22 November 2004 "Connector" Field of the Invention This invention relates to a panel connector, a
panel incorporating such a connector and an assembly of such panels. The invention has been
devised in particular, though not necessarily solely, for sheet piling to facilitate interconnection of
sheet piling elements to form a sheet piling assembly. Background Art Qf%g{tﬁp‘qsgrmfunction is
to withstand sideways loading. Sheet piles are thus used to form retaining wallS in various
applications, including basement excavations, underground car parks, and cofferdams. Sheet piles
may also be"Qsaddattatming 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 th];e rouTr;\?f ei]ther means of a drop hammer or a vibratory hammer. Sheet piles, if
adequate fo ée%%ﬂ ] nXﬁB 85'tion, 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 timeisangentiog aethtsstty siepanedatatinaciark agsacetaacoigotatingesatsuah
alternatives and si%{\ificararl]% reduce %Berial COsts. |\Iumerous difficulties may be encountered during
r‘?]'ﬁlve |

manufactureShAET UL Wqﬁs &W@@ﬁ@g Bf 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
interconnectgdevitiventibR hho\sieheddddd in particular, though not necessarily solely,

for sheet piling to facilitate interconnection of sheet piling elements to form a

sheet piling assembly.
Background Art

A sheet pile's main function is to withstand sideways loading. Sheet piles are
thus 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 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.

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 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 sheet pile to complex loading. Such loading may be in
directions the connection is not equipped to cope with. This problem in ff\r,{jgglé%m?yg@%%ncountered
where the sheet piles have been cold rolled because such sheet piles can be provided only with
relatively simple shaped connectors able to permit substantially unidirectional loading. Loading of the
connectors afdiheehpisteat itk ebiicenwitforbidh thay ared of eheigpizd being pdriventimagrly during

driving, can cause the copnections to jam. Where the loading is.sufficiently high, the conngctors may
fail. by unnoBRIEL Bl P AR malto s Al CATHG tn6 SHEE Bl to BETb RS dSEkAngtid. The
stiffness of gpehedépilvhiste oty dalaeyditoetdfiddy tiseretss sebjevtialg dbptivontietivredtion of
loading. For heavy duty applications, an gssembly of sheet piles myst pe sufficiently deep in cross
section to ndVE LR B R R oo B ayt RS R PPY R il i the
assembly ardirdetitingl, tiinis tenuieeti@ithier et beyippdididealpavevituffitient sroskeaedional depth
or that they be able to be arfanged at varioys angles with respect to each other in an assembly whilst
Sl being 20REC0n TS e DEHR A LM BRI SR s RN HOTEP AR Pl B0heet ples
as a result obradéectimraklosstingeonrsirabysppovided compevitarselativelihdneidseshagmsdvided with
differing cross sectional copfigurations. The need for mare than one type of cold rolled sheet pile thus
creates, marQRRRHTIE iRy RS AR SR BF il PP Gelonection
during drivingoienestorSomsHokiraies in misakatioe it g chiviey cie baekjeypbbtseparate
hot rolling manufacture of more elaborate connections which also a{,e able to coaﬁ]at Ie?]st with a
I@?hzla io ere the

degree of thg%&g{w gg&qga%wwg-rs%%g@dlse the connections to jam.

loading is sufficiently high, the connectors may fail, by unhooking and/or

deformation, thus causing the sheet piles to become disconnected.

The stiffness of a sheet pile assembly is largely related to its cross sectional
depth in the direction of loading. For heavy duty applications, an assembly of
sheet piles must be sufficiently deep in cross section to have the requisite
stiffness to withstand the high sideways loads. Where sheet piles in the
assembly are identical, this requires either that they individually have
sufficient cross sectional 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 directional loading constraints on their connectors,
must therefore be provided with differing cross sectional configurations. The
need for more than one type of cold rolled 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.



above. 2 22 November 2004 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 Welc# qqg\%qu Fl&@%ﬁg or other
means. The requirement that these clutch sections be separately hot ro d represents a significant
drawback because of the very high production costs associated with hot rolling. Hot rolling requires
complex and/\ﬁ@tr@ﬁ)i@&éxp@ﬂtsiua gaaty el'milbﬁw'aumteml shisgheiiefordicht coopoisesahto produce

hot rolled item small volymes,. Furt ermo e, the nuf utches se arately and
o o o8 R B e Sl R AN LI e B R e P ovpence.
The precedlle@gmufswhrcbfatm&mnk@mhbdftﬁrmliledmhelaitmestmmd'emmyfcbmf@dlttaj&:an
understandln%ofthe re tlnve tion ?][# |ated thWiedl ussion |s t an

S Ckrowieg BRI HAv, O AL b PR g FooRa P URToSh BF S LARASn yeneral
knowledge ithéuslteafieroiel sealinssetian st everiing Delting, ieedinglioatdieDissirsy e the
Invention In accardance, with i

e as f the pres nt invention, the rovided a panel connector
for mtercon B ETAbARPL IETE, HHEAGIAGFACInER, PO AR Hn G LR SaE P rving an
edge, the cosigadficasbriRiveigiR bediuseois et mspmaglarrﬁbgadttorem fegaodiatedge of the
panel with a ¢ dp flle hav n inner end adjacent the e of thfa panel and an outer end,

Coch that in 1R8I D ke M TN G LGS FHIBRIE RASLELrSmaly Expersive pants
and infrastructure. It is therefore not economical to produce hot rolled items in

small volumes.

Furthermore, the need to manufacture the clutches separately and then fix
them to the sheet pile side walls introduces manufacturing complexity and

further expense.

The preceding discussion of the background to the invention is intended only
to facilitate an understanding of the present invention. It should be
appreciated that the discussion is not an acknowledgement or admission that
any of the material referred to was part of the common general knowledge in

Australia or elsewhere as at the priority date of the application.
Disclosure of the Invention

In accordance with one aspect of the present invention, there is provided a
panel connector for interconnecting adjacent panels, wherein the panels have
one or more flanges each having an edge, the connector comprising a portion
of sheet material arranged to extend from the edge of the panel with a curved
profile having an inner end adjacent the edge of the panel and an outer end,

such that in transverse cross section, said curved profile includes:

a first portion extending from the inner end in a generally elliptical path; and



a first portion extending from the inner end in a generally elliptical path; and 3 22 November 2004 a
second portion extending from the first portion to the outer end, the second portion curving inwardly
from the generally elliptical path; wherein the curved profile of the connector curves through at least
360 degrees, and the second portion defines an opening between the i Qq&g@&n%gg é}g%é?uter end to
receive a portion of a further connector on an adjacent panel of the same shape as said connector by
longitudinally sliding the further connector within said connector. It is a feature of the invention that
when a loadassaepledgortiqraadéndirgeirgay rkcinsh geidisn forthms ufearemhethiace adrahe
connector engage with o[f#?osedgﬁ!or ions ?{?an outer face.o .thg other connector and vice versa to

cause the calNecibE Y H]W&l & fiogaé 39838533%8 'PO'B? V&Y disconnection. The engagement

of portions of the inner face of one connector with opposed portions of the outer face of the other

connector unvesrisia taesittitoad qarasies déftheatiomeictoe cumnestansdaghcetaseatite 3g@ree of
engagemen;tﬂbetween the, (iﬁgosed inner and ogg;:‘fr faces which ser ei to further resist separation of
b il Bs

the connectSEIFRRNA r‘?eﬁ%ﬁa 2: R BBnPRERGY. BEMGT o én&ﬁﬁo%% inner and
outer faces efriblereowutstasadittd reciksiteslecdrtonoshactorh endotinesctompoevant aljetgagement.

