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MVETHOD' ANDWARRAROT US FOR CREATI NG PATTERNS | pCf669620830ERI ALS
+FI ELD OF THE | NVENTI ON The present invention relates to
or nanent al 5 structures and surfaces, nore particularly to cast

stryctures anq surfaces, and nDsﬁFggéb ﬁﬂba§%¥g$%§5 cenent - based

structures which have integral nd to a nmethod of

maki ng such structures éﬁgi %§¥1 %@l the pattern
is achieved to 10 the degree 3% belng reprodﬁg¥b ?ﬁbn1one casting to the

next. The method of this invention is also readily adaptable to

aut omat ed procedur es. BACKGROUND OF THE | NVENTI ON

There is a needrrp b ohire rhgrsrgaie and 15 control patterns in cenent and
pl aster or gypsum based materials in both precast products and
cast-on-site pi eceTheAbrpsesentinveneishi Fielyutes toeatramangtsdntrol
patterning in cenent is extrenely |imted. Most comonly, if an
attracti vesst eteuappeasannd ssrdecesedmome pA@raicedeniybhsedastterial it is

usual | y achi eved by
structures and surfaces, and most particularly to cast

cement-based structures which have integral color
patterns and to a method of making such structures and
surfaces whereby control over the pattern is achieved to
10 the degree of being reproducible from one casting to the
next. The method of this invention is also readily

adaptable to antomated procedﬁres.

BACKGROUND OF THE INVENTION
There is a need to be able to create and
15 control patterns in cement and plaster or gypsum based
materials in both precast products and cast-on-site
pleces. At present, the ability to create and control
patterning in cement is extremely limited. Most
commonly, if an attractive stone appearance is desired on
20 a cement based material it is usualiy achieved by
covering with a wveneer of granite or marble.

Some of the disadvantages of marbles and
granites which can be solved by this invention are lot-
to-lot variation in color and pattern, limits in size due

25 to costs of handling and transportation, difficulty in

showing continuous patterns of marble veins, and cost.
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facing. As for size and cost, It 1s no practical to u in

pi eces |arger ¢fidmeskd. apy od ey ddulsd88 Yy Rinfdrd @8id match

The prior art is replete with nmethods to produce color and patterns in
cast material spdny Aiffatdnt piecedadichtHiwne FRpadiidiCarsuch as marbl e
or granite. However, in nost instances there is little or no control

15 over the pagifficiently sipilatcidide tysedd hereatree,a uniform
appearance on a facing. As for size and cost, it is not
practical to use marble in pieces larger than

10 approximately four feet by eight feet.

The prior art is replete with methods to
produce color and patterns in cast materials to simulate
a natural stone appearance, such as marble or granite.
However, in most instances there is little or no control

15 over the pattern or its reproducibility. Furthermore,
few, if any, of the prior art methods are readily

_ adaptable to automation for consistent production of
matching articles.

For example, U.S. Patent 27,022, Lamb,

20 discloses a method for manufactﬁring artificial marble in
which balls of cement are mixed up to a consistency of
paste and partially coated with dry paint. The balls are
then placed in a mold and compressed causing the moisture
within each ball to penetrate the dry material and

25 consolidate into a single mass. The dry paint then
appears as streaks_on the surface of the article
produced. This method is time donsuming and regquires

precision on the part of the practitioner to achieve any
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*few, if any, of the prior art nmethods are readily adaptable to
aut omati on_f o @%@Si stent production of mat ching artic
:Eor“exanplg{o{]f' . Patent 27,022, Lanb, 20 discloses a net hggqug?mﬂszo
manuf acturing artificial marble in whi ch balls of cenent are m xed up

to a consistency of paste and partially coated with dry paint. The
balls are dear RGNS IR EXaR SRS F 8 RFXthe ABTstidr e

Single mss. b XRYLEL diRtapLe ©o Ahatonate MRS the urface of
the article produced._. Thi t [ [ conswy ng and requires
preci sion on the part oﬂt%‘empar%aegﬁt%%ﬂeﬁsi’o C rév;ggfrfg‘cses the

2" s WO 97/133 Tactyre of artificiatl mahrble in vﬁoich a %gilulli_&:{t%@{ 23320
degree of consistency fromone pirece to the next. r1s 't readily

adapt abl e 50 ap; Ut QIBLRG P! OLG8RS chloride, sugar df Jedd! @llum! &% %@g_'t

Frear, discloses the manufacture of artificial marble in whic
solution of s Zidigo P halith &imictaiteddfdentifiand Jigas ) woray asal t
is combined with a m xture of cenment and silex to forma pasty mass

havi ng t he consastenasoihawmimarthehicdngistidiety of mortar which is then
cast in molds. By adding suitable colorants to the
composition while it is in its plastic state or to the
10 solution with which it is moistened, imitations of marble
are obtained. <Clearly, colorants added to the plastic
mass would reguire some mixing to achieve a marble-like
pattern, similar to the process used in mixing.the two
colors of a marble cake batter.
i5 U.S5. Patent 134,300, Mellen, discloses a method
of manufacturing artificial marble in which individual
batches of cement of particular colors are prepared in
separate vessels having small spouts. These are then
individually poured into a mold in small streams in
20 imitation of the veins of marble and the area between
these streams filled in with cement of another color.
Air is then blown across the mold to cause the colors to
flow and mingle together until the desired effect is
achieved. For finer veins, threads are dipped in colors
25 and laid in the mold to be pulled through the cement
after it is poured in. As with the Lamb patent, this
. method reguires a dedree of care and skill on the part of

the practitioner to achieve any degree of consistency of

3
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cast in nolds. By adding suitable colorants to the conposi tion while
it is i'n ikgophappd C state or to the 10 solution with which fU§9§’232°
nmoi stened, imtations of narble are obtained. Cearly, orants added

to the plastlc mass woul d require some nmixing to achieve a marble-like ™~

pattern, simlar to theggrocess used in mxing the two colors of a *® ,
mar bl e cake ba®3Erern m one piece) ko 4hg AYRXt34, 300, Mellen, discloses a

bat Eﬁ:e’s o O eyt ety %m%;%%r& 4%:%%' S A}jcnﬁegzzfgtg
bl P%f?%#gfﬁgﬁ“ﬁ% bRt rid A A, B aigibdod the aron
bet ween S5l s e Li; dA'&&d 4l vm}}éageg%f %d%n%%eﬁafﬁng] F mingl o AT

is then blomn actoss the nold to cause t ors to

together untilcdhendesheed PEfECtedBly incoigiuamask. F \ﬁﬁ_)%%
threads are dipped in colors 25 and laid in the nol d to be puI t hr ough

the cenent with t@ry i temenpaarredidh ARlal tdhd eyitadearRY tHd S
nmet hod requires a degree of care and skill on the part of the -
practitioner tmiacinreViey sstyirteinieerith corsmiidabiey tfel. This mixture
° is then poured into a mold and allowed to set. This
method, whereby pigment is merely stirred into a base
10 nmixture is the classic "marble cake" method and is'very
difficult to control from one casting to the next.

U.S. Patent 704,621, Czermak, discloses a
process of manufacturing artificial marble in which
cement, or the like, is spread upon a smooth surface and

15 allowed to partially set to form a Slab. A liquid mass
of mortar, or similar substance, having a color

. corresponding to the color of the veins desired is poured

over the slab which is then cracked through its entire
thickness with a suitable.instrument to slightly displace

20 its component parts. The ligquid mass enteré the cracks
and produces the artificial veins which penetrate from
face to face of the slab. Since the shape and direction
of cracking in the slab is dependent in part on the
application of the instrument and in part on the

25 structure of the slab itself, it is unlikely that a great
degree of consistency in pattern can be achieved from one
piece to the next using this method. 1In addition, since .

cracking of the slab disrupts the internal structure,
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pattern frwnoneqi ece to the next. U. S. PatrCa/USBRIE05,
.Sumrers, discloses artificial marble which is manufactured by m xing
together linme-water and silicate of soda and adding a 5 cenent until it

is<$ully incorpar | t,s. M X 1,1 [ enent e then added
and agitated i loébﬁ%h% Q{T‘%]x%lﬁ eaﬁj?dstelf re:gﬁg%vﬂd P’%a%egﬁf’ﬁa%ﬁ& 52‘8 . This

m xture . is then po [ d & d hi

met hod, wher eby pignentquﬂhere ;ﬁgF?&gégﬁVn?%kgw%ésggs%ggsﬁ;xkgre is the
cl assic " mar bl a-oekes /B 1a%  GH i%H Yohpri sesdipbiieauhl; apenst r ghebham one
casting to the next. U. S "Patent "704, 621, Czer nak, glscloses
a & processdt i@ ctadiddidrant fAnd alatE khichnavli lixed to§e®BRBE, Of
the like, is spread upon a snooth surface and 15 allowed to partially set
tq forma 5l alandA ddmprebswmbsin a madid.nodmathier meithblar isubst bateeviavi ng
a col or corresponding to the color of the veins desired is poured

over the sl ab thatcithe nesyl time papduiatowjlli be enbstentiallyhofkones with
a suitable instrument to slightly displace 20 its conponent parts. The
liquid nass eEyaF tidhe thecparble gystprevdddnghanyr variatipnyvehiashwhi ch
penetrate from face to face of the slab. Since the shape and direction

of cracking i PahPSsBASSS S ependent in part on the
U.S. Patent 2,280,488, Jenkins, et al.,

10 discloses a method and apparatus for making a stone like
unit in which batches of colored concrete are premixed
and added in layers to a blending box. A mixing grid is
drawn vertically through the layers at least once to mix
them in a variation of the "marble cake" method of the

15 Summers patent. After the layers are blended in this
manner, the mixture is poured from the box into a mold.

U.S. Patent 5,248,338, Price discloses a
colored marble concrete and a method of producing the
same wherein a master mix of concrete of a desired

20 primary color is prepared. Secondary or accent colors
are added to the surface of the master mix within a
container, such as a bucket, and are stirred to create a
swirl pattern in the colors. The stirred mix is then
poured into a mold. As with Summers, this is the classic

25 “marble cake™ method which is difficult to control from
one casting to the next.

