-1 - A PAVEMENT JO NT FlI ELD OF THE | NVENTI ON
The present invention relates generally to the construction of pavenents
and to jointing systens for use in such pavenents. The invention has
particul ar application to pavenents that are susceptible to differenti al
novenent by out-of-plane action such as for 10 exanple by tree root

i nvasion, or soil novenent, and which usually bear traffic that can accept
sonme irregularity in the pavenent surface and the invention is herein
described in that context. 15 BACKGRONDGF JodmTl NVENTI ON.

Pavenents are used to facilitate the passage of wheel ed or pedestrian
traffic along or over roads, footpaths (sidewal ks), playgrounds, and areas
used for 20 sFBEEYOHOTHFaEKVEYTINS do its job well, such a pavenent shoul d
be relatively snooth and flat. For reasons of econony, such pavenents are
often cast_in substantial. |engths, wth copstruction.jopnts between them
However, in some f PrEEFRhe ‘éewnbﬁeiagﬁ%(ﬁqrfegﬁqﬁ&elf& ‘l_’s@% 25 sl abs
made from a setnsthietienerf abaveuritsasindonor pentiog fsyeteusf fomwicher rigid
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relatively Ili ,. | ow speed traffic such as pedestri.ans and pedestrian
vehi cl es suchg%%h\ﬂ‘?g:éloélhﬁf’rg?v%‘?%sl Z:?’?taﬁﬁeb?‘é%qp%.%q& ﬁSr 30 categories
of Iight dutydipelemantalnobuerentydhe ondysf -dbaestdat-idni gerhyss Phaygrounds
and the like.odhgse RRVeREBt SodenglaldivndoonotoNeedehele, agndmpoldy or fl at

as those used to _carry heav [ high speed traffic. 35A pavenent .is subject
Lo both directo Sl Y REPFETASELT BT GPReBrCaRt | e PACPHULST IS 1% | oads
and forces derhievipayeineom sorface dmurdat ionenplerem hegrdnt descridetds. - 2
- In the casejpfrd00lpathgs . cycl e ways and donestic driveways for exanple,
which are frequently built alongside trees, uplifting actions caused by
tree roots are conmmon. Uplifting or depressing actions can be seen as 5

out - of - pli&ne , BAGGRONW® 08 THAtINfENTI®Npavenent .

Pavements are used to facilitate the passage of
wheeled or pedestrian traffic along or over roads,
footpaths (sidewalks), playgrounds, and areas used for

20 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
lengthsg, with construction joints between them. However,
in some forms, pavements may be formed from preformed

25 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

30 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.

35 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.



I ndirect actions include drying (noisture) and tenperature change. Wen a
pavenent is nmade from concrete, these actions cause both tenporary and

per manent 10 vol unetric 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
nost significant in the plane of the pavenent. For exanple, 15 the
unrestrai ned drying shrinkage of concret'e is comonly in the order of 800

mcro strain g tq_lezcggéfgf %’?ﬁﬁ?ﬂgk’ﬁgyo‘? & %{aeil%&gg“gi ent of thernal
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bet ween 15 andn2@etepeshéde ddvickeesausé bdeh prvgoetiy ood perdnantt hi ck
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series of contiguous Sl abs, separ at ed” an by a comnbi nation of
contracti on &iGékpaRst ol jHicnPdaneort r Bag IRy SIRIEC onBRY , S act i on
joints ane camepnhyedoranted\ireriaat sngitkigdand ebnoeakaess ddurcheyt op

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

20 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.

25

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. In the case

30 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

35 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

a



surface of the concrete, by trowelling grooves in the fresh concrete or
cutting grooves in the partially or fully hardened concrete. This

encour ages cracking to occur at such grooves rather than in a random

fashi on, which would be unsightly, and hel ps to create nmany narrow cracks
rather than few | arge cracks, which would be detrinental. In practice, the
effectiveness of this 15 nmethod is subject to variations in the concrete,
in the friction between the pavenent and® the soil or subgrade upon which it
rests, wor k”a”Sh'Pvals r(r:%tmlm on |t| S nd oth r factors 1and contraction
of ten accunul ates- bver P ¥of e %l agls St hat "¢ aeRS 48 not  occur at
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heave cause flexural .stresses_in the paverrent In the case of un-reinforced
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venment. 1 MVARY OF THE
pavement. 15 SUnwre slabs so gﬁét cracks do not occur at some planes

20 of weakness and relatively wide cracks occur at others.

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

25 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.

30 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

35 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



In a first aspect the present invention provides a pavenent joint disposed
bet ween two conti guous pavenent 20 slabs, the joint being elongate and
extending along a joint axis and incorporating a shear key and co-operating
bearing surfaces that format |east one hinge, the shear key and the at

| east one hinge being operative when at | east one of the slabs is subjected
to out-of-plane action 25 with the shear key transferring shear between the
sl abs, and the at /east one hinge accomfodating angul ar di spl acenent of the

slabs relative to t joint axis.in_at |least one direction by nmovenent of
one bearing s r?ac‘?’éﬁe#%t?’@eeaattegs tlﬁetg‘?h%?‘,'e%l n (rj(ﬁe‘{%@%n?%%& OOfFD t he

speci fi cat i orfeatipether ninipavfdimentleadel| ae estews afy shdfdcsent deagdspeci al |y
of a public aleamphirhenousiaie bRapedbitrRgardiiavek. afirddausthe
pavenent sl abséi,:e%)é be folLmed from %n?( 35 suitable material and may be
formed as pr&CESTCOAPEE o @a® “Fnf8itu. Exanples of pavenent sl abs

i nclude, &oncrete slabs, hard and rigid materials |like concrete, slabs

formed from tinmber zxgind®iflicisdehuasatipandad stetal anBsdbe ¢ from any
conbi nati on of those.ggt eri nventi on,

al s. |'n cor ce.with the Jj
The j ornt _pr GRS ES PAoRRa o PHEEALY SHY 1AL L RRLDRPS R Br ent | o
vertical noveweereot sheasl|tabslibenthe pxagterinégcokbxphodevisitals is affected
by an out - of -ipliaRengCl ke SULN BRpPYsLI6E 419QUdRVARI PRe Vol |
rmverrent.OByfreducbnigPt%g differential v rt:gg_tal nove n{ %{j t he conti guous
sl abs, 10°pot™ &Rl YR ?ﬁ@vﬁﬁ"ngdést‘Ba‘g%'d e84 e 3 Ced. Al ong with
this, as pavewsshingrer|sysllingeby tbereopdrete epawprping ept acenent, there
is afuture %Qz%k_liﬂ«ll_ﬂ@ﬂ 11 Y3QkheaRd SudieONEld@N HaheVASt & :0fi hesaur ces.
151 n general, thlg oad ran%f e- ,rrech%n#_rsem i S .pr. 0\(/i|,deill b%\‘t he shgar key.
The shear key pr8vFtet ¥ MFal® Si™EF ansTerrSHo adr SEGRARTSIHY Verti2al
di spl acenent abpawewant he sl abs and may take many different forns to affect
that trapgfer. The at |east the one hinge provides a neans of 20
accommodatin ngul ar_di spl nent _relative to the joint axis so as to
provi de a ne%ﬁgﬁ.ggﬁgf}&pa‘f t'he ngerrent may articulate to relieve stress
i nduced by the out-of-plane action.

In a first aspect the present invention provides a

pavement joint disposed between two contiguous pavement

20 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

25 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.

30

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

35 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,



25The i nventors have found that the magnitude of angul ar di spl acenent that
needs to be accommodated in pavenents that are subjected to |ocalised
actions fromtree roots and the |i ke and which are conprised of relatively
short slabs, is an order of magnitude greater 30 than that required in

ot her pavenents such as roads. For exanple, a tree root may |ift one end of
a footpath slab by 25mm to 50nm which inplies, for a 1500mm | ong slab, a
rotation of 1" to 2". This level of rotation may be acconnndated by the

joint according to the ent 35 invention through the at st _one hinge
wher eas such Fgf‘%?i%‘?F'leg{JI OH‘oFl‘Blée]éccoﬁn’ﬂ?&iﬁ'edSB astoeﬁ?&ﬁ‘fi gn‘ﬁ o
contraction joesh, dovewer anyt cosbimatheramfr sbpatedattdra@lsthe out - ot - pl ane

action may result fromother than specific Iocalised action. For exanple,
this action may result fro or en from nore, |oI ent

E gr ound sul?_‘. Si dence,C F‘E]
action such as ear tf' BFERBREIGRI"THE Ghtkdmven J‘°n'l S I54 B’ﬁ?‘éﬂr
enbodi nent§ t helpad ntramwferemboharist Hitetghnhnbet e ndfefementiol t he

respective edgg si{aGRS Rnthsrst@bss1ads %ha{a aF rfé%“éﬁ'ﬁe okhengslges are
profiled to fo e shear e at 10 | east

{r‘% bjr\flgt e int reng enent , dt
he hinge.  olabs b GiFerded By SHBAPTKBY SRS BroAT Sy 281 5Y east one
portion of theredgecuriiraaeioh oneb}slsv;b.ll ooatmagt wi tBy nreglucésesishd orned in

the ot her edg&lﬁfgfé}&qaaov%h}eacéﬁ é&?@f{eﬂtsoébkﬁet@omg}do%@sfs%wd across
t hat connection. In one form e and gr oove connectl % f or med
t

bet ween tHe cBRAEFHUGHs t§I1£’B§n9 a? APaRGERERT - 3R rE S T }18? i s fosned
at | east 20 shbstantitdl lthibr oast beveweits eref Lehe kdgd ysuof aegsind t hose

sl abs, the mfmé@w%glhaeﬁeﬁthlag@ret qseaabheuf@%&s%r s sphagement may
take various fornms. |In one enbodi nent, each_sla ave a bearing surface

along its edg@°Sii faie avwrteﬂu't’ﬁéo?rﬂ%r“@r?&gggﬁeﬁ?s%?r%/%se bearing 25

surfaces providing a hinge of the joint. The bearing surface nay be

formed from an exp%eg,eﬁégsls%ﬁf&%ad ttgsnélsépsmeéﬂérﬁlsﬁa&gvﬁa«rlaaé&)verl ng
such as a netal or neric skin r the e may extend 30 over that

edge surface p% ¥R rﬂW 8% i NS Uteice eﬁrhera 7t d9d'<6f°uStng such a
covering may teansfdmypmnovert hguslidiace veropenl i ésspfadedrenbebetweprsur f ace,

or to increaséhe slabs and may take many different forms to affect that
trangsfer. The at least the one hinge provides a means of
20 accommodating angular displacement 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.

