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t he upstand- 25 ing ribbons on the upper surface of the backing to sinmulate
the presence ofgrangil¢s omlgst prior art systems involve some use of hard
particles such as sand or crushed slag particles, together with resilient

particles SUChB%ckgrouand Art

Maintenance of natural grass turf on athletic playing or land-

10  scaped areas is expensive, natural grass does not grow well within shaded
enclosed stadiums and continuous heavy traffic wears out areas in the natu-
ral turf surface. Natural turf surfaces deteriorate under heavy use and
exposed soil creates an undesirable accumulation of water and mud.
Synthetic grasses therefore have been developed in order to reduce the

15 expenses of maintaining heavily used athletic playing areas, to render
playing surfaces more uniform, and increase the durability of the grass
surface, especially where professional sports are involved.

Synthetic grass is installed with a carpet-like pile fabric having a
flexible backing laid on a well drained compacted substrate, such as crushed

20 stone or other stabilized base material. The pile fabric has rows of
upstanding synthetic ribbons representing grass blades extending upwardly
from the top surface of the backing. |

Of particular interest to the present invention are the various
formulations for granular resilient fill that are placed between the upstend—

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



WO 01/98589 PCT/ CA01/ 00922 -2 rubber particles or foam backing to provide

resilience. The optimal choice of particle sizes, particle shape, particle
conposi t ivomoasr$sd nstal lation in nultiple |ayers or cour SPET/ICAOHOBEAL Ur e Of
t he present invention. U S. Patent 4,337,283 to Haas, Jr. discloses a

honmogeneous infill 5 mxture to imtate-20il| that is nmade of fine hard
sand particles mxed with 25%to 95% by volune resilient particles to
provide an inproved resilient and |less abrasive infill. Such resilient

granular material may include mxtures of granul ated rubber particles,
cork polymer beads, foamrubber particles, vermculite, and the |ike. 10
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i nches. A hi ercent age erre mnimze cost o

such systens, shiRfife$ wtgeamﬂafe@ filbber @aﬁlcﬂ@d okly ¥Pboady fosandbed to
sand. The sand particles also provide an inprove egree of drai nage t hat

25 is needed \Mpertetltsbefestymuﬂuéttlandghabkesurface is not in an encl osed

stadium for exanple. Rubber part tend tq i de the free flow of
wat er, wherlas the caBiy-1Bat 9nta‘ﬂ>t3961§%§ft°t?1‘§n§%ﬂdi"g‘i%qsc‘l‘ BenHOREBEP¥Hce

moi %t ure down- infill with rubber particles forming a base layer and sand particles forming a
top layer. The rubber particles provide inner resiliency to the surface. The
sand layer is exposed and forms a stabilizing cover layer for the underlying
rubber particle layer.

15 A number of disadvantages result from the use of a uniformly
mixed granular infill as in the Haas system where hard sand particles and
resilient rubber particles are mixed and blended in a uniform proportion
throughout the depth of the infill. Synthetic grass infill, for example, may
comprise a mixture of 60% by weight of sand and 40% granulated rubber

20 particles uniformly mixed and deposited between the upstanding synthetic
grass ribbons to a depth of 1 to 3 inches.

A high percentage of sand is preferred to minimize the cost of
such systems, since rubber particles are relatively expensive compared to
sand. The sand particles also provide an improved degree of drainage that

25  is needed where the synthetic grass surface is not in an enclosed stadium for
example. Rubber particles tend to impede the free flow of water, whereas
the capillary action of the sand particles draws surface moisture down-
wardly due to the differences in éurface tension characteristics between

rubber and silica sand.



wardly due to the differences in surface tension characteristics between
rubber and silica sand. WD 01/ 98589 PCT/ CA01/00922 -3 However, in both the
Haas and Wionupd4s89 syst ens, abrasive hard sand particl es preread1/onz he top
surface layer of infill causes problens where such as ganmes of football,
rugby, soccer, field hockey, baseball ares3._. played since players
repeatedly fall down or are knocked down on the 5 playing surface. In such
applications, there is a need to protect players from skin abrasion caused
by the hard sand in the granular infill and fromsand spraying into the

pl ayers eyes, ears and nouth. The conventional infill is a mxture of sand
and rubber particl es. Haweven lbdotipah¢ Hdae aandr Bomanprsysteads, aabdasied baskd
when a ball hits the. 10 surface or an athlete steps aqn the surface. In
the case of cofdhPRBiAes Pirsent dmehsdiop wrEpogUlayST Warinifidl e3usss qvoltemaome
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under force. The synthetic infill 1s continuously subjected to water fl ow,
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as from rainfall,.floodi,ng,, the inpact of. bouncing balls, vibration and
i npact from 205PeéM OBWCPIBXWQG cant %@%W“ﬁh contact with the top
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the top surfacahef ribber igakiitles ar¥VedinpRE&A ahdlrefeated |wiéh tahBall rHitd the.
surface, if any sand particles are present at the top surface, sand
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Flowing around e R B Da el S Provids scant Safral somilienas bufthe 19bound
1s more gradual due to moisture, small particle size and relatively low
natural resilience. In the case of synthetic infills, the particles are relatively
dry and do not bond together. The rubber particles have a spring-like rapid
15 resilient rebound that tends to hurl adjacent sand particles and rubber

upwardly under force.

