the connector element 10
25 a spaced distance from the stud 11 but allow some amount
of flexibility to enable the components to be assembled
and to withstand the forces of the moving wet concrete
during casting. In an alternate embodiment, the
restraining clip only has two opposed arms extending from
30 a semi-circular centre. The clip is likely to be made of
a resilient plastic. As illustrated in Figure 6 the
circular centre 32 of the clip 30 is placed higher on the
stud shank 16 than the top of the element 10 with the arms



5 the stud and that any nechani cal equivalent could work equally as well
to maintain the elenent in the correct position before and during casting.
A further enbodi ment of the holding neans is described in relation to
Figures 12 and 13. 10 Bursting stresses develop in the concrete at studs
or fasteners under high shear force that.gan cause a vertSepadmispl2obsi ng

crack to formietneengt Bewairdddapdohbe tNei dimtpat tbSint BEFE€EACKo1Qr BRe
perpendicular to the void 15 26 shown in Figure 4. This may occur before
t he formationelerentwdfdgeorn ERetBdhci Bt €088 BABWALFRLATFHUFRTHNT Therefore,

placing a reiﬂ£9£§£890935068£8§é.th?tciQChndéfyﬁsgdthébetﬁér§é££9n§£gesses
assists inresisting formation of a wedge. Figure 8 illustrates two 20

rei nforci ng rodsp3s5shebt pheabhéy meangbsif2Bocbdivegckhageliomeny arogsdpl at es

36 attach | erall t o .connector el epent 0 on.opposi ng sides of the
o enent "l (L FhS, i 6RrSPARECHRY RuSiE caf e RPRRE "Rl acHoRk L0%5,

are wel ded t oeqhhtl1goaBesbOl ebenenhtanfl €REt8lam@Per it €ke 3dotheotgh 25
whi ch the reinforcing rods 35 extend and are held in_ place. The
ori entati on oPoFhEiPR| REEPERNENAOEYTr 3BT} Sa8LERT - t Mt EvRkReBnpRagdanent

concrete they,krayar §618: QY Abafls $625LL821LA8Y:{ O 0 208 RY £ 6XF £241-09 igto

nore solid concrete the rods anchor the concrete around the stud 11. 3
Maxi mum ef f eci2i andchBeved by placing the rods deep into where the wedge
wil | fornh?nq reasonably close to the web 23 of the rib. -23- 12 Septenber
2006 The reinforcing rods are one way of assisting to increase the hol ding
strength of the presentrepstesd oftrassesiyvefsisli in ofted | yondhetdeaed 17 of
the stud 11 should be fully enbedded in the concrete cover slab above the
studs or fastehers under high shear force that can cause a
vertical splitting crack to form between the stud and the
void, that is, the crack forms perpendicular to the void
15 26 shown in Figure 4. This may occur before the formation
of a wedge in the concrete as shown in Figure 4.
Therefore, placing a reinforcing bar acress the crack
caused by the bursting stresses assists in resisting
formation of a wedge. Figure 8 illustrates two
20 reinforcing rods 35 held parallel to ribs 20 on decking 12
by cross plates 36 attached laterally to connector element
10 on opposing sides of the element. Figure 4 illustrates
the rods in cross-section. Cross plates 36 are welded to
the connector element and contain apertures 37 through
25 which the reinforcing reds 35 extend and are held in
place. The orientation of the reinforcing reds 35 is such
that when embedded in concrete they traverse a bursted
seam that may form and by extending into more solid
concrete the rods anchor the concrete around the stud 11.
30 Maximum effect is achieved by placing the rods deep into

where the wedge will form and reasonably close to the web

23 of the rib.



5 decking ribs. The relative height of the stud 11 to the top of the
decking ribs 20 also affects the strength of the connector assenbly. It
has been found that a stud having a height of at |east 40 nmm above the top
of the ribs 20 has inproved its performance. Furthernore, 10 increasing
the height of the elenment 10 to the heighpzof the rib carsdpianieaecobe
performance to that of @h&heainfé&PBNRE! BEAE Nade SOhé sy abf WasHDSEiNGi €6.
Stud performance was tested using studs having a 15 height of 95 mm wel ded
t hr ough st eel 1PFEB28edERRI RGLALRE SFFﬁggﬁﬁvPﬁgtgehEF@ﬁanfCBB“ﬁﬁFoFigure 4

illustrates theseRBlyUPalhidibhaslyt €8he"hithq20d &ftbﬂatsead6£fn§ﬂauiﬁ
the first test a connector elenent” 10 having a helght of nm and ¢ |pped

to the stud 1bem£sliyuambeddpdrﬁornheocgaCrstaccoverySIabcehbvalngethe
concrete ou he bas he S Accordj ngly, .an ele ei ght of at
st - voo of CPREIRE GRESor ABBLFRASFIKE BB-ahEr ot R FERE DL Bonfhfe t he
concrete and abpveﬂttnedge&kethEaskszenhEébngffébespen&egt&énétﬁnbﬂbove

the top rim21 of the elenment 10, 25 As nentioned above, an even better
per f or mance i §P8cRPBPEAEORhaFEePrReY el GhiasrPeRe EPeRdnEbalual 8tBR exceeds

that of the fhbsagVhihatoRd Bkedeniobetolb Ah 20008 s LOUNGLt gnoof fer

sone inprovenent, it did not performas well as the i gh el enent
tested. Logi caliby EaehhsghmprphedSGtelEﬁeﬁormenqeng Fhetbermoee,up to a

Ceua™ oD et RRnanG: Uk ReabiE o8 eI RTehE 1B Fa P Ehe SHATERE OF Te i

and a wal |l thigkness aﬁn21ﬂﬁkova4thé2p§@ﬁbgﬁnﬁéeZQQGth§@nB£laeghayktlple
studs are placed adjacent to each other on the decking pan 22 to provide
i ncreased cofifeReFrsArsiPergERlifnstpPswitkeusepatdte el enents 10 may be
used to surround each stud or, alternatively, a

Stud performance was tested using studs having a

15 height of 95 mm welded through steel ribbed decking with
ribs having a height of 55 mm. Figure 4 illustrates the
set up of a first test with and without an element 10. In
the first test a connector element 10 having a height of
40 mm and clipped to the stud 11 was found to perform

20 satisfactorily in confining the concrete around the base
of the stud. Accordingly, an element height of at least
70% of the height of decking ribs 20 will sufficiently
confine the concrete and prevent wedges or cracks entering
the pocket 15 from above the top rim 21 of the element 10.

25 As mentioned above, an even better performance is achieved
where the height of the element equals or exceeds that of
the ribs. Whilst an element height of 20 mm was found to
offer some improvement, it did not perform as well as the
40 mm high element tested. Leogically the higher the

30 element forming thé barrier up to a height reaching the
height of the rib, the better the performance of the stud.
The steel ring of the tested element had an outer diameter

of 76 mm and a wall thickness of 2 mm.



