;e3e,"6TixT 1 PCI/GB01 /05790 A RElI NFORCED PERVEABLE PAVI NG STRUCTURE The
present invention relates to a reinforced perneabl e paving structure, and

i n parti oMOae/0818222 pavi ng structure which all ows the reterCraBoonsmdet enti on
of rainfall or 5 other precipitation talling on it or infiltration of
collected water into the sub-grade as desired, whilst neverthel ess being

able t EH m @ hi gh | oads from heavy vehicular traffic. U ban and

i ndust ment | ts | I t t he nat ur al
oo MR b a7
bui | di ngs CP¥&* i nper neabl e surface effectively being the roof of the

buil ding), or wal kway or roadway surfaces, which are required for easy
‘transport by wheel ed vehicles. A hard smoot h surface capabl e of

. W t hstandi ng The ptesent iapgitioacrelyesviehi odiifoided qlesmudtid pating auétarayahd am of
depre55| ons or ruts is needed for all areas likely to be the subj ect of 15

‘vehi cul ar t r abirti6ulat fo d gavidpoifichib@ihich aR6WethelrOeRliGY detdRih o ehifd[1 IoRY
perlods of rainfall such paved or tarmac surfaces nust be laid with a

|l
fall® toall B%Heﬁgr’ﬁéﬁﬁﬁl gﬁﬁﬁ{h Rl dt] t% nn}r{‘o%oHE&?&’%t%E {Hté‘fh% ofth gf*‘%te' 280 o

wat er coIIectlon ralng ge sy ercourses for
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be exceeded fromtime to tine. is knovvn t hat net eorol ogi cal events such
as rainfall, Hﬁﬁ%ugh havi ng an aver ver a period of tine,
necessarily involve peaks, which can ,mmwwmmwm" d by the frequency with
whi ch they occur, higher peaks 2 beingless frequent. Drainage systens

are consequently designed to cope with the peak rainfall which nmay occur,

for exanpl e, Ukies adendustriil Géyelop@ens re3tltOinGRe BMeIsytotd] Cbyer @6 Sthe hatM¥al h t he
climati c changes which have been occurring in recent year s the assunptions

on the bag) s gfoutlts6itackai BEFerRURIE WRudIANE THER By ok che o imkinS ©

proving to
(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 formation of depressions or ruts is needed for all areas likely to be the subject of

15  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-
determined direction to water collection and/or drainage systems leading to
20  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

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



incorrect and the failure or overload of such systens is becom ng

i ncreasingly frequent. Upgrading of drainage systens to cope with increased
amount s oWworaansmki i s extrenely costly. 10 Mtor vehi cl es pairassaesroduce
anot her damagi ng i nfluence due to thez2pollution and contam nation

i ntroduced into the atnosphere during their operation. Pollutants typically
caused by notor traffic include heavy netals, hydrocarbons, rubber dust,
silt and other fine detritus, which beconme deposited on the surfaces of
roadways and dwingllesspieduent. Duainage $yistemsvera comsequantly alesighed taatapecuith thet and
lie on the surface, only to be washed off in relatively high concentration
during peri odgeal rdiefall ywHich may Woswt, @ ekffiple, Bl evtiyliriPyeikd & sncaleQerpashed
"into watercourses and fromthere to the sea, polluting both on a long term
basis. Even in §& Where such run-off is passed through a treatment plant
before being rel’edased to the natural watercourses a certain 2 o proportion
‘of the pollutants neverthel ess pass through untreated and, of course, the
cost of operating such plant has to be borne by the | ocal conmunity.

Vari ous proposal. ave been nmade in_ the past fqor aneliorating both of these
probl ens by t h@‘@r@fwl@% cg?naswh@g&a&e beSR QRRIENGIICISRE Xeahyha AEREPHRASC h
behave in a nore 3 natural manner allowi ng rainfall and other

preci pi t ati on onghgbasss efwlicydraitage systérachavielbeen buibtie thegrastare puiving-toiben
regions rather than being allowed to run off the surface into drains. One
such proposal incraesend tiedfailuy ofxaeiiad, off suchndystendtis Bradbmbpt @bteasingly
Application Publication No. WO 96/ 12067 whi ch descri bes a paving system

having 5 a perreafhtCUPAYEE BT dEmyRk sPleds RHRPLHafh tha¥sded dndiRisYr Yudlafd
nodul es, the whole being laid over an inpervious nmenbrane to provide

tenporary stor; i interstices for chem cal spillage or flood water
Pol | utants car%@g)grétl%é%?(gsg&bhem cally or deconposed biologically, and the
rate of f{LBW fromthe storage area can be regul ated by providing suitable
val ve control nmeans. 10 The wear surface of the paving system may be

per meabl e tarnmac having passages through it or individual blocks, typically
of concrete ofMeioneehiglat plserintendneg anojher dameging ipuppee dee i thhpellytiantind t hem
or between themto allow water to pass through rather than being retained
on the surfaceonfahenaiob-inasdudedyinto ths atmdsphicreodurivgn thelr dperativne Polutantsul at e
mat eri al whi ch, when conpacted, retains enough voids between the particles

to hold water tficdll§ cBu@t b@ MG tREME RoRde K&h@y%&ﬂ?&l@%?@m_@élﬂoﬁsbﬁlbﬁé}dﬁ?ﬂ, yﬁtpg

i nper neabl e nenbrane forns in effect a subterranean cistern capable o

hol ding a | ar ggq@HaPhhd Yeifl s)"@ﬁﬁ%b@tbﬁﬁ@ﬁ%@%itﬁf&{aﬁwﬂg{eﬁgﬁ 34q gpd

capabl e of supporting eel ed vehic e su e1s
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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
through a treatment plant before being released to the natural watercourses a certain

20  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

by the provision of permeable roadways and parking areas which behave in a more



can infiltrate gradually into the sub-grade. One of the problens associ ated
with the known structures lies in the fact that heavy goods vehicles such
as road twarepersez | orries and the |ike apply through each pcT/GBbliorBovi dual
wheel a | oad on the surface of the grdéund over which they pass or on which
they stand which is nuch greater than the majority of pavenent structures
are capabl e of supporting. This results in |ocalised displacenent of the
wear surface, rutting and collapse of the bearing layer. In order to be

abl e to functitshrgiapwer gllewiag edipfadltand eXer procipitaion scpass Hrrpughothe spidace
sub-base | ayer to be conpacted to a point at which the individual stones or
particl es i nt @nfocultewntdanaolecivatrbgiond mthee tidintbemgzilinfvad e nf dffthelsanfase i n a
‘substantially rigid non-plastic manner, but apart froma conpacting

operation not HjidddrEme. WhelRRR pképoisﬂqg %@&l@ib%g,efolf t%ﬁalﬁﬁle,nﬁleln@émmfnhi Pételﬁt to

