; e3eGEj \ 6HT}d "SYNTHETI C GRASS W TH RESI LI ENT GRANULAR Technical Field
TOP SURFACE LAYER' The invention is directed to a synthetic grass with %7,\
grass-|i kWO198#8ons forming a lattice enneshing a parti cuRGEE/E€APIFOP22 L
having a bottom | ayer of equally sized sand and rubber granules, and a top
| ayer of rubber granules only. Background- Act Mainte m“lmmlmral gr ass
turf on athleti \M“Wﬂu“nmmmml and10 scaped areas is exam{mm“l ral grass
does not grow V\é“l aded encl osed stadi uns and confdpasous heavy
traffic wears out ang@a®&:d N the natural turf surface. Natural turf surfaces
deteriorate under he TS nd j t Lrapl e

accunul ati on of wat e?g i l%@ffﬁésmgﬁim@ﬁm&%@ een

*devel oped in order to reduce the f igwt ai ni ng heavily used
athletic playing areas, to rende@mi@?‘a‘%@%re uni form and
increase the durability of the grass surface, especially where professional
‘sports are invote@thicalyFielteti ¢ grass is installed with a carpet-like pile
fabric having a flexible backing laid on a well drained conpacted
substrate, such as Cr“%’i&%"in&@n@éﬁ’l@ (Wregﬁé@ﬁ% 3t 'tﬁét?cegr&@%i .gxea[skf’}ike The
pile fabric has rows of "upstanding synthetic ripbons ré&presenti Ag grass .
bl ades ext epdi negbuueefdHing rOMHHiOE chashitlg aCFarBtulabe ibMe KiaRthe @ bottom
particular interest to the present invention axe the various fornulations
for granul ar rdayén eheqially sizbdisand anglrmbber prnwhesn ahier tapslaged 25 ribber

ri bbons on the upper surface of the backing to sinulate the presence of
soil. Mbst pri cﬁl'aa\i]lesgybt-ens i nvol ve sone use of hard particles such as
sand or crushed slag particles, together with resilient particles such as
crunb n. -2 Rt H cl es or foam backing to provide resilience. The
optimal choice %?%b‘ﬂ%—s i zes, particle shape, particle conposition and
installation in nultiple |ayers or  courses is a feature of the presg&%

i nvention. U S. Pat ent Maigtépanes of jngtaead grass tepfson sdklstia nlaywgepedard-
infill 5 mxture to,imtate soil._that s nmade,of fine hard,sand.particles
i xed wi th o0 CaPaLorsy 1o Grifieivofiomal PR 4ok i g ARy b hdsov e
resilient and 'e%r%?os%@rs?a?diﬂﬁs'agﬁ'dohtin%ﬁi‘héf@} trh il w@iﬁ%ﬁt%"red&heﬂhbiﬁanﬂﬁy

i ncl ude m xtures of granul ated rubber parti¢les, cork pol yner beads, foam
rubber particl aal tus sodade, t Nataral tubf stifiiees d6teldotate Pandet héav30Gs&=ndt o
Tomarin di scl oses a non-honogeneous infill with rubber particles formng a
base | ayer and expededagail sregies canivngesiradp aegpapulatipe efipweier pand impds

A
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Q)

granul ar in sint ere har particlées an
resilient robbgjlap@apt srifess ansrarunifdrmncnd Ritdede theadwabllity o tied Qradson
t hroughout the depth of the infill. Synthetic grass infill, for exanple,

may conprise a swibaceyespetialipowhpre peofghsionsl spanid anmthvwdoedyr anul at ed rubber

20 particles uniformy _m xed and deposif.ed hetween t upst andi synt hetic

gr ags ribbons to a de)[;tgbfniheﬁi &rﬁssslsiplﬁﬁtﬁbgg “ﬂﬁhﬁﬁa}rﬁféﬁﬁ@rﬁg"gg&%ggﬁ%g i%s

preferred to malghes it £O8 ofh PHF Bralk o] ERnakAS it R Iditlin ar e
npate 0 d e op

relatively expensive co sand. sand particlesal'so provide an
i nproved degr eqiGle drabiiRgesthtifized Sodse ARA6AL. WBK pilee fAIY MRk fods a5k
surface is not in an enclosed stadium for exanple. bber particles tend to

i npede the freayfstanding symthetic ribbene asprebentompgtasablades teixtendihg tpevasdlyd
particles draws_  surface noi sture down wardly due to the differences in
surface t ensi ontendhaéer surdacecaf the 8 ubber and silica sand.

Of particular interest to the present invention are the various

formulations for granular resilient fill that are placed between the upstand-

25  ing ribbons on the upper surface of the backing to simulate the presence of
soil. Most prior art systems involve some use of hard particles such as sand

or crushed slag particles, together with resilient particles such as crumb



-3 However, in both the Haas and Tomarin systens, abrasive hard sand
particles present in the top surface |ayer of infill causes problens where
such as ¢&@ed/98389f oot bal |, rugby, soccer, field hockey, baEBEAM/@PE pl ayed
since players repeatedly fall down or are knocked down on the 5 playing
surface. In such applications, there is a-2eed to protect players fromskin
abrasi on caused by the hard sand in the granular infill and from sand
spraying into the players eyes, ears and nmouth. The conventional infill is
a m xture of sand and rubber particles. The rubber particles are conpressed
and rel eased when_a bal|l hits _the 10 surface aqr an.athlehﬁ steps on the

surface. In t haubhekpaticlesicinanyhaskingite previde gesiliensty Himeptimal choress
‘provi de sone natwural. resilience.ut .t he rebound is re gradu e to

oi st ure. ol | oRRHCE Stacs, S3Eie s PERIY Soraich FrACHRIaUREER B, | he
case of synthetd.Giidis | i I L and do not bond
‘toget her. The rﬁl}g‘g@é E)A retﬁ? 81t ggmﬁg%/és ﬁféar?83}$ﬁ%gé¥§%¥8%%n'r esilient
rebound that tends to hUS| Parhaded37 288w Hadd, iJel disclasst 4 hbhogenpnarialiyl

under force. The synthetic infill is continuously subjected to water flow.
and i npact fSor coitureato ireriatet spibithat asigmderofsbng bged sandpagivles wixsd withich as
fromrainfall, odi ng, .the jnpact .of boupcing balls, vibration and inpact
from 20 the 1 ect>%arta SiievohuThs st Rridet S Providk amEnpioy e sebes! o
the infill. At €L hgh pQkhi ) i r | £ i

sprayi ng of san pg‘?szgi c?fgéw\%hgt}lﬂg' baSF‘FROI%E%1e§§e@ t‘lpgrl%gg?\ngrmlatl h&? #eﬁitcg{pz)i_e
surface of the mpftites- of "bRMuSAEE FubBEH pAtiERL! cOik pHBmhéH béddsS BsdmGRbbed any
sand particles are present at the top surface, sandparticles are lifted by
the rolling balpartiylesheermicalitenand ge lile.ce of air flowi ng around the
spinning ball and by static electric attraction. As a result_the snaller

sand particlles on the tbp. Patemsd3Yn03héo ihemarn dissloses AeAoRhamOSERsRUs i n a
"rooster tail" . ter hi nd t. .ol ling ball,, Over, ti r.eas Of.

conti huous sandelrEiR PSR Hchs iSiingh PRe iyt Al iastiEs Sodline e

| ayi ng surfac i< d i : j J red

gané vigsi ble i ﬁopﬁéyiin%ﬂ%ﬁé?gg@gf?#%@ gar{%, rgﬁlégréc%}‘aﬁ‘ghev%léfr’]a‘ég.l é‘[ﬁi s of

sand are Vi si blgandnagerch eixppeed and forngds stabilizing xposckysafst the andedgingr e

hi ghly abrasive to the skin when players fall or slide on the top surface,
and coul d irri trabberyarticleslayer. nose and nouth when sprayed, inhaled 5 or

i ngested. A further di sadvant age.qQf conventi on infi]ls is that abrasive

sagd parti ci’es remain oh™ elrg?)f gﬁP‘g‘é?é’éa%ﬂs ‘Eeﬁ'zftsj‘l}'?ﬁ‘héﬁ Esengésu‘é&ﬂmg]S’ayer s
on the rface C i : t i icl . Kin
abr asi oflfJ Over %&d, Q%Eleda?c}ﬁ?ﬂe%g;nngqrﬁt félsaﬁ%sy S\T\t/a@]?gwﬂgl\c/elt E%la(tite ?ag?ﬁ%‘cfl%ﬁpcaglgf , | 1

o the smaller spifieppiibldreparticlds dRnshitsd sd tHiendedir & thdolRtrepdliont he
infill layer and |l arger nore abrasive sand particles will rise to the top

surface. The snthroughwunt theadepitl eStheunfille Spwhehe grass inhd, Joi exarhplenomy
| arger particles under the infl ce of vibratio t and grayity, -
Snal | er parti cl CURRSE e e S0 b}bmglgoﬁ»ﬁ K @%é%éﬁ aranulated Pber

| ayer and tgnd to.. mpact t her; sThe.l ar | el es i n at
the top of Phe HPuGe TRy AR G oS irl koSt RRGRhIRESVRRL" o
human skin rel aybyeribBodd @ Sa8MthSf PR'S ifcheg- As a result, over tine the
abrasive nature of the synthetic systemis increased and may result in
particul ar areas of theé higlyiperentageacsahi shpfewageaoimidmite theycostadff i c
bei ng nore abrasive than other areas. Convention ally used hard particles
and resilient paichipistemsSiece rghbesrpasticlesse relativalysexpasiveotompasdeiver

Founded par ti o1 Bb0e ik SERCrmieRRTBRS ber iSSP & YRt G et i
.greater. | nsaddg tnie%lﬁﬁzc} WhER: ﬁleasyff'tﬁ’&icr?a&es@faceqé hbflar? bASSsdPsttdfith f@d the

smal l er particles in the I'nterstices between the larger particles and

i ncrease the degmalel Rubheagiartitles Wirhtosimpetitether fied €low of wemery evtiereasal
- ground rubber are used the rubber particles have irregular surfaces often
with fibrous prthereapildary action tofafheasandapartictdsd digaye surfaes meoisfuae elaversi on.