The invention will be more fully ynderstood in the light of the following description of one specific
embodimenPEIRIBBETAIBR 5P IRE SRy ST G IR S A PR (B
accompanyiggriaetorgwithindaed cbigsetdA is a front perspective view of a sheet pile according to
the

It is a feature of the invention that when a load is applied to a pair of
interengaged connectors, portions of an inner face of one connector engage
with opposed portions of an outer face of the other connector and vice versa
to cause the connectors to bindingly lock against each other to prevent
disconnection. The engagement of portions of the inner face of one connector
with opposed portions of the outer face of the other connector under the
tensile load causes deformation of the connectors to increase the degree of
engagement between the opposed inner and outer faces which serves to

further resist separation of the connectors.

When a torsional load is applied to the connection, portions of the opposed
inner and outer 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.
Brief Description of the Drawings

The description is made with reference to the accompanying drawings of

which:

Figure 1A is a front perspective view of a sheet pile according to the

embodiment;



embodiment; 4 22 November 2004 Figure 1 B is a first side perspective view of the sheet pile of
Figure 1; Figure 1C is a rear perspective view of the sheet pile of Figure 1; Figure 1 D is 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 from its first end; Figure 2B is an end view of the sheet pile of Fig e its second
end; Figure 2C is a detail view of a connector provided on one flange of%?e'\}g&%ﬁe%é%egggéigure 1;
Figure 2D is a detail view of a connector provided on the other flange of the sheet pile of Figure 1;
Figure 3A iskiglaa VB e af finstasiderpbhs péstivevjpleobtitoshegtipitoefdiigurdiment; Figure 3B is a
detailed view of one form of connection formed between a pair of adjacent sheet piles according to

the embodir}ent' Fig re 3C is a detailed.view. of an her forTsF())[ 00F£ection1between a pair of
adjacent sh é%‘ﬁ%s c'éo?oﬁﬂartgeﬁeo@ 'HS&ﬁﬁ@’n?; %&?Q% é%g p'gb'tri\eie view of the sheet pile
assembly shown in Figure 3A; Figure 5A is a schematic perspective view of an assembly of sheet piles

as shown aFfigured B &and dedidvenside pestpretivig uievbBfitha stleempils pleFipaaiite view of the
sheet pile assembly of Figure 5A in service; 5 22 November 2004 Figure 6 is a perspective view of the
sheet pile asl-si%rﬂrbelyﬁf llzslgéjrqegn%v?gv(\j/ 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 1 as seen from its second

end;

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

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;

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

shown at figures 3 and 4 driven into a slope;

Figure 5B is a schematic perspective view of the sheet pile assembly of

Figure 5A in service;



5B showing the assembly engaging the earth into which is has been installed; Figure 7A is a detail end
view of the connection of Figure 3B when unloaded; Figure 7B is a detail end view of the connection of
Figure 3B with the connected sheet piles rotated 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 ggmégg{%%%p%gﬁg sheet piles
rotated with respect to each other into a second end position; Figure 7D Is a detail énd 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 Figriguss 6vizea piecpapieesivenwrifuhe Shéeh plktakssaechbigvobFigeresnbactind as shown
in Figure SC%%] n_unlogded; Figure 8B is a detajl end yiew,of the connection as shown in Figure 3C
but with the Fo RIS NES RN Sasemi0 s At R BIR R RS R R D MR n: Figure sc
is a detail end view of the connection as shown in Figure 3C but with the connected sheet piles
rotated with FégpecTia Bagldethieemdoizveetthd endneasivoaf Figuwie 3B iwlhetetaloznidadiew of the
connection as shown in Figure 3C when in tension; 6 22 November 2004 Figure 8E is a detail end

view of the connectign as shown in Figyre 3C when in compression; Figure 9A is an end view
Shrowing the HELCHIABE AR G EhlPBIGY DA cRRP St Gl HR 76 Juh the
connected sheet piles rotated 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 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;

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 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;



Figure 9B is an end view showing the possible extreme orientations of sheet piles connected as
shown at Figure 3C; 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 embodiment; Figure 1 1A is an end view of the sheet pile accordi U% Hpent with
ends of its flanges bent outwardly; Figure 11 B is an end view of an assg%é%/ o?gﬁggggﬁgs of the type
shown in Figure 11A; Figure 12 is an end view of a closed assembly formed by six sheet piles with
their flangesHigote @iz dydetditceadesissy ekttiet toanastishosgshdviguire Figlte(@Sovahenving the
cross sectional configuration of the sheet piles in the assembly); Figure 13 is an end view of a closed
sheet pile aége?ﬂw 51’?1'8Hsing five sheet piles having their flanges bent outwardly to a lesser extent
than as shown in Figure 12 (also showing the cross sectional configuration of the sheet piles in the
assembly). Friguee19Asisraanendeyicof satodad shegbilsislesemblyosmiopdsofostoest Pilest piles
having their flanges bent outwardly ta.a lesser extent than as 7 22 November 2004 shown in Figure 13
(also showin%ofﬂ(ie F8§s e%ﬂ%WQI %Btﬁ'f%ﬁ%% n of the sheet piles in the assembly). Detailed
Description of the Specific Embodiment The panel according to the specific embodiment is a sheet pile

1, generally Fihavengs FgamesntAviei3handny pestisotaitsidhantreatiedosieetatidas Oiesiaiwet pile 1
according to tl‘lle embodiment is ermed fF?gresiI'%?e_tly flexible

piles connected as shown a ure
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

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;

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 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



material and, in particular, cold rolled from metal plate such as mild steel plate. The sheet pile 1
according to the embodiment comprises a main body in the form of a channel section. The main body
2 (shown at Figures 2A and 2B) comprises a web 3 and opposed flanges 5 and 7 extending from the

web to edges 6 and 8 respectively. The flanges 5 and 7 diverge from t?z ' main body
2 a generally W-shaped configuration and thus to afford the sheet pile nﬁ%%i%%%ﬁs@%erse

stiffness. The edges 6 and 8 of the main body 2 according to the embodiment are substantially
parallel. In tiheambadifigotea M8idadis pastiowinftithevelndssswtsierfabrodhiigyeatioal piathe of the web
in the directiop of the main body 2 to form a corrugation 4. The purpose of the corrugation 4 is to
increase furtﬁ@:? ﬁ@'T? n'g\/r&é}%@g? é’&)'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 Detiilesl Desdyptionadens Sitedific Enttsodirakedr, thereby to minimise torsional loading
on the sheet pile 1 when in service. 8 22 November 2004 Connectors 9 and 11 are located at the

edges 6 an of the flanges 5.and 7, respectively. Preferably the connectors 9 and 11 are formed
oraly Wi RCAE Ay U 1hE Reb i ISR e SR Bt G- SA 11 smown
in detail at Fighows 26 aighzés redpestivbly ardeinfmatiesienalitgfowalleacshieayinge divged profile.
The connector 9 has an inner end 10 logated at the edge 6 of the main body. 2. The_connector 9 also
o o outarDREUEIE e ACRO0 Moo BF o5 COTatt: 5 JRRTES DhA fab) At Blas 16
which is nonngéiilar. &nd, in particular, cold rolled from metal plate such as mild steel

plate.