25 The inventors have found that the magnitude 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

30 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

35 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



the joint strength or to facilitate manufacture of the joint. - 7 -

In one form one bearing surface nmay be able to slide within another
bearing surface so that the hinge action is by sliding rotation- In
another faith, the ends of the slab nay have a cross section akin to that
of gear teeth, so as to 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. 10 Wen a slab of finite thi®«ckness rot at es, say froma

hori zont al [ ially |Iengthens in.plan. s nmeans that when a
slab is I|fte%‘ecloé’§e°tfop ABS etfa- &t "Rt F?S’iﬂrg g‘iﬂ‘r%l(? TsFa®? the joint

bet ween t he sdrabisifopedscdbiadd tduribop aRdrcéomaslet thhie botiammmeand t he

j oi nt between.dAnA Slabs ggguwegdbsaaenlcgf tsp @@é@%% 2bab £iosgat the top
and open at the bottom ypically 1n use he lifted slabs are prevented

from 20 novi MFHGT 2YRtarFyedRi ﬁé‘ef“oﬁﬁnamlf’fl%%l HdfSacent slabs. As such,
because ofs this Iengt heni ng effect conpressive stresses nmay be induced in

both the lifted angnthe méaféxe@m%aﬂﬁeﬂ@' &Sk Lhene sngysw%a‘ﬂ@ul ity to

accommdatethlslength ning or at |least mnhimsing its affe

Typi cal |y, tH&G®gH ﬂnBFr?’Pﬁ!%Sq% RENFRE FesrechivR 6fiﬁ‘éh?‘r’1’§;faé?efse8tf may
occur betweertiehelsbabs as thwy arengagehar | yhelisigeacede dhosilefd ¢ot may be

of fset by shripkagg,i Ehge{ﬁ@éfle HARE anCRS yﬁ@a&e]&ggaﬁhame ae formed

al
fromconcrete or simlar malterleg{rg{:e n of her 30 circufrstances, the joint
bet ween te SIS RBEJEIRSSaccommodate the | engthening effect so that there
is not undue stress occurring at the joint whi ch woul d cause failure of at

| east one or nore S.. .35 ran S r above
where the sl abs magﬁbzejﬁg %1&?0 th%arg'ﬂvw% qfé); g bge?stctlk‘%%gl ab ends
are establ i sH&§¢ PETEHERI O h"eh%lleﬁg%éérf‘?%‘?n ‘?%é"l‘?orﬁlés’t Lagating

within a recess formed in the other edge surface so that

15 shear is able to be transferred across that connection.
In one form, a tongue and groove connection is formed
between the contiguous slabs.

In the arrangement where the joint is formed at least
20 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
25 surfaces providing a hinge of the joint.

The bearing surxrface may be formed from an exposed
edge surface of the slabs. Alternatively a covering such
as a metal or polymeric skin, film or the like may extend

30 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.

35



- 8 - surface to the ful crum about which the slabs rotate, the pinching

ef fect descri bed above is obviated. In one form the joint may include at

| east two 5 hinges, with one hinge allow ng angul ar di spl acenent about the
joint axis in one direction whereas the other hinoe allow ng angul ar

di spl acenent of the joint axis in an opposite direction In one form these
hi nges are di splaced towards a respective outer surface the slabs, In 10
one form each of these hinges use a hinnge action of sliding rotation with
each hinge being fornmed from cooperating arcuate bearing surfaces that
slide one within tH& 60RefOrME|DRESPH SPREAGDIMRY PRcRRtRSEDMY98 single
hi nge whi ch iwgithispesedhen beadhottsudiaceesbr ahattxtdi® dfingbeastsds.isdhen

| ocated int j.ti o el ative | engthening of the slabs that occurs
during rotat?%%’%gggél %bﬁépg%%bnnndated. In one formthis may be

accommodat ed 20 by incorporating sufficiently sized gaps within the joint
at the outr margi ns ahother st&dn,sahas eh8sabf ohaddguahney cheas ance for the

slab to rotat ro \ r t ,ned an r. di.spl acepen j.cally | ess
Chan 5+ tnd- rerah WeALBAPLEES & E&%%Pi Sabc b, BeolE o (iiuee) Y
thi ckress of #hRan|tgbhbet hsagakerfuiitedhmajebecexifesgspvetane mapd n f act

cause a trippidhdiazacd be hbeopERRA byAsoSUDly, iih @Ret Refindordn o he
j oi nt may inclggg @Fgﬁnpressible menber di sposed between the conti guous
sl abs and arr%nge&’ 0 accommodat e the | engthening of the slabs 30 under the
angul ar di%pl acenent . In a particul ar enbodi nent, the pavenent sl abs

nmay be pre-folatedwagd khel40ngy essiibeecnesbesss Mytabesf i x@g fxowome or both
o L1 ohel? SRy’ Brball 24 95t sl S bAE 1ALAY on
means that when a slab is lifted close to one end and
lifts its adjacent slab, the joint between the slabs opens
15 at the top and closes at the bottom, and the joint between
the slabs and their non-lifted adjacent slab close at the

top and open at the bottom.

Typically in use, the lifted slabs are prevented from

20 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.

25 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 slabsg are
formed from concrete or similar material. In other

30 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.

35 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



In a particul ar enbodi nent, the pavenent joint incorporates a joint nenber.
In one form where the contiguous slabs are cast in- 5 situ, this joint
menber may act as formwork for both of the pavenent slabs. In one form the
joint menber may be fornmed froma sheet material such as sheet steel and if
necessary may include other elenents such as the one or nore conpressible
menbers nounted thereon. The joint 10 nenber in this formnmay be fixed to
one of the slabs so that the joint hi mye i-s f oi med through engagenent of a
surface of the joint ne nd the other slab to iich that jaint menber

i s connect ed. SYSiafone f ?nfa}?f@“%r‘?é’ﬂl tuhichk tie E},% Bt TPEAbF ovilfed by

i nt er engagememindfiricheffont | demusitsddabdowet bs tdlevijagiast. menber. In a
particul ar enbodi nent, the joint menber incorporates opposite |ateral
portions that extend |nto respective ones of  t Iabs so as to locate the
jointing 20 menber M PAENTPHR S1hsh ISHPF] E‘?lén:tlﬁfh“{ EhabFeSshe® to be
transferred decimagss,tvétboobé guouse slidbsitbr anghl said spdrneneg mwver . | n
one form at éﬁ@ﬁtoﬁ@e fsthe bl fiecRIbhi PRSrdsts ZhePEohbL Ahdd | nCOpOT at €

an arcuate bearl sur is arrangenent,. the at .| east one | ateral

portion for rrsaﬂacf"fm@f aflﬂ‘élﬁ’f' rfb‘e‘sﬁlr?ﬁenﬁﬁér f oSy SiHtaPHESr SR A% on with the

arcuat e surf asgpdsdrte Agracteati ngrswnkacernf thete Minges 30e In a
particul ar erbadinenat, {DQQJ};&Q'&W JERRLvE NG ULE S B ke 00 11 | aker al
portions extend outwar rom the ‘core and are spaced art tabout t he

joint axil® t W %p?é‘ihn‘é@ eql}F%@lngﬁFtHs?rﬁé“éfﬂeaﬁ(jE Rt one | ateral
35 portion prajietitrgy rbtat boe wltdb,canhi hihgé hiee DidhefodmatieEabmporti on

proj ects int(%é&ﬁ%f@fQﬁb éL@&hte bearing surfaces that slide one within
the other.

15 In one form, the joint includes only a single hinge
which is disposed on or about the neutral axis of the
slabs. When located in that position, the relative
lengthening of the slabs that occurs during rotation needs
to be accommodated. In one form this may be accommodated

20 by incorporating sufficiently sized gaps within 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

25 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

30 under the angular displacement.

In a particular embodiment, the pavement slabs may be
pre-formed and the compressible members may be fixed to
one or both of the slabs prior to installation or located

35 within the joint on interconnection of the respective

slabs.



- 10 - In one arrangenent, the joint nmenber also includes at |east one
spacer that projects fromthe core. The at | east one spacer |ocates between
t he contiguous slabs and is angularly spaced about the joint axis fromthe
|ateral S portions. In a particular enbodi nent, the joint nenber includes
two spacers which are angul arly spaced apart about the joint axis through
approximately 180 In a particular 10 enbodi nent, the joint nmenber is
configured so that the spacers extend geherally in a direction which is
substantially perpendicular to the |ateral portions. However, it is to be
appreci ated that tH& GoRFFGHF&t3 0P RETf oi e RATSER FayPVdry so that the
spacers are nuotcatpckatesght jahgt esentbext.he | ateral portions. The
spacers of the joint nenber may be incorporated to accommbdate the effects
of | engthening of the at |east aqne slab on angul ar di spl acenent of the

sl abs about the at I20°P8aSPrBndinrgéhe| RORMEUM s1phe PAEHEE 8y be made
froma matserialtwhittisi $oabt emémbdre re@npressedtdomatrkl €astbstmfextent to

accormodate this a%%hﬁg%ﬂgb@ff%-onlenfer;fnyréﬂ@r-Ji%”}nﬁn%%jt' femember

may be arranged 25 so t It co etely separates and le contiguous
sl abs In thi sEAtehGERBNE, SRPRE jRRERE IRenBEFR| 3 hees ehBesRErAE t hat
proj ect fromudeeszarg aagd ext¢bnik tcxharr edprehtsy esuahe asf thdeomuitedr surfaces

of the s1abs.mdih ihnp-BLLRAC TR be, N BAAREE ShdFioc2e LTSRNt Y 30
t or_the

conpressi ble so _as t EFQVIde an expansion _j ol nt pavenment to
accomodat’ iTRHISEndRekPaRst o oo e SExBE, to one oftRBecplAigyfati on of
t he joi nt nmendiext whehjbhet detmeye |iat €patnefgothiong eapdgbmeniSpater S may

incorporate a.fiidge 3p afli &r&m&en%ggr%&stﬁ@rcg&}@}_ %Eaﬁ%?’mﬁ t where
there is sliding or rolling rotation between a bearing surface o
that joint member is connected.

15 In one form, the shear key of the joint is provided
by interengagement of the contiguous slabs with the joint
member. In a particular embodiment, the joint member
incorporates opposite lateral portions that extend into
respective ones of the slabs so as to locate the jointing

20 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
25 profiled to incorporate an arcuate bearing surface. In
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.
30
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
35 portion projects into one slab, whilst the other lateral
portion projects into the other slab.



the joint nmenber and a correspondi ng bearing surface forned on the edge of

abutting sl ab.

In a particul ar enbodi nent of the above formof joint 5

menber, the joint nenber is forned with a plurality of bearing surfaces,
each of which cooperate with a correspondi ng bearing surface on its

opposing slab so as to form a plurality of hinges within the pavenent
joint. 10ln one form at |east one face of the joint nenber includes two
hi nge bearing surfaces, these bearing-stffaces extending froma distal

of the | ateral

In a par PPEuREras

t he spacers.
In one form 1dmst cnet speoderthatclpudgscas pirem dfhehicoges ofhé¢ e above type

on each of 15 ARPQZIL Q?Qééfsl cm%rsefb@w%éﬂ i %o%rl@ugﬁgeﬁabg gl 0i n

menber 20 i ncorporates

portion of the joint nmepber to r ective, distal end
A5ty hEde 1RHT RETCRE

our concave bearl ng surfaces each of WhICh

end
of

fgLee Edsscahcave.

t
are

part of a hi nbe FPHREL YoF’Pﬁce FRPUSaFPR cUPLRE é‘?ﬁ@dl Lremt the N e3Pht  nenber
i s el ongatse hawitnigna.const ant cross-section. In a particular 25 form
joint menber is formed in continuous lengths typically by an extrusi on
process. In one fo, the joint nmeMer is formed froma “r%beqﬂ. nmeric

material, such as PUC: PBPECWHATa SAPGRiReNhartdifed91RGHBR

udes

t he

alternati ve enmaodipaerts wvhoch cird amenierly ramadeet alpasuchbast alhwm ni um or

made of corrpo%ltr& mﬁt Eﬂféﬁap,apz,%alﬁétélftfs%o retﬂfgré:ae&lraghwe“ c

a j ol nt nenber

for a pa rrerﬁ‘“l]%%lﬁ'f‘mtt h%h‘i’dlc?&ntnéﬁﬁ@lerhé%lcfﬁl%ﬁué‘eﬁt sgxFRatarfd®ei ng

mat eri al .