In contrast to the prior art, the present

invention provides a method whereby color and pattern can

5
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application of the instrunent and in part on the 25 structure of the slab

itself, itvwSotbedely that a great degree of consi st epeyisoeiibé ern -
can be achi eved from one piece to the next using this nethod. In €
addition si nce cracking of the slab disrupts the internal structure,

VO 97/ 24209 PCT/ US96/ 20320
t hi s net hod ha%et%n‘araa%he%f%%tr%?lmmlw?% TNy, castings t
U S. Patent 928,061, Mta

com i o5 por (P4 SenehEL TR of 518 e mafirn & fhathistoaid, -
whi h are M xeg{ Qe ot Bou AT SEPLASSEACAL e TFLéke 40 ik 3,48 Nod, 4

Is believed e resulting pro stanti one

color with.th r s&f PE éd Ha{é .
present, T mkEnlHS; .ﬂ%atie’ﬂ‘?e*%*“’é%o oo EELE e oy @zé’%f '

di scl oses & netdodiAgy BOER! G Usnd 06 Faki 6, dand OFE hddt€ means Wt i n which
bat ches of colored concrete are prem xed and added in layers to a

bl endi ng box. #ransfeprimgdcasting nikxeuresets i zahdld taw cwgll tdxe tayers at
| east once to m X themin a variation of the "marble cake" nethod of
t he automated production systems for producing substantially

consistent and identical articles.

SUMMARY. OF THE INVENTION -

10 The invention discussed herein provides one
with the ability to create cement based cast articles
which can be the equal in beauty of some of the finest
marbles and granites, while having the advantages of
cost, ability to control and replicate color and pattern,

15 as well as the ability to be created as needed, cast on
site, and created in any size desired.

on-site castings can be as large as desired, in
theory 20 feet by 100 feet or larger. The cost
advantages of being able to readily produce a surface

20 having a controlled and reproducible pattern on-site
versus the expense of selecting, cutting, shipping and
erecting natural stone facings on a structure are readily
evident.

Central to the invention is the ability to’

25 control creation of a pattern in a castable material.

This ability to control the pattern also renders it

reproducible from one casting to the next. This control
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"15 ; Sunmers patent. After the layers are blended in this manner, the

m xture isvwagyfeded romthe box into a nold. YcPrusbasard
5,248,338, Price discloses a col ored marbl e concrete and a net hod of
produci ng the sanme wherein a master mx of concrete of a desired 20

Secondar¥ gﬂeaccent col or are added to
a

rigrary col or i,s prepared.
Phe our t aoe of iBnBEEREEER Y RerRR. VISERELTRErt 2 RITG Biitket
The stirred

and are stirred.to create.a __ swirl pa%t rn in the colors.

mix is then  ChepgEPBRFACOAETABFEISRE RF: Ve fhebete (KT PRHF Fhssic
25 “marble Caé%'{n:%br,‘o‘éhﬂhbi?céﬁeﬂkfBECH% L {R{?Pérxgixéé .Ocmrinq one
casting to the“next. In“contrast to the prior art, the

present i !Sﬁ%tih%naBElOiéthéoﬁsHﬂéQQi&HeéEbﬂhE%%r@&'%ﬂf‘téﬁf can
5 WO 97/ 24209 PCT/ US96/ 20320

be, control Isd andceaphitCat He ap+8SENTRINVEAELbA0Emboys al PldW itdfese
uniformty of color and pattern as well as, where desired, continuous

vei ni ng from omeapseda honbhelnmathod wherdbByneistabbé hdteriaMedddn is
adaptabl e to any size of 5 casting, both on and off-site, and to npst
neans for geometrically arranged in a container according to a set
formula or chart for a particular pattern and poured to
produce patterned structures or surfaces wherein the
10 pattern is consistent and reproducible each time the
formula and pouring criteria are followed.

It is therefor an object of this invention to
provide a method for creating multicolor designs and
patterns in cast materials comprising the steps of:

15 a) preparing a mold to receive casting
mixtures;

b) preparing at least two wet caéting
mixtures of different colors at a viscosity to facilitate
controlled pouring thereof;

20 c) loading the casting mixtures into a
holding container in a horizontal and vertical geometric
arrangement according to a formula devised for a
particular pattern;

d) transferring the loaded mixtures from the

25 holding container to the mold, and;

- e) consolidating the mixtures in the mold

into a physically uniform mass and allowing the mass to

set.
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transferring casting mxtures to a nold as well as to aut omat ed
product i onwgysiase for produci ng substantially consi st gefugdsthos2o .
i dentical articles. SUMVARY OF THE | NVENTI ON 10 The <
i nvention di scussed herein provides one with the ability to create

cement based cast articlgs.. . gm&%%rﬁj%%# he S’%L#?idenab%%%doffﬁi_one"o_f

the finest mar bl es andﬁbranl avin € advantages 0

t, abilit ' | .
cost, apt'l yoéagseﬂcl—%g@ielc]ﬁ%f&@ nt? ﬁséﬁ"%a%:t:%rl@ aéxh5 as well as.

the ability t as needed, cast on , and created in any
size desired. controlling the Prtdr GRS WHMRIEN dMpAs didigge as desired,?

I n theory 20 feet by 100 feet or larger. The cost advant ages of
being able to readily prgducgrepaimfe mldas tedeisentwed lcthetitd .
reproduci ble pattern on-site versus the expense of selecting, cutting,
shi ppi ng amd based®nesfierialssgt ural stone facings on a structure are readily
evi dent . Central to the invention is the ability to 25
control creation of a patk er prepaxigustathlleantt divalwet cemeTii daged ity to
control the pattern also renders.it reproduci ble fromone casting to

t he next. Thi scaghing|mixtures having different colors; 6

c) providing a holding containér having a

removable matrix subdividing the container into at least
10 two subchambers;

d) loading the mixtures into the container in
a geometric pattern according to the matrix and a
repeatable formula devised therefor;

e) removing the matrix from the container and

15 attaching a baffled pouring aperture to the container,
angd;

£) transferring the mixtures from the
container to the mold through the pouring aperture
whereby the baffled pouring aﬁerture causes the mixtures

20 to flow and combine in a predictable manner.

And it is a still further object of this
invention to provide a method for producing reproducible
colored and patterned cement based castings which
simulate natural stone, comprising;

25 a) preparing two or more different colored
wet cement based mixtures at a viscosity whereby the
mixtures are pourable but resist combining when placed

against each other;
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ef f ect ed bywd®maseeof the viscosity of a pouring mx, t PeT/USssIbI0 C
_arrangenent of two or nore nmixes prior to pouring, the placenent of
two or nore mxes during pouri ng and the consolidation of the poured

mx after 5 placenment. The present .invention emloys_all .of these

geans in a novel method %ere&ﬁ%{ﬁ 1% TS P Pe PO Mieonet rical |y
arranged in a contai C ' 1 . f I r..chart .for a
parti cul ar pat?%rﬁaaﬂéﬁ% p%t%r(g%%gn&ﬁp}f?c?t}cegmﬁé}et%re%esgtg’torn%c?ﬁ%s or

surfaces wher &%ir}%a%%% £ LS 2 ShiGPNS} siiec{ﬂlir\ri\‘lqux'er QY Gk %nﬁaci:i‘xt t : ge

the  formula ring criterira are follo

thersefor an obig&ti Ofc tdhSuntly elddSU iy to a Hodwhde orRekpdntidnhgCheating
mul ti col or designs and patterns in cast materials conprising the steps
of: 15 5 a parficubieppatterm 1wk tprodmad ehersbyn§ormingmaxt ur es;

b) preparing at |least two wet casting m xtures of different colors at
a viscosity togémsétiicakly loadahtbwlk eslispouring thereof; 20

c) | oadi ng the casting m xtures into a hol di ng container in a

hori zontal and vertical geonetransferring rihwaesmetadcaldiyngonded uddul a

devi sed for a ) i .
mix from the pouring container into a prepared form, and;

d) allowing the mixtures to set.
10 Further objects and advantages will become

evident from the following description and drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is an exploded, composite view of a

simple holding container and matrix combination used in
15 the method éf the present invention.

FPig. 2 is an alternative embodiment of the
holding container and matrix combination used in the
method of the invention.

Fig. 3 is a further alternative embodiment of

20 the holding container and matrix combination used in the
method of the invention.

