WD 03/ 069216 PCT/ AUO3/ 00198 "Connector" Field of the Invention This
invention relates to a panel connector, a panel incorporating such a
connect orward/oeazi@assenbl y of such panels. 5 The inventi onpPecasumsemsievi sed
in particular, though not necessarily solely, for sheet piling to
facilitate interconnection of sheet piling elements to forma sheet piling
assenbly. Background Art A sheet pile's main function is to wthstand

si deways | oadi ng. Sheet piles are thus 10 used to formretaining walls in

vari ous ap|o‘Q1‘?_®_%i‘,,é i ncl udi ng basenent excavations, underground car
par ks, and Sheet piles may also be wused in formng |evel
roadways on enbanknents or for stabilising slope failures. An advantage of

sheet piles_is,that i otheir relatively small cross sectional area,
t hey may beF'(??‘il\?gﬁh? H?%ég'{{%é* ground either by neans of a drop hammer or a 15
vi bratory hanmmrer. Sheet piles, if adequate for a particular application,
are often referabl.e to alternative fo 0 ef ajl ni g wal Lchoinel ude
cont i guous Pe'nvﬁf"h@g, reé‘:t‘a)tﬁai eboqaen% %ﬁ”%&?'{l %aggai]ér’l’lg 'Aﬁ(ﬁ‘g%ﬁ%ﬁmrgﬁﬂf &
wal I's. Use @nridtestait 46 ass&hblyi sfaiues pdnsis.consuni ng and costly site
preparation work associated wth the use of such alternatives and

significantly reduces material costs. 20 Nunerous difficulties may be

encount gr edrQYHVEhtiITRNHAS BBhedaVisBP in papfuMrY tdugHTRBY nexésdaring sbighg sfopf
sheet piling. One such difficulty may arise during driving, Sheet piles are
driven intoshést pitng ko fagiiatsy infersonnaetiohetshesl riling ielgments ionfase agheet
interconnect.ﬁd w th ﬁp adj acent. sheet pile driven before it. The end of
the pile beP} BQ&PF%@ ymay encounter 25 changes in earth hardness or

i ncl usi ons such as rocks and pebbl es, which can cause it to deflect,

t hereby subjecting th onnection it fornms wth the adjacent WO 03/069216
PCTI AUD3! 008gkaround Arf

A sheet pile’s main function is to withstand sideways loading. Sheet piles are thus
10 used to form retaining walls in various applications, including basement
excavations, underground car parks, and cofferdams. Sheet piles may also be

used in forming level roadways on embankments or for stabilising slope failures.

An advantage of sheet piles is that, owing to their relatively small cross sectional
area, they may be driven into the ground either by means of a drop hammer or a
15  vibratory hammer. Sheet piles, if adequate for a particular application, are often
preferable to alternative forms of retaining wall which include contiguous bore
piles, soldier bore piles with lagging ‘and diaphragm walls. Use of sheet piles
eliminates time consuming and costly site preparation work associated with the

use of such alternatives and significantly reduces material costs.

20  Numerous difficulties may be encountered during manufacture and/or assembly of

many existing types of sheet piling.

One such difficulty may arise during driving. Sheet piles are driven into the earth
one by one, the sheet pile being driven being interconnected with an adjacent
sheet pile driven before it. The end of the pile being driven may encounter
25  changes in earth hardness or inclusions such as rocks and pebbles, which can

cause it to deflect, thereby subjecting the connection it forms with the adjacent



-2 sheet pile to conplex |oading. Such |loading may be in directions the
connection is not equipped to cope with. This problemin particular may be
encount erwo 03mb2ne t he sheet piles have been cold roll ed PeTau®eoggh sheet
piles can be provided only with relatively sinple shaped connectors able
to permt substantially 5 unidirectional _I2[c_>adi ng. Loadi ng of the connectors
of sheet piles in a direction with which®they are not equi pped to cope,

particularly during driving, can cause the,k connections tq jam Were. the
| oading i s §0eetRilein P«}mﬁl%lpagﬁ@-c%miqqq@ My b%md,'reﬁg}orﬁﬁwmfoﬁ?%ecgﬁa/ or

def or mat i onig LBUS GRS Egggﬁ,gﬁ—st i-@i% gﬁaﬁﬁ%njﬁ)%%ic S G BEL &tboukieréle

stiffness 01l a sheet pile as ely rellated to it's. cross
secti onal deiehe the gheet diilesechavenbeén |axddiirolied Becahemsychsheeh miles ceari bes,

nbly of .sheet pil t be sufficient| '
ve a1 AT Bhy i BV st B ERb e RE Bpleach AR
sheet pig esyhRilebBoRNI6aBhY. AoRdind8Mhetainndchirs ofefdkt Be<Lint A @iretiioh withey

i ndi vidually have sufficient cross sectional 15 dee(‘gé__h or that they be able
to be arranydichathayanrenst gagippedvior eopaspaiticulady citing drivieg, ranLaussseabl y

whil st still bei abl e. tyfanst e ther i Vi Ge.
Conventi onaPOEB?%%Pgl iior-,\@%g'he efﬁ ﬁiesfo%gﬁsr égﬁﬂé ngl? Clﬂ%@ ﬂfﬁ 84’&%%‘%75'{%'&1%9

| oadi ng congdir, Ayntushedkih§edrid/eoaBReteItion, ik chbsingfibeeshestpsike ttedevbink
differing cross sectional configurations. The need for nore than one type
of cold rol disgoppeeiedet pile thus creates manufacturing conplexity. Also,

t he abovenentioned risks of jamm ng and di sconnection during driving

remai n. Some tolerance to msalignment during driving can be achieved b
separ at ¥ hotThersiiffineag ofaraliest pile asegmhtyris langabyoietated g@ﬂﬁ@é@sw’tmabﬁe@ o)

are able to, . t, Wit h a r lated 1sNg
di scussed agggtgpfe %CM&%/'B%'@Q' (ngg'ﬁgg){ Qiéﬁh? %%gﬁg%ﬁjggég%aa%%‘)@g%ﬂe%i | e
whi ch conpr ipfies mustdbel suffieleritly deadp irs eissasectibn Ibdedventricerdciisiteostiffress to

| ongi tudi nal |y extendi ng side edges of which are secured hot for

clutch
sections. TMETRENG didiiol] sidewagsdeatsns Where sheet piles n the assembly are
'identical, this requires either that they individually have sufficient cross sectional

15  depth or that they be able to be arranged at various angles with respect to each
other in an assembly whilst still being able to transfer shear between each other in
service. Conventional cold rolled sheet piles, as a result of the unidirectional
loading constraints on their connectors, must therefore be provided with differing
cross sectional configurations. The need for more than one type of cold rolled

20  sheet pile thus creates manufacturing complexity. Also, the abovementioned risks

of jamming and disconnection during driving remain.

Some tolerance to misalignment during driving can be achieved by separate hot
rolling manufacture of more elaborate connections which also are able to cope at

least with a degree of the associated complex loading discussed above.