The synthetic infill is.continuously subjected to water flow. and
impact forces that tend to dislodge or segregate the particles, such as from
rainfall, flooding, the impact of bouncing balls, vibration and impact from

20  the feet and bodies of players in contact with the top surface of the infill. A
top layer with a high proportion of sand will result in spraying of sand
particles when a ball or player impacts with the top surface of the infill.
When soccer balls roll on the infill surface, if any sand particles are present
at the top surface, sand particles are lifted by the rolling ball by the suction

25  force of air flowing around the spinning ball and by static electric attraction.
As a result the smaller sand particles on the top surface of the infill are
lifted and sprayed in a "rooster tail" pattern behind the rolling ball. Over

time, areas of continuous sand spray or ball impact will result in visible

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



As a result the smaller sand particles on the top surface of the infill are
lifted and sprayed in a "rooster tail" pattern behind the rolling ball.
Over timeQonyssss of continuous sand spray or ball inpactP@iiCAOr/@sedt in
visible sand on the playing surface. It is considered undesirable to have
i ght WO 01/98589 PCT/ CA01/ 00922 -4 col aiged sand visible in the synthetic
grass surface and, especially when clouds of sand are visible on such

i npacts. In addition, exposed sand granules are highly abrasive to the
skin when players fall or slide on the top surface, and could irritate
eyes, ears, nose and nouth when sprayed, inhaled 5 or ingested. A further
di sadvant age ofoloed eand orisiblé nf i the ssyntheticagrasprsasiace amshradpedally ovlesn
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| arger parsiclesgestbedl the influence of vibration, water and gravity.
Smal | er parti- cles accunul ate at the |ower portion of a granular infill
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particul ar areas o l'ayi ng surface 1leavy traffic

bei ng more abr abiagiord. h@vepithes, duetstheConvenics oF whiey, videsdidhaant papidtc! es
and resilient particles have an%gl ar surfaces. It has been found however

t hat angul 40 péha swhBer sandapardiclesripdktentdgesetiby tavward the fitosphé thecwifilbr
rounded part| Cllz?yser Sain?icleé\lréebrenforrei: % iraos?vebggn Sert]rtisc easr gvil?n slél %r the top surface.
The small sand particles tumble downward in the voids between larger
particles under the influence of vibration, water and gravity. Smaller parti-
cles accumulate at the lower portion of a granular infill layer and tend to
15 compact together. The larger sand particles remain at the top of the granu-
lar layer and large particles are highly abrasive to human skin relative to the
smaller particles.
As a result, over time the abrasive nature of the synthetic system
is increased and may result 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
suffaces 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



surfaces is greater. In addition, where a wde range of particle sizes is
used, 25 the smaller particles fill in the interstices between the | arger
particl eswvand9ssBncr ease t he degree of conpaction. Wien shpetdadi/eaapber, or
conventional ground rubber are used the rubber particles have irregul ar
surfaces often with fibrous protrusions _that trap air and hold water with
surface tension. Wien the infill is rained WO 01/98589 PCT/ CAO1/00922 -5
on or flooded, the air trapped by the Iightweight rubber particles causes
the rubber particles to float. This is undesirable since the rubber may
wash down a drain with the surface water flow, and the floating rubber
separ ates froontdrdldrelrdi the sianchpped biighe hightweighk tubter pheticdés/cdusasitheg t o
particle segre- gatiqn, sand co ction and ] oss of the resilience _of the
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particles, 10 increased inter-particle contact, superior cofpaction and
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changes in ther¢gsafi in em@yl pirtictdeefillitig bl thy éhtetdtives dsetweé®danlge Hrtivke, Whi ch
may vary considerably over the synthetic grass surface fromareas of high
use to aredd ofndreageddnteriypairticde moptict,onpetornempesiion end éhereforeriankighen of

mai nt enance an redi ctabl e perform ance of thefnfill are theugogls
Father than hi 9 BSerBRa64PAGIS: MGhgersand or granular aggregates are used in

construction applications, vibratory compactors are employed and moisture
content is controlled to produce maximum soil compaction and density.

However, where sand is used as a component of a resilient infill

15 between the interstices of synthetic grass, excessive compaction is highly
undesirable. A high degree of compaction of sand and contamination of the
infill by airborne dirt and dust lead to unwanted changes in the resiliency of
the infill over time as a result of use which may vary considerably over the
synthetic grass surface from areas of high use to areas of low use. Uniform

20  consistent resilience, elimination of maintenance and predictable perform-
ance of the infill are the goals rather than high load bearing strength.

The conventional solution to the compaction and separation of
infill particles is to periodically brush the synthetic grass. Brushing serves
to break up compacted material and remix the top surface restoring the

25 original composition of the infill mixture as much as possible. Brushing
increases the cost of maintenance, exposes synthetic ribbons to signiﬁcant
wear, and is at best a temporary solution since eventually the conventional

infill compacts again and must be brushed regularly.



The conventional solution to the conpaction and separation of infil
particles is to periodically brush the synthetic grass. Brushing serves to
break upwonpgsssed material and rem x the top surface resporicCagl/edez 25
original conposition of the infill mxture as nuch as possible. Brushing

i ncreases the cost of maintenance, expose® synthetic ribbons to significant
wear, and is at best a tenporary solution since eventually the conventi onal
infill conpacts again and nmust be brushed regularly. WO 01/ 98589

PCT/ CA01/ 00922 -6 The proper choice of spacing between rows of grass

ri bbons has also proven to be problematic. Quite often the major conplaint
of profes- sional athlBaepropst chaicecfempreingnbeiiises raws mitsrats Bhkens has
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4,819,933 to Arnond (Fibresand Limted) provides a mxture of sand with a

relatively snaihenptepped gepn. Bheveforghto adhiste thigidsuliy thehBbérs Wérbepsced
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resulting in knee and ankle injuries.

