- 1 A PAVEMENT JO NT -FIELD OF THE I NVENTI ON. .5 The
present invention relates generally to the
construction of pavenents and to jointing systens for
use in such pavenments. The invention has particul ar
application to pavenents that are susceptible to
differential novenent by oug-ff:plane action such as
for 10 exanple by tree root invasion, or soi

nmovenment, and whi ch u%y@hbﬁMﬁﬁ@UJdﬁﬁﬁflc that can
accept sonme irregularity in the paverment surface and
the invention is herein described in that context. 15
BAEKERDUND TBE THNFENEVENTI ON Pavenents are used to
facilitate the passage of wheeled or pedestrian
trafflc ong or over r oads, ﬁoot aths (S|demalks)
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I |ghe p&vnmen$peedfacafénd:thechn&ﬁnc&m&esmgihemsiﬁndescribed
pegﬁsgﬁé@ubdﬂggkgles such as wheel chairs, strollers
and bicycles. O her 30 categories of |ight duty
pavenent include cycle ways, donestic driveways,

15 pl BYCKGRMDO® FdTHReINVENTIONhese pavenents general ly
do not need to be as snooth-or flat as t hose used to
carry heavy or high speed traffic. pavenent is
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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
lengths, 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 ig subject to both direct and indirect
actions. Direct actions include traffic locadgs and forces
deriving from soil or foundation movement, and tree roots.



In the case of footpaths, cycle ways and donmestic
driveways for exanple, which are frequently built

al ongside trees, uplifting actions caused by tree
roots are common. Uplifting or depressing actions can
be seen as 5 out-of-plane, relative to that of the
pavenent. Indirect actions H?clude dryi ng (noisture)
and tenperature change. a pavenent is nade from
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concrete. If expansion is restrained it may lead to any

or all of spalling and crushing of the concrete and
buckling and warping of the pavement.
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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



roads and footpaths, is made by incorporating
expansion joints, also known as isolation joints, at
relatively wwde 3 _intervals, commonly 4 to 5 netres.
Thus external pavenents commonly take the formof a
series of contiguous slabs, both separated and |i nked
by a conbination of contraction and expansion joints.
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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
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t he sudden, uncontrolled fracture of the footpath at
di stances fromthe point of [ifting 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 verti cal
di scontinuity or 4 step will be created in the
paverment. In the case of fodtpaths this often |eads
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Otgggément joint disposed between two contiguous pavement
slabs, the joint being elongate and extending along a
joint axis and incorporating a shear key and co-operating
bearing surfaces that form at least one hinge, the shear
key and the at least one hinge being operative when at
least one of the slabs is subjected to out-of-plane action
with the shear key transferring shear between the slabs,
and the at least one hinge accommodating angular
displacement of the slabs relative to the joint axis in at
least one direction by movement of one bearing surface
relative to the other.

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

concrete slabg, hard and rigid materials like concrete,



30 in the context of the specification, the term
"pavenent"” relates to any hard surface especially of a
public area or thoroughfare that will bear travel.
Further, the pavenent slabs nay be fornmed fromany 35
suitable material and may be forned as precast units
or cast in-situ. Exanples of pavenent sl abs include,
concrete sl abs hard and rigid materials |ike
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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



relatively short slabs, is an order of magnitude
greater 30 than that required in other pavenents such
as roads. For exanple, a tree root may |ift one end
of a footpath slab by 25nmto 50mm which inplies, for
a 1500mm long slab, a rotation of 1 to 2. This |evel
of rotation may be accommbdated by the joint
according to the present 35‘i%vention through t he at
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The bearPh§ReuRFERGSHEPLELEEE nElE fIVMtakSekpraedl at least
substantially from the profile of the edge surfaces of

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

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



edge surface of the slabs. Alternatively a covering

such as a netal or polyneric skin, filmor the like
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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 slabs 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



shrinkage in certain circunstances where the slabs are
formed fromconcrete or simlar material. in other 30
ci rcunst ances, the joint between the slabs needs to
accommodat e the | engthening effect so that there is
not undue stress occurring at the joint which would
cause failure of at |east one or nore of the sl abs.
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thge PAYEBRIer 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.