The sheet pile 1 according to the embodiment comprises a main body in the
form of a channel section. The main body 2 (shown at Figures 2A and 2B)
comprises a web 3 and opposed flanges 5 and 7 extending from the web to
edges 6 and 8 respectively. The flanges 5 and 7 diverge from the web 3 to
give the main body 2 a generally W-shaped configuration and thus to afford

the sheet pile 1 increased transverse stiffness.

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

substantially parallel.

In this embodiment, a middle portion of the web 3 is offset from the general
plane 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 stiffness

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 substantially coincident with its centre of shear, thereby to minimise

torsional loading on the sheet pile 1 when in service.



particular, the partially enclosed space 18 is generally elliptical. An opening 22 is defined between the
inner and outer ends of the connector 9. The connector 9 has an inner face 19 and an outer face 21.
Correspondingly, the connector 11 is provided with an inner end 12 located at the edge 8 of the main
body 2. The connector 11 has an outer end 16. The curved profile of th n r defines a
partially enclosed space 20 which is generally elliptical. An opening 24 ?sf(ﬂ%}\r/\%e%ﬁ %ilt'v%vggrfthe inner
and outer ends of the connector 11. The connector 11 also has inner and faces 25 and 27
respectively Cldreneoture c@aartdisl &lsoeplovdaded atithe a¢gksl 8. dritk wfvihiarkaoigie hecld17 is

opposite in sense ta that af the curv rofile 13 such that portions of the. connector .9 are disposed to
el e of SR s S R RO CaNBeh oG Eib CREL D I Brovided
with a neck 23aihlsodyreaisre thktbasteakta s epposdarisrense to that of the curved profile 15,
again such that portions of the connector 11 are disposed to either side of a plane passing through

the flange 7._As will become further apparent, the effect of the disposal of partions of the connectors 9
and 11 15 o1t B SAETA GRS JEAD B ILBCHEIA) Rb 58 NEGePRL DGRBS e
cantileveringaeéfestcapagpbrdig ésrthpsddh \whemiha cespedtprefikannectors 9 and 11 are loaded in a
transverse plane in operation. The curved profile 13 of the connector 9 includes a first portion and a

second portign. The first portion extends from tli inner end 10 of tlﬂec nnector 9 and follows a
generally elli gaqcay?ﬁpgcgéah%%gm rlﬂagr @&%ﬁ%dz%* eCHE 09{?6 CeNBHHES the neck
17 along thegeTkealtyahipsienl pathsmtia easidgrosiavhiere Tie pativiedipeetid ledcktowards and
parallel to the plane , ) L ,

connector 9 defines a partially enclosed space 18 which is non-circular. In

particular, the partially enclosed space 18 is generally elliptical. An opening 22

is defined between the inner and outer ends of the connector 9. The

connector 9 has an inner face 19 and an outer face 21.

Correspondingly, the connector 11 is provided with an inner end 12 located at
the edge 8 of the main body 2. The connector 11 has an outer end 16. The
curved profile of the connector 11 also defines a partially enclosed space 20
which is generally elliptical. An opening 24 is defined between the inner and
outer ends of the connector 11. The connector 11 also has inner and faces 25

and 27 respectively.

The connector 9 is also provided with a neck 17. The curvature of the neck 17
is opposite in sense to that of the curved profile 13 such that portions of the
connector 9 are disposed to either side of a plane passing through the flange
5.

Correspondingly, the connector 11 is provided with a neck 23. The curvature
of the neck 23 is opposite in sense to that of the curved profile 15, again such
that portions of the connector 11 are disposed to either side of a plane

passing through the flange 7.

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

9



of the flange 5. The second portion extends from the first portion to the outer end 14. The second
portion curves inwardly from the generally elliptical path to define the opening 22. The curved profile
13 curves through at least 360 degrees. Further, a central axis of the elliptical path parallel to the
plane of the flange 5 but is offset in the direction that the next 23. As ¢ §§ t% gfmbodlment
shown in the Figures, said central axis parallel to the plane of the flange the major axis of the
elliptical path. The curved profile 15 of the connector 11 is the same shape as the curved profile 13 of

the connectoe8ués memmwwm@eﬁmumoonmmsaema Srevioem ettt megradtiveith the
main body 2, the inner e s being coincident ;%th edges 6 and 8 respectively. In an

alternative eﬁ?@&? %%Wt o%igr?opsa aqﬂplal rﬁ{}%ygrsgop 0F g8 gl%t% g?rﬂ’om the main body 2 and

attached at edges 6 and 8 by conventional fixing means. As shown at Figures 2A and 2B, the opening
22 of connedtheQ:ifrmamdfireciGgoﬂl@maﬂmbedyoﬂ%hmﬂiaowﬁr@n@aﬂiohtbacbﬁweecondector 11

faces away from th the tors 9 and 11 thu ing from nd 8
respeciively BIRR R gRy PR RES BT EF IPELBIR (oo EERIBED Adgures 2C
and 2D). Thr&)wdiws/%ﬂ@@ﬁbfzﬂty wlﬁpﬁéelhw@mnagqtad wihsadikersiFagiineite 20 tival e rmaieye ways, as
will be desc Jb d Ia er. 10 62 No);/emb 200 n alter atlve emq&agjqent wher £‘ligheet pile is

intended to '«53 @&eed( r8ﬂé 8F§ If&% SR ?)%9 ﬂry one of
the edges 6 Rt poishorere fhigwath Zé\camb&ﬂ lﬁa@lcmnacd@rs@dméllelrtcﬂmg@ar@ this

embodiment ar% rﬂgugrgl%tl\ﬁehteo é@%&%‘%gﬁ% exten s(%‘r%rr)r?%gﬁ‘llrlgtlepgﬁtlon to the outer
end 14. The second portion curves inwardly from the generally elliptical path
to define the opening 22. The curved profile 13 curves through at least 360
degrees. Further, a central axis of the elliptical path parallel to the plane of the
flange 5 but is offset in the direction that the next 23. As can be seen in the
embodiment shown in the Figures, said central axis parallel to the plane of the

flange 5 is the major axis of the elliptical path.

The curved profile 15 of the connector 11 is the same shape as the curved

profile 13 of the connector 9.