On the other hand, where pure sand is used as a surface, in
equestrian surfaces for example, the surface is relatively unstable and sand
15  particles displace easily. To stabilize such surfaces, US Patent 4,819,933 to
Armond (Fibresand Limited) provides a mixture of sand with a relatively
small percentage by weight of straight synthetic fibers randomly distributed
and cross-linking in a loose displaceable network. The fibers serve to
distribute concentrated loads, hold the sand together under the weight of
20 horses hooves, athletic players' feet, wheeled vehicles or implements. US
5,326,192 to Freed (Synthetic Industries, Inc.) also provides a method of
improving the appearance and performance characteristics of a turf surface

by working discreet bunches of synthetic fibers into the soil surface.
| Granular infill combined with upstanding grass-like synthetic
25 ribbons address the 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



5,326,192 to Freed (Synthetic Industries, Inc.) also provides a nmethod of

i nprovi ng the appearance and performance characteristics of a turf surface
by wor ki mpo di/essseet bunches of synthetic fibers into the BOT/ICAsSUIO2CE.
Ganul ar infill conbined with upstandi ng grass-1like synthetic 25 ribbons
address the di sadvantages of the above systens to a degree by providing a
granul ar synthetic surface intermngled with the upstanding fibers

extending froma fabric backing to better imtate a natural soil, enbedded
roots and grass. Wien the cleats on an athlete's shoe enbed in the
granular infill, the |oose particles shift and di spl ace sonewhat |ike WO

01/ 98589 PCT/ CASA4I09812. At7 theatsamal tism Ithe Atpstdnelisgrsyntlhietie ghess upbbamdi ng
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| ight, and shred- ded particles have fibrous surfaces that trap air

bubbl es. A$0 a ramngdttreiesa priopedyetiyt twhenr thebeibbpas tare |specest tewfer apart,

conventional installations have f] Qated . .
agequate trac‘rcllon and sta{)ﬁﬂyeis not available. Due to the high cost of

artificial grass installations, and risk of injury to highly skilled and highly
paid athletes, a predictable and reproducible artificial grass performance is
required.

15 Synthetic grass surfaces have also been constructed with infill
substantially of rubber only. Rubber particles are relatively light, and shred-
ded particles have fibrous surfaces that trap air bubbles. As a result when
flooded, the rubber particles of some conventional installations have floated
on the surface of water draining off the synthetic grass surface. Rubber

20 particles drain away or are displaced resulting in areas of the synthetic grass
which have depleted infill thickness. A lack of uniform infill thickness and
resilience across the surface can result in injuries and liability for the owner
of the athletic field. ‘

Despite several different rubber and sand infill compositions and

25  fiber structures in the prior art, several significant disadvantages remain as

noted above.



on the surface of water draining off the synthetic grass surface. Rubber 20
particles drain away or are displaced resulting in areas of the synthetic
grass wwahi/prsse depleted infill thickness. A lack of unP€Dmcani/ended |

t hi ckness and resilience across the surface can result in injuries and =~ =~
liability for the owner of the athletic_fgield. Despite several different
rubber and sand infill conpositions and 25 fiber structures in the prior
art, several significant disadvantages remain as noted above. WD 01/98589
PCT/ CA01/ 00922 -8- Disclosure of the Invention It is an object of the
present invention to provide an infill that will retain its properties

t hr oughout useDisdlbsute ofithetlamentibnsegr egati on or conpaction of the infill
and with a reduced requirenment for periodic brush- 5 ing of the surface. It
is a further object offi§dign bheendf @8 PrescR MdRaeiohs piedik iaansRllaRg wileduce
t he abrasive nature of conventional dgranular infills filling the inter-
stices of the sgtaihatsi propeaies rthiumghsuivhisk ewéthabt | sulpstantak Isegtegatibnaohl et i ¢
shoes to properly release without serious risk of injury, 10 It.is a
further object compesdon qf dit indhl ard siithye seduced requiprraginigr periodignbrush-
particles and undesjrabl g visible sand on the infill surface. The invention
provi des a ovie € eﬁ%?ﬁ@egrass assenbly for installation on a supporting
soi | substrate to provjde, %ﬁﬁl%rfcﬂﬁé‘cttdf%];ae ﬁR}E%EBﬁ?to ehi¥nde®k r8dfeh&Ein P
natural turf with the wear resistance of synthetic grass. 15 Although the
descri ption usesde tAtbedsive phtayd 06 cohediticial graretanplfigls filheg thevetetri on is
equal ly applicable to any area suitable for grass cover such as_ high
traffic | andscapess af éke syntbatic gnasshiifhors whslgi enablingntheoelegiar efeathleic gol f
greens, and equps i alopetly Rieae withort samoud Hief O ijuty'©' Udes @ pile fabric

10 It is a further object of the invention to eliminate the spraying of

sand particles and undesirable visible sand on the infill surface.

The invention provides a novel synthetic grass assembly for
installation on a supporting soil substrate to provide a surface that combines
the look and feel of natural turf with the wear resistance of synthetic grass.

15  Although the description uses an athletic playing field as an example, the
invention is equally applicable to any area suitable for grass cover such as
high traffic landscaped areas, road and highway medians, indoor gardens or
golf greens, and equestrian surfaces.

The grass assembly includes a pile fabric with a flexible sheet

20 backiﬁg and rows of upstanding synthetic ribbons representing grass blades,
extending upwardly from an upper surface of the backing. A unique infill
layer of two graded courses of particulate material is disposed interstitially
between the upstanding ribbons upon the upper surface of the backing and
at a depth less than the length of the ribbons.

