A PAVEMENT JO NT FI ELD OF THE | NVENTI ON The present
invention relates generally to the construction of
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pavenments. The invention has particular application to
pavenents that are susceptible to differenti al
movenent by out -of -plane action such as for exanple
by tree root invasion, pObageMeNGOFORREt, and which
usual ly bear traffic that can accept sonme irregularity
in the pavenent surface and the invention is herein
desenn berl THE thatEnorgext . BACKGROUND OF THE
I'NVENTT ON Pavenents are used to facilitate the passage
of wheel ed or pedestrian traffic along or over roads,
f oot patTe (msierare] kigjverpgl iayynmiedss geheeddy usedHeor
5%6H§¥Ehé¥ %? -ﬁk %ﬁﬁlég)fgiﬂtlﬁﬁngyétems for use
houl ative

pavenent y snooth and Tl at. For
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Sahst 2ed d Bdn |t§5‘£1$ahﬁamé%ﬂ§1 NSty Hctd e dpd M1 el ween

wev in sone forns venent s bef r med
f$b’£%‘?:r’? LTS e T o R @s for
sem;alse d@nwme rast it dn omotdmerl rmchednerat ,erarad which
S t & R : -
SR PR AR A T on RO ot PR e d Bty in
p@msmatharﬂunp%@@%tam@nt%mm%tmhl%nshereln described
wheelghai sSntsStg ol l ers and bicycles. OQther categories
of light duty pavenent include cycle ways, donestic
driveways, playgrounds and the |ike. These pavenents
oERMEKEROYNDlCONOrHMEeRWENTheN as smooth or flat as those
used to carry heavy or high speed traffic. A pavenent
IS subject to both direct and indirect actions. Direct
act i onsPaverherntss tawdf fused dealstagid fteatce s e rpadsagd rafm
SPhde foor}g@a @@r{@e{%@ﬁﬁ@@lé 0§eof0&&ér'fb$<§‘§

case o ,_cycle ways and_domestic
footpaths (51dewalks), playgrounds, and areas used for

storage or parking. To do its job well, such a pavement
should be relatively smooth and flat. For reasons of
economy, such pavements are often cast in substantial
lengths, with construction joints between them. However,
in some forms, pavements may be formed from preformed
slabs made from a settable material, such as concrete, or

formed from other rigid material such as steel or wood.

" Footpaths are pavements that carry relatively light, low

speed traffic such as pedestrians and pedestrian vehicles
such as wheelchairs, strollers and bicycles. Other
categories of light duty pavement include cycle ways,
domestic driveways, playgrounds and the like. These
pavements generally do not need to be as smooth or flat as

those used to carry heavy or high speed traffic.

A pavement is subject to both direct and indirect
actions. Direct actions include traffic loads and forces

deriving from soil or foundation movement, and tree roots.



driveways for exanple, which are frequently built
al ongside trees, uplifting actions caused by tree
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be seen as out-of -plane, relative to that of the
pavenment. |ndirect actions an ude drying (noisture)
and tenperature change. Wen a pavenent is nade from
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contra%tlon joints at _relatively close intervals
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t h t pat h,
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mm _Provision for the expansi on o? concre
wﬁ?éﬁ15?e°§uBPEEPéamﬁéeéﬁl8r4h@ﬁtﬂﬁga sieh a§00 mm long

subjected to a temperature change of 20 deg C. If
contraction is restrained, it may lead to cracking of the
concrete. If expansion is restrained it may lead to any
or all of spalling and crushing of the concrete and
buckling and warping of the pavement.

Commonly, provision for contraction of concrete
pavements is made by incorporating contraction joints at
relatively close intervals effectively dividing the
pavement into a series of contiguous slabs. 1In the case
of an un-reinforced concrete pavement such as a footpath,
for example, contraction joints are commonly spaced at
between 15 and 20 times the thickness of the pavement.
For a 75 mm thick pavement, this implies joints at 1000 to
1500 mm. Provision for the expansion of concrete
pavements, which are subjected to solar heating, such as
roads and footpaths, is made by incorporating expansion

joints, also known as isolation joints, at relatively wide



roads and footpaths, is nmade by incorporating
expansi on joints, also known as isolation joints, at
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external pavenents commonly take the formof a series
of contiguous slabs, both sepgrated and |inked by a
conbi nation of contraction and expansion joints. For
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of the footpath at

Localised direct actions such as uplifting caused by
tree roots or soil heave cause flexural stresses in the
pavement. In the case of un-reinforced concrete footpaths
for example, which have relatively closely spaced
contraction joints, the uplifting action of a tree root
will typically lead to the opening or creation of a crack
emanating from the top surface of the footpath at a
contraction joint adjacent to the point of uplifting.
However, the cracking of this construction joint only
reduces the flexural strength of a slab significantly in
one direction and the aforementioned lifting may lead to
the sudden, uncontrolled fracture of the footpath at
distances from the point of lifting corresponding to the
flexural strength of the concrete. Further, if a crack is
relatively wide, a lifted slab may not engage its

neighbour with the result that a vertical discontinuity or



di stances fromthe point of lifting corresponding to
the flexural strength of the concrete. Further, if a

wee@skiides rel atively wide, a lifted slab may netT/angmgeo7i7

10

15

20

25

30

35

its neighbour with the result that a vertical
di scontinuity orstep will be greated in the pavenent.
In the case of footpaths this often | eads to steps of
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out 1nducing excessiVe conpressive stresses in the
concrete fromwhich the pavenent is nade, which could
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shear_ key and co-operating bearing sur

BUTlehtRd e HRRIgRAVePRN s heCik el e thaveitng exlilgne to
hit Fegies bt b apesat ty el IMen @ ffeasit e Hf specshadhs within
IS subjected to out-of -plane action with the shear

K ?Y%W%?%Trlng shear between the slabs, and the at

| east one hinge acconmodati ng angul ar di spl acenent of

t BPSoF eFdt | Mevtert joint axis in at |east one
1 one bearing surface relative
to the other. In the context of the specification, the

term " payeremtyst &l sleés tiha Prdrmt %q{xjé%cﬁ?&ﬁ%\ﬁdé/s a
of a public area_or thorqughfare that wil] bear
tPaNgent joint disposed between two contiguous pavement

slabs, the joint being elongate and extending along a
joint axis and incorporating a shear key and co-operating
bearing surfaces that form at least one hinge, the shear
key and the at least one hinge being operative when at
least one of the slabs is subjected to out-of-plane action
with the shear key transferring shear between the slabs,
and the at least one hinge accommodating angular
displacement of the slabs relative to the joint axis in at
least one direction by movement of one bearing surface

relative to the other.

In the context of the specification, the term
“pavement” relates to any hard surface especially of a
public area or thoroughfare that will bear travel.
Further, the pavement slabs may be formed from any
suitable material and may be formed as precast units or
cast in-situ. Examples of pavement slabs include,

concrete slabs, hard and rigid materials like concrete,
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Furt her, the pavenent slabs may be forned from any
suitable material and may be forned as precast units

WwW@r00sAst30$ n- situ. Exanpl es of pavenent sl abs PomAuc®s/000717

concrete slabs, hard and rigid materials |ike
concrete,slabs forned fromtigber, or netal, such as
expanded netal nmesh, or from any conbi nati on of those

et 54 o Srmddd BSOS WMdh e il NRIMH oy dsifaddRiditnetal
provi des | oad transfer mechanism'that inhibits
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pavenent may articulate to relieve stress induced by

t he out-of -plane action. The inventors have found that
t he magm tgﬂiﬁr@fl ,andgtilsar] cdids plraceyfent rrtehﬂiazﬁmdfist ®resrided

av t th t, are _su to
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pavenents such as roads. For exanple, a tree root may

I543ANSHRE end it 3 fleRFatthes s wnmnﬂrtoaﬂmﬁn e of
| dgdn@soddtiiman akk0ER |dinp1dddnert relative to the joint

axis so as to provide a mechanism whereby the pavement may
articulate to relieve stress induced by the out-of-plane

action.

The inventors have found that the ﬁagnitude of
angular displacement that needs to be accommodated in
pavements that are subjected to localised actions from
tree roots and the like and which are comprised of
relatively short slabs, is an order of magnitude greater
than that required in other pavements such as roads. For
example, a tree root may lift one end of a footpath slab
by 25mm to 50mm which implies, for a 1500mm long slab, a
rotation of 1° to 2°. This level of rotation may be
accommodated by the joint according to the present
invention through the at least one hinge whereas such
rotation could not be accommodated by a conventional

contraction joint. However, it is to be appreciated that



rotation of 1 to 2. This level of rotation may be
accommodated by the joint according to the present
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rotation could not be accommobdated by a conventi onal
contraction joint. However, _.it LS to be appreciated
thatthe out-of -plane action nmay result from other

t g é@e%fllﬁléz@@a&é@f&n&ﬁéyoﬁesfpi ﬁ@ﬁ%@uef hé1$an

act i rom round_subsi de or. even from
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f t ngﬁge ective edge
S%F: a‘%ésg‘% g%s %gle%ﬁ atargér%ﬁn(ge%ee%? t he edges
are profiled to form by the interengagenent, the

shear kgy @ghtdeo@tart eé%ocpﬁ?eﬁﬂ Naghe {0 dBf Be (Hrmed
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e

f S TTRIRREETR %c%ll?f? MR e §ddesyurfaces of
f oieres alvs t hel ot tHest &dgﬁarsgﬁérﬁaﬁ:te Stthé hedgesd efife I;SI;@ﬂJilEEd to
t t ng erred across t conne tion., In on or
Sty Sal bR ST e R e
clm@ﬁgms Bings. In the arrangenent where the joint
is formed at | east substantially fromthe profile of
the ed surfaces of those slabs, the nmechani sm used

in the PEhaliRe FRRATKIN sh REmeiriedey taeerleaSt
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u C h
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sketveqn | the rcetel gues nplakesit end over that edge
surface to formthe bearing surface. The advant age of
may he to inprove the surface

usi ng such a cover
pr oper tib<Ehs ﬁ%rﬁgﬁ% whgFeddie goiny idifomed at least

substantially from the profile of the edge surfaces of

those slabs, the mechanism used in the hinge to enable
angular displacement may take various forms. In one
embodiment, each slab may have a bearing surface along its
edge surface with the interengagement of those bearing

surfaces providing a hinge of the joint.

The bearing surface may be formed from an exposed
edge surface of the slabs. Altefnatively a covering such
as a metal or polymeric skin, film or the like may extend
over that edge surface to form the bearing surface. The
advantage of using such a covering may be to improve the
surface properties of the bearing surface, or to increase
the joint strength or to facilitate manufacture of the
joint.
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the joint strength or to facilitate manufacture of the
joint .In one form one bearing surface may be able to

wa@bkéodai1sg hi n anot her bearing surface so that pOEADRING®O00717

action is by sliding rotation. In another form the
ends of the slab may have a_cross section akin to that
of gear teeth, so as to enable shear to be transferred

in the ranhies Pdrgeadnd asddrimNbuitadd Ay bd&ble to slide
avgcohmmdate i n_.the manner. of "a gear whee]

by rolljng, :
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hoy | gbhdahg pratresion. initially lengthens in plan. This
nmeans that when a slab is lifted close to one end and
lifts its adjacent slab, the joint between the sl abs

opens ak? t3RCERRY dfrred oses endg Mt ydie omatamiy Have a

| @t P s bed verhn tei 5| @hscidd dheddaPonsddd t esh add ac®Ndnable
sl ab cl oseIPat t he and, open at the bottom

op
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Mot antgi dwor t & Ao sddyorhiyoddnedd BwnedlIimg, ath agtetmanner of a
S%égf'w - uch, because of this |engthening effect
conpr essive stresses may be induced in both the lifted
and the nonlifted slabs unless there is sonme facility

to accofpmdal es1dl ¢ el hening Sindds lx&?&fté’g,niégrfif%m a

its affect. Typically, the result of this |engtherning

i}éo‘fh%\?n%ajpi?%‘ﬁ%g B et il wckenoH R el (P apthis

afiedheyrlede gl arsyasli 59| Breted Tl sSseff e dndtandaand
certain, cjrc

fset by shrinkage i nst ances where .t he
ALEE e PR AR TSl O G RS Sl i opens
| @t ot e rt op randst boses , att hehe Gooit t dret veeedh e jdialts between
S C ﬁmgrg@{ £hat e e 0
Fﬁgges%%%o%?un ue Igtr?(;e}g_si occu?r%ar#;&aﬁq{ hééf?%icn]w%ﬂac the
WeRP BRARRER At Urke Fotomeast one or nore of the

slabs. In the arrangenent as descri bed above where the

sl abs . . .
Typically in use, the lifted slabs are prevented from

moving horizontally by their non-lifted adjacent slabs.
As such, because of this lengthening effect compressive
stresses may be induced in both the lifted and the non-
lifted slabs unless there is some facility to accommodate
this lengthening or at least minimising its affect.
Typically, the result of this lengthening is that a
pinching effect may occur between the slabs as they are
angularly displaced. This effect may be offset by
shrinkage in certain circumstances where the slabs are
formed from concrete or similar material. In other
circumstances, the joint between the slabs needs to
accommodate the lengthening effect so that there is not
undue stress occurring at the joint which would cause

failure of at least one or more of the slabs.

