21 SEP 2005 1 A REI NFORCED PERMEABLE PAVI NG STRUCTURE The present invention
relates to a reinforced perneable paving structure, and in 5 partlgqlﬂ'pmg
a paving structure which allows the retention or detention of rainfall

other precipitation falling on it or infiltration of collected water |nto

t he sub-grade as desired, whilst nevertheless being able to wi thstand high
| oads from heavy vehicular traffic. 10 Ulban and industrial devel opnent
results in the alnost total coverage of the natural ground surface with

i nperneabl e materials. These nay take the form of buildings (the

i nper meabl e surface ekfEEINFORCHIF PRRNEABIIOPAVING'STRUETHURD . Or val kuay
or roadway surfaces, which are required for easy transport by wheel ed
vehicles. A hard snooth surface capabl e of withstanding the |oad applied by
vehi cl e wheels without the 15 formation of depressions or ruts is needed for
all areas likely to be the subject of wvehicular traffic. It is knovvn t hat
in order to pr@%ﬁeﬁﬁes%dﬂmoﬁdﬂaﬁg t0 iy feyerced pesmenbly Padng [rREYEd a8t I ¢ ar rac
surfaces nmust be laid with a "fall' to allow surface water to run off in a
pre 20 det ar m puedcudarrte atpaving tstrustateewhicl klleed the metemttbnoor ditemitina gErainfsll ens

| eading to watercourses for the disposal of stormwater during inclenent

weat her. Drai NGA& prédfSitAith fﬁhﬁg gﬁ ﬁ%"r altliratisn dflcollGetEPRBWInt R sﬁlﬁéfa'ﬂb' H&

expect ed preci pltatl on, whic be exceeded fromtinme to tine.

known t hat net oro o] Nt such hav

verage: var (ishob %%Vegﬁ o oo i st nien Bods o8 g%@bs
traffic.

10  Urban and industrial development results in the almost total coverage of the natural
ground surface with impermeable materials. These may take the form of buildings (the
impermeable surface effectively being the roof of the building), or walkway or
roadway surfaces, which are required for easy transport by wheeled vehicles. A hard
smooth surface capable of withstanding the load applied by vehicle wheels without the

15 formation of depressions or ruts is ﬁeeded for all areas likely to be the subject of

vehicular traffic.

It is known that in order to prevent pooling during periods of rainfall such paved or
tarmac surfaces must be laid with a ‘fall’ to allow surface water to run off in a pre-
20  determined direction to water collection and/or drainage systems leading to
watercourses for the disposal of storm water during inclement weather. Drainage
systems are generally built to cope with a maximum expected precipitation, which
may be exceeded from time to time. It is known that meteorological events such as

rainfall, although having an ‘average’ value over a period of time, necessarily involve



2 peaks, which can be classified by the frequency with which they occur,

hi gher peaks being | ess frequent. Drainage systens are consequentlyg\%g fhﬁéj
to cope with the peak rainfall which may occur, for exanple, once éfg
thirty years or once every fifty years. 5 Wth the climatic changes which
have been occurring in recent years the assunptions on the basis of which
drai nage systens have been built in the past are proving to be incorrect

and the failurgeR5 ek Lassk QhssTitahyINShERnéPwIR G ey HEUEATEHRTpdaks
frequent. Upgradi ng of drainage systyems to cope with increased anounts of

amagi ng i nf 1 uRib SLEeGheE Riifage i B KE Bl AR AR R BRI,

t he atnosphere durjing.their operation. gol | utants _ . typically caused 3%/5 not or
traffic incl ud’é“#fé‘év‘g’l%{flab’§?°‘ﬁy8%f§é§mﬁ n §0CE §HSHe thildy, ¥gars §F pacereyepn Hitht her
fine detritus, which beconme deposited on the surfaces of roadways and car
parks. During jeane weat her these materials collect and |lie on the surface,
only to be washed off in relatively high concentration during periods of
heavy rai n.g Many of these polluting materials are washed into watercourses
and fromthere to the sea, polluting both on a long termbasis. Even in

areas where sugh: - ] . . bei ng
rel eased to théﬁﬁgﬂ{& rCQHa\‘A‘/%? %@%%%&glgégg&%%g?cﬁ%lg @g%&?%"%psl 5@#ﬁ'§ﬁétgqrngut ants
nevert hel ess pass through untreated and, of course, the cost of, operating
such plant hasof iehesisof wdudhydrainags Hysiemsdaneean BRIl Yhihe past 45¢ Bio3ingi'e bhave
been made in the past for aneliorating both of these problens

incorrect and the failure or overload of such systems is becoming increasingly

frequent. Upgrading of drainage systems to cope with increased amounts of run-off is

10  extremely costly.

Motor vehicles also introduce another damaging influence due to the pollution and
contamination introduced into the atmosphere during their operation, Pollutants
typically caused by motor traffic include heavy metals, hydrocarbons, rubber dust, silt
15  and other fine detritus, which become deposited on the surfaces of roadways and car
parks. During fine weather these materials collect and lie on the surface, only to be
washed off in relatively high concentration during periods of heavy rain. Many of
these polluting materials are washed into watercourses and from there to the sea,
polluting both on a long term basis. Even in areas where such run-off is passed
20  through a treatment plant before being released to the natural watercourses a certain
proportion of the pollutants nevertheless pass through untreated and, of course, the

cost of operating such plant has to be borne by the local community.

Various proposals have been made in the past for ameliorating both of these problems



2 1 SEP 2005 3 by the provision of perneabl e roadways and parking areas
whi ch behave in a nore natural nmanner allow ng rainfall and other 721 Sgp 3005
precipitation to pass through the surface into subterranean coll ection
regions rather than being allowed to run off the surface into drains. One
such proposal is described, for exanple, in International Patent 5
Application Publication No. WO 96/ 12067 w3i ch descri bes a paving system

having a per nppllegrpdvien®iberiablel rogdvways Whd Pagkeng A¥& whith BBhavie)in Aadle
nodul es, the whole being laid over an inpervious nmenbrane to provide

tenporary storﬁzggr' & bWk i l i ter.
Pol | utants can ea% {r?leat ecilll('c:)ﬁﬁaﬁ%gﬁgﬁéﬁﬂg%ggéoﬁiﬂgkﬁgh It@é aggdgg\?he
rate of flow fromthe storage area can b 0 regul ated by provjdin

i tabl e val velDMOaT oo eainas e ey beets aomiionpbafhibes i Bes) o
particulate material which, when conpacted, retains enough voi ds between
the particl es it Hulin. wane sudpproposal ¢s desaribgse fercenanyds, iMHntemabonal Ratenhd t he
under | yi ng i nperneabl e nmenbrane forns in effect 15 a subterranean cistern

capabl e of ol Abﬁmcaﬁohawlecaquamoi.W5096/12@67euvhibluaeswbb@smﬂasiﬂgts?abﬁlhavinga
| oad- bearing and capabl e of supporting wheel ed vehicular trarfic. If the

b- de i i | - : . I X :
Tpermoabl o babiiisAe el (Rt S oRE I Be ARG o Alls, W URHE, B0

gradual ly into the syb-grade, 20 One of the problens associated with the
known struct ur&angilgd ¢ rt%lr\ﬂmwtlwemma@ﬁy%z pIovage> tespppyary storage in the

interstices for chemical spillage or flood water. Pollutants can be treated chemically
or decomposed biologically, and the rate of flow from the storage area can be

10 regulated by providing suitable valve control means.

The sub-base layer is made from non-friable particulate material which, when
compacted, retains enough voids between the particles to hold water up to a given
percentage. The sub-base and the undertying impermeable membrane forms in effect
15  asubterranean cistern capable of holding a large quantity of water but which is itself
load-bearing and capable of supporting wheeled vehicular traffic. If the sub-grade is
suitable the sub-base may be laid directly on it without an impermeable barrier so that

water collecting in the sub-base can infiltrate gradually into the sub-grade.