As such, in another form the joint may include a
conpressi bl e nenber di sposed between the conti guous
slabs and arranged to accommobdate the | engt heni ng of
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| ocated 35 wi e joi.nt_on interconnection of the
respectlg% a:ﬁa§E§cuEa§ Sihpdinenty | EiF REEHTEG ARHRS
t hdéngaveerates @ deinEnvemlporates a j oint menber. In
one forn1 mhere t he contlguous slabs are cast in- 5
situ, % er act as formwmrk for both
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the slabs so as to |l ocate the jointing 20 nmenber
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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 portiom 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 arcuate surface formng a bearing surface of that
hinge. 30 In a particul ar enbodi nent, the joint nenber
includes a core and the |lateral portions extend
outwardly fromthe core and are spaced apart about
the joint axis through approximtely 180. Wth this
arrangenent, one lateral 35 portlon projects into one
sl ab, mhllst the other | aterd® portlon projects into

t he othe 0 ar.rang t
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about the joint axis through approximately 1800. In a
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a further form the joint nmenber may be arranged 25
so t hat The cpapees by thepdoanesmemier imalys behéncorporated
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20 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
25 so that it completely separates and links the contigquous
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
30 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

35 action that operates through an arrangement where there is
sliding or rolling rotation between a bearing surface of



respective one of the outer surfaces of the slabs. in
this arrangenent, the spacers may be sufficiently 30
conpressi ble so as to provide an expansion joint for
the pavenent to accommopdate in-plane expansion of the
sl abs. The configuration of the joint menber with the
core, lateral portions, and two spacers nay
incorporate a hinge 35 actidit that operates through
grran epent where there is sljdin rolling
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the edge of abutting slab. In a particul ar enbodi nment
of the above formo 5 menber the oi nt nmenber
is forme nvﬁtﬁ???ﬁ&lEF%I?%%PQﬁmeqﬁeﬁﬁl ‘#été?rmeggrﬂ°lnt
50f membel, colop aicitnde: wethen 1$o&n$&ﬂowdthgahﬂamwngty of

SUHe@Q‘@nQns&ff’ac‘é%oogheﬁ st a,#hx%% opbLafllBed a
pluralit es Wthin_ t aveﬁe jolnt. 10 In

oné&F6F O%‘%HP% T4RE ?‘é’éfeaciﬁ %étf'o?ﬂW%’é?ﬁ)@nl SO as
i ndoudiesmt avphinadd tieafi nipngas fwdcddn thegmvea@nicngoint .
surfaces extending froma distal end of the latera

portion of theé oint mepber to a respective distal end
of the s OFf- a?hattdTulcRe FBF?ﬂO“tH%%eeJl?éEHﬁ%‘“ber
suﬁha&edesﬁﬁwamangenbaazungrsurﬁacée;nthéééehemrﬁhg

MeEhera Lo Ubes @ gaffoaf IS 0 SPEAPIURLYRE O

each of i1ts_opposi faces. heretfore in
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joint nmenber is elongate having a constant
cross-section. in a particular 25 form the joint
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which are part of a hinge of the joint.
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In a particular embodiment, the joint member is
elongate having a constant cross-section. 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
membexr 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



menber from netal such as al um nium or nmade of

conposite construction, such as a steel reinforced
polynmeric material. 35 In a further aspect, the
invention relates to a joint nenber for a pavenent

joint, the joint nmenber having a joint axis and being
arranged to be di sposed between 12 contiguous

paverment slabs, the joint merf¥er conprising opposite

fi é%hta”d second faces th | gs éﬁ 0se respective,
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30

35

sl aRgrided RAYBOELS lgﬁdef:egﬂe&{i.tve opposite sides of the
lateral portions disposed on that face, the bearing
surfaces being arranged to engage with respective bearing
surfaces of the edge surfaces of the opposing slabs to
form four hinges of the joint.

In yet a further aspect, the present invention
provides a method of inhibiting differential out-of-plane
movement of contiguous slabs in a pavement under an out-
of-plane action applied to at least one of the slabs by
incorporating pavement joints 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
of the slabs relative to the joint axis in at least one
direction.