5 single elenent having a rectangular, oval, or the like, shape is
positioned to surround both studs. Inner dividing walls of the elenent in
these situations nay be provided to conpartnentalise the el enent giving
each stud its own pocket of locally confined concrete. Hence, when 10 the
concrete is poured it flows into all pockets of the el ed@sSuptesuisearcagndi ng
the studs. The el enent poesenhes @GhdEkslandti@soese fhDardarad i@eensi g6 t he
wal ls of the elenent. 15 Tests perfornmed on thesingle nounted stud and
decki ng assenBR§hi PERSEr aPedPPndprlire Bafetd perPBHPHEAe WNERBEESdnd with

the barrier eLggrBbel0na0¢ bRgtheSULhStnatechbbustpatgdei D16LGHEES1§ and 10
respectively. The shear forcé acting on the stud was plotted agai nst the

20 stud slip msydbfi neddi toFegareud Faehr etudit srpra¥vtdenahivehyi cati on of

the ductiljity_of the stud and_hence_its erforman 0 resj hear force.
I Figure & { RerpsE et e lEnE o, R et RRE L RATE BRaE T R T oF R, PEERGE. 25

Figure 9 illushapkesstpesiesohed ab blierstngl pothostheéd. st nanael ded to the
decking substantially equidistant fromthe webs 23 of the decking ribs 20,

i11ustrated i A FFHUPE #abhE RFt FBEt SLABeBENHBCEBRSE| BHEWE L1905 GPakaPe 35,
The graph of FLoyiBed $80WSmbARLnahehlEs30:aL008M00 FIVShiDeble sbaar

force on the stud was approxi mately . Anot her inportant point Is that
there is a subttanwnabodkep off lofalémdcbrefonetdhecperktel evébénae, awbenp of

approxi mat ely %nnland in accordanc 155- 12 Septenb 2006 . wit me
P ondar oo € notBEnEorgar e ath PRRPES A8 Frararthis REL SSRasT ory. BFF
contrast, theelamenar capgenrdinguthui Ebuds5 CTheuslenéhfigpeenastsor el enent
was tested and the resuylts _ are_shown in_ the graph of Figure 10. The shear
force at cracks and wedges from forming inside the walls of the

element.

15 Tests performed on the single mounted stud and
decking assembly illustrated in Figure 4 were performed
without and with the barrier element 10 and the results
are illustrated in Figures 9 and 10 respectively. The
shear force acting on the stud was plotted against the

20 stud slip as defined in Figure 2. The results provide an
indication of the ductility of the stud and hence its
performance to resist shear force. In Figure 4 the top

shear force travels in the direction of Arrow SF.

25 Figure 9 illustrates the results of the single
mounted stud welded to the decking substantially
equidistant from the webs 23 of the decking ribs 20,
illustrated in Figure 4 but without the connector element
10 or bars 35. The graph of Figure 9 shows that at the

30 standard 6 mm slip the shear force on the stud was
approximately 53 kN. Another important point is that
there is a substantial drop off of load below the peak

level at a slip of approximately 2mm and in accordance



the 6 nmslip mark was remarkably higher at 81 kN, alnost a 53%

i nprovenent on the stud without the elenent. In addition, the graph
indicates that there is no substantial 10 drop off of load after the peak
| oad, thereby indicating that the behaviour is ductile and therefore
satisfactory. The elenent used in the abpye tests was 4@ $apternbdreioght and
surrounded a @%tEmsbinghsthhndawdshthbsbeRaieurlds| beatelle68nanmtheesrbhe
base of the rib web 23 at which a wedge would form The stud was wel ded
equi di st ant bBPRBEASERREOFYght -side rib 25 and left-side rib 24, which
calculates to be 68 nmfromthe base of the web of the right- side rib 25.
20 It has been found that shear strength of studs significantly inproves
if the distance of the $nhudsntvashe thetSanerabrma@emeﬂtabetimtthased For

exanple, Figure 5 i ustrates a tud ocat d closer t ft-sid r|b
2428 thar? ShESFRYRYeREaBE, FETDRC T, R EREPEopagnEar PO, 8BS EPayERPELG

the directi onagk Anbaw Sh ahaedgaphsoklbebyretQotormhatshagrrfeBEeShde rlb
25. Hence, noving the stud further away fromthis rib 25 increases the
size of the WRBgE BR EohEr BREXt HAF KeBarpabeévdhigbageataPbull, t AtmpESe 30

of a stud. CDHbSQ%nﬂm%QvaHQB%aéﬂdtﬂésEéﬁﬁewbéﬂ$ﬁéntﬁéee1é&8 gandrgctive
rib with the use of the present connector elenent can significantly

i ncrease the sﬂéatisnnehg?hgaﬁyh @nd@chtey bhaththergdisThe grlaphaoti&lgure
11 shows 12 _Sept enber esul t f shear force verses slip
test of a.@tugroPo %F £ Sﬁag T4 F£ n??ﬁﬁ o ﬁt Eﬁ qEePYp 28158 tiRg

nn1ama ro & 179
illustrated i aBhktgure Eehlheo&kudslauaunneuadedtbarafoﬁena&eigfaahsﬂynt 40
nmmin height. The graph results show 5 that at the 6 mmslip nark the stud
sustained a force of approximately 115 kN and finally fractured just under
120

The element used in the above tests was 40 mm in

height and surrcunded a 85 mm high stud with its centre

15 located 68 mm from the base of the rib web 23 at which a
wedge would form. The stud was welded equidistant between
the right-side rib 25 and left-side rib 24, which
calculates to be 68 mm from the base of the web of the
right-side rib 25.

20

It has been found that shear strength of studs

significantly improves 1f the distance of the studs to the
active rib webs 23 are increasea. For example, Figqure 5
illustrates a stud located closer to the left-side rib 24

25 than the right-side rib 25. With the top shear force
travelling in the direction of Arrow SF a wedge is likely
to form at the right-side rib 25. Hence, moving the stud
further away from this rib 25 increases the size cof the
wedge of concrete that has to be dislodged around the base

30 of a stud. Combining the increased distance between the
stud and active rib with the use of the present connector
element can significantly increase the shear strength and

ductility of the stud. The graph of Figure 11 shows the



kKN, which is an extrenely favourable performance as if the stud had been
in a solid concrete slab without voids. 10 However, this optinal
performance is also achievable with a higher connector elenment 10 or a
hi gher stud 11 and with the stud closer to the rib. It is noted that all
of the exanples and tests 15 described hgyein invol ve hpmghiantisnaboshear

force in secangdal ¥s COAPYSshEaPEAIBee W ELe SUST b Neddie oSy slagege, where
the beans are in positive bending. However, it is noted that failure is

al so likely ilocreeddly monpeay t&rohetine el $udgyitikliAalad orces devel op
I n regions Ofiffu%‘fgﬁéggix{{’ﬁgf Se ghe ﬁgé’aé‘&?@eié’fsﬂ@&dr@er%rl& Py esent

connector elenment aroun tfud to forma connector asse and
encapsul at e ashheoctbt selanact cd®@ mbt ihechsigldt baskhe agprddth shoswl £ Fhawlr s

3 and 4, produces significant and inportant increases. in_strengthan
ductility of ¥Rt &tubee érfﬂf“oﬁlﬂ’lem%ﬁbliéhm%u HEM Y eed 1 ce 1‘?1’?5 in

turn transl at §SptOx AmLEEDPPSi 18 =M M ahed UE En MBY er et uPe M judf Abh &R of 2651 b
punch-through failure is significantly 30 reduced or entirely avoi ded.