35In

furt I nventi on_rel ates

ai l anged to bepadiesposetehétywenrally in a direction which is

15

20

25

30

35

substantially perpendicular to the lateral portions.
However, it is to be appreciated that the configuration of
the joint member may vary so that the spacers are not at
right-angles to the lateral portioms.

The spacers of the joint member may be incorporated
to accommodate the effects of lengthening of the at least
one slab on angular displacement of the slabs about the at
least one hinge. In this way, the 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. In
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



- 12 - contiguous pavenent slabs, the joint nmenber conprising opposite
first and second faces that in use oppose respective ones of the edge
surfaces of the slab, the first face incorporating a |lateral portion that
projects 5 outwardly fromthe face and is arranged to inter-engage with an
edge surface of its opposing slabs so as to enable shear to be transferred
fromthat slab to the joint nenber, and at | east one bearing surface that
engages with a bearing surface of its -opposing slab and wherein the 10

i nter-engagenment of those bearing surfaces provides one of at |east one

hi nge of the FBFfnio¥Yr "SER6AMBAAL P P PR 1A SPEACEIR MT6ACEhe s| abs
relative to tBerhed nin aties elgeadt | #asitione sdebecti on. 15l n a particul ar
enbodi ment, the second face also incorporates a |ateral portion that
projects fromthat face and is_able to inter-engage wth an edge surface of
its opposing slab si& &Pestéfabie %ﬁ?érlm?é‘tb@ft'g%sﬁ@r"teeéoﬁ@t efPitat sl ab
and t he j od nt meeder .cHen jenatf aembebaish 2@nkhewi thisd fAndadeegndt f aces

i ncorporate t i rfac i 0 i.ie.opposite sides of
the | ateral pjg%]?%gi %_5%%?%6 g%c?hcg’f%g%g, @fhgéﬁ‘%ﬁ% iv.}r%ths%rfaces bei ng
arranged. to CHEHERFPWIRI BSPEERT VB IHESS R $6Ff ARSI FhePedgeSurfaces
of the opposibg &b tQubran it odf Himges wathiheth®igdvement joinddl yet a
further aspect, the present invention provides a nmethod of inhibiting
differential. out novenment of contiguous slabs in_a pavenent under an out-
30 of - pl affe acti on TappPredord. att | st 66 6-Ct Hef dIhebd oBYLi REHFor at i ng
pavenent | oi nigscheiaseemwct hengenbégtioits ssh-@hgest hehdi miezirhagng el ongate and

each ext endi ngggéao% a,J- LRt x'?%rgr;id CH%I'%? gﬁg ) &.,0f 1%‘:%33&”” ng shear

bet ween the slabs and ‘acconmoda angul I'Splacement of the slabs
rel ative to tRerfigimefakis inlat Tedar SReadirpekefiohie distal enpd gfet g
further aspecthe tdiadaigent ranargidies:lze dFopayetdde Healrihhabutfe@ygpor at es
at |east gne Q%é)fd.c!n ,and surfaces which in use forma part of a joint
with. a contiguous pavenent slab to allow shear to be transferred 5 across
the joint and angul ar di spl acenment of the slabs is acconmodated. In one
form a joint nmenben bsedEspasethdejoipenmehbes| absuddBl EFpRESER PTI ON OF
THE DRAW NGS 10 Lt onyeni en rel I..descrj
enbodi nents o ﬁ}%ees' r?rfeggﬁt a%’%‘\r/%n on o\;%\n Eeﬁ;:?le gr%%ggpipg’stlgg Egégﬁ
Therefore in this arrangement, the joint member
20 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-gection. In a particular
25 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
30 hardness rubber. In an alternative embodiment, the joint
member from metal such as aluminium or made of composite
construction, such as a steel reinforced polymeric
material.

35 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



acconpanying drawings. It is to be appreciated that the particularity of
the drawi ngs and the rel ated description 15 does not supersede the
generality of the preceding broad description of the invention. In the
drawings: 20Fig. 1 is a perspective view of a joint nenber according to a
first enbodinment; Fig. 2 is a schematic elevation view of a pavenent having
joints incorporating the joint nenber of Fig. 1; Fig. 3 is the pavenent of
Fig. 2 when subjected to an 25 out-of “pltdne acti on; Fig. 4is a

schematic view to. an enl arged scalg Bf a qgnnecti n detail of the ,joint
menber of Fi gt EYS sPPESERar SafPSn of "t hd % BF nt™ er “SFFPFY"91; Fia.
6 is a furtherpowesitat i divst t bed) opatombntfmrcesf 30aFi gin use dRRpse7 is a

E_ectignal vi epes e @1 vRXPEAS 06ffj ?éhrrg £@5e UgRricRCcEBe dz?vga@n%%_atéFithle 2,9 _
 Sectional oPBVER | DFEG| SUPOTSF HavSeht LTHTTY | ROGH Pt aUTy BT OE
accordi ng & o eutserohd efibodi bleat face- apd is arranged to inter-engage
with an edge surface of its opposing slabs so as .to enable
shear to be transferred £from that slab to the joint
member, and at least one bearing surface that engages with
a bearing surface of its opposing slab and wherein the
10 inter-engagement of those bearing surfaces provides one of
at least one hinge of the joint for accommodating angular
displacement of the slabs relative to the joint axis in at

least one direction.

15 In a particular embodiment, 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 slab so as to enable shear to be transferred
between that slab and the joint member. In one form, both

20 the first and second faces incorporate two bearing
surfaces disposed on respective opposite sides of the
lateral portiong disposed on that face, the bearing
surfaces being arranged to engage with respective bearing
surfaces of the edge surfaces of the opposing slabs to

25 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-

30 of-plane action applied to at least one of the slabs by
incorporating pavement joints between 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

35 of the slabg relative to the joint axis in at least one

direction.



Fig. 10 is a sectional elevation view of a pavenent joint according to a
further enbodinent; Fig. 11 is a variation of the joint of Fig. 10; Fig. 12
is an schematic elevation view of a pavenent 5 joint according to a further
enbodi nent; Fig. 13 is a variation of the pavenent joint of Fig. 12; and
Fig. 14 is a schematic plan view of a pavenent testing rig; and 10 DETAI LED
DESCRI PTI ON Fig. 1 illustrates a the joint nmenber 20 arranged to be
used in pavement joints 101, 102 (see-Fit4.-2 and Fig. 15 3). The joint
menber 20 allows shear to be transferred through the joints 101, 102 to the
adj oi ni ng sl abs and™ &'®kcCormfSdaE 3RGGFar BPE plaE Jreef168e 8l dbs
about the joimdveneces GAlabanthaCAZnca@pheafes ndt nbeder Q0 i podiigedates a core

21, lateral pgriiQns 22 23 whicheextend outywargd vy, fromd-he,caresand
whi ch are ang%‘?l?r_ y spa%g%gapart about the agi s CAb aalgjf)guﬂtn 180’ soaas to

extend on opp¥ttigUSidePFE ERE E47R. EThBL}8Y nEReRRbE? BF sbritfrdes
spacers 24 anskisd hate pirdpectandr emotilercdl eplddwmsstspacears 24abadi25 are

al so spaced aggggm?,ra%rcgai, mat el y Jhar 18D apout tReHEOr § and Blosea

generally are at right angles to the lateral "portions 22, 23 again giving
the joi nt mentiweR® &her8532%ection that is somewhat akin to a crucifix. 30
The joint nmenber 10 is elongate and typically formed from an extrusion

process. The éﬁﬁﬂé [ﬂ%@ﬁ?h@%iéﬁ' Of e '#'?mﬁ@@_st ruction and is forned froma
swtablelr(r)at . ,—in the illustrated form the
It is convenient to hereinafter describe embodiments
of the present invention with reference to the
accompanying drawings. It is to be appreciated that the
particularity of the drawings and the related description

15 does not supersede the generality of the preceding broad

description of the invention.

In the drawings:

20 Fig. 1 is a perspective view of a joint member
according to a £irst 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
25 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 wvariation of the joint member of Fig. 1;
Fig. 6 is a further variation of the joint member of
30 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;
35 Fig. 9 is a sectional elevation view of a pavement
joint incorporating a joint according to a second
embodiment ;



35 joint menber includes a central cavity 26 which facilitates extrusion
and which may be filled by another extrusion if required with the joint
menber bei ng nade by a co-extrusion process. Because of its rigid
construction, the joint nmenber 5 is not able to accommodat e angul ar
di spl acenent of the slabs about the joint axis CA by flexing or deformation
of the joint nenber which would otherwi se enable the |ateral portions 22
and 23 to be angul arly displaced rel ati ¥& to one another. In contrast, in
joint menber 20 this angular 10 displacenent is accommodated by rel ative
novement of the pavefentOstand SHIUCTReStBYAEITRATSY °F 2 PAYFdly ow this
novenent , thejpoimtacuenmdeng20oi acbApdicat esbadphemt@al i ty of bearing surfaces
27, 28, 29 15 and 30, Twe of éf@&@ﬁﬁﬁbﬂgoﬁUﬁﬂé9ﬁ§ﬁ%70f2§i re,gli sposed on

' 0 ot

one face 31 of the jo6int nenber 2 ereas_the ot her, two _bearing surfaces
29 and 30 are di spésléid 4R tRePRPHCERE IFag S B AT (HEY] 8Fnt TR =

Furt her nore, {dintbeardordiagr tacestuarthear p@ahgétineso: t hat on any one face, 20
t hose bearing surf e; di sppss OpRPOS) j of: .t taral
portions 22 and 23%q%§t%gtﬁ?§§arra%$g%3n§? ?%%%ﬁﬁﬁggﬁﬁ éﬁ%&géggEg"one face
are arranged o7 iFHt%r engage with correspondi ng bearing surfaces di sposed
on the edge surfaceief Ltsispposihegasliabpldhesiew edpecphvemic

i nt er - engagi i e provi de a hinge (37, 38, 39, 40), in the
pavenent j oi g'tge%lgg%gaioggg As best illustrated in Fig. 1, the
respecti bearing surfaces extend substantially froma distal end 33, 34
of 30 the respErAInAD IDEEeRaAPTPpENti ons 22, 23 to a respective one of the

di stal ends 35, 36 of the spacers 24 and 25. Furthernore, each of the
beari ng surfaces are arcuate (being concave). In particular, the arcuate
surfaces are shapédsolt hatUshertfs ifofPef JPHC redihedt iPPe 2hFARRS (%97, 35 38,
39, 40) fo4dnesk hsdintier pengagenejdink the, beaz i (gpesuribacesami tihig.

corr espongi ng; Peani0 8YLL A& Rd: J0'91RBYE B S| P £:aREOk-S 1 di N

rotation. This o L.
through the joints 101, 102 to the adjoining slabs and to

accommodate angular displacement of those slabs about the

joint axes CA' and CaZ.

20 The joint member 20 incorporateg 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 spacexrs 24 and 25 that

25 project from the core. These spacers 24 and 25 are also
gspaced 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.