As mentioned previously, the connectors 9 and 11 are formed integrally with
the main body 2, the inner ends 10 and 12 thus being coincident with edges 6
and 8 respectively. In an alternative embodiment, the connectors 9 and 11
may be formed separately from the main body 2 and attached at edges 6 and

8 by conventional fixing means.

As shown at Figures 2A and 2B, the opening 22 of connector 9 is located
facing the main body 2 while the opening 24 of the other connector 11 faces
away from the main body 2, the 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.

10



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
inner face of one connector are adapted to engage with opposed portlo§1§ f(/f% s of the
other connector and vice versa under load to cause the interconnected connectors to ngly lock
against each other to prevent disconnection of the sheet piles. The curved profiles 13 and 15 of the
connectors QrarmhlbMpaﬁﬁeelgmb@oﬁuréhthawﬂaehﬂm mﬂleebrneyé)eéorimeddedts tentbyety and as a

ingle pi f f h h Id f d old roll
Thia = bocaGuB RGBSRl o oo THE b R IR RSO e GGt A oo

because it abpwfdhthedgemecios® and 11 to be integral with the main body 2 of the sheet pile 11
as is the case for this embodiment, thus eliminating the need for separate manufacture of the

t 9 11 I th dt Id t th t th t 9
2l 11 to e TaEAT Ao TES AL 2o i Bk Y TaCe A I R AlbBrmbiy 30 of

sheet piles @Mit@odmemamsmmereremwlmgtﬁ@urﬁalrEla@b;ont@éIyt@mmsee@wmesﬁS and 20 of
connectors 11 an &13 res ectlvel nf| ure and imensioned. toi %te c1|nall recelve another
e &Eh

connector o5 ELBIAG &%’H‘ﬁ 100 B ENSIRY £ 9'iMa8 QLsembly 30

is connectedtie gneastjpilent |§hﬁ@s§®l|@ they:eﬂhercﬂ grerfotenaetiéwn ileas. 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, assembled b drivi ch. component sheet pile 1 into the ground one after
aﬁgther TmEN%CE {) gdc&pnector 9 anggﬁa‘ls interconnect %Ie WIB‘I the connector o ?

like sheet pile to form a connection adjoining the sheet piles wherein portions
of the inner face of one connector are adapted to engage with opposed
portions of the outer faces of the other connector and vice versa under load to
cause the interconnected connectors to bindingly lock against each other to

prevent disconnection of the sheet piles.

The curved profiles 13 and 15 of the connectors 9 and 11 respectively are
such that the sheet pile 1 may be formed in its entirety and as a single piece
from a single sheet of material through a cold forming procedure such as cold
rolling. This is because the thickness of the sheet pile is uniform throughout.
This is most advantageous because it allows for the connectors 9 and 11 to
be integral with the main body 2 of the sheet pile 11 as is the case for this
embodiment, thus eliminating the need for separate manufacture of the
connectors 9 and 11 as well as the need to bolt, weld, rivet, or otherwise

connect the connectors 9 and 11 to the flanges 5 and 7 respectively.

Shown in plan at Figure 3A, is an example assembly 30 of sheet piles of the
type shown in the preceding figures. Each of partially enclosed spaces 18 and
20 of connectors 11 and 13 respectively is configured and dimensioned to

longitudinally receive another connector of corresponding form.
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interconnecting the connector of an inserted pile, at its upper end, with the connector of the next pile
to be inserted, at its lower end, to 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 complicaidgq\lgqewgr ,reasons. In
particular, where the end of a sheet pile encounters a 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 EHfelt ofichdeshedeioifes tHeidriven sbeshpile B0aisvapnvidctedattses tadsaaentension,

compression, or particylar combinatjons qf such loads, at the type-A cannectigg 31 or type-B
connection SIG BT Do BT Ay el A Lo T3 (e AR
considerableBteysileeatidn C8BnaseskiverioiadBigarec3iGsTihen b setind in tBO; donestatllisdes fior rotate with
respect to each. other about %.Iongitudi.al axis of theléate[%en%il ed Ei)nne@tors in.response to a load
€
a

which would ‘Sth% igg%%tbjg 1fe 2BR %%Q%S’Bl%? ORI Stre . ‘Hﬁ'é{'pﬂ)e?@% nnection 31

as shown in éognperdmhishbatasitersatdyhéntgoconrhentoafiel ldkeotivan ety 35 thahisy &y by
interconnectjon of connector % on one sheetipile and (ﬁorgeﬁtor 9 an the other sheet ﬁil&or
alternatively'r?rg]%?(?gﬁﬁ&%ﬁgnt P BAMRRE 1 ¥ & tB'iI%’ dSoHRBELFTY: N HeNSther sheet

n
oHES
pile (the latteyopeisgtassittheméxiiger o3 itseate et arn dwdree iy eoXaonaectoneasishown in
Figure 3B thattj?e}‘gan es 7 E%e co&Bnect(;f aheﬁ)[@iles ar.e aﬁpr ximatelgé 18@) apart. 12 22
November 2004'§ (¥ 8B QBI ¥ 5% TREFAMETiLe rb\ﬂﬁ {8 %Hﬁe%r S f opposite connectors.
This is illustrated at Figure 3C where the interconnection is between connector 11 on one sheet pile
connector 9 Thghetmuichingrilstebe 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 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 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 longitudinal axis of the interengaged connectors

in response to a load which would otherwise subject the connection 31 or 33

to a torsional stress.

The type-A connection 31 as shown in Figure 3B is characterised by
interconnection of like connectors; that is, by interconnection of connector 9
on one sheet pile and connector 9 on the other sheet pile or alternatively
interconnection of connector 11 on one sheet pile and connector 11 on the
other sheet pile (the latter being as shown in Figure 3B). It can be seen in the
type-A connection as shown in Figure 3B that the flanges 7 of the connected

sheet piles are approximately 180° apart.
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pile. It can be seen that the flange 7 is approximately 142 in a clockwise direction from flange 5. 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 e}% BEF %88 Lputer faces
of the connectors in a loaded situation. However, the requisite load tr % etween the connectors in
the connections 31 and 33 may still be achieved in such conditions. The deta|I of the connections 31
and 33 will benést;qm@i totimerctidar, 381ds vataratteeiseel t@figueesdme@t‘fdh aasfd@é’ptm&E A

perspective view of the assembl hown n Figure 4. The length of the
sheet piles |§?ﬂ5]88 @/ﬁ?sﬁ] % 1%%55%’9:3& 'Ed@fy %nlw ?Ngll pnﬂi‘%ﬂ&“ﬁ %?ébeg? in general,
the sheet pilbehageranorindetgtt fram arfeeﬂneettcpn’@ coetiestor @ dinitkeassnoicidtinghsiatqtile may vary
from 3 millime to 20 millimetre ically will fall within the eof 61 millimetres for
tick-walled SHEel piS s RN A e SRS e AR TSP B2 Sl 2 TR Ercing 1o this
embodimentdirégticcnFoprdiddge 8.schematic perspective view of the assembly 30 as formed by
driving the sheet pile members one by one into the side of a slope 40. Figure 5B depicts the assembly

30 then sup or ackfill 4 s, actin reta The a semb capped with
aile capping S TLHE o G GRG0 3R SO L B0 251G R Pl TR EEE 15
November 28A4 Bsmeﬂ;peodeembeﬂémlm aneaﬂgeﬁemmﬁtaé aodrist e albeve gﬂmmthe
interconnected piles to rotate with res ct to ach other about a lopgitudinal axis of the jnterengaged
Yoo R 0P I Hie"area betiveen' the

connectors. \f’ea%?é”p fo? khle t pically “occupy area Dbetween
connectors and may become compressed between opposed inner and outer

faces of the connectors in a loaded situation. However, the requisite load
transfer between the connectors in the 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 to 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 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.