di spl acenent under an excessively heavy | oad. is essential that the

‘nature of the lfcﬁtgén?lzlllbﬁﬁglﬁc?hcﬁo.W%@IZ&H%&@&Q’S&M&: ieeﬂ)sa]ygl tspﬁtgﬁ'l a0 for

t he acconmodati'on o or  ot’her run- In or € perneabl e

pavenent tg function., Conpaction .to the, point ere all voids between the
particles gr e ar‘??ﬁ‘ﬂ%%ﬂ? p%ﬁ’f%’i CIETRB 15 Tbﬁﬂ??rl%?\g’@m?@b’ é%‘-l}?g& ?’ntge Wgﬁgci ty,
conflicts with the requirenent for the voids to be present in order to
acconmodat e t HSINgalaid ovenar IMpiviQys; BAMBrANE He RyOVide ttemArasy sorgeninothet he
sub-base 15 | ayer of this earlier arrangenent makes pavenent structures

f or med accor diintgrsticest foi shepzicdl ispitlage ordfivpaneater. (Poluiahtalohebé treatedtiienliedlyover a
gi ven axl e | oading. The present invention seeks to provide an inproved

per meabl e pavididesbmpédedrKlologiealdy,candf thel tafeSs AN EoM tHE QforhQAGEa Wah hRUL
detrimentally affecting the storage 2 o capacity of the sub-base reservoir,

and wi thout T agiiiiibd 8y bRR;MAE sRlablPNaRd BBl fbads? Lhe sub-base | ayer.
According to one aspect of the present 1 nvention, therefore, a paving
structure Bavi ng a systemfor collecting and retaining or at |east
detaining rainfall or other precipitation Sin an area subject to

vehi cul ar traffic, and conprjsing a perneable surface wear |ayer and an
under | yi ng subtlsa¥ear susfage Qdithe pgyiieg sysiem amydaneracshis armae SeungRasegesl i s
characterised in that a reinforcing grid is |located at an internedi ate

| evel spaced fthiongh fteortingvighalttecksatygicaly of keianese bagther suchamatenslnwhish | ess
than one and a half tines the 5 dinension of the |largest particles in the
sai d under | yi ngvs phsshesesithay@ithinl therh Sr dktvee@urtbem If@@mwtvmwtblfﬁassaths@gﬁal | ed
geogrids to stabilise loose-laid bulk material. It is known for such

geogrids to bgathgi thabed bRl ldAdtRe BHEMRENTHE Sib-BAR TR is hid@e Bk ARde and
the sub-base in a roadway structure. The US Departnent” of Transportation,

10 Federal sAvigli 0 Baf&glmlt@ in?atéér%y;vﬂﬁh h\@ﬁenod’oﬁ‘&}d&%&i rBrafnf Pl?(i‘u\tglhglﬁfdg ﬂetgxlﬂzer? gt U dy

of grid reinforced aggrega Se coburses T0r genera Fports in

whi ch a nunber_qf .different conbpinations of base courses and geogrid test
sections were Haﬁ%essttf’ﬁj‘ﬁ[‘g‘ﬁ?‘te@b § gyen, peregiungs: r’r&&e s ‘E%?ﬁ-aﬁ‘ ft Y0Ed- 1 i ke
polymeric materials formed by intersecting ribs joined at the t1unc.ti ons.
Geogri ds are Kmgamgable membiape fasmsfin pestarsubteganganicisiera sepailesof kadding ar ock,
earth or other geotechnical engineering material as an integral part of a
man- made proj dags quantity tofimatayrbus ydiahnis itself pead-beaving and aapebde siinippetingeogri d
bal l ast reinforcenent for railroad track bed, reinforcenent for aggregate

surfaced pavemdrekd whitulaeitriffic.c eheet subgiradd BXuithle ARy iRBAS WMBY ®e laid
investigated. The term flexible pavenents' refers to a structure having an

asphal t coyr s glikeaitydoP¥ VithduCanGRIFRARLBH 1PHRE Ef‘ﬁa? Wafkf EBI%CQHF & t‘ﬁ?{gulgﬁ e of
ed by ng

relatively | ow strength as neasar the California Bear at1 o0 (CBR)

.of 1.5 to 5% . ot he an avin tructures forned i n accordance
it che pr os Rt iR effhelif i oRTbYadt

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

goods vehicles such as road transport lorries and the like apply through each



may typically require sub-grade strengths having a CBR of 15% or nore. The
t est 6 results fromthe above investigation appear to denonstrate that

i n such cwooangisznces the best inprovenent is achieved bypCh&Bses©H a
geogrid at the interface between the $ub-grade and the sub-base, nanely at
the bottom of the sub-base. This is the |location for geogrids in other
known applications where, as nentioned above, they are 5 typically |ocated
at an interface between two |ayers of a different nature. By contrast, in
the paving st mdsidnat wheel gheadgndbe sirfaceoicthe Bround peer gduelrthey pass aoen whicht ed at
an interface between a sub grade and a laid but is |ocated within the

t hi ckness of they stasd mhichesimscibgisatsethhathe majdiity of paenmeatstrubtuesdird eaphblad t he
“larger particles of the 10 sub-base | ayer sufficiently firmy to allow an

i ncrease in tbfsupporging. Thistresaith iflobslised disPlRcdRiiBabE SvdaPNARE ruink gyt any
damage to the surface by displacenent of the particles of the sub-base

"layer. It is t t ek YRS {,Ns
angul ar el eneﬁ(%“s%b%{) ?ngﬁpenlgll émﬁ r?g%érg{)jg‘gzsﬂ?lal n tﬁtgor?@?ﬁ?ﬁg?%ﬁ{)er% r%g%%&ed
particles of g¢rushed agravel, rqgck or, concrete in ize range up.to,100 mm
It is pr efsgr rgdytsrﬁg?ssﬂgf%ﬁﬁ]?ee S’??iéﬁseﬁﬁ%roﬁo ﬁerlgo@ﬁﬁc?‘?fgé%aﬁﬁ)[“é ?taYVBF’ db€in the
range 37.5mm - 10&n’m and preferably not | ess than 40 of the said

under | yi ng naitdiidyal stoges piparfiples interipek witfoneanpthar dp hgldythe gurfacewidher abl y
| ocated at a |level not |ess than one half of the thickness of the sub-base
| ayer from thiyer i appbstastiallyadgidt henr-plastic Mapiaralbiy aparhifs>mray cdepacting he
region of 150mmfromthe top of a layer in the region of 350nmthick. For

t hi cker sub- baggaticayitising t&pbedoricha inckdiss théabdidarite HE paXidlek € Hisplacdnignt gr i d
of interconnected el enents nay be provided at a |ower |evel than the said

reinforcing giAddr a@%e&%lfﬁé&@? thade g _E’%Eﬁtﬂig ¢H3f ihd nBRYe m?é ﬁé’fﬁf[tﬁ Bk he md
0 et a

