\0.96/ 25601 | PCT/ AU96/ 00073
IMASONRYANCHOR The present invention+glates to-a masonry anchor of

.expansion type and nore particularly to an expansion sleeve for use in such
jan*anchor. 5 Masonry anchors of expansion type conventionally conprise a -
icylindrical ewp»g8s@n Sl eeve forned of netal with stits ext ogaiAl®e600073
‘longitudinally fromthe inner or forwardlend of the sleeve to respective
circunferentially spaced apertures in the sleeve. The sl eeve is nounted
over the shank of a bolt having atMASONRYANCHQRJ 10 a conical el ement of
ext'ernal dianmeter greater than the internal dianmeter of the sleeve. In use,
the anchor is placed into a cylindrical cavity drilled into masonry and the
coni cal el enent i sThir presenitrinvention relatasr tocm thasanry iancharfoftdxpansiontype [apd

tightening t Inti Il?l ion Ses i r.&n on of the sleeve
to expand ou?ﬁ\;i/g?eg*’y I'n ﬁ#éﬁt&%’%ﬁ%rﬁ%ﬁé’ézﬁr@g&gﬁgﬁ& %Fﬁ%};e cylindrical
wal |l of th® 15 hole. A masonry anchor of the type described above is
described in detaiy, in our ;Austtalian patent No. 559285 (18191/ .ln the
construction descri ﬂﬁ"’fl}ﬂr% mﬁ“éﬂ“g%&%ﬁ?wﬁ nEY @ eah%?%‘FPf/ﬁspaced
apertures forespansion sleevefopned obmetd withislis\extending ddngitudinglly froaithpdnnert h
rounded ends, wth the l,.or ,axi s of each aperture, extending at an acute
angle to the MI%E@"‘??@”&&%‘W?H ot W‘?ﬁymgag?mﬂ'ﬁﬂk@ﬁ about
20 and 45[ er rdleéve. (T sieevalis fionfied ovee tieOshiank of atbolhaving! dtdis forward end
10 a conical element of external diameter greater than the internal diameter of the
sleeve. In use, the anchor is placed into a cylindrical cavity drilled into masonry
and the conical element is drawn into the inner end portion of the sleeve by
tightening the bolt. This action causes the inner end portion of the sleeve to
expand outwardly into tight anchoring engagement with the cylindrical wall of the
15 hole. '

A masonry anchor of the type described above is described in detail in our
Australian patent No0.559285 (18191/83). In the construction described in this
earlier patent, the circumferentially spaced apertufes formed in the expansion

20 sleeve are of elongate shape with rounded ends, with the major axis of each
aperture extending at an acute angle to the axial plane of the sleeve, typically an
angle of between about 20 and 45° to the axial plane. The configuration of the
apertures is such as to cause axial contraction of the expansion sleeve during
tightening of the bolt. The contraction in axial length occurs by deformation of the
25 circumferentially-spaced apertures which causes the rear or outer end of the sleeve
to move towards the inner or forward end. This axial contraction of the expansion
sleeve is termed "pull-down". One reason for incorporating a pull-down feature is
to enable a gap to be taken up between an object being clamped and the surface
of the masonry as may exist for example if a component with a slight bow is being
30 clamped. Another reason is to enable final tightening of the anchor to be
translated into a high compression or clamping force between the component and
the surface of the masonry rather than in compressing the sleeve. A high
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apertures is such as to cause axial contraction of the expansion sl eeve
during tightening of the balt. _The contraction in_axial |ength occurs by
deformati on of the 25 circunferentially-spaced apertures which causes the
redr or outer end of the sleeve to nove towards the inner or forward end.
Thi's axial contgggdd of the expansion sleeve is ternmed "pul hegOyddnoorsNe
‘reason for incorporating a pull-down featupe is to enable a gap to be taken
‘up between an object being clanped and the surface of the masonry as may
‘exi st for exanompréssipncanplamping fordehbetwetn ghé chmponent mdndie Furfacd afimisel.
Anct her reason is to .ena f.inal tightening of the.anchor to b ransl at ed
ro a hi gn corbreBdiERgelary Hapartat Sheb i SoRoanet bR e Fols IRsditie
surface of the masonry rather than in conpressing the sleeve. A high WO
96/ 25601 : (g . I PCT/ AU96/ 00073 - 2-
conpressi on or cl amf¥Snd Teswlt Sfpwbitantial; investigationsWe bavs carHed At iote ghe ¢ e
nmasonry is p8rtfufictiokidgyofiniazehtydntho efthishype; G@MaRedéteihined i aliCBedeficiay Cl i C

| oadi ng. As a resuli of substantial investigations we have carried out into
the 5 Punct i onitFE PHIORMEP $ia) CHRFACHIGH OF Heconpyption HeeYr e OGBIcHt A FAFHUS hat

it is benefici ahbétasitidllyl beléo Ve fitial drge segiilg’ CtHeOBnchbr land A PAHOUSH at
sl eeve, to occur at a torgue substantjally below the fjinal torque setting

of the anchor APEreximately3te 30% gf the final torque. With a configuration which provides

this effect, the initial part of the applied torque serves to draw the conical

10 expansion element into the inner end of the sleeve to cause expansion of the sleeve

and hence setting of the anchor within the hole; further torque applied after that

causes pull-down by axial contraction of the sleeve so that the component is drawn

into firm engagement with the surface of the masonry and the remaining 50% or

more of the torque is used to generate high axial loading in the bolt so that this is

15 translated directly into compressive loading between the component and the surface

of the masonry and which is permitted by further axial contraction of the sleeve,

albeit relatively small axial contraction, considerably less than that which took place

to draw the component down. '

20 Although the sleeve configuration described in our aforesaid patent has
effective pull-down characteristics, in some instances pull-down consequent on axial
contraction of the sleeve might not take place until the applied torque is
significantly within the upper part of its range. In particular, anchors of this type
are produced in a large range of sizes, and for the range of anchors the expansion

25 sleeve diameter may range from only a few millimetres to 20 millimetres or more.
In practice it has proved difficult to determine accurately at the design stage the
likely loading and hence likely torque at which pull-down is likely to take place, and
also the maximum possible length of pull-down, and this type of information can
only be determined empirically by extensive testing of each size and type of sleeve

30 produced within the range.