Figure 5A provides a schematic perspective view of the assembly 30 as
formed by driving the sheet pile members one by one into the side of a slope
40. Figure 5B depicts the assembly 30 then supporting a backfill 41, thus
acting as a retaining wall. The assembly 30 may be capped with pile capping

43 to create useful area above the sheet piles such as is known in the art.
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create sheet pile assemblies having various cross sectional configurations and high section moduli, as
well as providing interconnected adjacent sheet piles with an improved capacity to tolerate angular
misalignment during driving without jamming or disconnecting. A further detail view of the type-A
connection 31 is shown at Figure 7A. It can be seen that the connectio?é%ﬁlig %prllttl?ég %BW the
respective inner faces 25 of each of the connectors 11 to move more close yYoge her along an axis
generally transverse to the plane defined by the flanges 7, and thus able to permit limited relative
transverse iy eviliebt idaerisethd cow etiorschhdtitansaisb deds88raire Fple e Allbwat tifdhe inner

faces 25 are. moved slightly more closely together, in the manner described above, .the.copnectors 11
wil e tona MBS RS el PR e I RSO 16 B RS BV RLintve
transverse naxierotmhddhtesnyzgedntectestdrs albinig deaturaliprofidessfoarsveisiitio the
longitudinal axis gf thﬁ?e?c%)?ﬁf 8. The a& i|it%/l f the connection 31 to er{nit Ii“nited relatiy.e transverse
movement SETREEPHRE e T BiE M2 1% f&é’éﬁ& MRS TR G SHERA) FRIHHANSRSIn &
generally trapsderisghpiautichiningdiriviag avell thyspatsadiag irtbréonpesstedt iaiaceng shese connector
with the other.connector in the type-A connection 31 as well as possible damage to the type-A
connection ﬂ'ﬁﬁwigﬂﬁ}n@rﬁt' %(/%qe %Qﬁ?fﬁerg?rjﬂﬁa%esh%ﬁv@ﬁ‘%ﬁ@ 'ggrﬁ‘?ggﬁggfrﬁe on the
right of the typpriAgcaithectigemdhimgayr kitstiatedtigdative to the sheet pile on the left of the type-A
connection 31, through a maximum of approximately 41 in an anticlockwise direction, about a

longitudinal axis of the interenga obsconnect rs, from the paosition it occupies as_shown at Figure 7A.
14 22 Noverr B ARGUN I o i B & SHENFRIR itd Sm SRR S S FAK Enection 31
be seen that the connection 31 is able to allow the respective inner faces 25
of each of the connectors 11 to move more closely together along an axis
generally transverse to the plane defined by 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 inner faces 25 are moved slightly
more closely together, in the manner described above, the connectors 11 will
no 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 axes transverse to the longitudinal axis of the edges 8.

The ability of the connection 31 to permit limited relative transverse movement
between the connectors 11 may assist in tolerating translational misalignment
in a 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.

As shown at Figure 7B the sheet pile on the right of the type-A connection 31
may be rotated, relative to the sheet pile on the left of the type-A connection
31, through a maximum of approximately 41° in an anticlockwise direction,
about a longitudinal axis of the interengaged connectors, from the position it

occupies as shown at Figure 7A.
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may be rotated, relative to the sheet pile on the left of the type-A connection 31, through a maximum
of approximately 24 in a clockwise direction, about a longitudinal axis of the interengaged connectors,
from the position it occupies as shown at Figure 7A. Under the action of a torsional load, further
relative rotation of the sheet piles beyond the maximum angular orientaii inkigures 7B and
7C is precluded because the generally elliptical shape of the curved praoégéﬂsff/ %rsé&:?ﬁw%értions of
the opposed faces of the connectors binding to interlock the connectors. This binding action also
helps preverAsiisengagerfenird 2 evisveef tile typeha dghhettibe BperAensivreitishdin at Figure

7D. Portions of the inner face of one copnector en e wjth 0S, rtions of the outer face of the

et oo Yo OGRS A oS S DL ATe R o8 i i GRUL eSS acmine

each other t@ prévenigdisopaxiraion .of algpedximatelf the typer Slookwadidirettioncalpuession is

shown at Figure 7E Portionség()rfﬁk]?.inner face of one conpectc%r eng{g%e with. o g{osed ortions of the
ol an s

outer face of the' %HE}%&%%% '(ﬁ]kﬁ{:%n@&%%ld GRG0 He°Eh SR and thus

to lock againss showrothdTiguravent disconnection. As described previously, the central axis of the
elliptical path of each of the connectors 9 and 11 parallel to the flanges 7 is offset in the direction of

the neck 23, In the configuration shown in Figures 7d and 7e, the ceptral axis of  the elliptical paths of
cach of the CHIHELIDR 4oL B HERE GEHEEy ABHCEP A oL SEP e i THEPIRHES defined by
the flanges bebishassheaaifaahthahyilian vridatatipnsrension as shguesn FBgarel 72Cthe connectors
9 and 11 tend to rotate inwardly and bind together, rather than ro outwardly ang open up, which
R R E

would causePiRENE88eRTEALSEHRGT GPE Bl FHved” profiles 1

result in portions of the opposed faces of the connectors binding to interlock

the connectors. This binding action also helps prevent disengagement.

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

other to prevent disconnection.

As described previously, the central axis of the elliptical path of each of the
connectors 9 and 11 parallel to the flanges 7 is offset in the direction of the
neck 23. In the configuration shown in Figures 7d and 7e, the central axis of
the elliptical paths of each of the connectors 11 are therefore generally
aligned and located between the planes defined by the flanges 7. This has the
effect that when under compression as shown in Figure 7e, the connectors 9
and 11 tend to rotate inwardly and bind together, rather than rotate outwardly

and open up, which would cause disengagement of the connectors 11.
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Further, during this compression, due to the curved profile extending through 360 degrees, the
second portion of the connector 11 is forced into engagement with the inner face of the other
connector 11 adjacent the point where the outer face of the other connector 11 engages with the inner
face of the connector 11 adjacent the neck 23. The same type of enga?éwékg % 1S5 %Hw second
portion of the connector 11 resulting in the connectors 11 engaging and binding at more than two
points (in this case at four points). This engagement allows significant force to be transferred across
the connectbrsthemdiddrig this ypaplessgageatoento Asecaorbedspeofile Iébgmr&jingathmmentation of

the connecti f this t els enerally transverse to the plane of the s eet ile.asse requiring it
to be sufﬁue%%@ éq tQ'tO chs?&% % RIHAEr etﬁwé\)/léwrm%teofype B' orﬁﬂ fJo11 @g’ls shown at