25 WO 00/08263 (Horan et al.) discloses a metal sheet pile which comprises a cold
formed wall section of sheet material to the longitudinally extending side edges of
which are secured hot formed clutch sections. The hot formed clutch sections
may be produced by hot rolling or extrusion and must be secured to the cold
formed wall sections by welding, bolting, riveting or other means. The

30 requirement that these clutch sections be separately hot rolled represents a

significant drawback because of the very high production costs associated with



may be produced by hot rolling or extrusion and nust be secured to the cold
formed wall sections by welding, bolting, riveting or other neans. The 30
requi r emewo oshes21¢ hese cl utch sections be separately hot prolrlAad3oePsesent s
a significant drawback because of the very high production costs

associ ated with WO 03/069216 PCT/ AUO3/00198 -3 hot rolling. Hot rolling
requi res conplex and extrenely expensive plants and infrastructure It is

t herefore not econom’ cal to produce hot rolled itens in snmal
Fur t her nor eNot FRliRgedHeb r?ﬂﬁﬂgfrﬁet‘lﬁ?%qoﬁ%p@(ﬁ% reRely &XBPQS'X?IOP ?Hgﬁaf‘gx

them 5 to %sﬁﬂ@ﬁﬁ‘ep#]% fletiio hbﬁgbﬁﬁdrﬂﬁ*}é@t‘é PFBHUHARAIUIOIIBY iePRE e i)

and further expense e prece I scussion of the background to the

i nvention isoluntesnded only to faC| litate an understandi ng of the present
invention. It should be appreciated that the discussion is not an
acknow edgenent or admi ssion that any of the material 10 referred to was
part of theFathemmomgetiee ameckrowhadgfacture Ahstalutiches sepatatelyrmndethesmstiatharhe

priority date of the a,Iictio Dlsc osure of _the.lnvention Accar | y
Phe i nvent | b ectires ble & 38" RePiRing REPIER ahd firter
outer end, Q@ehg@per end adapt ed to be located at an edge of a panel to

enabl e t he connector to extend outwardly fromthe edge, said connector
having a curved profile to define a partially enclosed space and having a

radial i nnegﬁggﬁ@ ﬁ&tﬂgadrs&?s@lcﬁt of fbﬁ&l@dj%unér’cootﬁ@qht?&wtﬁﬁf isTRRRIMVERY thhe

i nner porti onnect or e outer portion, sald space beihg
confi gured &additdienamsindessianding IOtﬁrhIgEB pmﬁen’dtllm\gprrt!edaer It shawidtteeaprresiased Hratof

di f wh wh t d:
Sl eane"a Btk oRGIREPR R A arthovfiesSF heat by SORESTOR ST pLUE, FRNRRS
engage {4 t hré\%rreh%ﬁka@p@ﬁrdf' A8 mihbA detdiral kriviviedgé ¢ Auetralifhor @Idteihere

connector; and
as at the priority date of the application.

Disclosure of the Invention

Accordingly the invention resides in a panel connector having an inner end and an
outer end, the inner end adapted to be located at an edge of a panel to enable the
15  connector to extend outwardly from the edge, said connector having a curved
profile to define a partially enclosed space and having a radial inner face and a
radial outer face, an opening defined between the inner portion of the connector
and the outer portion, said space being configured and dimensioned to
longitudinally receive another connector of corresponding form wherein when a

20 pair of connectors are interengaged:

at least a portion of the radial inner face of one connector is able to engage with at

least a portion of the radial outer face of the other connector; and

at least a portion of the radial inner face of the other connector is able fo engage

with at least a portion of the radial outer face of the one connector;

25  to prevent diéengagement of the connectors throughout a plane transverse to said
edge whilst permitting relative longitudinal displacement of the interengaged

connectors.



at least a portion of the radial inner face of the other connector is able
to engage wth at least a portion of the radial outer face of the one
connect orw023/0621¢r event di sengagenent of the connectors Phrouybowuwsa pl ane
transverse to said edge whilst permtting relative |ongitudinal

di spl acenent of the interengaged connectgrs. WO 03/069216 PCT/ AU03/ 00198
-4 According to a preferred feature of thé invention, said connector has a
coil-like configuration. Accordin a preferred feature of the i n'YﬁEti on

t
the space i ACERIRING 4 gqe_ferr%é%a@?%@?tﬂae dmeniione $Rift FENRGRIOL fge & rail-like

general ly %ﬁ@rﬁﬁén- According to an 5 alternative preferred feature of
the invention tthe space is substantially circular. According to a preferred
feature of the invention the curved configuration of the said connector is

such that i %P&félr]d:ionaqb‘r?o 3%( "Hﬁférjr&?l feg H of Bfe aiﬁ.\/él?t%ﬁ: %R YohceP R "if'o%@cit ar.

i nner ends er engaged connectors cording to a prefterred
feature of Abeordingetd bae drhbodindntdhe apace isfganeealboealiptitalr Addrdimgstocan

that a pair of interenga connectors are capable af relati.ve rotation
bbout “aB ongkeTANIE PRS0 draiRB O KedaRRe e et sEsBRbEB i o
preferred feature of the invention the configuration of the connector is

such that that a_pair of interengaged_connectors are capable_of |imted
relative tASRIGHIGE AoREfRIFRd Toribt: af Mp !Weé‘ﬁ@netﬁ%dﬂ% Pof‘ﬁ%‘rla{"i’ﬁ Ioighe

transverse I n n v hS)- i NG; )?éﬁ?}' r
enbodi ment %%gr@?;l ﬁ%}%& I;S;r%lr@vg?és{eﬁnﬁgggéntgylﬁ?%ﬁ%%gaéﬁﬁﬁ%%i%o IH&
transver se bewwenfhedndenghds oha painodintemngalged coasiedss.i n a panel havi ng
at | east one edge, and having a connector of the form as descri bed above
| ocated along at least a portion of the at |east one edge. 20 According to
a pref err edAteardingetood préferred\ieature of tHeeinpantiidn treescenfigaratiot ofdtigesnaadtor
sai d connector is l!_.ocat ed al.oqng at | east a é)(%rti on of eg]ch fede(;’e.. Acco;.di ng
to one 10 Is such that a pair of interengaged conneciors are capable of relative rotation

about a longitudinal axis of the interengaged connectors.

According to a preferred feature of the invention the configuration of the connector
is such that that a pair of interengaged connectors are capable of limited relative
transverse movement. According to one embodiment the limited fransverse
15 movement is along one transverse axis. According to another embodiment the

limited transverse movement is along a plurality of transverse axes.

Accordingly the invention also resides in a panel having at least one edge, and
having a connector of the form as described above located along at least a portion

of the at least one edge.

20  According to a preferred feature of the invention the panel has a pair of edges and
said connector is located along at least a portion of each edge. According to one

embodiment the edges are substantially parallel.

According to a preferred feature of the invention the connector is formed integrally

with the panel.