Fig. 4, is an exploded, composite view of a
geometrically loaded holding container and baffled

- pouring chamber used in the method of the invention.
25 Fig. 5 is an alternative embodiment of the

baffled pouring chamber used in the method of the
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particul ar pattern; d) transferring the | oaded m xtures
fromthe wopofgbg Ng container to the nold, and,

. ) . . . . rCTYUS9 320 .
consolidating the m xtures in the nold into a physical ly unitorm nass
and allowi ng the mass to set. 7 .
WD 97/ 24209 . _ PCT/ US96/ 20320 T,
It is a furthel?EBPEEPRto provide a nethod for casting nulticolored

cenment based materials d .contrplling the patterning thereof, .
conpri si ng: aPlga)s 1P Hart Pttt ©F dhe wethad Qfrents 5
based materi al | east two, wet cenent baséd

casting mi xt uréésmﬁja%? n%h%i??%q’%’ﬁ%)%%%fﬁ?gé&gd %iXtur?s it Wi di ?9_ a
hol di [ [ ; i din e ai ner
ol 09 COnt Al Aeta | B e SATVAD! S PLEL bIUIY HRLDSTS T

m xtures igto 4he container in "a geonetric pattern according to the
matrix and a repeat abl e formul a devi sed therefor;

Fig. 7 is a bladder type holding container and
matrix combination used in an alternative embodiment of
the invention.

Fig. 8 is an illustration of the method of

10 extruding the geometrically loaded“mixtures using fhe
bladder type container of Fig. 7.

Fig. 9 is an alternative piston extrusion
container and matrix combination used iﬁ the present
invention.

15 Fig. 10 is an illustration of the piston
extrusion container of Fig. 9 with the piston member
mounted.

Fig. 11 is an illustration of the method of
extruding the geometrically locaded mixtures using'the

20 piston apparatus of Fig. 10.

Fig. 12 is a representation 6f a system adapted
to use the method of the present invention and suitable
for automated on site or factory casting.

FPig. 13 is a geometric loading chamber for use

25 in the system of Fig. 12.

Fig. ‘14 is a mixing chamber for use in the
system of Fig. 12.

Fig. 15 is a casting table for use in the

10
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"e): renoving the matrix fromthe container and 15 attaching a baffled

pouring aped stif2de0 the container, and; PEYIOS06120320
transferring the mxtures fromthe container to the nold through the
‘pouring aperture whereby the baffled pouring aperture causes the

mxfures 20 to flow and conbine in a predictable manner.
And it is a sEgRaG_RhdhomrEsendt ipyieation. nyention to provide a method

for producing reproducil.e .GQl ored and _patterned ce t based castings
whi ch si mul at e nat drd" &@bﬁé&“@ﬁﬁﬁF@?iﬁ%? c3sting Eable %) Figreparing
two or nore differe cQl.qre yel cement bgsed m xtures at a viscosity
wher eby t he s %‘n% Q{sug? nglq{ihr ghﬁoﬁlyasf)cle%an 5at “rEsi g?‘conbi ni ng when pl aced

agaisnst each ot her; Fig 17. i : : 97/ 24209
PCT/ US96/ 20320 9 17, o5 2 GaNeRoatiYe ok odifient gfpggrei ng

contai ner gt geE¥Eidd aaldie ¢t eni@.ned positions both vertically and
hori zontally within the container and in speci fic anobunts according to

? formul a correspondi ng Rig. 13 dsPar thewpal AabhekBukorbe psadysed Lher eby
ormng @ casting table of Fig. 15.
Fig. 19 is an overhead view of a casting table
with a plurality of thumpers in place.
10 Fig. 20 is a plan view of a casting mold.for
use with the method of the present invention to produce a
structure having a formal pattern.
Fig. 21 is a cross section of Fig. 20 taken
along lipe I-I.
15 Fig. 22 is a cross section of a casting
produced using the mold of Fig. 21.
Fig. 23 is a representation of a pouring
diagram for use in the method of the present invention.
Fig. 24 is a representation of a pouring
20 diagram for producing a continuous pattern acrosé more

than one casting using the method of the present

invention.

DETAILED DESCRIPTION OF THE INVENTION
The method of the present invention has four
- 25 key elements: control over the viscosity of the mixes,
geometric loading of the mixes into a holding container,

pouring or transferring the locaded mixes from the holding

11
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geonetrically | oaded bul k m x; c) transferring the

geonet ri cakg/od@aghed bul k m x fromthe pouring contai Ngrrjybe,
prepared form and; d) allowing the m xtures to se 10 ¢
Further objects and advantages wi ||l becone evident fromthe follomnng
description and dramnn S. BRI EF DESCRI PTI ON OF THE DRAW NGS p
Fig. 1is an c‘iﬁrﬁs‘?qlé'vlaéiﬂ? gongolidatding theh Fogineg adwes-ner
and matri x co on u 15 the net hod of the present |nvent|on .
Fig. 2 is an g ?If'v %%ta Ismeits. combifng Gt @reonts ferl ied

Fi ;rn?(, :;gm;. pﬁé erﬁ@ﬁeﬁrna%"f]&'e % oecflthOd 3 the |nv H Inglnrfgp&if‘?ﬁegﬂ?er and
matrix combi naj gﬁla‘&&fé'fs whlck{r%)tago%e(}fetto%xjemﬁ?{é ag.g.la]b)}e] oadBd :

Fig. 4, is an explode conposite Vi ew of €oIe
hol di ng coat ala&ﬁtﬁm bé\f&é&iandous &@Hd&%fcfbad@%%rrﬂé% g aetgod of
the i nvention. Fig. 515 an alternative e o I ment “of the

baf f1 ed pouri rigad::tmﬁbﬂflcpts&fk ithddie dIRineet <0l @ modifications being

> recordable and the resulting patterns then being
reproducible, as will become evident from the following
description.

10 : The method begins with the preparation of the
original mixes of the casting materials as well as the
preparation of the mold, moid liners and mold releases.
It is preferable to premix all of the dry ingredients
prior to casting as this reduces the mixing time. The

15 materials have limited working times before they begin to
set. Although setting times for casting materials may be

~controlled by means known in the art (i.e. chemicals,
tempefature control, etc.) these may not always be
practical or desirable.

20 All patterns produced using the method require
the use of at least two different mixes which vary
primarily in the amount and shade of the coloring agent
used. The manipulation and control of the contrast
between the different colors is important to the

25 aesthetic effect of the pattern. .In addition, the mixes
may differ in the fineness of their aggregates, their

viscosity and additives. The size, or fineness, of the

aggregate is ancintegral factor in the fineness, or

12
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i nvent i on. WO 5724209 Fig. 6'is an illustration of the RETNE/29520
_pouring the geonetrically | oaded mi xtures using the hol di ng cont ai ner
and the baffled pouring chanber of Fig. 5 4. Fig. 7is a
bl agdder type h t | | | use
alternative e e%”%‘nt %fé{enefrlr{%hgl |dn\?e r%éjr# r'&%g‘ig} 3 gmoggﬁl S an

1 ustrati on ofy he P10 Gl (DAY Wl qgmw call ¥shaaded

m xtures using t er typ€ "Cornt al ner
Fig. 9 is an ald Oé‘féljé‘ét&é/ SO 4 IR to obt%@.&‘;t %h'ée"flﬁggt”%.hhéhed

conbi nati on use t he "present I nvention. 15 10 is
an illustrati gpaefeddeaii Siliftace. Off FAHR] pRACHIREY, a@;gEb_gat% wuhla t he
pi ston nmenber nmount ed. Fig. 11 is an illustration of

t he net hodsof is a eatiabliengeiivh geonekerncanty lcongddemattivheandsi ng t he

20 piston apparatus of Fig. 10. Fig. 12 is a representation

of a system adspreified in formulas for particular patterns and may be
as fine as fine sand or as course as the gravel commonly
used in concrete. Similarly, although ordinarily all of
the mixes used in any particular casting have the same or

10 similar viscosity in order to ensure proper control over
the degree of blending and the separation of colors, the
viscosity of the mixes may be varied among mixes used in
the same casting and within reasonable limits to generate
certain effects. For example, a higher wviscosity mix

15 surrounded by lower viscosity mixes will produce a
pattern resembling a rough vein running through a
background of finer detail.

In practice, for most applications, a dry

mixture of Portland cement and fine sand in a 1:3 ratio

20 1is preferred. To this mixture are added various
powdered, light-proof and alkali resistant mineral oxides
to obtain the particular color palette desired. Since
the viscosity of the wet mixes used in casting is
directly related to the amount of water added to the dry

25 ingredients, those dry ingredients may be prepared in
fixed quantities, packaged and stored until needed with
the particular amount of water to be added indicated on

the packages. -Tﬁe.félative amounts of dry ingredients

13

SUBSTITUTE SHEET (RULE 26)



" to use the nmethod of the present invention and suitable for autonmated

on site or Wwedbesage casti ng. Fig. 13 is a georgiyisucheadi Ng
chanber for use 25 in the systemof Fig. 12. Fig. 14 is a
m xi ng chanber for use in the systemof Fig. 12. Fig.
15 is a casting table for use in the 10

VO 97/ 24209 and water to be mixed for particularpygisggsiétiegrend

nmet hod of the present invention. ) ) Fig. 16 illustrates the,
casting table GFHYI tlme?u?q%1§ﬁﬁ§%&ﬁtﬁbFﬁén§?§Fe%F8P Etgndapd charts
Fig 17, is an glternafive enbodi nent of. the 5 casting table of Fig. 15.%
Fig. 18 is a t%l?r?e};(ﬁe écpspaﬁna{gg’se 5Pt ’\ﬂdtuﬁtfﬁé casting table of Fig.
15. Fig. j v ' st ahl e

Wih a plurality of thamisids s HEntuTY Qisd BOREAGRERT §n)

Y'ns\évn?f 3 cast RS SPOMthe miditey We t&n_teh%ageghg_dmgfcewslet eSeH! this
produce a structure having a torml pattern
Fig. 21 is a chegakeCinddmady be #MaderRRording to standards common

in the industry. However, the molding surface is
critical to the appearance of the finished product.
Thus, for a fine finish, it is preferred that the mold

10 have a smooth surface §uch as may be obtained by .
constructing the mold from polished ﬁetal, plastic, or
the like. A commercially available mold reléase appligd
in a thin layer to the inner surface of the mold provides-
for easy release of the cast article as well as assisting

15 in achieving a smooth surface thereon. Alternatively,
mold surfaces may be textured so as to produce a desired
three-dimensional design on the finished product.