20

One of the problems associated with the known structures lies in the fact that heavy



goods vehicles such as road transport lorries and the |ike apply through
each individual wheel a |load on the surface of the ground over which they
pass or on which they stand which is nuch greater than the majority ©o§EP 2005
pavenment structures are capable of supporting. This results in |ocalised

di spl acenent of the wear surface, rutting and 5 coll apse of the bearing

| ayer. In order to be able to function properly and effectively it is
necessary for the sub-base |layer to be codpacted to a point at which the

i ndividual stgnas whidkar §uchl £srdaat @didngﬂf 19hicl MidethRnekdepply ahfelgH dable
surface of the layer in a substantially rigid non-plastic manner, but apart

froma conpacti . HQn 1 I st ance
of ‘parti ol st 5o ABFURLUAToRhE OB e R AR oA TG 87 Fosk HFor] L
essential that _the nature.of the particles be. sugh that the | eave voi ds
between t hem 1UFY R KBICh DR STBREdRaT GE RGATIC of PryeHeRt S tsssrrs Seodhier

for the perneabl e pavenent to function. Conpaction to the point where all
voi ds bet weenofisnppqrting.i This sesalteimlecaisedidispla¢dngant pf thaoeatsurface.aningand

| oad- bearing capacity, conflicts with the requirement for the voids to be

present i n =or dedllapse AERSHEABER Fret. Reordsr taBE Ble tofinstidr propéy M ePRctivesy it
structural strength of the sub-base |ayer of this earlier arrangenent nmakes

paverrent st UckULEssLITIRH: ARCOILING bRt BaSal 5ol AARETRO g ARy ¢ 201 e

. al
for vehicles over a grven a present” 1nvention see
provi de an inproved per structure 2 wi_ t hst andi ng

neabl e pavin 0 capable o
hi gher | oads wHPMER! T yw&lr PRECHIOHIST i Bokh & éﬂgja‘??a‘béa@F {3yepin fhe
sub- base reservoir, and without requiring the use of nore material in the
sub- base | ayer subsizotalt)ingid hon-plastiampret, bot apantefrgn e sempadtimgepeiaton ndthieg ef or e,
a paving structure having 2 1 SEP 2905
can be done to increase the resistance of particles to displacement under an
10  excessively heavy load. It is essential that the nature of the particles be such that they
leave voids between them for the accommodation of rainfall or other run-off in order
for the permeable pavement to function. Compaction to the point where all voids
between the particles are removed, whilst it would increase the load-bearing capacity,
conflicts with the requirement for the voids to be present in order to accommodate the
15 water. This limitation on the structural strength of the sub-base layer of this earlier

arrangement makes pavement structures formed according to this earlier arrangement

unsuitable for vehicles over a given axle loading.

The present invention seeks to provide an improved permeable paving structure
20  capable of withstanding higher loads without detrimentally affecting the storage
capacity of the sub-base reservoir, and without requiring the use of more material in

the sub-base layer.

According to one aspect of the present invention, therefore, a paving structure having



5 a systemfor collecting and retaining or at |east detaining rainfall or
other precipitation in an area subject to vehicular traffic, and co r.$ﬁfﬁﬁ
a perneabl e surface wear |ayer and an underlying sub-base |ayer of “r g'd
insoluble hard particulate material is characterised in that a reinforcing
gridis located at an internedi ate | evel spaced fromb5 the top of the said
underlying layer at a depth not |ess thansne and a half tinmes the

di mensi on of tt.agysk@ﬁ &%%Iauﬁﬁﬁggaﬁdl%ﬁiﬁiﬁgam 164 détdﬂﬁﬁgﬂiﬂfaﬁ%ré‘ﬂ&@r;%?@cﬁﬁtdti%ﬁ_er- 't

is of course known to uti so-called geogrids to stabilise |loose-I|aid
bulk material.. It is kno for such.geogrids to be laid.,at an interface
botween. for eiangres it By FATE: el forprs Gl houehi ubils iy
structure. The US Department of Transportation, Federal Aviation _
Admi ni st rat i onanhén pindenlyiag subrbegrolayehas sgidoinsalubleyhgrd gpariguleie maptigldsced
aggregat e base courses for general aviation airports in which a nunber of

di fferent conbihimidteized &f thbebRindordinpesidadbecged @andnicanédisie tdviebspacadeft@n
i nvestigated. GCeogrids are defornmed or non-deforned grid-like polyneric

material s fornmgd tQﬁY oﬂéxe?s%ﬁﬁﬁ@ﬁ%ih?%yg% Q?ao%eﬁg{‘ﬁ& 184 tﬁﬁ?on%euﬂﬁtd MSimEE@g" ! ds

are known for use in reinforce atrons, soil, rock, earth or

ot her geotechnical engineering material as.an . inteqr rt of a man-nade
proj ect, structifesign E}Eet]é’?ﬁegtlﬂ‘?n&i?stlp&ﬂ S&'fd?u%egﬁ@ggﬂsha a¥Feogri d bal | ast
reinforcenent for railroad track bed, reinforcenent for aggregate surfaced

pavenents, and reinforcenment for flexible pavenents were investigated. The
20 term flexible pavenents' refers to a structure having an asphalt course

laid over conp3¢sRAuAs Eh&gRiCutIRY S6-5alRA cBoS itk t@5ta6iE s@looslaad bk ntdrialy
strength as neasured by the California Bearing Ratio (CBR) of 1.5 to 5% On

the other handlt iéjﬁyoiwr}gfﬁ Eﬁclﬁcéegér?és tB BE ?{E&iatiaﬂ il?t%ﬁ%edo%%gen%&@xmﬁleﬂhg St

i nvention

10  grade and the sub-base in a roadway structure. The US Department of Transportation,
Federal Aviation Administration has produced a report based on a study of grid-
reinforced aggregate base courses for general aviation airports in which a number of
different combinations of base courses and geogrid test sections were investigated.
Geogrids are deformed or non-deformed grid-like polymeric materials formed by

15 intersecting ribs joined at the junctions. Geogrids are known for use in reinforcement
of foundations, soil, rock, earth or other geotechnical engineering material as an
integral part of a man-made project, structure or system. In particular, areas such as
geogrid ballast reinforcement for railroad track bed, reinforcement for aggregate
surfaced pavements, and reinforcement for flexible pavements were investigated. The

20 term ‘flexible pavements’ refers to a structure having an asphalt course laid over
compacted aggregate layers on a sub grade of relatively low strength as measured by

the California Bearing Ratio (CBR) of 1.5 to 5%.

On the other hand, paving structures formed in accordance with the present invention



21 S E P 2005 6 may typically require sub-grade strengths having a CBR of
15% or nore. The test results fromthe above investigati on appear tc?e :
denonstrate that in such circunstances the best inprovenent is achi \/éFdP Z)@
the use of a geogrid at the interface between the sub-grade and the
sub-base, nanely at the bottom of the sub-base. This is the location 5 for
geogrids in other known applications wherg as nentioned above, they are

typically | Ocﬁta?g)ép%al@.r}e%tﬂfeegufb- SaSHNBAD nhViRg hRNER B 350 Pordhblc® MRtefal ur €.