Figure 8A. Tdaag@gerhttlet @mﬂoméamnmmmmommmmia hedvieee tiherezopoéadtors 11

though thi fth ul f th t heet piles i
ihe exampio HASEH SHRAFO D AE S 08 CRB oo B 9Em BN U S Bk iher ap as o

bring the gelﬂ@@;aéfoplmﬁslg off mmmrmb cttmi rtf)li@dﬂges 5T mamwméosebngr?@a&wl nheotule |
respectlve | aces ec able to move ore C se yt ther alon IS genera y
ol v oot e T Ry o A
between thee:tgugmg)r@rﬂj amddliﬁg respﬁowajbfaif mnrmﬁaﬁt@qm tlﬁ*saoalséBatreotuhepcﬁi‘mwd slightly

losel th th td th 9 ill I bei
physical conTALE ARIGPBRBALCAURAS (A IEEIndE Shie b pein PRI eV iEovermen

between thegmatires® and 11 aiommsaty;pleraﬂtyr@@mémnwmt@&@e@ﬂges Bigun@$. The ability

of the connegtion 33 to mlt I| d relative transy?rse movement be}w en the conne %tors 9and 11
may assist i %lﬂ}gtmbe Qﬁt% e connection of this type Is generally transverse to t

plane of the sheet pile assembly, requiring it to be sufficiently resistant to such

forces.

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
interconnecting sheet piles in the example assembly shown in Figure 3A. If
the sheet piles are rotated relative to each other so as to bring the general
planes of interconnected flanges 5 and 7 more closely into alignment, the
respective inner faces 19 and 25 become able to move more closely together
along an axis generally transverse to the flanges 5 and 7, and thus able to
permit limited relative transverse movement between the connectors 9 and 11
respectively. If the inner faces 19 and 25 are then moved slightly more closely
together, in the manner just described, the connectors 9 and 11 will no longer
be in physical contact and the connection 33 thus becomes able to permit
relative transverse movement between the connectors 9 and 11 along a

plurality of axes transverse to the edges 6 and 8.

The ability of the connection 33 to permit limited relative transverse movement

between the connectors 9 and 11 may assist in tolerating translational

misalignment in a generally transverse plane during driving and thus also can

help to prevent jamming of one connector with the other connector in the type-
16



misalignment in a generally transverse plane during driving and thus also can help to prevent jamming
of one connector with the other connector in the type 16 22 November 2004 B connection 33 as well
as possible damage to the type-B connection 33 which might otherwise result therefrom. As shown at
F_igure 8B the sheet pile on the right_of the type-B connectic_)n 33 may bﬁi?\ﬁ%(‘;e Beépt%%&o t_he shegt
pile on the left of the type-B connection 33, through a maximum of approximately 4 in an anticlockwise
direction, about a longitudinal axis of the interengaged connectors, from the position it occupies as
shown at FidBiredithedtiah@8nas wegliras@otsibtd addpiigyentohenagtype-Biectypree&tioonB8ction 33

may be rotated, relative to . the sheet pil the left of the type-B connection 33, through a maximum
of appromdiEiy S SIBENIES ERRHNeTR

S 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 rotati sidhe siteeigpile 8B eyorzhéet pilexontmeatghtaf thie tipigoBscaimmeotior-gBires 8B and

opposed fac R SHFRC e T bIRARS AR € VLI AL TP AERSH Ot holps

e
opposed facB¥fife 2 cl
prevent diseBgadieroagh A detaiiviem afthgpypribatenndction 33 iargosiokwisshdimectibhjgure 8D.
Portions of the inner ace@&] one connector engage withé%pposed ortigns of the ou.tter faces of the

other conne@3P4hA (RO VPR, AL Rl fo REISLIRICCLHRBRRSHOLS BRI aHIE RIS HPIb &k against
each other togtapRy adistwwecidigara gyxanner similar to that described for the type-A connection

31. A detail view of the type-B connection 33 in compression is shown at Figure 8E. Portions of the
inner faces c,)Af\sO 2 o%)rq r}ﬁ ?gruerg ,e t%vétgr?ggto&%don 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
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 due to the generally elliptical shape of the curved profile causing
portions of the opposed faces of the connectors to bind to interlock the

connectors. This binding action also helps prevent disengagement.

A detail view of the type-B connection 33 in tension is shown at Figure 8D.
Portions of the inner faces of one connector engage with opposed portions of
the outer faces of the other connector and vice versa under load to cause the
connectors to bind and thus to lock against each other to prevent
disconnection in a manner similar to that described for the type-A connection
31. A detail view of the type-B connection 33 in compression is shown at
Figure 8E. Portions of the inner faces of one connector engage with opposed
portions of the outer faces of the other connector and vice versa under load to
cause the connectors to bind and thus to lock against each other to prevent
disconnection in a manner similar to that described for the type-A connection

31. Figure 9A shows the orientations of the sheet piles about type-A
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portions of the outer faces of the other connector and vice versa under load to cause the connectors
to bind and thus to lock against each other to prevent disconnection in a manner similar to that
described for the type-A connection 31. Figure 9A shows the orientations of the sheet piles about
type-A 17 22 November 2004 connection 31, as depicted Figures 7A, 75?&%\7&!@3%66&)08%'
Correspondingly, Figure 9B shows the orientations of the sheet piles about type-B connection 33, as
depicted Figures 8A, 8B and 8C, superimposed. It is a feature of the connectors 9 and 11 that
opposing facematthinntdrcorarectegictethefigwrese aBle tdBindrandCys o petinaassedt each other

in response 10 a tensile or compressiveload appljed to either. connection 31 or 33, with the connected
Shoet plos ATBEE AT S b I A ek R LRI IS STeE S1ERtatlse Hefiby o

prevent disctypeeBioonnideticro88¢aisomspidten # idarase AL S Bia dBCassiee simpaysddreacross, in both
compression and tension, in a wide variety of assemblies, the assembly 30 shown at Figure 3A, being

only one exgmple of many. Owing to this ability, the connectigns 31 and 33 may be subjected to
complex loalling vk, RS ABRESI FLIAbly ebita0b L ikbrarEsnRuliHons
therefore hairgtdriginassticigted aestionsrmautbied tar dihd sead ethoadbaciseckinadwiagy daphretaining

Il applicatiops. As best illustrated at Fi 7D, 7E and 8D, it is a further feature of each of
conneciors SR 13 BROTSEAG RP 7 EhERBRLSSFE L EARAE AT o P SaPGES Ml rated i

Figures 9A @SB Engiag emeatvrrigueibsalitbite dnaes paoesding srismitiopppesestpasiians of the
outer faces of the other£ connﬁ_ctor and. vice versaéﬁ]ccu%s at both sides g.f the general plagne of each

flange adjac 't"r%ngo lﬂ%cﬁé s %“gtrggﬁggau RIEBY i3 rﬂrcﬁng&% B I&17' 8% 23 which
causes the atgHadiohes 1Haad3BEdrRspRaEvEahIdoto transfer shear thereacross, in both

compression and tension, 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.