| evel of the layer. The size the grid openings 1s pre y not greater

ayer . 1ot So BE8 B it @RI BR R ool 1 Pt PSR BB

the size of the rity of e particles in the said underlying layer. 5
For the best w@#ﬁaﬁe@eﬁgqaﬁ? RWE‘“F@&QE”‘WQP& Lampagtiondo Hheacipiywhere all

consi dered that the sub-base |ayer below the said reinforcing grid should
be conposed ofoigsabetiveen dheeparticles 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 water. This limitation on the structural strength of the sub-base
15  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
capable of withstanding higher loads without detrimentally affecting the storage
20  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

a system for collecting and retaining or at least detaining rainfall or other precipitation



material in a generally larger size range than that in the |ayer above the
said reinforcing grid. It is preferred that the |argest particles of the
mat eri al wib @2he132b base | ayer bel ow the reinforcing gridpafragoil/osfde regi on
of three times larger than the 10 | argest particles in the sub-base |ayer
above the reinforcing grid. Likew se the smallest particles in the sub-base
| ayer below the reinforcing grid are preferably not |less than tw ce the
size of the smallest particles in the sub-base | ayer above the reinforcing
grid. 15 | n aifangires subiecptowechigular trafficuansl comprisings permeatiesurfadé wear lhyeyer  of
particul ate material between the surface or wear |ayer and the said

under |l yi ng or asdibn haderlyiay eub-bife lagee 68 8igid aisblublech&dzgariéulitb enatanidliigul at e
-material in the said internmediate layer is preferably less than the average

T AR S S N
RN T T R R RN, T AT

bl ocks or elenents, which formthe wear surface. The bl ocks are then
vi brated it hH’E’W‘BP&f @?e Iﬁfgeétlﬁaé'i‘%esdnfth%ﬁal‘i 'IY%WBQPS%@V@EC& The
average particle size of the internediate |ayer may be in the region of 2mm

- 10mm preferably in the region of 5mMmm In one enbodi nent the 8
particul ate material of the underlying or sub-base |ayer may have a m ni num
10% fi nes val ltds offcolifs8 khown ThtHise so-chiltedtgeaftds to Brabitis®loded gl wilk Maliat, i sh
Standard 812 Part 3 and is a neasure of the resistance of the material to

crushi ng. Thepsssdvaiot 8lchdeBiAsity bOlaid e TRieAL et dn, RE ekiﬁﬁ;?l@,th%b

establishing that it is non-pfastic in 5 accordance wth British St andar ds

Test B 1377 aaladh ad % bRLDN OLENG SLIdhoiss BAS Yl BPranSURsANt o 1Y

rectangul ar g structure exte two ort rec ns

substantiglly_the sane.resistance.to stress iin each of the said two,

ort hogona{'1ad di f ‘é‘ltqﬂﬁld%‘él?‘tl%édmlﬁ‘ﬁgatlﬂnoléﬁsrﬁo ced paregett haspdy Otha sy ofigtidy
together at intersections to forma substantially |am nar sheet, or the
grid may be nisMEPIcEApESregtta baseicariss Br gencrdlianigtion arpartsgniwhicha mimabasiof bot h
di rections on nmanufacture may be undertaken in order to increase its
mechani cal st difeggani combmatioisnaf tase emosdsend gspgid testrectionsendr: davepiigavdddes a
met hod of |aying a perneable 15 pavenent structure as defined herei nabove,

conpri si ng t heiesgraRsar® e fiiMpa lor Aen-Aefored pfidGike RYYMEHAmRRKARNBIAed by
geotextile or inperneabl e nmenbrane thereon, applying a first |ayer or

"lift" of theysaldinnaes jo?’ﬂeﬂgl.t h@j@r{mgﬁs@ magﬁég]serw? kitvwn fo%sé intrrmf‘cﬁlée#:?&lk Wi th

a vibrator, laying a reinforcing grid onto"t Irrst layer o of the
nder! Vg | 2¥Ploun@RRInK] 861, 3086 SRR of BURE otectild enBlnebely AAleal'RCEE ' V! "9
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
term ‘flexible pavements’ refers to a structure having an asphalt course laid over

20  compacted aggregate layets 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

may typically require sub-grade strengths having a CBR of 15% or more. The test



2 0 underlying layer to refusal with a vibrator, laying a perneable
geotextile over the said underlying |layer, applying an internedi ate | ayer
over the waindopsneseabl e geotextile, levelling the said i ntpefeshiat®oel ayer

wi t hout conpaction thereof, applying a wear |ayer of individual elenents
over the internediate |ayer and vibrating themand the said internediate

| ayer into their final position with a vibrator. The conpaction of the
sub-base | ayers nay be continued to the so-called point of refusal, that is
until furt her resulésefiromthe ghove invesigatien dppedrtte demessitatesthatth swch ctwastances,
relies sonewhat on the subjective assessnent of the operation. A degree of

certainty 5 ceie Hest ipidveeiearid avhitvediyaheisR ofh gBofitCAtaRds inldpse batwbi @ (a
-comrercially avail able instrunent) by the use of which the proportion of

maxi mum conpagty. > r S erred
Chat the. commant pade B e oy el e R O b AREbRRe it s OB A T
"density achi exabl e under |.abarat or onditions. to Preferably a_.regul ating
| ayer of cr usﬁoédge;%f: ?é‘ﬂuloékfeéq?'?ﬂf’vélr %/p&ﬁ%c{&f'f’éls pa etrF’cT‘se“?f@%neéif El?ﬂg(iecﬂlc?’sarf’ ess
than that of the | arger G{)arti_cles of the said underl,¥i ng | ayer but not | ess
than 15% of t h@caily docated a{ an inferdacebefyagenitwp dayery of aditierentinafiger | yi ng | ayer,
is applied to the upper surface of the second |ayer or "lift" of the said

under |l yi ng or sub-base |layer 15 prior to conpaction thereof whereby to
provi de a nore uniform upper surface to receive the said perneable

geot exti | e | aBgrcontrask itifeeaivingisGudrinefof feqaedchivibventidh ixsidagrio s ot Remesi ngl e
si ze angul ar stone of a size not greater than about 3mmis applied over the

bl ocks of t hea\eahcrcE BEt%/eE{i‘é %i(i)l% Bx't‘aHQ fnd 8 122d Butti8 ookt vkt l@tlxé tﬂf&kﬁ%@ off th

the said vibrator. Enmbodi nen e present 1 nvention w now be nore

particularly scrih by ,way, of anpl i th ref.erence to t

B conpanyi ng AFIIEGEd st Tefr. EG R Seentbbel oS BETFebOrrbfies ofghe par
of an infiltration paving,structure for 10 di sposal of collected water
by infilthati8¥-base ?’Veéﬁbﬁﬁ&tﬁnﬁ&tﬁémgh Aewcn ingrigaser g throweight ftrdheusiBg wit h
the principles of the present invention, Figure 2 is a cross section

t hrough part 8t pgamedhle paveniont withdwdinsrelamags ta the sinfacsrini displastmenteoef the a
source of re-circulated water for storage or reuse or for 5 controlled

di schar ge i nt partieles 0§ thersubibassalager.