25 The ribbons are tufted through the water permeable fabric
backing and have intermittent longitudinal slits in a predetermined pattern.
During installation of the infill, the ribbons are brushed lightly to return the

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



20 backi ng and rows of upstanding synthetic ribbons representing grass

bl ades, extending upwardly from an upper surface of the backing. A unique
infill Me@er9ssgotwo graded courses of particul ate nateriBCTiCAOHI®pDSEd
interstitially between the upstanding ribbons upon the upper surface of
the backing and at a depth |less than theglength of the ribbons. 25 The

ri bbons are tufted through the water perneable fabric backing and have
intermittent longitudinal slits in a predeterm ned pattern. During
installation of the infill, the ribbons are brushed lightly to return the
ri bbons to an upstanding position, froman initially matted position that
WO 01/ 98589 PCT¢sGie fi@0ah2 congpresssom tof ritvboms tdve toamplies of dhe difted tdurs due
torolling of the tufted fabric for shipping and storage after
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infill. Once all the infill i1s installed, the upper portion of the ribbons
ext endi ng abovéornfiagilateidlly lislyel steanels kiiypobed img datise stsistate/enmhbshing txons
are longitudinally split by the brushing action along the slits into
several indivi sugpundias- parbiaulafy ivfillakinceopll athenindks winsteHed.e damupper bl i ng
grass bl ades The i nvept.i on. yecogni ses that the. ular infill s a dynamc
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preci pi tation. shifs ihteséveydrihibided dsersidadiag sstaalls oY adhdmeactiditi tigsdm- a
nunber of ways. The top surface is kept substantially sand free using a
pure rubbel0 phhnggrasstdpdasour se of relatively large particles, preferably

substanti al | | arger than those particles. in_the bottom er. Any smal | er
sand parti cl gs g 'I’he invention tecognises that the granular mflllij‘%s a dynamic

system of continuously moving hard and resilient particles of different sizes
and with different physical properties under the influence of impact and
vibration from play activity, surface maintenance and weather precipitation.

15  The invention accommodates such dynamic activity in a number of ways.

The top surface is kept substantially sand free using a pure rubber
particle top course of relatively large particles, preferably substantially
larger than those particles in the bottom layer. Any smaller sand particles
that migrate up to the top surface from the displacement action of cleats will

20 then be able to percolate, through the voids between the larger top surface
particles, downward back to the bottom course under the influence of water,
vibration and gravity. A bottom course of sand and rubber mixed together is
provided beneath the pure 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



that mgrate up to the top surface fromthe displacenent action of cleats
will 20 then be able to percolate, through the voids between the | arger top
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together is provided beneath the pure rulpper top course for additional
resilience, noisture drainage and as a ballast for stabilisation of the
fabric backing. 25 The particle shapes are substantially spherical to
reduce inter- particle contact friction, inprove drainage and prevent
conpaction. The spherical shape reduces resistance to particle
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resilient rubber 5 particles 1n the bottom course are chosen to be
substanti al by ipdetidlécal the boeaah cotifver aranchazerfterabdsybgrantialty édaiticab tar e
limted for sports or athletic playi r]%gsu_rfaces to the range of 14-30

C

screen nesh st gadaotherTend pedinrably duraclet fiees arselnuted: iy syaitsher jathlgiass
f , th i f ticl f 0.5 i t0 50
mesh st andard. Marmesulars O 88 e b 00 A S sedaR b BREPEBT | ons
up to about 0.28d Bﬁ%?%sggtoftﬂ%s rﬁl%tfbegra% %'ili"fa@ésg%g 490 d?ﬁ%a?‘ﬁbl%@ rﬁ%F
n. er 0 scr S ard

contact with hunan ski articles smal t han een st an

tend to creat e rgusd frapd0 Feiich@pd §@ s@t@é@hﬁésh@k@da@@.%@%é@hﬂiél@ﬁlm?e@dbé ate
of water percolation and particle segregation. Naturally occurring soil

particles af thised $oreqnestyen sapplichtiend petd aboute@2Gmnchss dabdhessobarge sand
gin gt ]; : Bﬁt ?(r)ﬁvie![grqfrigl %g%r%?cgéllq I{aes. ) coiya%’? ;[N?t t}iluar}lrlu%/ sliciggpgli'tfc ésjlsrﬁaitlfe% than
50 screen mesh standard tend to create dust and may lead to undesirable
compaction, reduced rate of water percolation and particle segregation.
Naturally occurring soil particles of this size range are classified as medium
15 sand, coarse sand and fine gravel sized particles.

By "substantially identical" size distribution it is meant that when
the bottom infill layer is analysed through conventional soil laboratory sieve
analysis, and graphically presented on a standard sieve analysis semi-loga-
rithmic graph (y-axis showing 0-100 percent passing the sieve size or

20 smaller by weight and x-axis showing sieve/particle size logarithmigally)
the line for hard particles and the line for resilient particles are ideally
superimposed on each other to a substantial extent. Therefore the hard and
resilient particles have substantially equal particle sizes and the distribution
of sizes is substantially the same.

25 The standard sieve analysis graphs are by nature an imprecise
"rough and ready" measure, since natural soils vary considerably over the
surface of a building site for example. The sieve analysis graphs generally

do not show the largest 10% and the smallest 10% of particle sizes since

these extremes are considered statistically insignificant due to the natural



the bottominfill layer is analysed through conventional soil |aboratory
sieve analysis, and graphically presented on a standard sieve anal ysis
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| ogarithmcally) the line for hard partidlles and the line for resilient
particles are ideally superinposed on each other to a substantial extent.
Therefore the hard and resilient particles have substantially equal
particle sizes and the distribution of sizes is substantially the sanme. 25
The standard sieve anal ysis graphs _are by nature an inprecise _"rough and
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extrenes are ¢ .dered:statistically insignificant due to the natural WO
01/ 98589 PCT/ C%idb}}/eg%ggglss 11 variation in soil particle sizes. Therefore

conventional ly, only tAephyifiglthis [3Q8tief toptet insbaHony eurmerisiltie bedcishefi-

exam ning soil particle sizes in a sieve analysis. Applyi nlg1 this practice
to the invehti eallyrismeecaibeye the putielst sizes O%Sé%l by weghihet harghanderesie
particle sizes.of 80%%y wej hi) &)f hard and resi.]- ient granules in the
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of 40 screen riicle si i LU= L j ansi der ed
substanti al | yrrlﬁégheﬁc%g ﬁg%egéér]éf\%glﬁt&%& gg{@@ﬁ%@,gﬁgpg%gé‘sfaz%ﬁ %’%Her may