25  According to a preferred feature of the invention the panel is formed of a resiliently

flexible material. According to one embodiment the panel is formed of a metallic



enbodi nent the edges are substantially parallel. According to a preferred
feature of the invention the connector is fornmed integrally wth the
panel . 25waamsoetihig to a preferred feature of the inventi @oTiA@3panel is
formed of a resiliently flexible material. According to one enbodi nent the
panel is formed of a netallic WO 03/06921¢ PCT/ AUO3/ 00198 - 5 sheet
material. According to a preferred featur of the invention the panel is

cold formed. Accordjng.to one enbodi IS C ed, .
Accor di ng t 8heetgpatesial.eAcremling o areledr e|dn éH{rgdﬁ%ﬁén‘éeél '8nﬁéﬁ&anleg$ac%qjieet

pi1e.  ACCOMfh. tRc&rg.hgftsrorn%%s 8ttt Y plfcl B iofBd! he portion of the
panel between s is orme as a ¢ anne section. According to a
preferred feature of the i nvention the opening of one connector is |ocated
to the oppo I 10 0 a
preferred féb{:(gl}der?ggfo &Bgqur&gﬁﬁ%tw% O(P%%:rﬁg\,ség&@@cﬁh%o% profJ ?A %]?é%tﬁglet
panel is sufbkcoigtg tda preferree febtwéeﬁrtheﬁnudnﬂopathelpar&on of tweparnelthedweent r e

of mass of ane| ._Accqrdi n pr erred f e of the i nv i on
Che  Confct BIE A0RT Is fanaeq 814 Casnat Saefiaivs AGRTR 85 GRS diahe
IO‘S’er 2;Lagf‘2ﬁ4g nﬂéﬁ‘ﬂﬁ@'bﬂ nlh o?n'eecfo?{n'e@ﬂ)rf@ﬁidékﬁi Rf tHeht?ppid%Yt@Wéd:é’Bf rieep el

I ng de about one or nore %ltudlna axes.
Accor di ng t Goonéhe eﬂt&rcncrmthrheApmfdlngl ©a prﬁfefrewh aldresheéhe piveation the

A Teast . 18 nqipBRLADIGLa thanens slof titife Bole FSTRRE DY rEHBe b o]

It is a feakiise tBfthbRntravenhags of itsd pehen Act®@@ihd ® anpbietdt featurpaifrthef
i nterengaged connectors, portions of the radial faces of one connector

engage W t hinygptieadhe ;@@nne@tﬁs iso®f rtq*@tmeadsmallfda@egsen&wﬁerb@ﬁ@pat%w%ttbe to

cause the c to y | t
di sconnecti §25'|%$ éélz I Rﬂh@ 20 poh?t Fegﬁsfé'%tprf%chhg fﬁ%ﬁn{gcg%gégdrfé}\tel s
connect or %ébal@lgpﬁ%h@deﬁ)rmed abbut bre badiat lohgitelinalfaxese Azcbeting tmonet or

under the tensile |oad causes defor rT%tIOI’l of the
embodiment the panel is a thin walled sheet pile.

Accordingly the invention also resides in a sheet pile assembly comprising at least

15  two interengaged sheet piles, of the form as described above.

It is a feature of the invention that when a load is applied to a pair of interengaged
connectors, portions of the radial faces of one connector engage with opposed
portions of the radial faces of the other connector to cause the connectors to
bindingly lock against each other to prevent disconnection. The engagement of
20  portions of the radial faces of one connector with opposed portions of the radial
faces of the other connector under the tensile load causes deformation of the
connectors to increase the degree of engagement between the opposed radial

faces which serves to further resist separation of the connectors.

When a torsional load is applied to the connection, portions of the opposed radial
25 faces of the connectors- bind to interlock the connectors and thus to prevent

disengagement.

The invention will be more fully understood in the light of the following description

of one specific embodiment.



connectors to increase the degree of engagenent between the opposed radi al
faces which serves to further resist separation of the connectors. Wen a
t or si onalwb®adéed2s6 appl i ed to the connection, portions of tha/Aapposes radi al
25 faces of the connectors. bind to interlock the connectors and thus to
prevent disengagenent. The invention will, be nore fully understood in the
|l ight of the follow ng description of oﬁg'speci fic enbodi nent. WO

03/ 069216 PCT/ AU03/00198 - 6 Brief Description of the Drawi ngs The

descri pt i onBriefRagcrigtion pkthe PRRWINGS t he acconpanyi ng drawi ngs of whi ch:
Figure 1A is a front perspective view of a sheet pile according to the
enbodi nent; _ Figure 1 Bis a first side perspective view of the sheet pile
of Fi gure 1Ths dasgliplion isanpde yithagfergaes friita aecampanying drawisgs of Whiths of
Figure 1; Figure 1 Dis a second side perspective view of the sheet pile of
Figure 1; Figure 2A is an end view of the sheet pile of Figure 1 as seen
fromits fi Figuredd is errgui rerspestiveadewnd ashagt piletassortiegto fie embedimejiire 1
as seen fromits second end; Figure 2Cis a detail view of a connector
provi ded on one flange of the sheet pile 10 of Figure 1; Figure 2Dis a
det ai | vi ewFigura 1Boisraefinst siderpersprealiverview ©f theeheel pilegef igutens sheet  pile
of Figure 1; Figure 3Ais a plan view of an assenbly of sheet piles
according to the enbodinent; 15 Figure 3Bis a detailed view of one form
of connéxct i bigureriteis esangeEnspegiiae vieww of il slueeitpileroddtigyiel €s according to
the enmbodi nent; Figure 3Cis a detailed view of another form of connection
between a pair of adjacent sheet piles according to the enbodi nent; Figure
4 is a perspaprev® isi@secind side pleesicqhive vies séithE shedtgile dffrigtirgule 3A;

Figure 2A is an end view of the sheet pile of Figure 1 as seen from its first end;
Figure 2B is an end view of the sheet pile of Figure 1as seen from its second end;

Figure 2C is a detail view of a connector provided on one flange of the sheet pile
10  of Figure 1;

Figure 2D is a detail view of a connector provided on the other flange of the sheet

pile of Figure 1;

Figure 3A is a plan view of an assembly of sheet piles according to the

embodiment;

15  Figure 3B is a detailed view of one form of connection formed between a pair of

adjacent sheet piles according to the embodiment;

Figure 3C is a detailed view of another form of connection between a pair of

adjacent sheet piles according to the embodiment;
Figure 4 is a perspective view of the sheet pile assembly shown in Figure 3A;

20  Figure 5A is a schematic perspective view of an assembly of sheet piles as shown

at figures 3 and 4 driven into a slope;



20 Figure 5A is a schematic perspective view of an assenbly of sheet piles
as showmn at figures 3 and 4 driven into a slope; W 03/069216

PCT/ AU03/W0138692146 7 Figure 5B is a schematic perspective vcawwboele sheet
pile assenbly of Figure 5A in service; Figure 6 is a perspective view of

t he sheet pile assenbly of Figures 5A and-5B show ng the assenbly engagi ng
the earth into which is has been installed; 5 Fi gure 7A is a detail end

vi ew of the _connectjon of Figure 3B vvhen unI ure gﬂg det
end vi ew of Ft%eé&ﬁe%ﬁ?wagc PEERReSt '%%VW{% taéae h’e%ft Pfee
rotated wt &IRect to each other into a flrst end p05|t|on, Fi gure 7Cis
a detail end view 6f the connection as shown in Figure 3B with the

connect ed sheet pi les rotated with respect to each other into a second end

10 positiongki t % haysBN
Figure 3B V\:ﬁ dr r[')f')5| oﬁ&tgfé \?}P{év Eﬁ}esélg c}gé"et ?%éﬁﬂ@le(gtwﬂ:gp réﬁi&Q 58
connection abowmgnhl’nelasslén@ly en@Bgmgethelearthon’nmleelsblmhas beehiinstaleBA i s a
detail end view of the connection as shown in Figure 3C when unl oaded;
Figure 8B is a detail end view of the connection as shown in Figure 3C but

wth the ceigeet7edisshdetailpndedewalfdhe domnédtionesifigtire 3B edem wtlbaded;o0 a
first end position; Figure 8Cis a detail end view of the connection as
shown in Figure 3C but with 20 the connected sheet piles rotated with

respect to ErplteMENQ aidutail andasowdf ehsl copnsttioroof Figupe B8 With itlie @odatetied
end view of the connection as shown in Fi g{ure 3C when in tension;, WO
03/ 069216 PehealpiEsgeiatgd with respect to each other into a first end position;