When the infill is,rajned - . . .
. War%ly adue to the cﬁfferences in surface tension characteristics between

rubber and silica sand.



on or flooded, the au trapped by the |ightweight rubber particles causes
the rubber particles to float. This is undesirable since the rubber may
wash dowweodwgise with the surface water flow, and the fl S&TEHYP1HOAHFRer

separates fromthe heavier sand in the infill mxture thereby leading to
particle segre 5 gation, sand conpaction ahd |oss of the resilience of the
infill. Where sand is used for construction purposes such as road buil ding

or in concrete mxes, it is highly desirable to have a wi de. range of
particle sizes specifically because a mix of small and | arge particles wll
result in small particles filling of the interstices between ]arge
particles, |0 increaseHowever, inabothcthe Haas aed Tommar syytemsnpbrasivenhatfd

.therefore a higher |oad bearing capacity. ere sand.or.granul ar regat es
are used in corsend RATHEIES AFEFGIE A FORX#B?%%?@N%%&&@@&”*&?%Pé@%lg‘a&?ed

and noi sture content i ontr ol r e [ ' [ and
‘density. I—b\A/evevV,erWéﬁcﬁ agagﬁn?ssgﬁg%éﬁ%@’ Ig%ghps)onerklghg%dsgbé% P :E}agﬁa'lllc’%ei |1
15 between the 4 ' ShchRIdIE fal agGwn QFCaRsS keckalndaoin on ihe

hi ghl y undesi r&%ﬁ%&f %H?ieg@ag%rgr?geof c)grrpacti on of sand and contam npation
of the infilsl Iplapingarface.din sudnapplicatiohgdtereds ameadtte proteghpleyeisiiome
resiliency of the infill over time as a result_of us V\hléﬁa@y var%/tl
consi der abl y owkin ghesgymeaise dyytheshard sendae the gramplandn giomsgand,
areas of | ow use. Unifor [}}120 consi st ent raglai | ience, elimnation of

mai nt enance and’P5PBRBRQ & PIAYEID PR Sa NS Tﬂlét nfill axe the goals rather
than high [oad bearingfbr&A¢kfliodfISnAAMNY SAIR! of Gl hAd riBbdrisarticles.
conpacti on and separation of Infi particles 1s to periodically brush the

synthetic grassThEribhérmgagilescard @obfppedsed pamb releasesid wintneni bdll dnts thenmi x
the top surface restoring the 25 original conposition of the infill mxture

as much as ossiurfaee M@ransithiege istepseusthe suntaceodn the cass af spnwenilona) sedes
synthetic ribbons tQ significant, i/vear, %nd i s at best ﬁ ter‘r}t))orgr)f SQl ution
since event ual |jiespd andrivunes parsiclesrpyide somspatural zesilencs; byl e TROUd s hed

regul arly. -6 _The pr r ,choi pagi.mg

ri bbons has al s8 Wb%&%aé)@a?b%&%?%grﬁg%qr?tgﬁ% P%ﬁ%ﬁ%ﬁﬁke{ %ﬁan’gl a&?@%ﬁg?"ai nt
of profes sionglyafih&diBsndes Bk Bk&at syrRetd afHls, dee paitioled egelatively
consistently from c?ensely packed, matted, tightly woven or knitted )
synt heti ¢ spor t dgrarbdénstibénd esgethenusThgribbee pariitlenkave & springdike rapider
artificial grass surfaces were built nmuch |ike indoor car .eh: sur algﬁj W th
very cl osel if spresdigntipebewd rthat itendss tehush didiagent sand %@‘é ShaR fr
resilient underl ay. hes& fiber surfaces were designed to remain upstanding
and avoid matti W@l%“g %rptlﬁ’éﬁe”upon. Therefore to achieve this result, the
fibers were spaced 10 r ; : R€dusl Nefed tdatdrefdw. e
athletic shoes often die%fen t }rléeltrée:g@?%% ggﬁ%& es%gigigjal |y when the foot was
spun on the surfragst fofves eyt teadubtdisiodge ok segregaie thelgasticlesusicksas foant he
ot her hand, where gure sand is used as_a surface, in_equestrian surfaces
for exanple, thmisfalli foeding, the ampaei 9f bewncing dallpqvibsarion gnd ampaey Gom

di spl ily, i 1. h f : d
(Fi br osand 21 m tecermit Poies 2T HaeE £ Grach i L b pRITAYS vEry U™

per cent age by i f rahﬁ%} %ﬁf&h i I r Vst Sink! S0t and
cross-1inking ;Aﬁc’pgpqslggs“éﬁ%iasp cgg e ﬁ%tﬁoéi@ﬁ% rf%?'gg;nsl Sslg?\?/legt o]

di stribute concgafichdse@hbRadball il a?&eirﬁpzﬂﬂs tveige the top _deface fof theiigfitl. of
20 horses hooves, athletic players eet, wheel ed vehicles or inplenents.

US 5, 326, 192 t o Wiieresboc8ybalhetdlkon mlieiitfill surfagenif anyasans padiglesese preasehod

of inproving the appearance and performancg characterj.sri f turf
surface by wor kphthedrpsreEidee pisdmastigles §%ﬁﬁ€€%&’ FH@irlglg ﬁ‘"l?%%yﬁge SBriion
.surface. Gapular infill] j ' : [ | WR&lion. = 25
ri bbons add?gss?‘?rﬁg Oéﬁggm{rﬁgaégggn%ﬁ%]ﬁ%g%m%ﬁ eﬁg&%lg é;@c e}éri?1 ee by
providing a granyl aresyntietinalist 6hid Paltivled Bhnlik edpWhirfadehef s irefildliang
.fibers extending froma fabric backing to better imtate a natural soil,
enbedded roots fiddgmalsspraydtbin ahlroostentail"opattem dichiret dhesrolhing habbe@vien
time, areas of continuous sand spray or ball impact will result in visible

sand on the playing surface. It is considered undesirable to have light



the granular infill, the | oose particles shift and di splace sonmewhat |ike
_7_ natural soil. At the sane tine the upstanding synthetic grass ribbons
enmesh wi M@ Q1/98589%0se particles and the cleats to reduce oRCHEAVKNH22
slipping. Wthout the synthetic ribbons, the |oose particles would be very
difficult to run on much |ike a dry sand wn4t-ural beach surface whereas a
dense mat of 5 fibers would ensnare the cleats preventing rel ease and
possi bly causi ng personal injury. Therefore the conbined structure of

upst andi ng ri bbons and | oose particulate infill nust be bal anced or

optim zed to provide a desirable playing surface. Wen the ribbons are
densel y packed ¢dgedheand mviiblel amtke tsynibgtin graseisuesee mndp espseially twheen
‘the ribbons are spaced toq far apart, adeguate traction.and stability js
not avail abl e. ﬁﬁﬁgﬁ (5&t W%hla’gen V&%@F o S&Fﬁi‘flm‘"ic}fl' S‘flia%@dl?%t gfpﬁﬁqdoﬁé’,d and
risk of injury ' i, ' [ . [ e
‘and repr oduci blél‘a g{ri{elg%ilr %ﬁaéﬂl graggasﬁ%gtr%rg%d&%g @g?g??@ﬁ?f?g@%%tﬁ%@c
grass surfaces QafReahs® cHERINTARNRS YL bad, Hbddardriduth sWHentspidyed inhaldd
rubber only. Rubber particles are relatively light, and shredded particles
have fi brouss suofiagestedhat trap air bubbles. As a result when flooded, the

rubber particles of sone conveni.i ocg,al installations hav fI_oa%ed gn t he
surface of water drai nithgusther (digadvianiage: ol copyemionag) ng Us ir gk abmasive

particles drain_a r,are displ resutting 40 argas of the hetic
G ass wh ch' havetHaBees et B e alttabd, O b7 SpRferpli Fuf VAR
thickness and 1ggild 8ifFccAmhSSond 't EMthACHitRte rs&ﬁ&'#)hrtidleé Biptiichge aRth
liability fox the owner of the athletic field. Despite several different
rubber and sandabraiohl Oo®Pptisd,iduwestoathd BAmainibebf svateg twibestionnatdempadtpr
art, several significant di sadvantages remain as noted above. ]

Di scl osure HF tthe smaltertsand particles veill igngl de setdle toneard the dottormotthe wdilk o

id infil]l th il tain it ies.th hout i t hout
Clibst ant | a1 SeqlRGHPRGHAEReT ORI ERIO oo Rie| WiILASS o e doP R
requirement forrp réwr‘—}’-"lr]%}gelﬁir?]ﬁéleb”& e AW 6E thd Lidids %eﬁb‘éénh‘f‘a{rg?}ljlr gCt

of the invention to en e resilience and reducé thé abrasive n

of conventi onal pgtiaidhaider fiié idfBudnick lofRebratien] Wath awid &asitpf Smifllerypattiet i c
grass ribbons ile enabling the cleats of athletic shoes to prgg[)e;(f/
rel ease wi t hout cleercournulats lat dhe ilonver portich of ai granulannnfilrlape, teafd tche

invention to elimnate the sprayi.ng of sand particles and undesirabl e
visible sant orcameastipgethes, Ik dareorsand H%?quotﬁn}ﬁlw das top e granu-

o ovide & Surf ab IORRATS e At Ry P bRRLE B RS HRARE SR bR Y 0 c”

vear resi stanceghll&phrtielesC grass. 15 Although the description uses an
I

athletic playing fiel'd as an exanple, the invention is equally applicable
to any area suitabl e f&s gresdt,oveetinsuthe awsativgmaturafdfithe Isgniistiapgstear eas,
road and hi ghway nedi ans, i ndoor gardens or golf greens, and equestrian
surf aces. is increased and may resilt in particular areas of the playing surface which
20 experience heavy traffic being more abrasive than other areas. Convention-
ally used hard particles and resilient particles have angular surfaces. It has
been found however that angular particles tend to compact together more
than spherical or rounded particles since the friction between sharp angular
surfaces is greater. In addition, where a wide range of particle sizes is used,
25  the smaller particles fill in the interstices between the larger particles and
increase the degree of compaction.
When shredded rubber, or conventional ground rubber are used
the rubber particles have irregular surfaces often with fibrous protrusions

that trap air and hold water with surface tension. When the infill is rained



The grass assenbly includes a pile fabric wwth a flexible sheet 20 backi ng
and rows of upstanding synthetic ribbons representing grass bl ades,

ext endi ngWOPAEBEYY from an upper surface of the backing. AGCHCARMLPIS | | |

| ayer of two graded courses of particulate material is disposed
interstitially between the upstanding ribb®ns upon the upper surface of the
backi ng and at a depth less than the |l ength of the ribbons. 25 The ribbons
are tufted through the water perneable fabric backing and have intermttent
| ongitudinal slits in a predeterm ned pattern. During installation of the

infill, the ribbons are brushed lightly to return the ribbons to an

upst andi ng posiati ehflopdedy tha aimirepred by thet igltweaght: jubber particles cagses theul t s
‘fromthe conpressjon of. ribbo ue to.rolling.qf the tuft fabric for
Shi bpi ng. and soDPagoPSricles HaDehe RS 15 Pger T M Jhabithsb v fePnc
wi de with sever f i i ) iy I i