be graded to amynSBeehbidersd Qibst@siallgdderitical 8r PEST WEN @ErteAARSIHGR thB8and
nunmerical difference be even | ess such as 20 scréen nesh standard to

produce a nor e andidubben inafyi bé graded texanypsmecificativnededineds phisr prefdrravathat
factured gl ass pbeads wou| d. have a_nunerical difference approaching zero.
However sinfe & aurrgeﬂ&aLathﬁ%r&m bg vghrlpsigsuiinat dAceresteBesh Stansiard fe

erosion of rocky 40e P3hbiehifitShh SnfiS Hor WhhPle 08mBRAGY §Heic¥PhAnu-
factured glass beads would have a numerical difference approaching zero.
However since sand is a naturally occurring substance created from the
erosion of rock, the particle size distribution and sphericity vary

15  considerably. A numerical difference of 20 screen mesh standard may result
in a particle size distribution between 10 to 30 for equestrian surfaces or
between 20 to 40 for athletic playing surfaces, for example.

In practice, the most inexpensive hard particulate material is
usually sand that is found in a naturally segregated deposit and/or has been

20 mechanically graded to suit Various‘common construction uses, such as for
use in concrete mixes and roadbed construction. The demand for sand to be
used for artificial grass installation is relatively low and therefore if a design
calls for a specially segregated or graded sand particle size distribution, thé
cost of such material would be increased somewhat. .

25 When deciding on the specific materials to be used in any
location, it is preferable to use whatever acceptable sand 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
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sand that is found in a naturally segregajged deposit and/or has been 20
mechanically graded to suit various conmon construction uses, such as for
use in concrete m xes and roadbed construction. The demand for sand to be
used for artificial grass installation is relatively low and therefore if a
design calls for a specially segregated or graded sand particle size
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manuf acturing facility no matter where the installation site is |ocated.
The nargi nal cdstribptionelthesand prgtieles to metah tharesitieakpaiticlesa particle

size distribution matching th article si.ze distribution.,of. the sand 5
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wi || resul t10i n wiHereseltahithe dvbnsﬁtgaF sigoiimanily medueaslisestling amdysepadatsmpaf at i on
of the particle mxture.in service. In contrast, conventional m xes of
resilient partite§ BAtigEBIX{urg n service.

In contrast, conventional mixes of resilient particles generally

have significantly larger particles than the available graded sand. As a result
the lighter larger resilient particles migrate upwardly and the heavier
15 smaller hard sand particles migra"te downwardly under the combined
influence of gravity, vibration, rainfall and downwardly percolating water.
Segregation of differently sized particles leads to loss of optimum compac-

tion and uneven traction in conventional mixed infill layers.
It has been found by the inventor that the separation of hard and
20 resilient particles in the mixed bottom layer can be prevented or substan-
tially reduced by (1) selecting hard and resilient particles of equal or
substantially identical size distribution (2) selecting 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.
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| oose net-like flexible structure. The |oose criss-crossed net of
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and netvor k of chirdel proRidecl dopieanst rgbixeict e phfile Agbladonentof d neked a
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bottom course provides firm resilient support for the relatively thin rubber
top course. The sand content of the mixed course in particular provides the
necessary weight for ballast and better drainage due to the capillary action
15 of the sand.
~ The relatively thin top course that is in immediate contact with
the athlete's body, has a high resilience where physical contact occurs and
results in low skin abrasion due to the exclusive use of rubber. The sand
content in the mixed bottom course provides ballast weight to hold the grass
20 in place and to quickly drain the surface. Drainage is especially necessary
where there is a risk of freezing and selection of a more coarse mixture for
improved drainage may be required in cold climates. The resilient particles
in the mixed course also provide subsurface resiliency in addition to the top
surface resiliency provided by the top layer.
25 | The choice of hard and resilient particles of substantially equal
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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prior art infill layers with large and small particles tend to compact or
consolidate into a more firm compacted surface. The invention maintains
its resilience even when used in thin layefs since the top layer is of pure
15  rubber granules and the mixed lower course does not tend to separate or
compact. Thus a more predictable long term resiliency 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 across the width of the ribbons. Then after

20 installation of the infill the 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



10 | ower cost and | ower thickness than conventional nethods such as
described in US 4,337,283 to Haas and US 4, 396,653 to Tomarin. The prior
art infiwobaysses with | arge and snall particles tend to POWgact/ 0022
consolidate into a nore firmconpacted surface. The invention maintains

its resilience even when used in thin |aygess since 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 ri bbons can be manufactured and tufted to the fabric backing. It
is preferred to slit the ribbons with relatively short |longitudinal slits
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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.



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 alwoopessetts a nore dense top surface coverage of PQr/aastoioke
strands. The relatively wide ribbons with short slit perforations as
initially installed can be spaced apart ajgufficient distance to permt

granular infill to be installed between the ribbons. Wien the infill has
been fully installed, the brushing of the widely spaced ribbons 15 splits
theminto thinner grass-like strands that fill in the gap between the
ri bbons and better cover the top surface of the granular infill. The dense
net of criss- BuefBedsdrifion bftledDsawimghs contain the | arge top course

rubber granules while allow ng cleat penetration and permtting water to

drain through. The splj tordédkRis tiaddnPeidd ndy2se kéddelys undegtesl/ eoage of
the 20 visible surface at a |l ower cost. In applications ™ not oriented to