In the arrangement as described above where the slabs
may be akin to gear wheels, if the radii of the slab ends

are established to equal the distance from the contacting
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may be akin to gear wheels, if the radii of the slab
ends are established to equal the distance fromthe

wa@onsacdhgsurf ace to the ful crum about whi ch p¢EABR@BM00717

rotate, the pinching effect described above is
obviated. In one form the jLognt may include at | east
two hinges, wth one hinge allow ng angul ar
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as to | ow adequate cl earance or t 0 Fot ate
t FPORRFE Bl DY R R NP Bl | ST EReSS atélwerﬁhde one within
(typisehhdy. | ess than 5 and nore typically | ess than
3) . However depending on the thickness of the slab,
the gap required nmay be excessive and nmay in fact
cause alrt romppi nyrmazare joirttheirppaMeientonl Asa Kiiafyld tinge
n% déogfif% % J@ﬁrgr odd] t%f!f'éjen&tcrorﬁ)r e}?:tc’sl blf the
| spose etween the contiguous sTabs and”
aﬂc%&?@ed When ckoripeiat i tHea t g Helromg Wie tm@um

Mtﬁé&@lﬁé‘g&f arhd&li SPARS it - oécﬂn?s Qﬂfir&%‘lﬁgtatloﬂn needs

avenent sl abs may be pre- Torned

di nent
TR o i S o, e TR S Trbrke (A dsttpdated
d&ytheccsfmwm@rsm@f1crtsetraﬂl>atsmecorgéwaﬁﬂiun the joint

at the outer margins of the slab so as to allow adequate
clearance for the slab to rotate through a predetermined
angular displacement (typically less than 5° and more
typically less than 3°). However depending on the
thickness of the slab, the gap required may be excessive
and may in fact cause a tripping hazard to the pavement.
As such, in another form, the joint may include a
compressible member disposed between the contiguous slabs
and arranged to accommodate the lengthening of the slabs
under the angular displacement.

In a particular embodiment, the pavement slabs may be
pre-formed and the compressibie members may be fixed to
one or both of the slabs prior to installation or located
within the joint on interconnection of the respective

slabs.
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within the joint on interconnection of the respective
slabs .1n a particular enbodi nent, the pavenent joint

WO pwenponat es a joint nmenber. In one form whePer/Alizn05/000717

conti guous sl abs are cast insitu, this joint nmenber
may act as formmork for both ¢f_the pavenent slabs. In
one form the joint nenber may be forned froma sheet

nat eri aln SUParas shest e%tb%%i R i feREGRSIAALTBY int

i.ncl ude other elenments ch as the one or nore
%d thereon. The joint menber
inthis formmy be fixed to one of the sI abs so t hat

the j oi [ f d thre

surfaceﬂ{)fJHteﬂg%JIlg?ntﬂr?e é:h% g&tqhgn sb‘_"tre cast in-
vHiteh ttHts jstint meawear mmcmte@wecforlmwoome ficor mottthef
sheapdimdft tdiayLl ntrd %rfg R AR dhe | 'ngtewl?&ay be

of the contl guous slabs with the joint rrerrber
pearmed)| %@ﬂ%tmaqwq%.%cméhq%mla@ if
emmeegaeryi ais8f alndilatdd @thdhadl emdriyd dudio afsEPdlﬁCtdriée or

stoloctethe oi nti menh
T it i, e Ul S diid Hitar T b
tmemtszrerlrred:kacs dsunt ey drt ifgueads tsd alree tdfr auggh sdaibgd so
gﬁqﬁqpcr f ]_%Q%;
Iatera pcortions |se8pgsf| et(%ttlﬂco pora aaerﬁegftc&{ftéa
sebrfiane «f e Jqint mesnlzﬂrr agerdn other alaedst wreh

| e o RR tribd OB RadeMed.he hinge that operates

by sliding rotation with the arcuate surface formng a
bearing surface of that hinge . In a particular

enbodi Mentonet ey themetear kegl wdeshe g@rleltaricé tpl:-tevided

I t f _
19, SRR G AT 15 B s
aeed matlal @ mtwlrart mrréxahnmgem;rlne Jmeltl ateabsr

plq{édﬁfbﬁt%se@ﬁpdéht& A HAP pticHs 1 tOtdilend into
égégé%tlve ones of the slabs so as to locate the jointing
member within the slab sufficiently to enable shear to be
transferred across the contiguous slabs through said

jointing member.

In one form, at least one of the lateral portions is
profiled to incorporate an arcuate bearing surface. 1In
this arrangement, the at least one lateral portion forms
part of the hinge that operates by sliding rotation with
the arcuate surface forming a bearing surface of that
hinge.

In a particular embodiment, the joint member includes
a core and the lateral portions extend outwardly from the
core and are spaced apart about the joint axis through
approximately 180°. With this arrangement, one lateral
portion projects into one slab, whilst the other lateral
portion projects into the other slab.
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portion projects into the other slab.In one
arrangenent, the joint nenber also includes at |east

woowsapaeer that projects fromthe core. The apCT/au3t05/000717

one spacer |ocates between the contiguous slabs and is
angul arly spaced about the jaigt- axis fromthe | ateral
portions. In a particular enbodi nent, the joint nenber

I ncl udem towe Wﬁ@eﬁﬁ@h tﬁt@ Forigd aﬁetm?épiecs%gb al@efludes at
a t Xl .S I ou OXl e . n a
ottt it MR PR ER RIS oy itk
skeasatondhespperer boextendogewesal tye | gort Huect i skabs and
W Chndig1 SHDSt a8 | MbHGE Pamgli aH ¢ 401 4 gﬁt'#rg:a{i%lelateral

portions. However, It Is to be appreciate
RPFEHeR%ti on of the joint member may vary so that the
spacers are not at right-angles to the |ateral

ortions. The spacers of the joint mber. may b ,
!Oncor pgﬁlét%op&l%&a%@o&?ﬁoed%}f%ﬁ f%er fEtt o) UMY %&%iwludes
ofwo hepatet s ashicneasd adngunl ang | swackd pdpeeatiowd the
the: : j . l.n this
Lh S TEE S oY ot GRBla OB VS R anere e
t Teempr essle®l 1@int Memker sb¥rec@xiigurad so that the
agsoraPsiat e di Sgdre Tepi 119 £fdecdet 1dh avl it hed

R A A L P R AT 1 T S0 (RO s

(o t 2.
IIEbWéﬂfsr,ariiartmnﬂa:ﬁltbeté@ié&ﬁté@rﬂﬁtditl’lﬁé L&tﬁ@d fidgWration of
S ers. je fromthe core .and extend to a
TORCI SR ey Gy A | DE GPLe B SHEG B nqr ac

t hightaranmirseie , theel apeosl pomyidies suf ficiently

conpressi ble so as to provide an expansion joint for

t he pavenent to accommodate |in-pl ane expansion of the

sl abs. TMe SRAFSTRURE i gFoife RekaT Matbdre ingprerated
Clod EacdAtd @At POiHié CBEedill &0 SRAGISidRYE the at least

i ncorppr.ate a hinge acti t hat operat.es through an
PP e B TR AT P o i TG TRaY i at
be¢awe roree deiargang sin fdtes ofay | ithe spacers may be made
from a material which is able to be compressed to at least

some extent to accommodate this lengthening effect.

In a further form, the joint member may be arranged
so that it completely separates and links the contiguous
slabs. In this arrangement, the joint member includes two
spacers that project from the core and extend to a
respective one of the outer surfaces of the slabs. 1In
this arrangement, the spacers may be sufficiently
compressible so as to provide an expansion joint for the

pavement to accommodate in-plane expansion of the slabs.

The configuration of the joint member with the core,
lateral portions, and two spacers may incorporate a hinge
action that operates through an arrangement where there is

sliding or rolling rotation between a bearing surface of
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the joint menber and a correspondi ng bearing surface
formed on the edge of abutting slab. In a particular

wenwsdisenit of the above form of joint nmenber, PCrav2005/000717

joint nmenber is formed with a plurality of bearing
surfaces, each of which coapgrate with a correspondi ng
bearing surface on its opposing slab so as to forma

nim:r dint Gleddigasmadd f&&ﬁé@&ﬂm@rﬁeaﬁﬂg sUFERRE

fg%t%ﬁfﬁt | eqst ope faée of the Jgglag"é menber 1 ncl udes
H:géer Eiﬁ;gestﬂ SRV E T aring surfaces

extending froma distal end of the lateral portion of

the joify w A8 4 %1 et me\é}echesettb e 804 o 'ftofrm of joint

spacers. In-a partlc earing s aces
arenkeinc dihe ]Cw-rttneneﬂmeﬂ ishefquuiad widither plndtalddy of

Rldr 0fg Hgesf, therrkoy euldde éHb;?@&h:éwaﬂttl’?tahe

opposi te faces. Therefore in this arrangenent
| SITHETRAMEINT REATARBE TG U)L ORRRRE Mg 1P so as

s fanas easihuefl Wik JF atihgs twidthith @ LHfenddit joint.
joint. In a particular enbodi nent, the joint nenber is

el ongate having a constant cross-section. In a

parti culmarorfeorfmrat,helj disststmemizerface fodr e ijoint member

ﬁ%ld&wscv&c?{}%ﬂ’%%otk}’eodﬁarl%ysxﬁyf LX IR OR, QG

In one form Int me or'me roma ri

porsiAtes eEredidg S adipral ok oforthe H@g:haral

heoenass oribhes Jdlnqtanneameqrrw Iavefeeégmlwtdlgﬂzaq end of

j.qi nt_nmenber from netal su as. al um ni um made of
T A oms (Pt A SIS Y TR, Surfaces

poteymesnaavet erial . In a further aspect, the
invention relates to a joint nenber for a pavenent
joint, the joint nmenber having a joint axis and being
arr anger1 tBih & Wimspddied Jisemve errodinl dususidssy @mpati s of

A8l s e 41 LIRS oL U Td RIS OPRAS Idghddis @ds .
second_faces that in use oppose
Therefore in this arrangement, the joint member

incorporates four (4) concave bearing surfaces each of

which are part of a hinge of the joint.

In a particular embodiment, the joint member is
elongate having a constant cross-section. In a particular
form, the joint member is formed in continuous lengths

typically by an extrusion process.

In one form, the joint member is formed from a
rigid polymeric material, such as PVC, HDPE, or a high
hardness rubber. 1In an alternative embodiment, the joint
member from metal such as aluminium or made of composite
construction, such as a steel reinforced polymeric

material.