30

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. In addition, in the illustrated form, the

35 joint member includes a central cavity 26 which
facilitates extrusion and which may be filled by another



- 16 - discussed in nore detail belowwth reference Figs. 2 and 3. Fig. 2
illustrates a concrete pavenent 100 farmed 5 from conti guous sl abs 103,
104, 105 and having pavenent joints 101, 102. The pavenent joints 101 and
102 incorporate joint menbers 20. For conveni ence, reference to these joint
menbers are given the superscript 1, or 2, with the features of those joint
menbers given simlar 10 designations. In the illustrated form the
pavenent 100 is folLLEl ed by casting of the slabs 103, 104 and 105 across
the joint nmenbers 201, 202. In this way, the joint nenbers both |ink 15 and
separate the %ﬁ?ﬂﬂ?lPGB}f1Eﬂq%ﬁﬁfd1@BFhS%E€i3?%&9IWFPbFHeb?éEQHQﬁdepBYtions
221, 231, 2223 &32xatreseahesdecdsnto the edge surface of respective sl abs
103, 104 and 105 whil st the spacers 241, 25/, 242 and 252 separates the

sl abs 103, 104 and 105 with the spacers extending to the 20 respective slab
surfaces 110, 111Bsrapfe phvidifedtiotgoconstrugidaqn,| G8ey ApEE MF™BEY. 2, the
end surfaces iDGmotl@hlelO8 atwbmhddadt thgubdmhiistl3cetbdt anfl the@s are cast

onto respect iy ananonl Lhe {a6es 311, cR2d aLALL 322 AhAS A 28 result,

each of those _end surtaces , arcuat € bearing surfaces 112,
113 whi ch corts geAatt Bererip edtiicle VeHeS BFLYHE S5 &PPRYS SHHF dd§r2%, 28, 29
and 30 of thedridhsneobefid 22 t30beeahgal anyy slirsideesdoteldreiyeoitnt nmenber
20 are desig no I d d. i t he. s a
constant r adirbgll% %‘&ogge?b %I?rﬁé§$%{1a¥§geﬁﬂm?%#%g%ﬁﬁa)fgggbgy%%%ﬁéﬁlrggt ation
of the i ACer -ErpdgCREeBr i aGEEOMROSEstr PU e tdfE BOEFT s ‘bfo&geeven
respective | qagredndi slabduiban ateogsihbiemdnibzges. | n one form the shape
of the bearing surfaces on the joint nmenber is such that there is a change

in radius. The pui pose of this change )
To allow this movemént, the joint member 20

incoxrporates a plurality of bearing surfaces 27, 28, 29

15 and 30. Two of the bearing surfaces 27, 28 are disposed
onn one face 31 of the joint member 20 whereas the other
two bearing surfaces 29 and 30 are disposed on the
opposite face 32 of the joint member. Furthermore, the
bearing surfaces are arranged so that on any one face,

20 those bearing surfaces are disposed on opposite sides of
the lateral portions 22 and 23. With this arrangement,
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

25 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

30 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,

35 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



- 17 - of curvature enables the effective point at which the pinching force
is applied to one lifted slab to the joint nenber to be raised or |owered
al ong t-hat surface. For exanple, the curvature of these surfaces may be
other than 5 circular such as elliptical and change over the length. In one
form there is a gradual increase in the radius fromthe respective distal
ends 33 and 34 of the lateral portions 22, 23 towards the distal end of the
spacers 24 and 25. 10 in general® a pavenent is subject to both
direct and indirect actions. Di req;tactions_incl de traffic | oads .and
forces deri vi‘gﬁg“furs@ﬁ 3P| MoFe fHihidat PEACHOVENR ML SERECEr EE9F 06t 2 n the
case of footpaths, cycle ways and 15 donestic driveways for exanple, which
are frequently built alongside trees, uplifting actions caused by tree

roots are common. Uplifting or depressing actions can be seen as
out - of - pl ane, rel afi-de ?olﬁf’r'aﬁtré‘lte?h@ ﬁ%’g%ﬁ PAYETRBF r &8 fgiﬁ‘legns i ncl ude
dryi ng (msi stiinrae) cendifyeoperstarse 1I0Ranges, Wieh andpaweimeatpasemade from
concrete, thesg acthgRs f@ﬁse B BLERRAE af ¥; A0 1Rer JRAeNd, Vol unetric

in the f f

changes that manifest in tl orm of expansion and contraction. Shrinkage,
whi ch is causeBPOIRYENOIHS NeTPepE 8en ¥ tINTYEAREES ast o FEAFof
per manent comta aticisenjoihe mditeais afret hEeen adid euperscabst Isi g Ri,cant in

the plane of 6, RALCFERL.- FOIoLXAERLE oLhe MAERSLT 8i06d draing shrinkage

of concrete i s commopn e order of 800 mcro sfrain or 1.2 mmfor a

sl ab 1508930 4AAHEHAG1IOMRe coefficient of thermal expansion of concrete is
commonly in the order of 12 mcro strain per degree Cel sius or

approxinately 0.4 i 0 I j e 0; rature
pp y szﬁf}%g 21 810100 s62m a{@ﬁ}?@t& ?r%é 14 A RRe

change of 20 deg contraction I s_restrained, ead tq cracking

of the 35 corktr SBETiPE ek pdiRiTRbPs 1Past +&F Rt iO5SnagTPead- 1% J84Ptor all of
spel | i ng and remiterisngobf 2ofe comarltetse wangd buekioig: artbeaspbogh dfirkhe

pavement 15 - Jox Separate Gmmnlag 1850V §4 b d qrosﬁongﬁéeifftpalq_fy,concret e
made Dy re

pavenents is I ncor porat | nglcontlr action J,o0i nts at atively close
interval s ef fi&& LFERYaHi R IRIS Re 5 Paverdnt 4ont 3% LSS FEDNt i guous
sl abs. I n theheasdgef sanfane refi nkepeetdicontlai= 1payement arsticlosas a.

foot pat h, whilst the spacers 24, 25%, 24% and 25° separates the slabs
103, 104 and 105 with the spacers extending to the
20 respective glab 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 31%, 32% and as a
25 result, each of those end surfaces are formed with arcuate
bearing surfaces 112, 113 which correspond to respective
oneg of the bearing surfaces 27, 28, 29 and 30 of the
joint member 20.

30 The bearing 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

35 distribution across the hinges. In 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



for exanple, contraction joints are commonly spaced at between 15 and 20
times the thickness of the pavenent. For a 75 mmthick pavenent, for
exanple this inplies 10 joints at 1000 to 1500 mm Provision for the
expansi on of concrete pavenents, which are subjected to solar heating, such
as roads and footpaths, is nade by incorporating expansion joints, also
known as isolation joints, at relatively wide intervals, comonly 4 to 5
netres. Thus 15 external pavenents connéﬁly take the formof a series of
contiguous sl abs, both separated by a, conbi nat |on of contraction

nd |jnked
and expansi on®f of W @tu=F £HaP %ﬁ%o’%ﬁ‘r&ﬁchltllﬁ&?%%td Fhvetgh Yt he joints
20 101, and 1ﬁi?n¢ming tiverceons r aghliicn jtaol ohe oftédeslzéy épente IDPintHowever ,

unl | ke conventipoal oBLr act ko dno'lrgw%reﬁh%%bﬁ?néﬁag-%z‘%ggelozF&re able to

acconmodat e out pl ane action, typical ree root _invasion_or by soil
heave so as t ¥ t0Gi FFEY%'F\‘H%I“V&F@S&F RoveseieYoPet RENSE Wahs. The
mechani smby ahrchldtheucbi assebgonnmedabedt bhenaetdwmr ithebshgtexpl ai ned

with ref erencfntﬁ{':‘g}rnf (BUEDI 1) 4 Ol 3ynbPEa RRUGITERE 100:0s Shown

di spl aced after icatlon an out-o ne action 30 P, such as may

occur through ’E?‘%éﬂ?eo&tespﬁ(i’é%’?%rfhtﬁﬁféf e§fi§b3§0ﬂnd 34 of EBE| AT he

appl i cati on ofottherrfsoree P3toowdelss|tdle HA4ral hend cail the thatess alt i s
transferred bgth 40 the slab 103 and to slab 105 through the respective
joints 101, 102. In particular, in relation to joint 101, the slab 103
applies I]cPadl ng to the joint nenber 201 through the - 19 - bearing surface
271 as represent ed Iy geheratl ; ow mpveaetitaiseachiart ftor beth2disedtndmded in

s di agonal | Y, pRROS! LecDEAs | NhANIdAGe a8 DY APk ssLARIAS, s such,
t he j oi nt mana};;n 201 trans?ée ]h%w bet weeﬁ t% ﬁﬁ? 103 ano 5 104 acr oss
the j oi nt 101and forces der1v1ng from soil or foundatlon movement, and

tree xoots. In the case of footpathg, cycle ways and

15 domestic driveways for example, which are frequently built
alongside trees, uplifting actions caused by tree roots
are common. Uplifting or depressing actions can be seen as
out-of-plane, relative to that of the pavement.

20 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 drving,

25 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

30 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. If
contraction is restrained, it may lead to cracking of the

35 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.



Again, if the load P is of sufficient magnitude, the slab 104 wll lift.
This lifting action will reduce the magnitude of the |oad and as such, this
slab will continue 10 to |ift until such tine as an equilibriumposition is
reached. This lifting action is not planar but rather is accommobdated

t hrough the hinge nmechani snms incorporated in the joints 101 and 102 t hat
result in rotation of the slab 104. As such, again the threshold | oading
under which the 15 slab 104 will lift -id8 n part a function of the

resi stance provided to rotation through the joints 101 and 102 particularly
as shear is able to be transferred to adjoining slabs so that individual

sl abs are not free danddnfly, | pdependenttoy ebnbnectaiwt keEr codbrete To enabl e

the slab 104 ' r.0 r .Qﬁnki | agkwi di rect]

illustrated |%9E|L&ég&tﬁ qtshg'gﬁfeng%g{lﬁ\%Q aﬁ%t%’é‘é gecorr%%&%h gg%*elggw&fh t he
beari ng surf atekaQ e vafd cee220bp S SitAECEdIRo\I G 48058t he beari ng
surfaces 26 2gdvéiht?23AhtoNat beties obvemeituotheslmbs allsothe ceageespondi ng

roverent of '8 Beaklieaublacs ded-dl 2holndfS Jnd 2 2CEQSSAGR | NG

surface 291. s novenent, as 1]l usStrate ere 30 is a
tendency for [PE PeEMify SOPEEREEINIPiatd 29% FI™BHY &partd ahe inventors
have found thatécwswderl s pereasediaaguiar ttisphagenehttlich@ajenaht menber 20
may actual ly pflip" aher i nt I t .of Fig. the
beari ng surfa%%%z i7nnvegg%ﬁkn%%aggﬁgéc?é%ﬁg%?@ﬁ%agggbeéggggegurface 1131
of slab U afiHoved 480Phhe RO BEhr i Rgo¥hPiae £ 20 £hvo #&BATRIY Unt act
with the bearidgcretePavettntacestilti 'aref sabgbcdd3. cdNsbhakheeactngn, the
joint member 20205 .3948 LAGKESor R, 40 RaBDOY AndRbBLLengthere is

effecti ve

expansion joints, also known as isolation joints, at
relatively wide intervals, commonly 4 to 5 metres. Thus
15 external pavements commonly take the form of a series of
contiguous slabs, both separated and linked by a
combination of contraction and expansion joints.