We have now determined that by refining the shape of the circumferentially
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approximately 30 to 50% of the final torque. Wth a configurats
prowdes-;hls effect, the-initial part—ef—the—applied torque

the conical 10 expansion elenent into the inner end of the Ji e eeveREp
expansi on of the sleeve and hence setting of the anchor within tr

further torqugoigRkdeed after that causes pul | -down by axi al mmlfga,@(;wpn of
the sleeve so that the conponent is drawg+nto firm engagenent with the

surface of the masonry and the remai ning 50% or nore of the torque is used
to generate hsmetmpmwnai;mhnglebmitl'mpmme atahe Hesigrt stage toddesign the slesveat ed

the masonry Al BEaoS cAERIRsdS) VAR, (aif, BECRART Choft brevtBiebld BC

sl eeve, al bei deteghimablecitithe design stageabutcalsy whichican pcourissingehatoloyer isthet han

that which to %% ent down. 20 Al t hough the

sl eeve confi g%ﬁﬁ ég‘“&e%hpﬁ"%?ﬂ"&%fﬂ% d patent has effective

pul | -down &haracteristics, in sonme instances pull-down consequent on axi al
contraction of the slev ht not. t ake ace unti] .the a l|e torgue is
significantly wt h ﬁ%nh’grprﬁs&f‘fmgf E‘l“s‘"‘?@ﬁﬁg‘f‘m i ors of
thIrS] typehar eamwmmlshm geefeamgﬁngfa $1mnty afltcblﬂ:ﬁmfdréﬁtl mgapf Scedf
anchors the expansion 25 .s te rom.on a few.
mllinetres tﬁ&zg"ﬁ ﬁ'ﬁr‘“ P F{ﬁcﬁéﬁ‘i g‘%‘“ﬁ?@éﬁ“aﬁm cul t
to determ ne nglﬂﬁdihﬂl froin bhe ofl ehé @adﬁt@&erdsb@nbekﬁbyoﬂ e dapegtupelyl shignce
Ilkely t or,que at mhlch ull-down is |i o take plaqe and al so the

‘maxi mum p(; si PpeTHr 89 shaped thas,g,lan rﬁﬂx hefwrenAdiacent, ApRERITEh Sgidn onl v

b|e det er mi nedlaaamemgcabﬁgmbnnﬁhﬂﬁg i Quls SOREHN 65 .ﬂfm&ﬂ% 41 H8a131shd YPMeOf
S eeve

HA@‘B’EEN

sleeve at an acute angle, each said land forming a strut operative to deform as a
result of axial loading applied to the sleeve whereby to result in a contraction in the
_ axial length of the sleeve, each aperture being so shaped that an abrupt change in
15 the direction of the edge of the aperture defines a point at which the adjacent strut
starts to deform as a result of stress concentration arising at that point under the
applied load, the abrupt change in direction occurring at a position substantially at
each axial end of the apertured region defined in the sleeve by the apertures.

20 Further according to the present invention there is provided an expansion
sleeve for a masonry anchor, said sleeve having a plurality of circumferentially-
spaced apertures intermediate the ends of the sleeve, and a plurality of slits each
extending longitudinally from one of the ends to a respective one of the apertures,
said apertures being so shaped that a land is defined between adjacent apertures,

25 said land being elongate and having an axis which is inclined to an axial plane of
the sleeve at an acute angle, each said land forming a strut operative to deform as
a result of axial loading applied to the sleeve whereby to result in a contraction in
the axial length of the sleeve, the apertures being so shaped to define for each strut
a point at each end of the strut at which the strut starts to deform as a result of

30 stress concentration arising at that point under the applied load, each said point
being in close proximity to the adjacent axial end of the apertured region defined
in the sleeve by the apertures,

heet Has Been Replaced
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30 produced wthin the range. We have now determ ned that by refining the
shape of the circunferentially -3 - spaced apertures in the sleeve it is
possi bl e at the design stage to design the sleeve with pull- down
characteristics which are not only nore predictable and determ nable at the
desi gn stage bujyoalsgeythi ch can occur sonewhat |ower in the oyesalubsrgodizdue
range applicable to the anchor. Accordi ng-t4-the present |nvent|on there is
provided an expansion sleeve for a masonry anchor, said sleeve having a
plurality of circunflarese whhnylefqnmaamgpdmstrmscomtmmdﬂamchmmmamfsthef

of the ends o VRRFi¥bRERNE sk SuRFeRY i BRI s bk Syl ok "

apertures bei ngmmmmmedammmtwmmwdd;m inwardly
-apertures sai d an ayin n_axis ' is,inclined to
an axial plane 8#8'5 g‘f‘“é‘%\fg'd %ﬂ'ﬂ%%@a&,ﬁgﬁ%ﬁgﬂﬁ’m@ﬂcﬂﬂ’ﬂ#@ ng a
strut operatisve to deformas a result of axial loading applied to the

sl eeve whereby to res in a cont aC|or |nt e axial |engt th

sl eeve, each aperture "e {3%} ‘Q E’F gWP‘{ three-
direction of thﬁd&ﬂﬁﬁfcﬁfrsidbﬂﬁgmkm&sdffpaﬁﬂkl@rﬂﬁlshhp@hmhhehbﬁipecﬂﬁigacem
fstrut starts to, dﬁforma uIt of stress concentration arising at that

poi nt under the the SUEss coneenization points heingAt cOREt POFiRPSat a

position substaatmélﬁgua& eAu&nam@} ?eda ﬁ@ebétafed Wﬂuﬁﬁfmd in
t he sl eeve b)b t E)n ures nd th? w dth of the_ stryts relati
1 the profile being of a radius sufficlendysm as to

cause stress concentration at those parts.

According to another aspect of the invention, there is provided a masonry

anchor comprising an expansion sleeve as defined above mounted on the shank of

15 abolt, and an expansion element mounted at the inner end of the shank of the bolt,

the expansion element being generally conical so as to cause outwards expansion

of the inner end portion of the sleeve when the expansion element is drawn into the
inner end portion of the sleeve upon setting the anchor,

20 Advantageously the configuration of the apertures is such that the struts start
to deform to cause axial contraction of the sleeve at a torque loading which is
substantially less than a predetermined torque loading at which tightening of the
anchor is to occur. In preferred embodiment of the invention the configuration is
such that deformation of the struts to cause axial contraction of the sleeve occurs

25 at approximately 30 to 50% of said predetermined torque loading.