In a further aspect, the invention relates to a joint
member for a pavement joint, the joint member having a

joint axis and being arranged to be disposed between
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respective ones of the edge surfaces of the slab, the
first face incorporating a |lateral portion that

w@empactsss out wardly fromthe face and i s arranperAUZ005/000717

i nter-engage with an edge surface of its opposing
slabs so as to enable shear- tj@ he transferred from
that slab to the joint nenber, and at | east one

besid gh s f a}faa;énta{t engages Wehh ajbeati Ngembf a(‘c%r?érlslng
|ts opposi ng, sl.ab and wher ei t?e |nter enga msnt
%&gteearl b Sur £ 2R E?SQ?aes Bfi&Sof thEY oppose

hrem;&cﬂfntmeqn@sntofortlm:cenlgedasungaaegul@ﬁ’ the slab, the

t | i .
emecsteg! et slaly f Sphis il BB IS Lk rosects
tt Wbt faem dihe facer purdt é§ @anranged por tirgrer-engage

t¢EHhFH@J@@§§ tupmytbabrf acs éﬁﬂob§n§bg§a5% so. as to enable
ter-engage with an edge surface of 7its oagsmgsa

SR t FenAf e tERBSL ST £raMst ERREd BeeRectet Hdte Joint

Sheaibeand aﬂite EYll EJéaﬁ’eﬁbﬁé bkArong fsQIrlflacléOtdhatth%rfga@@s with
and secon f ace I ncorpor ate two heari

ft sPESEA" I FEEPRCT i & obpds PE S EES %?aghéaqgt ghgrein the
porténrRnghepused oh thasefheerlngesbgéacag puofrdcdes one of
%ngeééﬁagasdhmg% WIS L Dol pepect! e e di}ing angular
surfaces o e surface e opposing s bS

fSrFRFRFI Rl 'alrletﬁlsa%u relathvgetoather tRdnt axis in at

asgest  ondad reserdn i nventi on provi des a net hod of
inhibiting differential out-of -plane novenent of

contiguous slabs in a pavenent under an outof- plane
acti on Jappli edatrbiatlaeasgmomdindnt he tdleabsebypnd face also

. ) th
{SOLISEALINY, BRUTIERLa0 AL S AR TR LGIM0n e
dianry anflodmt abdies t'achdlnéeﬁgeagpabl aigh tamneflger sngface of

shedropsdyery thgpskabsand, accosT@dahlblyg 8BIWeAlt ransferred
Cl?‘? Iacemsnt of the slabs relative to the joint axis

eqTp Aol P r ¥R i | ACYRE Befbether I8spEEt fomfe both
itheent fdnst el ahds ts@ddnd faces incorporate two bearing

surfaces disposed on resgspective opposite sides of the
lateral portions disposed on that face, the bearing
surfaces being arranged to engage with respective bearing
surfaces of the edge surfaces of the opposing slabs to
form four hinges of the joint.

In yet a further aspect, the present invention
provides a method of inhibiting differential out-of-plane
movement of contiguous slabs in a pavement under an out-
of-plane action applied to at least one of the slabs by
incorporating pavement joints Dbetween the contiguous
slabs, the joints being elongate and each extending along
a Jjoint axis and being capable of transferring shear
between the slabs and accommodating angular displacement
of the slabs relative to the joint axis in at least one

direction.
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pavenment slab that incorporates at |east one profiled

end surfaces which in use forma part of a joint with
w@2mentidggious pavenent slab to all ow shear to BPEI/AU2005/000717

transferred across the joint and angul ar di spl acenent

of the slabs is accommpdated.j4d n one form a joint

menber is di sposed between the slabs. BRI EF

DESCR'HﬁlcyE@FaTHEﬂ@ﬁ@Nrggiéét'StﬁgnYEGEHEEOBOrelates to a
her ei nafter descgﬁbe enbodi nent s of pr esent

i PRETT SN PR Fopér mqp&%sa&fonﬁ%ﬁﬁn@ner &fiofgd.ed end
| $urBades bevtapyr ed¢nat edet hidri ha ppaktcubfrid y jefinthewith a

ated,descr oes naot
super@d%@h%gogﬂéglél i ?gbof%théeﬁpé ecefgeﬁﬁ fPokg transterred
RSEP$ Pt toa pmheaml/emgxdrarldammbamrawmgef tEeg.slhbs is
| ScomfsEPasd i ve ¥hewrf aoiai nty megbge &l NYst Qfsposed
first embodinent; Fig. 2 is a scherratlc el evation view
SLWeRR dritfit Wﬂg joints incorporating the joint
menber of Fig. 1; Fig. 3 is the pavenent of Fig. 2

SHEERE DAL Bl ol X e MR %01 2 comneet fon

[«
QS0TTCTTaAT T U VT CVV

detail of the joint nmenmber of Fig. 1; Fig. 5is a

variatiqn of t4e.d rgjf rE?t{ﬁ%%!rél_ifn (])t} S’._A:f‘l%el rljnq_ocﬁments

further variation ejOI nt
of sthe M$%I1WYWWHW p‘%ﬁ@@@ﬂ?%lm tﬂ@ﬁ use in

tér@c FRYARINg drdthgs 2 16 s t§3'1§e aagsmdééia&ded/e&%torthe
anS|onJ|nt of FI% 'Flg 5"

s%%’ﬁb% X &% P i T (PR lf‘?ﬂafﬁe description

i does pmtatsmpge:ase;dn Nthecpateitalyi 6w Gf Seeo sk erddihidtoad

R for At i6h B e LY@t T on view of ‘a paverent

-

In the drawings:

Fig. 1 is a perspective view of a joint member
according to a first embodiment;

Fig. 2 is a schematic elevation view of a pavement
having joints incorporating the joint member of Fig. 1;

Fig. 3 is the pavement of Fig. 2 when subjected to an
out-of-plane action;

Fig. 4 is a schematic view to an enlarged scale of a
connection detail of the joint member of Fig. 1;

Fig. 5 is a variation of the joint member of Fig. 1;

Fig. 6 is a further variation of the joint member of
Fig. 1;

Fig. 7 is a sectional view of an expansion joint for
use in the pavement of Fig. 2;

Fig. 8 is a modified version of the expansion joint
of Fig. 7;

Fig. 9 is a sectional elevation view of a pavement
joint incorporating a joint according to a second

embodiment ;
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joint according to a further enbodinent; Fig. 11 is a
variation of the joint of Fig. 10; Fig. 12 is an

waehenaie el evation view of a pavenent joi nt BCDAUZONG00717

to a further enbodinent; Fig. 13 is a variation of the
pavenent joint of Fig. 12 ;_ay Fig. 14 is a schematic
pl an view of a pavement testing rig; and DETAI LED

DESCRI RT{N Fo Gis la | dd disidid BSe Bed el doi e eBSDS 2Rement
arranged to be used |n pavenentmljﬁ%%gs 101, 102 (see

FHY2 FRTPEII 9 2 Fether By al | ows shear
to be tRiamsferrisl 4 hsramgettidsre ghittes jlcﬂﬂnt R iyt heo;

i spl acogn o4 Hh LRRETD U S A View of 2 pavement
afRl AR CCarRing it aefivethen ¢meedimenttes a core 21,
| at er al RO tiDNSs 22 Ak 23 i o i el e varLl Yo f T i .

the core and which are angul arly spaced apart "about
'a%l‘g CA by about 180 so as to extend on opposite
SI des dfid hercaire.a Tdehdmtic @;ﬁ}erviaiﬁs%ﬂ' rgplpg_pl}ﬁgnent
S 24. and that project fromthe core. ese
stg%%g{r@gzﬁ Shd are al so spaced apart approxi nately
t hrough 180 about the core and al so generally are at
el 12 | SSsdr s oy at eral portions 22, 23 again
rving the jornt menber 20 a cross- sectl on that is
somewhat akin to a crucifix. The joint nmenber 10 is

el ongat g and imwiétyeé o ﬂ’ﬁﬂe fj&iﬁ@ﬂn@egsélusz?rhrrta%gned to
rocess oi nt_ menpber id constructi
1Y oJr‘?TE%A‘f‘?“b‘?ﬂ% %‘iﬁ’ﬁﬁ)l ]n‘at]e% a?ses%cl'ﬁl%s Pwad |Eig-
a31|)d4 tiTre jointheneberst2@tald dws nghddre @ity tEimsferred
t |Jtates

extr L;on an?ﬁv%ra! Cﬁﬂ ye(?%a '}IQ? tgpebyaa%nojtlher%x%lraul%sl Spd to
|§C¢@E{%ﬁ¢q‘§%ﬁ vilngikae c}neﬁpﬂtaqmm dfeitthpsmdel dys @bout the
Cfo £ raisd SIeAM QeRSeAaZ.

The joint member 20 incorporates a core 21, lateral
portions 22 and 23 which extend outwardly from the core
and which are angularly spaced apart about the axis CA by
about 180° so as to extend on opposite sides of the core.
The joint member also includes spacers 24 and 25 that
project from the core. These spacers 24 and 25 are also
spaced apart approximately through 180° about the core and
also generally are at right angles to the lateral portions
22, 23 again giving the joint member 20 a cross-section

that is somewhat akin to a crucifix.

The joint member 10 is elongate and typically formed
from an extrusion process. The joint member 20 is of
rigid construction and is formed from a suitable material
such as PVC. 1In addition, in the illustrated form, the
joint member includes a central cavity 26 which

facilitates extrusion and which may be filled by another
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Because of its rigid construction, the joint nmenber is
not able to accommodat e angul ar di spl acenent of the

wababgiawout the joint axis CA by flexing or PCI/AU2005/000717

def ormation of the joint nenber which would otherw se
enable the | ateral portions 3% and 23 to be angularly
di spl aced relative to one another. 'In contrast, in

| &k tiudRIer £ 20 Se gt RIe 1l SR A0 MIML S being made by
acconmpdat edqt?rg rel ati ve novenent of the pavenent

S §H58 FHOHS YL §1RRSSrenber. To al l ow this novenent,

the joint nmenber 20 incorporates a plurality of

bear i C 27, 28.. 29 T f. the bearin

surf a%é%%@z ajftes dﬁa %lo%ecd&{oggt %%cetlf%@quie oijJtrﬁ:e member

j B mothenvks X0 agwgeedate andiekan whi s@denesurdfadds

29 208l A el sposad H0 4 he Q@P‘Fl!é}?ir{ga“tf?r Hefrddtéion of

joint, menber. Furthernore, the Bearing surfaces are
arientRIP s ITIRRT IR Wil G Ridiedwsie enalieghe lateral
oo of eSS gzzze aii&%;i&\% q::]e @p@h_ sl d:€ widieplafcdderdditahd to
portion an . th this arrangenent, the hearin

sUuts 4 neoztkb?r'ongh} TP G rlﬁhgjecﬂlrfq% rﬁ‘ef??ﬁrergoa 2] t‘aﬁ%ulalr
cbr sEspmankmy e are agnnsai S taak soyd i rspleseidreo mdvemneatdgeof the

BUI AR O 1% AN S| AR TS diESPect | ve

i'nt er-engagi ng surfaces each provide a hinge (37, 38,
39, 40), in the pavenent joint 101 and 102. As best

i |l ustratedh o tiis roverddifs | @SRECId MR RRAHY 20
surfaces extend substanti al froma distal end 33, 34
P PR et 13 YT ey %quwng’ur RGeS £7, 28, 29

raspent i vervmeobitHdeoetisig) andadhy 86 ofs tdie disposed
SHRCHS Abandh 5k Rl ISP R 8ACT, Plptde Deqning, e
surfaces are arcuate el’'ng concave) . i particul ar,
t4e0 earing stkffaees &% arhpd axe t(diapases] aut itdre of

tdspdespectdve Jy rtfgfststhr(ee? joitfh mbdl) TRIEBLEMore, the

i.nter - engagenent o gearl ng surfaces wth
RFFESEORHTP IR iRy BHINAS It Qv éfghtong digse.
itshee wdasinding foied o dilgosdd lohedigsisseGides of
HB{ee ldaetteari‘altl bp%rqc\’\{ovgst I'bﬁ’ eafneJ %C.e Fv}lq:sh t%liasndarrangement,
the bearing surfaces of one face are arranged to inter-
engage with corresponding bearing surfaces disposed on the
edge surface of its opposing slab. These respective
inter-engaging surfaces each provide a hinge (37, 38, 39,
40), in the pavement joint 101 and 102.