In the embodiment illustrated in Fig. 2, the joints
20 101, and 102 form the contraction 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
25 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
30 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
35 103 and to slab 105 through the respective joints 101,
102. 1In particular, in relation to joint 101, the slab
103 applies loading to the joint member 20! through the



5 lengthening of the slab 104. This rotation causes a closing up of the gap
bet ween the sl abs 103 and 104 at the |ower end of the joint 1.01. and a
closing up of the gap between the slabs 104 and 105 of the upper end of the
joint 102. Conversely, the gap at the upper end of the joint 101 opens up
whereas the cap at the | ower end of the joint 102 cl oses. Thi s change
in the gap distance between the slabs can be used to assist shear transfer
across the joint 101 and 15 102 as the dPabs are caused to pi nch the joint.

nmenber . Furthﬁrnnre the nDu? and o§gg|o§%9HDtQ%§ " |nchun% force" can be
modi fied by tRETHE J§or Cuf vatty & provrad i the A §8¥¢?|ve b&ari ng
surfaces, in geaersdn ﬁqv§eppnc1ﬂrﬂ}dﬁeﬁéelnsltﬁﬁﬂkygaaaééYt@Eﬂoﬂﬂta S not
greater than Bathad éﬁyfefaew@yi %ycméeoeae@g@law 1tohe shabsedh t h:fhel oi nt

menber. Accor di der i_S operat, on t he pave gai n
effectively a??f%%l%?"g’%gg(gut ihdy Fé-?pgg??ﬁeb ol Tit's g‘ ge%% ]’t %ommdate
t he out - of5 pl 4h¢ aetdssn thiehjolgh tHis articul ati on novenent, there is
mninmal vertical differential nnvenent at the joints 101, 102 between the

adj oining sl abs. The .likel.i hpod. of e.to e sI bs i S atly reduced
as the joints 101.é§ﬁfnioifaF a&ﬁ%g %?805088 @nﬁngfio Swhi ch
effectively relzlevest midlstiiéss ﬂﬁdueédfbynghastbmnmpﬂlpkaﬁecedﬂkon P

It is to be aﬂ o ied s Tthetlmla%;d Tafées%EHVetI@f@%iéB?ﬂﬂlllLllzéﬁﬁirﬂiees the

pavenent 3., 104 nd 105 35 of e|n cast.in-situ, it
BT T b, obbr eEP at thf (i Ty AESR &1 oM BUB6 PROVID e 45 SBReT or med
el errent s. - -reichedf»l gThdsshbfcing siatd.on éw Dbt tiharjani mputneabesr 26 duri ng

inntall ation. aaétemmaaartfedrreﬂ‘@sagﬁocﬂéﬁ@%@er AL BBaNDLRLS 131Eo§ﬁ9r£)€@d sirdgai nst a

&ffﬁ ?LetcglLgﬂnv%giﬁé%OQOiuandt{Eg %Edie%319f1£r¥% é%lon n?nggr %p align
104. As such, again the threshold loading under which the

15 slab 104 will lift is in part a function of the resistance
provided to rotation through the joints 101 and 102
particularly as shear is able to be transferred to
adjoining slabs so that individual slabs are not free to
1ift independently of one another.

20

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 1122 of the slab 104 moving across the bearing surfaces

25 27" and 29%. 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
30 is a tendency for the bearing surfaces 112® and 29' to come
apart. The inventors hawve 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
35 bearing surface 113! of slab 104 and moves so that the
bearing surface 29! moves into contact with the bearing



5 501, 502 in the formmrk 500. A peg 90 is then able to be inserted into
the aligned holes. The peg 90 includes prongs 91, 92 that | ocate in aligned
formwrk voids and joint nmenber voids. The pegs stabilise and support the
joint menber to inhibit it noving during a concrete pour. 10 On curing of
the concrete, the pegs are renoved, and the formmrk stripped | eaving the
contiguous slabs |inked and separated by the joint nenbers. An wll be
appreci ated, other net hods can he utifi%‘éd' 15 to support the joint nenber
during casting. For exapp pegs are used gnd driven through
near verti cals%rfécﬁriLiLPedD%%QQ iLﬂ3t heWJJ‘B’f At enefbers- 'Itﬁ'@ PEHRE menber may
be laid i n ameakeavabedcts encha andkpegs are driven into the earth hol ding
the joint nenber in place; 20b. A "notched inserter tool" is used which goes
over the top of the joint nmenber and drives the joint penber into the wet
concrete; or c.AnUnfREeFRINFIBILE TPEALERY ISR dSpehteiMe  top of the
j oint nmenger ]beylgm:haﬁsngfoﬁ tthmtmraboflo4can3H1925cdtlaauoareammte(h and | ocked on

to the joint ends ol ndhd N SbBhoBBENDRE J1bedl 865 ang 104 HedcnS shovs @

further errbo I ment fll*% oi nt nmepber 45 shown in
Fig. 5 sharedatgiyesf 35 t Jf%'é’ttu%é %dt%ecﬁ%lﬁﬁ HBnBert 1'2?)95‘% li ke
f eat ures havedeeeBngtienslatke 1roaf andnces nofrertad sipper end Thie jhe nt nmenber 45

i ncor por at esggﬁfnft €pg . PoLLians. A éﬁatggﬁ ?ﬁgé?f%] nENAUGH L 0

accomodat e ression on I nstal e formul ay on of a
gap may [€ad jdnth OéoPPe%dJRJ&hFFSHSeR}b%r%ﬁRIg*‘t\MtPﬁ LRESF Gttt toh6f t he
gap, and so nwiifitaiognglasseal . In this

This change in the gap distance between the slabs can

be used to assist shear transfer across the joint 101 and

15 102 as the slabs are caused to pinch the joint member.
Furthermore the amount and position of this “pinching
force” can be modified by the radius of curvature provided
in the respective bearing surfaces. In general, the
pinching force is designed so that it is not greater than

20 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
25 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
30 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
35 of the pavement being cast in-situ, it will be appreciated
that those slabs could be provided as pre-formed elements.



- 22 way the ingress of detritus into the gap is reduced. Further, at the

| ower portion, the soft end portions provide a conpressive nenbrane which
enabl es the joint nmenber to better accommodate the | engthening effect of
the 5 slabs as they angularly displace about the joint axis. These end
portions 46, 47 may be fitted using a nmechani cal engagenent, like a clip
48, and 49. Alternatively, the end portlons may be bonded to the joint 10
menber 45 using adhesive or welding. I'n bne enbodi ment, the end portions

and joint nenber 2 g extruqﬁg gr ovi a sea m eﬁ %%61 bet ween t he
differing material §'90f t AE°TDi ht®HEnd ?waﬂ Jé’r%& porrs 15Fig. 6
shows a f urt hérriebddierehtabiont he Thei npln’enrMnbiﬁo 20wharebyeratesadd furt her
rigidity, thevdltagﬁtwrreﬂaeﬁeé@é i@t daCoige 5 tsférfeeumdeﬂc byo o seeht er

coating 52. e ri C such as ukEVC, ste etc ovi des .t.he
required ri gl%ﬁtyvg’&g ﬁ ?I%Hei OP Rhd SRRt 2fso Fﬁ-&gﬁ‘owigé 191 %and t he
out er coatsi np@f, BEBbén, tpel@qxrmmrkeﬁéo HDOPE et @0prieviles ablyodict bee grip
wi th the_concrgffWheAtbhend caqugn@enheueéranﬁ{@rp%gt be dhsphagenent.

25Figs. 7 and 8 show. al ternative enbod |rre 20 that are

modi fi ed for PhBEdrhg &% g??s PG5t 3 rbec%sf{c’trﬂ‘&’f’?fge Eishtaéldbet ween the
cont i guous sljailsvttoinetnherpamm Thas pegdi szled iasowved aopwtmtthea concrete
slab to expangd,;apdeRBLEact LHEMR! h¥ nblihs éﬁslweoﬁéféﬁé fF%u&Q i ncl ude

expansi on OI nt S at, nBre et e| m ned inter vaI S 1n ﬁgaven& ensure a

gap does UpsEgt F FRASTERE i A2 ‘?h%e%ﬁrfo 2PVp anae,pd% ansi on
joints have tﬁuemerbﬁ:kcstniplaB@dsieeunbetheemmmmvﬁbslaberlndt@r@mi within

the plane of the skalSky TH joint members.

As will be appreciated, other methods can be utilised
15 to support the joint member during casting. For example:
a. Steel pegs are used and driven through near
vertical pre-drilled holes in the joint member. The joint
member may be laid in an excavated trench and pegs are
driven into the earth holding the joint member in place;
20 b. A “notched inserter tool” is usged which goes
over the top of the joint member and drives the joint
member into the wet concrete; or
cr An “inserting tool” is used which captures the
top of the joint member by means of a number of “cams”
25 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
30 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
35 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



35 joint. nenbers 50 and 65 shown in Figs. 7 and 8 have been nodified over
the joint menber 20 to provide this function. Nevertheless, the nenbers 60
and 65 include many of the features of the earlier enbodi nent 20, and |ike
features have been given |like reference nunerals. Specifically, the joint
menbers 60 an 65 include the lateral portions 22 and bearing surfaces 27,
28 on one 5 face 32 of those nenbers. The joint nenbers 60 and 65 include a
second face 62, 67 that is generally plafaf so that those nenbers may
further act as %{tial stogs go te orarg cessation of %0 anstruction, In
conducting a A (i *BEarss° {ﬁﬁf t 2P T SRS RS sean essly
continue the Hordterucekonhat lewdatrmrttione, tled t4wit ed portbwishg day, or

nont hs into thefideuhe coffrefsiFe dh®rBheCHBScIE Ah0ARBEI BHE fomathly, it is
useful to formthe geSQre shape |nthe free end.of .15 t?ﬁ sla e 0 that

t he new j oi nt™ e OcBRTbRT T {RYCdate the flengtReIag  SEhaCt (it Bfenber 60
havi ng an Sexpareisorspoheyomm@ildry déapilage atfziutstthan jadpacernis sl ab, or
conplimentary expansion joint. The expansion portion may 20 be of rigid

construction for acting as an end staop, or a softer terial such as EPDM
to act as an expaﬁ%ﬁﬁ?eePaiPﬁrE&ﬁﬂﬁnﬁﬁ'tﬁg %ﬂ?gﬁ% tEPGhYS 9.2 8 shows a
simlar joi ntmemmvécadsenpehemxpandiign 25c] p M8 clandaéPeristics. In this

enbodi ment  am@xpaRskea1POr thoNLP dosthondefh &d RRnsieaond frce ik one
form the(Fxpan ion portion |$qnade fron1ﬁ§_expanded f oam £ﬁ$ln, t he
expansi or Jporti B TadP s U By BRIy Eg AF n ¥ B A %] ade AR PRROY 9 gai nst a
conpl i ment ar ythexpads pont fonmtangQoint member tteer bevariaktomdedf the joints
101, 102 and &Qysie3Rgndi Bah0idd JRIDEESwALL HHd !a&tfﬁ‘féf&:?ﬁc];'rﬁlaﬂ%ﬂ%.’ls9 to 13.
As the pavengﬂ%t%%ns rugtlo shongkg t hese draw ngs include many of the
features of t r PPer eﬂ%éhﬁ?nﬁﬂ § PPRPFEHM%s have been given, like
reference nunerals,
15 Fig. 6 shows a further embodiment of the joint member
50, whereby, to add further rigidity, the joint member has
a rigid core 51, surrounded by a softer coating 52. The
rigid core 51, such as uPVC, steel etc provides the
required rigidity for installation and shear force
20 resistance, and the outer coating of rubber,
polypropylene, HDPE etc provides a positive grip with the
concrete, when the joint member transfers the

displacement.