Embodiments of the invention will now be described, by way of example
only, with reference to the accompanying drawings in which:-
Figure 1 is a perspective view of a masonry anchor in accordance with a
30 preferred embodiment of the invention;
Figure 2 is a side view of an expansion sleeve of the anchor shown in Figure
L H
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to.the Iength of the apertures being such that in the fully contracted

‘adj acent the opposite ends of the deforned apertures. Further according to
Ithe present invention there is provided an expansion sleeve for a masonry
anchor, sai dggl shaving a plurality of circunferential | ypehgsioors
apertures I nterne |ate the ends of the <s§eeve, and a plurality of slits
each extending longitudinally fromone of the ends to facilitate
circunferenti al eﬁunns$amadmmmuvdsmaeoéﬂms&uueapewnumE&mnaan so shaped

that a land is d elo'%E Taﬂ| ggg% D& | ongat e
and havrng an ax?i;g\[/]\%g‘%rsrnc to an axra |a%*e’ f ése(/@at an

acut e angl e, aaan-leonmaaﬂedstatt Mpm@]m&medmm;mdmmﬂychﬁmmmte; resul t

~of "axi al | oading ﬂ wher to I ?%Saft i on
I n the axi al Ieng §l%hae85 eé’eé“%ﬁtz' Ts% dins‘ﬁagf)&gg defi ne
for each ﬁrmrwmpiraﬂveapurpmeﬂaﬂd of the strut at whi ch the strut starts
to deformas a r egl res oncentratipon. arising at t i nt., under
the applied |oad, ‘é&t‘ﬁ 'Qsatd cﬂzﬁé B%‘f %&'%éem%“fﬂ r}?th ?ﬁg’% ® acent
axi al end of amdmemmrmdmmuom defi ned in the sl eeve by the apertures,

and the width of the struts in relation to the length of the apertures
bei ng such that in the fully contracted condition of the sleeve the

deformed struts | TRe whdhor b @écordudic® Withathé ipiéferred emboaimdnt of S idvedtibnends of
t he deforned apertures. WO 96/ 25601
PCT/ Auoe/i8poeamprises a bolt having at its inner end a conical expansion element 2, and an
expansion sleeve 4 of metal mounted on the shank of the bolt outwardly of the
conical element 2, the maximum diameter of the conical expansion element 2 being

greater than the internal diameter of the sleeve 4 so as to cause radially outwards

expansion of the inner end portion of the sleeve when the expansion element is
15 drawn into the end of the sleeve. The expansion of the sleeve 4 is permitted by the
incorporation of a series of circumferentially-spaced apertures 6 at an intermediate
position along the length of the sleeve, with a longitudinal slit 8 extending from
each aperture to the inner end of the sleeve whereby the inner end portion of the
sleeve 4 is divided into a series of segments 10 which are displaced outwardly as the
20 conical expansion element 2 is drawn into the end of the sleeve. The sleeve 4 is
formed from metal strip folded into cylindrical shape and, as shown in Figures 1
and 4, one of the slits is defined by the opposed edges of the folded strip; for
reasons of manufacturing convenience that slit continues outwardly beyond the
associated aperture 6 to the outer end of the sleeve, but apart from that, the zone
25 12 of the sleeve between the outer ends of the apertures 6 and the outer end of the |
sleeve is uninterrupted. The bolt may be in the form of a stud (as shown) carrying
a nut 14 at its outer end in which case the conical expansion element 2 is integral
with the shank of the bolt, or alternatively the bolt may have a hexagonal or other
head at its outer end in which case the expansion element 2 is threadedly mounted
30 at the inner end of the shank. In either case, rotation of the bolt head or nut will
cause the expansion element 2 to be drawn into the expansion sleeve 4 in order to
set the anchor within the hole as previously described.
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-4 - In use, when deformation of the struts commences, the inclination
the struts progressively increase whereby the part_of the sleeve outwardly
of the circunferentially-spaced apertures rotates relative to the part of
the sleeve inwardly of the apertures and noves towards that part along a

general ly hel éggm h. 5 The apertures may be of rectilineapciRdmoers
§'a

exanpl e forne

ree- sided or four-gi-ded figure such as of

of

or

paral | el ogram shape with the abrupt change in direction which defines the
- stress concent

Al ternatively,
di anetrical ly-

rat i o5 distussed, theipresent incentioarcopcerns theshagie ardeconfiguration of

o kB AP sty B e SEvece ok i il pow b,

smal | as to cals&itddriadetdincentrati on at those parts. According to an
aspect of the invention, there is provided a masonry anchor conprising an
expansi on sl eeve as defined above nounted on the shank of 15 a bolt,

an expansi og el em%dﬁﬁwﬁtiﬁﬁﬁetﬂ'&chmﬂﬁeW&ﬁk&fﬂm‘ght&)hapdﬂe&thaht, t he
expansi on el enent bei rggﬁgeneral |y conical so,as. .to %Ese OUtV\ﬁé&’ts expg
of the inner SR#Op&MS ohhe,pperiwedp t0,287xi9) plang pf foe sleevs. o PRE O

into the inner

a?ﬂﬂnpﬂﬁérhﬂ& Bisepdiated by Rnd MictSfoins AGtrub ¢4 ahidhas inchided

Advant ageously the configuratigon of the apertures is such at the str
start to defor%@@*&?&?&”@e&f%ﬂ%tw&emwet d‘s\sé’ééﬁr me
| oadi ng whi ch 305 Sidoiearth it developea chifiparatiodl GFEaRE 3] rdruariduge panlleng at

whi ch tighteni
10

15

ng of the
ectively, the struts 14 form the connection between the zone 12 of the sleeve

axially outwardly of the apertures 6, and the zone 16 axially inwardly of the
apertures 6. Each strut 14 is inclined such that the outer end of the strut leads the
inner end of the strut when considered in the direction of rotation necessary to set
the anchor. Axial contraction in the length of the sleeve occurs as a resuit of
deformation of the series of struts 14 whereby the inclination of each of the struts
progressively increases and the part of the sleeve axially outwardly of the struts 14
(that is, the zone 12 of the sleeve) rotates relative to the axial part of the sleeve
inwardly of the struts 14 (that is, the zone 16 of the sleeve). This action is
illustrated in Figures 4A to 4C, in which Figure 4A shows the sleeve prior to
contraction, Figure 4C shows the fully contracted condition and Figure 4B shows
an intermediate configuration. The progressively-increasing inclination of the struts
14 during contraction can clearly be seen in these figures.