As best illustrated in Fig. 1, the respective bearing
surfaces extend substantially from a distal end 33, 34 of
the respective lateral portions 22, 23 to a respective one
of the distal ends 35, 36 of the spacers 24 and 25.
Furthermore, each of the bearing surfaces are arcuate
(being concave). In particular, the arcuate surfaces are
shaped so that the action of the respective hinges (37,
38, 39, 40) formed by inter-engagement of the bearing
surfaces with corresponding bearing surfaces in the

pavement slabs is one of sliding rotation. This will be
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3. Fig. 2illustrates a concrete pavenent 100 forned
fromcontiguous slabs 103, 104, 105 and havi ng

w@2a0ements j oi nts 101, 102. The pavenent | oi nt SPADAUA08000717

102 incorporate joint nmenbers 20. For conveni ence,
reference to these joint nenbgys are given the

superscript 1, or 2, with the features of those

| @l stusBadels gbyerasia i %emﬁIMI%@eréﬁbé he€igs. 2 and
illustrated form the pavenent 100 is formed by

chsti ng of the slabs 103 / 104 and 105 across the

j oi nt msrrbers 201, 202 . In thls vvay the joint

menber sp hot by | sI bs 10 04

105. Spe Tlrbc me atsﬁé)a%fga eft ?E Z]:%Tri

2ot r eortmaeles $1nt®8 t 1@3 edyet .sulrﬁ%lo@@fhar\esr@cpa\xmnent

&ise 4081 10do and ot
?42 and 252" separ at%@ét%\}il a%shfi%s 104 anﬁojéoszvlvlth
1 HRC QIR &€ ol P BRI PRIMPRFS WD 1 e R t GV NG fRRfarence

1ti|<5) tHéée of oitte rﬁ)@m@é‘@éﬂaﬁ@%lﬁﬁ tﬂllé Usipet it A g.0r 2,
surfaces and 109 of the

n
s‘ria%% @b% £]'@1 2SR ‘1%50%9%‘3 cla%%n FHETR Hieklar
aﬂessi'@ddtal:@ss:%ll , 321 and 312 , 322 and as a result,
each of those end surfaces are forned with arcuate

" bearing surfaces 112, 113 which correspond to

r espect? vidhonbklugtraedekermg Bhe fRavenart D) 9 fowned
Iy oEadteng %ﬂttm@mb@moi her heaind o e3ir{ acsiss ce‘hé heoint

.are des ne to be snoothly curved and
|rﬁer{’}?1%r?g%b ?ﬁ) cuP{}et § ‘é{a¥on§¥1‘3n¥°?ﬁﬁl%@“‘Q%rﬁsb?l%h link
f amdn serbaraee whie hs Iydes at &5, 04|t g 5 ot adpean Hf cd ey,
'Eﬁ@ﬁﬁ@&aﬁ %Jflér?é:%l Thi 33 sygf a%qorofl I e alﬁilgg into

good ‘even re ve |'0ad distribution &cross tl
hi ey eedae s cf@rcvﬁ rerperHaipee flabbe Wedr i Yt sand doss

Ophile: j Qhdtspades 16, Sueh t hat ahmfrgz' $e ag%%ré%et;h% slabs

radi us. The ose, of th| s changeof curvature enab
tH&3 ef ¥ Ut t3 Jp@? Mith the FPa¢rrs extending to the

respective slab surfaces 110, 111 of the pavement 100.

As illustrated in Fig. 2, the end surfaces 106, 107,
108 and 109 of the slabs 103, 104 and 105 are cast onto
respective ones of the faces 31%, 32! and 312, 322% and as a
result, each of those end surfaces are formed with arcuate
bearing surfaces 112, 113 which correspond to respective
ones of the bearing surfaces 27, 28, 29 and 30 of the
joint member 20.

The beariné surfaces of the joint member 20 are
designed to be smoothly curved and in one form, the curve
has a constant radius so as to form a hinge which operates
by sliding rotation of the inter-engaging surfaces. This
surface profile allows good even respective load
distribution across the hinges. 1In one form, the shape of
the bearing surfaces on the joint member is such that

there is a change in radius. The purpose of this change
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pi nching force is applied to one lifted slab to the
joint nmenber to be raised or |owered al ong that

waosaceos For exanpl e, the curvature of these BCI/AEZ®S/000717

may be other than circular such as elliptical and
change over the length. In one form there is a
gradual increase in the radius fromthe respective

b Stal-ends S aish 34 e tJPfé@éﬁF@'pcﬁq{ﬂ | ANSyieh ahe

towards the distal end of the spacers 24 and 25. In
RHTHNT & PR nbhtaBRL k&bt o1t% WiditediseR tnhdhe joint
imshbeac tt Adid arsi sdA rcﬁﬁtl@i‘éﬂ@&a]ld}@ uteat rafffifed oadsor

S R SRS BE S RS TRl ijler than
amid- alokess tduchdrad sy exlalyisptf iora lesearp | hyange chvear eche length.
Freqantd yduidieal ongsi de-ddiees. 1r’r’c[p:.1%a§é % %{é PHius

caused by tr'ee roots are Conmon.

oﬂélﬁ?%sts}i%gr%ﬁﬂﬁ%v%a#%@]s@?ﬁ%s3£@ncbf34 mfarréle lateral

rpdadiones tae f s tdwd s pavweEeiitall ndid et @6 icers 24
| nccsa dr yi ng (noi sture) and tenperature change. Wen

is made fromconcrete, these actions cause
bot h tenporary and pernmanent volunetric changes t hat

mani f e [ for ontr

Shri nkzl:ge gqav%é}%h én gguvseggg:l Slfo L@&decc%anr{-_ % dlrnect and
tindi zegis eactsiond or rﬁblfecﬁéraﬁi?ﬂéms clortnada |taraffrihe loads
eatri&%xcéeé hesei Aatd Oson sscmolstoﬁlﬂmﬁdé@ifgn ifbJdient, and

pl ane of the pavenment. For exa , .the unrestral ned
d‘rlgﬁ%gr%ﬁrﬁ% nkaTg}?e e cArs e § %ﬁﬁﬁﬂ VYGLG eYst gerd
Oiorﬁélitm i W) for ]e)&rﬁﬁmef Orwtei & aetre15ﬁl€éqﬁaﬂtsmg built

fO{ ctent of tftr ex anS|on of ce}:tels ‘

a nc'r)Tnoqg e ordert otflrigz tcfaau%e‘% doots
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contracti on I's restral ne It I ead% o Ccr acﬁq ng of
the concrete. |If expansi on is restral ned it may | ead

t0 any indirect actions include drying (moisture) and
temperature change. When a pavement is made from
concrete, these actions cause both temporary and permanent
volumetric changes that manifest in the form of expansion
and contraction. Shrinkage, which is caused by drying,
can be seen in this sense as a form of permanent
contraction. The effect of these actions is most
significant in the plane of the pavement. For example,
the unrestrained drying shrinkage of concrete is commonly
in the order of 800 micro strain or 1.2 mm for a slab 1500
mm long. The coefficient of thermal expansion of concrete
is commonly in the order of 12 micro strain per degree
Celsius or approximately 0.4 mm in a slab 1500 mm long
subjected to a temperature change of 20 deg C. 1If
contraction is restrained, it may lead to cracking of the
concrete. If expansion is restrained it may lead to any
or all of spalling and crushing of the concrete and
buckling and warping of the pavement.
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or all of spalling and crushing of the concrete and
buckl i ng and war pi ng of the pavenent. Conmonly,

w@e@gilsi3es for contraction of concrete pavemenPGI/ABE2005/000717

made by incorporating contraction joints at relatively
close intervals effectively digriding the pavenent into
a series of contiguous slabs. In the case of an

un-rei nforced concrete pavenent such as a footpath,
for exanple, contractjon joints are commonly spaced at
bet weer- FEAh 2PET el athef Ahi CRHESC tofon 1RE e
ﬁ&iv@n&’ﬁtﬂaﬁoé hhaodke %Oﬁmﬁrppéﬂtﬁ?@r&érﬁ:ﬁﬁﬁiém dBfts at
joints. at to rovi sion for €. expansi on
Gre RETTRRE PhAReHT <o Vi 2 1 o ST B T 1 2 e
heatement suthe o seatss anfl dodtimidiss slalbmde hry the case
: ti i o

S a GrhRRe e B ek ¥ & footpach,
coPTRIFMRL € 0 BB @l OTHIRIREE e fffal cCPEm@Mentspaced at

Ry 15ikend heo formedftie seii @endds cOMtd KRIGUSyement .
slabs,,?fth separated and |inked by a .conhi natj on of
C

SO rActT A St % RSB 0i 1t SHaMR I s dhPRhies
Ijousts aitedl 000 Rt@. 1200 rrhe jRronisidil, fandtHd etmdmBion of

t [ j.0i nt e venent . 100. wewver... .
RIS AT O i A 4% ARG 0 sd DA diaring,
amr_:h@s areacd| and ofmmmwmlaties outdefby pl o petd wimg
teh £t 9 Yo idEs, ro0do | YRS Ok Of s Pba SR ; ht:s SQuas

tolinhjibit differential vertical novenent O

sTedRE IVigkY ietdRint RSB bihi FPTERRL0Iht'ee & dthrRft e Thus
téb'_tl_ﬁeﬁ\_i‘,ati e EmdIess @mt@meota{ké ftlrtlééff.&h&ﬁl(‘cef t ddliesd of
. Turning to Fig. t he pavenent i s shgwn

R B, PR % cboh Tl B enh AR 1 e
actmipindr jorsush eontmgcobourandrexgand i@e jooits.

i nvasi on under slab 104. Followi ng the application of

the force P to the slab 104, the load in that slab is
t r ansf et i AP NRE st ldnsoRtead it Kigab 2108he joints

tI PUHNd heod espestiNe ¢OhtEsctdin joints for the pavement
100. However, unlike conventional contraction joints, the
joints 101 and 102 are able to accommodate out-of-plane
action, typically by tree root invasion or by soil heave
so as to inhibit differential vertical movement of the
slabs. The mechanism by which the joints accommodate this
action is best explained with reference to Fig. 3.

Turning to Fig. 3, the pavement 100 is shown
displaced after the application of an out-of-plane action
P, such as may occur through tree root invasion under slab
104.