1 de i th severd QS i SARRESSaiowIhN e FRBihy Db nllg
form ng | at er alfrym! thekedviet sand sn tHeSinBislemixtiretHepdty kAR teChdticle hi ng
the surrounding particulate infill. Once all the infill is installed, the
upper portién gatiohesaridbompadicreant logs abtheeresiliencebif the indiler are brushed

aggressively. The ribbgns are longitudinally split by the brushing action
along the slits into sdVBeml sandiihieredl 191 SONSTYGIAT PUEPFSERdsUcH! 2R Xasdnner

wi dth resem | 0 ,bl.ix rass bl ades.The.i.nyention re ni.ses that the
granul ar i 1o g5 AR Gere@ERiraioil S el Haurb R 4 3ide tptiee of
resilient parti s &l : i i i i ;
properties underfrﬂa h—?ﬂgoél‘%% E‘éﬁg%’sf’ﬁ@f %%v&b%ﬁlﬁl@%&%@ﬁg@& gscﬁl%/li ty,
surface mai nt enasge iangnakt gianeclepfdtingi dfatheointerbicdh detwweanlarge particles,

acconmpodat es such dynam c activity in a nunber of ways. The top surface is
kept subst dfit i dhergaseshinter-particls eoptactp superiarisenpgeiion aridethesgforoahighert
relatively Iarﬂe(g rticles, pref bly substanti all I%ré%er t han t hose
particles in t HEadaRaesing SHRACIANY NershRT o RPTHUPY (ASREL AP AL up
to the top surf -di.spl i il be
abl e to percol ac{%glgtl{‘ﬂ?é%éﬁﬁ@%@gf’g@%@@é@ﬁbﬁ ﬁtg?% S{r;"‘lgg‘?&’f%)g dSAEIl Fi ﬁggéﬁﬁ%
particles, dowpynishtRaebntrelldd® prodhoshaitham sBilesmpRGidiandgifsayof water,
vibration and gravity. A bottom'course of sand and rubber m xed together is
provi ded beneath the phicevewsnpeheteogandasnsedfasra acisipphentadf a essiliérdninb]l

noi sture drai ngge and as .a ballast, for stabilisation of the fabric backing.
25 The par tlicl @ewagkdhe intersiisss sfisyatheficsiass. eeseiye compastipn e highlyt i cl e
contact frictiaqn,,.LNBHAve, dr ai ha apd prevent 0 {on.., The sphegj.cal
chape reduces AdesPRE: % B HaRE P foBRRYTR of SARAAN FlapURuRRLEES ( e
degree of COMPafHIYY ﬁm%%ﬂt&dﬁﬁvmﬁ'teﬁﬁﬂwﬁ@&%ﬁéng‘é@% ithd Fe%iliéd%yf[cﬁf s
of the Krunbein sphéricity standard, known to those -10 skilled”in the
art, the parti che isfilpeer ginee bs aaedut ofmdehwhichngeyofar) considefabBo obet the

preferably in the range between 0.6 and 0.9 being well rounded or .
subst anti al | 'y Spynthatiegrassrsirfans, fromy aveay ofchighdiseitpareasroflow nse: dUsHeamand

ilient rybber 5. particles in.the hott h to b
subst ant i iy i<OBREICAITeeRe PIRREHon, o MY aRsF AL PRALDIE DA

limted for sp 1 l,a¥1 t : 14- 30
screen mesh st anng ] inGHHIELc B BKl: 1R IAAERRN10a] Ead Mot T dos
surfaces, the size of Thetésventional salogen fto abe Cdmpatidasaid sbphraioeest mesh
standard. Larger Farti_cl es may be 10 used for equestrian applications up to
about 0. 25 i nchséllpaticlesde t¢ peyedigally biresh theesyndhetihgeass.v ESmshing Gereast

w th human ski icles smaller thaag sh standard t.end,to

. P 50
create dust angonlé‘%g_ &R CPH‘H?HFF@SW %%%é&?glﬁeﬁ?%&& e.rrggtgngg_ thst er
- percol ati onsang,j eﬁlgféé@glﬁﬁ?iégg@f tHs fhlp%@&ﬂey%p%r b@%o§ﬂhfea23§5%flnﬁlges of

this size range a as fedium 15 sand, coarse“san _ _ _
gravel sized pdnéreateddstheByost Dftaiiatinante, Yexpdeey sp@hetie ribdods 36 ighaficat |t
+is meant that when the bottominfill layer is analysed through conventional
soi | | abor at or ywedreund anat hestsy temmpbrgryagdlirtiah Isynqer eauadly the conveatidaald

si eve anal ysis sem -1 oga
Y ingﬁl compgacts again and must be brushed regularly.




rithmc graph (y-axis show ng 0-100 percent passing the sieve size or 20
smal | er by weight and x-axis showi ng sieve/particle size |logarithmcally)
the |ine WOOIPAFY particles and the line for resilient parR¢EAG/QHHR

i deal Iy superinposed on each other to a substantial extent. Therefore the
hard and resilient particles have substantbally equal particle sizes and
the distribution of sizes is substantially the sane. 25 The standard sieve
anal ysi s graphs are by nature an inprecise "rough and ready" neasure, since
natural soils vary considerably over the surface of a building site for

exanpl e. The sieve anal ysis graphs generally do not showthe | est. 10%
and the smallest 10% ofﬁ’ﬁaﬁ’r E’fgh%ngleSQ?ﬁB li%Q%“é?WFmaﬁrlg&g%sh%red

'statistically ipsianific he u - I8k ' il
stattstically gk bl be iSERuHS btn the lor RRBIRCRE pRbREL
are consi dered yheq) 8HASLE BUhaPiclealPdnl Sh&esS daChol Reldadt RYAsitBALlY Sfrém
Applying this practice to the invention, nunerically or scientifi 5 cally

defined, where ddmepapacked; siatted, tghfig¥wioyeneoykmnittdd Banthetindspaatigrassent
granules in the bottomcourse are distributed in _a_range spanning a
nuneri cal diSf f efugces.ofausing knee wndearikle inpuiasd, Older paificial| grags surfaces

Since the sand Hd Patber ey e e st iR Hih T ifasel BREY ¢ o
f d that i i _
P e o (B RERR G oflif] SRR, BEyEY Bk SHSNEMERE EteRsy o

spherical nmanu Thgkuilest wirfisss headldesibadditdeerraia upstmidispbndabdie @agng
approaching zero. . However since sand is a naturally occurring substance

created from t hwhen steppad alponoTherefore tpaachiaviecthid resultj ther filbars iware spaced
sphericity vary 15 caqnsi derabl%. %nurreri&tal differeg e of 20 crgggnrresh
standard e rexiramely clossogrther Howeven e slgefsionrmathietigebaes oitep digbneto,

equestrian surf r._be t | ayi f for
vampl e, 1'n' pr dbtirse DroREabcrll Bk b8 Fodl Hef bl Bt doree, REfby,
usual |y sand t hakyjiigfia4ael-RdankR Mididsy Segregated deposit and/or has
been 20 nechanically graded to suit Vvarious conmon construction uses, such

as for use in concrete Onxhs ather handibedeeonaire wandors. uskide aslensordfaégrinsand
to be used for artificial grass installation is relatjvely | ow and

t her ef or e i f admsgtamwrf@es ﬁ@r exapple; #ha ﬁriw Eg@laléwebf Iﬂgﬁ&hl@pmbmld ]
Someunat . 28" whatties dimlgee tesine 2puBbie SaPBhabd, (S Belenb 3 BTG
|ocation, it iSpphg Sr(ﬁ%r%safr@ Eﬁﬁit&‘_g)?@ W(Fesaﬁﬁﬁ&@x%|@f§ with 5‘??Q'ti'v¥lty

a Ite. e matter

avai l abl e near to the installation t 1sarelatrvely sinp

when pur chasi ngsmal$ Ebf&ntagaaiy welght of atrajpht ishithetie fibess tamiomlpatistributedsi ze
di stribution such that it is within the ranges di scussed above and
superi nposed orandhéronsainking in a-loese displaceable ingfwodki zelhti fibersheenvento