In order to obtain axial contraction of the sleeve significantly prior to the
maximum torque loading of the anchor, in other words within the range of 30 to
50% of maximum torque loading as previously discussed, it is necessary to achieve
an appropriate strut length. However for a given length of sleeve there is in
practice a maximum length for the region 18 which includes the apertures which
define the struts. On the one hand, the distance between the outer end of the
apertured region and the outer end of the sieeve must be sufficient to ensure that
when the anchor is set, the shear plane which coincides with the plane of
engagement between the outer surface of the masonry and the inner surface of the

SUBSTITUTE SHEET (Rule 26)

tly
ot her

and

nsi on
r awn

ut s



anchor is to occur. In preferred enbodi nent of the invention the
confi-guration is such that deformation of the struts to cause_axial
:contractlon of the sleeve occurs 25 at approxi mately 30 to 50% of said
ipredeternined torque |oading. Enbodiments of the invention will now be
|descri bed, bm%ﬁng pp exanple only, with reference to the acGyRaRNbdish
‘drawi ngs in I ch: 1:i gure 1 is a perspe@tive view of a masonry anchor in
accordance with a 30 preferred enbodi nrent of the invention; Figure 2 is a

si de vi ew of compenpanbéing chingedeshobid e withirh die sdlithpart i(thei Zomec12); of the \O

96/-25601 PCI/ AU96/ Q0073 - 5-
Figure 3 is él%@em tefperiured, area, and, the guick, end, in-prrgr o m r'B 4A to
4C_are per spahkinsredgaye b audion Ifine spernured g@&psmenﬂwclowmhe outer

non-contract ed stat ar, contracted stat and i ul |
cont ract ed st%ﬁ‘ l‘ﬁ rl@“!?‘?%ﬂé & ARGFOWRS R Shean wo d&ﬁfé“ﬁ‘&écr i bed
i n patent 55%iipb tﬁ@bolﬁ%ﬁﬂ%ﬁbyﬁ&: &thbiaed effeats of Eiegbﬁlt?&n@sl‘e@véi Onthe
devel oped views of further enbodinents of the sleeve in accordance with the
i nventi on.  other hand there is only a relatively narrow range for the distance between the
outer end of the apertured region and the inner end of the sleeve. This distance
affects the lateral stiffness of the sleeve, in other words the resistance to radial
expansion of the sleeve. On the one hand there must be sufficient stiffness to allow
10 assembly of the anchor, either manual or machine assembly, without enlarging the
diameter of the sleeve but on the other hand the stiffness of the sleeve should not
be too high as to inhibit easy setting of the anchor when in place within the hole.
Also, the distance between the inner end of the apertured region and the inner end
of the sleeve must be sufficiently great to ensure that in the fully set condition of

15 the anchor the conical expansion element does not enter the apertured region.

We have determined that for a given length of apertured region 18 the strut
length can be maximised by appropriately shaping the apertures. When the strut
deforms we have determined that the critical points where deformation is initiated

20 are diametrically opposed points at the outer end portion of the strut at the trailing
edge of the strut (in the direction of the applied torque) and at the inner end
portion of the strut at the leading edge of the strut (in the direction of the applied
torque). In the construction disclosed in our aforesaid patent where the apertures
were formed with rounded ends of substantial extent, we determined that the

25 diametrically-opposed points where deformation was initiated occurs were
approximately at the ends of the rectilinear sections of the apertures as marked by
X and Y in Figure 5 which shows the sleeve of our earlier patent, and the axial
distance between these points determines the effective strut length. Further we
determined that the actual position of the points at which deformation was initiated

30 varied throughout the range of sleeve sizes and this accounted for the
unpredictability in the determination of the force at which strut deformation and
hence axial contraction of the sleeve occurred. We have overcome these effects by
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The anchor in accordance with the preferred enbodi nent of the invention 10
conprises a bolt having at_its inner end a conical expansion el enent 2, and
an expansi on sleeve 4 of netal nmounted on the shank of the bolt outwardly
‘'of -the conical elenent 2, the maxi num di anmeter of the conical expansion

el enent 2 bein r r than the internal dianeter of the sle AS to
cause radi all yg‘XﬁPm expansion of the iLgner end portion of sﬁ“}’ eve
when the expansion elenent is 15 drawn into the end of the sleeve. The

eXpan;Ic on OI tlfsaaﬁhgeuegﬁert&e@teaaswpﬁbtvme idmame&mpbpﬁdsea ptaémanﬁ?mmtﬁf
circunferentia a aperture at .an e oSl Tl al on e
Conath of Cthe- G35 SRR ARaRF R Ine irerion of fhe w28 of She PGP o s hFoBt
aperture to thehafigein Cdifectibn! P>dibRed Cstdis F @akerithition BE 'thN Poid® whérebp |
the sleeve 4 is divided into a series of segnents 10 which are displaced
outwardly as t atiogof; the é?ﬂhﬁ%l‘%‘ﬂa@ﬂeﬂ*eﬂatzp?‘gt drgsordingly, the ashal of
the sleeve. FheligheeialiyoppostdpoBe d‘tmﬁaaf&lma‘-iiohl&tﬁ@iﬂﬁds hﬁﬁéie&x}dﬁwl cal

shape and, as shown in Figures 1 and 4, one of the slits is defined by the
opposed edges m@ym@mwrof%mmm ence gy the osign ence

that slit contigsesme eChtywhicl AR kBRrATDAGS GhiBidtedPEn! ¥ Gefnhfhel RAuPUL €7
end of the sleeve, but art fromthat, the zone 25 12 of the sleeve

bet ween t he outsébsmwme apertures 6 and the outer end of the sleeve
is uninterrupted. The bolt may be in the formof a stud (as shown) carrying
a nut 14 at its outer end in which case the conical expansion element 2 is

integral w i® t he s/Faom RigureSavitich shows the;paints Xaand, ¥|ap which collapseisipitipied a
hexagonal or otif)gfe d%%@ﬂo@&u}%ﬁld&lﬁa%mmwMﬁm&&?&xﬁiﬁﬁ@ﬂnﬁ&wﬂ

elenent 2 is threa y houn
at points substantially removed from the outer ends of the apertures and that,
therefore, the effective strut length is considerably less than the actual length of the
land defined between the apertures. This reduction in effective strut length is one

15 reason why in this prior design axial contraction might not occur until substantial

torque application is reached.