Following the application of the force P to the slab
104, the load in that slab is transferred both to the slab
103 and to slab 105 through the respective joints 101,
102. In particular, in relation to joint 101, the slab
103 applies loading to the joint member 20 through the



102. In particular, in relation to joint 101, the slab
103 applies loading to the joint nenber 201 through

wo b@baarsng surface 271 as represented by the meT/awq@i/ 000717
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and a reaction force p2 is induced in its diagonally
opposite bearing surface 291 foy the other slab 103. As
such, the joint nenber 201 transfers shear between the

sﬂ>@£>§1ﬁ§3s@ﬁﬂaé&?2¢tr4§&éﬁ%a&wgd Q1. tq%gaaﬁ«ow fout Fﬁd a
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un S UI|I r|un1 sition.is reac
é ll“f %%%ra@; |onr alnss al’?gr kge&wereé‘[ Ré’i’e Sga% %%3 and

ab@@nﬂ@ﬂ@ﬁ%dthﬁrlm@mmth@lh|nge mechani sns i ncor por at ed

in the joints 101 and 102 that result in rotation of

the slab 104. As such, again the threshold | oading

under AFER the Shaplaad Riis ¢f reufficieparnagnitude, the

fanghi pam O&flllbeli;etSl stance pip&iﬁ@daé@léx@t@ilpnreduce the
t hr ou ? % oi.nts. 101 an 102 rtlcular as shear
DA BonsP e 20135 SRR ni T 611 hagontinue

|nd|y1ﬂuaMnGihbsuGMetnm¢ é$e@nt@q&iIibrﬁﬂﬁg@ﬂ@fﬁﬁéw Dé

0. hermy, il t b, 104 to throu
CBEaROL e a2 POAELSS 6 BLAD e s MR ke 1
@comcydw%d htt rgeegiz gahe i 39 rtmmlm i vatexpawated in

t bge et hing 564 fR6@S1dd 3k Ha@nce dir? of theasiab &@ﬁhe slab

novi ng across the bearing surfaces 271 and 292.

th9%- mAVRrEHED . (3R e ST eshold espRtin iRk ch the

oflabelbeawiny buft ate 1dZpdrofa stabctdleh oFi tige atHBStance
novene

b f 201, With t
FROERSSE I8 Pesiiton Tidh MR ST 1 (apa 2

ble@rthrgumhac@ss s_nean Bl to bonerapaferredheo

(FAPLELS (Ve LI APl SPRRE RO Tree co
bg%bl;mlwwée E ore taretehyodi ment of Fig. 3 ,

the bearing surface 271 noves out of contact with the

To enable the slab 104 to lift through rotation (in a
clockwise direction as illustrated in Fig. 3) the hinges
39" and 39° become activated with the bearing surfaces 113%
and 112% of the slab 104 moving across the bearing surfaces
27" and 292. With this movement, there is also a
corresponding movement of the bearing surface 112! of slab

103 moving across bearing surface 29'.

With this movement, as illustrated in Fig. 3, there
is a tendency for the bearing surfaces 112* and 29* to come
apart. The inventors have found that under increased
angular displacement the joint member 20 may actually
“flip” whereby in the context of the embodiment of Fig. 3,
the bearing surface 27' moves out of contact with the
bearing surface 113* of slab 104 and moves so that the

bearing surface 29" moves into contact with the bearing
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bearing surface 113 1 of slab 104 and noves so that
the bearing surface 291 noves into contact with the

wheasiingstir f ace 1121 of slab 103. Wth the actPOIAULIE/000717

joint nmenber 20 acts as a rocker. Under this angul ar
rotation, there is effective %Oen_gt heni ng of the slab
104. This rotation causes a closing up of the gap

hetveets (19251305, 183 1330 194 (8l Hae JpuRr, eRgcof g
joint 101 and a closing up of the gap betwéen th
STeen 0P ArFSLCS ¢ Ifcf‘f@%rpper end of the joi nt 102.

Conversely, the gap at the upper end of the joint 101
opens wher.eas the gap at_ the | ower end, of e joint

705" o A B M P ut o s YR
thengilebsimmproba hssedl dlo IB81 stTishearotatainaf erawaes0ss

t | Qi nt I r t C

R ST b ar e (i At (I S ARESE MORE che
ofover =nghiefc HibRy Faimte "l Yarpsd amalqszew bp tafe trhedigap

q'se@wé&atw@ S yd desh idhd heod esPaatd UHRERTd R of the
surfaces, eneral ,. the pinchi %force i s desi

slPJt‘H:atl(?% %‘fe’@?ee]éf'ertkﬁaﬁﬁﬁ G d@RﬁﬁJl%’l‘gﬁfsé:he

otmmge mn tdpﬁemé alp athdtend dild JEphat thAdewah d/ .of the
gpderg %asgl on the pavenent 100 again

%iVe y articul ates about its respective joints so
as to accommodate the out -of -plane action. Through

this apticubiptdd PSR Yap [l de BdliyRn Y8d 'sclaelbs can

di fferential novenent at h Jjoints 101, 102 betwe
the URFDI TR REsibsShene qnwﬁ%cﬁfwsajmea Qigi rilé)l and

sl@bsad scigs eéﬂdk(}j/s rilceth g the p%\ﬂhdﬂ ﬁ:l‘k?f Y s kfé%nlﬁxe
e.to acco ate t rotation i ch effectjve
P S TP TlaeBh BRFTHE G Jore piefiehing
apram’ Ran ke ingodicf sl dppridos ateiiudhaif whitwettide provided
v I venent 1
T03 B IO O e R e B e AL e
m;mcl@@gﬁg@q dgtsedlesigned so that it is not greater than
that which would cause damage to the slab or the joint
member.

Accordingly, under this operation the pavement 100
again effectively articulates about its respective joints
so as to accommodate the out-of-plane action. Through
this articulation movement, there is minimal vertical
differential movement at the joints 101, 102 between the
adjoining slabs. The likelihood of damage to the slabs is
greatly reduced as the joints 101 and 102 are able to
accommodate the rotation which effectively relieves the
stress induced by this out-of-plane action P.

It is to be appreciated that whilst the above
embodiment illustrates the pavement slabs 103, 104 and 105
of the pavement being cast in-situ, it will be appreciated

that those slabs could be provided as pre-formed elements.
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that those slabs could be provided as pre-forned
el ements. Fig. 4 shows a side view of the joint nenber

w@odarizegy i nstallation. The joint menber 20 PCT/AU2005/000717

i ncorporates voids 37 and bears against a face of the
formwrk 500 such that voidsy37.of the joint nenber 20
align wwth the voids 501, 502 in the formwrk 500. A

ﬁeg Iricp. tdweéhcg.%& & téﬁl%@ \hré?@rd@q:gl'ilé‘t]gbzltr{lﬁ nt?énlwte?zo
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concr et e, pegs ar & reane
St ,pp%HZ Ilea\ﬁhﬁg ekt |5gl£bus Pslmis 99 mléed:kamd able to be

sapAled Hikd h’ﬁ'lé Odlrht%r[%:m}ﬁfl%s As 'ﬂ’iel lbRf 90 includes

appr eci at ed ot h er can be util |sed to support
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goes over t thejornt e and
Jﬁﬁnﬁr%%é?wtrh% IHaO et ete; or c .
"inserting tool" is used mhich captures t he top of the

j oi nt _menber nmeans of a r o ans" that are

| bned A a g bR Trbes ke 0 SR MRS AT Reecilised
j oo rHuprB:nﬂttertl‘im o iace .mdnilger Sushiows aadtlimider For example:
enbodi jrent of, | t r wal Qi n r 45
shown a|mr31 Fig tftéghg% a”%”’%%]gd%%n g&etl{YFéls 0 near
J‘(ﬂltﬁlqme 20 idnlced |lt@ler%atmrtésa mame'ltbetamhgm/en “.[Ih'ekejoint

Ml SN GR WA Ry ifhed @ﬁawrt&dm%&gfﬁse%m
soft end portions 46, 47. These nmay,

Aot ddtte dpreasdibhddingthe daigt manben Hét nlge

formulti on @f “notched inserter tool” is used which goes
over the top of the joint member and drives the joint
member into the wet concrete; or

c. An “inserting tool” is used which captures the
top of the joint member by means of a number of “cams”
that are tuned and locked on to the joint member holding
the joint member in place.

Fig. 5 shows a further embodiment of the joint member
20. The joint member 45 shown in Fig. 5 shares many of
the features of the joint member 20 and like features have

been given like reference numerals.

The joint member 45 incorporates soft end portions
46, 47. These may be soft enough to accommodate
compression on installation, such that the formulation of
a gap may lead to the soft end portion expanding with the

formation of the gap, and so maintaining a seal. In this
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a gap may lead to the soft end portion expanding wth
the formati on of the gap, and so maintaining a seal.

wo noshiseay the ingress of detritus into the gepI/hB2005/000717
reduced. Further, at the lower portion, the soft end
portions provide a conpressivweg menbrane which enabl es
the joint nmenber to better accommbdate the | engthening

G{}Jﬁ%hé}fiﬂgﬁa% abs &scthays angw ary ﬂﬁpilsa(‘zeecﬂ%éﬁ.

the joint axis. These end portions 46, nay be
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t j,0li nt er 45 usij esive qr weldin n
T i e e i S I el g eqmpt the
el aes @ ridhsd angwlddinglismend edwywitrhd etaigen axies .
differing materials of the joint nenber and the end
portions. Fig. 6 shows a further enbodi nent of the

j oi nt Thedseresh PRIHer¥HY 4G.0 BUdFNRFittefd diaing the
jrﬁ%c{ﬁarl’li&iﬁlte_ferfg’tﬁgélnegrr}]&,i dl_iq&.:j & 5:1],i§é qug,owﬁﬁd; dy P?/C |
er coatin . e . riglia core ,. SUC S_u . ..
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imestlzdt A4 arsianyl sdtessivorae wellsiistanceln asrk tdmbaliingmt ,
i ! , | yn. et c, provi de
SR 2 ot B o IR P e
REAEFENY ttheS WA crim bertivigen Tha i fdoimg materials
abt erat] v e TRt dR Uy afnd Rehd Yt mByer 20 that

are nodified for providing expansion joints and
construction joints between the contiguous sl abs of
t he pavienerd .shsws rdi Dotttk mlaveyd inerierdl tthe ciliGite tvember

b t.0 nd and, contract thernally, it is .cqonmon
;é’r(gct"lh%:eere%@&%i ﬂ;c it e§ epxuprat?l}%%ro nrﬁ%%@ﬁtg rat i St MGIRET has
intwerdigd scare tile pavermitded o waf tegapaduiesy .  The

ARSRT ddiroual, MRYGIRI JBvd NS 280 ?ﬁ(&}i the
expansion joints have the effect of a gasket between
tFRAGI 2as% | T iprd ik inti vt iR tirn prgheahsan Horleabs.
Tesistance, and the outer coating of rubber,
polypropylene, HDPE etc provides a positive grip with the
concrete, when the joint member transfers the

displacement.

Figs. 7 and 8 show alternative embodiments of the
joint member 20 that are modified for providing expansion
joints and construction joints between the contiguous
slabs of the pavement. As indicated above, to permit a
concrete slab to expand and contract thermally, it is
common practice to include expansion joints at
predetermined intervals in the pavement. To ensure a gap
does not appear through movement in the horizontal plane,
expansion joints have the effect of a gasket between the
slabs, for movement within the plane of the slabs. The
joint members 60 and 65 shown in Figs. 7 and 8 have been
modified over the joint member 20 to provide this

function. Nevertheless, the members 60 and 65 include many
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joint nmenbers 60 and 65 shown in Figs. 7 and 8 have
been nodified over the joint nmenber 20 to provide this

wo mvstiiisme Nevert hel ess, the nenbers 60 and 65rcTalend&/000717

manyof the features of the earlier enbodi nent 20, and
l'i ke features have been given,like reference nunerals.
Speci fically, the joint nmenbers 60 an 65 include the

|
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2 A R PPSHTB &I\Pe ing qur a8 En one
Seard esslof adnisenweentbdersconstructi on at a later tine,
either the follow ng day, or nonths into the future.

To ensure the process can continue snoothly, it is
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teh;e tHAD, 1s3<§ér{ata1t1qﬁ D1 40IdY tnqearﬁoecrho%@ REd i Gy

7 shows j oi'nt. menber 60 havi ng an expansi_on
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emnﬁumﬁlaﬂy emﬁrtsdrmuqtqmaj a Partelapsien g igdvement,
nstructlon for act.ing a an en

T ¥ Hnd Ll L0 el 1P o B hLrugy ion
@(tpmdlaamesrjtamﬂ, ai‘]la:lh!st ttfhE fadjlasamg slaah. cﬁ: glorﬁ’.hs into

shanse e sidn | agg Jé}iéﬂ T p IS)%G\MS‘: Q:a%%?‘ﬁ:ll%ué @rﬂ?)tothly,

characterlstlcs 'h th nt an expans

por tho et 4ls Borfee ttdie Kesdaesh@rgse in rﬁ'—l“{ﬁ]eflfe@r gnd of

e exRansigy Hrd itHe B8t @R rexRandrd fieamy.
Agai n, the expansion portion acts by bearing agai nst

an adj acent slab, or against a conplinentary expansion
j oi nt .Fifeur theshowsardlet ij@:"mtofmelnh:exj @mnteaviitly at)2xgpathsion

ondi t Al d Figs. 9
IR i Bk RIS i SR e
lﬁqﬁnwyud@(pmm mtf eatTmee@martsh@readnte-:on may
HEQH MBIYi¥ construction for acting as an end stop, or a
softer material such as EPDM, to act as an expandable

joint against the adjacent slab.