It is preferred that the material of the sub-base layer contains angular elements with
15  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
located at a level not less than one half of the thickness of the sub-base layer from the
20 upper surface thereof. Typically, this may be in the region of 150mm from the top of
a layer in the region of 350mm thick. For thicker sub-base layers greater than this
value a second reinforcing grid of interconnected elements may be provided at a lower
level than the said reinforcing grid, and the second reinforcing grid may be lower than

the mid level of the layer. The size of the grid openings is preferably not greater than



Figure 3 is a perspective viewof a grid suitable for use in the pavenent
structure of the present invention; and Figure 4 is a cross section through
a part ofwe cwstsber alternative, and presently preferred, pemsliineny of the
invention. 10 Referring first to Figure 1 a paving structure generally

i ndicated 11 conprises an upper |layer of blocks 12 which may be of the type
described in the Applicant's co pending International Patent Application
publ i shed under no. WD 99/64680 the disclosure of which is incorporated
herei n by ref thesiveof thelatgestpagiclasiof thenmidellyipg s@-baspdayenalyl ae embodinent
grooves or channels in one or nore |lateral edges thereof to provide

dr ai nage passtgsweys e @i dpeing dPndt @rdates thaatthosize dfthaddidritpof the paticlepper
‘bevel which can be seen in the drawi ngs, part of the upper side wall is
tapered al ongj{ e sfatnb&ipin@faythe edge between the upper surface and the

| ateral surface to allow™a small degree of flexing of the overall surface
by novenent of the blocks upon the 2 0 passage of heavy traffic. This hel ps
to avoid spalling, and the channels provided by adjacent tapered surfaces
al so encourage the drainage of rainwater fromthe surface thyough the

drai nage chanh&l SR Pery %nﬁ:aélﬂn@ith@feﬁ%tmtgﬂalat Barercaty corisiered 1o S det ai |
bel ow. 11 The bl ocks 12 are laid on an internediate Layer or beddi ng
course 13 of fubneaspdpyerdgloak thegwidyreinforcing arid shqudd befcompesedeof partigudate egi on
of 2nm - 10 mm preferably up to 5nm which in turnis laid to tol erance on
a geotextil e matdoiabiie aldenecralyl Targey esideyrange ahauthabds ahd dyyer apeveetiml faid

i ndi cated 15. The bedding layer is raked and 5 | evell ed before the bl ocks

12 are | ai d opeinforciAg gridd! ﬁqg?re%eartﬁatltﬁé fhrgbist patibds 0PtHeRatbgsl Gr e ddyer 13
with no grouting or other filling (such as sand) either between thensel ves

o0 e 20T I B0 6 B 0 ks SE R BB e

to wash down I nto e structure

infiltrates the SS s .bet ween, t he bl ocks. After_.|laying..the bloc a
Wbrat o 18 plHCedh PRTERS AabY S aied R g b€ it Hich Cikpue Pang
ensure they all |ie to a common surface, Before or after this is done the
bl ock- paved s8mpligsbpartigles in the sabshasepyen belowithe rainfpeginggrid arggrefprahly not one in
a size range about 2mm 3mm These stones are then brushed into the
i nterstices aleds Hwinptwice thecdizet dithe | sollssti partided ini the sabdiass tayeeblatvietbe
novenent w t hout

reinforcing grid.

15 Ina 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

20 layer’ which, during construction of the paving structure is laid to a flat, preferably
horizontal surface prior to laying the individual paving blocks or elements which form
the wear surface. The blocks are then vibrated with a vibrator to obtain a flat final
regular surface. The average particle size of the intermediate layer may be in the

region of 2mm - 10mm, preferably in the region of Smm. In one embodiment the




cl oggi ng the passages through which the water drains into the underlying

| ayer. 15 The sub-base | ayer 15 is conposed of crushed gravel, rock,
concrete wo ntBmse2 hard i nsol uble particulate material havipag/owiijosdef i ned
edges. It nust be sound, clean, and nen-friable and free fromclay or other
fine particulate material. This property allows the conpaction of a |ayer
typically in region of 350nmmto 400mmthick, to a state in 2 o which it is
capabl e of bearing the | oad of vehicular traffic such as notor cars, trucks
and | orries. farticulate snasenia) of thetunderiying or alb-hasstlayes nmayrhayk ashintmwheli®% est ed
in accordance with BS 1377 Test 4. The material mnmust also have a m ni mum 10

% fines val uefids vame 6t NSOMYRITHISSInGE tésfeddt aedof@MESwith BRitiEISShaddr@s 12 Bart | n
-conducting such tests the sanples nmust not be oven dried and shoul d be

soaked i n wat is 5 QL 0 -hef t is
conduct ed. Thi§ g n%trllss%r es L%rﬁ aot%lt]i gérgggdgl?ée B?\ glef/g%tlegitg ll %ngiﬁ%]é{?%e gir}gtshlgﬁaﬁt%
‘per f or mance of.

: rial .when t,_and.when .dry. as.it .nmust s.the test
when effectiVeé @nga‘gﬁtfhgt@gt.m\éw%\geitﬁ%ﬁ(gibé'ngs%lﬁls g hat it B E@B&%Stf%én
sub- base | ayer 15 may be up to 100 mmw. th up to 60% of the material being
| ess than537.@?°H¥ﬂaﬁ?%wﬁlépr‘ﬁ’éhgt@ﬁ§ﬁsIB%B%BFIH)JG%eri al being greater than
37.5 mMmm Up to 20% of the material may be less than 20 mmwith only 5 %
being I ess than 10 nun. This ensures that the material is perneable and,
when conpacted, neverthel ess has a | arge proportion of void space between

the 1 o partiTherinfosmg glid ymayé ade hidvingy o subseandia iy péctshghlar ighid sty eie 15
w Il be void space which is available for receiving water when the

per meabl e paVé:d@&dﬁ-IgLiH%b' bthbgonhiNtitéSons 'vﬂﬂ%ﬁ&ﬁntiaﬁygﬂéi%hﬁ bt s RARE

structure to cant' "heavier |oads a reinforcing gri I's located at an
internmedi ate . . «di. st | I SO0mmp.fromthe,top of the 15
sub- base, - and™Acha B sEigHval R Bule! Brellont RO 4 A} RE e 2R e P
particle_size frqmthe top of the syb-base |a to,ensure that an adequate
cover ovéP tHanﬁﬁit?ﬁeﬂE?r ts‘?'fﬁrgt‘iﬁl%d‘.’ yqrﬂl % $H taEé%elB’, lapninar gaast, o e grigkmgy i d
fromthe surface, indicated Din Figure 1, is in the region of 150 nmm

al t hough it rigymeaokithiq. (Rrpkminaspstretghing of tesgrid émiong czrbathk directigns @ro- 15%
The overall thickness of the sub-base |ayer 15 may typically be 2 0 in the
regi on of 350mamuehetneundy by wwlesakanrinlosdes ¢o inctdaskitemsclmmjcabsirangthd i f

ci rcunstances permt or dictate. This nmay be laid in two operations or
“lifts' with a | ower |layer being spread and prelimnarily conpacted first
before the geogrid 16 is