As best illustrated at Figures 7D, 7E and 8D, it is a further feature of each of
connectors 9 and 11 that, for particular orientations of the sheet piles within
the ranges illustrated in Figures 9A and 9B, engagement of portions of the
inner faces thereof with opposed portions of the outer faces of the other
connector and vice versa occurs at both sides of the general plane of each
flange adjacent the connection. This is a consequence of the provision of the
necks 17 and 23 which causes the curved profiles 13 and 15 respectively to
be almost centred about the general planes of the respective flanges 5 and 7
with which they are associated. With this configuration, the bending moments,
about each neck, caused by such engagement can be in opposite rotational
directions and the resultant cantilever effect about the respective necks may

thus be small.

As mentioned above, the ability of the connections 31 and 33 to permit

relative rotation of the interconnected sheet piles about a longitudinal axis of
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be almost centred about the general planes of the respective flanges 5 and 7 with which they are
associated. With this configuration, the bending moments, about each neck, caused by such
engagement can be in opposite rotational directions and the resultant cantilever effect about the
respective necks may thus be small. As mentioned above, the ability of#wﬁgg%éipgaz@l and 33 to
permit relative rotation of the interconnected sheet piles about a longitudinal axis of 1 November
2004 the interengaged connectors allows for the formation of sheet pile assemblies having variable
cross sectiortiad ¢otdrentpges edmrestonsjaltewssioe¢h pifesmatiopositsiesst pllgassdsritigies. An

example of such an assembly is the assembly 3Q.shown at Figure 3A. In partjcular, jt is possible to
Ceate s 3%;%%;@%83%&%%%'%7&3&%%% 'e&frgwfsﬁ%ﬂs:ﬁﬁ%gﬁfjgé%@hgssegﬂon
moduli. The segi ifiafddeatrazsisastianglesnAgustam p asshimany asseritgy lirdwsed as a
result of the ability fqr et piles t conpected to form either of the two alternative types of
comnection. GTEREY LS SLL MRS BB SOHFIng LTSI G Rl A e
assembled ipilevasdiiensivsvays, decpooresieskiliaitiiesdyfiguraniolypeaBdctnmetticnsighd the
ability of each of.those types qf connectjap. to permit relative rotation of the,. interconnected sheet piles
hour & IongRECHRR ARRbfind HeV B BoriRECtIRSYs s BRI EaRTGH Ay 5h e cross
sectional conkgerabin ief fanmssiintldsan e ackisuitdofising iisihticdiskaekpifsikef inetype having
the configuration of the sheet pile descrihed. This advantage in partjcular simplifies the manufacturing
orocess. In FRNGHES b HEGL A 381 ShG M A AR, WA SNSRI 2o DR s whils
comprising agpeeBtions 31 and 33 having an ability to transfer

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
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.

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
shear thereacross, closed assemblies such as the assembly 45, shown at
Figure 10A, formed by three sheet piles 1 interconnected by connection types
33 are also possible. Such closed assemblies may be used in more

specialised applications, such as cofferdams and caissons wells.

Whilst the sheet piles 1 may be arranged at varying angles to form
assemblies having deep cross sectional configurations, they may also be
arranged in assemblies having shallower cross sectional configurations, such
as for example the assembly 47 shown in Figure 10B. The assembly 47 may
be desirable in an application where the section modulus need not be as high

and space able to be occupied by the depth of the cross sectional
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shear thereacross, closed assemblies such as the assembly 45, shown at Figure 10A, formed by
three sheet piles 1 interconnected by connection types 33 are also possible. Such closed assemblies
may be used in more specialised applications, such as cofferdams and caissons wells. Whilst the
sheet piles 1 may be arranged at varying angles to form assemblies hag'g% &?g%gé?%agctional
configurations, they may also be arranged in assemblies having shallower cross sectional
configurations, such as for example the assembly 47 shown in Figure 10B. The assembly 47 may be
desirable in sordigpiretivonoi/tiesecatsesdsitids fimitded. SAneexanop lbeohs ighaarappfiastiorble to be
occupied by the depth of thegf}:{ioss ﬁctional 9 22 Novemper 2004 configuration of the assembly is

limited. An e%ﬁ%?eg &6 %’MY BtoRYE TSR XAV RiBRWIREPE S leh space constraints are

common. Figure 6 depicts the sheet pile assembly 30 engaging the earth into which is has been
installed. ThEigescorwgsited tieshpitpilearsserablyedietuyyayingvitieseaitiexteodvigapaiallel with the

connections 31 and 33 (alsq,shown at. Figure 3a), The assembly 30 also comprises mpuths 52
extending pAAnapSE NRELSSh D eL ISR s EEE B R TR L 0aIE e rower
than the respegitiescayidesehllind @ savitEw ithuthentamaotiorisgagaresBacipie cchivwms af earth 53

thereby deriving trapnsverse reinforcement therefrom and affording the ass mtg. a large integral
mass. The (SR ke Ty S5 AR NS AbIE RS AP EOTRER A CUIBo e RV b RATAIELS oravity
retaining walkvithd talso s didlexsral asle girpilkdimgll. scdegbetHenitoe Than arsamblpaf aheet piles
according to the emboﬂime tis that whenaf exugﬁl bending load is applied to either of the type-A and
type-B conr¥EgNERNaRd f?ﬁBec?}H’r‘?eﬁ% ¥Sc ‘preventing the piles from relative

The cavities thus entrap and engage respective columns of earth 53 thereby

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
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.

A further feature of the sheet pile 1 according to the preferred embodiment is
an ability of the flanges 5 and 7 to be bent outwardly from the main body 2, as
shown at Figure 11A. As will be described below, the bending may be carried

out to varying degrees.

An open assembly formed of sheet piles having the configuration shown in
Figure 11A and connected by type-B connections 33 is shown at Figure 11B.