30 of-plane action applied to at | east one of the

sl abs by incorporating pavenent joints between the
contiguous slabs, the joints being elongate and each
extending along a joint axis and bei ng capabl e of
transferring shear between the slabs and
accommodat i ng angul ar dlsplacenent 35 of the slabs
relative to the joint axis 1r3ar | east one dlrectlon

13 In yet furt aspect nvention, rel ates
a paverrgnt ? ‘%hﬁ% e&&at &&e afmf’gﬂgi'mb n’éelates to a
pr@ﬁWﬁ@Gnénéla%uth%ke%ﬂ@?ﬁaﬂxatnSusé flepat aopar profiled end

j Oigitirfubed ahieAntirguads pateeat pshab &0 al | oyshegich a
to e transferred 5 acro s .t he_j,oi nt  and

ngul ar

o SORSEERRNT USRS B e A B dar o PR bansterred
5f OBrogs| ‘éhﬁtlmfbeand sarfiwlges ¢ sphacenent to shabslabs is
BR&EEOQE&QR&&“ ON1GF oitdE EEAWY N&S 5o1a¢ ! tménﬁaeQ'orh\éenaféBosed
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|nve t'Ton WS F-F&Perence to the acconpanying
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paskiret| BEddrr rafroher di@iigsiaad the rel ated
description I5 do€sS not supersede the generality of
the preceding broad description of the invention. In
t he drawithgss cRovengent tie herpénspeet idescriibe efibadiments
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Bt ﬁﬂﬂgo 1F ?rbnv??ﬁ¥9na variation of the joint

menber of Fig. 1; Fig. 6 is a further variation of
t henj ghdtaRAREE . Of
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20 Fig. 1 is a perspective view of a joint member
according to a first embodiment;
Fig. 2 is a schematic elevation view of a pavement
having joints incorporating the joint member of Fig. 1;
Fig. 3 is the pavement of Fig. 2 when subjected to an
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 variation 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 accoxrding to a second
embodiment;



30 Fig. 1; Fig. 7 is a sectional view of an expansion
joint for wuse in the pavenent of Fig. 2; Fig. 8is a
nodi fied version of the expansion joint of Fig. 7; 35
Fig. 9 is a sectional elevation view of a pavenent

joint incorporating a joint according to a second
enbodinent; 14 Fig. 10 is a sectional elevation view
of a paverrent joint according to a further

enbodi msg Fi(g 11 is a va%]laatlon of the joint of

Fig. 10; 59 @ SRobirRAh @ eVEre0R TERF ifow BRvament
pa Vit aCSO}“@mﬁ tac eofdirhiget cerdpckdimeher enbodi nent ;
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t 0 accofhddatde imngubahenhtsipl piemeutcwfof heo g vemahs
aboldlsrtiRg ri®l ng@xes CA' and CA2. 20 The joint nenber
20 incorporates a core 21, lateral portions 22 and 23
whi ch extend outwardly fromthe core and which are
an@uTALLRD spEEgGRI PAPANt about the axis CA by about 180
so as to extend on opposite sides of the core. The
j oi nt nepber_ al i ncludes spacers 24 and 25 that 25
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%roug the joints 101, 102 to the adjoining slabs and to
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accommodate angular displacement of those slabs about the
joint axes CA! and CaZ®.

20 The joint member 20 incorporates a core 21, lateral
portions 22 and 23 which extend outwardly from the core
and which are angularly spaced apart about the axis CA by
about 180° so as to extend on opposite sides of the core.
The joint member also includes spacers 24 and 25 that

25 project from the core. These spacers 24 and 25 are also
spaced apart approximately through 180° about the core and
also generally are at right angles to the lateral portions
22, 23 again giving the joint member 20 a cross-section
that is somewhat akin to a crucifix.

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. 1In addition, in the illustrated form, the

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



22, 23 again giving the joint nenber 20 a
cross-section that is sonewhat akin to a crucifix. 30
The joint nenber 10 is elongate and typically forned
froman extrusion process. The joint nenber 20 is of
rigid construction and is fornmed froma suitable
material such as PVC. In addition, in the illustrated
forn] the 35 joint menber imnédPudes a central c?v:fdeG
|c f aci at es.extrusi,on.and whi ch y be fille
by eXRBRRR léﬁeqskf?%s%% e dGUTT U etrhbteﬁ%‘-”j Wif by
meRbER- et TR IPRdPTPYesH. co- ext rusi on process. Because
of its rigid construction, the joint menber 5 is not
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whereas the other two bearing surfaces 29 and 30ngre
di spos on.the posite face 32 of the joint nenber.
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£hn ag gg surfaces éac |nge
Sgbearz?@gg nEhes ﬁ?eﬁ%ﬁ?n%?in?o 1hetaea 202 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