By contrast, i paving structure o e présent invention the geogrid is
not located at an interface between a sub grade an l.ai d . course but is
'ocat o wi t hi nieRE iofn g $bpe westyeation appei tf dpmensdisie fladl SV FCUMSHIGES oo
been found to bind the larger particles of the sub-base |ayer sufficiently
firmy to all othedastiimpravggent is aghieveddivghe ussrof ageegrid o thesinteglacpbetyeemtbabl e
pavenment w thout any damage to the surface by displacenent of the particles

of the sub-bassud-gmés andlthe fitebave atansely dtalgcbodtont dfehgsibitige, SThid i€ therfogatibe
per neabl e tarmac havi ng passages through it or individual blocks, typically

of - SonCr et & OF g e AMTPLBH Api oA E nRBASRASS HATEr Y.  hem

or between them ow wat er to pass through Trather t ern i ned
on the surface, 20 1t is eferred that the terial of the sub-base |ayer
cont ai ns angul @Fa@#éh@h%%w COXRER ‘até‘?/?fﬁé’égngg%g‘}t MaWehe form of

non-rounded particles of crushed gravel, rock or concrete in a size range

up to 100 mm It is preferred that not nore than 70% of the sub-base
material lies in the range 37.5mm - 100nmm and preferably not |ess than 40

% of the sai d BRdestkast, Mo thephsing dtrudtiRDf e grétest inddgion tHdEeokal i vt Wcagd gr i d
is preferably
at an interface between a sub grade and a laid course but is located within the
10  thickness of a constructed sub-base layer. This has been found to bind the larger
particles of the sub-base layer sufficiently firmly to allow an increase in the weight of

traffic using the permeable pavement without any damage to the surface by

displacement of the particles of the sub-base layer.

15  The wear surface of the paving system may be permeable tarmac having passages
through it or individual blocks, typically of concrete or other such material, which
have passages either within them or between them to allow water to pass through

rather than being retained on the surface.

20 It is preferred that the material of the sub-base layer contains angular elements with
well defined edges, in the form of non-rounded particles of crushed gravel, rock or
concrete in a size range up to 100 mm. It is preferred that not more than 70% of the
sub-base material lies in the range 37.5mm - 100mm, and preferably not less than 40

% of the said underlying material lies in this range. The reinforcing grid is preferably



21 SEP 2005 7 located at a level not |ess than one half of the thickness of
t he sub-base | ayer fromthe upper surface thereof. Typically, this ﬂ @emgﬁ
the region of 150nmmfromthe top of a layer in the region of 350nm ﬁ K.
For thicker sub-base |layers greater than this value a second reinforcing
grid of interconnected elenents nmay be provided at a | ower level 5 than the
said reinforcing grid, and the second reifforcing grid may be | ower than the

md level of tigeatk@Marievel 6t 18ésARardnetlAff of tHedhiORGdRE BOGe kEb-BiRl1Sfecabin thot
greater than the size of the largest particles of the underlying sub-base

ayer. LN one SHRPLAROerdoROraic Ol sih 08B B8 dohyf B aheRpBF ¢ N

the size of theé majori tic e"salrd u ri'ying FTayer. 10
For the best perfornance usj the |l east nmaterial it is presently cqnsidered
that the sub-ls&%n{%%awrb%ﬁ%@n%%ﬁ%%mbg‘i’%sﬁagﬁscgr%&haa V@liposed
of particulate material in a generally larger size range than that in the

| ayer above t hesesandireinfeiciviggrich af gntepeouhectet] elemoptsahay requiovided attalewérdevgb st
particles of the material of the sub-base 15 | ayer bel ow the reinforcing

grid are i & th@ak 8@isef reinférBmegrid ARiStht 86cORd rdiffdrtihdIrid Alag 88 lowddMidnithe €S i Nn
t he sub-base | ayer above the rei nf or ci ng grid. Likew se the snall est

particles in the - y I t he. reinf i [ r rably
not | ess than mfdvm]%g'g otl??ligee@'e?'ee%)]e Q%ﬁg\f\’ghﬁ%deo ¥ Hlﬁlgéfﬁﬂg géﬂb?l)ﬂncﬁéeagéggﬁ ase

| ayer above the reinforcing grid. 20 In a preferred paving structure there
i s an int er medihgsige phielargest pasticics of Hteémﬁarﬁmg siib-basedayse nomg e@ﬁ?P Bt or
wear | ayer and the said underlying or sub-base |ayer. The average particle
si ze of the pathtsizabithe gnidtopeniag is not gleetes thad thedizr ofdhl mb@ritypylahe particles

in the said underlying layer.
10
For the best performance using the least material it is presently considered that the
sub-base layer below the said reinforcing grid should be composed of particuiate
material in a generally larger size range than that in the layer above the said
reinforcing grid. It is preferred that the largest particles of the material of the sub-base
15 layer below the reinforcing grid are in the region of three times larger than the largest
particles in the sub-base layer above the reinforcing grid. Likewise the smallest
particles in the sub-base layer below the reinforcing grid are preferably not less than

twice the size of the smallest particles in the sub-base layer above the reinforcing grid.

20  In a preferred paving structure there is an intermediate layer of particulate material
between the surface or wear layer and the said underlying or sub-base layer. The
average particle size of the particulate material in the said intermediate layer is
preferably less than the average particle size of the elements of the said underlying or

sub-base layer. This intermediate layer may be considered as a so-called ‘bedding



preferably | ess than the average particle size of the elenments of the said
underlying or sub-base layer. This internediate | ayer nay be consigqrgﬁ,@ﬁ
a so-called "bedding 21 SEP 2005 8 |ayer' which, during constructidn %
paving structure is laid to a flat, preferably horizontal surface prior to
| ayi ng the individual paving bl ocks or elenents which form the wear

surface. The blocks are then vibrated witlh a vibrator to obtain a flat final
regul ar surface. The average particle size of the internediate | ayer may be
in the 5 regi dayaf whith durliionspucioarofithe/pdving stmictiggisolaidto abffar) prkferabhe

enbodi mrent the particulate material of the underlying or sub-base | ayer may

have a mi ni MIRGO%af ipBse g%ﬁslaging]thfﬂd{vid&mg@iﬁgmoa& ok B hRfks WhicG dance

with British Standard 812 Part IS a neasure of the resistance of the

i al hing. The sub ial rigidity. of th i al b
ost o by ast Al MRy hat T DIGCRe Hadbt ulated Vi aodRieRie 6Pt SR 1 i s

Standards Test BS 1377 Test 4. The reinforcing grid nmay be one having a
subst anti al | y regelensyiicar Tdeiayeree pattiglessizest ﬁdﬂtﬁgnﬁfdﬁatﬁ\lﬁ’ebmabfd{?dﬁége
directions with substantially the sane resistance to stress in each of the
sai d two orst hoggivalof dnirg Gt1i0ais, préfeeably tikihe @ggic 65 S@in. t itorgr dntbatinertahd 5
joined together at intersections to forma substantially |am nar sheet, or

the grid may ié{}?ﬁgllﬁartc%ﬁaq'ofﬁ{ee&ﬂd@hgﬁ@ér gﬁﬁ-ﬁg%hhw n?igfrﬁ e@ adhinhnbil 1988 O

both directions on nanufacture may be-undertaken 1 n r toincrease its
mechani cal strgngth. A j to gnather. aspect the ipventio royjdes a
nmet hod of Iayi‘ﬁ‘begé(alblgPﬁggwa%écf&féﬁ%ﬁ{m@f‘?%&%F(‘é‘” rﬁ’é‘ggi‘@aﬁﬁg%?ﬁgbove,
conprising the steps of preparing a sub grade, |aying a perneable geotextile
or inper neabl &3 prdi amecastreraddhe respange of the material to crushing. The substantial

rigidity of the material can be tested by establishing that it is non-plastic in accordance

10  with British Standards Test BS1377 Test 4.

The reinforcing grid may be one having a substantially rectangular grid structure
extending in two orthogonal directions with substantially the same resistance to stress
in each of the said two orthogonal directions. The links or arms of the grid may be
15  joined together at intersections to form a substantially laminar sheet, or the grid may
be monolithic. Preliminary stretching of the grid in one or both directions on

manufacture may be undertaken in order to increase its mechanical strength.