Although the control of viscosity in

cementitious materials is well known in the general art,

20 it is considered one of the important aspects of the
present method. The lower the viscosity of the wet
casting materiéls, the finer the potential pattern will
be, whereas the greater the viscosity, the more integrity
the individual wet mixtures will have with respect to

25 each other and the coarser the resulting pattern will be.
It is noted that the uses of "coarse" and "fine" here do
not denote a qualitative difference, rather they relate

to the relative difference in the micro scale of the
14
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along line I-1. 15 Fig. 22 is a cross section of a casting
produged using the nold of Fig. 21. Fig. 23 is a
representation of a pouring di agram for use in the nethod of the

present i nvegbigftsoe Fig. 24 is a represent at igfnskosgoaeour i ng
20 . di agram for producing a continuous pattern across nore t han one
casting using the nethod of the present I nventi on. DETAI LED

DESCRI PTI ON OF THE,| NVENTI ; Th d of t
i nvention has f&H-Te38 1&5§¥%1éﬁgﬁF§?°goﬁp?8? % Oeengiggif;egsnthe

_m xes, geoiglsir-gph@adi ng of the mixes into a holding container,
pouring or transferring the | oaded m xes fromthe hol di ng
11 WD 97/ 24209 In practice the control of viscositPCisUp96/ 20320

container to a nold, and consolidating the poured m xes. Toget her,
t hese four el embalancinti act tketween dbeankedefor low ofiscoaityl fowezasde
creation and_replication of patterns I n cast materials which was
her et of ore ufavQfl RipEement into molds and low water content to achieve
high structural strengfhs. In the present invention,
while strength is obviously a desirable attribute, it is
secondary to the achievement of controlled patterning.
Structural strength can be given by other means to pieces

10 produced by the method herein such as lamination to a
support or backfilling with a reinforced concrete. Here,
the control of viscosity serves to control the degree of
interaction between the different mixes used. Typically,
the lower the viscosity, the greater the interaction and

15 the finer, more detailed and linear the resulting
pattern. Conversely, the higher the viscosity, the less
interaction there is between the mixes resulting in a
pattern which is coarser, less detailed and clumpier or
rounder. ‘

20 Thus, the control of the viscosity of the mixes
is important to the present invention. It also affects
the mechanical appata;us and means used at different
steps in the methed since higher viscosities are more
difficult to pour and require significantly greater shock

25 waves to consolidate and bond the mixes. In contrast,
too low a viscosity will permit the mixes to run together

and the differentiation between them in the final product

becomes indistinct and formless. Thus, although no
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-5 addtion, a trenendous range of patterns is possible by nodi fication
of these elYREHIBY such nodifications being r ecor dabl e RPORAISYL20320
resulting patterns then being reproduci ble, as will becone evident
"fromthe foll ow ng description. 10 The met hod begins with
the preparati p&didNeneans &¥d @ oégd(eﬁoffcéﬁ\?r&%‘ﬁﬂ%ngﬂ@w&%ﬁﬁ? wel |
as the preparation of the nold, nold liners and no rel eases. I t
is preferable b fliemixead) & Iherlrasddigi el edponent R Uhd hAdId N as
this reduces the mxing tine. The 15 materials have limted working tines
before they begiich ccontrilgstes Ald heghowatdi iy fiay cxasitd)g material s

may be controll ed by neans known in the art (i.e. chemcals,

t enper at ure corRREIOl @and ramdsmtimpatiterisvays dest mateumiadis.cal or
desirable. 20 Al'l patterns produced using the nmethod require
the use of Sat |east two % fiSeremhin e waage \of \this inventdon yed n t he
anount and shade of the co] oring agent . used. The mani pul ati on and
control of thPTRRRTASRe Y JRgRsdiants din Ruemixes Gefs kevedotca® to
the 25 aestheti,c effect qf the pattern. .In addition, the m xes may
differ in the Pneid ]sarofpat%ﬂ:eeirln %’gr gatey, @3y be added.d&@ity and

?ggi E)Ir V?ﬁ' tlgq?%]ﬁlelsg ;{)Iiréhee'?:%ﬁingd Bunts AIYUEIAL BNy A

viscosity for that pattern. Such sets of pre-mixed dry

10 ingredients may include powdered super plasticizers and
defoamers as well as other additives known for use in
cement. Sets of pre-mixed dry ingredients are preferably
packaged separately or in kits and may include apparatﬁs
and instructions for producing a particular article

15 and/or pattern in a casting. For example, a kit for
making a cast slab having a particular three color
marbled pattern may comprise a set of pre-mixed dry
ingredients providing a base color and two vein colors,
mixing instructions, a loading formula preferably

20 expressed as a chart or table as described later herein,
and a holding container and matrix combination. The
instructions also preferably include a mold description,
if the mold is not provided as part of the kit, and
pouring criteria specific to the particular design to be

25 produced. As with the loading formula, pouring criteria
are described later.

Following preparation, the wet mixes are

geometrically loaded into a holding container according

16
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detail, of wbe7kizne shed pattern. Accordingly, a snooth POUS9Ebaabe €d
pattern will generally require the finest aggregate possible in order-
to obtain the finest finished pattern and surface. In actual practice,

aggregate size 51is a variable which is_taken into consideration and
specified in f5PnRl BSTE8PIBat t RRE| BPr bt b RETaREERRRt RNd 1n apouyntf as
fine sand or as, course as_the gr$¥e C used_in concrete.

y-&

I V..
Simlarly, al (HBGGR BF8I REFTFSTaPiighed AcCOTRing & AR IHA®RF part i cular
ti h t . osiml ' (LY. d “
castind have {DEcIRICaRL oRla FhIRERLoE RO Il B T PET
viscosity of tBendhXBgsERY-PECYA! | S A0PNEo AL SadoEtbidbnt or (NS SATE
casting and within reasonable Timts to generate Certain effects. Fof

exanpl e, a &i ghebm¥teeeS1baaThy iASthSs hotRE®d BYe | 'aFpId SGASM Y M xes
wi'll produce a pattern resenbling a rough vein running through a

background of heBRbddehawhich accent colors!weré afddd® of o a base

applications, a dry m xture of Portland cenent and fine sand in a 1:3

ratio 20 is poaberand. stTerédi srni'avirtedr eimdelith vaartanls, as in
Price, was the principal method of obtaining patterned
cast materials. Clearly, whether the stirring is done

10 manually or by mechanical means, this prior method.
introduces a degree of randomness which makes it
difficult, if not impossible, to control the nature of_
the pattern and to achieve any level of pattern
repetition from one casting to the next. In contrast,

15 the geometric loading of the present method is, in
essence, a controlled partial blending of the different
mixes to pfoduce an aesthetic pattern without the
randomness factor introduced by stirring.

Geometric locading of the casting mixes, as

20 practiced herein, is a method coﬁprising placing
specified amounts of each mix in a particular three-
dimensional array within the holding container. The
result is the creation of a single bulk mix composed of
discrete three-dimensional islands of different colors at

25 particular horizontal and vertical positions within the
container. When poured or otherwise tranéferred in bulk
from the holding container to the mold, the three-

dimensional array behaves in a manner consistent with the

17
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-powdered, |ight-proof and al kali resistant m neral oxides to obtain
the parti cwas7dedoor pal ette desired. Since t he vi scosPEFUSP6203D et

m Xes used in casting is directly related to the anount of water added
"fo the dry 25 ingredients, those dry ingredients nay be prepared in

st ‘o unt o= tREREKAR G e S AP b e i D Gl paciindal oV

anmount of wat eP* ded | ackages. The relative

amounts of dry.jngredi-gntSpstantially the same for each prepadatXion andO
97/ 24209 whi stantially PCT/ USO8/ 20320 and

water to be nixgdrify BArthéUsdhe ViSEDBAG | £SrITh. setting tines are
readily obtai nable from standard charts and texts in the cenent

i ndustry. Iibtfsat indpea Useshestmwital B sodbdtedrimphr egixn it 5
advance of the mixing of the casting materials. In this regard, nolds
may be nades actsrdndgrsboed abiiat dehenemane many | prrareters hich (ear ke |
the nol ding surface is critical to the appearance of the finished

pr oduct . mhdulated hof¢reateniifferent slopdings aandhfherRbYml d 10

have a snooth surface such as may, be obtaj ned Qg constructing the nold
from pol i shed #:tipreptaparkerps in the finished product. These

parameters include the number of different colors, the
quantity of each color in relation to the others, the

10 sequence of loading, the quantity of each island as it is
loaded, the Eotal number of islands and the location of
each island within the holding container both
horizontally and vertically. All of these parameters can
be expressed as part of a predetermined formula or recipe

15 for a given pattern which can be followed to produce
castings with patterns which are consistently the same
from one casting to the next.