According to another aspect the invention provides a method of laying a permeable
15 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
20  underlying layer to refusal with a vibrator, laying a permeable geotextile over the said
underlying layer, applying an intermediate layer over the said permeable geotextile,
levelling the said intermediate layer without compaction thereof, applying a wear
layer of individual elements over the intermediate layer and vibrating them and the

said intermediate layer into their final position with a vibrator.



| aid over it; the upper lift then spread over that. Final conpaction to the
required density state then follows. 13 Beneath the sub-base 15 is a
geot ext i |woloapers227 whi ch separates the sub-base 15 from oe/csivogroade 18
whi ch preferably should have a CBR (California Bearing Ratio) of at |east
15% 5 The geogrid 16 is preferably a polyneric plastics material of high
strength, with a grid size typically in the region of 40 mm and reinforced
junctions between the intersecting ribs. Gid sizes up to values in the
region of 100 nmmay al so be utilised. Dinensions |less than 40 mm are
unlikely to be effective in allowi ng the necessary 10 interl ock between the
upper and | owEhe taypactionrofthé fubsbaseflayteheemsy be lbasinuky. o liic sscdiletipeirdft hat
‘the reinforcenment effect is achieved by formng in effect an internediate

stratum wit hi ferhdag tﬁéttis mﬂ%&ﬁemaﬁﬁeﬂtﬁarmces ﬂl@%ﬁﬁ@fnbsﬂ@ tTAgs, beb&irke/ €
novenent of the part| cles of which it is conposed than the refainder

E?Ef o Sgﬁmlt %%%&?é:?*&am il BhicBYe 45?‘%?9‘%“""%ét‘ ?P%p%q?é m‘%adiéﬁ% SFpsrtaidel 20
0 er artl cl es aver or 0 | C 0
ey o 8y oabeAlOgoRd vt he Wt SrwelesDisisy SAer (6 oD, e ltar 1 i ¢,

and which m ght ot herwi se cause a | ateral displacenent of materi al beneath
and to one si dstrament) bysthe use 9f sduch theeprpparton oif enaximemuemenpagtipn can be

di spl acenents 2 0 due to the additional tensile effect of the ribs hol ding
t he parti cl esmefsurdd mthenthan asdisat eltss pafanreditint pheacepaBiarabsentineedumtd i s

| ocated in the region of one and half tines the maxi num particle size from
the top of thgashiflg bR fitiRy@imdabied bulkd ®hsiBCdchRN A6 inddt 1%%@}96&11&1&%
substantially the entirety of the thickness of the upper |if f the sub
base, penetrating sone distance below the grid, so that the internediate

stratumw thin t he sub-base effectively acts as a stiffening | ayer of
rigid material even though the particles have up to 30% voi d space between
them Thé pper layer or "lift of the sub-base 1 Sis conpacted to refusal,

that is conpaction . is continued until the point where further treatnent has
no further efFeérablypa regulatinglayer absrushed @Pﬂ?u}ﬁ@t@@teﬁlfﬁ thespagticle sige pewligh e

conpaction, to a point greater than 95% of the |aboratory achievable
maxi mum  Evenisdesstthan ihpbef the largarqurtisfles dfehe sdid badaling layer st vet lgss thaegul ar
Wi th asperities and cavities due to the presence of the relatively |l arge

stones (up tol30Q&fde dize dffthe Magest particled of e g£id uhdertydftllaged, sappliedtoste f ace a
regul ari sation | ayer 15a of clean crushed stone the particles of which are

not greater thgn, g@ﬂﬁﬂe@iﬂh@%oh@ %téref; B PNER e bid%@!&flﬁﬁ'%t)? Isﬁlf'ﬁaste q’%e?f the

sub-base during or just before t vi brator 1s passe fall or

th f
bl ocks® 13 carPyon B b iRE o Bish R hcBey AbrpHol ARG A i BF ot & o1
bedding | ayer rec%ve 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

20 the vibration thereof with the said vibrator.

Embodiments of the present invention will now be more particularly described by
way of example, with reference to the accompanying drawings, in which;

Figure 1 is a cross section through part of an infiltration paving structure for



15 which acts to trap many of the pollutants carried by the water. The

ef fective storage volune of the sub-base |layer allows the water to coll ect
in this rwginsigsand t hen be diffused nore gradual | y througaTidsiss®egr ade
which, in this enbodinment, is assunmedigt o be porous or to have sufficient
faults to allow the water to perneate either through the ground downwardly
or laterally through the edges of the storage region thus 2 0 forned. The
nature of the sub-base material 15 is such that, even when drai ned, the
particl es r et disposaboEcottectst wateriby ipfitiatiorstovdni aphroprigtesel-geade aniddommerbigpher e
suitable for the growth of bacteria which can m grate upwardly through the
geotextil e 14 abédr@aricbavifteitie prinéiple bethegeiskendnlaitien; 13 to attack and break
-down certain of the pollutants trapped therein. Thus, as well as serving as

a stormwater cont gl 8¥S¢ 8QdsiSdhBN thi8ugh pakt offdd HifetittHe @mboltndii 68 Gt
invention also acts via biorenediation to degrade the entrapped

“hydr ocarbons and ot her. nol |l utants ich ther A the filteri

net o of 1 ne Deafes et af abPhee o SACRARE B MOl or AR B,
is estimated that one square netre of the paving structure described above
wi || causebup cppiroltpdglisahargsfntgisewers 9 strgaiifum t 0 be degraded and the water
di scharging fromthe structure, while not potable, can be used for nmany
secondary pur poses Fgirh 3ais o persgeictiye vievaoha igeid, suitalslhifoyusd ooths pamementr s or
wat eri ng vegetation. The collection of water for recycling can be enhanced
by utilising tshecterdusfdheprebendinventiéh;hdure 2 which largely corresponds to
that of Figure 1 except that the geotextile 17 at the interface between the

sub-base 15 and t heyghbad Ael8sskBotich thdRbRg Balt BYa ARthbrNRAIBE afd pRE&HIGNE 19
whi ch, as well as underlying the sub-base 19 al so passes up the sideS to

t he surface, ﬁ%?cﬁte%d{nlﬂéﬁ?fﬁ%ti qglpgnupper surface of the wear |ayer 12.
’ 0 (o30)