In the preferred embodiments of the invention the point at which the abrupt
change occurs in the direction of the edge in profile of the aperture and which
20 determines the point at which deformation is initiated, is positioned substantially
at the extreme axial end of the aperture so as to maximise the effective strut length
for a given length of apertured region 18. As shown in the embodiment of Figures
1 to 4 each aperture 6 is of a parallelogram shape whereby an abrupt change in the
direction of the profile occurs at the outer corner and diametrically-opposed inner
25 corner which determine the deformation initiation points X,Y of a strut defined
between two adjacent apertures as marked. As will be apparent the deformation
initiation points thus formed are in close proximity to the opposed axial ends of the
apertured region 18 defined by the apertures 6. It will be appreciated that while,
in practice, the corners defined between the adjacent sides of the aperture will not
30 be sharp but will be slightly rounded, nevertheless this rounding will not impede the
concentration of stress in the corner portion which can be considered to represent

a zone in which the direction of the edge of the aperture abruptly changes.
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30 at the inner end of the shank. In either case, rotation of the bolt

head or_nut w |l cause the expansi dr awn—-nt-e—t-he

-expansi on sleeve 4 in order to set the anchor within the hole as previously
‘descri bed. WD 96/ 25601 ,

PCT/ AU96/ 000 oiwﬁ' £S di spussed, the present invention conggf,ﬂﬁ%gug@,;shape
and configuratron of the circunferential §y-spaced apertures I'n the sleeve
4 and this will now be described in detail. 5 - As shown in Figure 3,

each of the apert Altheugh insthe Eriiblodinyait as shvayncin Higiires heo drthe apernires 6fire he

aperture inclinped.to an axi.al plane of sl eeve.. Each_pajr o | acent
apertures isotgfpcipg?gfhgﬁe.fmﬁaeﬁﬁpgﬂ t?gl;m&m@f ?‘1“4‘55%#“5?‘;%"8% I ned
}3 0 an axi gl péailin e&fsﬁabeagﬂeﬂmfsh;peﬁmaymtﬁogﬁQMimm' 'db;ntﬂtmieu’ie&hlwf
etween about 20 [.err], and.,45 rr]l..lo the deve ed, configuration o
P gure 3t nePooetos 3 abrybr abds in e draetn of B, 67eS SR ACEPRHE 1 o1 1y
t he connecfi6 i@ﬂtgedrmh emubkemw ﬁp‘étﬁtﬂi)pﬁi&eat(sjml ?u&ﬁk&fdrhaﬁbhviﬁﬁ%iﬁﬁtgﬂf ht he
apertures 6, _an e_zone LAXI I nyar Qf the aperjures 6. Fac
Sirut 14 is EremplEet otha roribie shapes are Mstrated tn Fieres § i1 & Fahbe PR nner
end of the stat Whith SiRess (ddnbélftifidni deciRefod 4 860 QEFid b&wekh AwoNflj@&eanry to
set the anchor. AXi able,contraction I n the length of the, slgeve occ&rs as a
result of apertures being marked X Y. It will be appreciated that in each of these
alternatives the initiation point at which deformation starts is in close proximity to
10 each axial end of the apertured region 18 defined by the apertures, whereby to

maximise the effective strut length.
The embodiments have been described by way of example only and

modifications are possible within the scope of the invention.
15
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15 _ deformation of the series of struts 14 whereby the inclination of each

of the struts progressively. increases and the part of the

outwardly of the struts 14 (that is, the zone 12 of the sl €eve)

relative to the axial part of the sleeve inwardly of the stl

sl ﬁfﬂsesaﬁfﬁlmy BEEN

I's, the zone 16‘%,&2&@15I eeve). This action is illustrated in fél‘ilﬂé%on% to
e on

4C, in which Figur

shows. t he sl eeve priggr- to 20 contracti

I gure 4C

shows the fully contracted condition and Figure 4B shows an internediate
configuration. TLAIMS9gressivel y increasing inclination of the struts 14

during contraction cgn clear en_in thes
axi al contracti oh of S?f %Plr'cfg“{geﬁvﬁ

ILn order

Bt iyt ¢ "

t or que | oadi ng efrcddﬁrmmhp-spacedh mheresvhtdm&lawlme 'rehds ofiithe stdev&Oand a50%

achi ove. an anpr BT B s B g be st 3Foe, o of e GG % Aertiive

there is in praohéofthe aperures)saidawitarésbeingsd megemaﬂsmlmbeﬁmlwmnt he

apertures which define the str

the di
the outer end ofCRFFPLIPSITUrSs, lé’dfi?'éﬂggf? one agagg?ag%s lfplce%ﬁ%‘}%gc

nust be suffici aftaxidd pRéxfe6f thefleevah@nar Iaeutara‘dgw cabh $&id. lahdneroﬁmgra ghane
whi ch coi ncides wth thepgggane of ‘Ir'}? ﬂ het vveen t he outer ag:e of
Syt phax

the masonry andOPSfaUuYH iR a8 AT

gbio the sleeve

PCT/ AU96/ 00073 result in a contraction in the axial length of the sleeve, each aperture being so
shaped that an abrupt change in the direction of the edge of the aperture defines
a point at which the adjacent strut starts to deform as a result of stress
concentration arising at that point under the applied load, the abrupt change in
direction occurring at a position substantially at each axial end of the apertured

region defined in the sleeve by the apertures.