Geometric loading of the casting mixes is

assisted by the provision of a matrix within the holding

20 container which subdivides the container in a manner
consistent witﬁ the particular formula. Figure 1
jllustrates a simple form of such a matrix 1 placeable in
the holding container 2 to provide a subdivided container
3 having nine subchambers in a 3x3 arrangement. The

25 matrix 1 is removable from the container 2 so as not to
interfere with pouring and to facilitate cleaning.
Although shown in Fig. 1 as both being substantially

rectangular, the matrix’1 and the container 2 may be

18
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the like. A commercially available nold rel ease applied in a thin

| ayer to twed/ppRe surface of the nold provides for easyrsdepass Of
the cast article as well as assisting 15 in achieving a snooth surface

thereon. Alternatively, nmol d surfaces may be textured so as to produce

a desired t hr ee- di nensi onal design on the finished product.
Al t hough t he @R%isiedfin dkiddanant phapes asmshowni dosFitiSer RaR8d 3-wel |

known in the general, art, 20 i&qis consi dereq qQne of the inportant aspects
of the pr’%‘é’tﬁvt et 2rhdNORFHHESH Scodt FOBRA: KBLdEL TR casting

ial's, the finer th i al. 1] wher eas, .t h
reater the VBT y ThE AT Ao Bt angulAz | HAEEEARa R o Reur es
i1l h i 19 2% &F - 4ng .
Wil have withyespegtifo. 23 Sash QDS and LhscRogeserptbeateauiing .

pattern wl|l I's ‘noted th € uses of "coarse’ a

do i Lo"0b, danate chriplddeliny Gl [dfedNier BALNCErbRRYabElAkBen 1O the
relative difference in‘the mcro scale of the _

14 - VO AHPAAWion created by the matrix is numbered ofCT/ US96/20320
pattern itself, either of which could be equally desirabl e.

otherwise @istinguished and keyed to the formula for the

particular design to be created. As shown herein, the

formula is preferably expressed as a table corresponding
10 to the particular matrix.

In use, the matrix 1 is plaéed inside the
container 2 and the prepared wet mixes are loaded into
the subdivisions in amounts apd-loc‘at‘ions as specified'by
the particular pattern formula which is keyed to the

15 arrangement of the matrix. Each subdivision may be
loaded with a single color or with combinations of colors
as the design reguires. Table 1 is an example of a

formula for a simple two color patt'ern-.
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-In practice the control of viscosity is a bal anci ng act between the
need for |WR%24¥8sity for ease 5 of placement into nol dBCHUS94/29320at er

coritent to achi eve hi gh structural strengths. In the present

I nvention, while strength is O%ﬁk%i lLy a desirable attribute, it is
segondary to the achi evenpat—of_contrhl Structura
strength can be given by &t@gﬁmﬂg@nsLégDﬂmgces 10 roduced by the nethod
herein such as | am nationjfto—= support—or_pbackfj | ling with a

rei nforced concrete. Here, 1 thd 3dobints thb$scas|ty serves to contro
t he "degree of intera tionzbet gn %Qg erentff m xes used. Typically,
the I ower the viscosity, the—gieat Bt | and 15 the finer,

nore desailed and |inear tjhe rEsuItlmgpxnts meitern.

the viscosity, the | ess Tnteracriop there 1s o
resulting in a patte n whtch jls3 cBRpts TaRagq
rounder. 20

is inportant to the prese T mventTom T tatso af f et
apparatus and neans used gt _di%ferdnd PintsFams jn

Vi scosities are nore diff}cult

greater shock 25 waves '
too lowpa viscosity will ferm8 theg 3iRists dfann to
differentiation between tmen1|§ t he ; pa té”éﬁk%é

Conversely, the higher
ween the m xes
tailed and cl unpier or

us, ghe pogtpgﬁtgfwﬁbQEV|sbosity of the m xes

S t he mechani cal
he met hod si nce higher
re significantly

m Xes. I n contrast,

t her and the

More complex patterns are obtainable using the method

with more complex loading formulas. For example, the

formula of Table 2, or even the asymmetrical formula of

15 fTable 3.

TABLE 2 _
CHAMBER | LOADING
1 1 cup Tan, % Cup Black, 1 Cup Tan, % Cup Black, 1 Cup.
] Tan, % Cup Black, 1 Cup Tan, 3 Cup Black
’[ 2 3 Pints White
- 20 3 % Cup Red, % Cup Yellow, % Cup Red, % Cup Yellow, %

Cup Red, % Cup Yellow, % Cup Red,

Lcup Yellow, % Cup

3 Pints White

k Red, % Cup Yellow, % Cup Red, % Cup Yellow

5 % cup Black, 1 Cup Tan, % Cup Black, 1 Cup Tan, % Cup
Black, 1 Cup Tan, % Cup Black, 1 Cup Tan

6 3 Pints White

7 % Cup Yellow, % Cup Red, % Cup Yellow, % Cup Red, %

Cup Yellow, % Cup Red, % Cup Yellow, % Cup Red, % Cup

Yellow, % Cup Red, % Cup Yellow, % Cup Red
25 8 3 pPints White
9 1 Cup Tan, % Cup Black, 1 Cup Tan, % Cup Black, 1 Cup

Tan, % Cup Black, 1 Cup Tan, % Cup Black

20
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becones i ndi st

inct and form ess. Thus, although no

15 VO3 b24209 PCRLRO42RB320
speci al neans are proposed for controlling the viscosity of the

m xes, it is an essential conmponent of the nethod whi ch contri butes
to the overall ability to create, ggﬁ&{al and replicate patterns i
cast materials. =& Leic ui 0 le-scope of thig invention to”
prepare the dry i @@gﬁm@@ $ rioApiivg M xed sets keyed to a partiCJIar=
pattern so that ter—may P added—TT carefuttypredetermred-apount s
to achieve the degired JyPdadsi Manf or that pattern. Such sets of g
pre-m xed dry 10

def oaners as wel

pre-m xed dsy
kits and may i
particul ar art

for maki ng

ingredi Pt 3 QR¥;E@§kﬂpe powder ed super plasticizefs and
' . ts of

edi ent s &m& wum&srmthe, % ppatkaged separately orflin
.nd_lnstructlons Tor proau0|ng a

i ng
ncl
i cl

A Ki t
blhqumﬁgnéagaatp@ﬁhgrwhmfge col or nar)led

casts slal

pattern nay conprfse a Set gpre mXea ary Fgredirents—providipg a

base color and t vein _co

preferably

10

15

20

25

nts- Whﬁ!ﬁ ng_instructions. a |loading formula
7 3 Pints Yellow

8 1% Pints Black, 1 Pint Yel-low, 1 Cup Red
9 1 Pint White, 2 Pints Tan

The design of the pattern in the casting is, therefore,
originaliy the three dimensional arrangement of the
individual colors in the holding container which is thén
transformed into a two dimensional surface design as well
as a three dimensional designithrOugh the casting.
Preferably, the order of loading is fhe order in which
the colors are listed for each chamber. Thus, the
underlying concept of geometric loading is to create a
specific three dimensional geometry in the holding
container which, when poured from the container into the.
mold, results in a particular péttern corresponding to
the loading geometry_and:the manner of pouring. Clearly
then, the pour into the mold is a history of the order in
which the holding containé: is loaded. Thus, if the
subchambers are loaded in a regular array of alternating
coloré, such as in Table 1, the pattern produced will
tend to be regular and linear from:the beginning of the

pour to the end. Alternatively, if the subchambers are
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20 expressed as a chart or table as described | ater herein, and a

hol di ng con¥& 3@1‘2 %3nd matrix conbi nation. The i nst r uct i BEEUS6RE320
_preferably include a nmold description, if the nold is not provided as
part .of the kit, and pouring criteria specific to the particular
design to be wapeddmiéd.emmﬂm htt bhel batitoy thanuhs, theutbpy stkhehka
are described | ater. Fol | om ng preparation, the wet m xes
are - geonetn Fables @a@yd3i ntbeachdbusngndopatiteen produdedgin the

16 . WD 97/ 24209 PCT/ US96/ 20320

to a hor|zontaP°&ﬁdW9é#tF@aﬂléfﬁ§ﬁ§§n§ﬁtthﬁdenﬁ gfothespour thanhcatatke
pre-establishe accordln eci pe designed to achieve a

partdi cul ar pat gﬁﬁnPﬁnﬁh na® WllﬂlNQFY05§F°HQPPBFethPrPB?rto Sheiyaydyoprent
aLichSacggn tr|c lgmg}ngéadé898§1F8 g Eﬁﬁag gglgﬁg E?paﬁﬂt%tgfﬁggdoin
T A miBie sprpnaf S TR T D B0
done 10 mmnuakhy aelaym&“a%?ntﬁeguaﬁaeﬁe 5845, prior method

After loading, the matrix is carefully removed
so as not to disturb the three-dimensional array. 1In

10 view of the preferred viscosity of the mixes being'such
as to retain the separate integrity of each éolor,
removal of the matrix does not cause any mixing of the
individual colors. In fact, if left to set in the
holding container, the resulting block could be cut in

15 cross section to reveal the discrete areas of individual
colors in their geometrically loaded array.