Addi tional |y, k¥ hewligiets o eohFeRety BRSTRDHIPES RIBRPFEILFH TDnpbsthe
structures ca tué%é‘?g#%sg.;?& ZCEO1I4 &]Tméé‘&é ner s %5}5@5\%5%13’““ ch

| eads to shorter ins ation tine and Tess material. ept enber
2006 Wth the present connector assenbly the conposite concrete structure
is able to wthstand a rmuch higher ultimate |oad and, with its increased

structural’ integrity, pPrORYRFa Uhot LRETHhRELLRFIBIE ecbiiital

construction. ;o Fheaes J2tRAnd Hdghdt Usdhmdorsn STadheend of & nidhdrfor

hol di ng a connector elenment 3 in relation to a connector.
stud 1l and with the stud closer to the rib.

It is noted that all of the examples and tests
15 described herein involve longitudinal shear force in
secondary composite beams, which sustain the most damage,
where the beams are in positive bending. However, it is
noted that failure is also likely in secondary composite
beams where longitudinal forces develop in regions of

20 negative moments.

The advantage of placing the present connector
element around the stud to form a connector assembly and
encapsulate and localise concrete at the stud base, as

25 shown in Figqures 3 and 4, produces significant and
important increases in strength and ductility of the
studs, and con the whole make them more robust. This in
turn translates to a composite structure where the major
proeblem of rib punch-threough failure is significantly

30 reduced or entirely avoided. Additionally, the number of
connector assemblies required in composite structures can
be reduced on account of the increased strength which

leads to shorter installation time and less material.



10 The connector elenent 3 shown in Figure 12 fornms part of a connector
assenbly of the type disclosed in Figures 3 and 4. The connector elenent 3
isinthe formof a steel 15 ring that has an upper rim5. Wil st not
shown, the connector assenbly also includes a connector in the formof a
fastener that has a shank and an enl argegy head that conpeeb&nietoop®nent

such 20 as a wiegl tko! $F0sE Pt ABorMERELY | D dVNPRAONCHHip i td chFd g
concrete into the foundation. In this application the connector elenment 3

i ncreases thesexeeiure yiambhdebe withebrpd, 2 amich Herdter a1t Hanatr akoad
resi stance, o h t r. LN, i £er. h tor and
{,4he, {astepe J.J?grégén OrAa0BLLL P uaa%geudtp,t,r g%ge 1ecte

25 thereby confihing concrete arou ast ener. e clip,
general |y i dembré | eell hyblée henduneral edonemidagurassti2uaidori3d is to
facilitate locating the connector element 3 securely in place in 30

rel ation to the connector before concrete is poured. In order to achieve

this objective, the climiduiss | oratd 14 iiStuirdite HOEDImeal€nta 3 and
the assenbly of the connector elenent 3 and the clip 7 are |ocated on the
-28- 12 Sept erbir DoOchobBbRk HYCPRRTEEONI PERSRE o3 | P alREIR Bhakmk and

t hen pushingc3%§%%L$$ down onto the shank. The clip 3 includes a circular

outer frame 9 € Trame 9 includes an inner circular wall 11 that has a
di aneter that enables the wall to contact an inner surface of the

connector elenment 3 when the clip 7 is coupl to the nnect qr,., el enent 3.
The wal I drovi des stabiﬂf"? yccErH‘e‘P‘h‘ér a%lseé?w‘?f%e%fs HE cf’tfh‘rffoe’tq‘ﬁe %Zeréc‘?ﬁm% and
the clip 7. L0adbecelh PeSnSEOWEr | fs @bl €Sof 2108 dtyhse adSO-1bs6d utkes 2 pairs

of outer clasps 13 that can be | ocated
Figures 3 and 4.

The connector element 3 is in the form of a steel

15 ring that has an upper rim 5.

Whilst not shown, the connecteor assembly also
includes a connector in the form of a fastener that has a
shank and an enlarged head that connects a compcnent such
20 as a steel column to an underlying foundation prior to
pouring concrete intce the foundation. In this application
the connector element 3 increases the ductility and shear
strength, and therefore the shear resistance, of the
fastener by forming a barrier around the connector and

25 thereby confining concrete arcund the fastener.

The purpose of the clip, generally identified by
the numeral 7, in Figures 12 and 13 is to facilitate
locating the connector element 3 securely in place in

30 relation to the coﬁnector before concrete is poured. In
order to achieve this objective, the clip 7 is located
first on the connector element 3 and the assembly of the

connector element 3 and the clip 7 are located on the



over the rimb5 of the connector elenent 3 and couple the <clip 7 securely
to the connector elenent 3. 15 The clip 7 also includes 4 equally spaced

|l egs 15 extending inwardly fromthe frane 9. The legs 15 are formed from
spring steel. The 20 legs 15 termnate in inner ends 17 that describe a
circular opening 19 for receiving the shank of the conneckeptembds2descri bed
above, the disw@beropfipbhet:sesssi bod Opani Mgodd tise SEhH ethd Ocsn | ess
that that of the shank so that the |legs 15 engage and thereby couple 25
the clip to tPleSkorfcEr@drclhedewe ertp the -down onto the shank. The
| egs include upwardly inclined sections 21 that define a frusto-conical
region around the shank. As 30 is described above, these upwardly cranked
sections provi de a nunihe ofl mplVaniragesies nclaidiangl fracidtidratingne ¢ui di ng

the clip onto the_shank, facjlitating.initiall | ocat ] he clip in the
correct or%i ent ¢ i GFAP 7 et %ﬁest%nth’én%ﬁa‘fﬁg%]rﬂri Jrj;gjsj: n’%“?% %% dhce to

upwar d novenedfamefer 12hHepbLaADEEs 2006 wall the Cdhtadf tel idnd¥@Ssbeeice
| ocated on the shank. The connector el enment assenbly shown in Figures 14

and 15 is intehdelefeprigetes partent A tiphetiorcbimstenbl owrlehete ype
shoun in Fi QUELS dofillefof 01 fOROCS! il A LOMONAN aSUCll £5: £ 8 egb col um

to an wunderlyling foundation prior to pouring concrete into the

foundati on. |thaddss$emmnly oof hehe oromerd otox| ebement a3 sendl yhe tdkeimohnect or
assenbly al so includes a connector 10 4 (partly shown in outline in Figure
14) in thed formof a fastener that has a shank (as shown in the Figure)

and an enlarged head athd he119p3 (1w:s hioWBigdded his applizalion the
pur pose of the connector el enment assenblf isto
includes 2 pairs of outer clasps 13 that can be located

over the rim 5 of the connecteor element 3 and couple the
clip 7 securely to the connector element 3.
15
The clip 7 also includes 4 equally spaced legs 15

extending inwardly from the frame 9.

The legs 15 are formed from spring steel. The
20 legs 15 terminate in inner ends 17 that describe a
circular opening 19 for receiving the shank of the
connector. As described above, the diameter of the
described opening 19 is selected to be less that that of
the shank sco that the legs 15 engage and thereby couple
25 the clip to the connector when the clip is pushed down

onto the shank.