2. An expansion sleeve for a masonry anchor, said sleeve having a plurality of

circumferentially-spaced apertures intermediate the ends of the sleeve, and a
plurality of slits each extending longitudinally from one of the ends to a respective
one of the apertures, said apertures being so shaped that a land is defined between

adjacent apertures, said land being elongate and having an axis which is inclined to

an axial plane of the sleeve at an acute angle, each said land forming a strut

operative to deform as a result of axial loading applied to the sleeve whereby to

result in a contraction in the axial length of the sleeve, the apertures being so
shaped to define for each strut a point at each end of the strut at which the strut

starts to deform as a result of stress concentration arising at that point under the

applied load, each said point being in close proximity to the adjacent axial end of

the apertured region defined in the sleeve by the apertures.

3 A sleeve according to claim 1 or claim 2, wherein each strut comprises

opposed sides with the respective stress concentration points being on one of said

sides at one end of the strut, and on the other of said sides at the opposite end of

the strut-

"% ¢ L M S %
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-7-. conponent being clanped should lie within the solid part (the zone 12)
of the—sleeve between the apertured—-area—anrd—the—oduter end-i-p—order t.o

maxi m se the shear strength of the anchor. If the apertured region is
ext'ended close to the outer end, the shear plane would then intersect the
apertures, aRrglosgagéwoul d be resisted 5 only by the bolt angcfqisdiidershe
conbi ned effects of the bolt and sl eeve-10n the other hand there is only a
relatively narrow range for the distance between the outer end of the
apertured redhon andieeveateording endlaipd 31Whersim¢on¢m@0&ﬁ&mdeadsftbets t he

lateral sti ff :Fi‘otttﬂ@ s&??%@onskﬂr% f}ﬁ%‘@'egéontmo ARE the! | al

expansi on of eeve here nust e su frcrent stiffness
to allow 10 mmm;e sifle trhils md:hthcr side a$considererin the directionaf ratatientidy

wi thout enl ar e n the other hand the
stiffness of s% eevebgggé}ﬁau P}%?q\ﬂ o %os'pto I nhi bit easy setting
of the anchor Wnen in place wwthin the hol e Al so, the distance between the
i nner end of tured r n_and th |nn end of the s|eeve nmust be
ST T crent 'y r cad S5t Spbith i = ons o pafAT 158 whirain s pagries e o
anchor the caodefined bezlosedfigunesatithinsubitaniislly rectilinent sides] with heaibruptetangegi on.
W have deter.m ped.t ha ven | engt h of. apertured reqgion 18 the strut
engt h can b AREFHPR Bl et dhe Fess SPU-OHBHiPR B ERE AF GBS POFASEE { he
strut def or meofuwack aespectivecdpeitars] t hat the critical points where deformation

is initiated 20 are dianetrically opposed points at the outer end portion
of the strut at the trailing edge of the strut (in the direction of the

applied torque) ansieéve fKRoiditEto @it S, wherein the figure is of paralleogram shape
with the stress concentration points being at diametrically-opposed corner portions
of the aperture.

7. A sleeve according to any one of claims 1 to 4, wherein the apertures are of
a curved shape, with diametrically-opposed parts of the shape being of a radius
sufficiently small as to cause stress concentration at those parts.

8. A masonry anchor comprising an expansion sleeve as claimed in any one of
claims 1 to 7 mounted on the shank of a bolt, and an expansion element mounted
at the inner end of the shank of the boit, the expansion element being generally
conical so as to cause outwards expansion of the inner end portion of the sleeve
when the expansion element is drawn into the inner end portion of the sleeve upon
setting the anchor.

9. An anchor according to claim 8, wherein the configuration of the apertures
is such that the struts start to deform to cause axial contraction of the sleeve at a
torque loading which is substantially less than a predetermined torque loading at

which tightening of the anchor is to occur.

N O o
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portion of the strut at the | eading edge of the strut (in the direction of
the applied torque). In the caonstructi.on disclosed in our aforesaid patent
where the apertures were formed with rounded ends of substantial extent, we
determ ned that the 25 diametrically-opposed points where defornmati on was

initiated occur pproxi mately at the ends of the rectili i ons
of the apertur e‘?o\ggliﬁgfked by X and Y in EFygure 5 which shom%@hgﬁ%e of
our earlier patent, and the axial distance between these points determ nes
the effective stg ut Agngtior &icbidisy to\Rlairal I whdieid th@odonfigtratioh Lislsu@O®dti on
of the points 2‘5 whi ch de;o mation was initiated 30 va%ﬁ' ed t hroughout the
range of sl eevedsipomation, gt the strts. to, fause pypl cpmiragtioneef the,sleeys tfe
det erm nati on odpprbEmatily 80 & 50%i ofltaid pretlerdfhided Rérqd Igddinglence axi al
contraction of the sleeve occurred. W have overcone these effects by WO
96/ 25601
shaping the apertures so as to provide at dianetri itions
on the strut an abrupt change in the direction of iﬂhmmmﬂﬁm@ﬂ perture.
Thi s abrupt change in direction produces a stress cencenttats ors at* t hat

poi nt whereby deformation of the strut is initiated at that point.
Accordingly, the actual 5 dianetrically-opposed points at which deformation
of the strut is initiated are now accurately determ ned as a result of the
aperture shape and hence at the design
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stage the torque at which axial contraction is initiated can be determ ned
Wth } racy. 10 —Erom Figure 5 which shows the points. X
and Y at which collapse is initiated in the sleeve of our earlier patent it
will be clearly seen that deformation is initiated at points substantially
renoved from r ends of the apertures and that, therg%g H?

ef fective stfﬁ?ﬁpg%%fh i s considerabl $ess t han the actual h@?ﬂﬁb t he

| and defi ned between the apertures. T (s reduction in effective strut
length is one 15 reason why in this,prior design axial contraction m ght
not-occur until substantial torque application is reached. In the preferred
enbodi nents of the invention the point at which the abrupt change occurs in
the direction of the edge in profie e aperture and which 20

determ nes the point at which defg Y IS -gsitioned

substantially at the extrene axi g 4 i 6 as to maximse
the effective strut length for ‘. spertufed region 18. As

profile occurs at the outer corner 25
corner which determ ne the deformt i 5¥ : 4 strut
defi ned between two adj f& ap 0 ¢ | dRparent the
def ormati on initiationlg i Me tus formed are in close \s to the

opposed axi al ends of the apertured region 18 defished”’by t he apertures 6.