sports uses, suehrad embbdmdsttapt ntheoindationawill ebap@dscoibedoby, whgsef dense
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grasses. Further details of.the invention d its _advantages will Db
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that the invention nay be readi |y uhderstood, one preferred embodi nent of
the invention wibbonbandehke inflédayey badlt vpfof ®x@phase of télatietlgrlangerdsi- t he

acconpanyi ng drawi ngs wherein: 5 Figure 1 is a cross-section through a
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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 sh;)rt 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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backing 1 is a Targe er "of=upst andi ng synt I'c ri /
indicated in Fiygehethd, totdlede .hl{Boﬂﬁs\?ﬁ)%i@iﬂfo tbfd thBrduspdtfesilieackiofiahd
spaced apart in‘rows by a i stance and of a length L. The length 'L of

fibres is sel ecoapleedeydihetic guassassémblyot al depth (5 plus 6) of infill and
the desir eler estl] enceD?sfpotsgc? intggs%ilaﬁgl%detv%fggr} Hl%tlipcsta(l%rd?ggs i ggsnglu%l)'m 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 befween 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



10 Di sposed interstitially between the upstanding ribbons 2 upon the upper
surface of the backing 1 is an infill layer 3 of particulate natter. The
parti cul av@omets8er rmay be sel ected from any nunber of conmpOnCRoE8@21 abl e
hard granul es such as: sand; hard aggregate; silica sand; gravel; slag;
granul ated plastic; and pol yner beads. Theggresilient granules may be' 15
sel ected from cryogenically ground rubber; rubber; cork; polyner beads;
synt hetic polyner foam styrene; perlite, neoprene, ground tires, and EPDM
rubber. The infill layer 3 is made up of a top course 6 and a bottom m xed
course 5. The m xed bottom course 5 is of interm xed hard sand 20 granul es
and resilient raffhest agd acuiliest. grielerissubstawiaytspencaltdne rasingular as in

di stribution by volume of different sizes of hard granules and resilient
granul es t hat éh%pgebglftéﬁtfuﬁh%dlrsm@g@:wmawlwggsqtﬂng-ze bet ween 0.5
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the range of pasdihgltke siexvesizd! drudtethabidtly Spersentcamalder |ank the hotraobel ween
10- 30, 15-30 or _20-40 screen nesh standard as selected to suit desi gn
paranet ers. Théxéhkpmane gl scaleclowingoparticle gndforgieye atiee.r €8¢ 1 i ent
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i near scal e o percen y welg assi ng the sieve sIze or

al ternatively 'spgd pafticls ¥ild @istritanibnt 4R el iz Mratubdst paiiiilegize diggidilt hm c
scal e showing particle and/or sieve size. The exanple |ine shown in Figure

5 i ndi cat e 10el dionvety identicalmend xwonkk bsf shgrant supersnposed annaaclowthemge of
particle si ZeS'HcI)vge?\?e!rl Ys ta?leegainqgle? t eFil (9-'305ra];1§é mentioned above is graphically
llustrated 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



sand particle size distribution and the line for rubber particle size
distribu 10 lion are identical and woul d be shown superinposed on each

ot her. Moowevessgd as an exanple, the 10-30 range nenti onedrabownel/os22
graphically illustrated as a shaded zone within which any line wll neet
the require- nents of this particle size.nqgstriction. The top course 6 is
substantially exclusively of resilient rubber 15 granules. An upper
portion 7 of the synthetic ribbons 2 extends upwardly froma 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 raci ng firddbdss 2pinzy gerewaldls pptigtdss#pedpraoemsdepmsding the temtowsalé.
areas. 20 In order to deposit, dual ]ayers, brushes pass oyer the backing
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ri bbons are upstandi ng _when, enbedded.in e infil] and.not subnerged under
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excessi ve 25 displacement of the infill particles after installation. After
the ni xed | swemppenpottion gyef thiessymheaticaribbidwss Anit ifatthyr fibedlatadobeaggres-

particulate material is placed as a resilient top layer, To _detposit t he
bottom | ayer a Sielepassingnyebhesss@camdth nbrushi tBhis oppeationr phitsethegmpeushed

t [ th f ot [l e fabri Lti th 01/ 98589
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to bru_sh t he sur _ace an ralse t ons to an upstan I Ng pOSItIOI’] as
shown in the dibBsioadsite biudhiyg pepi@hefuiedr tsphts d@id ebbbns topehiapi e dftst he

top course 6, the 5 upper portion 7 of the synthetic ribbons is further
fibrillatedOby lengitusbnaldy wetlyfopmeng thgnueregrashbke strhade ofiiat thirneb vudth aThi s
operation spli tiﬁué[tpa@ceclil.p ‘ﬁlre 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 ribboné 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



portions 7 and spreads the strands uniformy over the top surface 8. The
manuf actured wi dth of the ribbons 2 is relatively wide such as one inch and
t he on-siwe@obsasshi ng operation further splits the ri bbonspopeabtigoehe slits
10 longitudinally and form ng thinner grass-like strands of a thinner w dth
as illustrated. The upper ends of the rippons 2 are brushed nore
vigorously to achieve the follow ng advantages over prior art nethods.
Laying over of the fibrillated upper portions 7, interlocks the ribbon
ends into a | oose network which nore realistically sinulates the
appearance of natural grass. The 15 fibrillated ends inpart a slight
resilience sinapptdreycaamd shisghtlbglitairskd amorel predethbdathameedemnding el y
sinmulate the resilience of natural grass when_  balls, during glay, bounce
1R/
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fibrillating the ends of the ribbons 2, less surface tension is created

and water nere easily Phé ridbves whHenouginllyh@fiedpo she fabe hcking, nsay b af ned
away through the bottom course 5. The ribbons 2 include a top structure of
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pr edi ct abl e0 mapreferabdy droth 4§ to @00 tohieromsyiu3t ance of the fibers to the ball
during play. Mddification of the ribbon width and density in_the grass
will also nodify the bHhasbsen found threngicexmeripenigind 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 compéction and resilience. Larger resilient particles