Fig. 8 shows a similar joint member 65 with expansion
joint characteristics. 1In this embodiment an expansion
portion 66 is bonded to the second face. In one form, the
expansion portion is made from an expanded foam. Again,
the ekpansion portion acts by bearing against an adjacent
slab, or against a complimentary expansion joint.

Further, variations of the joints 101, 102 and
corresponding joint members are illustrated in Figs. 9 to
13. As the pavement construction shown in these drawings
include many of the features of the earlier embodiments

like features have been given like reference numerals.
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cylindrical joint nenber 70 which is enbedded in the
end surfaces of the slabs oppoging the respective
joints. The respective joints also include

conpr essi phe &ﬁﬁ@@{ﬁezé,a;21m§€r§%é@nﬁnfﬁ9 the 5%

lindrical joint nmepber 70 to the outer surfaces
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| engt heni n rot at ed S I's accomoda
tﬁ‘érg%ﬁ%?eg%@bljelha‘t’%r@a? FaveRenty2109 n t he embodi nent
of Fig. 10 a sonmewhat simlar arrangenent is disclosed

as to t that rather than includipng a
speciff%gf%ﬁrﬁgk% BT Rt F1Fnglie gﬁ% Fretels able to be
atramgberned 7151;r6’16gh stlpe oyo thetls at 01 hel cp?l tﬂlﬁﬁo?@l htﬂli@I

1 0PN end r e, of t s
?ﬁ%lﬂ%%%c&?oﬁp ncorﬁoﬁ%te aiérogéét?gnWhgps doint
t‘h%m]@@ﬁ%ralé?lda]@lﬁf%@er¢m©¢ pareiatesbetie joimte Wwhth the
A@@t@rCQ@Fféﬁé'fﬁ¥de§‘¥§235§t1$ 42 béa?ﬁﬁ&'gﬁggaces for

bet ween, t he slggs and extend f romt e tongue an

grBovEC EhnecE F bRt BV neeRit kg fak dshofretated slabs is

pavesenbddided Byt It hd heotergsei el BEeOYELProviged 72.
arcuat e engagi ng surfaces that allow rotation of the
sl abs about the connection. Fig. 11 shows a simlar

enbodi Frenthe cerbbedinkst| oEddign 1:® ga dfnevAgai rnsimiElar

n
LSt L R0 00 L BRI (e pacnes
b %eﬁﬂ L0 Ry %@%‘sfllfesqonrm egTRberns570 ) @ tengue and

G@M\VMra drhéht 115, aie | EashrOPRId 4086 eflffthts 101
Sur(iaf?i% of ﬂﬁ}‘ f‘sb allxsrgrgg?evr{ler?g, V\értleh gndShseL?xt'face of the
slabs 103, 104 and 105 incorporate a groove 75 whereas the
other end surface incorporates the tongue 76. Again
compressible materials 71, 72 is provided between the
slabs and extend from the tongue and groove connection to
the outer surfaces of the pavement 110, 111. The tongue
and groove provide arcuate engaging surfaces that allow

rotation of the slabs about the connection.

Fig. 11 shows a similar embodiment to that disclosed
in Fig. 10. Again the joints 101 include a tongue and
groove connection 75 and 76, compressible material 71 and
72 are provided between adjoining slabs 103, 104 and 105.
In the embodiment in Fig. 11, at least one of those edge
surfaces of the slab is provided with a sheet covering.

In the embodiment of Fig. 11 that sheet covering is formed

from steel which provides permanent formwork for casting
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In the enbodi mrent of Fig. 11 that sheet covering is
formed from steel which provides permnent formwork

wo evosaasvs ngof one edge surface of the slabs. PCr/AbLs05000717

this sheet covering 77 is enbedded within the cast
slab so that it is secured ingplace. In addition, if
requi red the conpressible menbers 71, 72 can be

a@@'éﬁg &gg he, PEt 8L éf”&%gt t pd he shesle fovﬂ{gi%gslzget
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f %?g% 0 I e
angﬁi@ pec %’%\L‘ca 1y, r191t ﬁ%far%?%e%nﬂ‘}'{h qgédlfled
1@0 Rt | el ssuniaces qmom@ratm necslieem @@\r@rs,ng reonthat

at h O NGty ARl Qﬂ@@é/@e&%fﬁ?iﬂ O¥he Sorffue R hgFSOEE, 1N
t he enbodi ment of Fi g, t he nmenbers inclu a gap 78

mﬁ?%e%\trmsalf%rpwm%% %Y]gldl’-%?r oer‘rﬁﬂ%ﬁcf%?ﬁeﬁqto%ft e

r espeatey ol wibs. sikge dovehrhitdoses yet a further
arrangenment of joint 101 and 102. In the enbodi ment of
the Fig. 13 the end surfaces of the respective sl abs
103, 10ig antk 10bleseratep e %’sn@]eiaﬁietéetetrMmmﬁrﬂm e

f@ﬁ'ité 0 be, ti@i‘%@cﬁf@ci&séc@% geth,

and rotatlonto be accommobdat e 01I|n |nthe
fifaklgeatn vHerl arwrmwtarm%rﬁl%f Jr%at dherjoints

thet aeedsod Oaﬁ@cpém@@tﬁr@n rededly et yors MRl do €nd
less. th mbodi ment . of 13

t || }
O S RASE i oy M { e TR uirs (g (EtRfiment
aoBihgy e Yearhd gudbats V\tmd:lsldet hee oPJE8 neh st Slkdwes ef or

STl 1 SRRy Sk GRS e

bet ween the shoul ders 80 and 81 through the linted
angul afj i spl ages®bsdZAMILE further arrangement of joint

101 and 102. In the embodiment of the Fig. 13 the end
surfaces of the respective slabs 103, 104 and 105 are
shaped as gear teeth which enable shear to be transferred
in the manner of gear teeth, and rotation to be
accommodated by'rolling, in the manner of a gear wheel.
As the amount of rotation that needs to accommodate a
relatively small angle (typically less than 5°) in the
embodiment of Fig. 13 at joint 101, the end surface of one
slab 104 includes a single gear tooth 79 whilst the
opposing end surface of the slab 103 is profiled to
include opposite shoulders 80, 81 which allow the gear
tooth 79 to roll between the shoulders 80 and 81 through
the limited angular displacement.
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It is convenient to illustrate the operation of one of
t he enbodi nents of the pavenent joint with reference

wo eooshesdol | owi ng non-1imting exanpl es. ExanpP@r/Autassbo0717

scal e prototype concrete footpath was constructed at
RMT University, Ml bourne,_ Aystralia. The prototype
was 5mlong, 1.5mw de and 75mmthick. It was cast on
a steelyAvsie, designed in such a way that the
formmork—coutd be renoved from underneath and so that
the prototype could be jacked up fromvirtually any

IOOI nt Ittods ?meﬁtﬁemrwt@l/mw:&rg éﬂ@ﬁaﬁﬂsﬁ of one
| SOi i on/ novenen our

et SRR OF IR BT sl Todvd T (irference to
fowe plabhlowirey wea-€l inf: in@psramfYasn each ot her thus
dividing the footpath into three 1.5 mlong sl abs,
plus two 250 mm | ong end sl abs. The ends of the
f oot pE¥2REk® restrai ned by steel angles. The
crosssectional shape of the joint nenber was

substantially as the sane as shown in Fig. 1 . The
pr ot otfy pulvasserle RIEOYRE YR crereratie Eeotmatimaras

séseaatic g 40 MRgeT FlfﬂPJefs@l@ﬁStMé'tQ@odf}?e S| ©f1 £e The

concrete was neasured at tests were

TR ERE 32T hePRG) |3no%? "é‘t‘?eerﬁﬁqﬂ oI gttt e gr was
sd:@é)s @X(E%iﬁéEJZOEMEe Td@s:?gmhay meaéu&ormrvﬁgﬁlm&at the

of concrete nd.to b
serl es rol? fgs Ras TE %Btéldo%nurﬁerrb‘? ett}bt%de S‘?Mttl'i‘f’t the
m&t@mmmaldadoeirmh@ﬁsi rith Ut .eein |oiadsualdngiany fpaimtD - to
10 90 'vé?‘HEd§dsc?énéjf fcﬁ%rc?f‘ttﬂ-é’éaf%&‘%ﬁn}%ia&?e&?d soil

dlfferentrjl di spl acenent bet ween i rst

SPERANGRIRY TRIEHRRN Lp T ARy Meatre s imriey Teary rigid pve
Phete ﬂistﬁﬂléﬁ tirmlﬂ{e %6 pﬁ?éﬁﬁrwé‘:f@ lahfycﬁﬁ 3Pd® from

JaCkrb The sl up tr?g

G, T SR Hra L -
alohd | lebs | qakhs./\asncamﬂo eﬁint](:ortg'leami alsaksd . tTHes ends of
pgﬁ@tfootpath were restrained by steel angles. The cross-
sectional shape of the joint member was substantially as

the same as shown in Fig. 1.

The prototype was cast using concrete with a nominal
strength of 40 MPa. Prior to casting, the slump of the
concrete was measured at 90 mm. All tests were conducted
after the cylinder strength of concrete of slabs exceeded
20 MPa. The 7 day mean compressive strength of the
concrete was found to be 22.9 MPa.

A series of tests was conducted on the prototype,
with both concentrated and distributed loads ranging from
0 to 490 kg, applied at different locations, to assess
differential displacement between slabs.

First, the slabs were pushed up from underneath using
a long piece of solid timber, a timber packer and a
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The self- weight of each slab was about 400kg. Then,
uniformy distributed | oads of 200kg, 400kg and 490kg

wowens/1adoed to Slab 1 . The | ayout of the testPCBHAFIOM00717

in Fig. 14. As the slabs were jacked up, the
di spl acenents at the locations; G3 to G5 were recorded
by LVDT' s . The displacenents at the Iocati ons a, &

hydlr Ak G ¥ © fiegl d ikl Qvel:r@ j 48R dTUIR rgawrﬁlm of

di'spl acenent. wi t hout addition oad on the sI a

e AT LI AL R MR e ML 8

didicl:tt'th:maelj 1ot weas amrltligm SakHe Vf&& Qa’:’t nmlé rpcamt.
se S sl.a acked u

p0| nt %@ egelﬂ:aﬁ%kegacckbr? eanQraafe Ckf% %/)\961?( ST

twnisfeumly c;llncster:ttmtpmi ntoa@e .o fTHED Qe rAMaky fa‘rei eftilkd were

ol Sl ROEIBR 2 1 PO'JQ-S qﬁa ?oé%ﬂgﬂté/&[emsa s%{cabfhvm Fig.

app

jacked up and no a |t|o oad was ied t

psfemrent, the joint manber acted as if attached to

jacked slab. As |oad was added, at a certain point,

the nenber flicked across to the other slab. It is

felt thattheislabrliveresadad (Y fdibetisrhacerents at the

rmd@?x:.oras dgy\iuh& dhu W@at%:é"%d&cfeégﬂf:mfrgﬁ%? Ofhe | .
a on an | C aCl.s S0 as (0] I StIl pute cal i se
B SRt TR ot it SLn 4 B B (G8 1fere

coegl By Eblen. drtye ofiaxt imtura bibves dresdtsi a JAatiossli ignyent hﬂthout

AESIoAD UL T 01 SORAENBIEN 0185 € e
ritiotiaka esneMatwherhi4A ¢ <alidf ediafinidutast tlasd m@@ton

of 1 b absyahen @ Jgast one of those slabs is affected
by an out-of -plane action. This | oad

transfernmechanismis provided by the shear key which

provi dgs £ Rase folsd fﬁb%{aﬁﬂd'n%loa[b ey d s ed up close
vertical displacenent between the slabs. Ina r?

orfe RR1TIGE pit i Ryl Ui GRRATHER YRS Higpd w&a o"}Hﬁlled to
tl 41 OV i oo e NBANSo1Gft G4. The maximum differential

displacement at point G6 was 2.49 mm.