The legs include upwardly inclined sections 21
that define a frusto-conical region around the shank. As
30 is described above, these upwardly cranked sections
provide a number of advantages, including facilitating
guiding the clip onto the shank, facilitating initially
locating the clip in the correct orientation in relation

to the shank, and increasing resistance to upward movement



increase the ductility and shear strength, and therefore 15 the shear
resi stance, of the connector 4 by formng a barrier around and thereby
confining concrete around the connector 4. The connector el enent assenbly
shown in Figures 20 14 and 15 includes (a) a barrier section 5 and (b) a
clip section generally identified by thegqwneral 7. Thezgepposerabod he
barr i er section Gds.10, conline, conenele, around.dhe, cannegion, 4. 25 The
pur pose of the cFh p Se€ciion IS tO CfaAciTitate Tocati iy the connect or

el ement assenbly securely in place in relation to the connector 4 before
concrete i s poured. 30 Jhe barri &l Sedt t he .f or m_of clylsi nder

. . .The fonnec ein?ennt[S Elsssei.mti)l hown Ea' u .
or ring. The clip section FIncudes equal I'y spacé’d 3 €gs 3B e endi ng
inwardly from4 hendatsies sebendedSior 30se 19s Septiendlera 2006edter | egs 15

termnategin Ayﬂsﬁxf(ffdéf Lid hedpdesiedibe @ i ferlars opepi NgedO for
recei ving the shank ‘of the corinector. The dianeter of_ the described
opening 19 i2CRpekind 3 CHEPPRRRT t F2Eh tFat2 oftede SHAHK sfeP tafat the 5

|l egs 15 can engd@ely £ Her @Y 60 Upt £ot Neo GRANSTI Pl @it asseily to
t he connector_4 when. the conne{i%{)r. el emst[‘]l_ti asserrbI%ol s posi ti oned onto the
shank as ShodPPHAa FIYr ¢ 14, 290 THe? | s 1S SRETIR LRSS | ncl i ned
sections 21 admdmislef) neha donrséoteomestmbslagi alsarionididde shamnedsori s
descri bed jaboye %P@ é&?&?ﬁ dy Sienked ?&‘Cﬂgﬁﬁs POV de i, nuer, of
o, .
advant ages, |ncf% |n%;f acilitating guiding the econn)ect or }g?errent Assenbl y
onto the sharfi@stener that has a shank (as shown in the Figure) and an
enlarged head at the top (not shown). In this application
the purpose of the connector element assembly is to
increase the ductility and shear strength, and therefore
15 the shear resistance, of the connector 4 by forming a
barrier around and thereby confining concrete arcund the

connector 4.

The connector element assembly shown in Figures
20 14 and 15 includes {a) a barrier section 5 and (b) a clip

section generally identified by the numeral 7.

The purpose of the barrier section 5 is to

confine concrete around the connector 4.

25
The purpose of the c¢lip section 7 is to
facilitate locating the connector element assembly
securely in place in relation to the connector 4 before
concrete is poured.
30

The barrier section 5 is in the form of a

cylinder or ring.

The clip section 7 includes 4 equally spaced legs

35 15 extending inwardly from the barrier section 5.



15 facilitating initially locating the connector element assenbly in the
correct orientation in relation to the shank, and increasing resistance to
upward novenent of the connector elenment assenbly after it has been

| ocated on the shank. 20 The |l egs 15 al so include a downwardly-curved bend
25 between the frusto- conical regi on and iche junction of2 Sehenteg200% and
the barrier section 5. Qgﬂg v ghath of the

|l egs 15. 25 In use, the conn afgﬁgﬁ%ﬁgigg%gliﬁ%é q%%%?%% on t he shank
of the conneciegcuilby @o%ﬂ%ﬁhg@%@ub‘i e tyereivighbvidhe rehasharkE wi t h
the legs 21 cond acdhmdctde. hepd dNotesdowr e t&@smmmﬁf Pyishi ng

the 30 connector el enent assenbly down onto the shank. option for
manuf act uri ng-% EetemrRe L& b"el%‘?r%%t“é%%e‘?ﬁﬂ? 9% the f%ﬁﬁ}i e el

el ement asgsemys 13 o&a@r@n@@@am thatels) adushwethe dendddisdr Step is to
35 stanmp a flq% bl ank fr%ﬁ% he st sheet \MtJ1whe blank haV|c%%(a)

a
rect angul ar sSectTOAT (FRETVROF redp sc?nm?cht bartidt 8 TSHS ™ %nd (b) 4
el ongat e nmenbeskemanxt mqgolﬁrmnmlm@ee@onm Frectgngile 44 hettoworirespond
to the - 31 -pd2,Sepfgnber 2006 |egs 15 of the clip section 7). The next
step is to roll™ the rectangular section into a cylinder and to join the
ends of the rectangle together. The ends could be joined together by neans

of hook elgpenents 23 forrms Jaégsomes elithuddaipwaieiig tnhﬁ:l’lnﬁr’tﬁtseﬂadthl’cﬁugml
openi ngs (not, . sho formed. _at, the oth end. of the r ch,an nd e then
it RS vt

f ol ded back 10813 ngers e %"n’a%a 1B HEFIR E
ot her whi ch rm ddnec mithvexdh t Sgevoaf timseem»m:r@lg herstlesl seecioron. Anot her,

al though not ﬁé@%fﬁgyéoﬁ£m%Er(E¥iéﬁbéé%ages, including facilitating
guiding the connector element assembly ontec the shank,
15 facilitating initially locating the connector element
assembly in the correct orientation in relation to the

shank, and increasing resistance to upward movement of the

connector element.assembly after it has been lcoccated on

the shank.
20
The legs 15 also include a downwardly-curved bend
25 between the frusto-conical region and the junction of
the legs 15 and the barrier section 5. The bends 25
increase the effective length of the legs 15.
25

In use, the connector element assembly is located
on the shank of the connector 4 by positioning the clip
section 7 above the shank with the legs 21 contacting the
head (not shown) of the shank and then pushing the

30 connector element aséembly down onto the shank.

One option for manufacturing the connector
element assembly is to form the connector element assembly
from one piece of flat steel sheet. The first step is to

35 stamp a flat blank from the steel sheet, with the blank
having (a) a rectangular section (that corresponds to the
barrier section 5), and (b) 4 elongate members extending

from one side of the rectangle (that correspond to the



10 to weld the ends together. The final step is to shape the legs 15 into
the required configuration, as showmn in Figure 14. Another option for
manuf acturi ng the connector 15 elenent assenbly is to press a cup having a
base and a cylindrical wall fromone piece of flat steel sheet,

thereafter stanp the base to form an outlimne of the | egs? Seatethtfer nadd y
shape the le to e formshown [n Figure 14. .20 | n both of.the
above-descri g%%gsopil o%é,{lf%ec%%rsﬁ%% lc%}m@ct ed:rhe‘? enrree}ﬁtf ss%erpe :hsea1f°trr°e%1jf ed to
form hi gh- tefse | eecprrgglat eetction winto be antierdenothdyta persorhski | | ed
in the 25 ard,ed éf‘etﬂé%éééaﬁ@i/@%é?@tﬁélﬁ.t MR dmsl fdGaid s JBhede

made w t hout departing fromthe spirit and scope of the _present invention.
By way of exafRFethemiP%tmedes eboP e eeRth 230E 9T et R e 219 15

i ncl ude 45l egshat herPresemér i PyeHdd Othrd g pai g 41 (esh adtbwxt efshsndd
clips and conngect.or | ement s that. have an ui tabl e nunber of. legs. l.n
2 i on. whi TEL e BAEDATRnTS SROMET At O A 10 S q e et
radi al | y ext evmlfmgthegsylimder ppesentdemvent folding nidie smnds mnttee eaxh

extends to | gsyef Nali 8L en DOt h QU @rah €45 68%08 2 AR AN L 000l N

addition, whilst the enbodi nents shown in Figures 12 to 15 i nclude upwardly
inclined sectSefisiehat Apeihew, £ FRRUDD o clte rayt P i un PR Wees ek,
the present tHwedid Obhé Se®t S6gétiet €drhd finadddtd®n s W | SHagdiethe

enbodi ments shown Jeg t he E}Ié ures are descri bed iiwothe gont ext of conposite
concrete striRITre” tHAt® i WY URIH R K hy TheRt Fhd 3 1B 6% concrete
on the sheet Bighxonh&cti ng the conposite

Ancther coption feor manufactu;ing the connector
15 element assembly is to press a cup having a base and a
cylindrical wall from one piece of flat steel sheet,
thereafter stamp the base to form an outline of the legs,

and finally shape the legs to the form shown in Figure 14.