According to another aspect the invention provides a method of laying a permeable
20  pavement structure as defined hereinabove, comprising the steps of preparing a sub-
grade, laying a permeable geotextile or impermeable membrane thereon, applying a
first layer or “lift” of the said underlying layer, compacting this layer to refusal with a
vibrator, laying a reinforcing grid onto the first layer or “lift” of the underlying layer,

applying a second layer or “lift” of the said underlying layer, compacting the



first layer or "lift" of the said underlying |ayer, conpacting this |layer to
refusal wwth a vibrator, laying a reinforcing grid onto the first szaysgpms
"l'ift" of the underlying |ayer, applying a second layer or "lift" o e
said underlying |ayer, conpacting the 21 SEP 2005 9 wunderlying layer to
refusal with a vibrator, |laying a perneable geotextile over the said
underlying layer, applying an internedi at® | ayer over the said perneable
geotextile, levelling the said internediate |ayer w thout conpaction

t hereof, appl ynrmigrigingeayer toarygfisal with 4 vittatorglaging e penisabk guektilehwer the esidredi at e
| ayer and vibrating themand the said 5 internediate |layer into their final

posi tion With ghdehPidlieer daBEié/iiﬁrg)ﬁP Rrti@ffiaRf 1aych By et SR BehfableoadiBkiRe

continued to the so-Ca 0 refusal’, that 1s until further
treatment produc the further results...This, of, . course rel i es sqnewhat on
the-subj ect 1 velyaias Mesrd ibpShedit Iavk bt omieiFEeSPr sl Vine AR EIH R an be
introduced with the use of a nuclear Density Meter (a commercially available
i nstrunent) byok individyal glemghisciver the iptegpedite dayes Andribrating ‘bé‘mdttfll%?ﬁl@:an be
measured rat her than assessed. It is preferred that the conpaction be

conti nued wnti interimediaty lager Yndotiadir filud positpretithd Widakordensi ty achi evabl e under
| aboratory conditions. 15 Preferably a regulating |ayer of crushed
particulate material the particle size of which is less than that of the

| arger particles of the said underlying |ayer but not |less than 15% of the

size of the | est particl.es of the said ungderlying,layer, i pplied to
The® upper - sur FHCEoBRad R o6 fHp-bals et may Pr eortifudy a L dorealled BN BRg or
sub-base layer prior to conpaction thereof whereby to provide a nore
uni f orm upper ssfissphdhat ipuntil dreptmerti dreshices {he fumhayiresudisofTais; pf eoursgyer .
relies somewhat on the subjective assessment of the operation. A degree of certainty
10  can be introduced with the use of a nuclear Density Meter (a commercially available
instrument) by the use of which the proportion of maximum compaction can be

measured rather than assessed. It is preferred that the compaction be continued until

reaching 95% of the compacted bulk density achievable under laboratory conditions.

15  Preferably a regulating layer of crushed particulate material the particle size of which
is fess than that of the larger particles of the said underlying layer but not less than
15% of the size of the largest particles of the said underlying layer, is applied to the
upper surface of the second layer or “lift” of the said underlying or sub-base layer
prior to compaction thereof whereby to provide a more uniform upper surface to

20  receive the said permeable geotextile layer.

Likewise it is preferred that a dressing of clean single size angular stone of a size not
greater than about 3mm is applied over the blocks of the wear surface layer prior to

the vibration thereof with the said vibrator.



Likewse it is preferred that a dressing of clean single size angul ar stone
of a size not greater than about 3mmis applied over the bl ocks of ?pg w@@%
surface layer prior to the vibration thereof with the said vibrator” E
2005 10 Enbodi nents of the present invention will now be nore particularly
described by way of exanple, with reference to the acconpanying draw ngs,
in which; Figure 1 is a cross section throagh part of an infiltration paving
structure for 5 disposal of collected water by infiltration to an
appropriate sub-grade, and fornmed in accordance with the principles of the
present invention; Figure 2 is a cross section through part of an

al ternative enﬁﬁ@bgﬁi& cgftﬁé}ﬁegséehgh}ﬁ%}&ioﬂ%ﬂﬂ tb%?’nc;ﬁ:l%%t rlgtﬁixﬁeycdfeg&fbegg}/ggyi nto

. i 1S
re-circul ated wate or stora reuse or for I SC

sewers or streams; 10 Fi.gure 3 is a perspective view of a.grid suitable for
Jse i the paveHBHEDIS ot Be et o (Gep e e ST Fi gure 4 (s a

cross section through a part of a further alternative, and presently
preferred, enbodi mehigutsf1 tstrecrpssseetianghrough pae oéam imdijtrationspaving stiugiurefor a
pavi ng structure generally indicated 11 conprises an upper |ayer of bl ocks

12 which ey bgispdsal dRoll¥@ed dae by bffltrationithan ApRbpaasbuls-gade, apadstinied in
I nternational Patent Application published under no. WO 99/ 64680 which are

substantial ly é@ﬁaﬁ?éghﬁ{th%m\ﬂﬁﬁoﬁégﬁ%g&t(P‘{Veﬁa&pnel S in one or nore

| at eral edges ereo 0 'pro al nage passadeways fromthe top to the

bottom In addition_to apn. . . .
igure ? is a cross section through part of an alternative embodiment of the

inventton adapted as a source of re-circulated water for storage or reuse or for
controlled discharge into sewers or streams;
10 Figure 3 is a perspective view of a grid suitable for use in the pavement
structure of the present invention; and
Figure 4 is a cross section through a part of a further alternative, and presently

preferred, embodiment of the invention.

15
Referring first to Figure 1 a paving structure generally indicated 11 comprises an
upper layer of blocks 12 which may be of the type described in the Applicant’s co-
pending International Patent Application published under no. WO 99/64680 which are
substantially impermeable, but have grooves or channels in one or more lateral edges

20  thereofto provide drainage passageways from the top to the bottom. In additionto an
upper bevel which can be seen in the drawings, part of the upper side wall is tapered
along the entirety of the edge between the upper surface and the lateral surface to
allow a small degree of flexing of the overall surface by movement of the blocks upon

the passage of heavy traffic. This helps to avoid spalling, and the channels provided



upper bevel which can be seen in the drawi ngs, part of the upper side wall
is tapered along the entirety of the edge between the upper surface ?3g ng
| ateral surface to allow a small degree of flexing of the overall s% E

by novenent of the bl ocks upon the passage of heavy traffic. This helps to
avoi d spalling, and the channels provided 21 SEP 2005 11 by adj acent
tapered surfaces al so encourage the drainage of rainwater fromthe surface

t hrough the drai nage channels into the underlying |ayers to be described in

more detail  bey ijaccht (HitcObRekss A @Hobulad the AFhimEc bR RTWRSHFRNPthE 8)fRice OT

beddi ng course 13 of fine particulate or granular material of a size in the

regi on of 2mm , . i i ! J

tolerance on sty dfinEkELBRbots iR cbAndifing Bidibtad debbbel b Bepl
general Iy indi Cejt ed 15. The bedding layer is raked and |levelled before the
bl ocks 12 are P4PW on it, and bl ocks 12 are laid directly on the bedding

| ayer 13 10 with no grouting or other filling (such as sand) either between
t hensel ves and the |ayer 13 or between each other so that there are no fine
materials to wash down into the |ower |ayers of the structure when rainfall

infiltrates; thehpasaRgaS HRLMREBN tdheintdmesiife 106t 6F bbddihfToliRRe 1B 8E ks @
vi brator is passed over the entire surface to settle the blocks and ensure

they all liet n o Qr.e . f1. [ n

bl ook paved subieda bl Bl Rintebhok ol @ A Bl Ebone o
a size range about 2nm 3mm These stones are thepn brushed into_ the .
interstices ant® Wanpwhigh in yakisdaidtafplseanse ppa gepdeitilomengeng 4 4 itpedf oyeriviag
novenent w t hout cl oggi ng the passages through which the water drains into
t he under| yi ngabubyease layer generally indicated 15. The bedding layer is raked and levelled before

the blocks 12 are laid on it, and blocks 12 are laid directly on the bedding layer 13
10  with no grouting or other filling (such as sand) either between themselves and the
layer 13 or between each other so that there are no fine materials to wash down into
the lower layers of the structure when rainfall infiltrates the passages between the
blocks. After laying the blocks a vibrator is passed over the entire surface to settle the
blocks and ensure they all lie to a common surface. Before or after this is done the
15  block-paved surface may be dressed with a thin layer of fine clean stone in a size
range about 2mm-3mm. These stones are then brushed into the interstices and help to
lock the blocks in position against relative movement without clogging the passages

through which the water drains into the underlying layer.