(such as 14 screen mesh standard) may be used where skin contact with the



5 The ribbons, when initially tufted to the fabric backing, nmay be of a
width in the range of 1-3 inches, and when fibrillated the individual

grass- | ikeosessends may be in the range of 1mmto 15mm ( 1P&Tr/ICAetiowe2 V2 i nch
approx.) in width. Expressed in terns used in the art, the strands range
from 800 to 5000 Denier, and the thicknes2lef ribbons and strands range 10
preferably from45 to 200 mcrons (). It has been found through experi nent
and experience that the size and shape of hard granules and resilient
granules significantly affects the turf performance characteristics. It
has al so been found that the spacing o ri bbons and the variation in depth
of infill can ﬁaxféC%tandﬂ@ptmﬁal@M@%O@rﬁqrnethel@tp@r pﬁﬂ%ﬁ@@rt&mm@ewﬁh hetic
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skin contact with the, 01/9 89 . PCT/ CAQ1/ 00922 -21, surface otenti al
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washed and gr a‘i‘gé}mtcgl E)SHPCY siszlé? %}ﬁrﬁle a}n\l,e¥fe%ncet1.}3 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



fine particles below size 50 mesh. The natural tendency of the |arge
relatively light rubber particles 5 to mgrate to the top and the

conpl enewary9gsendency of snaller heavier sand particl esp€DCAIGO@EE tO the
bottomof the infill layer 3 is reduced by use of equally sized particles.
Particle mgration is also reduced by the2Rnterac- tion with the synthetic
web-1ike ribbon structure and by the use of spherical particle shape. The
bottom course of the infill retains its initial mxture of 10 equally sized
sand and resilient particles due to the selection of substantially
identical particle sizes and the interference to_particle novenent |

resul ting frorflesse speping Revidesyéirmes sypporielar thsomdill § sdwereast 2vivider t he
bottominfill |ayer. These characteristics,of Hhe infill tend to
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and achieve the desired resilience of the final top 25 course. The
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mechanical and functional equivalents of the elements described and

1llustrated.



cl oser spacing provides firnmer support for the infill 3 whereas a w der
spacing permts easier rotation of enbedded cleats. The depth of the infill
| ayer 3 nmebat/dsse9to the length "L" of synthetic ribbons epamcaang®2X rom 90%
to 40% however the preferred range 5 for nost applications will be 85%to
55% or 80%to 70% For exanple, where theskength 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 extendi ng above the top
surface of the infill. Al though the above description and acconpanyi ng
drawings 10 relate to a specific preferred enbodi nent as presently

cont enpl at ed byCLAEMSi nventor, it will be understood that the invention in
its broad aspect includes nechanical and functional equivalents of the

el ements described and illystrated. WO 0113/ 98589, PCT/ CA01/ 00922 -23-
CLAIMS 1. A synthetic §r &¥8thelicegrasy #5pmbdhE o) Wsfadlatign QNsapsnortige

substrate, the assenbly compriging. a.pile fabric with a flexible sheet
backing and a Sf’lu§t£\a;{?’t%l}e3% B@pés%g%%lﬁ% synthetic ribbons of a selected
l'ength, the ribbons exjenth Febrid! Rl H Ylck{HEN hBet PREEInSUEA@GE pAfrafifie of
backing; an infill layer of particulate material dispoSed interstitially

bet ween t he supatpataidingy syithetis nilpmst b augpperted dedigihe thd rifvenbacdtéemtngnd
of a depth less than the |length of the ribbons, the particulate material 10
sel ected from tURVagEUBORMGHSIRRE FYTisEe RAhS bagktng esi | i ent granul es; the

infill layer conprises: ahpttomcaqurse.of interm.xed.hard.and resiient
granul es of substanti&t ?ﬁﬁe]ﬁwlﬁa?%uaa&g‘ Cuﬁﬁtgt PR o?ﬁl,lsﬁﬂsggokngﬁrsﬁﬁ% t he
top surface of yhGeePRIFIandAE ribbons upon the upper surface of the backing and

of a depth less than the length of the ribbons, the particulate material

10  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

15 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.

C2. A synthetic grass assembly according to claim 1 wherein the
resilient granules in the top course are larger than the resilient granules in

20 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
25  granules and resilient granules in the bottom course are in the range of 0.6

to 0.9 Krumbein scale.



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

ext endi ngvapwessed y from a top surface of the top course. PCT/BASyomOReti C
grass assenbly according to claiml wherein the resilient granules in the
top course are larger than the resilient-g8danules in 20 the bottom course.
3 A synthetic grass assenbly according to claim1 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 Krunbein scale of sphericity. 4. A
synthetic grass assenbly according to claim3 wherein the hard, 25 granul es
and resilient granul esA fyntheliarass asenihly @capiding to paYoRmg Cléim@.th% 0 0.9

Krunbei n scal e._ WO 01/,98589.. PCT/ CAQ,L/ 00922. -24 .5, synthetic gr.ass .
assenbl y aceor TG0 En SRSt ignuicRas Selsched ap dhf FhiP sipRfigEor
granul es are sel Bk N8d IR r-CRNBh&E | Bgiof 0gRL4al EQeINd
rubber; rubber; Tcork; gﬁ%r beads;r’synﬂ)]et’ic kgo ?/m&f %gm&?s%l}tgne;
perlite, neopr @m@ym@ﬂfbaﬁﬁ%fdﬁbbpéﬂite,@e%reﬁesm BEDM rgblgs assenbly
according to any one of clainms 1 to 5 erein the hard granules are

selected fromthe group consisting of. sand; hard aggregate; silica sand,
gravel : slag; dranul at Adsysitbetiq grasy pspeptily geeordies tsanyy ongof gladmstli © Yr ass
assenbly accordi,ng to,anyone of clains .1 t wherein t.h articul ate
mmterial of tnaviEn oo somas A arigeref up Be NG o Bl S Bn 6

i nches maxi mum 1 [ : r ?E%r d.,n8.