20 In both of the above-described options, the
formed connected elements are heat treated to form high-

tensile spring steel.

It will be understood by a person skilled in the
25 art of the present invention that many modifications may
be made without departing from the spirit and scope of the

present invention.

By way of example, whilst the embodiments shown
30 in Figures 12 to 15 include 4 legs, the present invention
is not so limited and extends to c¢lips and connector

elements that have any suitable number of legs.

In addition, whilst the embodiments shown in
35 Figures 12 to 15 include radially extending legs, the
present invention is not so limited and extends to legs

that are not radial legs.



10 concrete structure to an underlying structural conponent, the present
invention is not so limted and extends to concrete structures generally.
For exanple, the present invention extends to connector assenblies that
can be used in relation to concrete footings and the |like that are 15 used
to support steel colums with base pl atesizmand ot her strBSenteatbec@iPdnent s.

These arrangenents typiﬁgl%cydi{g&{u &@Nqﬁ;for&lﬂ&%gé)rgﬁoqn hgl ts that

are enbedded in concrete Tootings and extend fromt oot1ngs and
provi de connegidorepolattefdbd bastude ateardly sirblDOedrserierrehtthati t h

reference to Lhguse QBfrﬁQEoC@&E\%JiPrre@fé&@i&&%% ds}b&nli,i t¢igd upside
down underneath the steel base plate on bolts nearest the free edge.

Wil st the erndeRFRRht STERBWHOT Nt MOt S HR1te%- rel ate to arrangenents in
whi ch the sconnectors extend vertically in use froman underlying support

structure, the present_invention is.not so.limted and extends to t her
arrangenents, for exanpra acg‘éjjr%:'hog’éhe‘fﬂjglﬁ% T HRHKEFIrh B Jé&t%f?d
hori zont al | y Figaresnaret depodibednen 3thes peon feéxt exinpdrepadiseicdpnerete

arrangement s gl ddesq C&@Q@gixgc%f%dég 4 Ngedior AR oindieadad st udg d hale ar e

wel ded to an upstandi ng we T-section support structure at spaced
i nterval s al oPRREHRte Pyt Hof shert v sfrnese ety e icBmeaFiyeinto a

concr et e odyco¥idtd hi SrPafd i€ ULAT am Suddd ANGERE N tri e £0N NEsHhn&h €1ent s
are positi oneqhar ound he horj zt onal | i Sept enber

ext e n scé uds., -33- %2
5006 Wil st The RRBIGR et LRhoth 1hH 196 T anToesT o5 STIe06% ifenont <
i n which t he commestersetertutss gand sl lylecKion esteogtlss, ttte prosemit

invention is n . 1 e ﬁﬁg@ ts. .| i t
connector 5 e lg‘trrr%r?l %ogr%&é%xg%%gg%b%%rg&%g%i?n%% eetjg@%n%ﬁtﬁe%%l %?/\(/i wet
concrete to fimwéehathenghp dengeede t frotioeks mpdHawe slike that are

15 used to support steel columns with base plates and other
structural components. These arrangements typically
include connectors in the form of bolts that are embedded
in concrete footings and extend from the footings and
provide connection points feor base plates. 1In such

20 arrangements, with reference to Figure 2B, the connector
assemblies would be fitted upside down underneath the

steel base plate on bolts nearest the free edge.

Whilst the embodiments shown in the drawings

25 relate to arrangeménﬁs in which the connectors extend
vertically in use from an underlying suppert structure,
the present invention is not sco limited and extends to
other arrangements, for example, arrangements in which the
connectors extend horizontally in a concrete body. One

30 specific example of such arrangements includes connectors
in the form of headed studs that are welded te an
upstanding web of a T-section support structure at spaced
intervals along the length of the web and extend
horizontally into a concrete body. With this particular

35 arrangement, the connector elements are positioned arocund

the horiztonally extending studs.



and the connector elements. Furthernore, whilst the discussion of the
present 10 invention focuses on applied loads in a particular direction,
the present invention is equally applicable to arrangenents that are
subj ected to varying loads in one or nore directions. 3 4 12 Septenber
2006 CLAIMS: 1. A connector assenbly farzxonnecting togetSketenter 2004&ICt ur al
conponent and a concr etghimsly whereibbd iveerbt £ aHRe! dn asseddawirsgLapabl e
of resisting shear forces between the structural conponent and the
concret e bodyrahite i #e| ¥eeangergnts conigkidh TN eOEYe R in 10
concrete and dapled docPmalIRChed, tond e SLLUC L Anc LUMONG: 20d (D) 2
connector elenment that 1s adapted to surround the connector and form a
barri er that lsnspadednd l&xfendstie aoraregpdnosn s dic ortigte sthon moretectrsound
the connector, 2. The connecto ssenb defined in claim.l erei t he
connect or %anae"[f?f%e’éib?l n&cT O?Peé‘l’%‘are%fo”é‘? e‘k%‘é}bﬁ?%t SRF% o%% n‘é}h‘?’\é,\é]%f’haa%%w
connect or assgl yoddrdB&r td NEl dkeledn athdBpls Beofwder Oy ddiek TONNEd O s
el enent around the connector. 3. The connector assenbly defined in claim?2
wherein 25 t3Ahbreli eepReaRr ielemertd- ext endi ng between the connector
and the connector elenment. 4. The connector assenbly defined in claim3
wherein the connector includes a shank with one end adapted to be 30
enbedded i n concrete architleoidsr, erid lagtaptted dicdyss sitdmacifeden fresent
structural co_rTxPonent, apnd wherein the ,clép:L i(_pcl.udes: .
10 invention focuses on applie oads in a particular
direction, the present invention is equally applicable to
arrangements that are subjected to varying locads in one or

more directions.



(a) a nmeans for coupling the clip to a section 35 of the connector
elenment, and (b) a plurality of legs formed fromresilient -35- 12

Sept enber 2006 nmaterial that extend i nwardly and have inner ends that
descri be an opening that can receive the shank of the connector, and which
opening has a dianeter that is |less tham4.hat of the shaskpterMierebysi n use
the | egs defleEcAzdswhen the clip is pushed over the shank so that the shank
extends through the opening and the inner ends of the legs contact the
shank and thereby couple the clip to the shank. 10 5. The connector
assenbly defined in any one of clains 2 to 4 wherein the holding nmeans is
adapted to hotd the cdhfRRHISHe TR oM iHe FOMRERIY SPIHA®T fere i s
a spaci ng of satrhetsialOcompdeéneeind he camponentisodd Sviterdire ionnect or

assenbly defined in_any_ one .o cl ai ms Zlet‘o 4 g\@s‘e{s‘eﬁwnth&gﬂ df'onxgcerrseans IS

adapted t 3 hoT e PERECEoATECorY el BnE 2T Tom I He Conhed of & spadi iy of at

| east 25 mm otWeerd hehe onhewet trrab seenpynaetf | aredl e agpnomtefbody amd 2
to 4 wherein phehelding means is adapted to hold the connector el enment
fromthe connector so that there is a spacing of at least 30 nrm 25 8. The
connector assenbly defined in any one of <clains 2 to 7 wherein the hol ding
means i s adapted to hol th) t he coniector daiedd fd Qe tdibadaweciOr so that
there is , a spacing of_ at |eas he Xi mum si ze of regate in . concrete
it he oofor ST BUAYE FRTRERTAR KA COmom el ERCP 60 THEY COTS T H® hssenbl y
defined in anyomprenerit; chdns 2 to 7 wherein the holding neans i s adapted
to hold the connector elenent fromthe connector so that there is

(b) a connector element that is adapted to
surround the connecter and form a barrier that is spaced
15 from the connector and confines concrete around the

connector.