When a slab was jacked up and no additional locad was
applied to the pavement, the joint member acted as if
attached to jacked slab. As load was added, at a certain
point, the member flicked across to the other slab. It is
felt that this indicates that the member acts as a rocker;
a double hinge having a short range of rotation and which

acts so as to distribute localised stresses favourably.

No distress was observed in the concrete in any of
the above tests.

Accordingly, the present invention provides pavement
joints, joint members and profiled slabs that allow a load
transfer mechanism that inhibits differential vertical
movement of slabs when at least one of those slabs is

affected by an out-of-plane action. This load transfer
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accommodat i ng angul ar di spl acenent relative to the
joint axis so as to provide a nmechani sm whereby the

w@20erersds may articulate to relieve stress i ndeceEdAUbWsS/000717

the out-of-plane action. The joints may incorporate
joint menbers which | ocate befgveen contiguous sl abs or
may be fornmed froma profile of the slabs thensel ves.

Thech Q4 fim has YESespLe %'%amgf "RPe &a&fs a

different types. ese pavenents nay or e
STRARS Wi e H-7es ket ing - oWl Jrﬁasns:aeve;wsqabcd:eqplacement

UsSé e gt ef 10 Merh SO Mpone it gl od 1 dyy &qétqmmrﬁ\ﬂﬂm@fhmges are
bot h. Thcﬁ ‘Elécvener‘it \r;ﬁ/ be used for aght traffl c such

R TSt FhtL 3 dr° REPYIIRI R3S on i n
Immomodata:frtg caregwlazorﬂmﬁ]sacsam&nta&@]mtrnaéivt&ys:m joint

t%éd&ﬁ as td :iﬁpc?&la&ém %%1&{131{9&1,141 %e%peq) nc ? %vement may

prece g desc 1 ONn 0 e I nvention, Xce
t3et kghtate t‘r%qmbe%vebtsrezra/ﬁsselmetcb @(pﬂe@smta@ﬁ:agl@

RGeS Saftye | ﬂ@@trﬁ alﬁé&;‘/&:‘& CRHY Sfemt¥rs which
yar|at| ns sucC as Conprlses npr|S|ng I's used

i IPCAFS METHESRe SMskuguS S%%P%;%%y B fREehde a
tieo i lad esit fratad L lesbdWhamde Ivepr ecl ude the presence

or addition of further features in various enbodi nents

of the invention. Variations and nodifications may be

made tThQfﬁp#ﬁﬂtﬁaqﬂwidﬁﬂﬂﬂqadkﬁﬂpﬁiﬁﬁtwwniﬁnﬂ pavements of

depegdidig fy éfNEfﬂgéé éUeﬁHHEé y ! for from slabs

i nvention. CC verrent ] Oi nt spose

t%%rﬁ#egm%t rﬂdve?ﬁé%ﬁ cszr dY ktehecqreﬁtmuqfémglsmg
b e frRtree B NEbrXd ettt A Ol NG &duifatddds Mboth. The

inco orat| shear . k nd .co tin %ha“ n
RITTARRLT 1Y (2 Hn | s L HE Hire g 1 paths
amd s:‘rthavmll{seasrt mH}e ﬁmrrtgeam:rtgaummr atni keeanhiedy afraffic
t,q _out pr ane
act| on Trﬁésf he slﬁear qsr angéeroﬁf ntgleshulelar bet ween
t he sl abs, and the at Ieast one hi nge accommodati ng
In the claims which follow and in the preceding

description of the invention, except where the context
requires otherwise due to express language or necessary
implication, the word “comprise” or variations such as
“comprises” or “comprising” is used in an inclusive sense,
i.e. to specify the presence of the stated features but
not to preclude the presence or addition of further

features in various embodiments of the invention.

Variations and modifications may be made to the parts
previously described without departing from the spirit or

ambit of the invention.
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angul ar di spl acenent of the slabs relative to the
joint axis in at |east one direction by novenent of

wo@o®shedns ng surface relative to the other. 2 PCHAU2005/000717

pavenment joint according to claim1 , wherein each
slab includes a profiled edgggurface, and wherein the
profile edge surfaces inter-engage to formthe shear
kevARMiEl the at | east one hinge. 3 . A pavenent joint
according to claim2 , wherein the profil ed edge
surfaces forma tongue and groove connection, the

tongue | - : f.ace,
roove barna arna O (REITE b R o difs
RAESRSTRE DS addts digigt Ping mrngafirrand eeegnding
dadhdias Foirespeetd en@thdrgdieatiasy i G1sddf 3685 and co-
along ,its edge surface. 5 . A pavenent i nt according
CPER T Gt T S asa DA LT desemh Hie
avcoatoat dseyarand arhalispl laeatedneothie: Yelisy operative
" 14 T d el O A ST DA ARG Q1% By e -
pavenment joint according to any ‘one of’ clai s 1 o 47,
heang methieon grih | e rPman devatt tanmssiertniondishpssy; between
aard Sl Ay beidy tHofdd edhdr i udg e pAa{]cﬁmacya fng

bearingsurfaces with respective ones of the sal -
R ArIRIAEMN G RE dhh TiRRiTRE ke ey pdr idrint
aness afn tdte et nghes W fweasi f Bhendtdigints|ab dre TB¥dBing
the plurali f hinges erein when the slabs are
gseun%ﬂ?aaclu":f yr%%a-Ytp]r an }ro, g%hée C?Vwi!‘lt}’negl‘ﬂe‘ acconmodat es angul ar

di spl acenent of the slabs about the joint axis in one

j I ect ion, et 8as; 44 :lhw i %mﬁﬁ- at :

gingul ar ias I acenérﬁlngﬁ‘(gt e rglé-@g%gggcﬁlt t g’j gﬁlrﬁljeg)ﬂ s?aCh
isrﬂ-%hhelrtﬁﬂdﬁ%ﬁt & @rfciiesh edpe suyfaaswemng otharein the
e i e dde ot MR des Mlﬁixe-ie[hdg}af% R &B¥H the shear key
|nl_%£r orates a neutral _axis and the plurality of

%A St Ed F1oMINHRt di sposed on opposite sides

of ,

3. A pavement joint according to claim 2, wherein the
profiled edge surfaces form a tongue and groove
connection, the tongue being formed on one slab edge
surface, and the groove being formed on the other edge

surface.

4, A pavement joint according to claim 2, wherein each
slab has a respective one of the bearing surfaces along
its edge surface.

5. A pavement joint according to any preceding claim,
wherein the at least one hinge accommodates angular
displacement of the slabs relative to the joint axis in
both directions.

6. A pavement joint according to any one of claims 1 to
4, wherein the joint incorporates at least two hinges,

each slab being profiled to include a plurality of bearing
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the neutral axis. 8 . A pavenent joint according to
any preceding claim wherein the joint further

weepnises at | east one conpressi bl e nenber bepewan2tobe00717

sl abs, the nmenber being arranged to be conpressed by
the slab edge surfaces on an ar di spl acenent of the
sl abs about the hinge in the at |east one direction. 9

t | furth
PRl Sl S d 4L A chan WL, qypraces
@ﬁt@rg@o%al%l%&gagqrm wtﬁamﬂcqwmtormmfdutﬁge tearing

cd@fades el nHEach slab wCﬁ&q@Su?e &Emféﬁ&f@@

urface and wherein th oint. menber is fornmed from
e%t@?ﬁ?%ﬁl%&“% %rﬁleébbft oala%eef’d?erfaﬂeh@%@]sadlan
asné thiigd msctormmdataésh yarﬁt_?ylle{r tdhEspE]dﬂﬁErféﬂtf aﬁfesa;é slabs
I [ r of i e surf,ace o

s ut|‘Sncor ra tlengglc J‘f: lIPoorh cfre 3 SR estq?ﬁ {qFher

tfhrensm Ff¢teninedrfe s Lﬂngc]@mfdmmlandmmslwﬂa tthee forabs about

thee seale keyi and, the aty ;&@Qf«{o e Weduings, 11. A

pavenent | oint accordi ngt aim1l12, erein at |east
one of the slabs is forned fromsettable materi al and

tJne JOlmtpaﬁféi‘i@{t |ﬁ>1(3rﬁ§taddHIQilafg ey SWifeee Qlhdhditn the

oint accarding to
Sne, (ORSTEN R Sl AEE UG LA NS ey or
dmmgﬁstdmea Mmcnemg Swoh acersd ofidgusad dreagipasicdisgies of,

telh )Fl%o operating bearing surface is forned
on the other sla 13. A pavenent joint according to
claim1l, wherein the shear key of the joint is at

| gast rparﬂa@xﬁéhﬂorwﬂ&ech&bﬂaﬂr@f RNGAEL P idy claim,
| east. one of the co uous sl abs withthe joint
H@iﬁn‘é‘:‘rln 1€ A Pefe 19 ORISR Rf tieadithe s,

wtm;efrerssﬂele; onérﬁbermrﬂmrwee&cafmrﬂa&&: a e Ggendti¥l being
:E§§6§§91§§g§$eﬁ$£%f£§%eé"gt' ns tf&% égégegﬁr gégg on

era
angular displacement of the slabs about the hinge in the

at least one direction.

9. A pavement joint according to claim 1, further
comprising a joint member that is disposed between the
contiguous slabs.

10. A pavement joint according to claim 9, wherein each
slab includes a profiled edge surface and wherein the
joint member is formed from sheet material and is mounted
to one of the slabs so as to at least partially cover the
edge surfaces of that slab, wherein the profiled edge
surface of one slab incorporating the joint member inter-
engages with the profiled edge surface of the other slab
to form the shear key and the at least one hinge.

- 11. A pavement joint according to claim 12, wherein at

least one of the slabs is formed from settable material
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portions being angularly spaced apart about the joint
axis and inter-engage wth the edge surfaces of

WO e®pact3ds/e ones of the slabs so as to enabl e BtIEFAD2006/000717

be transferred across the contiguous slabs through the
joint menber. 15. A pavenent 3jloi_nt according to claim
14, wherein at | east one of the lateral portions

[ uggs f eaf i r f.3C Q he | eas
o e e e o Ko g St Sflaqd e eha
HY’RJe- bei ng on one of the slabs. 16. A pavenent joint
according to claim 14, wherein the joint nenber

further conprises at, | east onge spacer that projects _
from t Re REOIECthe Y SEoTsHESs fe §1aigtdid @ 11, wherein
brettenvejni rith enemtivert giistiss Sa{tabISefaamj @tnlgafartgi% afl \the bearing
) o) e j,oint_axis framthe |ateral portions.