Figures 12, 13 and 14 show closed assemblies, enclosing a progressively
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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. A further feature
of the sheet pile 1 according to the preferred embodiment is an ability oﬁ Jl?étﬂsc? 52?6% 7 to be
bent outwardly from the main body 2, as shown at Figure 11A. As will be describe Be ow, the
bending may be carried out to varying degrees. An open assembly formed of sheet piles having the
configuratiomesthmsimgircréegusedtich ahdreanfentestbfr dypesil, divenaciib isuB3Idesicalshéétigure 11B.
Figures 12, 1@ and 14 SQQW clcised assemblies enclosirt}% a ?ro%ressgvel 20 Zﬁ Novembetr 2004
urid

reducing croReSSHRInNAT Vr%lg; Orfifsd P %ﬁ?,’ﬂ%rgﬁd SRtRal é% t°8ﬂ g%astb%r&t?vely. In each
of these figuties, sheetrpsssictizmathonfigsepizpatefy heralthet gldesdsaaisersbiyvwarsepanately from the

closed assembly which they form, It .can be seen that the flanges of the ,sheet piles 1', 1".and 1"
Chown i FTs L SARPEnGe o 158 dARVEAD TS Bl S BORES o progRisu ers Redbl xtent. i
should be urrigstand hat 8ngagenie ntdsdobapangontitizadial baoestasa reieigessiivetyein may
comprise dir(ect or indirect engagement. Indirect engagement may occur, for example, where there is

a layer of so ?8?%%@316& bris trapped between the engaging portions. Throughout the specification,
unless the context requires otherwise, the word "comprise" or variations such as "comprises" or

"comprising'it whidogd Wedersfenddod tidy gryigdusion bbawsiategdnrieaer afrradigpfatéyegers but not

the exclusion qf any other integer or group of integers. It shquld be appreciated that the scope of the
present invefﬁ?gﬁrﬁéeﬁjnbleﬁeﬁ mayg comprise 8ﬁect or ?ncﬂrect gﬁgagement. nd(?rectp

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 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.
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limited to the particular scope of the embodiments described above. 21 22 November 2004 Claims
The claims defining the invention are as follows: 1 A panel connector for interconnecting adjacent
panels, wherein the panels have one or more flanges each having an edge, the connector comprising
a portion of sheet material arranged to extend from the edge of the pan%\fq Bépflle having
an inner end adjacent the edge of the panel and an outer end, such th ransverse Cross section,
said curved profile includes: a first portion extending from the inner end in a generally elliptical path;
and a secon@laini®n extending from the first portion to the outer end, the second portion curving
inwardly from the generally eIIipticaIIy path; wherein the curved profile of the connector curves through

at least 360 1%8(3 g e%:]ond ﬁon deflnei aH1 ening between the inner end and the
outer end to F8EERA naﬁsp ﬁHH”& ‘?u'trf PUBHRESP IR 5’ adjacent panel of the same shape as said
connector by longitudinally sliding the further connector within said connector. 2. A panel connector in
accordance with claimpaneihetrindbie for dragiden rentinl exdfaeeny ﬁsemathe whgeetd ttreepanel to the

first portion, the neck b(Ts 8 curved in an OE%? |te directign to the gen §1 ﬁﬂ tlcalr{ggﬁlth such that
portions of the conPERBPrE Y6 Yn it r AGEDFL T % Héqlr?éheﬁg anel
connector in accordmmprigitiyclaipottion2ofveaerit thsteuwedrrang‘éd etasderibirdugh aheund 360
.22
degrees edge of the panel with a curved profile having an inner end adjacent
the edge of the panel and an outer end, such that in transverse cross

section, said curved profile includes:

a first portion extending from the inner end in a generally elliptical path;

and

a second portion extending from the first portion to the outer end, the

second portion curving inwardly from the generally elliptically path;

wherein the curved profile of the connector curves through at least 360
degrees, and the second portion defines an opening between the inner
end and the outer end to receive a portion of a further connector on an
adjacent panel of the same shape as said connector by longitudinally

sliding the further connector within said connector.

2. A panel connector in accordance with claim 1, wherein there is
provided a neck extending from the edge of the panel to the first
portion, the neck being curved in an opposite direction to the generally
elliptically path such that portions of the connector are located on either

side of a plane defined by the flange.

3. A panel connector in accordance with claim 1 or 2, wherein the curved

profile extends through around 360 degrees.
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22 November 2004 4. A panel connector in accordance with any one of claims 1 to 3, wherein the first
portion of the curved profile extends along the generally elliptical path at least to a point where the
path is directed towards and is parallel to the flange. 5. A panel connector in accordance with any one
of claims 2 to 4, wherein a central axis of the generally elliptical path pasal I f the

flange is offset from the plane of the flange in the direction of the neck. ?%%’é%ﬁ%%?%@@{ﬁr in
accordance with Claim 5, wherein said central axis is the major axis of the elliptical path. 7. A panel
connector in@ccord&pea@idmangcboeinfadahmeh(te ﬁliwmionéﬁefsﬂa'meof lbeBCvaiedqimofile is such
that two interconne ed .conne 6[ors h vm the res ectlv flanges t h@/ﬁgrwgel are able

to move relative to 'B?F]e?? 8r|‘ln’ﬂ xt%lﬁrv?] a BfP o per %na Of the
flanges such that aellmnefqmmbon@ﬂmmmmegegae frath mditﬁeref@cemme ather connector
and an outer face of the gther ¢ ctor dlsengages from an inner face of the connector, thereby
allowing limited relﬁ\PeaFﬁCH laﬁ%é%? Sinterconnected connectors along a plurality of axes
perpendicular to the edges of the panels. 8. A panel connector substantially as hereinbefore

described wigh refexgraeeiactrnactanpanyingandeings. shy\granef briing 2 toanpadiereagcording to
any one of claims 1 to 8 along at | tone ed . A panel accor 9, wherein the panel
includes two flange§ Cgﬁﬁ'ﬁlnéfﬂ E 83518 E/e‘é tﬁ's%iﬁmﬂaé &E Ffbe ?n%fe{ 7 along a

respective edge. 23lange is offset from the plane of the flange in the direction of the neck.

6. A panel connector in accordance with Claim 5, wherein said central

axis is the major axis of the elliptical path.

7. A panel connector in accordance with any one of claims 1 to 5, wherein
the shape of the curved profile is such that two interconnected
connectors having the respective flanges thereof generally parallel are
able to move relative to each other to a limited extent in a direction
perpendicular to the plane of the flanges such that an inner face of one
connector disengages from an outer face of the other connector and an
outer face of the other connector disengages from an inner face of the
connector, thereby allowing limited relative movement of the
interconnected connectors along a plurality of axes perpendicular to

the edges of the panels.

8. A panel connector substantially as hereinbefore described with

reference to the accompanying drawings.

9. A panel having a connector according to any one of claims 1 to 8 along

at least one edge.

10. A panel according to claim 9, wherein the panel includes two flanges,
each flange having a connector as claimed an any one of claims 1 to 7

along a respective edge.
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22 November 2004 11. A panel according to claim 10, wherein the panel includes a web portion, the
two flanges extending from opposed ends of the web portion in a direction angled to the plane of the
web portion. 12. A panel according to claim 11, wherein the web portion includes a corrugation such
that the panel has a generally W-shaped cross- section. 13. A panel in %F[M%g\gi any one of
claims 9 to 12, wherein the connectors are formed integrally with the panel. 14. A'panel substantially
as hereinbefore described with reference to the accompanying drawings. 24

11. A panel according to claim 10, wherein the panel includes a web

portion, the two flanges extending from opposed ends of the web

portion in a direction angled to the plane of the web portion.

12. A panel according to claim 11, wherein the web portion includes a
corrugation such that the panel has a generally W-shaped cross-

section.

13. A panel in accordance with any one of claims 9 to 12, wherein the

connectors are formed integrally with the panel.

14. A panel substantially as hereinbefore described with reference to the

accompanying drawings.
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