After the container is loaded, the bulk mix is
then poured or otherwise transferred to the mold. The
act of pouring the loaded bulk mix into the mold provides

20 another level of control over the resulting pattern which
can also be specified by the formula for a particular
pattern. It has been found that, by folloﬁing the same
pouring criteria for successive loadings of any one
particular formula, the level of control is such that

25 patterns produced in the cast articles are substantially
consistent from one loading to the next. Thus, the
present method makes it possible to create a series of

cast articles having substantially identical patterns
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I nt.roduces a degree of randommess which nakes it difficult, if not

i mpossi bl e.wé97640pé rol the nature of the pattern and t@gaio¥e26NY
| evel of pattern repetition fromone casting to the next. In contrast

15 the geonetric | oading of the present nethod is, in essence, a
aestheti o pat t BRACH TRBEEDERMatiral ARIGHERLS f G 39 PIdtce by

ot obt | o9 her cFFRmiEen SECEOR LR | STRERR bkt P00 TS e 20
contai ner . TheEor1bFFaR phlk 8 cr el AN R &0 Mdeb kit L8 (09 ¢

di screte thr eeaéhaﬁn&?ﬂekef%@eﬂédgf Sidh ﬁéeé‘r@xﬁﬂlﬁén Alen2udidn Q¢ ar

hori zontal and vertical positions within t cont ai ner. When poured or

ot herwi se tdg anghgr p8dri Nthel kngle of rewe tFsubol eh st Mt 1 40 ¢ nol d,
the three- di nensi onal array behaves in a nmanner consistent with the

17 WO 97634209nd the edge geometry of the container. PCT/ US96/ 20320
principles of the flow of fluids to produce patterns
The design of the pour refers to the design in

which the bulk mix is laid down in the mold. Typically,
the mold has a generally flat bottom, or face, and the

10 bulk mix is poured in parallel rows or stripes until the
bottom is covered. The pour deéigh may be expressed as a
diagram which is included.with'the'chart for a particular
formula. Figure 23 illustrates a typical poﬁr design |
diagram in which the mold 16 is designated and the design

15 of the pour is indicated by lines A-F across the surface
of the mold 16. The direction of the arrow indicates the
direction the pour is to follow. In addition to
indicating the pour diagram for a single formula, each of
the lines may be keyed to separate formulas. For

20 example, in the diagram of Fig. 23, lines A, B and C may
be for a loading corresponding to the formula of Table 1,
while lines D, E and F are for a. loading corresponding to
the formula of Table 3. The row or stripe design tends
te result in the most naturalistic appearance to the

25 final product. However, other designs, such as arcs,
undulations, or even concentric circles may be used.
Each design.will result in a different but consiétent-

pattern for a given geometrical loading of the container.
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- which are substantially the sanme for each preparation and pouri ng of

t he sane |'W&HA7A42080r mul a. I n creating a geonBETAUSI0§200 oaded
bul’k mix, it 5 is understood that there are nmany paranmeters which can be
“nmodul ated to create different |oadings and, thereby, di fferent

patterns in the finishedry Qitfile ofhagfRe pour RHFAFR! @loS theckwdaet he nunber
of different colors, the quantity otp each color in relation to the

others, the Iorsmi dnomreain [timdidigedtieonwentibiey cohtadeleri andndhas it is
| oaded, the total nunber of islands and the |ocation of each i sl and
withi n the holddinerttiont aifhdthepbgdur. ThHicsr iaspecd lof pociniegt dsal |y. Al of
these paraneters can be expressed as part of a predeterm ned formula
or recipe 15coasyiderpd &e smmRrisavibidie drsie rperekdense plbencshe
castings with patterns which are consistently the sane, from one
casting to3t h&RfdNg of the contalnexy faqes theoddregtérn: RE &het PAYT xes

cont ai ner whi e AU AR 190,18 B4 o ShaRUES STeaEdRg S ent with
(1 Party ol S I ol 8 g it B SR° S BLGROL 2 ST 3
COMEE o SR TR O R R 22 |
pouri_ ng and t ¢pRdddtiAlferCli8@HNgential to the direction of the pour,
10 the mix pulls together forming thinner, more linear
patterns. And, when the opening of the container faces
in the direction opposite to the direction of the pour,
there is little change in the relationship of the
individual colors as they exit the container and are laid
15 down in the mold.

Modulation of the pour depends, in part, on the
viscosity of the mix. A higher viscosity will usually
require a greater modulation, or vibration, of the
container to cause it to flow smoothly. However,

20 regardless of the viscosity of the mix, as the level of
vibration is increased, the flow becomes more uneven.
Thus, if the vessel is continually moved during the pour,
the flow of mix transfers to the mold as a repetitive
modulation of the width of the row or stripe. If the

25 vibration is amplified further, the mix no longer flows
in a continuous manner but rather drops in drips or
clumps into the mold. Depending on the relative speed of

the pour across the mold surface, this will create either
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Al t hough shown in Fig. 1 as both being substantially rectangul ar, the

matrix 1 angofoheseent ai ner 2 may be PCT/US96/20320 18
WO 97/ 24209 PCT/ US96/ 20320
provided in different shapes as shown in Figs. 2 and 3. Thus, in Fig.

2, the contain &sgieE?nBEEggegﬁgbﬁikgfﬁgt%%fﬂpéi%ﬁe&té§ substantial ly .,

rect angul ar, ereas ri X I'S shown as a collection

of tubes arranged 5 Vel @al;_hyg%ﬁai;ﬁ%teseef%%ﬂeﬁn@'mix Feighady each

subdi vision created by the matfix~is nu red or ot herw se

di stingui shed aggeckexedneophbtetar Bbatiohn theone of PEWSiways) destdn to be
created. As shown herein, the . formula is preferably expressed as a

tabl e correspoidi mdlll@ithert keapafeircthar 1oadédxgeometry of the mish use,
the matrix 1 is placed inside the container 2 and the prepared wet
m xes are |Dadddriegtdy to thkemellddi ¥fstbasedgeaisufilat caml |axatidmsass
specified by the particular pattern fornula which is keyed to the 15
ar r angenent oftbﬁecﬁﬁﬁﬁﬁﬂﬁrrEQ@higuHéi&i§ﬁ§ﬁenﬁ9eb§e°m6trYcﬁﬁkﬁtmﬁtqhea
single color or with conbinations of colors as the design requires.
Table 1 is an &gnslengats if the edge is narrower than the container.
Thus, where the holding container has a sguare cross
- section, a pour along an edge will produce a different
10 pattern than a pour throﬁgh a corner. The second édge
geometry effect is dependent upon whether there is a lip
at the edge. A lip along the pouring edge will create
more of a breaking in the stream of the pour as discuséed
above in regard to the angle of the pour.
15 The edge geometry of the container may be
changed by attachment of a pouring chamber having a
different size, shape, edge structure or the like. in
addition, the pouring chamber may include baffles forming
a specific path through which the mix must flow. Fig. 4
20 1illustrates container 2 in which wet mixes have been
loaded and from which the matrix has been removed leaving
the geometrically loaded bulk mix 6. Attachable to the
container 2 is a hollow pouring chamber 4 having a series
of baffles 5. In this embodiment,.the baffles consist of
25 a pair of plates 7 extending'substantially half way
across the width of the pouring chamber and having

apertures 8 which form a pathway for the bulk mix 6 to

flow through. Fig. 5 illustrates a pouring chamber 4

25
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*formula for a sinple two color pattern

10

15

20

25

19 WO S8BT/ 24209 PCT/US96/20320
_PCT/U896/20320 TABLE 1

CHAVBER LOADI NG 1 3 Pints Wite

2 .. 3 Pintsyka®h an alternative baffle 5' coﬁsistiﬁg?b?tﬁvﬁﬁhgge

4 3 Pints Tan 5 3 I nt's I't

6 . 3 Pintsphate 7' on angle and having a plurali8yPbht ap¥bitiges 40
8 3 Pints Tan

therein. The pouring chamber of Fig. 5 also illustrates
the alternative edge geometry of a corner 9 rather than a
long edge 10 of the pouring chamber 4.

Fig. 6 illustrates a pour using the container
and pouring chamber combination of Fig. 4. In this
embodiment, the geometrically loaded bulk mix 6 tries to
fiow in a flat, wide ribbon and to exit the container 2
with the individual mixes in the order and arrangement in
which they were loaded. However, by placing pouring
chamber 4 with baffle 5 over the container opening, the
flow is first divided to pass through the first baffle
with two apertures and then recombines to flow through
the second baffle having only a single aperture. The
flow characteristics of the particular mix through such a
baffle can be calculated according to the known flow
characteristics of fluids of a particular viscosity using
the principles of fluid mechanics whereby the effect of
the baffle on the geometric arrangement of the mix and,
thus, on the pattern of the casting can be reasonably
predicted.