20  The sub-base la){er 15 is composed of crushed gravel, rock, concrete or other hard
insoluble particulate material having well-defined edges. It must be sound, clean, and
non-friable and free from clay or other fine particulate material. This property allows
the compaction of a layer typically in region of 350mm to 400mm thick, to a state in

which it is capable of bearing the load of vehicular traffic such as motor cars, trucks



20 The sub-base | ayer 15 is conposed of crushed gravel, rock, concrete or
other hard insoluble particulate material having well-defined edge 1§EPZ%5
must be sound, clean, and non-friable and free fromclay or other f
particulate material. This property allows the conpaction of a |ayer
typically in region of 350mmto 400mmthick, to a state in which it is
capabl e of bearing the |oad of vehicular t2affic such as notor cars, trucks
21 SEP 2005 12 and lorries. For this purpose the material nust be

non-pl asti c whaml lasitedFarnthisgamposkanioe matdrial BSIB bé Aaspladtic Whennested iial nust
al so have a mnimum 10 % fines value of 150K/ n when tested in accordance

wi th BS812 Parjccdrdahée %R %‘S‘ib‘l‘f‘@es‘i Hc”bhe thSHS rhike al%émé?&m'ﬁ]dﬁfunﬁm ﬁ egven

dried and should be soaked in water room5 tenperature for 48 hours

before the test ensures t hat e,.no tiati

et ween ¢ he. perd'bs RRFREGsnd et wrEpHages Wb BSE R Pl rifonal iy

pass the test when effectively saturated. The dinensions of the parti cI es in
t he sub-base | tyiertha samplgs pristipot e e drindwindnshepld hosqaked aongter tah oqmat er i al
being less than 37.5 mm and not nore than 40% of the nmaterial being greater
than 37.5 mn idmpemti@%1048 hdes betbey thatestBybeduossis Thivasnsi@s that thetdare aal y 5 %
being less than 10 nm This ensures that the material is perneable and,

when conpact ed : en
the. parti ol os FEEEbTLESEs pEfoMinel SRnERARE ARG Oh A Ko BNER igMPY,
voi d space 15 which is ai |l .abl.e for re ei ving wat er when the perneabl e

pavi ng struct uP%SSt%etFﬁ@?@ef%ﬁtlYﬁlﬂeaﬁu?@ enabl e the sub-base structure to

carry heavier loads a reinforcing grid 16 is |located at an internedi ate
| evel, at a distance typically 150mm fromthe top of the sub-

The dimensions of the particles in the sub-base layer 15 may be up to 100 mm with up
10  to 60% of the material being less than 37.5 mm and not more than 40% of the material
being greater than 37.5 mm. Up to 20% of the material may be less than 20 mm with
only 5 % being less than 10 mm. This ensures that the material is permeable and,
when compacted, nevertheless has a large proportion of void space between the
particles. Typically 30% of the volume occupied by the layer 15 will be void space

15  which is available for receiving water when the permeable paving structure is in use.

In order to enable the sub-base structure to carry heavier loads a reinforcing grid 16 is
located at an intermediate level, at a distance typically 150mm from the top of the sub-
base, and in any event not less than one and half times the maximum particle size from
20  the top of the sub-base layer to ensure that an adequate cover over the grid 16 is
provided. In this case, the depth of the grid from the surface, indicated D in Figure 1,
is in the region of 150 mm, although it may be a little deeper with a positioning error
of +/- 10-15%. The overall thickness of the sub-base layer 15 may typically be in the

region of 350mm although greater or lesser thickness may be used if circumstances



base, and in any event not |ess than one and half tinmes the maxi nrum particle
size from20 the top of the sub-base |layer to ensure that an adequa;zeioggciyﬁ@rJ
over the grid 16 is provided. In this case, the depth of the grid fr t
surface, indicated Din Figure 1, is in the region of 150 mm although it
may be a little deeper with a positioning error of 10-15% The overall

t hi ckness of the sub-base |ayer 15 nmay typscally be in the region of 350mMm
al t hough greater or |esser thickness may be used if circunstances 21 SEP

2005 13 perm herfHit SHdsdtak EFhid g bERKDA thé bplerhtioris\¥ < IPRe kndihl [06Weayer biihb S’
with a lower |ayer being spread and prelimnarily conpacted first before

compact ton o e SRl cbifFa el B pbiokd pgR0 R T e 7 1

sub-base 15 is a geaqtextile |ayer 17 which separates the sub-base 15 from
the sub-grade Wpaihificthen srread avaryhainnalcompaetion toghe resamed gepsity stitatheng
Ratio) of at least 15% |o The geogrid 16 is preferably a polyneric

pl asti cs mat erfdlowaf high strength, with a grid size typically in the
region of 40 mm and reinforced junctions between the intersecting ribs.
Gid sizesd4ip to values in the region of 100 nm may al so be utilised.
Dinmensions |ess than 40 mmare unlikely to be effective in allow ng the

necessary integloc between .t.he upper.. and | r .|l ayer r. Jifts'c of the
cub. bace 15, 1Beft WORUFERq S HeRRGHIARGn17 Sl B EaGs Mecpb eI aiRimed by
formng in effect an ) L ) )

the sub-grade 18 which preferably should have a CBR (California Bearing Ratio) of at

least 15%.

10 The geogrid 16 is preferably a polymeric plastics material of high strength, with a grid
size typically in the region of 40 mm and reinforced junctions between the intersecting
ribs. Grid sizes up to values in the region of 100 mm may also be utilised. Dimensions
less than 40 mm are unlikely to be effective in allowing the necessary interlock
between the upper and lower layers or ‘lifts’ of the sub-base 15.

15
It is believed that the reinforcement effect is achieved by forming in effect an
intermediate stratum within the sub-base 15 which is more resistant to the relative
movement of the particles of which it is composed than the remainder thereof due to
the fact that particles in the upper layer or ‘1ift’ can project down through the openings

20  in the grid and also between the faces of other particles in the lower layer or ‘lift’,
some of which project upwardly through the grid such that the forces exerted by
wheeled traffic, and which might otherwise cause a lateral displacement of material
beneath and to one side of it as it passes, are less able to cause such displacements

due to the additional tensile effect of the ribs holding the particles of this intermediate



internedi ate stratumw thin the sub-base 15 which is nore resistant to the
relative novenent of the particles of which it is conposed than the 1 SEP 2005
remai nder thereof due to the fact that particles in the upper |ayer or
“lift' can project down through the openings 20 in the grid and al so between
the faces of other particles in the lower layer or "lift', sone of which
project upwardly through the grid such that the forces exerted by wheeled
traffic, and which m ght otherwi se cause a | ateral displacenent of nateri al
beneat h and t osteanem Sh glacofBéchusesthe grip asloested ar the irggfion abbme 4ml ledfithmessthe h

di spl acenents due to the additional tensile effect of the ribs holding the

particles of t iagigiﬁgjaﬁmﬂé L& fioh %oﬁgﬂﬁgggug-ﬁﬁe%ﬁetm iRteRoek efegayse the

grid is locate region of one a | mes maxi num particle

size fromthe t of, the sub-hgse,layer this jinterlo ef fect. .i achi eved
over subst ant i Seyet auEnbrART e EiGenial s laGE S e i T G- Che
sub- base, penetrating sone distance belowthe grid, so that the

i nt er medi at e skasatneneidting sams disynce bplowabegrid, sethat the injeraedigtegrammewitliif eni ng
| ayer of rigid material even though the particles have up to 30% voi d space

between t hem theeubpasy eff@yieelyQicts dsiaf dtiffehinghaye Wi righbmatetal eeenahophcthed to
refusal, that is conpaction is continued until the point where further

treatment has Bolit hdiRup3S S6ivoidibacd ber@edMifinE ATLERRRE [aolde fifi of e it ! O

measur e conpaction, to poi nt greater oratory achi evabl e
ce of the sub-base | S_Vv.e