Figure 7C is a detail end view of the connection as shown in Figure 3B with the
connected sheet piles rotated with respect to each other into a second end

10  position;

Figure 7D is a detail end view of the connection as shown in Figure 3B when in

tension;

Figure 7E is a detail end view of the connection as shown in Figure 3B when in

compression;

15  Figure 8A is a detail end view of the connection as shown in Figure 3C when

unloaded;

Figure 8B is a detail end view of the connection as shown in Figure 3C but with

the connected sheet piles rotated with respect to each other to a first end position;

Figure 8C is a detail end view of the connection as shown in Figure 3C but with
20 the connected sheet piles rotated with respect to each other into a second end

position;

Figure 8D is a detail end view of the connection as shown in Figure 3C when in

tension;



-8 Figure 8E is a detail end view of the connection as shown in Figure 3C
when in conpression; Figure 9A is an end view show ng the possible end
posi ti onswofo3sbmeed piles connected as shown at Fi gure 3BPCIH/ARI0g061©89B i s
an end view showi ng the possible extrenme orientations of sheet piles
connected as shown at Figure 3C, Figure }g,_& is an end view of a closed
assenbly fornmed by three sheet piles according to the enbodi nent; Fi gure
10B is an open assenbly fornmed by three sheet piles accordj

embodi ment ; lQWj‘%uSg 'Pl%q%a‘bﬁ“@ﬁ’ée‘vloé\m%ﬁoﬂﬁ@c@fbéﬁ showe '&‘cE'SBEﬁ Si& W ePHB
enbodi nent g %%rgjé its flanges bent outwardly; Figure 11 Bis an end
vi ew of an ass rreb df sheet piles of the type shown in Figure 11A; 15
Figure 12 is an end view of a closed assenbly formed by six sheet piles

with their e I t r t a in
Figure 11A F Lﬁgg&ghgwgﬁl %\g?écvgoéshs?%ﬁe ttﬁgn%+£sz%§f? %rﬁéﬁ%&nﬁ%?f t%?]\gégﬂﬁ%ts
piles in theomsac&edblays)shoﬁ\:rgalrfégﬂlﬂa 8B; an end view of a closed sheet pile
assenbly conprising five sheet piles having their flanges bent outwardly
to a |l esser extent than as shown in 20 Figure 12 (al so showi ng the cross

sectiond CcPRfurg@BaAksiamend vidve shbwirlg thiel msssibile eixtreneseriarithtions 6 sheat pliési s
an end view of a closed sheet_pile assenbly conprising four sheet piles
havi ng t hei FORNHHEE asEbeWLalk EHER $Ci 0 a | esser extent than as shown in
Figure 13 (also showi ng the cross sectional configuration of the sheet

piles in the 25 assenbly). WO 03/069216, PCT/ AU0O3/ 00198 - 9
Figure 10A is an end view of a closed assembly formed by three sheet piles

according to the embodiment;

Figure 10B is an open assembly formed by three sheet piles according to the

10 embodiment;

Figure 11A is an end view of the sheet pile according to the embodiment with

ends of its flanges bent outwardly;

Figure 11B is an end view of an assembly of sheet piles of the type shown in
Figure 11A;

15  Figure 12 is an end view of a closed assembly formed by six sheet piles with their
flanges bent outwardly but to a lesser extent than as shown in Figure 11A (also

showing the cross sectional configuration of the sheet piles in the assembly);

Figure 13 is an end view of a closed sheet pile assembly comprising five sheet
piles having their flanges bent outwardly to a lesser extent than as shown in
20 Figure 12 (also showing the cross sectional configuration of the sheet piles in the

assembly).

Figure 14 is an end view of a closed sheet pile assembly comprising four sheet

piles having their flanges bent outwardly to a lesser extent than as shown in

Figure 13 (also showing the cross sectional configuration of the sheet piles in the
25  assembly).



Det ai | ed Description of the Specific Enbodi mrent The panel according to the
specific enbodinent is a sheet pile 1, generally shown at Figures 1A to
1D, and iwopawsd2eal ar a thin wall ed sheet pile. The sheet ppirlao¥oo@scor di ng
to the enbodinment is forned of a resiliently flexible material and, in 5
particular, cold rolled fromnetal plate iuch as mld or high tensile steel
plate. The sheet pile I according to t he enbodi nent conprises a main body

in the form of a channel sectjon, (shown at Figures 2A and
2B) conpri daetailed descriptign 663@@'&%%@895 é"é ext ending fromthe web

to edges 6 and 8 respectlvely The flanges 5 and 7 diverge fromthe web 3
to give the_main body generally Wshaped confi uratlon an us to

afford the 'th%é@n%hﬂ@oldlﬂﬁé@élé%éﬁemf'? sAdpdingentisia shealPileth gebg B'

f th I I I.
'n this entiie mare A3 o dnd fh PRRIGICE AR Wéoe.shé%ﬂb?"sé;”‘fr?o%%eﬁzﬁ'@ he
general pl amezordibgab ﬂieeew&imdlmemmg ﬁbrnmdt oba ltaa‘sniehéyrfmmldaodat@at @anflpim a

t 4. Th f th t A4 to.i further th
[ ansvebse RATPAAESATS FERGTOTBERI plate S9eh pf il ofpbBiatils Saat bl

transverse cross sectional configuration of the main body 2 be
symetrical. This is to give the in bo 2 a centre of ma

subst anti al lee éB?ﬂEﬁ"&ﬂ\ta%Pfqﬂ\ng {Q E&ﬁp}%@gﬁ'pe@trmpnst%@ @Wn dN\'H%H? gc%rm

t or si onal S r a0, 11
are | ocated %gf?ﬁ eEHS% Eﬁ%hﬁh P %d% 2(]I(?élhbwgleésJk F'ggl%% ZQ%r esp e)gq??/@”
Preferably web &andmnpmsedQﬂmgkslﬂ ande?fe)damﬂng ritaag rthe | welnito iedgles 6 raaldnS

body 2 th ] hi d 25.Th
ohown i 1 deiesPRCAENE: gliedlnsts & e 8 NS BE a4 weii 15 il e mdBihasiia
form eqach hAaenaehif \RNéIY@;Sbooé@rﬁﬁ Rafiol anbttht§ o effoR] Be Ehest piRITPOSEBEEEd @

coil-like configuration and respectively. WO 03/ 069216 PCT/ AU0O3/ 00198
fransverse stlffness

The edges 6 and 8 of the main body 2 according to the embodiment are

substantially paraliel.

In this embodiment, a middle portion of the web 3 is offset from the general plane
15  of the web in the direction of the main body 2 to form a corrugation 4. The
purpose of the corrugation 4 is to increase further the transverse stifiness of the

sheet pile 1.