As best illustrated in Fig. 1, the respective bearing
surfaces extend substantially froma 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. Furthernore, each of the bearing
surfaces are arcuate (being concave). In particul ar
the arcuate surfaces are shdfed so that the action of

t he . respective hinges (37, 35 38, 39, 40) forned by
i nt% ar 93%@%\%&%}96‘{“&‘ S?Eéllo 'Or‘f’g‘”l§grf%%ee%e%et figs. 2 and
coPrespondi ng bearing surfaces in the pavenent sl abs
is one of sliding rotation. This will be - 16
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oth illustrated form the pavenent 100 i $ forned y
caSEPHE D" e sl abs 103, 104 and 105 across the joint
menbers 201, 202. In this way, the joint nenbers both
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As illustrated in Fig. 2, the end surfaces 106, 107,
108 and 109 of the slabs 103, 104 and 105 are cast onto
respective ones of the faces 31!, 32" and 312, 322 and as a
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



ones of the bearing surfaces 27, 28, 29 and 30 of the
joint nmenber 20. 30 The bearing surfaces of the joint
menber 20 are designed to be snoothly 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

al | ows good even respectlve ‘dad 35 distribution
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201 s causdmhdiyedtyaagions include drying (moisture) and

temperature change. When a pavement is made from
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concrete, these actions cause both temporary and permanent
volumetric changes that manifest in the form of expansion
and contraction. Shrinkage, which is caused by drying,

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.
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action, typically by tree root invasion or by soil heave
80 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
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To enable the glab 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 have found that under increased
angular displacement the joint member 20 may actually
“flip” whereby in the context of the embodiment of Fig. 3,
the bearing surface 27' moves out of contact with the
35 Dbearing surface 113! of slab 104 and moves so that the
bearing surface 29" moves into contact with the bearing



cl ockwi se direction as illustrated in Fig. 3) the

hi nges 391 and 392 becone activated with the bearing
surfaces 1131 and 1122 of the slab 104 novi ng across
the bearing surfaces 25 271 and 292. Wth this
novenent, there is also a correspondi ng novenent of
the bearing surface 1121 of slab 103 novi ng across
bearing surface 291. Wth thi¥® novenent, as
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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.
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C. 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



menber into the wet concrete; or c. An "inserting
tool" is used which captures the top of the joint
menber by means of a nunber of "canms" 25 that are
tuned and | ocked on to the joint nenber holding the
joint menber in place. Fig. 5 shows a further

enbodi nent of the joint nmenber 20. The joint nenber
45 shown in Flg 5 shares mady of 30 the features of
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20 porwana]ﬂcsnean&l[ﬂ& ehutepr ovatisy ofasibbere grip with
thﬁ‘olypropylene, 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,
expangion 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



concrete, when the joint nenber transfers the

di spl acenent. 25 Figs. 7 and 8 show alternative
enbodi ments of the joint nmenber 20 that are nodified
for providing expansion joints and construction
joints between the contiguous slabs of the pavenent.
As indicated above, to permt a concrete slab to
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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 characteristics. 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
slab, or against a complimentary expansion joint.
30
Further, variations of the joints 101, 102 and
corresponding joint members are illustrated in Figs. 9 to
13. As the pavement construction shown in these drawings
include many of the features of the earlier embodiments
35 1like features have been given like reference numerals.
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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

25 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.

30 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

35 surfaces of the slab is provided with a sheet covering.

In the embodiment of Fig. 11 that sheet covering is formed
from steel which provides permanent formwork for casting
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the other end surface incorporates the 'tongue 76.