25 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

30 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

35 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



In the enbodiment as illustrated in Fig. 9, the joints 101 and 102
incorporate a generally cylindrical joint nmenber 70 which is enbedded in
the end surfaces of the slabs opposing the respective joints. The
respective joints also include conpressible nenbers 71, 72 which extend
fromthe cylindrical joint nmenber 70 to the outer surfaces 110, 111 of the
pavenent 100. In the enbodinent of Fig. 9, the Shear 18 able to be 10
transferred through the joints 101, 1022%8hrough the cylindrical, joint
menber 701, 702. In addition, the joint nenbers are able to rotate about
both joi nts vk Hheh&egliters s fidte eP3t1gRdeaP ianthg PasaBRal iy sur f aces
for the jointfedffifreat hueel pagt heiniang 1aket hefexxirateechuskeabdsi s 15

acconmodat ed 3_3.%%%8‘125 esgi \tl)dncgitr{@h%ﬁ}aéks Tdo ang &2 include tf_s ) the

emaxxil ment o ~sone simlar arrangenent 1s osed as to
Fig. 10 exceptaisiz@l PREREP2E ah 3L PEETABT a5SPeET @7j of At Retifer 70, a

tongue and 20ffgHe002e odr thAOgemsibets,. 75 1S provided at the joints 101 and
102. Wth this arrangenent, one end surface of the slabs 103, 104 and 105

incorporate a groove 75 whereas the other end surface incolLoorates the
tongue 76. Agai n d8fpd 838t bhebfiseffapsd7a> Trlivdeypofraeld vétSReéh t he 25
sl abs and ext@&ndhalr ag é@getariguelandrgsoovieatc ahreet membéds tiwey out er

surfaces of IAfARRLCURR! 2l Marchilh o[BBs! eROUSAEL00KE DI Oyl de arcuat e

engagi ng surfaces that a at i on” of | out the connection.
30Fi g. 1L0shovPs&r¥chirar eHbANTRELREG  HART tdisdc POSEdOf n2 R E™EHEr Agai n
the joints 10k iircbedefaciangite sachlgboDy ecaminest ithe. cdbsandtdtion
conpressi bl e eni 71.and 7. oy ] QL . bs 103,
104 and 105, Tn ReCernoHrer et J4ERg AR 157 BE) s Bk8 0 3
surfaces of tihe SMaBYEs PFRVIHBHWEER BYSFREY 8V EPPRGNUE nSTIREéMbodi nent
of Fig. 11 that isheetfadves i fign Shkoarilréd ashsieedn whiechrgs cariddes

per”anenﬁsfOﬁﬁﬂpgﬁaBQrsgaéﬂéémkhe new joint member can be fitted.

Fig. 7 shows the joint member 60 having an expansion
portion 61 for bearing against an adjacent slab, or
complimentary expansion joint. The expansion portion may

20 be of rigid 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
25 joint characterigtics. In 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 expansion portion acts by bearing against an adjacent
gslab, or against a complimentary expansion joint.
30
Further, variations of the joints 101, 102 and
corresponding joint memberg are illustrated in Figs. 9 to
13. As the pavement construction shown in these drawings
include many of the features of the earlier embodiments

35 1like features have been given like reference numerals.



25 - of one edge surface of the slabs. Further, this sheet covering 77 is
enbedded within the cast slab so that it is secured in place. In addition,
if required the conpressible nenbers 71, 72 can be applied to the outer 5
surface of the sheet covering 77. It is to be appreciated that the

arrangenment of Fig. 11 could be further nodified so that both surfaces

i ncorporate a sheet covering so that the bearing surfaces within the tongue
and groove connection are provided by i At er - engagenent of the 10 surfaces
of the sheet coverli ngs. . Fig. lustrates, a sinplified version of
the joints 101, 102 ggedﬁ%%%‘&%‘gﬁ RS Eiusiﬁa%ﬁ-fg P Fignedi 17 %11y, in the
arrangenent ofodfFitgy 102, ahlelpdi mriorddd andeddlde cydinddidalom sol el y

froma tongue; and YQELe §ENRRELL O éﬁabeaéed%tmer rgelaesuma&ése Sbodi nent
15 the nenbers i nclude a gap 78 which, al]lows f limted angular

of Fig.
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outer surface 73* and 73% acting as bearing surfaces for
the joint. Effective lengthening of the rotated slabs is
accommodated by the compressible material 71 and 72.

In the embodiment of Fig. 10 a somewhat similar
arrangement is disclosed as to Fig. 10 except that rather
than including a specific joint member 70, a tongue and
groove arrangement 75, 76 is provided at the joints 101
and 102. With this arrangement, one end surface 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

angl e

?t of Hig. s};le%rag.sl Qbm tPbe the end
gear tooth 79 whilst the 30



It is convenient to illustrate the operation of one of the enbodi nents of
the pavenent joint wwth reference to 5 the followng non-limting exanples.
Exanple A full scale prototype concrete footpath was 10 constructed at RM T
Uni versity, Mel bourne, Australia, The prototype was 5mlong, |I.5mw de and
75mmthick It was cast on a steel frame, designed in such a way that the
formmork could be renoved from underneath and 80 that the prototype could
be jacked up fromvirtually any point "- 2P0-15 sinul ate various scenarios of

tree root |nv ion acf%e;sml xganfi%p/ v mantF ur _j ol nt rrbers made
fromrigid P V\%IF%‘? SUFERCF n°t He'S 5oePET h. "Pﬁ%‘/e{/(er = % apart from
each ot her thasveiinglityy itshembeddgtwi tihino thir eestl. $lan sohbat| Hbsis pl us
two 250 mm | oggceRd sirab3ackhe fﬂdédﬂtl%ﬁl the {r@@&p@w £hRr e restral ned by

steel angles. The cross-sectjonal he
subst anti al | yca‘ﬁp]fsfnqég’}}?e“‘ﬁg'kgﬁ%v%l F|c o %f #l%i bt &ngs 7R G”i:ast usi ng
concret e Vit t hsarfwrs e th.essseeer@\remﬁimml\/PaIt an;dro tbe emsrédatadhe sl unp

of the concr emame!%&l dmahe W B0g Ahh tesis H@rﬁ;&%gw%@ﬂfféa er the
cylinder stren {l\'&f cOo cret of s] abs excgeded 20 MPa. The 7 %argean

conpressi ve sf T Ryt ﬁ&r BATT et WIRETAGEND FBEHe S o§ 1 BaS
series of testkevesaciondeorédcon widipr 6het ypague a lgahveoncentrat ed and

di stributed | ogdsed@ngl Bgef HPBYDadH }:ﬁIQQnIEQr éﬁ@é@&ﬁhrﬁi o(i" f:flér ent |ocations,
to assess_di ffer%ﬁtl aloaf Iggg ﬁcemsnt bet.ween sl abs. 27 - hydraulic
C

jack. Thet%l ab%r et PVRERPHEM of appr OXI mately 50 MR,
measured at the central joint. No additional |oad was applied to the sl abs

at this point. Fig. 12 illustrates a simplified version of the
joints 101, 102 as disclosed in Figs. 10 and 11.
Specifically, in the arrangement of Fig. 12, the joints
15 101 and 102 are formed from solely from a tongue and
groove connection 7%, 76. Furthermore, in the embodiment
of Fig. 15 the members include a gap 78 which allows for
limited angular displacement of the respective slabs.

20 Fig. 13 discloses yet a further arrangement of joint
101 and 102. 1In the embodiment of the Fig. 13 the end
surfaces of the respective slabs 103, 104 and 105 are
ghaped as gear teeth which enable shear to be transferred
in the manner of gear teeth, and rotation to be

25 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
glab 104 includes a single gear tooth 79 whilst the

30 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.

35



The self- weight of each slab was about 400kg. Then, S uniformy

di stributed | oads of 200kg, 400kg and 490kg were added to Slab 1. The

| ayout of the test is shown in Fig, 14. As the sl abs were jacked up,
t he di spl acenents at the |l ocations G3 to 06 were recorded by LVDI's, The
di spl acenents at the locations A, &, G/ and GB were negligible. The

maxi mum di fferential displacenment w thout additional |oad on the slabs was
0,73 mm The maxi mum di spl acenent mhen 490" kg of distributed | oad was put

on 15Slab 1 was Zégédﬁig In a '"worst case scenari o' slab 2 was jacked
up close to point | e a 200kg concentrated | oad was applied to slab 1
close to point G4. The naxinumdifferential 20 displacement at point G was

2.49 mm Wen a slﬁbl\éaaoha@ﬁf&lﬂl&@admgt@g@é tﬂl@@pe&aeﬁomaﬁ@ ied to

t he pavenent, 5%”@5% tdnenbe %?%ﬁﬁ as_if ttac d t Eed sl ab. As | oad
was added, at® ﬁ SESRGT 1t epﬁgﬁﬁﬁ? 19 ¢Ked* grﬁg =19 The ot her
slab. It i% fehe Acldowihiysnomdl geittdsiat kaemphes menber acts as a rocker; a
doubl e hinge having a short range of rotation and which acts so as to
distribute Iocallzed s&resses favourably, 30No distress was observed in the

concrete in any o bove tests. Accordingly, the present invention
provides pavenment joints, joint menbers and profiled slabs that allow a

| oad 35 transfer i 'QF it e e caI novement of
sl abs when at Iea %E&%g %&%%?rd gg)s ?ggb%’géct ec?ltg) e {'gé T]ol ane
action. s toHEFChRSr afF RMIT University, Melbourne, Australla

prototype was 5m long, 1.5m wide and 75mm thick. It was
cast on a steel frame, designed in such a way that the
formwork could be removed from underneath and so that the
prototype could be jacked up from virtually any point - to

15 simulate various scenarios of tree root invasion and soil
expansion/movement. Four joint members made from rigid PVC
were installed in the footpath. They were 1.5 m apart from
each other thus dividing the footpath into three 1.5 m
long slabs, plus two 250 mm long end slabs. The ends of

20 the footpath 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
25 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.