It is preferable that the transverse cross sectional configuration of the main body 2
be symmetrical. This is to give the main body 2 a centre of mass which is
20  substantially coincident with its centre of shear, thereby to minimise torsional

loading on the sheet pile 1 during driving.

Connectors 9 and 11 are located at the edges 6 and 8 of the flanges 5 and 7
respectively. Preferably the connectors 9 and 11 are formed integrally with the

main body 2 as is the case with this embodiment.

25  The connectors 9 and 11, shown in detail at Figures 2C and 2D respectively, are
of corresponding form, each having a curved profile and, in the case of this

embodiment, a coil-like configuration 13 and 15 respectively.



- 10 The connector 9 is provided wth an inner end 10 | ocated at the edge 6
of the main body 2. The connector 9 also has an outer end 14. The curved

profil e oWOoBhe2tconnector 9 defines a partially encl osed gpacaodBombi ch, in
the case of this enbodinent, is non-circular. In particular, the partially

encl osed space 18 is 5 generally ellipticgl. An opening 22 is defined
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18 and 20 mayttecolhestor a1, The connector 11 also has radial inner and outer faces 25

and 27 respectively.

The connector 9 is also provided with a neck 17. The curvature of the neck 17 is
15  opposite in sense to that of the coil-like configuration 13 such that portions of the

connector 9 are disposed to either side of the edge 6.

Correspondingly, the connector 11 is provided with a neck 23. The curvature of
the neck 23 is opposite in sense to that of the coil-like configuration 15, again

such that portions of the connector 11 are disposed to either side of the edge 8.

20 As will become further apparent, the effect of the disposal of portions of the
connectors 9 and 11 to either side of the edges 6 and 8 respectively is to reduce
the cantilevering effect about the edges 6 and 8 when the respective connectors 9

and 11 are loaded in a transverse plane in operation.

In this embodiment, each of the coil-like configurations 13 and 15 winds through
25 an angle of approximately 360 from necks 17 and 23 respectively.

In an alternative embodiment, the partially enclosed spaces 18 and 20 may be

circular.



WD 03/069216 PCT/ AU03/00198 -11 The partially encl osed spaces 18 and 20
are each configured and dinensioned to longitudinally receive another
connect orwofosperiespondi ng formas will be shown bel ow. ARE€ThansHONed
previously, the connectors 9 and 11 are forned integrally with the 5 main
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opening 24 0 er connector conne and 11 thus

ext endi ng fbelowedges 6 and 8 respectively of the main body 2 in the sane
rotational directions (shown as clockwi se in Figures 2C and 2D). This
all ows the sheet pile 1 to be connected with a |like sheet pile in two

al t er nat i veAgayentiaried\pidvidusiyjehe rdonedcioas & and 3 1 arediormetentegraliyewith the

enbodi ment, where .t he sheet p|Ie ed to be connected t opl e
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little as Mn‘;eadssebéhmtelhefrwmmt meinfbadye 2s apdtatadhed] at wdges éhand Bgby he
centre of mass o sheet pile | is close to the centre of shear of the

sheet pile gon\@ggpnafﬁ)flﬂgn& ectors 9 and 11 is interconnectable with the
connector of a like sheet pile to forma connection adjoining the sheet

pil es wherein portio of t radial, faces. of connect a dto
engage Wit hAérfg"t?é"@'H EEHHF%%%O?”‘?%? 3¢ OpgNIng ?géigoaf‘e?tﬁé Q?atggﬁﬁéﬁ?or
under l4gad E eﬁf&ﬁacbrtﬁ th8tRAIRAYHE ﬁsithé:@ﬁé\ﬂﬁ@ %Soﬁtﬂetbtﬁé# wineoltacn the
agai nst eac er to prevent disconnection of
connectors 9 and 11 thus extending from edges 6 and 8 respectively of the main
body 2 in the same rotational directions (shown as clockwise in Figures 2C and
2D). This allows the sheet pile 1 to be connected with a like sheet pile in two

alternative ways, as will be described later.

15 In an alternative embodiment, where the sheet pile is intended to be connected to
only one other sheet pile, a connector may be provided at only one of the edges 6
and 8.

As shown at Figures 2A and 2B, the connectors 9 and 11 in the case of this
embodiment are small relative to the main body 2 so as to upset as little as
20 possible the symmetry of the sheet pile 1, thus ensuring the centre of mass of the

sheet pile 1 is close to the centre of shear of the sheet pile 1.

Each of the connectors 9 and 11 is interconnectable with the connector of a like
sheet pile to form a connection adjoining the sheet piles wherein portions of the
radial faces of one connector are adapted to engage with opposed portions of the
25 radial faces of the other connector under load to cause the interconnected
connectors to bindingly lock against each other to prevent disconnection of the

sheet piles.
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13 and 15 of the connectors 9 and 11 respectively are such that the sheet
pile 1 nawoOlaoéamnéred in its entirety and as a single piec@Cfrraams/oa9si ngl e
sheet of material through a cold formng procedure such as cold rolling.
This is because the thickness of the sheet, pile is uniformthroughout. This
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by interconnecting the connector of an inserted pile, at its upper end,

with the cotiiesiiangesdd ande igspRectpialle 20 to be inserted, at its lower end, to
forma connection in the direction of which the next sheet pile is drlven
into the ground. The connection nmust be able to tolerate conplicated and
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receive another connector of corresponding form.

Each of the sheet piles 1 in the assembly 30 is connected o an adjacent sheet
15 pile 1 by either a type-A connection 31 as shown in Figure 3B or a type-B
connection 33 as shown in Figure 3C. The assembly 30, to be utilised for typical
sheet piling applications, would be assembled by driving each component sheet
pile 1 into the ground one after another. This is achieved by interconnecting the
connector of an inserted pile, at its upper end, with the connector of the next pile
20 to be inserted, at its lower end, o form a connection in the direction of which the

next sheet pile is driven into the ground.

The connection must be able to tolerate complicated and heavy loading
encountered by the sheet pile 1 during driving. Such loading is complicated for
numerous reasons. In particular, where the end of a sheet pile encounters a

25 change in the hardness of the earth through which it is being driven (such as at a
boundary between sand and clay or due to an inclusion such as a rock), the effect

may be to deform the driven sheet pile in a way which causes torsion, tension,

- compression, or particular combinations of such loads, at the type-A connection

31 or type-B connection 33. As will be shown later, each of connections 31 and

30 33 is able to withstand considerable tensile and compressive loads as well as to

allow the interconnected piles to rotate with respect to each other about a
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effect may be to deformthe driven sheet pile in a way which causes
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at the type-A connection 31 or type-B connection 33. As will be shown
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pile. It can_be . seen that the.fla 7.1 [ OXi Ly 142 | cl I se
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33, as showgraéhpprostithaely3BengbarBC respectively, reflect the arrangement of
t he connectors above ground. Below ground |level, earth will typically

occupy the area between the connectors and may become conpressed between
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requisite | oad transfer between the connectors in the 20 connections 31
and 33 may sonméctdrs. athisds dtusirated ahFigoriBG where the interconnection is between

connector 11 on one sheet pile connector 9 on the connecting sheet pile. It can
be seen that the flange 7 is approximately 142° in a clockwise direction from

flange 5.