Again conpressible materials 71, 72 is provided
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tongue and groove connection 75, 76. Furthernore, in

the enbodiment of Fig. 15 the nenbers include a gap
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fughpfécégr5¥1%%gegés§gcéf¥6p%labs 103, 104 and 105 are .
shaped as gear teeth which enable shear to be transferred
in the manner of gear teeth, and rotation to be
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
slab 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



101 and 102. In the enbodi ment of the Fig. 13 the end
surfaces of the respective slabs 103, 104 and 105 are
shaped as gear teeth which enable shear to be
transferred in the manner of gear teeth, and rotation
to be 25 accommpdated by rolling, in the manner of a
gear wheel. As the anount of, rotation that needs to
accommopdate a relatively Smad “angle (typically less
than 5) gifmpde enbodi ment of Fig. 13 at joint 101,

the end surface of one slab 104 includes a single
gear tooth 79 whilst the 30 opposing end surface of
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la 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 series of tests was conducted on the prototype,
with both concentrated and distributed loads ranging from
0 to 490 kg, applied at different locations, to assess
differential displacement between slabs.
35

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



The prototype was cast using concrete with a nom na

25 strength . of 40 MPa. Prior to casting, the slunp of
the concrete was neasured at 90 nm All tests were
conducted after the cylinder strength of concrete of
sl abs exceeded 20 MPa. The 7 day nean conpressive
strength of the concrete was Sfound to be 22.9 MPa. 30
A series of tests was conducted on the prototype,
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adgbthond de0afliV8Sa 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 slabs 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



applied to the pavenent, the joint nmenber acted as if
attached to jacked slab. As | oad was added, at a
certain 25 point, the nmenber flicked across to the
other slab. It is felt that this indicates that the
menber acts as a rocker; a double hinge having a
short range of rotation and which acts so as to

di stribute | ocalised stresses favourably. 30 No
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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 i.e. to specify the presence of the stated features but
not to preclude the presence or addition of further
features in various embodiments of the invention.

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

ambit of the invention.



i mplication, the word "conprise" 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 enbodinments of the

i nvention. Variations and nodifications my be nmade to
the parts 30 previously desé@Pibed w thout departing
fregnthe spirit or anbit of the invention. 29 -
CLAIVM5™1. A pavenent joint disposed between two
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and the at least one hinge.

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

4, A pavement joint according to claim 2, wherein each

slab has a respective one of the bearing surfaces along
its edge surface.

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

6. A pavement joint according to any one of claims 1 to

4, wherein the joint incorporates at least two hinges,
each slab being profiled to include a plurality of bearing



30 S. A pavenent joint according to any preceding
claim wherein the at |east one hinge acconmodates
angul ar di spl acenment of the slabs relative to the
joint axis in both directions. 35 6. A pavenent joint
according to any one of clainms 1 to 4, wherein the
joint incorporates at |east two hinges, each slab
being profiled to include & §Vhrallty of bearing 30
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at least one direction. 9. A pavenent joint according
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9. A pavement joint according to claim 1, further
compriging a joint member that is disposed between the
contiguous slabs.
25
10. A pavement joint according to claim 9, wherein each
slab includes a profiled edge surface and wherein the
joint member is formed from sheet material and is mounted
to one of the slabs so as to at least partially cover the
30 edge surfaces of that slab, wherein the profiled edge
surface of one slab incorporating the joint member intexr-
engages with the profiled edge surface of the other slab
to form the shear key and the at least one hinge.

35 11. A pavement joint according to claim 12, wherein at
least one of the slabs is formed from settable material



30 edge surfaces of that slab mhereln the profiled
edge surface of one slab incorporating the joint
menber inter- engages with the profiled edge surface
of the other slab to formthe shear key and the at

| east one hinge. 35 11. A pavenent joint according to
claim 12, wherein at |east one of the slabs is forned
fromsettable material 31 -aRd the joint nenber is
cast .into an end surface of that slab._12. A pavenent
j oPRE BRe ofWinty "EBPRY at fn EF Lo nER, aufikisirigcenet that
j oshebmenber forns at | east part of one of the bearing
surfaces of the at |east one hinge, and wherein its

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

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

17. A pavement joint according to claim 16, wherein the
joint member includes two spacers that are angularly
spaced apart about the joint axis with a respective spacer
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17. A pavenent joint according to claim 16, wherein

the 35 joint nenber includes two spacers that are

angul arly spaced apart about the joint axis with a
respective spacer 32 being di sposed between

respective ones of the lateral portions. 18. A
pavenent joint according to claim17, wherein the 5
joint nmenber incorporates oppésite first and second
faces that are in opposing relation with respective
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I ngorpdpasi ng respective one of the lateral portions
and wherein, the joint includes a plurality of hinges
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hi nges formed by the inter- engagi ng bearing surfaces
is by sliding rotation. 21. A pavenent joint according
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acééF?ﬁ'#ﬂg wtépasn@@om@n that face, the bearing

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

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

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

bearing surfaces have a constant radius.