2. The connector assembly defined in claim 1 wherein
the connector and the connector element are separate

20 components and the connector assembly further includes a
means for holding the connector element around the

connector.

3. The connector assembly defined in claim 2 wherein
25 the holding means is a clip extending between the

connector and the connector element.

4. The connector assembly defined in claim 3 wherein

the connector includes a shank with one end adapted to be
30 embedded in concrete and the other end adapted to be

attached to the structural component, and wherein the clip

includes:

(a) a means for coupling the clip to a section

35 of the connector element, and

(b) a plurality cf legs formed from resilient



a spacing of least 1.25 tinmes the maxi num size of 35 aggregate in concrete
in the concrete body. 10. The connector assenbly defined in any one of
claims 2 to 7 wherein the holding neans is adapted to hold -36- 12

Sept enber 2006 the connector elenment fromthe connector so that there is
a spacing of at least 1.5 tines the maximggn si ze of aggrne@Gapember QODET et

|n the concrele body, i o Jhe, gonnecter, anseblue delidedaddy any, one of
the preceding T al 178 ereln the connector- el ement 1s selected 1Fomthe
group which idefexidse aan i esreoingothat nearrfedeive thengshyfnkesth, thnd a coil

with small pi G, W agk NGsng 1ol Jhen GANNRE A asarMaly deld ned idsglaim

11 wherein the connector elenent i's a coil with small pitch w ndings and

the ends of tHEROFRIL HE ErdserERD TRRTIRY st 1R s elephedrt <thoop

%r esses En thgeothe élﬁiﬁasT@@swr@ﬁ_@rtms&m W ;f]:tef&rrwtd_ dti'.l'ﬂa Cé}?érﬂlt 11 ]
erein the connector, elenent,is a continuous .ring of soli teri suc

as steel . 14 SRR HEETOT AEAE MRS | HEH VI A SheT® (e Do Tods

precedi ng cl atorstadrerehe, shank snd udterby couploh the cligncrettehdody i s

supported by g puefiled decking having an upstanding rib or ribs separated

by pans and an underlying structural framework of beans, the connector
elenment is annular. 25 15. The connector assenbly defined in claim 14

wherein tipe opnnect or elrirerdndi@sccr hai (b 13P RIePsinEe alry arf0%re &83% t he
hei ght of the rib or_ribs on the decking. 30 16. A conposjte structure

i ncludes a stTWRYMW & *9 r%d@%ﬁ%%f&b%;ﬂ%%g’d‘%léﬁﬁ% ’g & %‘?4 U dredd
framewor k, atlo®nedmiec fofye Demdhe feakitlyy eithecttonnsctthatasidssdd Vis t he

connect or as%?@%ﬁhiﬁglgglgg:least 20 mm between the components.

15 6. The connector assembly defined in any one of
claims 2 to 4 wherein the holding means is adapted to hold
the connector element from the connector a spacing of at

least 25 mm.

20 7. The connector assembly defined in any cne of
claims 2 to 4 wherein the holding means is adapted to hold
the connector element from the connector so that there is

a spacing of at least 30 mm.

25 8. The connector asseﬁbly defined in any one of
claims 2 to 7 whereiﬁ the holdihg means is adapted to hold
the connector element from the connector so that there is
a spacing of at least the maximum size of aggregate in
concrete in the concrete body between the components.

30
9. The connector assembly defined in any one of
claims 2 to 7 wherein the holding means is adapted to hold
the connector element from the connector so that there is
a spacing of least 1.25 times the maximum size of

35 aggregate in concrete in the concrete body.

10. The connector assembly defined in any one of

claims 2 to 7 whereih the heolding means is adapted teo hold



35 (a) a connector enbedded in concrete and attached to the structural
framewor k; and -37- 12 Septenber 2006 (b) a connector el enent that
surrounds the connector and forns a barrier that is spaced fromthe
connector and confines concrete around the connector. 5 17. The conposite
structure defined in claim16 wherein thg connector assesebieniebooes a
means that hoJ.ds the co nect or eIgnPnt around the é:onnectolg.tl,c&r.1 The.
conposite striet (& HRFFARCTR & Y T6F RPeT A the™ hot et g hedns' Ts a
clip extendi ng freaeern ¢hHeat coemettbrb aptnehetloo mcirom edemet 19. The

conposite structure,definedohfr20y oRecRl -Gh@dBe Bbdyp, 18 wherein the
spaci ng of the Tonnector 15 elenent fromthe connector is at |east 20 mm.

20. The conposite structure defined in any one of <clains 16 to 18 wherein

the spacimg of1fhe connggé ofontfBAtafs@BIPLSHINELI D dify adnd eSSt LS NM
20 21. The cglggosi e str#cture defined in any one of _clains. 16 t

o 18
wherein the RFFGT R ThRBHNRIIDT" HRRrem T o7 (FeetGhnets gietecid
| east 30 nm .£2&m 2&he Tdeowe Muoseh eistTuddsire ciedg ned sol ahymaoterodil , cd ai N

16 to 21 wher eirp%;gg Sbaci ng of the. £on té}ﬁalflr_}?{ﬁ? J%rgﬁr;&e_ connect or

is at |least the XI mum sf ze of = aggregate 1n concrete e concrete
body. 30 23. The conposite structure defined in any one of «clains 16 to 21

wherein tfge spaci ng of +he COHMELLOF asi&mBny ddomdde camesioriis at
| east 1.25 tinmes the paxi mum sj ze of%fgg regate in concrete in the concrete

body. 35 24. WHEFEHAPERT t ERRTULLTr e FeF T et ith Ayt Jhetipfsmall piteh

windings and the ends of the coils are closed to

facilitate the development of hoop stresses in the coil.

15 13. The connector assembly defined in claim 11
wherein the connector element is a continuous ring of

solid material, such as steel.

14. The connectér assemblf defined in any one of the
20 preceding claims wherein, in a situation in which the
concrete body is supported by a profiled decking having an
upstanding rib or ribs separated by pans and an underlying
structural framework of beams, the connector element is
annular,
25
15. The cconnector assembly defined in claim 14
wherein the connector element has a height approximately

60% - 80% the height of the rib or ribs on the decking.