15 It should be noted that the connections 31 and 33, as shown at Figures 3B and
3C respectively, reflect the arrangement of the connectors above ground. Below
ground level, earth will typically occupy the area between the connectors and may
become compressed between opposed radial faces of the connectors in a loaded
situation. However, the requisite load transfer between the connectors in the

20 connections 31 and 33 may still be achieved in such conditions.

The detail of the connections 31 and 33 will be discussed further later, and with
reference fo Figures 7A to 7D and 8A to 8E.

A perspective view of the assembly 30 depicted in Figure 3A is shown in Figure 4.
The length of the sheet piles is typically 12 to 15 metres for heavy duty retaining
25  wall applications. However, in general, the sheet pile may vary in length from 2
metres to 20 metres. The thickness of the sheet pile may vary from 3 millimetres
to 20 millimetres, though typically will fall within the range of 6 to 12 millimetres for
thick-walled sheet piles and 4 to 6 millimetres for thin-walled sheet piles such as

that according to this embodiment.



The detail of the connections 31 and 33 will be discussed further |ater,
and with reference to Figures 7A to 7D and 8A to 8E. A perspective view of
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rel ative trangsesssectimgyenment bet Ween t he connectors 11.

A further detail view of the type-A connection 31 is shown at Figure 7A. It can be
seen that the connection 31 is able to allow the respective radial inner faces 25 of
15  each of the connectors 11 to move more closely together along an axis generally
transverse to the flanges 7, and thus able to permit limited relative transverse

movement between the connectors 11.

It can also be seen in Figure 7A that, if the radial inner faces 25 are moved slightly
more closely together, in the manner described above, the connectors 11 will no
20 longer be in physical contact and the connection 31 thus becomes able to permit
relative transverse movement between the connectors 11 along a plurality of

transverse axes.

The ability of the connection 31 to permit limited relative transverse movement
between the connectors 11 may assist in tolerating translational misalignment in a
25 generally transverse plane during driving and thus also can help to prevent
jamming of one connector with the other connector in the type-A connection 31 as
well as possible damage to the type-A connection 31 which might otherwise result

therefrom.



It can also be seen in Figure 7A that, if the radial inner faces 25 are
noved slightly nore closely together, in the manner descri bed above, the
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31, thSOUQ&(ﬂvﬁ%i‘F gin approximately 41 in an anticlockw se direction,
about a longitudinal axis of the interengaged connectors, fromthe
position it occupies as 5 shown at Figure 7A. As shown at Figure 7C, the
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orientations Shown in Figures 7B and 7C is precluded because portions of

t he oppg@sedshewn at FigwredAef the connectors bind to interlock the

connectors. This binding action also hel ps prevent di sengagenent. 15 A

detail view of the type-A connection 31 in tension is shown at Figure 7D.
Under the action of a torsional load, further relative rotation of the sheet piles

beyond the maximum angular orientations shown in Figures 7B and 7C is
precluded because portions of the opposed radial faces of the connectors bind to

interlock the connectors. This binding action also helps prevent disengagement.

15 A detail view of the type-A connection 31 in tension is shown at Figure 7D.
Portions of the radial faces of one connector engage with opposed portions of the
radial faces of the other connector under load to cause the connectors to bind and
thus to lock against each other to prevent disconnection. In particular, portions of
the radial outer face 27 of one connector engage with portions of the radial inner

20 face 25 of the other connector and vice versa.

A detail view of the type-A connection 31 in compression is shown at Figure 7E.
Portions of the radial faces of one connector engage with opposed portions of the
radial faces of the other connector under load to cause the connectors to bind and
thus to lock against each other to prevent disconnection. In particular, portions of
25 the radial outer face 25 of one connector engage with portions of the radial inner

face 27 of the other connector and vice versa.

A further detail view of the type-B connection 33 is shown at Figure 8A. There is
little or no relative transverse movement possible between the connectors 11

though this is merely a consequence of the angular orientation of the
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to prevent jamming of one connector with the other connector in the type-B
15  connection 33 as well as possible damage to the type-B connection 33 which

might otherwise result therefrom.

As shown at Figure 8B the sheet pile on the right of the type-B connection 33 may
be rotated, relative to the sheet pile on the left of the type-B connection 33,
through a maximum of approximately 4° in an anticlockwise direction, about a
20 longitudinal axis of the interengaged connectors, from the position it occupies as

shown at Figure 8A.

As shown at Figure 8C, the sheet pile on the right of the type-B connection 33
may be rotated, relative to the sheet pile on the left of the type-B connection 33,
through a maximum of approximately 61° in a clockwise direction, about a
25 longitudinal axis of the interengaged connectors, from the position it occupies as

shown at Figure 8A.

Under the action of a torsional load, further relative rotation of the sheet piles
beyond the maximum angular orientations shown in Figures 8B and 8C is
precluded because portions of the opposed radial faces of the connectors bind to

30 interlock the connectors. This binding action also helps prevent disengagement.



m salignment in a generally transverse plane during driving and thus al so
can help to prevent janm ng of one connector with the other connector in
t he type-BOb3/0cumnecti on 33 as well as possi bl e danage t oPCRAUPEIB
connection 33 which mght otherwi se result therefrom As shown at Figure
8B the sheet pile on the right of the txple%-_B connection 33 nmay be rotated,
relative to the sheet pile on the left of the type-B connection 33,

t hrough a nmaxi num of approximately 4 in an_anticlockw se direction, apout a
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A detail vigfhefcoillie.type-B connection 33 in tension is shown at Figure 8D.
Portions of the radial faces of one connector engage with opposed portions
of the radial faces of the other connector under |oad to cause the

connect ors AQhINGicdNdf tHtipelR dopRlscRERBBSHh coatireatibaris ishomneateRigure 8E.
di sconnection. In particular, portions of 5 the radial outer face 21 of the

connectl®r 9Ppdionsief theradiakisgeg&f Winercaswectias enoggetwith oppased Perigas afdbe 25
of the conn I t ' ' |,al
Face 27 of it darrbffe' Il hitHisktor s 1984 Id 8o e ShrdifSio b Shd |
19 of the gwisltoldck against each other to prevent disconnection. In particular, portions of

the radial outer face 27 of the connector 11 engage with portions of the radial

inner face 19 of the connector 9.

15  Figure 9A shows the orientations of the sheet piles about type-A connection 31,
as depicted Figures 7A, 7B and 7C, superimposed. Correspondingly, Figure 9B
shows the orientations of the sheet piles about type-B connection 33, as depicted

Figures 8A, 8B and 8C, superimposed.

1t is a feature of the connectors 9 and 11 that opposing radial faces of the

20 interconnecting connectors are able to bind and thus to lock against each other in
response to a tensile or compressive load applied to either connection 31 or 33,

with the connected sheet piles adopting any orientation between and including the
extreme orientations thereby to prevent disconnection. The connections 31 and

33 are thus able to transfer shear thereacross, in both compression and tension,

25 in a wide variety of assemblies, the assembly 30 shown at Figure 3A, being only
one example of many. Owing to this ability, the connections 31 and 33 may be
subjected to complex loading without failing. Assemblies with relatively deep cross
sectional configurations therefore have high associated section moduli and are

thus able to be used in heavy duty retaining wall applications.