" egul ar i t noRs sarmEEled fereliag i conper o R opua HER! bF poifithere
relatively large stones (up to 100mm) in the material. In order to
regul ari se t hi furthar fragtmeat hagyoo dwitheateffoet, bayién NedeafDelsgpMeter isskred tet one
the particles of which are not greater than 20mm and not |ess than 5mm
measure compaction, to a point greater than 95% of the laboratory achievable
10  maximum. Even so the upper surface of the sub-base layer is very irregular with
asperities and cavities due to the presence of the relatively large stones (up to 100mm)
in the material. In order to regularise this surface a regularisation layer 15a of clean
crushed stone the particles of which are not greater than 20mm and not less than Smm
is applied to the top of the sub-base during or just before the vibrator is passed over it.
15
Rainfall or other precipitation (when melted) falling on the upper surface of the blocks
12 can infiltrate through the wear layer and the intermediate or bedding layer 13 which
acts to trap many of the pollutants carried by the water. The effective storage volume
of the sub-base layer allows the water to collect in this region, and then be diffused
20  more gradually through the sub-grade which, in this embodiment, is assumed to be
porous or to have sufficient faults to allow the water to permeate either through the
ground downwardly or laterally through the edges of the storage region thus formed.

The nature of the sub-base material 15 is such that, even when drained, the particles

retain some moisture in pockets which ensures a humid atmosphere suitable for the



is applied to the top of the sub-base during or just before the vibrator is
passed over it. 15 Rainfall or other precipitation (when nelted) fzﬂqj SEP 05
t he upper surface of the blocks 12 can infiltrate through the wear 1ayer
and the internediate or bedding |ayer 13 which acts to trap nmany of the
pollutants carried by the water. The effective storage volune of the
sub-base | ayer allows the water to collecisin this region, and then be

di ffused 20 nore gradually through the sub-grade which, in this enbodinent,

is assumed to BRwIROr Bhderdd mfchfbwenigkﬁté upwaaly fhastghStht @estek @ uhigto@ter to
perneate either through the ground downwardly or laterally through the

edges of the s i far, £ L-he -

material 151 oSt EBeBob MG 13 ekl AHCRRL b b OHP PR

noi sture in pocket§1 whi ch_ensures a hum d atnosphere suitable for the 21 SEP
2005 15 gr owt Hared dhereiay TRUs.RS WAl @nseTHng Ao togpwiaten opniralk HsgR pgaving
geotextile 14 into the region of the bedding layer 13 to attack and break
down cert ai n oftrichee pHihk ptezentsnventiapaeaactdres Bioremedfation teadegradk thexstrappedi ng as
a stormwater control systemthe paving structure of the present invention

also acts W a H}@B&?&ﬁs%ﬁ%h&%oﬂiﬁ%&dwhﬁdﬁ?tc%@iHeﬁmCthE* ieehe aeddiossthand
|

ot her pollutants, which, together with the f tering action of the

Phat one quar SO PSR Bra R bhAte bR s Miat i Rimbabi G4 TBA L, 1o

to 70 grans of oil per annumto be de_%raded and the water discharging from
the structure, MEHE & theopaving pictire desspberbabaye vifl auseaws tos &) grmsraf Ogltﬂeﬁoses
such as flushing lavatories, washing floors 10 and cars or watering

veget ati on. annum to be degraded and the water discharging from the structure, while not potable,

can be used for many secondary purposes such as flushing lavatories, washing floors

10  and cars or watering vegetation.

The collection of water for recycling can be enhanced by utilising the embodiment of
Figure 2 which largely corresponds to that of Figure 1 except that the geotextile 17 at
the interface between the sub-base 15 and the sub-grade 18 is replaced by an
15 impermeable membrane 19 which, as well as underlying the sub-base 19 also passes
up the sides to the surface, terminating flush with the upper surface of the wear layer
12. An outlet pipe 20 from a manifold collector 21 then allows the water contained in
the reservoir constituted by the sub-base 15 to be delivered for such secondary purpose
as is appropriate.
20
Figure 3 illustrates a typical geogrid suitable for use in the paving structure of the
invention. It comprises a monolithic grid-like structure of longitudinal ribs 22
separated by regularly spaced lateral or transverse ribs 23. At the nodes or junctions

between ribs there is an enlarged boss 24 and the ribs are stretched after moulding to



The collection of water for recycling can be enhanced by utilising the
enbodi nent of Figure 2 which largely corresponds to that of Figuredﬂ ﬁgﬁﬂ%g
that the geotextile 17 at the interface between the sub-base 15 an 1
sub-grade 18 is replaced by an 15 i nperneabl e nenbrane 19 which, as well as
under |l yi ng the sub-base 19 al so passes up the sides to the surface,
termnating flush with the upper surface & the wear |ayer 12. An outlet
pi pe 20 froma manifold collector 21 then allows the water contained in the
reservoi r consoii¢nsste theopolebwesartsl inarsesclibe tensibkestibagihvtberedf. f or such secondary
purpose as is appropriate. 20 Figure 3 illustrates a typical geogrid
suitable for use in the paving structure of the invention. It conprises a
nmonolithic grid-like structure of longitudinal ribs 22 separated by

regul arly spac nsVv. g . L e [ b Lons
between ribs t e?t(lggllt’ §Fe§%nt§frﬁréfﬁegg &?glgﬁl?%ﬁﬁﬁﬁ%gdrlb Egg&aé)&ej %tﬂ?lg i&%g?cjthgf ter
nmoul ding to 21 SEP 2005 16 orientate the npl ecul es and increase the tensile
strength t her ed#me re{efeRes nugeRlsehaveybasn disgd i@ ddengifn df pamg of SOTTPIPERYIP&t ed i n
Figure 4. In this Figure the sane reference nunerals have been used to
identify the scomeparntasirethpemtodigiebtsod Fignnmritandas In this énebodirherd) owwetver, of
Figures 1 and 2. In this enbodi nent, however, the parts of the sub-base

formed above apd belsoyy thaesubiia8s Bt £H0968 201 tbIe th@'iﬁt@&&&l‘ibt@fgeé%ﬁj gne
material are in different size ranges, the | ower sub-base | ayer 5L being

L0 o 5ol gh P f ARG AL e RO LR A S

ey 15L being formed of stone in the range 63mm to 10mm and the upper layer 15U being
in the range 20mm to Smm. In each case the stone is evenly graded, that is to say

10 there is a roughly equal proportion of stone of all sizes within the size range and no
preponderance of, say, the larger or the smaller end of the range. In this embodiment
the largest stones are somewhat smailer, even in the lower layer, than those used in the
embodiments of Figures 1 and 2, and the smallest fraction is above 10mm whereas in
the embodiment of Figure 1 up to 5% of the material could be less than 10mm.

15
The geotextile 17 at the interface of the sub-base with the sub-grade of the Figure 1

embodiment is replaced with a geogrid 27 which may have the same properties as the

geogrid 16 illustrated in Figure 3.