30 le6. A composite structure includes a structural
framework of beams, a'decking on the structural framework,
a concrete body on the decking, and a connector assembly,

the connector assembly including:

35 (a) a connector embedded in concrete and

attached to the structural framework; and



clainms 16 to 21 wherein the spacing of the connector elenent fromthe
connector is at least 1.5 tines the -38- 12 Septenber 2006 maxi num size of
aggregate in concrete in the concrete body. 25. A shear connector assenbly
for use in 5 construction of concrete conposite structures having a
concrete body supported by a decking on agstructural frampeierhes shear
connector assenbly including; (a)_at,least one shear connector stud adapted
10 to be permanent!y figgh t réﬂ%ﬁe?ﬁ%rd%%?T?ﬁﬁ gﬁﬁﬁ(?ﬁrEQ%%ﬁﬁeé?%r el enent
adapted to forommecbarrand Sormsuadragraer| dast omesporedcfoosm sthel a spaced
di stance thergirom+bp £RAT LRI NES CORLLLL L 3L m&;t&? 12 éﬁg@'t £6. The
shear connector assenbly defined i% c€§§n12% Urther includes & heans for
hol di ng the connector elenment around the connector stud and concentric of

the stud. 520 27, The shfd sapesias assemblde deidngd iih d@iim 26 wherein

the holding neans js a clip extendi ng between the connector stud and_ the
connector el e‘ﬁlé‘?\f?l’?St}’i’%.c‘g{‘%‘EJﬁ%’a %‘?S?‘B?Jrﬁ MR D R it DRt olds
struct ure i nctheli agnné@alonssbamdntgavowstd uchalr@ndaam@wor kK i ncor por ati ng

i nt erconnect ed cross-beans and a decking 30 nounted on the beans; (b)
permanently fixing connectors in the form of shear connector studs through
t he decki ng ab®- al i gnedthey ¢RI e gftsrudBiye )degfogiad gl mgtaime drihect or

el ement i rel@tioin the 61 dEEK MGabIe] £i D 16 el erEiii {P Bl 1 &N

connector and the connector element.

19. The composite structure defined in any one of
claims 16 to 18 wherein the spaéing of the ceonnector

15 element from the connector is at least 20 mm.

20. The cemposite structure defined in any one of
claims 16 to 18 wherein the spacing of the connector

element from the connecteor is at least 25 mm.

20
21. The compeosite structure defined in any cone of
claims 16 to 18 wherein the spacing of the connector
element from the connector is at least 30 mm.

25 22, The composite structure defined in any one of
claims 16 to 21 wherein the spacing of the connector
element from the connector is at least the maximum size of
aggregate in concrete in the concreté bedy.

3¢ 23. The composite structure defined in any one of
claims 16 to 21 whérein the spacing of the connector
element from the connector is at least 1.25 times the
maximum size of aggregate in concrete in the concrete
body. '

335
24 . The composite structure defined in any one of

claims 16 to 21 wherein the spacing of the connector

element from the connector is at least 1.5 times the



surroundi ng at | east one connector stud a spaced di stance -39- 12 Septenber
2006 therefrom and (d) pouring concrete on the decking to forma
conposite structure. 5 29. The method defined in claim28 further includes
di stanci ng the connector stud and the surrounding connector elenment from
the decking rib at which concrete failuggis nost |ikehy Jeptedfiatizood0 30.
Aclip for uggaxgéghtggzgog ector as enbly defined.inl9ny one of the
precedi ng cl arms Thel THES: °1 aJ 94 FEARe Tor bt Thg T he" el T T S sect i on
15 of the conmedyor elenent, and (b) a plurality of legs fornmed from
resilient material that extend inwardly and have inner ends that describe

an opening that can receive a section of the 20 connector,

and whi ch

openi ng has a2%i anet er & HERe3IT FIVECHIHRIIAMP I fde Whrigtt or secti on,
wher eby i B Us€ohfitrut€gsn def | €shcrbied ddifoddi e | Staushiae OVRlvihe Lonnect or
so that the connec%or section exéq? S thﬁ?“ h. t he openngé nd the inner
ends of the |TYRCTHHT RIW h"BRAMETE ofY 21T 5 Yhd th ‘%'g)"’f:"’b]Upl e the
clip to the chrmeetvork, 3the Thieezt | pomkeddined assatlaiyn B3Mdkreyn the | egs
are forned to enable the legs to flex at least in one direction, when in

use the clip is pushed over the 30 connector to |locate the clip on the
connector. 32. The clip(@efided-edsklenen Iaw IR B Harkigdartrd | egs

are forned torensdl gethend ta@iié&xtﬂfb&%ﬁ) tHRItddd Ihperfrandi cul ar

directions, when in use the clip is 35 pus
the clip on the connector.

ed over the connector to |ocate

(b) a connector element adapted to form a

barrier surrcunding at least one connector stud a spaced

distance therefrom to confine the concrete around the

15 stud.

26. The shear connector assembly defined in claim 25

further includes a means for holding the connector element

arcund the connector stud and concentric of the stud.

20
27. The shear connector assembly defined in claim 26
wherein the holding means is a clip extending between the
connector stud and the connector element.

25 28. A method of forming a composite concrete

structure including:

{a) assembling a structural framework

incorporating interconnected cross-beams and a decking

30 mounted on the beams;

(b) permanently fixing connectors in the form

of shear connector studs through the decking and aligned

with the beams;
35

(c) positioning a connector element in relation

to the decking wherein the element forms a barrier

surrounding at least one connector stud a spaced distance



-40- 12 Septenber 2006 33. The clip defined in any one of clains 30 to 32
wherein at | east one of the legs includes an upward crank. 34. The clip
defined in claim33 wherein the leg or 5 legs that include the cranked end
further include a section that is formed to increase the flexibility of the
leg. 35. The clip defined in claim34 wheggin the by 1@2$ﬁ@&hﬁ%r9§0$n t he
formof a curyved nd in t e leg outwardly of the cranked end. 36. The
clip defined F%95ﬁ§r%ﬂe %? clains 30 to 35 wherein the inner ends of the

|l egs are relatively w de to 15 enable the legs to grip the connector

section securely. 37. T %g?gggénﬁg? @Qy°9n€hgfdééﬁ%ﬂ%fé9 %% 2q?he

wherein the inner ends o egs’ i de proj ectrons ena

legs to grip @%@P%%hh%c§6¥u§é%¥¢on 20 securely. 38. The clip defined in any
one of cla nms 30 to 37 wherein the legs are fornmed so as to mnimse
|nterference o concrete flowng into the volune defined by the 25

connect or nt that eHcITREPIhALHIRE 1 cym Bl 5t e rindddes any
one of C|aIanBQtiwcﬁBg mherebmmé&mbfﬁﬁmudfdﬁd&khgﬂsﬂwkéﬁﬁﬁfﬂgp to the

section of t | ngl bdes Iur asps that 30
can clip ont g%%'ggggg%l%%exg f %r%%n%}é%t%r &t IP % ‘9}3\1 gbnncgccf%rteel ement
assenbly for ¥IBelure als copdect drebs sepidgcinr connectlng toget her a
concrete fody and a structural conponent, wherein the connector assenbly
35 includes the connector e] enent assenbly and a connector adapted to be

enbedded in cOhcrete arfd ApIRRF t‘bsebé‘l%bnﬂ?ct%m(%‘i% SRR al
conmponent, andefiwedonmestiPronel efretiie astedddind NElaies : inchddes 12
Sept enber 2006

{a) a means for coupling the clip toc a section

15 of the connector element, and

(b) a plurality of legs formed from resilient
material that extend inwardly and have inner ends that
describe an opening that can receive a section of the

20 connector, and which opening has a diameter that is less
than that of the connector section, whereby in use the
legs deflect when the clip is pushed over the connector so
that the connector section extends through the opening and
the inner ends of the legs contact the connector section

25 and thereby couple the clip tc the connector.