An outlet pip rom-a nani ector 21 then allows the water
contained 15 in the reservoir constituted by the sub-base 15 to be

del i veredfor such secondary purpose as is appropriate. Figure 3
illustrates a typical_ geogrid suitable for use in the paving structure of

t he i nventi on Refgrriagdisst tgg?aglaeriommm seucuregenerBy dndiepded, g Cefprises an

| ongi tudinal ribs 22 2 0 separated by regularly spaced | ateral or

transver se ri hpp@&Jayektoftbleeksn b2 edicdrmpybe of thasypeateseréhedrin dse Apicant’scan

enl arged boss 24 and the ribs are stretched after noulding to orientate the

nol ecul es and ﬂeﬁdﬁh@Qﬁ&yﬁdﬁ;@nélelpﬁéﬂteA%ﬂfc@ﬁﬁi Publi@E® ahderANDTWEY 99/B868RtHel Y
preferred, enbodinment is illustrated in Figure 4. In this Figure the 16
disclosure of which is incorporated herein by reference, which are substantially
15  impermeable, but have grooves or channels in one or more lateral edges thereof to
provide drainage passageways from the top to the bottom. In addition to 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
20  passage of heavy traffic. This helps to avoid spalling, and the channels provided by
adjacent tapered surfaces also encourage the drainage of rainwater from the surface

through the drainage channels into the underlying layers to be described in more detail

below.



sane reference nuneral s have been used to identify the same or
correspondi ng conponents as in the enbodi nents of Figures 1 and 2. In this
enbodi menyo oboy®@yer, the parts of the sub-base fornmed aboperarghifoeloow t he
intermedi ate geogrid 16 although of the sane material are in different size
ranges, the | ower sub-base |ayer 5 15L being formed of stone in the range
63mm to 10nm and the upper | ayer 15U being in the range 20nmto 5mm In
each case the stone is evenly graded, that is to say there is a roughly
equal proport iTbe bdéckst Zhareolaichoh @i indgmeaiiatd Ryether dedding anoyese al¥d ofi dine
preponderance of, say, the larger or the smaller end of the range. In this
enbodi ment  t heartiatlg®k gidnQlae saddifal Sfusadia thesgibh o 2mev-eT0 min, bRgerhiblyep

-l ayer, than those used in 1 o the enbodi nents of Figures 1 and 2, and the

snal | est fractd 9H1n'1 Swfi‘itéﬁ"iﬁ t%lQmQ WRE LS BSleratlcd Bﬁ’ ae Qltﬂ@'?ﬁen%raxﬁ% flwrﬁgljf up to

5% of the material could be |ess than 10nm otext| e 17 at

opl aced wi ¢ nRENER S S e Per et éé“*% éai%%p I By QS RRHAE s
ﬁge%dalg’ifslt Lﬁ#ﬁﬂf ﬁifgm @e WEJ ia‘}rq @%Pﬂ.l%@nm%&é& gé\ mfﬁv' %%reiqtﬂ&?ogﬁ regr

other precipitation, in an area subject to vehicul ar traffl cC, conprising a
per meabl e sur bedséngusyer 13yth po EutingPratharrfdling ysush @Lﬁ@n@)a@éle( beByeehayer
of rigid insoluble hard particulate material, characterised in that a

rei nforci ng gtliethselvé6nd the layent 2or tween dacih ethaed thitahéreved nefwchetefisiom t he
top of the said underlying |layer at a depth not |ess than one and a half

tinmes the di Mengagh dehntibe hRIEReE lpalstdiche Strhdufd Wherl CaiR@ItinAftrdtdemaai d
underlying | ayer (15) above the said reinforcing grid. 2. A paving

structure accgasgagﬁa bydehd @B%)Fkﬁc.hﬁrf@ﬁ]gfﬂgstﬁgbiﬁ@ﬁQ@#h%tﬁxelst}ﬁés%f QL& fig orid

( 16) is loca eve ess n<one ness of the
sai d unde sub- ba I r.(1 fromt t hereof . 15 3. aV| ng
atr uct ur o oo B s escitae blackband it Mawaflfisea A oo@mansuicn Bllie s
provi ded a second reinforcing grid (25, 26) of interconnected elenents at a
| oner | evel tR&#tarils idonetls Wp@iﬁ-ﬁi“f?é safae rpaylle) dressed with asthiseleyergf e uct ur e
according to any preceding claim characterised in that the size of the
gri d openi ngsclean stone iggrasagcenanghahout ZremsBmen. dFhesh stohesrage thien bfushéteinmathe i cl es
of the said underlying sub-base layer ( 15). 5. A paving structure
accordi ng to amtstidesandhélg t6 lozk the E16eksas pedifiGiEsbairit fdlaive i@ ement without
clogging the passages through which the water drains into the underlying layer.
15
The sub-base layer 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
20  which it is capable of bearing the load of vehicular traffic such as motor cars, trucks
and lorries. For this purpose the material must be non-plastic when tested in
accordance with BS1377 Test 4. The material must also have a minimum 10 % fines

value of 150K/n when tested in accordance with BS812 Part 3. In conducting such

tests the samples must not be oven dried and should be soaked in water at room



18 grid size is in the region of the nean value of the size of the
particles in the said underlying sub-base |ayer (15). 6. A paving structure
accordi ngwomagis2of Clains 1 to 7, characterised in that teleg/tB@k®dosSi ze is
in the region of 40% of the maximum perticle size of the said underlying
sub-base layer (15). 7. A paving structure according to any of Clains 1 to
6, characterised in that Claiml, in which the material of the underlying
sub- base | ayer (15) conprises non 10 rounded angul ar particles with well
defi ned edges tanipecatuschfor4ghamre beforothk test isconduaed This ensades ¢hat thegearefoup t o
100mm wi th not nore than 5 % thereof being |less than 10 8. A paving

structure accesrftiogs betwasythepebiaite df thomateriahveheioh € ah8 §theh dryt 3t mi@t 15
‘l'ess than 40% of the naterial of the said underlying sub-base |ayer (15)

lies in the rﬁw%&gsm&gfégog%a@m@d pavi ng structure according to any
preceding Claim characterised inh that not nore than 70 % of the materi al