17. fdcpegs\?eorur%nfttﬁ% oéltntleaabsgtorocﬂengh B &t i”é?eﬁe‘} i co-
tdreyadiimg mewaing roltiese tig Sspaest o Hidte artther slab.
angul arly spaced apart about the joint axis with a
respective spacerbei ng di sposed between respective

ones of® ARV auaTEY @|015%rtaca%rdlnmt%c&m@ﬂt, jwdlexiein the
asIt iy tof odipd it Whergl ndha gt JBRP§rovided by
i.ncor por at es oqorg:?s%ttne first .and s%t%gntg}%aces that ar b
TSRS S 1 Hn W (s P i S AP abs
surfladdse gfoirite redratles; . each face incorporating

respective one of the lateral portions and wherein,

the joint includes a plurality of hinges and at |east

te fi AsPFvEmenthhdaripsr /a8 Ddar iq%gaisrurlﬁaceélerein the

dj Sas ek F eSRASHIHRQPASidsrs| das ofiddie 4t lona
g surfaces engaging wth respective

ortion, the beari

Dy RTTHERE Gt SR s b e 1 A9RE ot i eral
Paatr iand dfémﬁg/\mﬂéuﬂgﬁSl}Ofspid't\jh\}]d (H;fﬁrtb%r?u‘thp:a%ﬁf Milnt axis
j.Qint. accordi to glaiup 18 erei ot e first.

aa%{ slerg:oeﬁlg efq{ 3 i%lgéohr pt(r'}l‘reateé1 %ev\oSLbret;‘l’lrcfer?g E: r]?easgeescsc 1ve ones
difs fdued labs expent ite ayppos tshesindd dfe tthmnsferred

across the contiguous slabs through the joint member.

15. A pavement joint according to claim 14, wherein at
least one of the lateral portions includes one of the
bearing surfaces of the at least one hinge, the co-
operating bearing surface of that hinge being on one of
the slabs.

16. A pavement joint according to claim 14, wherein the
joint member further comprises at least one spacer that
projects from the core, the at least one spacer locating
between the contiguous slabs and being angularly spaced

about the joint axis from the lateral portions.

17. A pavement joint according to claim 16, wherein the
joint member includes two spacers that are angularly

spaced apart about the joint axis with a respective spacer



| ateral portions disposed on that face, the bearing
surfaces engaging with respective bearing surfaces of

wo bmsadges sur f aces of the opposing slabs to fopenr/Avenns/o00717
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hi nges of the joint. 20. A pavenent joint according to
any preceding claim wherein {he bearing surfaces are
arcuate in cross-section so that the action of the

thQ§§ fi?éﬂ@gegybébﬁeéﬂt fisggéewg 8&@5'{99 éHéfo@ér%f

by sliding rotation avenent Joint accord
cP%Fﬁ%?@S wherein the bearing surfaces have a constant
radius. 22. A pavenent joint according to claim 20,

m@ rein,the radlgs of curvatu e varles across the

Bt ng® RETFRGAE Ik POSRHBHRS | OF L &b of Gi righexein the
cf aint 2Rembéreni vepepdeat esnoppas it d 7f i nber &hd Edeond faces
b n u h nd froma

oL Mee I A0 ng TEE PABOIPIDEL FELS0EL L2 Mbfes of the
dedgal serfieesst e ’élp@c%l@bs 24eagh phyeerehncrpprating

aﬁé@%@é@ﬂvé 0o %fﬂ 28e YheLehD HHec 1664 ug»n@f wﬁé’f%@ﬂ Uréhe

ng surfaces_increases fromthe dist
?OfﬂE +%$£ %? p%r?%%ﬁ%l%BMB9Qsh%%%e%|%@%Ia%nhe%$tt%%e
spacet sfac@5indo poveatss t0d NbeLELHRG dREFiOe €| @i §@>é§ed on

nb t
VOELELO: HE B0k, FETDESL NGP PRL AL S5 PO E L ot
ebger s f sieefacts t tlegsgany wheh erespéet ive shednimg surfaces
| DEOE RO 4GS &%%@éa&fpeﬁé' oAt 'élég'é‘otf’orm two

inter-engage with an edge surface of its opposi

shipEeg Phsthe BoiBt e shear to be transferred betmeen

that slab and the joint nenber. 26. A pavenent joint
im25, wherein the first, face further

di t I
Fior pdl REETUR: DI TR o SN Gy Vhertin boch
respetirse am@ose¢@ndlﬂ@se@flmémrpdm&E@Jtwmwbéawunghe

bs%w&eé%{ 5&@%9%&;@@@@@% %&5 Eeesgf&éé i e

bearing surfaces of th
staEe¥dl fRART oRS hihgeesed CPIhethQﬁ nface the bearlng

surfaces engaging with respective bearing surfaces of the
edge surfaces of the opposing slabs to form four hinges of
the joint.

20. A pavement joint according to any preceding claim,
wherein the bearing surfaces are arcuate in cross-section
so that the action of the hinges formed by the inter-

engaging bearing surfaces is by sliding rotation.

21. A pavement joint according to claim 20, wherein the

bearing surfaces have a constant radius.

22. A pavement joint according to claim 20, wherein the

radius of curvature varies across the bearing surfaces.

23. A pavement joint according to claim 22, when

dependent on claim 17, wherein the bearing surfaces of the



27. A pavenent joint according to either clainms 25 or
26, wherein the second face is nounted to the edge

waeosaceonf its opposing slab. 28. A pavenent POI/AU2005/000717
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according to any one of clains 9 to 27, wherein the

joint member incorporates conpyessible material so

that said joint is able to act as an expansion joint .

2901 Ax PRYABER e X OLA rgi g 0 cf 2]

(o018 PRREPEE ot Ry PO A B2 AL Gre TSt LR
gRAFti@RtHO @ heegRartteetdishbrendigali Heae t epprovs de

the shear key and the at |east one hinge, and wherein

t at | east one hi nge acconmodat es anqul ar i

d?zgpl a&grﬁ%‘(e’?ﬁf‘?o? 1y FTHRE Pt eTiPthe?3, wherein the
i nd@iuenghgougvaeare t @Bt the Iearingi abr fReder ifioredses from
p I Pi e i Oi e Vi a joilpt axis
COUELEILEAE Bha SECEh) The PEED BOPELORE FobShT} it catorar
peRéneht tRe aRACERS- j 0oi Nt menber conpri si ng opposite

first and second faces that in use oppose respective

ones of the edge surfaces of the slab, the first face

i ficor pot RITRNEY sl URF FFITEHY e Prd}eckd, wherein the

omjé\at dh@!ra&f)éﬂnilﬁ?@rﬁﬁﬁ@tf @@doppo@w@ngfﬁsl % Oahd! €& €MRTEaces
1 an e [Tace. O Its O 0S| ng aps S as to

oHART CORPRET TEPRECTHIRIRST oo [T TG SPEbRTES (R the

j ®lalp, nendeein aplde af irshsfaomelhearpong ses fackat dmadl

gcg@efén W B ﬁi@e%ié‘gtéulﬁ@&:?— é’rﬁ%%éé &P&?Séﬁge%@bsurface

wherei n the inter-engagenent t hose beari
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slabs relative to the joint axis in at |east one
direction. 31. A joint nenber according to claim 30,
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theredsr, sthé as€aPing surfaces being engageable with
respective bearing surfaces of the edge surface of its

opposing slab to form two hinges of the joint.

27. A pavement joint according to either claims 25 or 26,
wherein the second face is mounted to the edge surface of
its opposing slab.

28. A pavement joint according to any one of claims 9 to
27, wherein the joint member incorporates compressible
material so that said joint is able to act as an expansion

joint.

29. A pavement joint according to any one of claims 1 to
19, wherein the bearing surfaces are profiled as gear
teeth, the gear teeth inter-engaging to provide the shear
key and the at least one hinge, and wherein the at least
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its opposing slab to formtwo hinges of the joint. 32.
A joint nenber according to claim30 or 31, wherein

wo bmsaecend face al so incorporates a | ateral pepeT/ATZ005/000717

that projects fromthat face and is able to
inter-engage with an edge surface of its opposing
slabs so as to enable shear to be transferred between

t 5 qgg: EE?PEE .
a%g%r d%n to cclgrgﬁon%lé??izég ern t%e sec ér%r;gacky? ting
|‘Ffb‘]“b%‘é%g%?tW%%%tt%éWTW%ﬁﬁﬂ%&e%%d%e%ages
with a bearing surface of its opposing slab to forma

d hi f_th .34. A joint nenber ordin
e E A Eeh dian 5 BRIERIE (TS S e member
flzecebng e of portatax i svoarod dre gy sanrf aagpsd di s fos etli aposed
at I i
OBy SRS VR, e e e e
a¢<?f@9@e%m€® %?@%@et% ﬁ\rﬁ*tés?}'étﬁwfb%aﬁaf?@s sihdtacles wie
é%@% osnééweopm@éwgél AbSF 4 d Qiﬂ“ e‘rswrslab

oj nt. AOI nt_ nmenber accord %
ann%‘OrR%raﬂl Per TP ihe BRI
ngrcﬁjaéxetSs Oriuttdilaarql_‘qr nrowendies face aftdiai€e diranged to 1nter-

- ' f _the hi f
e U S SR S I R g e o
rfm%h’lft)rﬁh%‘ ijﬁr mrmmr@d:oﬁr@n Mthato glald @5 he joint
Wherisd P, t4igg b@@riéwsé%ﬁ@q;éam& St dflad ré‘g%es with
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according to claim38, wherein the

31. A joint member according to claim 30, wherein the
first face of the joint member includes two bearing
surfaces disposed on respective opposite sides of the
lateral portion, the bearing surfaces being engageable
with respective bearing surfaces of the edge surface of
its opposing slab to form two hinges of the joint.

32. A joint member according to claim 30 or 31, wherein
the second face also incorporates a lateral portion that
projects from that face and is able to inter-engage with
‘an edge surface of its opposing slabs so as to enable
shear to be transferred between that slab and the joint
member.

33. A joint member according to claim 32, wherein the
second face also includes at least one bearing surface
that engages with a bearing surface of its opposing slab
to form a said hinge of the joint.
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radi us of curvature of the bearing surfaces increases
fromthe distal end of the |ateral portions towards

wo bmsdisval ends of the joint nmenber. 40. A j OPEIL/AU2005/000717

menber accordi ng any one of clainms 30 to 39, wherein

the joint nmenber has a constart cross section

perpendi cular to the joint axis.41l. A joint nmenber
according to any one of clainms 30 to 40, wherein the
joint menber is formed froma polyneric material . 42
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sl abs about their joint axes by sliding rotation of a

earing surface of one slab with a heari surface of
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the slabs about their joint axes by sliding rotation

of bearing surfaces of respective contiguous sl abs
Wth bdardiaigts mempeds agicqyeiag to claim 35, wherein the

radius of curvature varies across the bearing surfaces.

38. A joint member according to any one of claims 30 to
37, wherein the bearing surfaces on the joint member each
extend from a distal end of a respective one of the
lateral portions to a distal end of respective ones of
joint members.

39. A joint member according to claim 38, wherein the
radius of curvature of the bearing surfaces increases from
the distal end of the lateral portions towards the distal

ends of the joint member.

40. A joint member according any one of claims 30 to 39,
wherein the joint member has a constant cross section

perpendicular to the joint axis.



on opposite faces of the joint nmenbers disposed
bet ween t hose sl abs.
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41. A joint member according to any one of claims 30 to

40, wherein the joint member is formed from a polymeric

material.

42, A pavement slab having at least one profiled edge
surface that in use forms part of a joint between that
slab and another slab, the joint allowing shear to be
transferred to the other slab, and to accommodate angular
displacement of the slabs about an axis of the joint.

43. A method of inhibiting differential out-of-plane
movement of contiguous slabs in a pavement under an out-
of-plane action by incorporating pavement joints between
the contiguous slabs, the joints being elongate and each
extending along a joint axis and being capable of
transferring shear between the slabs and accommodating
angular displacement of the slabs relative to the joint

axis in at least one direction.

44. A method according to claim 43, wherein the joints
include respective joint members and the shear is

transferred between the slabs through the joint members.

45, A method according to claim 43, wherein the joints
accommodate angular displacement of the slabs about their
joint axes by sliding rotation of a bearing surface of one

slab with a bearing surface of a contiguous slab.

46. A method according to claim 44, wherein the joints
accommodate angular displacement of the slabs about their
joint axes by sliding rotation of bearing surfaces of
respective contiguous slabs with bearing surfaces disposed
on opposite faces of the joint members disposed between
those slabs.