It will be appreciated that while, in practice, the corners defined between
t he adj acent sides of the aperture will not
4
6~ %
I .
L —
10

!
fv
lo

FIG. 2

——
04]
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30 .be sharp but will be slightly rounded, nevertheless this rounding wll

not idrpede the concentration of stiess—h-the—cornerportionwhich canbe —. -
considered to represent a zone in which the direction of the edge of the
aperture abruptly changes. WO 96/ 25601

PCT/AU96/OOOK§09&%ﬁﬁugh in the enbodi nent as shown in Figurgéydudsposhs t he
apertures 6 are of rectilinear shape, ,it is ' not essential to the invention
for the apertures 6 to be of rectili%égr shape and ot her shapes nay be
adopt ed which provide at dianetrically- opposed points an abrupt change in
the direction of the edge of the apertures so 5 as to create stress
concentration points at which strut deformation is initiated. Exanples of

ot her possible shapes are illustrated in Figures 6 to 8 with the points at
whi'ch stress concentration occurs for a strut defined between two adjacent
apertures being marked X and Y. It will be appreciated that in each of

these alternatives the initiation point at which d&%&f tion starts is in
close proximty to 10 each axial end of the apertu &iglo 18 defi ned by
the apertures, whereby to maxim se the effective strut |length. The

enbodi ments have been describedq by way of exa0phe only and nodifications

are possible within the scopg Yol i
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CLAI M5: - 1. An expansion sleeve for a masonry anchor, said sleeve having
a pluality of circunferentially- Sp&G@d—&pGLLHL@S—LﬂL@InEdI
the sleeve, and a plurality of slits each extending |ongitudinally from one
of "'the ends to facilitate circunferential expansion of the sleeve, said
‘apertures beiwgegmesinaped that a land is defined between ad#}ﬁ‘i?ﬁbkmoon
apertures, said | and being el ongate d having an axis whic s inclined to
an axial plane of the sleeve at an 323te angl e, each said land form ng a
strut operative to deformas a result of axial |oading applied to the

isl eeve whereby to result in a contraction in the axial Iength of the

sl eeve, each aperture being so shaped that an abrupt Change im the
direction of the edge of the aperture defines a point at whichithe adjacent
strut starts {o derormpas a pesutt—of—Siress coOnceniration arising at that

poi nt under the appl i ed ] o&d, the abrupt chande in- drrectLj:ggg;ypfing at a
re

position substantially at each axial end of the apertu defined in
t he sl eeve by} the aperturg and the width of jthe struts i. rdlatlon togthe
| ength of thel apertuxeg T Hsue at{ in thg fully cogy?ac -t

of the sl eevelthe defo truts lie wth thgir opposite sf‘des adjacent
the opposite fends of the deforned apertjures. 4. An e nsi sl eeve for
hXV|ng ajpluralijty of

a masonry anchor, said sl eeye ‘

.circunferentifal | y-spaced”aperfures internedi atte the ends Af t
.and a pluralilty of sli{s egeh extendind |ongitudinally fromone of the énds
'to facilitatg circunfereatial expansiorn of L//g} '

FIG. 5 FIG. 6
r_1§ — T——‘S JT
X | Y x\\ﬂ’/”y
. FIG. 7 B FIG. 8
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the sl eeve, said apertures being so shaped that a land is def| ned between
adj acent- apertures,. .sai.gd. ing el ongate and having an axis which is

inclined to a WLAC%@‘@‘@J‘E e sleeve at an acute angle, each said | and

formng a str efformas a result of axial |oading applied to
t he sl eeve whey byt S ifnla contraction in the axial length of the
sl eeve, the apgr urde J@ﬁsé

haped to defi nSuBQf'tnﬁé%e‘éi:"-Ulzsa.JLﬂWTQQSit
each end of the kirut at ahi tihe stru]I’ st ar t s—todeformas—arestt-t—of

stress concent}ation ari sing at Jthat pofnt under the applied | oad, each
sai d poi nt bei hg—r—etoseproxtnity to the adjacent axial end of the

apertured regi on defined In]ﬁ@' e sleeve by the apertures, .and the w dth of
the struts $PacedAPSTISS Iy the glgeve; it [spossible at the design:stage Jo Hesigy the sleeve math pull-

the fully C&&Wﬂ Sk RErBORCVHicDare @bt dii nﬁk@ﬁk‘é&cﬁﬁl@ afi@ deverRihable ad tife ddsin Wgé

t bel r Zpgloz ngtga ad: acensteptarhvﬁ? iggosl h%q%ﬁn of the dg%@*?ngd aper t
conpri ses opposed sides with the respective st ress concent ration p0| nts
sai d'si des at th Efé 7 e Bhes o ERfiord ey 1 rbbl Sl Bt B0t § malbory
PCT/ AU96/ 00fachor, sa.m sleeve having a plwdw ﬁcamﬁm@mﬂyﬁpMagmwme inténmediateithene
SimrjegI i E)Eeo o{f d#'l on ' ¢ éﬁgegﬁ e an aéﬂ‘&téﬁdiﬁg loﬁélt&ﬁﬁ'ﬁlyjﬁﬁﬁ%de’bfttﬂ@ends
. to facxhtate circumferential expansion of the sleeve, said apertures being so shaped that'a land
is defined between adjacent apertures, said land being elongate and having an axis which is
U/ inclined to an axial plane of the sleeve at an acute angle, each said land forming a strut
operative to deform as a result of axial loading applied to the sleeve whereby to result in a
contraction in the axial length of the sleeve, each aperture being so shaped that an abrupt
change in the direction of the edge of the aperture defines a point at which the adjacent strut
starts to deform as a result of stress concentration arising at that point under the applied load,
the abrupt change in direction occurring at a position substantially at each axial end of the
apertured region defined in the sleeve by the apertures, and the width of the struts in relation
to the length of the apertures being such that in the fully contracted condition of the sleeve
the deformed struts lie with their opposite sides adjacent the opposite ends of the deformed
apertures. '