A detail view of the type-B connection 33 in conpression is shown at Figure
8E. 10 Portions of the radial faces of one connector engage with opposed
porti ons WD Ble216 adi al faces of the other connector undePCroaw3naogause

t he connectors to bind and thus to | ock agai nst each other to prevent

di sconnection. In particular, portions of 8the radi al outer face 27 of the
connector 11 engage with portlons of the 1'ad| al inner face 19 of the
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i s a furt heeffeetdbout tod respeetiod neokmmztydhss%easn*dalll that for particular
orientations of the sheet piles within the ranges ill ustrated I n Figures
9A and 9B, engagenent of portions of the radial faces thereof with opposed

portions of Asheentidhed ahavestief ability of trer commentionsr3 b andc3s so periitrelativdes
of the general plane of each flange adjacent the conn ctlon Thi s |? ﬁ
consequence ¢etieneohtBei mt@’ﬁoane@tﬁe ﬁ@%‘k"s pilgs aaboytz apRgitudingl egxishel the

interengaged connectors allows for the formation of sheet pile assemblies having
15  variable cross sectional configurations wherein adjacent sheet piles are positioned
at various angles. An example of such an assembly is the assembly 30 shown at
Figure 3A. In particular, it is possible to create sheet pile assemblies with deep
cross sectional configurations and therefore high section moduli. The variability of
the cross sectional configuration of an assembly is further increased as a result of
20  the ability for sheet piles to be connected to form either of the two alternative

types of connection, type-A or type-B.

An advantage owing to both the ability of the sheet pile 1 to be assembled in two
different ways, i.e. connected by either type-A or type-B connections, and the
ability of each of those types of connection to permit relative rotation of the
25 interconnected sheet piles about a longitudinal axis of the interengaged
connectors, is that significant variability in the cross sectional configuration of an
assembly can be achieved using identical sheet piles of the type having the
configuration of the sheet pile described. This advantage in particular simplifies

the manufacturing process.

30 In addition to the assembly 30 shown at Figure 3A, which has a large section

modulus whilst comprising connections 31 and 33 having an ability to transfer



coil-like configurations 13 and 15 respectively to be generally centred
about the general planes of the respective flanges 5 and 7 with which they
are assocwetoade921dNth this configuration, the bendi ng noneotrs\voaba9s each
neck, caused by such 10 engagenent can be in opposite rotational directions
and the resul tant cantilever effect abouf, the respective necks may thus be
small. As nentioned above, the ability of 9[he connections 31 and 33 to
permt relative rotation of the interconnected sheet piles about a
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ability to spasstoisttihieHB@dRItoRCT/ AU03/ 00198 - 19 shear thereacross,
closed ' assenblies such as the assenbly 45, shown at

Figure 6 depicts the sheet pile assembly 30 engaging the earth into which is has
been installed. The interconnected sheet piles 1 are arranged to form cavities 51
15  extending parallel with the connections 31 and 33 (also shown at Figure 3a). The
assembly 30 also comprises mouths 52 extending parallel with the cavities 51 and
providing access thereto. The mouths 52 are narrower than the respective

cavities 51.

The cavities thus entrap and engage respective columns of earth 53 thereby
20 deriving transverse reinforcement therefrom and affording the assembly a large
integral mass. The installed assembly 30 is thus able to act as both a composite

conventional mass gravity retaining wall and also as a flexural sheet pile wall.

A further feature of an assembly of sheet piles according to the embodiment is
that when a flexural bending load is applied to either of the type-A and type-B
25 connections 31 and 33, the connection locks preventing the piles from relative
longitudinal displacement. The connection is thus able to transmit both transverse
and longitudinal shear forces when in service with little or no relative slippage of
the connectors therein. As a result, the assembly behaves as a single piece with

a consequently high section modulus.



Fi gure 10A, formed by three sheet piles 1 interconnected by connection
types 33 are also possible. Such cl osed assenblies may be used in nore
speci al i swo 03aphé cati ons, such as cof ferdans and cai sson®CEAU03/00198 \Whi | st
the sheet piles 1 may be arranged at varying angles to form assenblies
havi ng deep cross secti onal configuratiqgi* they may al so be arranged in
assenbl i es havi ng shallomer Cross sectio configurations such as for

| th i 10B. Th
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configuration of the as imted. An exanpl e of such

appl i cat i onal Figuss effignt Pesxmli/bel d:esonbeddoduwh thes peodingonstyr be mmrl%d eut to
common. Figure. 6 e icts the sheet pile assenbly 30 engaging the earth into
which is ha¥@VESIPITREPal | ed. The interconnected sheet piles 1 are arranged
to formcavities 51 15 extending parallel wth the connections 31 and 33
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with a consequently high section nodul us.

It should be understood that engagement between portions of radial faces as
referred to herein may comprise direct or indirect engagement. Indirect
15  engagement may occur, for example, where there is a layer of soil or other debris

trapped between the engaging portions.

Throughout the specification, unless the context requires otherwise, the word
“comprise” or variations such as “comprises” or “comprising”, will be understood to
imply the inclusion of a stated integer or group of integers but not the exclusion of

20 any other integer or group of integers.

It should be appreciated that the scope of the present invention need not be

limited to the particular scope of the embodiments described above.



WD 03/ 069216 PCT/ AUO3/00198 - 20 A further feature of the sheet pile 1
according to the preferred enbodinent is an ability of the flanges 5 and 7
to be berwomaweriedl y fromthe nmain body 2, as shown at FiPGurAo3ad9sAs wil |
be described bel ow, the bending may be carried out to varying degrees. 5
An open assenbly formed of sheet piles h WL”Q the configuration shown in
Figure 11A and connected by type-B connec¢tions 33 is shown at Figure 11 B.
Figures 12, 13 and 14 show cl osed assenblies, enclosing a progressively
reduci ng creﬁﬁn@@ctional area, formed fromsix, five and four identica
sheet pil es—tespectively. In each of these figures, the cross sectional
configuration of the 10 sheet piles is also shown separately fromthe

cl osed assepﬁé Xlaﬁﬂ@%gﬁ&@'thfegﬂv@nti'oh aréae@ Qﬁovggen that the flanges of the

sheet piles own I n Figures ?, 13 and 14 respectively
are outwardly bent to a progressively lesser extent. It should be
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may occur, for exgambe towheNecdtieers ars edgbayfes paines ¢ lenabieotieecodréctos to
trapped between the engagi ng portions. Throughout the specificati unl ess
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The claims defi ngngeAdiehdd ¥ Brgiidf=Ry decbiRk! #¥ther connector of corresponding

10 form wherein when a pair of connectors are interengaged:

at least a portion the radial inner face of one connector is able fo engage

with at least a portion of the radial outer face of the other connector; and

at least a portion of the radial inner face of the other connector is able to

engage with at least a portion of the radial outer face of the one connector;

15 to prevent disengagement of the connectors throughout a plane transverse
to said edge whilst permitting relative longitudinal displacement of the

interengaged connectors.