Resi | i ent ticl t b d d hi d.f .
manuf act ur | ng. (SR SRBSFRIHIEN oty dofd bt et parleBh coapt e Peight of
G5t r1buti a8 el RSP AL RS ek hATEN EhRTo o] InBIRe LS <1 ¢

particles is refappMoObytd PrécdofSyafiagict adudiie] TaE. Nl prévfidey adhethodhef si ze
distribution of the sand particles to match the resilient particles. By

manuf act uri ng timgprogkig thenappearanice land perforatanice toherasieristids stfral tunfisurdaceof

the readily avail able sand at the_insfallation site, the hottom|ayer of
infill with ni W@ﬁh@&d@fﬁ%ﬂwhﬁ%@%?ngﬂ%ﬁb@éﬁ}ah theozk urfaGeed si zes 10

of the particle mxtur Sl BB oo XaRTHRE AR o'sRaRE B ' o
-resilient partighiesnsIgA8reat liMe disadvantages of the above systems to a degree by
providing a granular synthetic surface intermingled with the upstanding
fibers extending from a fabric backing to better imitate a natural soil,
embedded roots and grass. When the cleats on an athlete's shoe embed in

the granular infill, the loose particles shift and displace somewhat like



have significantly Larger particles than the avail abl e graded sand. As a
result the lighter larger resilient particles mgrate upwardly and the
heavi er 1WOH85#r hard sand particles migrate downwardl y BAHEAOL$E22

conbi ned i nfluence of gravity, vibration, rainfall and downwardly

percol ating water. Segregation of differengl.y sized particles |eads to |oss
of optimum conpac tion and uneven traction in conventional mxed infill

| ayers. It has been found by the inventor that the separation of hard and
20 resilient particles in the m xed bottom|ayer can be prevented or
substan tially reduced by ( 1 ) selecting hard and resilient particles of
equal or . subsnanralasoil. Adethei sathestime thes tupstanding synthedis| grass nigbbons

rtelatively narrow range.of particle size nd, { 3), chqosin enerally.
spheri cal ~ part i €imae ‘é(ﬂ)té‘stLP ?Osl?df%tlﬁlzﬁénaﬁge P@gﬁ) ﬁ%ﬁ?ﬁ%%??p VERt shipping.
mnimal variati i j -S| ] r ] I IRE re
‘are no rel ati Ve%t%o%ﬁﬁ%%&%tgﬁlfgﬁggﬁggﬂé ?‘?‘?S%pﬁagﬁ?lﬁg %@ﬁygg"nﬁo@tﬁw eh lfgor ger
particles when gllopatddiclirs adir§ sahd saRshRBEAGH SutfREURhe®hs @ deliRe maher i cal
shapes reduce resistance to inter-particle displacenment and reduce the

t endency of 5adjfibemst wpald ieabrese tthe | dedds tmgetiing releasel and Tpessiblpr ¢dusatiged

grass-like synthetic ribbons at the top surface tend to retain the
relatively Iarg@rﬁ@i}ﬁlrlm-r particles in a |loose net-like flexible

structure. The | oose crj,ss-crossed net of fibrillated f.ibr al so ,al | ows
di sl odged rubber parti I}gef{%Be r“I?ané}BEEPm‘B %8*33%3?‘5‘9%3’%%‘6 WﬁB@?G
course when fo fLenp 0 ap ik het kC.: rLipbons.
The. combi nat | orbroRlR HANPARSC KRl IRLAER, B DoV ARl

ri bbons gives t}ﬂaﬁidgoiﬂrﬁué. f WRlenhe aibtdingraab desdly packed eogether, shetheaty ¢

ri bbons between the fabric backing and the top course provide a degree of
resi stance 0o peannit reledie prepsipnbuti whehethei Kbblon) atoispasade toer far bpart,

form ng an open pet or lattice structure of vertical oriented_ strand
aterally crosdegueiitragten qad saltyris a0t atabigd Pl TR et ipae

Phe. sand cont errtgeidragt BRBNtaroRE AREE Gt to bty HAREA hBRghly >
wei ght for_bal lasy Apgdiehitaaio s rel;s&t%ﬁigteiby@an?ﬁcﬂbi éféi_rsé’ Pépfbhﬁanééisof

the sand. The relatively thin top course is in inediale contact with
the athlete' s hedwiretas a high resilience where physical contact occurs and
results in | ow skin abrasion due to the exclusive_use of rubber._ The sand
content in ¥he mixed botméhsticograse syriaeesdave Alsn beensoghiruetsd iwith gl

grass 20 in plag n 0 i okl raj,n the surface. al nage, i s ecially
necessary wher esuﬁ’ﬁ%ngajlé'_ogurP%Qy%ﬂy?Bg@?ﬁrﬁﬁlﬁs 2Ly Eeﬁ){’ti“éfﬁy g’fgh& aﬂﬁfﬁﬂe ar se
m xture for i MAQYBRfiE BARCHBRYS TR D afObELYLS TRY §Sresiil Syhen
resilient particleS in the mxed course also provide subsurface resiliency
in addition to fibeddd)phes ruibee partided ofsuine ponvérdrmabinstdltionp haay dloatetb The
choice of hard and resilient particles of substantially equal size

di stribution substheshehty of svatee draivimgaetl the syntheticigrass surecani Rubheihce
requi rements. The .t ur e rubber t course will. al ways. renai .

subst ant i ally RaEtClsE EainEwRIoR e dieli tsulinginarrey o be Synthetig @ty pe
di spl aced from ' ] r th : y
R a0ttt SRR S ARkt 1S 15K DE6RISm S RN SndY
or practice seskilienodabrdss thdSurfaieecairepelt id $njariey end liabiity Y6t the Gwner

di sturbed by this action. However the size of sand particles is chosen to
be small er tharofithe athleticffeld.esilient particles in the top course. The

R T S AT R A SR A
o L A TR G i o T R

| ayer and m xedysta@dpa®s rubber in the |lower |ayer produces a resilient
~surface at

D,




10 | ower cost and | ower thickness than conventional nethods such as
described in US 4,337,283 to Haas and US 4, 396,6S3 to Tomarin. The prior
art infil WOews8h8 with | arge and snall particles tend to ch@p€ant/eny22
consolidate into a nore firmconpacted surface. The invention nmaintains its
resilience even when used in thin |layers signce the top layer is of pure 15
rubber granules and the m xed | ower course does not tend to separate or
conpact. Thus a nore predictable long termresiliency is created. The
synthetic ribbons can be manufactured and tufted to the fabric backing. It
is preferred to slit the ribbons with relatively short longitudinal slits
spaced apart acDisclosure ofitlie invéntiose ri bbons. Then after 20 installation of
the infill the upper portion of the synthetic ribbons are fibrillated,

split or frayed verti catlyaPobjebt 6f Y présent iSeR¥idh tb PeoVids balihH thavware
with a brush. The ribbons when manufactured have a longitudinally oriented
'structure and tretaiaf dsepeopgritess itimeupghosthiusg withooth snbstahtial epgiegafianeot ends
to tear or split the ribbons into thinner grass-like strands hy 25

ext endi ng t he s¢ompactigypt thei inkill and withs rednsad sequirpmetdor penodiwubiushy ass

| i ke strands. Wer i bbons are brushed and split on site by brushing, the
upper portions E@‘ﬁ”@eﬁpgﬁg%s are frayed or split into thin grass-like
strands whereas the | owels PRRHHASHiEEBRIHL jichfibn 80 EnRife e Haflishécehtded

open into -15 an expand , N or lattrce struc , to a greater

extent than whepdube thé BbRsiveetfuteof cahventionhl EﬂmiquOinﬁﬂg filtiakithe -intdr-
direct benefit of this lattice , structure is the stabilisation of the

particul at e i nf$tidesbgf thet synthetié gyasshabpens wdilesennblingethet ¢leats i ¢fr athleticed
grass-1like strands and w tB% n.the eﬁg)anded 5 b-%i ke fibre structure. The
 ower web-1ike %H-}etsitﬁﬂi’r%?"é Telease Wikiout seTipys g8k of H¥UDhper grass- i ke

ortion allgws for clesaf: ti a'gﬁlr aLq i and
grai nage, adds a sli ghf[ t ﬁgﬁ@é&rdebglgﬁ ?gqhggﬁf%l f%%ﬂ‘%‘m&{%@? %%ﬂég}dgo Qt_.e
strands, and capiiaestiblRe ahaugdedifilb vRI1cRARE bAlBE 1M1l biddadQp course in a
grass-like net structure. 10 On-site fibrillation of the fibres also

pernmits a nore dense t dFhes imvfentionc pusridege aohogelasgnthetie gtasandsemblye for
relatively wide ribbons with short sljt perforations as initially installed
can be spaced ainstallationgrra sypnerting sed substrate e pravide psttiage thaticombines pe

installed betwegn the rib S._\Vhen .t infill has been fully install ed,
he. br ushi ng. of TeroKidpd oL pLRENT BHowub the s fesisinien phevnthRie deses
grass-1like ra tn b i g0 e t

Qover the t5p Surpobli thé desorbicel sk ABHIRS Pyl MR AT arf o, Be
criss-crossed finvehtibatiedqedltyanpslicabid @ any eed suigehlé dor grisk sovebbgdr as
granul es while allow ng cleat penetration and permtting water to drain

t hr ough. The sphigh trafifisdasdscdped ereasy rogdand highway tmedians; anéporgpadens ehe 20
visible surface at. a | ower_cost. .In aga{)l i cations not oriented to sports

uses, such as i#° %%@Eaﬁ?qlﬁq‘lﬁsu_lf’ébﬂ{r 4%e applications, less dense fibre
distributions can be usgd gfaﬁk”ats’fé}g‘)lggien*c%s &iaglte FaBkict ﬁh%‘%x%l%”ﬁn',gh‘ér/t her

apparent coverage as convefitiona y spaced synthetiC grasses.

details of idhe bavkeng add réwd of upstadd t%@ﬂ@eﬁ/&ﬂﬂbbé}ﬁx@ RRbRfAg Erepbldtes, 25
detail ed description and draw ngs [ n?:gu ed bel ow. B 16 Brgigl; _Description
of the Drawi ngsextendimgaegpwardhy fiohe anmppet isorfacmpf e bacldingy Aindéqust wdd] one

W threfer ance. et AE tReBAs ﬁ%ie%%%@?&ﬁSﬁééﬁfafoéf’cﬁféwfc@iﬁqfrgﬁiﬁf? e
chowi ng the 11 o ten Re BV BRAR BT A b DBl s APRBE Y

layer built up 9fa deptRReszaUsS thefenbfH & thé&ibbdndr ge resilient rubber
-granul es and a bottom course of m Xed hard sand and resilient rubber

granul es of25 denti cal <sHw Iribbopar tiec [tefted zthrdugti rtheutwater, pkdmEalgar alkid s a
simlar cross-section showing the final configura tion of the grass-like