30
A geries 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.
35

First, the slabs were pushed up from underneath using
a long piece of solid timber, a timber packer and a



- 28 - mechanismis provided by the shear key which provides a neans for
transferring or equalising vertical displacenent, between the slabs. In
addition one or nmultiple hinges are provided within the joint to provide a
means of 5 accommodating angul ar di spl acenent relative to the joint axis so
as to provide a nechani sm whereby the pavenment May articulate to relieve
stress induced by the out-of-plane actigg. The joints nmay incorporate joint
menbers which | ocate between conti guous“sl abs or may he formed froma 10

profile of thg I lication
for pavenents @L%Pﬁég ¥ﬁ§ Sl Seé';g}% bg(rgrg% slﬂ?s’raelg o?ﬁ%ﬁa&oom sl abs
whi ch are casPPP¥P%HW%PQ%Y ﬁﬁymBe‘Eﬁﬁ%FF@cﬁédthgl@EPQE?lpﬂ@ﬂBFnE%Pconponents
or by a conbi aagi®iomefl heth. waﬁneam&@mmbsmaysb@sj%aﬂ tfhers boghd. traffic

such as footpajhs_of- S|w%§w%gk§fs adPe1 13"’??’%%‘)9%‘?@%@@‘ d! a| eaV| er traffic

en
envi ronnents Such as on "which foll ow

and in thé pr%b@?ﬂ@lm@é@ﬁirﬁaﬂl’éﬁ?ﬁ o]foatqﬁ*eoin@@ﬁkﬁiorﬁo%‘iﬂc@ﬁ?ﬂ PR W cont ext

requires ot hesadis® thS1d® express 18R0HA0E Bhe NESASSA ¥howp! i€aticpn, the
wor d "conpris§" or variations such as "conprises” or "conprising" is used
in an inclusive sense, 25 i.e. to specify the presence of the stated

features but not to preclude the presence or addition of further features

in various enbodi B0k 1Lhg Wé%_erata&@d up, the diep \i%g'se%%%lgﬂza%@ho t

nodi fi cati ons be made to_the arts 30 preV|ous
depart|n§‘¥ro%?? 5 F?ttBrG%ﬁ%ﬁ (ﬁecPﬁQeﬁnV%H?ﬁghs FRE CLUVB DEFI NI NCTH5
| NVECI 08 AREI#&SIRQrieONS heAlipavieneittionei At , di3pask dinlde Gaeeard Wo

conti guous paﬂ@ggﬁglbql ab@hetﬂa&irmnnfdm'eggnﬂmﬁ 1adrext epding,> al ong a
joint axis and. 1ncor poratl ng a shear. key and cooperating bearing surfaces

that forma prHHIIFPLoftORENGRERE SHGOEAvRR ?e?pé'ﬁ‘ll VECOPRBETHR si des of
t he shear keydidgiadegencnghsnirésrdsy béi dgsartnatei ilvaodr @as-p@ctaron so t hat

the actign ofgshie Jhiages forpgrd by the inter-engaging

In a ‘worst case scenario’ slab 2 was jacked up close
to point G6 while a 200kg concentrated load was applied to
slab 1 close to point G4. The maximum differential

20 displacement at point G6 was 2.49 mm.

When a slab was jacked up and no additional load was
applied to the pavement, the joint member acted as if
attached to jacked slab. As load was added, at a certain

25 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.

30 No distress was observed in the concrete in any of

the above tests.

Accordingly, the present invention provides pavement
joints, joint members and profiled slabg that allow a load
35 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



10 bearing surfaces is by sliding rotation, the shear key and the hinges
bei ng operative when at | east one of the slabs is subjected to out-ot-plene
action with the shear key transferring shear between the Bl ahs, and the

hi nges accomuodati ng angul ar di spl acenent of the slabs relative to the
joint axis with the one or nore hinges disposed on ane side of the shear
key accommodating angul ar di spl acement 9f the slabs about the joint axis in
one direction and the one or nore hinges disposed on the other side of the

shear key aPQﬁE&QﬁE&”QSWﬁ{e@ib?pltﬁéeBE@ér AQplenti g ?&&%&bﬁm the
joint axis in the %p osite ﬂ%éept on 2.A}fayenent L0|$ according to claim
|, wherein ed®708 TOrSPRASIfANIREs OF BRORT 2B IGE CLaGrt alE P ATE WhEr ei n t he
25 profil e edyEwsenf abesslatter - dmgagditbof ovme tdre maheapl& yitayes bive

plurality of hifgesa ¢ibhPavaEniiknel EBdﬁf&H&E N fe@ngl @M 2, wherein the
profiled edge surfaceS forma ton%;e im Wﬂéoove 30 ,connect.ion, .the tongue
bei ng f or Med AFVHEIEF 5B 8 & PAERAGHEER N YeGdvE bRi T G REd on the

ot her edge surfiaceo ds/:pavenente jpomathacten ditgeby chai pa@masttermeyn each
35 slab has gaoftqw@atéveo%fgvet e Rearigscsi,AeRe ANtk # 153 2dge

surface. - -
action. The joints may incorporate joint members which

locate between contiguous slabs or may be formed from a
10 profile of the slabs themselves.

The joint has widespread application for pavements of
different types. These pavements may be formed from slabs
which are cast in-situ or may be constructed using

15 preformed components or by a combination of both. The
pavements may be used for light traffic such as footpaths
or sidewalks or may find application in heavier traffic

environments such as on roadways or the like.

20 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,

25 1i.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
30 previously described without departing from the spirit or

ambit of the invention.



S. A pavenent joint according to any preceding clai Md wherein the pavenent
incorporates a neutral axis and the plurality of hinges are spaced from
and di sposed on opposite sides of, the neutral axis. 6, A pavenent joint
according to any preceding claim wherein the joint further conprises at

| east conpressi bl e nenber between the slabs, the nenber being arranged to
be conpressed by the sl ab edge surfaces on angul ar di spl acenent of the

sl abs about the hinge in the at | east one direction, 7.A pavenent joint
according to clainfurther conprising-2 joint nenber that is disposed

between the | g contiguous sl abs. 3 QNteageREdi ng to claim7r
wher ei n eaclTHHE &HALNE | Yiefes e¥=t ace and erein the joint

menber is fornmed fromsheet material and is nounted to one of the slabs so
as to at least partially cover the edge_surfaces of .that slab,
wher ei n t he prof il edveuget sip¥nciFPosHa Ef’gﬁe?‘hctow?cp%r%gt iflﬁ j oi nt

h
menber i nt ers aRgaGes sMkbE, tiee prairt @¢ioggelangder &1 e?‘l"'réggé‘ﬁir slab to
formthe shear_key ggq&,&hgxpétﬁﬁéiitﬂe&rpohhngag.a Ghedk FaveRBAt Poi nt
accordi ng to™¢T& m 8, i

[ erein at.| e £8knt Hep BhAd 6 tys cEohireged r om
settabl e mt%??%ﬁt‘éﬁdeﬁﬁlP%iﬁlr%%}th%E gaaﬁgigpoﬂgg Sukf-ace of that
slab, 10. Adpaweseniorj seApeaBtd? FRRP AT FArn s or 9, rein_the joint
menber forns.gt peasmpant ratesnes big tARCUESSr FRgCEUPT AT

the hi nges,
and wherein lﬁ%gt CHr PN alnnEsbens i Rongay faaomelds by obhe dLRiet FE958AETY | ab.
J

'HL‘ Q 3 N % -

11. A pavene ol nt accordi : grenn the shwear Hegyaof the
joint islht PeastRpAHFHTE grgo%?dgejd [B -zl

the hinges being operative %hen at least one of the slabs
ig subjected to out-of-plane action with the ah?ar key
transferring shear between the slabs, and the hinges
accommodating angular displacement of the slabs'relative
15 +to the joint axis with the one or more hinges digposed on
orne side of the shear key accommodating angu%ar
displacement of the slabs about the joint axis in one .
direction and the one Or moIre hinges disposed on the other
side of the shear key accommodating angular displacement
20 of the slabs about the joint axis in the cpposdite

direction.

2. A pavement joint according to c¢laim 1, wherein each
slab includes a profiled edge surface, and wherein the

25 profile edge surfaces inter-engage to form the shear key
and the plurality of hinges.

3. A pavement joint according to claim 2, wherein the
profiled edge surfaces form a tongue and groove

30 cgonnection, the tongue being formed on one slab edge
surface, and the groove being formed on the other edge

purface.

4 A pavement joint according to claim 2, wherein each
35 slab has a respective one of the bearings surface along
ite edge surface.



- 31- inter-engagenent of at |east one of the contiguous slabs wth the
joint menber, 12. X joint nenber for a pavenent joint, the joint nmenber 5
having a joint axis and being arranged to be di sposed between conti guous
pavenent slabs, the joint menber conprising opposite first and second faces
that in uee oppose respective ones of the edge surfaces of the slab, the
first face incorporating a lateral portion arranged to 10 inter-engage with
an edge surface of its opposing slabs so as to enab: e shear to be
transferred fromthat slab to the jaoisqt menber, and two bearing surfaces
di sposed on respective opposite sides of the |ateral &S{tifg_n,. t he bearing
surfaces bekng epngegeakke woihtrespectinge tise&PYngr15® &4Msf the edge
surface of ifls ORP | PaSeflRnt 01 h 06 BIME i agesuodfal hexjoiand e bearing
surfaces of "tHe“ T 0in nmoer bg' g 18- d) 6h@S&18864ddmn SO that the
action of tR&HE ForEd =gy lf%e ﬁé\%&?-e egi ng bearing surfaces is by
sl i di ng rot appomiwe taidese Q?netHPnQ%“‘?’baeJa dati ng angul ar di spl acenent
of the stabs about the joint axis in one direction and the other hinge
acconmodat i ng an‘g%gy di.spl-agerentcefaihe 13 aby gegedina ¢W4H: axis in the
opposite diréction, 5 _J 3. ,E\ g%\é_%gﬁgt cggélﬂsé:g dt0i1Rk seabepresioriei ng to any
Wity & {he [ol Nt

one of clai ¥§erPiRo S, t hber, _i.n Q&4 65 &eCOre, and
first and seeohdr|keeresn pois iSdiSsy hg ® pPE R %1&% ?‘%ggc%r e, the lateral

;
:
portions beigagpaagubarty Spacsdapdee abotACthE] M -8%is and inter - engage

with the ed si‘ia?l-_lﬁéﬁ\@eéf ofnd @ap@et Beubness diindee isl 5b8 86 3% enabl e
shear t0 be tTr g\s:; erﬁie_d aorese the contiguous slabs through the joint
menber, 14, A% &g °Tbi nt or joint nmenber according to any one 35 of

claims 7 to 13, wherein the joint nenber farther:L conpr,d sggegt | east one
spacer that roj ecpavenentt heintorascorRdngt EPeFi B éb'%- er | ocating
between the GQnfi;QYoHSa joint member that is disposed between EHS

15 contiguous slabsd.

8. A pavement joint according to claim 7, wha?ein each
slakh includes a profiled edge gurface and wherein the
joint member is formed from sheet material and ia mounted
20 to one of the slabe so a8 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 th? other slab
to form the shear key and the plurality of hinges.
25
9. A pavement joint according to ¢laim 8, wherein at
1eant one of the slabs i1s formed from settable material
and the jecint member is cast into an end surface of that

slab.

> iof in
10. A pavement Joint according to claim 8 or 2, where

the joint member forms at 1east part of one of the bearing
surfaces of the hinges, and wherein its co-operating
bearing surface is formed on the cother slab.