2. A connector according to claim 1 wherein said connector has a coil-like
configuration.
20 | 3. A connector according to claim 2 wherein said space is non-circular.
4. A connector according to claim 3 wherein said space is generally elliptical.
5. A connector according to claim 2 wherein said space is circular.
6. A connector according to any of claims 2-5, wherein the curved

configuration of the said connector is such that it will be symmetrical about



1. A panel connector having an inner end and an outer end, the inner end
adapted to be located at an edge of a panel to enable the connector to 5
ext end ouwaas@bae1é rom t he edge, said connector having a cecradopoadsl e to
define a partially enclosed space and having a radial inner face and a
radi al outer face, an opening defined betygen the inner portion of the
connector and the outer portion, said spa bei ng configured and

di rensioned to longitudinally receive apother connectoor of. correspondin
10 form wherein Hige@Xs ﬁé‘?ﬁn%‘f‘g RBIWEENotNe Aner; ﬁf‘§§ HHg8gRalr %‘[ "ﬁ%’%@@ageg
portion the radieén' §fs.face of one connector is able to engage wth at
| east a portion of the radial outer face of the other connector; and at

| east a portion of the radial inner face of the other connector is able to

engage with-at | a i hal AkenPladihg in th
connector; 715 t%‘ %Er)ré@%&n@r Ecggwgﬁa%gérlganr{ﬁgb at%@%egméect orés) Ctlah'?\ou\g %fﬁma ©
pl ane transver secoofigeatiomdge thei lcohneeoni ist isughr &iatt iavedinrgi intdiemglaged
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connector accor dirﬂ@rér@a@béid&h%e%%ﬁi n said space is non-circular. 4. A
connector according t l'aim 3 wherein said space is generally elliptical.

5. A connector according to claim2 wherein said space is circular. 6. A
connect or agcor dign i T8 2 Whet el phda it BsimsCRREISH @Bl on
of the sai d%bonné\ctggbﬁlegms/ua%%oﬂ@? rf|§t \k/fsloln be sym%atri cal about WO

03/ 069216 PCT/ AUaanhfiguradon - of 2theheoarestoexiseradichg thait e gpait i infaengaged of

a pair of interengage connectors. . /.. A ,conpector according tq any one of
the preceding cl ggﬂge%ﬂésrgqq]cqq%le ngﬁnft@qlf%'?ﬂ\ﬁ#réf‘s‘ﬁ{éeé%‘?]\f?g’&?%r i s such
that a pair of interengaged

10 9. A connector as claimed at claim 8 wherein the limited transverse

movement is along one transverse axis.

10. A connector as claimed at claim 8 wherein the limited transverse

movement is along a plurality of fransverse axes.

11. A connector substantially as herein described with reference to the

15 accompanying drawings.

12. A panel having at least one edge, and having a connector according to any
of claims 1 to 11 located along at least a portion of the at least one edge

13. A panel as claimed at claim 12 having a pair of edges, said connector
according to any of claims 1-11 being located along at least a portion of

20 each edge.
14. A panel as claimed at claim 13 wherein the edges are substantially parallel.

15. A panel according to claim 12 or 13 or 14 wherein the connector is formed

integrally with the panel.

16. A panel as claimed at any one of claims 12 to 15 wherein said panel is

25 formed of a resiliently flexible material.



5 connectors are capable of relative rotation about a |ongitudinal axis of
the interengaged connectors. 8. A connector according to any one of the

pr ecedi ngwoloaioeismher ein the configuration of the connectom/A®3sued that a
pair of interengaged connectors are capable of limted relative transverse
nmovenent. 10 9. A connector as clained at,glaim8 wherein the limted
transverse novenment is al ong one transve%ie axis. 10. A connector as

clained at claim8 wherein the limted transvers IS
plurality ofl 7¢r aﬁsﬂ%?@ea%ﬁ@émeﬂlat 0% BRA ‘?J?'“%%Sgt@nﬁn%%}’eﬁ‘ssﬂgr%%?q is
described with refere ﬁﬁshé@t RASkMZpanyi ng drawi ngs. 12. A panel
havi ng at | east one edge, c} aving a connector according to any of

claims T to 11 | ocated al ong at least a portion of the at | east one edge

13. A Pane' gs cha 4@5@%\ sécoffgﬁy@olaat}ﬁv 'f‘%sf‘de%}?érfde‘?ﬁ fﬁcﬁﬂeaam?au%ﬁefwﬁ%@r

accordi ng t any 0 al s 1 bel ng oca | east a portion
20 each edge. 14pa#keldareld msmedai med at claim 13 V\/nerel n the edges are
substantially parallel. 15. A panel according to claim12 or 13 or 14
wherein the connector is formed integrally with the panel. 16. A panel as

cl ai med mt apy opepdrel ecabigingl® ¢laind 3 8whissreimtheaiahegpnedldirslie5 formed of a
resiliently flexible material. WO 03/069216 PCT/ AU03/00198 - 23 17. A

panel as clainmed at any one of clains 12 to 16 wherein said panel is

formed of aopet aldl banshegt cr#hedi &t clal®. 14 sadednyaoner df nipitne ¢b5afon197aas
dependent fromclaim 14 wherein the panel is cold fornmed. 5 19. A panel

according to cl aidﬁPQBdeécf@nﬁ'&"ﬁﬂe’l"pa\’\’fﬁrelr‘ssﬁiélﬁﬁmﬁbﬁl%ﬁheet pile.

21. A panel as claimed at claim 20, wherein the portion of the panel between

the edges is formed as a channel section.

10 22. A panel as claimed at claim 20 or 21 wherein the opening of one connector
is located to the opposite face of the panel to the opening of the other

connector.

23. A panel as claimed at claim 20, 21 or 22 wherein the cross sectional profile
of the panel is such that the centre of shear of the panel is close to the

15 centre of mass of the panel.

24. A panel as claimed at any one of claims 20 to 23 wherein the connector is

of relatively small dimensions when compared with the overall panel.

25. A panel as claimed at any one of claims 20 to 24 wherein the panel is

capable of being deformed about one or more longitudinal axes.

20 26. A panel as claimed at any one of claims 20 to 25, wherein said panel is a

thin walled sheet pile.

27. A panel substantially as herein described with reference to the

accompanying drawings.



20. A panel as clainmed at claim 14 and any one of clains 15 to 19 as
dependent fromclaim 14, wherein said panel is a sheet pile. 21. A panel as
cl ai red awooBasIme0, wherein the portion of the panel betwegmuUshesgdges is
formed as a channel section. 10 22. A panel as clained at claim?20 or 21
wherein the opening of one connector is_ojh cated to the opposite face of
the panel to the opening of the other ector. 23. A panel as clained at

claim?20, 21 or 22 wher |nthe ross sectio r of j of t anel is
Chan T rat BB CoRishestple saPbl SREPRIRG) ot labst e nsendaotd ShBaheles. of

mass of the pane{he%ﬁna%(gg ?a@@h%@c%ﬁm@%-%‘e of claims 20 to 23
wherein the connector i1Is atively smal |l di mensi ons when conpared with
the overall panel. 25. A panel as clai ned at any one of clains 20 to 24
wher ein thesgane ?rgqqe

| ongi t udi na aerg‘ é@%etgﬁga%ﬁgﬁ& Q‘Eﬂb@ at %ﬁgu%ﬁ oo(évlltg‘l}rer}gergnce fo
wherein said pantle asnosmpar‘rwrng dEHWIBgSSheet pile. 27. A panel substanti al I y
as herein described with reference to the acconpanying draw ngs. WO

03/ 069216 PCT/ AU03/00198 - 24 28. A sheet pile assenbly conprising at

| east twWo i nterengaged sheet piles, of the formas clainmed at any one of
clainms 20-26. 29. A sheet pile assenbly substantially as herein described
with reference to the acconpanying drawi ngs. 5