_strands sl i ght | Yacking eéadave missmittenirlongijudingl slits 3o of predetsrmisiidhpattgn.
further fibrillate the ends of ~the. rd - Fi 3 i ' f
Syntheti ¢ 11 bt EoEasEated pERRG IR IRE Bpobud Bt tishea RehllY Fo b fth e S i

perforations; ribbons to an upstanding position, from an initially matted position that




15 Figure 4 is a side view of a synthetic ribbon at the | ower end tw sted
prior to tufting into the fabric backing and at the upper end laterally
stret chedW®0w§¥al t he web-1i ke grass-bl ade structure thaPCF€401/4492Y from
the lateral stretching and |ongitudinal extension of the slits; Figure 5 is
a table show ng the graphical depiction of9particle 20 size distribution
resulting fromstandard sieve analysis of infill courses; and Figure 6 is a
tabl e showi ng a visual representation of particles graded on the Krunbein
sphericity scale. Mdde for Carrying Qut the Invention Wth reference to
Figure 1, the invention relates to a synthetic 25 grass assenbly consisting
of a pile fabriztesults fram thecoiipressyen obfribbens iduel tat rollieg toérthe\m%td ifabric

installed on a supporting soil subsirate to provjde a gane playi surf ace.
117 The pile f ol VOPRBE fadsstarage alics menHaghivs s HEbans iy BOaPa 9RS ude
two or nore |ay [ 1eGg:0 0 Al G Y [ | Iy
‘stabl e netting ﬁx{gﬁp\%dveg\ﬁﬁﬂssﬁé‘[\égﬁé\ggo u?lltsng&f)%&% g?‘fltgﬁ Eﬁ% h%ggsﬁ%ﬁrgdi ng

upwar dl y from apndpR8r ofeH hakved! péitonbaf thdGibbons #hd RkEMAOHERET ofén
upstandi ng synthetic ribbons 2. As indicated in Figure 1, the ribbons 2 are
tufted throuwgh fdrmihgdderadlylinedstandpdisposed imaattive struitatcaauacshingtheof a
length L. The length 'L' of fibres is selected depending upon the total
depth {5 plus eyursgunding |pardewlatenhanfgdsOnsg aldsthei wide ivfinstaled.oths apper

synthetic grass_assenbly. 1O Di spgsed interstiti.a bet ween t he, upst andi ng
ri bbons 2 upon P?é‘oﬁp%fle%es%&?%e&g?n‘%ﬁg 35?83 ﬁithﬁ nlﬁiléia&q{ ‘?lﬁﬁ?rluﬁﬁ?dﬁ %8 of
particul ate mat{: I ORd: lall]gwber
of commonly ava%llgglgl' e %ar?%jrotglrsgrl:%?(;ergglgﬁicl:ﬂ&fﬂgys:gﬁgalﬁggéﬁ%?g&glggir%%g%&%i I ca
sand; gravel; sélag;in@ sevetaigdividuas tfiee-staiding gtinfidys obaabifnef Redite Seddent
granul es may be’ 15 selected from cryogenically ground rubber; rubber;
cork; pol ynHr belegsgrasgblddesi c pol ymer foam styrene; perlite, neoprene,

ground tires, and EPDM_tubber. The infil]l layer 3 is de .of top,
course 6 and a bottom rhBEeiVEHLPR degogises ﬁh%e@eb&%@cgﬁiﬁésg yngpic

interm xed hard .an Al Lubber The .mx is
sel ected on thes%gegﬁso%g:logbﬁp%sﬁf Eﬁ&]‘g?g@%ﬁ;hﬁ@g‘?ﬂlﬁﬁ fPé‘thﬂE ng k?ifgmg?{eﬂﬁ?%
granul es and regid ARl dgfferRHt ?ﬁgﬁeaﬁ P%ﬁérﬁékb%hé&t e irﬁldéﬂl%@téicﬁh?e?&daﬂ@nge
in size between 0.5 inches an O screen mesh standard. Preferably the
range of parti cvibratiorefronsplayractietty; surdaei wasmnendnce antliweather piccipitatiohat
fill the interstices between larger 25 particles and encourage conpacti ng.
The preferrkd rihginventioaageemmordatessush dynanue apitvity 5t anumber ob&Rysdi ng on
the application, the r e of rticle sizes ﬁ?r:uthe Lxed course can be
limted to between 10-30™ !DB-S9page ISkenfsubppually sad UPG NMES BUeJUPbER oq
to suit design : : - I o ul es
i s substanti al |€ﬁ§‘§}§?‘?‘g3ﬁ°“gﬁ Oﬁg? pﬁlnvge&}( alflgggs 9%1%1‘%52 Igﬂr%?eor?% tShﬁ;a?%lwer

di scour age conpkegérothanntosepartichg. inAthesbattemi layéhe\ gy apiallet shdpagidles a
standard screen sieve analysis is depicted with a vertical axis [inear

scal e of "per cethat pjgwis ghto thewpsuntpce Keom ithe displacement aglionphelertsaviil

" t | 1 ep" d t.he hori t al | S, bei | i t hm | how

port cle artl or tiendeatif Jo bore o, Bashiehitng Soufi feeit ehe diels Whandare
Lt vel gy . . . 9t

G res | dval 1y PiiEofes: b aR bRE {d ootk Bofhsf BB R AGRLS BELRIS, ©

the line for rubbestidipand glavityl Acbstisrdobtseldr dah@andrabbéetemixapdogather Woul d

be shown superinposed on each ot her. However, as an exanple, the 10-30
range nent i onedpwivodes ibsngathptliec plitey rubber top course for additional resilience,
moisture drainage and as a ballast for stabilisation of the fabric backing.

25 The particle shapes are substantially spherical to reduce inter-
particle contact friction, improve drainage and prevent compaction. The
spherical shape reduces resistance to particle displacement and therefore
reduces the degree of compaction compared to conventional angular

particles. In terms of the Krumbein sphericity standard, known to those



illustrated as a shaded zone within which any Iine will neet the require
ments of this particle size restriction. The top course 6 is substantially
excl usi veMO @98789%si | i ent rubber 15 granul es. An upper portPGHCAIHI2Zhe
synthetic ribbons 2 extends upwardly froma top surface 8 of the top course
6. The resulting artificial grass surface p@n be adapted for several indoor
and outdoor uses, such as: athletic playing fields; horse racing fields,

pl aygrounds, | andscaped areas, and recreational areas. 20 In order to
deposit dual |ayers, brushes pass over the backing with a m xed sand and
rubber material many tinmes to ensure that the ribbons are upstandi ng when
embedded in theskilled fin thendrtnthte parbicker shegesiattebroadly imtlid tangarad @.5 t6 O:Qher
slightly expand the rjbbons to open the slits and produce a lattic
structure that BwbBrafe tlﬂet%Pn\‘ﬁnlgP t?ﬁt@’\?%t(?-ﬁga@(g)&g’iew el rewndede REnt

of the infill parnticles after. installation. After the m xed |ower infill
'layer is laid as%l{%asr{t@[yi %ﬁlfgf}%lpre Dubber particulate material is placed as
a resilient top layer. g geRR¥ kideNgishButRM fcﬁyl%rdasaﬁﬂrmﬁésiﬁ@ﬂ’t Rpbesed

and thereafter the surface Is brushed to raise the nap of the pile fabric
and positiomnst hﬁarticleslﬁl thid bbiom 2ounrse aarg vhesertltd Ybeu pitbsyhuitiglbs idénvicap e or
to depositing the top course 6. After spreading each |ayer, it is necessary

to brush the sueddcethencendaprderably pasidasizes ane lipdiednirnspgtsspr iagdetie
shown in the draw ngs. I.t e prefe that after jnstall.ation of the
Cop course 6, 1 ALYBEGehar e atig et IR0y romaneth skbdbs B +&orinenor
fibrillated by r L J e I: I S
operation spli tggttgh@ﬁﬁglg\égg éﬁ???ﬁ’@%%ﬁ ag%?%‘;géés?ﬁge \gtl%é;r?gs& m(?l ?)rr;{

over the top suidmediéin O.FEndRRUOSU streeh Wedh Rtdidatdie Lat @hionsticlel nay be
relatively w de such as one inch and the on-site brushing operation further
splits the t0 bbussl fpeaquesttidve applicatidn® prigi shatit "R yinghds but thesy ldnganer

grass-like strands of a thinner width as ill|lustrated., The upper ends, of the
ri bbons 2 are bEIAHES arpieo 9br@§w&fgr 9011@%%3‘1@@% nome'?‘?ﬁgsr%lﬂeartb%es

i hods. i he fibrill d i ,
"nter| ocks the PRiBGTRema Rt Bl el Wi AR Fomp ER] (S RhBERERI,
sinmul ates the appeAR&RGe RIduBad Yall o' #aRr piGoldfion! Aid lpaRG&E Rpdsddmart a

slight resilience Since'they are slightly raised or fluffed and nore

accurately si nuNatgallheccesilg soit paticlasadfithisl sigy aapevwie cldsaified, asinedium
pl ay, bounce on the conpleted surface. The bent over ends as well hide the
rubber crunbs ofandieoarsp send s fmergraviehsized partclgst he crunb particles in

| ace and all ow a novenent, qf dislodged.crunbs C. nd.forth bet yween

Ito he top course 6 and uglé? S‘&S&@t@bg’tlﬁ ntﬂ‘f%ﬁ?ﬂ?éﬁ%ﬂﬁﬁ%%’é @?a‘%ﬁhﬁtp‘fvﬁ%fi ng
fibrillati L . ; ' ' ted

and vt er mor o SRy IR if pER frobdiE SoniRREl JT RIRub, SE6E°

away through thendl9sis oand grphicdlly pleseritet ions standagd sidee anabBisséemmiclogae of
multiple grass-like 25 strands fibrillated on site and an expanded web-I|ike
| ower st ruct ur eritlehic grapdt 4yaxas Ishowing K100 qeregmapassing ¢he wievesizgniotal | y

expanded into a wep lattice,due to interaction with the infill as it_i
deposi ted. " bosHalIFmDY SR Sad Frasth e Setpagicl sias bagor BRpicaltys