synt hetic grasgag%ngg%tﬁg}kﬁg%g%isﬁg&tg&gﬁgiﬁ% erﬁg}tﬁa e CbaaPtgi% méalrzes

of 80% by wei gltleadd. hard granules and resilient granules in 15 the bottom
course are distributed in a range spanning a nunerical difference

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;



of 40 in screen nmesh standard. 9. A synthetic grass assenbly according to
claim8 wherein the particle sizes of 80% by wei ght of hard granul es and
resilientw@oassiBes in the bottom course are distributed Par/gApaoNge2
spanning a nunerical difference 20 of 20 in screen nesh standard. 10. A
synthetic grass assenbly for installatiomegn a supporting substrate, the
assenbly conprising: a pile fabric with a flexible sheet backing and a
plurality of upstanding synthetic ribbons of a selected | ength, the

ri bbons extending 25 upwardly from an upper surface of the backing; WO
01/ 98589 PCT/ CA01/00922 -25 an infill layer of particulate materi al

di sposed interstitiallan indillvdeyert nd ppsicatede nmatéridiodsspopedh mberstifpgéyr
surface of the backing and of a depth less than the |ength of ihe ri bbons,
the particul at bemeév&w upstanding sbpryHPOMAhe bpDEr BWiaesel g bckime aad ang

resilient granul.es;, 5 wherei,n the nthetd g ribbons: .are |Longltudinally
intermttentl yog|a[ tdepﬂlv\'ge% HH’@I B}enf%]ﬁﬁih pozft rﬁll% 8?S’smet B,ﬂlﬁﬁp‘ﬁ%prg?te 8!ti on
of the ribbons } tafisl e : i gnally split
into indivi dualsaﬁggﬁdtﬁglntgip%&lsq %ﬁ%ﬁﬁlgfdﬂ %%Iﬂg%gg?%gltlgd % ]tclil%!ﬁb’t 0 represent
grass bl ades; and a | owberdi@thd 9mtledtictdisbarsbbons having said slits extended
open forming laterally |inked strands disposed in a lattice structure
ennmeshi ng the surroundi ngrebmgitudinally interinittentt ditiiala predetepningditasiere
grass assenbly accorgi ﬁg'to claiml1 wherein the 15 synthetic ribbons are
di sposed in rows sp&édapart a selected mininum distance. 12. A synthetic

grass assenbly according a‘ilouﬁlg&i ﬂ&xﬁ%n‘“@f*&ﬁé Yiddas 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.



maxi num di stance between rows of synthetic ribbons tufted in the fabric
backing is 2.25 inches. 20 13. A synthetic grass assenbly according to
clai m 12 wier/ess89 t he maxi mum di st ance between rows of syr€hennroamebbons
tufted in the fabric backing is 1.0 inch. 14. A synthetic grass assenbly
according to claim13 wherein the maxinmpgdi stance between rows of
synthetic ribbons tufted in the fabric 25 backing is 0.625 inches. WO
01/98589 PCT/ CA01/ 00922 -26 15. A synthetic grass assenbly according to
claim1 wherein depth of the infill layer is in the range between 90%to
40% of the length of synthetic ribbons. 16. A synthetic grass assenbly
according to clldim 15 wsymtheticdgpshassembly abeordimg tol cldiay &rwheeinndedile of ange
bet ween 85%to 55% gf he l.ength of synthetic ribbons. 17. A synt qj:ti C
grass assenbl y tBe dBFYi Hyer ds dRafhs 18185 EeBYoed &Y to#0%net ithe i lengthapér i s

in the range be en 8Q%to 70% of the length of synthetic ribbons. 10 18.
A synthetic grggﬁﬁjggiggﬁéo 8'accordi ng to claiml1l wherein the synthetic

ri bbons are fibers selected fromthe group consisting of: polypropyl ene;
pol yet hyl ene; nyl on; apdsyritistd graséasseﬁl‘rﬂ%”ﬁc%fdiﬁ%% RIS WHI¥inddh di ng
to claim1 wherein the upper portion of the synthetic ribbons are
fibrillated5intod thadinilldlegkr s¢ imrthe radige betwean 86% itm S5He afathgelchgthveén 1. 0
to 15.0 nm 20. A_synthetic grass assenbly according to claim1 wherein the
synt heti ¢ ri bb&¥Bthetie t81boast hi ckness in the range between 45 to 200
mcrons. 21. A synthetic grass assenbly for installation on a supporting

substrate, 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;



20 the assenbly conprising: a pile fabric with a flexible sheet backi ng and
a plurality of wupstanding synthetic ribbons of a selected |ength, the

ri bbons exoenehissy upwardly from an upper surface of the barkiangeosthe
backing and pile fabric being suitable for receiving an infill of
particulate material intersticed to a 2527raction of the selected |ength
of the ribbons; WD 01/98589 PCT/ CA01/ 00922 -27 wherein the synthetic
ribbons: are longitudinally intermttently slit in a predeterm ned pattern
of slits; an upper portion of t-he ribbons longitudinally split into 5

i ndi vidual free-standing strands of a selected width to represent grass

bl ades; and a | ower portNﬂﬁﬂ@ﬂthﬁéymmﬁbéﬂ§bﬁﬁving said slits extended open

orm ng L aterally 11 ke o AR el S SALRANGS pl o
of slits;
an upper portion of the ribbons longitudinally split into
5 individual free-standing strands of 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

adapted to enmesh a surrounding infill particulate material.