The criteria for a specific pattern can be
expressed as an algorithm consisting of a) the formulas
for the specific color mixes, including their viscosity;
b} the geometric loading instructions or chart; c) the
pouring diagram; d) the pouring instructions including

the pour angle, edge geometry and/or baffles to be used,
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9 3 Pints Wite More conpl ex patterns are obtai nabl e using the 3

met hod re conpl ex | oading fornul as. For exanpl
0\Whklbgf0 mp g T¢ mp
formul a of ‘¥ab| e 3 or even the asymetrical fornmula of 1 6/2(?20
TABLE 2 CHANBER LOADING 1 1 Cup Tan, CUp Black, 1 ™
Cup Tan, Cup Black, 1 Tan, 1/2 Cu Black 1 Cup Tan, N

1/2 Cup Black the m°d‘ﬂ-aﬁ:1°n type ﬁstV\RHt-‘éngﬁf etc. 3 All of GthesRBre Cup
Yel low, 1/2 Cup 1/ 2 p Yéllo Red 1/ 2 Chp
vellow Qup R&fc?m} chifs38) 55 Ehe control andgept %3@1%4

Cup Red, White Qm
Bl ack, 1 Cup Ta t%EhEﬁgt%a? 1TE&5eTmecﬁa8%sms provzde both fﬁ%ﬁ% anghp

-CI_SB YeICIquBl ac%or%r?ip }:‘aq:&? c$e|a1t6.\?vn %’xg &glg&g'EJ%oX\héf ®patterns in (73up :

Yel | ow, Cgp @%%‘ ﬂgﬁéfﬁﬁﬂdmN InCHBd8€§on,C¥He rov1de the medd Q. CQup
Red, Cup Yel | ow, Red 25 P nt s 9 |

1 Cup Tan, (Jﬂbdﬂﬁyﬂl vhr@apildty ﬁﬁﬁh@hpaBbQGEn ﬁaﬁb@rn which is Tan,
1/2 Cup Black 1 Cup Tan, Cup Bl ack
20 V[)97¢2éﬂﬁ&ularly desireable when emulating natur@CT£t&96/ 20320

i

patterns. Thus, when one looks at a set of marble tiles,
for instance, they can be recognized as being from the

10 same gquarry or block of marble, but it is apparent'that
they are not identical since natural stone patterns vary
from piece to piece. These variations include shades of
the particular colors; variation in patterns across oné
or several pieces; angle; thickness; and/or diréction of

15 veining; etc. By recording minor variations in the
elemehts of the algorithm for a particular pattern, it is
possible, through the present method, to introduce this
naturalistic variation into a pattern while maintaining
control over both the overall pattern and the minor

20 variations of the elements which produce the naturalistic
variations in the final product. Thus, the same formula
or algorithm which specifies the criteria for a specific
pattern, can also be used to provide the criteria for a
set of patterns which vary in minor degrees corresponding

25 to naturalistic variations but have, as theif base, the
overall specific pattern of a particular natural
material.

The same principles are applicable to the

27

SUBSTITUTE SHEET (RULE 26)



‘TABLE 3 CHAMBER LQOADI NG 1 3 Pints Tan 2

3 Pints \WhwQes7/23209 3 1 Pints Wiite, Pints Red PCTAIS96/20320 3
_Pints Bl ack 5 1 Pint Red, 2 Pints Wite 6 3
Pints Wite 7 3 Pints Yellow 10 8 1 Pints Bl ack
1 Rint YellowtrhraferRed the geometrlcallyl 18a@edMbuli®, mdxPbRts Tan

Jhe design of the pattern in the casting is, therefore, originally the

t hree di nensi exdiruaicengedtherofromea holdimdi woditalineal dnsthe fbemhelfdi ng
container which is then 15 transformed into a two dinmensional surface
desi gn as wel la flexijdeq bllxdderdildengirdonst wbdichnexirerngh phessaszki hg.
Preferably, the order of loading is the order in which the colors are
listed for eadPPdid@thd&o extgydet fhe mix gsdshioynngnc§Agspt 7ohnge8rePKi c
|l oading is_to create g3 .20 specgific three dinensional geonetry in the
holding 5 d&SiMaitn&rSi SRR RRBRTpddr &8 PPt ReAESNERI R&FEPRL 0 t he
ol d, results _in a particular pattern_correspondi to the | oadi ng
geonetry and Pﬁ?eﬁﬁﬂﬁér3oﬁsp88§P%§.'cPéaF wh’1n ?ﬁgﬁ: ?Retpout?i FPE the
nold is a histgqr f LAek . 'CE th hohdin container is
| oaded. Thus,ﬁﬁf i%gfk%% %ég%éﬁggbgﬁgdggg %aa%ﬁei Ogegeﬁﬁaa?agrgﬁy_of
alternating provitled schNngez08 180he L chie:RANLE’ 05 PLOGHCEh LI
tend to be regular and linear fromthe beginning o e pour to0 the
end. Alternatin/ghich baltheesURa)aBPBeiS8nadi8y be mounted and which is
10 closed during loading. Matrix 1 is used for
geometrically loading the bladder 11 and is removed
before the mouth of the bladder 11 is closed and secured
15. The loaded mix is then extruded from the bladder
into the mold 16 by applying pressure to the outside of
15 the bladder 11 using manual or mechanical means. In a
similar manner, rigid container 12 is geometrically
loaded using matrix 1 as a guide. Matrix 1 is removed, a
nozzle 17 is mounted to the lower end of container 12 and
a piston and drive assembly 13 is mounted to the upper
20 end. The piston applies internal pressure to extrude the
geometrically loaded mix through the nozzle 17 into mold
16. In this apparatus, nozzle 17 may be interchangeable
and provided in different sizes and shapes. The piston
may be driven by pneumatic, hydraulic or mechanical
25 means. As an alternative, air pressure may be applied
directly to the bulk mix to extrude it instead of a
piston. 1In these instances, the order of extrusion of

the loaded mix will be the same as the order in which the
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21 WD 97/ 24209 PCT/ US96/ 20320

| oaded di f keh oyihyo at the bottomthan at the top, such as S— les 2
or 3, the colors and pattern produced in the nol d mA|FCEG”%§?%§fent~=

at the end of the pour than at the begi nning and will vary throughout

the pour, SImigsi¥iqus? hlxb02bagybaalfentioalledhig faiom and top wi Ll

a variation m varTation W owup in - the

nol d nidway through the Rouh.+h jat ised0adind ndif i X s
carefully renoved SO as n%ta?%ra?g%%r% ?cﬁ% ﬁﬁ ee’-(c:itlirrer?s% ona afrrray.__

In 10 view of thhe pheértiesd WaPcH&i aNpDied heo Nuesmdtidediidhent as to
retain the separate integrity of each col or, renmoval of the matrix

does not causewhbyhnmaynpeofitihbzed eitwel vislupdcteahpsroduttast o fed eft.
to set in the hol di ng container, the resulting block could be cut in
15- cross sect langeoscaleal onheite sccenstmnetbomfprojkatislualFig. 1xolors in
their geonetrically | oaded array. i After the container is

| oaded, the bulklufkrates onetseh pHueddiprent Hhettahly thhismay de to the
nol d. The act of ,pouring_the |oaded bulk mx into the nold provides

20 another | eREFOBPLEBRRAOI TR eFUFReaR RWPRT RN e ddfiferent mixes -

are prepared in mobile mixing machines 18 which have
grout pumps 19 connected to a geometric loading chamber

10 20 by hoses 21. The geometric loading chamber 20 is
equivalent to the holding container and matrix of the
basic system and is illustraﬁed in more detail in Fig.
13. In the geometric loading chamber 20, the hoses 21.
from the grout pumps 19 feed into the chamber 20 in a

15 matrix configuration 22 through a piping and valving
system 23 which may be manually or automatically
controlled to vary the configurations of the incoming
mixes and to control their flow rates. Such a system is
essentially a mechanical matrix and is necessary to

20 achieve the proper mixing ratios and three dimensional
array for the particular pattern formula.

Connected to the geometric loading chamber 20
is a mixing chamber 24 which is equivalent to the pouring
chamber 4 and baffles 5. Under pressure from the pumps

25 19, the mixes flow from the geometric loading chamber 20
into the mixing chamber 24 for blending by active or
.passive baffles 25 and thence into the casting head 26.

Active baffles are baffles which may have their relative
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-can also be specified by the fornmula for a particul ar pattern. It has
been foundwdatg2doy foll owi ng the sane pouring criteripct@kociesResSsSi ve
| oadi ngs of any one particular formula, the level of control is such
"that, 25 patterns produced in the cast articles are substantially

consi stent frgaLine dadi hd & lidie nisturelRanddd® by manRhgsept net hod

jrakes it possible to create a series of cast articles having
substanti al | y dutesdaicial ehd=fiidgy means to change the degree and typé?

WO 97/ 24209 PCT/ US96/ 20320 whi ch
resenbl e naturedl eretirg ©f dbeh tad knaibdtere accogddmigt ¢o thet batkilks.
Control is exercised through the follow ng pouring criteria which are

al so adapt abl £argula. Qassive defifdesnerigoddxedushchs asxthesbafiflekes
design of _5 the pour, the angle of the pour, the nodul ation of the

pour and tRe é&dy GRS ChameZort-ai ner . ~ The design of
e pour refers Lo the qoal Bl maat el e b Sy oL
gg?téﬁ?islgoeghéﬁﬂléﬁgfﬁgﬁ%ygggigﬁgﬁégll ge%%$%§g%&%;éh eisunth!agrgn1mhich
I's included th&ng}%rg%@’ tt:z::f %eamgirdt '1%”' a%y changing the casting head
26, it is possible to obtain transfer conditions
10 egquivalent to pouring, extrhding or spraying. Thus, for
pouring, the casting head 26 has an opening equal to or
larger than the volume of the mixture itself which allows
the partially blended mixture to pour out of the castiﬁg
head 26 into the mold 16. As discussed previously, the
15 pour may be controlled by means of the design and angle
of the pour as well as the use of vibration to modulate
the pour and by changes in the edge geometry of the
' casting head opening.
For extruding, the casting head 26 has an
20 opening which is smaller than the volume of the mixture
which causes the mixture to emerge as a bead with the
different colors as substantially linearly arranged
pattern elements. As with the simpler extrusion
apparatus discussed previously, changeable nozzles may be
25 provided to vary the size and/or shape of the extruded
bead.