]P.Ol yethylene, nylof),angd, Rl.3§ Yattictes Hnl e ]Itutfé ¢ ?%li&l&' %a%icﬁjéshar%f ideally
ibrillated strands produces "a nore natura - appear ance an auses

a ball to roll kfpeRiniposedrsieeact aillef toranBitapigMedtny ThereligrethS haidag® of
the fibers to the ball during play. Modification of the ribbon w dth and

density in the gesdsntparticlas baversubstyntidily dapial padidle sizes madabe distadbuten 5
The ri bbons, when initial I%/ tufted to the fabric backing, may be of a width
in the range of ofisizes ifcnbstantia yWhesAmehri | | ated the individual grasslilce

e Exprdbeed i n ter e SeBHatdTNg YR Relhil A, ol B GRRBES ) "
5000 Denier, and,dag 4o fés'a ss?eisueé,%ngggﬁm@n@?yr@aﬁm&&l rcﬁfe?rtgé)' y

from45 to 200 mcfons (fit t has been t hrough experinent an
experi ence that stffscesof e taldisgajte fof ekanpleg The wiewe amlysiesgrhplengergaliyl es
significantly affects the turf performance characteristics. It has al so
been found that derwtshawi the ereest pididnandridersmraliest 190 &f pastisleiiresosineaf | |

esenbl y. " The nile SHFeRERS TEcHISHRTEY ClYSraRe 18righitreRt e ThoPsdufi3!




inches and 50 U. S. screen nmesh standard, however preferably a narrower
range of 14-30 avoids the risk of conpaction. Hard granules |arger than 14
screen neWO Y9%i%ard can be perceived as sonewhat abrasi vePGI/CASEYE2Hf 20
the athletic surface if direct contact is made. However, since the fibres
above the top surface tend to arch over antlshield the user fromdirect
contact with an arched resilient fibrous matting of synthetic fibres,
somewhat | arger particles can be used w thout perceiving the particles as
abrasive. Particles smaller than 50 screen nesh standard will tend to

i npede 25 the percgolati on Olf wat er and ,ﬂletr' ment al IK.aff&:t he_dr aj e
charact eri sti csVyration: i sefl partiglespizes-i hhergtorecpavyntigralty. only dhe middlyy

climates, use o lLer.. ticle S] ' ' tj mal
ol sture’ cont ent? Topt SRHFEF 4rE Ehslted Salth bifintad Roll bRARIL o5 15
resilient partighkgsahslysk. as 14 screen mesh standard) may be used where
'skin contact with the WO 01/ 98a89 -21 surface and potential abrasion
fromthe nature of the Applyingtles@rpetidced. therialentadn, ynirherieahdor scieatified
and graded to renpve substantially all the fine particles bel ow size 50
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equi val ents of ldeetiehgitinprefeably idwst whatevéd acceptabbelsand is readily available

near to the installation site. It is a relatively simple matter when purchasing
resilient particles to specify the resilient particle size distribution such that it

is within the ranges discussed above and superimposed on the measured



-23 CLAIM5 1. A synthetic grass assenbly for installation on a supporting
substrate, the assenbly conprising: a pile fabric with a flexible sheet
backi ng aW® H/98589ral ity of 5 upstanding synthetic ribbons BFT/GAGI08E ed

| ength, the ribbons extending upwardly from an upper surface of the
backing; an infill layer of particulate mat2sial disposed interstitially
bet ween the upstandi ng ri bbons upon the upper surface of the backing and of
a depth less than the length of the ribbons, the particulate material 10
selected fromthe group consisting of hard; and resilient granules; the
infill layer conprises: a bottomcourse of interm xed hard and resilient
granul es of subsandrparticleysizeldistiibutions Resiliting pertisdes prst be poecsssedy goorndche
top surface of the backing; and 15.a,to our.se substantjally exclusively
of "rosi | Lent gr SLPBEPER R ISRt HETS G RO Rt Wheshe R aRIaIdh o
the synthetic rj. end] uawar.dl:y .

‘course. 2. A syén1 %D;B 8%?32@& glgaéré r;?g%tc%%élgfﬁ]%c@gﬁlg gsi]lfe%‘?xﬁét%%%ﬁﬁwﬁtﬁga
resilient granupggicldsizbelistPibutiol hching thelseficlehde didribegb bEthe SR Ul es
in 20 the bottom course. 3 A synthetic grass assenbly according to claiml
or 2 wher ei 5 t hparhiated igrzhativedy doet campiredrip theaaltdrastiver of lgradiogt then sszair se
are of shape defined in the range of 0.5 to 0.99 on_.the Krunbein scal e of

sphericity. 4. distihutioa elcthgsand pagidensioymaicadheremaliens RATEPISS3 wherein the
hard 25 | d i lient | i n.t bot in.th

R 25 oranul oo and, o Ut SLANRS nbg BB SRR B,

according to anibfllﬂ'iﬁh oF titd ?éard?lg]a\;a?laﬂle%ﬁﬂedt Hhd 'i}?sltélfa?tidﬂ St tHE Bﬂﬂbﬁslragglﬁer _

sel ected fromthe group consisting of cryogenically ground rubber:

cork; polynmer befisfill svith meixed Janlyundr ribbempagtiolesof;eqnalll i distriboedpsiees,

and EPDM rubber.. 5 6. A synthetic grass assenbly according to any_ one_of

claims 1 tol® wwdleesult nethmbm@tmfgﬂlggﬁaamlxw@meéoseﬁﬂmm ansesqpaaijon of
silica sand; gravel; slag; granul ated

consi sting of sand; hard aggregate;.
plastic; and poﬁ&?r%‘lm%@arﬁ . PF.‘%ﬁeE‘S}ﬁ?heti c grass assenbly according to

anyone of clains 1 to .1 ej i: ial .of the infill
conpri ses granul es of gngoﬁgaﬁséﬁ hgmteg?l\?ggfr’]hgﬁgé ?)trt;gﬁéégie%x r%l%erslo%%ﬁgﬁw
di anet er and SOpggs ﬁgﬂiﬂ&ﬁﬂyﬂuﬁ%ﬁﬁﬁﬂic_l@s-thﬁn O aVable gfﬁé& saA8 eAbh Yesult
according to claim 7 whereih the particle sizes of 80% by wei ght of hard
granul es and r ethiel lighterglaaget essilientl pattided ahigrvatec apmaedlyr endi ter hbastied i n
a range spanning a_nunerical difference of 40 in screen sh standard. 9. A

synt hetic gHasssmalienihayd asaneh dardcles migtate govmsyardly twrdesathe cpaibinsds of
80% by wei ght of Jhard granul es and.resi]. rapul es ia th t om.course
are distri but eqniiiente FEHEET Bl rindhl a8 Wyl PGS FefR
screen nmesh st aSQﬁ%gatié@ofﬁiﬁy&hﬂ tiZe d9p A E1e8 ISRTEXHOY1 06 bf 'oii)ﬁhﬁ&'n'l gbhpacon a
supporting substrate, the assenbly conprising: a pile fabric with a

fl exi bl e sheet tiaskhdgynaneh araplion dhicopveaitional psked éhfild 1spems.het i ¢ ri bbons of

a selected length, the ribbons extending 25 upwardly from an upger surface
of the backing; - 29t hag heemioyund byfhe insfengnyr that theasepagatioan phhag absed

i nt titi b th t andi . t f f th
backi ng ancXbl FoBUPE Perusies BR4A° ST AR opy e Pe sUREented & sHPARLI ot o
material sel e“ﬁ&hﬂr‘éﬁh&&ﬁg g}‘f’ sERBELS i £id Bifhen rﬁ@éé |4teB4ual or

the synth Inally

granul es; 5 wherel t1c ribbons: are longitu
intermttently glpstantially pdedichE siiengidtminiticn 2Ppkelctihg: a relatively narrow

range of particle sizes and (3) choosing generally spherical particle shapes

for both hard and resilient particles. The minimal variation in particle size
25 discourages compaction since there are no relatively smaller particles to fill
the interstices between larger particles when all particles are of substantially
equal size. The spherical shapes reduce resistance to inter-particle

displacement and reduce the tendency of adjacent particles to lock together.



an upper portion of the ribbons extending above the infill |ayer and
longitudinally split into individual free-standing strands of 10 a sel ected
width to MWPPEWEM grass bl ades; and a | ower portion of thBCTOABYMY2havi ng
said slits extended open formng laterally |inked strands di sposed in a

| attice structure enneshing the surroundifag3particulate infill materi al

11. A synthetic grass assenbly according to claim1l wherein the 15

synt hetic ribbons are disposed in rows spaced apart a sel ected m ni num

di stance. 12. A synthetic grass assenbly according to claim 11l wherein the
maxi mum di st ance_between rows of synthetic_ribbons tufted in the fabric
backi ng i s 2. 25ThadHesgllated grass-like gyntheti¢ cibhons at &h%mrbsqrf@&ecwndnngetam
claim 12 wherei n1d|st ce bet en r ms of rlbbons
Suted in'the. f M TeTatbeIK el b Tupber RaRicles in A J65or PRTHEE Hrsble SHEuamG

according to cl e

'synthetic ri bbo gﬂl&?? \Aéc}%s é{&ﬁééafeaeg?flflﬂ%mag Elﬁgéés Elﬂggéﬂgglg di Wﬁ%&{ rubber 26
15. A synthetic paitiedSs S SeHX Badle GRodiRCuhde ni'oia M%%?'dbuﬁ%p%eﬁffobhe
infill layer is |n t he range between 90%to of the length of |,

synt heti c ribbotaffid passkssovertbe lpartgﬂessmlésymhbtly ralstoosdiThg dombihation 5
wherein depth 5 of the infill layer is in the range hetween 85%to 55% of
the length of sPHfeHOD WbbEHBOHSS amd nepvencidimilatgd ahbons avas the deddored ng

to claim16 wherein de ihe nfill layer is in the range between 80@6
to 70% of the | &5 3 M%Vﬁpﬂfnga??bbons 10 18. A synthetic grass
assenbly according to r h r 7
selected fromthe grouﬂtg%ﬁgﬁgﬁgﬁgﬁbﬁb 3%%%%yﬁ§%EMﬁ%%P§§@ﬁg|§ﬁ£&9ﬁ§ on;
and plastic. 19couyssyprbhidel £ dgges Sofar&ﬁﬁtﬁhbe’ t@pafidle displacephetit th thevhdked n