10 there is a roughly equal proportion of stone of all sizes within the size
range and no preponderance of, say, the larger or the smaller end czf S@FZBUS
range. In this enbodiment the |argest stones are sonewhat smaller, even
the | ower |ayer, than those used in the enbodinents of Figures 1 and 2, and
the smallest fraction is above 10mm whereas in the enbodi nrent of Figure 1
up to 5% of the material could be less thgn 10nm 15 The geotextile 17 at
the interface of the sub-base with the sub-grade of the Figure 1 enbodi nent
is replaced with a geogrid 27 whi ch mayhgast he same properties as the
geogrid 16 illustrated in Figure 3. 21 SEP 2005 17 CLAIMS 1. A paving
structure having a systemfor collecting and retaining or detaining

rainfall or other precipitation, in an area subject to vehicular traffic,
conprising a 5 perneabl e surface wear |ayer (12) and an underlyi ng, sub- base
(15) layer of higi o PRHIEGISHBFErGhAvENETaTYS eBhf"éP@ SRR P FetalNing 4 IR o
size range, characterised in that a reinforcing grid (16) is |located at an
i nter nedi at e | mirdhll spathed pfecipitatiig ih ap anda subgecs & dehiadaretraffic neprsprisitgas e

| ayer (15) at a depth not |ess than one and a half tines the dinension of

the | argests pagdringhtas shﬁadeh@&arnayér (0%) iﬂ@lealﬁﬁﬁ&rll#ﬂ%es’dbywag BT righyer

(15) 10 above the said reinforcing grid. 2. A paving structure according to
Claim1, charact nthtth Or.c |sIoa t a
Cevel not I asoisiuie B dheiotie ihfect B aileDiey e fankd Rhorefieriit iy &
sub- base | ayer (15) fromthe top thereof.
reinforcing grid (16) is located at an intermediate level spaced from the top of the said
underlying sub-base layer (15) at a depth not less than one and a half times the

dimension of the largest particles in that part of the said underlying sub-base layer (15)

10  above the said reinforcing grid.

2. A paving structure according to Claim 1, characterised in that the reinforcing
grid (16) is located at a level not less than one half of the thickness of the said

underlying sub-base layer (15) from the top thereof.

15
3. A paving structure according to Claim 1 or Claim 2, characterised in that there
is provided a second reinforcing grid (25, 26) of interconnected elements at a lower
level than the said reinforcing grid (16).

20 4 A paving structure according to any preceding claim, characterised in that the

size of the grid openings is not greater than the size of the largest of the particles of the

said underlying sub-base layer (15).



15 3. A paving structure according to Caiml or Claim?2, characterised in
that there 1is provided a second reinforcing grid (25, 26) of intercgqnﬁcptﬁﬁ
elenents at a lower |level than the said reinforcing grid (16). 20 4. A

pavi ng structure according to any preceding claim characterised in that the
size of the grid openings is not greater than the size of the |argest of the
particles of the said underlying sub-basé8layer (15). 2 1 SEP 2005 18 5. A
pavi ng structure according to any preceding claim characterised in that the
size of the grbd opdmanig strecture acherdinggo eny preceding ¢laian chahcterised in that heze of
the particles in the said underlying sub-base |layer (15). 5 6. A paving

structure accor digig dfothaRyidWpefdngs WPinltht Qeglon ehdicamit Sl V886 of thel i oft the  Si ze
of the grid openings is approximately 40% of the nmaxi mum particle size of

t he sai d underlying.: - . R {\ng structure according to
any of Clains 1 tpgﬂg?&gﬂg@é%%@?@gg&%%%ﬁé%e 1?#’1%%/'?0 materi al of the

under |l yi ng sub-base | ayer (15) conprises non-rounded angul ar particles with
wel | defined edges of crushed gravel, rock or concrete in a size range of
up to 100mmwi th not nore than 5 % thereof being less than 10 mm 8. A

pavi ng struct ube acAgratinggtmotusmccofding taiampofiCns] tochahaetterisedanithattht hat
not 15 less than 40% of the material of the said underlying sub-base |ayer

(15) lies in the sijcayTdRe Sid peRings id YPFOinfhtclYMOR\If MG Mbkivainy p@tideGRedfng to
any preceding Claim characterised in that not

the said underlying sub-base layer (15).

7. A paving structure according to any of Claims 1 to 6, characterised in that the
10 material of the underlying sub-base layer (15) comprises non-rounded angular
particles with well defined edges of crushed gravel, rock or concrete in a size range of

up to 100mm with not more than 5 % thereof being less than 10 mm.

8. A paving structure according to any of Claims 1 to 7, characterised in that not
15  less than 40% of the material of the said underlying sub-base layer (15) lies in the

range 37.5mm to 100mm.

9. A paving structure according to any preceding Claim, characterised in that not
more than 70 % of the material of the said underlying sub-base layer (15) lies in the

20  range 37.5mm to 100mm:.

10. A paving structure according to any of Claims 1 and 9, characterised in thata
lower sub-base layer (15L) below the said reinforcing grid is composed of particulate

material in a generally larger size range than that in an upper sub-



nmore than 70 % of the material of the said underlying sub-base | ayer (15)
lies in the 20 range 37.5mmto 100mm 10. A paving structure accorqqng{-sp 05
any of Clainms 1 and 9, characterised in that a |ower sub-base |ayer (1 L§g
bel ow the said reinforcing grid is conposed of particulate material in a
generally larger size range than that in an upper sub 21 SEP 2005 19 base

| ayer (1 5U) above the said reinforcing gr$#d. 11. A paving structure
according to Claim10, characterised in that the |argest particles of the
particul ate nebse iakr (1510 abowLthe baid ecihfoysng gridl) bel ow the said 5
reinforcing grid (16) are approximately three tinmes |larger than the | argest
of particles in the sub-base |ayer (15U) above the reinforcing grid (16).
12. A paving structure according to Claim1l1l, characterised in that the

smal | est partjcles,in the sup-base l.ayer (15 bel ow t.he saj ei, nf or ci ng
orid (16) bre hor T AJEVIG SRR otk e cd 19 Fratieiu BIpRFIMeRES [
t he sub-base | ayer (15Uﬁ€habo_\/e the reinforcing grid (16). 13. A paving
struct ure accopati¢lgs ©b tagpadiculateamateriab in ghe) sub-basgr laxereldt e below theasaid t he
material of the | ower sub-base |ayer (15L) conprises non-rounded angul ar 15

particles W t hrenwdfbicimgafrid(ed) fdggrorimately thadigeautler than tie lafgestefipardtiesi N a
size range from approximately 63mmto approximately 10mm 14. A paving

structure aCCOirliqhé]g‘bt'%fgﬁ@jeggﬁgj)iaﬁm‘%tr&ﬁf"?&@%%‘q% t the material of the

upper sub-base | ayer Ses non-roun gular particles with well
20 defined edges of crushed gravel , rock or concrete in a size range from
approxi matel y

12. A paving structure according to Claim 11, characterised in that the smallest
particles in the sub-base layer (15L) below the said reinforcing grid (16) are not less
10  than twice the size of the smallest particles in the sub-base layer (15U) above the

reinforcing grid (16).

13. A paving structure according to any of Claims 10 to 12, characterised in that
the material of the lower sub-base layer (15L) comprises non-rounded angular
15 particles with well defined edges of crushed gravel, rock or concrete in a size range

from approximately 63mm to approximately 10mm.

14. A paving structure according to Claim 13, characterised in that the material of
the upper sub-base layer (15U) comprises non-rounded angular particies with well
20  defined edges of crushed gravel , rock or concrete in a size range from approximately

20mm to approximately Smm.

15. A paving structure according to any preceding claim, characterised in that a

laying course in the form of an intermediate layer (13) of particulate material lies



20mm to approximately 5mm 15. A paving structure according to any preceding
claim characterised in that a laying course in the formof an internedi ate
| ayer (13) of particulate material lies 2 1 SEP 2005 20 between the zspggfﬁﬁ]ﬁaﬁ
or wear |ayer (12) and the said underlying sub-base |ayer (15). 16. "A paving
structure according to Caim15, characterised in that the average particle
size of the material in the said internediate |ayer (13) is less than the
average 5 particle size of the particles?®f the said underlying sub-base

| ayer (15). 17. A paving structure according to Claim16, characterised in

t hat the aver agpdwegihe iselifeceqir seanfayer{é2) mdetgmd anderlyanygsubebiagy layer (14)-t he
range from approximately 2mm; to approxinmately 10 mm preferably
approximately 5mm 10 18. A paving structure according to any precedi ng
claim characterised in that the particulate material of the said

underlying SUbIé?aseA'(!%g{?{(% Bt Rc@fﬂﬁ@ol@la%flisnaﬁrac‘( sef i&fha@ﬁ@ﬂg&laﬁ@ 19.