Further according to the present invention there is provided an expansion sleeve for
W, a masonry anchor, said sleeve having a plurality of circumferenﬁally—spdced apertures
intermediate the ends of the sleeve, and a plurality of slits each extending longitudinally from
one of the ends to facilitate circumferential expansion of the sleeve, said apertures being so
shaped that a land is defined between adjacent apertures, said land being elongate and having
an axis which is inclined to an axial plane of the sleeve at an acute angle, each said land
forming a strut operative to deform as a result of axial loading applied to the sleeve whereby
to result in a contraction in the axial length of the sleeve, the apertures being so shaped to
define for each strut a point at each end of the strut at which the strut starts to deform as a
result of stress concentration arising at that point under the applied load, each said point being
in close proximity to the adjacent axial end of the apertured region defined in the sleeve by
the apertures, and the width of the struts in relation to the length of the apertures being such
that in the fully contracted condition of the sleeve the deformed struts lie with their opposite
sides adjacent the opposite ends of the deformed apertures.



and said one, si de trails said ot her side as.considered in the direction of

irotation to sej application of torque to the anchor. 5. A
Hﬁf@@mmw?!

sl eeve accordi L‘!“’P ains 1 to 4, wherein the apertures are
idefined by cl osel substantially rectilinear sides, with the |

~abrupt changes}ip djrection whjch define the st trat 0

bei ng at cornef poré PoHdl &98eakhl r especti ve ape.éﬁﬁ_gup%gﬁge% gigy& 1858
according to clatmb5, wherein the figur&is of parall eogram shape with the
stress concentfation points being at dianetrically-oppo 1

of the aperture- A eeve-accordi ng to any one of Slmmlmﬂi“"mmuﬂr
wher ei n theGlp‘EIMSxFes are of a curved shape, with dianmetricdlly-oppoded

parts of thgnsr‘a%}] gél&o%t sléexfga@dr”i xihgofnbf'aﬁ&%ry sﬁﬁaklke@es hﬁ\ﬂnéa&?ﬁxiﬁt&eéfs

concentrati nry antho

expansi on s waﬁemtldl}’a?rm apertages/ malediatecﬂla ends af ﬂlg stﬂevm@nd@cpl\mhw slits
shank of a

ehank of th& ﬂaﬁﬁ%ﬁ@%&%%&?ﬁ%ﬁ?ﬁ%&%ﬁe b PounfiBnB olheidd Gt
cause out wathgs Q@mm @mr@resmq:@g sonshapeshihaid land g defined rmtvsw@eadwmeapenms
expansi on ek 4 aeﬁlggdaaﬂgm S 488 iP Mclined tPdn h8 e@éﬁdgﬁyeﬁ&e

setting the anc An anchor _according to claim§, wh

confi gurat i sha@facvweanésb%rqaeh said, land, forming a stuith ePesativ © diferm a5 @ Tesilh ofpxial
Cagste aiﬂ a: l&aapigr@pi%uﬁartoqﬁe §1leevets+vﬁa=é By 3 r&uit%ch:l&ﬂn‘%é‘ﬁtbxf‘ﬁl i axfial i1€ngth™of the
substantia eweeé?ch erture pr e Eapes Bu anact)brrglyt%hm?gae 1Inrt]§e girecuon of the edge of the
aperture defines a pomt at wh1ch the adjacent strut starts to deform as a result of stress
concentration arising at that point under the applied load, the abrupt change in direction
occurring at a position substantially at each axial end of the apertured region defined in the
sleeve by the apertures, and the width of the struts in relation to the length of the apertures
being such that in the fully contracted condition of the sleeve the deformed struts lie with their

opposite sides adjacent the opposite ends of the deformed apertures.

)

2. An expansion sleeve for a masonry anchor, said sleeve having a plurality of
circumferentially-spaced apertures intermediate the ends of the sleeve, and a.plurality of slits
each extending longitudinally from one of the ends to facilitate circumferential .expansion of
the sleeve, said apertures being so shaped that a land is defined between adjacent apértures,
said land being elongate and having an axis which is inclined to an axial plane of the sleeve
at an acute angle, each said land forming a strut operative to deform as a result of axial
loading applied to the sleeve whereby to result in a contraction in the axial length of the
sleeve, the apertures being so shaped to define for each strut a point at each end of the strut
at which the strut starts to deform as a result of stress concentration arising at that point under
the applied load, each said point being in close proximity to the adjacent axial end of the
apertured region defined in the sleeve by the apertures, and the width of the struts in relation
to the length of the apertures being such that in the fully contracted condition of the sleeve
the deformed struts lie with their opposite sides adjacent the opposite ends of the deformed
apertures.

3. A sleeve according to claim 1 or claim 2, wherein each strut comprises opposed sides
with the respective stress concentration points being on one of said sides at one end of the
strut, and on the other of said sides at the opposite end of the strut.



whi.ch i ghteni ng of the anchor
PGT/ AR6/00073--—12 - 10.

is to occur.

An anchor-—according to-claim

WD 96/ 2560

a%-9 .

configuration is such that deformation of the struts to cause axi aFTMP'SC«OPY
contraction of the sleeve occurs at approximately 30 to.50% of Ame
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(57) Abstract

apertures (6) intermediate the ends of the sieeve. The

An expansion sleeve (4) for a masonry anchor has circumferentially-spaced
are shaped so that

a land (14) is defined between adjacent apertures (6) to form an inclined strut (14)
operative to deform as a result of axial Ioading applied to the sleeve whereby to
result in a contraction in the axial length of the sleeve. Each aperturs is so shaped
that an abrupt change (4) in the direction of the edge of the aperture defines a point at
which the adjacent strut starts to deform as a result of stress concentration arising at
the point under the applied load. The abrupt change in direction occurs at positions
substantially at each axial end of the apertured region defined in the sleeve by the
apertures. The defined stress concentration points provide determinable characteristics
for the contraction of the sleeve which facilitates "pull down" upon setting of the
anchor.

N