31. The clip defined in claim 30 wherein the legs are
formed to enable the.légs to flex at least in one
direction, when in use the clip is pushed over the

30 connector te locate the clip on the connector.

32, The clip defined in claim 30 or claim 31 wherein

the legs are formed to enable the legs'to flex in two

mutually perpendicular directions, when in use the clip is
35 pushed over the connector to locate the clip on the

connector.



(a) a connector elenent that defines a barrier to confine concrete around
the connector, and 5 (b) an integrally fornmed clip section for coupling

t he connector elenent to the connector. 41. The connector el enent assenbly
defined in claim 40 wherein the clip section includes a plurality of |egs
10 formed fromresilient material that exfend inwardly fqg%@nwtgog@ of
the barrier $$t|on aan vell ncg end& 1 hat descn,i an o |n1_[g t hat can
receive a sectton of of the IR aitl HK £7F fafete™ h3aq % j%ss
than that of whéeetonatcleastecthe onf wherbdysiimcebedédead egswaled | €cdnldb
when the connector elenent is pushed over the connector so that the
connector extends through the opening and the inner ends of the |egs
contact the cdhnector skEetiohirmriitmt aby claagm 33 Inhaxswurecthy ld®emant to

the connegt oriakt henhbeiRal iber t8eCLE LMk B Shid om@ltﬁ@r sk & onid 4 he
connector. 20 42, The connector el enent assenblg/ defined in claim 41

wherein the |EgETEPR FRF hetis shorhed tRetPeERATA T X PR h B
direction, whkaegin use the connector elenent is pushed over the connector
to | ocate the 25 connector el enment on the connector. 43. The connect or
el ement assenbly defined in claim 41 or claim42 wherein the |legs are
formed so tha®3the |edtheanlfp Gefinadwoimaldiny Jfe miwmmdicultdre divr ecti ons,

30 when i usge&afoﬁomefﬁ%hsl@aﬁmtofsarwf@dqy&cdtm 160 tor to
| ocate the connector elenent on the connector. 44. The connector el enent

assenbl y def i PRREWFFALHyOHnBhe 35T 3pkeE F7R- 41 to 43 wherein at | east one of
the legs includes an upward crank. -42- 12 Septenber 2006 45. The

connector el egent assenfly defingdiN 1A Mny one of claims 30 to 35
wherein the inner ends of the legs are relatively wide to

15 enable the legs to grip the connector section securely.

37. The clip defined in any one of claims 30 to 36
wherein the inner ends of the legs inelude projections
that enable the legs to grip the connector section

20 securely.

38. The clip defined in any one of claims 30 to 37
wherein the legs are formed so as to minimise interference
to concrete flowing inte the volume defined by the

25 connector element that enclose the connector.

39. The clip defined in any one of claims 30 to 38
wherein the means for coﬁpling the clip to the section of
the connector element includes a plurality of clasps that

30 can clip onto the section of the connector element.

40. A connector element assembly for use in a
connector assembly for connecting together a concrete body
and a structural component, wherein the connector assembly
35 includes the connector element assembly and a connector
adapted to be embedded in concrete and adapted to be
connected to the structural component, and the connector

element assembly includes:



44 wherein the leg or legs that include the cranked end further include a
first leg section that is forned to increase the flexibility of the leg. 5
46. The connector elenent assenbly defined in claim 45 wherein the first

| eg section is in the formof a curved bend in the |l eg outwardly of the
cranked end. 10 47. The connector el enentgpassenbly definedepenatity 20be of
clains 41 to 46 wherein the inner ends of the legs are relatively wide to
enable the legs to grip the connector section securely. 15 48. The
connector el enent assentdy defbaedebﬁoanglementothxtad@siﬂéstm Harmwher ei n

the inner ends,of,lpe,Legs, L0ek udeo Rl l Qé‘éné ye the legs to
y. od 0

grip the connector section secure manuf acturing the
connector elenment assenbly defined in any one of clainms 40 to 48 incl udes

stamping & flat blank fggm aaﬁtgﬁkeghsﬁiy f@ﬁn@aa@islﬁayé@gm( o
rectangul ar section that corres arrier sectjon and (b) 4

el ongat e nenbEPYPLXEENEFRGEPPD Bﬂﬁ %#%EP?% 57 the TRUIEMEPE- t hat

correspond to the legs of the clip section, folding the rectangul ar

section of thg,blank t formthe barrjer sectio nd, shapi ng. t he el ongat e
menbers to formthe Ig%% o?o?%e‘:t Ip i'sencl: I|1%n 5398“?:‘%" é] éc:g"nofcelalm

manuf act uri ng4® heheoahectbe eleneﬁtctéeseh@¢9U@%$|mewﬂmnahmyyom% bégel ai s

40 to 48 10”C|f'9f-‘x§edp£§§z§' egsﬁlféptsxhéesﬂlmn@ﬁatfémedsxmréﬁﬁefmﬁh§
cup- shaped nenber havin indrical wall that fornms the barrier

section, and §?%Hb?ﬂg°?hghﬁagérfbe¥o?ﬁ?Fh%nI%@E Rpve 3Faen 14y &RRE| on.

describe an opening that can receive a section of of the
connector and have a diameter that is less than that of
the connector section, whereby in use the legs deflect

15 when the connector element is pushed cver the connector so
that the connector extends through the opening and the
inner ends of the legs contact the connector section and
thereby couple the connector element to the connector with
the barrier section positioned to surround the connector.

20
42 . The connector element assembly defined in claim
41 wherein the legs are formed so that the legs can flex
at least in one direction, when in use the connector
element is pushed over the connector to locate the

25 connector element on the connector.

43. The connector element assembly defined in claim
41 or claim 42 wherein the legs are formed so that the
legs can flex in two mutally peipendicular directions,

30 when in use the connector element is pushed over the
connector to locate the connector element on tﬁe

connector.

44 The connector element assembly defined in any one
35 of claims 41 to 43 wherein at least one of the legs

includes an upward crank,.



10

15

20

25

30

35

_42 - 12 September 2006
45, The connector element assembly defined in claim
44 wherein the leg or legs that include the cranked end
further include a first leg section that is formed to

increase the flexibility of the legqg.

46 . The connector element assembly defined in claim
45 wherein the first leg section is in the form of a

curved bend in the leg outwardly of the cranked end.

47 . The connector element assembly defined in any one
of claims 41 tec 46 wherein the inner ends of the legs are
relatively wide to enable the legs toc grip the connector

section securely.

48. The connector element assembly defined in any ocne
of claims 41 to 47 wherein the inner ends cof the legs
include projections that enable the legs tec grip the

connector section securely.

49, A method of manufacturing the connector element
assembly defined in any one of claims 40 to 48 includes
stamping a flat blank from a steel sheet, the blank having
{a) a rectangular section that'correqunds to the barrier
section and (b) 4 elongate members extending from one side
of the rectangle that correspond to the legs of the clip
section, folding the rectangular section of the blank to
form the barrier section, and shaping the elongate members

to form the legs of the clip section.

50. A method of manufacturing the connector element
assembly defined in any one of claims 40 to 48 includes
pressing a cup-shaped member from a steel sheet, the cup-
shaped member having a cylindrical wall that forms the
barrier section, and stamping the base to form the legs of

the clip secticen.