A paving structure a ng to any preceding claim characterise t hat
the material of the said,underlying sub-hase | r ( . 1s gubstantially
non- plact i o JeRriE 58 phie eatonal i Be SEE e ousry His Bu g Dis e
characterised in that the said reinforcing grid (16) is one having a

subst anti ald y pastelasigaiofthegrarticlesofibe saidurBrlyingesubibase lapert(hd). or t hogonal
directions with substantially the sane resistance to stress in each of the

said two orthogonal directions. 21. A reinforced paving structure according
to any preceding claim characterised

17. A paving structure according to Claim 16, characterised in that the average
particle size of the intermediate layer (13) is in the range from approximately 2mm ; to
approximately 10 mm, preferably approximately Smm,

16
18. A paving structure according to any preceding claim, characterised in that the
particulate material of the said underlying sub-base layer has a minimum 10 % fines

value of 150K/n.

15 19. A paving structure according to any preceding claim, characterised in that the

material of the said underlying sub-base layer (15) is substantially non-plastic.

20. A paving structure according to any preceding claim, characterised in that the
said reinforcing grid (16) is one having a substantially rectangular grid structure
20  extending in two orthogonal directions with substantially the same resistance to stress

in each of the said two orthogonal directions.

21.  Areinforced paving structure according to any preceding claim, characterised



2 11 SEP 7095 21 inthat the grid (16) is a polyneric plastics materi al
conposed of a plurality of links or ribs joined together at intersections
to forma substantially |am nar sheet. 22. A paving structure accordt A& ED 90
any preceding claim characterised in that 5 an upper stratumof the“sard
under | yi ng sub-base | ayer has an additional conmponent (15a) of particles

t he maxi mum di mensi on of which is a fraction of the maxi rum di nension of
the largest particles in the said underly?2hg sub-base |ayer (15). 23. A

pavi ng structure according to Claim22, characterised in that the said 10
fraction i s noin thateétet grid (16 pis apOMmepic plasticirhstenatcogpesadat atphanality ©Ficksdr nor e
preferably not greater than 20% and in any event not |ess than 15% of the

size of the | afigepinedRegdihe laBtdriectibgs HIbhin HRatAnyiaNg SwiBalse:. | ayer (15).
24. A paving structure according to any of Clainms 15 to 18, characterised in

15 that the surface wear f-1-2 |layer (12) is conposed of individual elenents
or blocks laid on the internediate layer (13) with no grouting, sand or
other filling between themor between them and, the |nternediate | ayer (13),
and a dressing2df cHPAMINGSHHEVFACCOGINGIO SR PreaFdisgflaimg, yericseed biuor ked
into any interstices between them 20 25. A paving structure according to
any precedisng @ eppey stedtemanfites sasd undenlyirgasub-bakelagentfaaen additiondl gpmpoifeh?) i s
conposed of perneabl e tarnmac having passages through it to allow water to

pass through. @Bg) éf pRtiNIed R mhbaMuhDditensivh B9 wHidh Gl fetRE T Mexinfndny
preceding claim 21 SEP 2005 22

dimension of the largest particles in the said underlying sub-base layer (15).

23. A paving structure according to Claim 22, characterised in that the said
10 fraction is not greater than 60%, preferably not greater than 40% and more preferably
not greater than 20%, and in any event not less than 15% of the size of the largest

particles in the said underlying sub-base layer (15).

24. A paving structure according to any of Claims 15 to 18, characterised in

15  thatthe surface wear (12} layer {12) is composed of individual elements or blocks laid
on the intermediate layer (13) with no grouting, sand or other filling between them or
between them and the intermediate layer (13), and a dressing of clean stone not

greater than 3mm is overlaid and worked into any interstices between them.
20 25. A paving structure according to any preceding Claim, characterised in that
the surface wear layer (12) is composed of permeable tarmac having passages through

it to allow water to pass through.

26. A method of laying a paving structure according to any preceding claim,



conprising the steps of: preparing a sub-grade; |aying a perneable
geotextile (17), inperneable nenbrane (19), or geogrid (26) thereonmSEPmﬂ5
characterised by applying a first layer or "lift" (15L) of the said
under | yi ng sub-base | ayer (15); conpacting this layer to refusal with a
vibrator; laying a reinforcing grid (16) onto the first 5 layer or "lift"
(15L)-of the underlying layer (15); applyZhg a second layer or "lift" |ayer
(15U) of the said underlying sub-base | ayer (15); conpacting the underlying

sub- base | ayer t comptismglthestéds ofi prefariag asyb-payde;lgying ppermealilt gecgenidai?),| e
(14) over the said underlying sub-base |ayer (15); applying an internediate

llayer (13) over ihpemS@bit REHPRAY(19)DepEKdI(L6) thédrdon; chﬁ’d@tleﬁéeﬂ%?rhﬂﬁyiﬁghd

internediate | ayer (13) 10 without conpaction thereof; and applyi'ng a wear

character ) sed | n TR O ol S15ia gt eFai ey g HIB R Bk U0 ed o™ =

material the particule size of which is |less than that of the Iarger 15
particles of the tBigileyentyestusa watha ubrdere laymge remfercing gnid,gio) patodhe BE 150
of the size of the largest particles of the said underlying sub-base |ayer
(15), is appli ed layer bhdiftip{SL)-ofsthe hadeelyodg layee (Eocappdlyih@y escood ldyer drt“hfiif 15U)
of the said underlying sub-base |layer (15) prior to conpaction thereof

wher eby to provi dgye (BB shil Undedih Qb44R 5Y; amPactin theeRicMging he
sai d perneabl e ge%{ e&?ibpe Iayser (121315.51 %0 28. ,%%ngsehz)d agg%rn%i ng to n%i m 26

or Claim27, charagterised.in that .a dressing . of clean,stone.in Size
Pange not _gr eat eruptare Bug e el MRk Byl e PRt ERISES AR S, e
wear surface |ayer (12) prior to the vibration thereof with the said
vibrator. 21 SEP tbosmd underlying sub-base layer (15); applying an intermediate layer (13) over

the said permeable geotextile (14); levelling the said intermediate layer (13)

10 without compaction thereof; and applying a wear layer (12) over the intermediate

layer

27. A method according to Claim 26, characterised in that a regulating layer (15A) of
crushed particulate material the particule size of which is less than that of the larger
15  particles of the said underlying sub-base layer (15) but not less than 15% ofthe size of
the largest particles of the said underlying sub-base layer (15), is applied to the upper
surface of the second layer or “lift” (15U) of the said underlying sub-base layer (15)
prior to compaction thereof whereby to provide a substantially uniform upper surface
to receive the said permeable geotextile layer (14).
20
28. A method according to Claim 26 or Claim 27, characterised in that a dressing
of clean stone in a size range not greater than about 3mm is applied over the elements

(10) of the wear surface layer (12) prior to the vibration thereof with the said vibrator.



23 29. A nethod according to any of Clains 26 to 28, characteri sed in that
the step of applying the wear |ayer (12) conprises applying a |ayer s

i ndi vi dual elenents (10) over the internediate |ayer (13) and vi bra?tf BP 1005
them and the said internediate layer (13) into their final position with a
vibrator. 5 30. A nethod according to Caim?26 or Claim27, characterised in
that the step of applying a wear | ayer (22) conprises laying onto the laid
internediate |ayer (13) a wear surface of perneabl e tarmac havi ng passages
through it to 29. owAwadtRsd dcofdssio ahnoLTigims 2600 28, characterised in that the step of

applying the wear layer (12) comprises applying a layer of individual elements (10)
over the intermediate layer (13) and vibrating them and the said intermediate layer

(13) into their final position with a vibrator.

30. A method according to Claim 26 or Claim 27, characterised in that the step
of applying a wear layer (12} comprises laying onto the laid intermediate layer (13) a
wear surface of permeable tarmac having passages through it to allow water to pass

through.

10