t he upper portion of the synthetic ribbons are fibrillated into individual
strands 15 & abeitawh conrsehby rianyigenvepan neo orolatticed shmeturd of Averyinalhet i c

it cknoss. i n | hBRFRISGSRJRITOD FrosSUDKAR (PEHUSE Ae ik potd i GheE. -
Comprising: a pPPQoRaRptde fofioRt PR fosliend 4EES B .t%egf%lgﬁvé‘?’s" by

uralrity of
upstandi ng synt gy b&ursk PPRESaRd cant%ﬁi Sﬁﬂﬁdmﬁﬁ?ﬁé&rs& b@[?ﬁtt r@¥£&a ¢hé9
upwardly from an upper surface of the backing; the backing an | e fabric
bei ng suitabl e hecessageweigig fanba}ieistIahddfetuealdnamagatduertatthemapﬂ]argz actkon ced
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11,2222 o4 The choice of hard and resilient particles of substantially equal

jomed

size distribution substantially reduces compaction and reduces the mainte-
nance requirements. The top pure rubber top course will always remain
substantially free of sand due to the choice of particle sizes. Sand may be

displaced from the mixed bottom layer to the surface of the top layer by
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1 10%me& () - ! 1s! lonpkiudjnadislitn opaced! appob@croys hoygdih of thxkibbork Then after

| 0, ! -1 0 ! -
10KK! 53(10 %K& Qsteilla%io(nlg the ign)ﬂllYthe upper portion of the synthetic ribbons are
fibrillated, split or frayed vertically on site by passing over the installed

surface with a brush. The ribbons when manufactured have a longitudinally

oriented structure and therefore aggressive brushing action on the top

surface tends to tear or split the ribbons into thinner grass-like strands by

25 extending the slits longitudinally to form densely packed individual grass-
like strands.

Where ribbons are brushed and split on site by brushing, the

upper portions of the ribbons are frayed or split into thin grass-like strands

whereas the lower portions remain intact and are merely stretched open into
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fibres were initially tufted into the backing. A direct benefit of this lattice
structure is the stabilisation of the particulate infill by intermeshing the
particles between the fibrillated grass-like strands and within the expanded

5  web-like fibre structure. The lower web-like portion stabilises the infill and
the upper grass-like portion allows for cleat penetration and release, rainfall
penetration and drainage, adds a slight surface resilience due to the curved
grass-like strands, and captures the large resilient particles of the top course
in a grass-like net structure.

10 On-site fibrillation of the fibres also permits a more dense top
surface coverage of grass-like strands. The relatively wide ribbons with
short slit perforations as initially installed can be spaced apart a sufficient
distance to permit granular infill to be installed between the ribbons. When
the infill has been fully installed, the brushing of the widely spaced ribbons

15  splits them into thinner grass-like strands that fill in the gap between the
ribbons and better cover the top surface of the granular infill. The dense net
of criss-crossed fibrillated strands contain the large top course rubber
granules while allowing cleat penetration and permitting water to drain
through. The split ribbons add better grass-like strand coverage of the

20  visible surface at a lower cost. In applications not oriented to sports uses,
such as in landscaping or decorative applications, less dense fibre distribu-
tions can be used resulting in lower cost for the same visually apparent
coverage as conventional closely spaced synthetic grasses.

Further details of the invention and its advantages will be apparent from the

25  detailed description and drawings included below.
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Brief Description of the Drawings

In order that the invention may be readily understood, one
preferred embodiment of the invention will be described by way of
exarlnple, with reference to the accompanying drawings wherein:

5 Figure 1 is a cross-section through a synthetic grass assembly
with infill installed showing the flexible sheet backing with upstanding
ribbons and the infill layer built up of a top course of relatively large resil-
ient rubber granules and a bottom course of mixed hard sand and resilient
rubber granules of identical smaller particle size distribution;

10 Figure 2 is a similar cross-section showing the final configura-
tion of the grass-like strands slightly curved as a result of aggressive surface
brushing to further fibrillate the ends of the ribbons;

Figure 3 is a side view of a synthetic ribbon as manufactured
with a series of short longitudinally slit perforations;

15 Figure 4 is a side view of a synthetic ribbon at the lower end
twisted prior to tufting into the fabric backing and at the upper end laterally
stretched to reveal the web-like grass-blade structure that resulting from the
lateral stretching and longitudinal extension of the slits;

Figure 5 is a table showing the graphical depiction of particle

20  size distribution resulting from standard sieve analysis of infill courses; and

Figure 6 is a table showing a visual representation of particles

graded on the Krumbein sphericity scale.

Mode for Carrying Out the Invention

With reference to Figure 1, the invention relates to a synthetic
25  grass assembly consisting of a pile fabric with an infill layer of particulate
matter which is installed on a supporting soil substrate to provide a game

playing surface.
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dimensionally stable netting to prevent stretchmg during installation and
use. Extending upwardly from an upper surface of the backing 1 is a large

5 number of upstanding synthetic ribbons 2. As indicated in Figure 1, the
ribbons 2 are tufted through the backing 1 spaced apart in rows by a
distance W and of a length L. The length L' of fibres is selected depending
upon the total depth (5 plus 6) of infill and the desired resilience of the
completed synthetic grass assembly.

10 Disposed interstitially between the upstanding ribbons 2 upon the
upper surface of the backing 1 is an infill layer 3 of particulate matter. The
particulate matter may be selected from any number of commonly available
hard granules such as: sand; hard aggregate; silica sand; gravel, slag;
granulated plastic; and polymer beads. The resilient granules may be'

15 selected from: cryogenically ground rubber; rubber; cork; polymer beads;
synthetic polymer foam; styrene; perlite, neoprene, ground tires, and EPDM
rubber.

The infill layer 3 is made up of a top course 6 and a bottom
mixed course 5. The mixed bottom course 5 is of intermixed hard sand

20 granules and resilient rubber granules. The mix is selected on the basis
distribution by volume of different sizes of hard granules and resilient
granules that are substantially identical and range in size between 0.5 inches
and 50 screen mesh standard. Preferably the range of particle sizes is
limited to avoid small or fine particles that fill the interstices between larger

25  particles and encourage compacting. The preferred range is between 14 and
30 screen mesh standard. Depending on the application, the range of
particle sizes in the mixed course can be limited to between 10-30, 15-30 or

20-40 screen mesh standard as selected to suit design parameters. The shape



9F10%G& ()- F 8F10%G& ()- ?@@@AhBaBbCS10F Z109%& ()-Lf & 109%& ()- F
9Z10%& ()- ! '10% ()-Y 3109%&' ()- F F10% ()- hB~BBCTCCCJEbCS10" @ 109& () -
F 3109 WOOMSSBP0oR' ()- Y S3109%& ()- 10%& ()-109%& ()- C. DREXEAHMWERCS103
-Y10%&' () - MF+! 10%&' ()- F )F10%&' ()- F 'F10%&' ()- F &F109%& ()-L$10%& () -
FFGGGGGEG-_ @510" &109G& () - S@LOYGE () - 9109%GR8 €) - 10 10 10F
5F10%& ()-M | 4(10% ()- G HHHH7I  JaB~_@510Y GLOY%G& ()- My' ! 10%6G& () -
L1096& ()- ! 109%& ()-Y Z109%&' ()- Y GLO%%' ()- ~JIKLTLLLAE~_@510Il
"41096& ()- | &GLOYK ()- ~$10%6K ()-," 109k ()-Y
Z10%8' ()-M t! 10%38 () - LESMVNNOOOOdYNCS10 10G .10G . ,
of hard and resilient granules is substantially spherical and not angular as in
the prior art to further discourage compaction and settling.
As shown in the graph of Figure 5, a standard screen sieve
analysis is depicted with a vertical axis linear scale of "percent by weight
5 passing the sieve size" or alternatively "percent smaller” and the horizontal
axis being a logarithmic scale showing particle and/or sieve size. The
example line shown in Figure 5 indicate relatively uniform mixtures of
particles with a narrow range of particle sizes. Ideally the line on Fig. 5 for
sand particle size distribution and the line for rubber particle size distribu-

10 tion are identical and would be shown superimposed on each other.
However, as an example, the 10-30 range mentioned above is graphically
illustrated as a shaded zone within which any line will meet the require-
ments of this particle size restriction.

The top course 6 is substantially exclusively of resilient rubber

15 granules. An upper portion 7 of the synthetic ribbons 2 extends upwardly
from a top surface 8 of the top course 6. The resulting artificial grass
surface can be adapted for several indoor and outdoor uses, such as: athletic
playing fields; horse racing fields, playgrounds, landscaped areas, and
recreational areas.

20 In order to deposit dual layers, brushes pass over the backing
with a mixed sand and rubber material many times to ensure that the
ribbons are upstanding when embedded in the infill and not submerged
under the infill, and to further slightly expand the ribbons to open the slits
and produce a lattice structure that stabilizes the infill preventing excessive

25  displacement of the infill particles after installation. After the mixed lower
infill layer is laid a substantially pure rubber particulate material is placed
as a resilient top layer.

To deposit the bottom layer a spreader may be used and thereafter

the surface is brushed to raise the nap of the pile fabric and position the
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ribbons to an upstanding position as shown in the drawings.
It may be preferred that after installation of the top course 6, the
5 upper portion 7 of the synthetic ribbons 2 is further fibrillated by aggres-
sively passing over the surface with a brush. This operation splits the upper
portions 7 and spreads the strands uniformly over the top surface 8. The
manufactured width of the ribbons 2 is relatively wide such as one inch and
the on-site brushing operation further splits the ribbons opening the slits
10  longitudinally and forming thinner grass-like strands of a thinner width as
illustrated. The upper ends of the ribbons 2 are brushed more vigorously to
achieve the following advantages over prior art methods. Laying over of the
fibrillated upper portions 7, interlocks the ribbon ends into a loose network
which more realistically simulates the appearance of natural grass. The
15 fibrillated ends impart a slight resilience since they are slightly raised or
fluffed and more accurately simulate the resilience of natural grass when
balls, during play, bounce on the completed surface. The bent over ends as
well hide the rubber crumbs of the top course 6 from view, hold the crumb
particles in place and allow a movement of dislodged crumbs back and forth
20 between the top course 6 and upper side of the fibrillated ribbons 2. By
splitting or fibrillating the ends of the ribbons 2, less surface tension is
created and water more easily permeates through the top surface 8 and is

drained away through the bottom course 5.