‘of the said underlying sub-base layer (15) lies in the 2 0 range 37.5mMmto
1 OOmm 10. A paving structure according to any of Clains 1 and 9,

characterised,_jin that, the _ sub-base Ia bel ow t he sal reinforcing grid is
conposed of paPe dppgngions of theagticlesind eg%*ﬁé?aéﬂ'gyeq ]aSr’@éY §ppdo | Ghg@ vHBn t hat
in the | ayer above the said reinforcing grid. 19 11. A paving structure

according to @ & A0%00f thh amaderiad beingdessitharh3it.5 mme andmgesiorgthan i46Vesf e t he
particulate material in the sub-base |layer ( 15L) below the said

rei nforcing geiaterial Béihg igreaten ehaneFi ommn Upad @0V éfaRe inateial may Belest than 20he

| argest of articles 5 in the sub-base | ayer (15U above the reinforcing

grid. 12. A pah RethThlyus vibenLesahst l"tgmnp”[ﬂs%héﬁréslthat(m@ﬁﬁféhﬁﬁb 5&%elaolet hat
the smallest particles in the sub-base |ayer 15L) bel ow the said

rei nforcing g st
particles in &éi“éhgé%gm?&g?d;&tg}’&?ﬁ%g{ﬁﬂ%bﬁ@e%? (ﬂ} p@%ﬂ%ﬁﬁ‘f@r@?ﬁ%}% %18 13. A
avi ng structur r di to apy of Clains 1 terl ed in that
Phe mat orf & Birtiefs Tt ol BEthe Soupns'oiniat py dusayorcbovlbe foid e

angul ar parti cI es wth well defined edges of crushed gr avel rock or
concrete in awhichds pygilgble 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
15  sub-base, and in any event not less than one and half times the maximum particle size
from 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
20 in the region of 350mm although greater or lesser thickness may be used if
circumstances permit or dictate. This may be laid in two operations or ‘lifts’ with a
lower layer being spread and preliminarily compacted first before the geogrid 16 is
laid over it; the upper lift then spread over that. Final compaction to the required

density state then follows.



15 from about 63mm to about 10nm 14. A paving structure according to
Claim 13, characterised in that the material of the upper sub-base |ayer (
15U) conpwiosessrsen- rounded angul ar particles with well defpcirsBr@dgps of
crushed gravel , rock or concrete in B size range fromabout 20rnrm2 o to
about 5mm 15. A paving structure according to any preceding claim
characterised in that there is an internediate |layer (13) of particul ate
mat eri al between the surface or wear layer ( 12) and the said underlying
sub- base | ayer ( 15). 20 16. A paving structure according to C aim15,
characterised in that the average particle size of the material in the said

i nternedi at e [Bayeith thé3nblbasel 1656 2 EAsktidRyaVIgvAteh Rphiates ige sibaRsOf5 68
‘el enents of the said underlying sub-base layer ( 15). 5 17. A paving

structure acc ' ' r i ' ] rticle
Size of the i oerndmhd £ PhihbReRODAGLIHARECR (Cafforbi ek REfol
‘preferably ina{fégstrlg% on of Smm 10 18. A paving structure according to any
preceding clairm chaf "acterised in that the particulate material of the

sai d under|ying sub-base |ayer has a m ninum 10 % fi nes val ue of 150K/ n.

19. A pavi%g structure according to any preceding claim characterised in
that the 15 material of the said underlying sub-base |ayer ( 15) is

subst ant i al | y The geqgridst6 ig prefayablya pelyinatic plastics materiahothighstrapgthowath g grid
preceding claim characterised in that the said reinforcing grid ( 16) is

one having a sizbstypistilylihythe eeppadefl 40 @M dndtreimeiroéd jenciiendivetvden theo
orthogonal directions with substantially the sane resistance to stress 2 o

in each of th%t&ﬁéc@n%%s%ﬁ&‘ﬁ%%ﬁ!to MIn&QGh RS io%fm‘b]_ﬁﬁhﬁaﬂwﬁe RANENT
structure according To any preceding claim characterised’n that the grid

b9 o nad” ¢ DHEEEiGnl80hiE 50 W 8 BhinERBR Bl dinliisiald b rbesthif' s o

ri bs joined toget t 1 ntersections form-a n . ani-na
iﬂg?;ét er} é d%r%cgl(?qlfg}%&a& tlslg Ha‘ﬁér%ﬁ& lo%:e%?e{y%lrsn& ‘hgs’aor}%hg sru%(-:l?a%le 9 claim
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
15  the fact that particles in the upper layer or ‘lift’ can project down through the openings
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
20  due to the additional tensile effect of the ribs holding the particles of this intermediate
stratum in place. Because the grid is located in the region of one and half times the
maximum particle size from the top of the sub-base layer this interlock effect is
achieved over substantially the entirety of the thickness of the upper lift of the sub-

base, penetrating some distance below the grid, so that the intermediate stratum within



upper stratum of the said underlying |ayer has an additional conponent (
15a) of particles the maxi num di mension of which is a fraction of the

maxi mum dwosn®ssme2 5 of the |largest particles in the said wadarsotjosDo
sub-base layer ( 15). 23. A paving straucture according to Caim 22,
characterised in that the said fraction is not greater than 60% preferably
not greater than 40% and nore preferably not greater than 20% and in any
event not |ess than 15% of the size of the largest 10 particles in the said
under | yi ng sutiesabbasegiigctivalypctszg a stifisaipedeyes of vigidmatesiakeedithepghdhany of
Clains 15 to 18, characterised in that the surface wear ( 12) l|layer is
conposed of i patiivliesihave wl 0% soddrspbtedmdtwednathemorThehppemiagermme dilift of thayer
‘(13) with no grouting, sand or other filling between themor 15 between

them and the §ubtigysBagiiaésmpRAWAIto rethdal, thaiid cOmPARRAIiHSortfnuel 8RN thE pHRit NOt
greater than 3mmis overlaid and worked into any interstices between them

'25. A nethod Q/flexjeq]\élfet‘f[i'é} 1RaRA: RSk ﬁ@&‘@%ﬁ%ﬁee@%&%leeﬁpnéﬂéﬁa(g\?[&‘éxe ied_a&; claim

characterised Int conpri ses eps Of preparing a s gra ayi ng
a perneable 2 0 geotextile .( 17), i.nperneahbl e r.ane 19), oy. rid
(26" L her don: BRI Eorapgetipu, 16|, pesfb gieRter e S50 & HRCabohionk afbietider | yi ng
sub-base layer (15); conpacting this |ayer to refusal with a vibrator;

| ayi ng a rei na¥iEnisg Ever s the)unpst snrfase of ithessubrbape laysy is'yary drregularsyiflvf t he
underlying layer ( 15); applying a second |ayer or "lift" layer ( 15U) of
the sai d undeaspyiites and bavitiesalub frythe pfesdnc8pf the actptisely largetstomesifud éo 1 §0mn)

sub- base layer to 22 refusal with a vibrator; |aying a perneable

geotextil e (ld)theuateriahelnsaid to fsbalarisé fis Sithic®a sepulaaivetion(lafé)15a dPBledt Ng an
internediate | ayer ( 13) over the said pernieable geotextile ( 14);

llevel I'ing thecfigied stonk ﬁfe@%ﬁcﬁs%f hAyerard nft%}éﬁa‘l@rftﬁ&ﬁ‘éb?ﬁ‘{w gég@ghhg%ﬁw ,

applying a wear |ayer ( I ndi vi dua enent s

13) °F nto e e @ el Rihbrisd GRIAR IS BEpRelel BN el

Claim20, in which a regulating |layer (15A) of crushed particulate materi al
the parti cul eltsi ze of which is |ess than that of the | arger 10 particles of
t he sai d underlying sub-base |ayer {15) but not |ess than 15% of the 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

sai d under | yi Ranfallyeother feyippationr(when mehqal) éllirgnort the oyt suvfeee ebthe bivcks ovi de
a substantially uniform upper surface to receive the said perneabl e

geotextile | aypead intfhrate Worodgh tHd WBirNegbrand thinBehelthAbidtng BYeC Ai N2

in which a dressing of clean stone in a size range not greater than about

Smm | S ARl | hRKEkishd Ba bR BF opbiitiails chfiRa¥iahe Rk ¥ift dr¥fe dorkgd P! OF

to the vibration thereo sal

volume of the sub-base layer allows the water to collect in this region, and then be
diffused 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
20  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 growth of bacteria which can migrate upwardly through the geotextile 14 into
the region of the bedding layer 13 to attack and break down certain of the pollutants

trapped therein. Thus, as well as serving as a storm water control system the paving