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

radius of curvature varies across the bearing surfaces.

23. A pavement joint according to claim 22, when
dependent on claim 17, wherein the bearing surfaces of the



dependent on claim 17, wherein the bearing surfaces of
the - 33 joint nenber extend froma distal end of the
|ateral portion to a respective distal end of the
spacers. 24. A pavenent joint according to claim 23,
wherein the 5 radius of curvature of the bearing
surfaces increases from the distal end of the l|atera
portions towards the distal~ 3énd of the spacers. 25. A
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20 portion, the bearing surfaces being engageable with
respective bearing surfaces of the edge surface of its
opposing slab to form two hinges of the joint.

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

28. A pavement joint according to any one of claims 9 to
27, wherein the joint member incorporates compressible

30 material so that said joint is able to act as an expansion
joint.

29. A pavement joint according to any one of claims 1 to
19, wherein the bearing surfaces are profiled as gear

35 teeth, the gear teeth inter-engaging to provide the shear
key and the at least one hinge, and wherein the at least



contact between the inter-engaging gear teeth. 30. A
joint menber for a pavenent joint, the joint nenber 5
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that 10 projects outwardly fromthe face and is .
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20 030! . A 35in84merfbdOiadlofBING t AR BY, t Ph&tSiNL3
orf§ St\gg%%ebg the joint member includes two bearing
surfaces disposed on respective opposite sides of the
lateral portion, the bearing surfaces being engageable
with respective bearing surfaces of the edge surface of
25 its opposing slab to form two hinges of the joint.

32. A joint member accoxrding to claim 30 or 31, wherein
the second face also incorporates a lateral portion that
projects from that face and is able to inter-engage with

30 an edge surface of its opposing slabs so as to enable
shear to be transferred between that slab and the joint
member .

33. A joint member according to claim 32, wherein the

35 second face also includes at least one bearing surface
that engages with a bearing surface of its opposing slab
to form a said hinge of .the joint.



5

10

15

20

25

30

35

both the first and second faces incorporate two
bearing surfaces di sposed on respective opposite
sides of the 5 lateral portions disposed on that face,
the bearing surfaces being arranged to engage with
respective bearing surfaces of the edge surfaces of
t he opposing slabs to formfour hinges of the joint.
10 35. A joint menber accordPfAg~to any one of clains
30 to 34, wherein the bearing surfaces of the joint
menber are arcuate in cross-section, so that the
acBton & jchethimegesr dayamednbytoheldiw 82- engagi ngherein
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the 25 lateral portions to a distal end of respective
on gs of _j.oi.nt nmenbers. 39. A joint nenber accordin
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coakican‘tg crcassisecti on 35 perpendicular to the joint
axis. 36 41. A joint nenmber according to any one of
claims 30 to 40, wherein the joint. menber is forned
frotn a @OIJQ&EH remhgs @GeRrdingg 40 %ﬁdﬁ\/éﬁen‘t’h%?%’dl the
habeagirat suedatesneays af idordtedgeradiurf.ace that in use
forms part of a joint between that

37. A joint member according to claim 35, wherein the

radius of curvature varies across the bearing surfaces.

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

joint members.

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

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



sl ab and another slab, the joint allow ng shear to be
transferred to the other slab, and to accommopdat e
angul ar di spl acenment of the slabs about an axis of
the joint. 10 43. A nethod of inhibiting differentia
out - of - pl ane novenent of contiguous slabs in a
pavenent under an out- of- plane action by

i ncor porating pavenent JOlnt§ bet ween the contiguous

sl gbs, t o] nts ate and each
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angetarigh spl acenent of the slabs relative to the

joint axis in at |east one direction. 20 44. A nethod
according to claim43, wherein the joints include
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conti guous slab. 46. A nethod according to claim 44,

wherein the joints 30 accommobdate angul ar
di 4p} acemmetthofl oheimtidisiagodi fiémdntigloiont -akeslane
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t hbbe odrEliguo88 slabs, the joints being elongate and each

extending along a joint axis and being capable of
transferring shear between the slabs and accommodating
angular displacement of the slabs relative to the joint
axis in at least one direction.

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

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

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