The ribbons: 2 include a top structure of multiple grass-like
25 strands fibrillated on site and an expanded web-like lower structure left
substantially in their original state but mechanically expanded into a web
lattice due to interaction with the infill as it is deposited. Ribbons may be
chosen from fibers such as polypropylene, polyethylene, nylon and plastic.

A mix of thick and thin width of fibrillated strands produces a more natural
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on the resistance of the fibers to the ball during play. Mod1ﬁcat1on of the
ribbon width and density in the grass will also modify the ball rolling
characteristics.
5 The ribbons, when initially tufted to the fabric backing, may be of
a width in the range of 1-3 inches, and when fibrillated the individual grass-
like strands may be in the range of Imm to 15mm (1/8 inch to 2 inch
approx.) in width. Expressed in terms used in the art, the strands range
from 800 to 5000 Denier, and the thickness of ribbons and strands range
10  preferably from 45 to 200 microns ().

It has been found through experiment and experience that the size
and shape of hard granules and resilient granules significantly affects the
turf performance characteristics. It has also been found that the spacing of
ribbons and the variation in depth of infill can have strong influence on the

15 performance of the synthetic grass assembly.

The hard and resilient particle sizes should range between 0.5
inches and 50 U.S. screen mesh standard, however preferably a narrower
range of 14-30 avoids the risk of compaction. Hard granules larger than 14
screen mesh standard can be perceived as somewhat abrasive by users of

20 the athletic surface if direct contact is made. However, since the fibres
above the top surface tend to arch over and shield the user from direct
contact with an arched resilient fibrous matting of synthetic fibres, some-
what larger particles can be used without perceiving the particles as
abrasive, Particles smaller than 50 screen mesh standard will tend to impede

25  the percolation of water and detrimentally affect the drainage characteristics
of the infill layer 3 in relatively wet climates. In dry climates, use of
smaller particles may be desirable to maintain an optimal moisture content

for optimal level of compaction and resilience. Larger resilient particles

(such as 14 screen mesh standard) may be used where skin contact with the
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surface and potential abrasion from the nature of the sport are expected.
Preferably the sand is washed and graded to remove substantially all the
fine particles below size 50 mesh.
The natural tendency of the large relatively light rubber particles
5 to migrate to the top and the complementary tendency of smaller heavier
sand particles to migrate to the bottom of the infill layer 3 is reduced by use
of equally sized particles. Particle migration is also reduced by the interac-
tion with the synthetic web-like ribbon structure and by the use of spherical
particle shape. The bottom course of the infill retains its initial mixture of
10  equally sized sand and resilient particles due to the selection of substantially
identical particle sizes and the interference to particle movement resulting
from the web-like structure of the ribbons in contact with the bottom infill
layer. These characteristics of the infill tend to discourage compaction and
maintain the uniform predictable resilience of the infill.
15 With a pure rubber resilient top course 6, resilience is provided at
the contact surface where the perception of resilience actually needed.
Preferably the particle size of rubber particles in the top layer 6 of infill are
larger than the sand and resilient particles in the bottom layer 5. The larger
particles of the top layer permit smaller particles of the bottom layer to fall
20 back down through gaps between the large particles, and as a result, the
particle size compositions of the layers remain distinct. The resilience of
the final layer of infill can be fine tuned by testing resilience at the surface
and gradually spreading rubber particles to marginally increase the thick-
ness of the top course 6 and achieve the desired resilience of the final top
25  course.
The synthetic ribbons are preferably disposed in rows spaced
apart a selected minimum distance "W". Depending on the firmness desired

and the degree of freedom required for cleats to rotate for various sports, the

spacing "W" can vary between 2.25 inches and 0.625 inches or less. A
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closér spacing provides firmer support for the infill 3 whereas a wider
spacing permits easier rotation of embedded cleats.
The depth of the infill layer 3 relative to the length "L" of
synthetic ribbons can range from 90% to 40% however the preferred range
5  for most applications will be 85% to 55% or 80% to 70%. For example,
where the length of ribbons L is 2 inches, a depth of infill equal to 75%
would be a depth of 1.5 inches (2.0 x 0.75 = 1.5) with the remaining 0.5
inches of ribbon extending above the top surface of the infill.
Alt'hough the above description and accompanying drawings
10 relate to a specific preferred embodiment as presently contemplated by the
inventor, it will be understood that the invention in its broad aspect includes
mechanical and functional equivalents of the elements described and

illustrated.
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1. A synthetic grass assembly for installation on a supporting
substrate, the assembly comprising:

a pile fabric with a flexible sheet backing and a plurality of
upstanding synthetic ribbons of a selected length, the ribbons extending
upwardly from an upper surface of the backing;

an infill layer of particulate material disposed interstitially
between the upstanding ribbons upon the upper surface of the backing and
of a depth less than the length of the ribbons, the particulate material
selected from the group consisting of: hard; and resilient granules; the infill
layer comprises:

a bottom course of intermixed hard and resilient granules of
substantially identical size distribution, disposed upon the top surface of the
backing; and

a top course substantially exclusively of resilient granules
disposed upon the bottom course, an upper portion of the synthetic ribbons

extending upwardly from a top surface of the top course.

2. A synthetic grass assembly according to claim 1 wherein the
resilient granules in the top course are larger than the resilient granules in

the bottom course.

3 A synthetic grass assembly according to claim 1 or 2 wherein the
hard granules and resilient granules in the bottom course are of shape

defined in the range of 0.5 to 0.99 on the Krumbein scale of sphericity.

4. A synthetic grass assembly according to claim 3 wherein the hard
granules and resilient granules in the bottom course are in the range of 0.6

to 0.9 Krumbein scale.
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5. A synthetic grass assembly according to anyone of claims 1 to 4
wherein the resilient granules are selected from the group consisting of:
cryogenically ground rubber; rubber; cork; polymer beads; synthetic

polymer foam; styrene; perlite, neoprene, and EPDM rubber..

5 6. A synthetic grass assembly according to any one of claims 1 to 5
wherein the hard granules are selected from the group consisting of: sand,
hard aggregate; silica sand; gravel; slag; granulated plastic; and polymer
beads.

7. A synthetic grass assembly according to anyone of claims 1 to 6
10 wherein the particulate material of the infill comprises granules of size
ranging between 0.5 inches maximum nominal diameter and 50 screen

mesh standard.

8. A synthetic grass assembly according to claim 7 wherein the
particle sizes of 80% by weight of hard granules and resilient granules in
15  the bottom course are distributed in a range spanning a numerical difference

of 40 in screen mesh standard.

9. A synthetic grass assembly according to claim 8 wherein the
particle sizes of 80% by weight of hard granules and resilient granules in
the bottom course are distributed in a range spanning a numerical difference

20 of 20 in screen mesh standard.

10. A synthetic grass assembly for installation on a supporting
substrate, the assembly comprising:

a pile fabric with a flexible sheet backing and a plurality of
upstanding synthetic ribbons of a selected length, the ribbons extending

25 upwardly from an upper surface of the backing;
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an infill layer of particulate material disposed interstitially
between the upstanding ribbons upon the upper surface of the backing and
of a depth less than the length of the ribbons, the particulate material

selected from the group consisting of: hard; and resilient granules;

5 wherein the synthetic ribbons:
are longitudinally intermittently slit in a predetermined pattern
of slits;
an upper portion of the ribbons extending above the infill
layer and longitudinally split into individual free-standing strands of
10 a selected width to represent grass blades; and

a lower portion of the ribbons having said slits extended open
forming laterally linked strands disposed in a lattice structure

enmeshing the surrounding particulate infill material.

11. A synthetic grass assembly according to claim 1 wherein the
15  synthetic ribbons are disposed in rows spaced apart a selected minimum

distance.

12. A synthetic grass assembly according to claim 11 wherein the
maximum distance between rows of synthetic ribbons tufted in the fabric

backing is 2.25 inches.

20 13. A synthetic grass assembly according to claim 12 wherein the
maximum distance between rows of synthetic ribbons tufted in the fabric

backing is 1.0 inch.

14. Alsynthetic grass assembly according to claim 13 wherein the
maximum distance between rows of synthetic ribbons tufted in the fabric

25  backing is 0.625 inches.
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the infill layer is in the range between 90% to 40% of the length of

synthetic ribbons.

16. A synthetic grass assembly according to claim 15 wherein depth
5  of the infill layer is in the range between 85% to 55% of the length of

synthetic ribbons.

17. A synthetic grass assembly according to claim 16 wherein depth
of the infill layer is in the range between 80% to 70% of the length of
synthetic ribbons.

10 18. A synthetic grass assembly according to claim 1 wherein the
synthetic ribbons are fibers selected from the group consisting of:

polypropylene; polyethylene; nylon; and plastic.

19. A synthetic grass assembly according to claim 1 wherein the
upper portion of the synthetic ribbons are fibrillated into individual strands

15 of a width in the range between 1.0 to 15.0 mm.

20. A synthetic grass assembly according to claim 1 wherein the
synthetic ribbons are of a thickness in the range between 45 to 200

microns.

21. A synthetic grass assembly for installation on a supporting substrate,
20 the assembly comprising:

a pile fabric with a flexible sheet backing and a plurality of
upstanding synthetic ribbons of a selected length, the ribbons extending
upwardly from an upper surface of the backing; the backing and pile fabric
being suitable for receiving an infill of particulate material intersticed to a

25  fraction of the selected length of the ribbons;
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a lower portion of the ribbons having said slits extended open

forming laterally linked strands disposed in a lattice structure

adapted to enmesh a surrounding infill particulate material.