35
11. A pavement joint according to claim 9, where%n the
shear key of the joint is at leagt partially provided by



sl abe and bei o .
portions, 4 rzgpgcg\r/rveg[l;(oisﬁflcg? jagiozt thﬁbl oint axis fromthe |ateral
i ' . h menber according to
claims 7 to 14, wherein the joi i g any one 5 of
; joint nmenmber includes two
dig o dyb paced apart about the joint axis with a respective spacer bein
Joi |rc])tse between respective ones O the lateral portione, 10 16. A pavemegt
| O or joint nenber according to any one of clai ’ , !
joint menber incorporates opposite fi claims 7 to 15, wherein the
. . _ irst and second feces that i
opposing relation with respective one al-arein
- . of- the edge surf f
! ( _respective one of the 15 |ateral i ’
‘;‘22;2'0& 52983&:&:?_1&@&9%:@1&05&0&& peas woorre A f @ESGPFEE%C"&O”I 33 gﬂd
[espect | ve, GRERSLE PhES ke ateral portion, the bearing eurt sces
: ( aces of the edge surface of th
opposing slab to formtwo hinges of the joi of the
joint rembemaacchrii ey 6RE Bf pereta A bt Sl T i, aneR  OF
and seco i P ) e first
o 1 pd f3Ges . ACPs PO abad wndbbaihagreaiarse s dPEPHIERCHT respect i ve
pposite siqges o t98£ aral teQBS o g : . p
beari ng sur fi;é”gereln ar(jl n V\Jtl‘?(&qré e goinkarcdBes ace, the
surfaces of a@ZéFpBEi PP RT oS f[igrss%esﬁh;’se@@ﬁd'f“agze?surtfha@eipol_ﬁsé he edge
pavenent j oi rei or i foyr hinaes Qf JenenhoLidn ls. A
wher ei j oidMpcsr FeERECHETMEmR &or dPigSte® afly e 30 o?hcl ains 7.to 1
erei n the hpardipgtsBaéacescde =g ioanst ARt eFaHiRREELon arfanged o O 7
10 inter-engage with an edge aurface of ita opposing slabs 80
as to enable shear to be transferred from that slab to the
joint member, and two bearing surfaces dlspoged on
respective opposite sides of the lateral portion, the
bearing surfaces being engageabla with respective bearing
15 surfaces of the edge surface of its opposing slab to form
two hinges of the joint, the bearing surfaces of the jolnt
member being arcuate in cross-section, so that the action
of the hinges forxmed by the inter-engaging bearing
surfaces ig by sliding rotation with the one hinge
50 accommodating angular displacement of the slabs about the
joint axis in one direction and the other hinge
accommodating angular displacement of the slabe about the

joint axis in the opposite direotion.

2% 13, A pavement joint or joint membexr acoording to any one
of claima 7 to 12, wherein the joint member incorporates &
core, and firsgt and second lateral portions that project
from the core, the lateral portions being angularly spaced
apart about the joint axis and inter-engage with the edge

30 surfaces of respective oned of the slabs so as to ensable
ghear to be transferred aAcCreee the contiguous slabs
through the jolnt member.

14, A pavement joint or joint member according to any one
a5 of claims 7 to 13, wherein the joint member further

comprises at least one spacer that projects from the core,

the at least one spader locating betwsen the contiguous



19. A pavenent joint or joint nmenber according to claim19, wherein the
radi us of curvature varies across the 35 bearing enrfaces, - 33 bearing
surfaces of the joint nmenber extend froma distal end of the |ateral
portion to a respective distal end. of the spacers, 5 21, A pavenent joint
or joint menber according to claim 20, wherein the radius of curvature of
the bearing surfaces increases fromthe distal end of the lateral portions
towards the distal ends of the joint nenber, 10 22, A pavenent joint or
joint nmenber according to any one of _chaios 11 or 12, wherein the joint
menber incorporates oppoeito first and second faces that oppose_respective

ones of the gdge. SIS aeesgobnilicaslabpasked ebauthehe | T&4nY 3¢ hEDBP por at es
a lateral portion that, i gg10 inter-engage wWith an edge surface of its
opposi ng sl aB}éesgataesrattlob%ﬁggkesshear to be transferred between that sl ab
and the joint nmenber. 23. A pavenent join

, or _j.oint. r gaeding to
any one 20 ofscl ah mmventemt22 okher 8F nd PHE BIREY Jﬁﬁgfafﬂ%%gpgfea
conpressi bl e pBLeRidl Bad hat, shedejniwite iiiat aPBeBA G ET &)

ansi on
joint. 24 . A pavermenl.J Qi ;Q9GuiQbDy SEJEeT saeeer elbng@:tghgrqpimg 25 of
claims 7 to 38°°*}fefein the bearin S TACES, al1@pRieehl betvasn gear teeth,
the sear teeﬁHiFnVéFb%gﬁegﬁ%tEtlgang%l de k?%e sheaf key and the hinges, and
wherein the hiesgest dce ormalftfe AFgaRERYH T HTSHEt by rol ling cont act
between the inter-angaging gear teeth. 30 25 . A pavenent joint or joint
menber aﬁéor qits"!g K0 2P0¥nQRe fgirﬁ'.l g oIlnt Omedber Mmmhéojﬁ"ﬁto%nber
has a co tal"]:f %&gigssg(:%éofs ,pev;rfé%q.hcﬂhérjéaﬁn’é hesrizntinawiksorates
opposite first and pecond facew that are in opposing
ralation with respective ones of the edge surfaces of the
alabe, each face incorperating respective one of the
15 lateral portions and wherein the first face incorporat?s
two bearing surfaces disposed on regpective opposite 51§es
of the lateral portion, the bearing surfaces engaging with
respective bearing surfaces of the edge sufface of the
opposing slab to form two hinges of the jeoint.
* 17. A pavement Jjoint oY joint member according to any one
of clalms 7 to 16, wherein both the first and Hecondvtaces
incorporate two bearing surfaces digposed on ragpective
opposite sides of the jateral porticons disposed on that
25 face, the bearing surfaces engaging with respectiv?
bearing surfaces of the edge gurfacea of the opposing

alabs te form four hinges of the jeoint.

18 A pavement jolnt or joint membexr agcording to any one
30 of claims 7 to 17, wherein the bearing surfaces have a
conatant radius.

1% A pavement joint or joint member according to claim
19, wherein the radius of curvature varlies acrogs the
15 bearing surfaces.

20. A pavement jeoint or joint membsr according to any one
of claimeg 7 te 19, when dependent on claim 15, wherein the



35 26 , A pavenent joint or joint nmenber according to any one of clains 7
to 25 , wherein the joint nenber is forned froma polyneric materiel, - 34
- 27. A pavenent slab having at | east one profil ed edge surface that in use
forms part of a. joint between that slab and another slab, the joint

all owi ng shear to be transferred to the other slab, and to accommpdat e
angul ar di spl acenent of the sl abs about an axis of the joint, the profiled
edge surface incorporating a lateral portion arranged to inter-engage with
an edge surface of an opposing slab s®@3as to enable shear to be transferred
fromthat slab to the joint, and two bearing surfaces di sposed on
respective gppesid ewifee=0bzt hre | Atiralnepberi entenhel HEard NG S8l f aces

bei ng engaggahl e- Wit h .83R86t p¥er PERNiNG SWehacesvef diimledye odrface of
its opposi ng slaf) to formtwo hinges of the joint, the bearing surfaces
bei ng ar cuatB®i APRTUSS- section, so that the action of the hinges forned by
the inter-engagi ng bearing surfaces is by sliding rotation with the one
hi nge acgongpgat j ngaedtgaitari cdinspbackeint nefnhee asrapdiad otk e oi nt axi s
in one dire %i_ on,aPg; 4 e, Pthen JBi Bgecaeeoimmdats ngeangatamg di spl acenent of

fel
the sl abs. aBoun P ol B A0S Ty i t&digreehionazd-28A met hod of
i nhi bi ting &PFF@F%ﬁtJr%‘fr‘iﬁﬁef’o%rﬁf“a%gg 0ROS dnd! e Ehk O

: novemne f contig | abs in a.
cavement undertanneutowixdh dhe 6N 5’9‘?’? r%r%lﬁ zgtcﬁqﬁ\j %%\tﬂ%%%-m joints
bet ween the conti guous sl abs, the joints being el ongate and each extending
al ong a,point .axhﬁ%@&né&@i NG GaRPaR! 8ooht thamsderadagddhaako bErEE® t he
sl abs 25 and acco datin g LS c%rﬁgg mdehe iskabsoredeat i ve to
the joint affs C&F‘iﬂspﬁjr ﬁgljff g’fhg fggegh?orﬂed by sld disn ezgz@gi on of
cooper at i ng apregate BEuFE pd RSSEEs T8F F he I%i?#f the pgvenggt
i ncor por at i ngiea BEUthal edgisurdird:eshoLpFf af+ey: NI HGes Bef 1 Spaced
from and digpased 0pr,0PROsH t£ Sitdesa10bor80ot henateuts alblaxke. 12955 A met hod
according to claim Z%h M_}eé%é% 4 Ner @ BES 1k BChysies 1ref paalisv8o| @8 Nto menber s

and t he Shed? 435 AR 8Fr S Del Meel LS BLaREA DN WReabal Bhe MemDer S,

joint member.

23, A pavement joint or joint member ac¢ording to any one
20 of claims 7 to 2 , wherein the joint member incorporates
compressible material so that said joint ls able to ach as

an expansgion jeint.

24 . p pavement joint or joint member according to any one

25 of claims 7 to 23 , wherein the bearing surfaces are
profiled as gear teetll, the gear teeth inter-engaging to
provide the shear key and the hinges, and wherein the
hinges accommodate angular displacement by rolling contact
between the inter-engaging gear teeth.

30
25 . A pavement joint or jeint member according to any one

of claims 7 to 24 , wherein the joint member has a constant
crose section perpendicular to the joint axiw.

35 26 , A pavement joint or joint member according to any one
of claims 7 to 25 , wherein the jolnt member is formed Erom

a polymeric material.



- 35 - 30 . Anethod according to claim 28, wherein the joints acconmobdate
angul ar di spl acenent of the sl abs about their joint axes by sliding
rotation of a bearing surface of one slab with a bearing surface of a
contiguous slab. 5 31. A nethod. according to claim?29, wherein the

j oi nts acconmopdat e angul ar di spl acenent of the slabs about their joint axes
by sliding rotation of bearing surfa®es of respective contiguous slabs with
beari ng surfaces disposed on 0 opposite faces of the joint nmenbers disposed
bet ween Bhose? shaismnerg2 slaik pavénemt jlsiant dinsppsedibed vietde Wy faent i guous

paverent cglabs, (Ne it heLngeel ongate and.oexl endingal ang a joint 5 axis

and incorporating a s ear © ey and perating bearing surtfaces that form
at IeastaOth¢wr§ﬁﬁbiIﬂ@ebe@ihhga$h¢WEm§x$Hﬁarnqoabeuar@n$ﬁﬁﬂﬁ@@b§03ection SO
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ion, earing surfaces L g engagéa respec
bearing surfaces of the edge surface of its opposing slab to
form two hinges of the joint, the bearing surfaces being
arcuate in crogs-section, so that the action of the hinges
formed by the inter-engaging bearing surfaces is by sliding

5 rotation with the one hinge accommodating angular displacement

of the slabs about the joint axis in one direction and the
other hinge accommodating angular displacement of the slabs

about the joint axis in the opposite direction.

0 28 . 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

25 and accommodating angular displacement of the slabs relative
to the joint axis at a plurality of hinges formed by sliding
rotation of cooperating arcuate bearing surfaces of the joint,
the pavement incorporating a neutral axis and the plurality of
hinges being spaced from, and disposed on opposite sides of,

30 the neutral axis.

29 ., A method according to claim 28, wherein the joints
include respective joint members and the shear is transferred
between the slabs through the joint members.

35
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30 . A method according to claim 28, 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.

31 . A method according to claim 29, 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 thcse

slabs.

32 . A pavement joint disposed between two contigucus 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 bearing surfaces
being arcuate in cross-section so that the action of the at
least one hinge formed by the co-operating bearing surfaces is
by sliding rotation, the shear key and the at least one hinge
being operative when at least one of the slabs is subjected to
out-of-place 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, wherein the joint further comprises at
least one compressible member between the slabs, the member
being arranged to be compressed by the slab edge surfaces on
angular displacement of the slabs about the hinge in the at

least one direction.