23 AVENDED CLAIMS [received by the International Bureau on 25 June 2002
(25.06.02); original clains 1, 15 anended; remnaining clains unchanged (2
pages)] IwoAzpeistng structure having a system for coll ect ipag/csd/os®bai ni ng
or detaining rainfall or other precipitation, in an area subject to

vehi cular traffic, conprising a 5 perneable surface wear |layer ( 12) and an
under lying sub-base ( 15) layer of rigid insoluble hard particul ate
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to any precediwmghingdlavys afdarassodrevatening vagetahian. t he AMENDED SHEET ( ARTI CLE
19) 11. A paving structure according to Claim 10, characterised in that
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at the interface between the sub-base 15 and the sub-grade 18 is replaced by an

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
15  in the reservoir constituted by the sub-base 15 to be delivered for such secondary

purpose as is appropriate.

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
20  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

orientate the molecules and increase the tensile strength thereof.

Another, presently preferred, embodiment is illustrated in Figure 4. In this Figure the
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1004 CdE7/5 10@{Eﬁﬁoc?{%%e(r)prgéi&?a’é%ﬁ ann area subject to vehicular traffic, comprising a

permeable surface wear layer (12) and an underlying sub-base (15) layer of rigid
insoluble hard particulate material, characterised in that a reinforcing grid (16) is
located at an intermediate level spaced from the top of the said underlying layer at a
depth not less than one and a half times the dimension of the largest particles in that

10  part of the said underlying layer (15) 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).

5. A paving structure according to any preceding claim, characterised in that the
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sub-base layer (15).

7. A paving structure according to any of Claims 1 to 6, characterised in that
Claim 1, in which the material of the underlying sub-base layer (15) comprises non-
10  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 that
the sub-base layer below the said reinforcing grid is composed of particulate material

in a generally larger size range than that in the layer above the said reinforcing grid.
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reinforcing grid (16) in the region of are three times larger than the largest of articles

5 inthe sub-base layer (15U) above the reinforcing grid.

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
than twice the size of the smallest particles in the sub-base layer (15U) above the

10 reinforcing grid.

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
particles with well defined edges of crushed gravel, rock or concrete in a size range

15  from about 63mm to about 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 particles with well
defined edges of crushed gravel , rock or concrete in a size range from about 20mm

20  to about Smm.

15. A paving structure according to any preceding claim, characterised in that
there is an intermediate layer (13) of particulate material between the surface or wear

layer (12) and the said underlying sub-base layer (15).
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10 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.

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

15  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
extending in two orthogonal directions with substantially the same resistance to stress

20  ineach of the said two orthogonal directions.

21, Areinforced paving structure according to any preceding claim, characterised
in that the grid (16) is a polymeric plastics material composed of a plurality of links

or ribs joined together at intersections to form a substantially laminar sheet.
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23. A paving structure according to Claim 22, characterised in that the said
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

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

24. A paving structure according to any of Claims 15 to 18, characterised in that
the surface wear (12) layer is composed of individual elements or blocks laid on the
intermediate layer (13) with no grouting, sand or other filling between them or
15  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.

25. A method of laying a paving structure according to any preceding claim,
characterised in that comprises the steps of: preparing a sub-grade; laying a permeable
20  geotextile (17), impermeable membrane (19), or geogrid (26) thereon; applying a first
layer or “lift” (25L) of the said underlying sub-base layer (15); compacting this layer
to refusal with a vibrator; laying a reinforcing grid (16) onto the first layer or “lift”
(15L)of the underlying layer (15); applying a second layer or “lift” layer (15U) of the

said underlying sub-base layer (15); compacting the underlying sub-base layer to
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5  vibrating them and the said intermediate layer (13) into their final position with a

vibrator.

26. A method as claimed in Claim 20, in which a regulating layer (15A) of
crushed particulate material the particule size of which is less than that of the larger
10  particles of the said underlying sub-base layer (15) but not less than 15% of the size
of the large_st 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 layer (15) prior
to compaction thereof whereby to provide a substantially uniform upper surface to
receive the said permeable geotextile layer (14),
15
27. A method as claimed in Claim 21 or Claim22 in which 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.

20
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| 1. A paving structure having a system for collecting and retaining or detaining
rainfall or other precipitation, in an area subject to vehicular traffic, comprising a
5  permeable surface wear layer (12) and an underlying sub-base (15) layer of rigid
insoluble hard particulate material within a defined size range, characterised in that
a reinforcing grid (16) is located at an intermediate level spaced from the top of the
said underlying layer at a depth not less than one and a half times the dimension of
the largest particles in that part of the said underlying layer (15) above the said

10  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).

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

AMENDED SHEET (ARTICLE 19)
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5  inthe sub-base layer (15U) above the reinforcing grid.

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
than twice the size of the smallest particles in the sub-base layer (15U) above the

10 reinforcing grid.

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
particles with well defined edges of crushed gravel, rock or concrete in a size range

15 from about 63mm to about 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 particles with well
defined edges of crushed gravel , rock or concrete in a size range from about 20mm

20  to about 5Smm.

13. 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

between the surface or wear layer (12) and the said underlying sub-base layer (15).

AMENDED SHEET (ARTICLE 19)
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Statement under Article 19(1)

In response to the Search Report Claims 1 and 15 have been amended in order to draw a clear

~ distinction between the sub base layer which is referred to in the Claims and the laying course
or intermediate layer which may be provided between the sub base and the wear layer.
Whereas the sub base layer, which may be laid in a number of parts, is a homogeneous layer
in the sense that it contains particles within a defined size range in the form of stones, the
laying course is provided for the elements of the wear layer, comprising a relatively thin layer
of small particles or fine particular material such as sand or gravel and is clearly
distinguishable from the sub base in that it contains particles outside the defined size range of
the sub base.

Prior art document WO 92/08846 discloses the use of a geo grid as an edge-restraining device
between a sub-base and a wear layer. The geo grid forming the edge-restraining device does
not extend across the entire area of the paving, but rather is located only in the region of the
edge, and is not located within the thickness of the sub base layer within the terms defined in
Claim 1.