For spraying, the casting head 26 is coupled to

a source of compressed air which is blown into the
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formula. Figure 23 illustrates a typi cal .pour desi gn di agram I n which

the nol d 16wip978gmbonat.ed and the design 15 of the pour i g by
lines A-F across tge surface of the nold 16. The di rectlon 9@%%
arrow i ndi cates the direction the pour is to follow In addition to

may be keyed | C-SUpHIS I A A0 G %‘” Tkibire. SFn En3ay; B am of Fig.
23, 1ines A B affbdedio pioP At areq&%rcg”q%p%dmrhaesh% Lgr mu a

of Table 1, | 1 hes 9 oadi ng correspon rng to.

the formula of %?ésﬂé‘as?bln G C’"I’h'%t rdﬁe & Qﬂ-eta%dggcthe h9xtasd hs! N 7

t he nost natur ti c appearance to the final pro However, other

desi gns, such ag: & Tsus out SHHHALA AN gorhe%\serin%na%brl&s%&ct;@sbgay beg
used. Each design will result in.a different but coOnsistent

pat.tern for sa gbf eni o idIc alrd Gupicigiedt uporcehleaivigcosity of the
23 WO 97/ 24209 PCT/ US96/ 20320

The angl e of theiyoure raxi®rche velloeidyyland pressmreedfbehecadrt @ ost.r ect i on
of the container and the direction of the pour. This aspect of pouring
is consi deéa¥eernattisrpmethady &f leshievipg at ddvdsivhepntt hbe

mixture may be used, including devices such as a variable
speed mechanicgl chopper at the casting head outlet.

10 The apparatus comprised of the loading chamber
20, mixing chamber 24 and casting head 26, is preferably
mounted so as to be easily manipulated in any axis and in
a manner to traverse a large mold during mix transfer;
For this purpose, the apparatus may be suspended, as

15 shown in Figs. 12 and 16, or mounted to a movable and
independently positionable apparatus such as a mobile,
hydraulically actuated boom or a track mounted, multi-
axis, aiming and traverse mechanism such as a robotic
arm.

20 After the mix has been transferred to the mold,
it must be consolidated. It is common practice in the
pouring of cement or concrete to apply vibration to
settle the poured mixture and eliminate air bubbles. The
vibration commonly used, however, is high frequency, low

25 amplitude vibration applied directly to the poured mix by
insertion of a vibratin§ tool. In the present invention,
such vibration is detrimental to the development of the

pattern. Accordingly, consolidation is accomplished
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‘5 opening of the container faces the direction of the pour, the m x
breaks overWOrg2éi98e as it pours creating a nottl ed patREHHSWR0340e
surface of the m x opens up to reveal the arrangenent underneath. Wen
the openi ng of the container is tangential to the direction of the
poyr, 10 the mnirmipasllwdat keudiogriley threquencynshecki wedes to

patterns. And, when the opening of the container faces in the
direction opposiqrétit@lhé tavensethef powgegomixture wikbin thel mpflde
change in the relationship of the i ndi vi dual colors as they exit the
cont ai ner and dEYIAILY 1FeURFAL MR IOFe Shecds are applied to Nbéulatlon of
t he pour depends,_in part on the viscosity of the m x.

viscosity will Wexgide of the,mald °bF@HF€ranﬁ&ﬁ?ﬁ?ﬂoﬁ°n5919§BF&PPoﬁf of

t he copt ainer t.0 cause. il. to er‘?flowsm)oth ardl ess

of the viscBsi tPoPrHdas o%%? BYe éPOSfSLXCKSVWErﬁPFSﬁ%'E Fﬁgﬁﬁagﬁd
the flow beconq.feégg_._rde ‘H:ﬂ%‘é?ﬁeve fa u-m.'i?:rzd PEQSC essel is continually m)ved
m X trans

during the pour, 0 the nold as a repetitive

nodul ation of the width ofyt dﬁ%ﬁe@rtﬁ %Qﬁuzk&t&hghoaﬁ mggbggtlon i's

anplified further, the nix no | onger In cont 1 ntous manner but

rather drops i pdfedby dropPidior 'ﬂa?xgtlﬂg %ﬁledmo@apeeiwﬁeanb he
rel ati ve speed of t he pour across the nmdold surface, this wilT create

ei t her repeated strikes on the underside in specific locations

10 and with hammers.of varying weights. Mechanical means
may alsoc be employed but should be limited to avoid
excessive liquefaction of the mix which may disturb the
desired pattern. figures 15-19 illustrate apparatus
which facilitates the application of shock waves to the

15 ©poured mixtures.

| In Figs. 15 and 16, the basic apparatus of a
mold support assembly 27 is illustrated. The assembly 27
comprises the mold 16 and support frames 28. Mold 16 has
locating pins 29 depending from the underside which

20 register with resilient support members 30 on the support
frame 28. The support frames 28 and the resilient
support members 30 raise the mold 16 a sufficient
distance to permit the underside of the mold 16 to be
struck.

25 Striking of the mold 16 to apply shock may be
accomplished manually or by mechanical means. Fig. 17
illustrates an alternative embodiment of the mold support

assembly 27 which is provided with pneumatic hammers 31
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di screte owgRhieeppi Ng pattern el enents. Thecgoswsrgeenet ry
over which the mx is poured affects the pattern creation in one of -°
two ways. First, it will either transfer the | oaded geonetry of the

mx 5 direCt5£§TE#4ﬁ%dn%EﬁeaE£ tHe /698 18 Ebaa?ggg 88186663 dSnocks. the” _.

container, or it w cause the geonetry to stre and- el ongate if

the edge is nasp QURlernRdiveNappaphehBeis illusthatedMigIPighe1doagdng
contai ner has a square cross section, a pour along an edge w ||

produce a dif impitisetla pethanichhaghampeyr 3hwhilgh Ragobe@esperdbed secorid
edge geonetry effect is dependent upon whether there is a lip at
t he edge. A | iy a amgrdaedpgdackhgmadge36i | | Theethunper 32ncempfisedraaki ng
in the streamof the pour as discussed ~above in regard to the angle of
t he pour. 515support 33, whdchdgaygbenmoveablet ar Eanedi hertheysppport
changed by attachnent of a pouring chanber having a . different size,
shape, edge stffg®eurd8.0R PRYFOL| RER 3fpnand a $¥apsfer, arRe3PourPh¥CBhanber
may include baffles formng . .a specific path fhrough which the m x nust
flow. Fig. 4 B 34 3&& 5&9&%6&9&%@9% Hgﬁﬁﬁchaﬁéilgn?xﬁérﬁ%val’lﬁ‘é%n

hinge 37 at the angle and a second pivot hinge 38 at the
end of one arm. The end of the other arm is provided

10 with a knob or head 39 which strikes the underside of the
mold 16. The first pivot hinge 37 connects the pivot érm
34 to the top of the support 33 in a freely pivotable
manner. The transfer arm 35 connects to the second pi#ot
hinge 38 and extends out from under the mold 16 to

15 connect to the tool end of the jackhammer 36. In this
manner, the reciprocating action of the jackhammer 36 is
transferred to the pivot arm 34 and causes the pivot arm
34 to rock about the first pivot hinge 37 so that the
head 39 strikes the underside of the mold 16 sending the

20 shock primarily vertically through the poured mix. As
with the pneumatic hammers 31, a plurality of thumpers 32
may be positioned under the mold 16, as shown in Fig. 19,
with transfer arms exposed for simultaneous or
alternating operation.

25 The process of consolidation levels the surface
of the poured mix without having to trowel or draw a
leveling tool across the top of the mold which would

adversely affect the pattern on that surface of the
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‘| oaded and from which the matrix has been renoved | eaving t he
geonet ri caMQ3¥¥a¥¥ed bul k nix 6. Attachable to the conPEIERISH6/2032% g
_hol’T ow pouring chanber 4 having a series of baffles 5. In this
enbodi ment, the baffles consist_of 25 a pair of plates 7 ext endi ng
substantial | y Raffingy Consatidatiomealsatpenyes heo poend nthe hehryeicahd

havi ng apertures 8 which forma pathway for the bulk mx 6 to
f1 ow.through. BRY. PBYSEFadt FIRRANSDER FF nhe Hepiweed mix into a
25 WO 97/ 24209 PCT/ US96/ 20320

with an alternSFFUETBERE BR8Le 1o/ ER RGP %?’F@‘P%idahtimbl%ﬁ’é‘g?'sm%ngl ?
d havi ' : erein, . T ouring chanber o
Bo 5l S0 [ribBsL, 4s°boBBSea L8 cite more LR haghletigiantly CNACPe

rather thansa jn5.}088 Ggﬂfaé&-é’f%{' f\?lkE’Pé‘Eizy fﬁ@f@%{] deas been fgund to

Fig. 6 illustrates a pour using the contain pour

conbi nation of pFb@ucéd: al PrabtslizatiSPagk %ﬁ%ﬁ]ﬂg,ﬁﬂ IGad {ﬁ/aftlﬁtce&q?d

bulk mx 6 tries to flowin a flat, w d to exl _
container 2 IGhightBehlie toOfyiItalthe xestiralier (¢ defnandady argement in
whi ch they were | oaded. However, by placing pouring chanber 4 with

baffl e 5 over fhactahtgeometxpeni ng, the
It is important to understand that the uses of
10 vibration here are very different from those
traditionally used in the cement/concrete industries.
This difference is both in type and purpose.
Traditionally, cement or concrete, when poured, is spread
out mechanically or by hand and is then struck off by a
15 tool drawn across the poured mass to produce a flat
surface. It may then be settled and any air driven out
by means of high frequency vibration applied by an
implement inserted into the poured mix. This type of
vibration spreads out in a horizontal pattern and results
20 in a greater liquefaction of the poured mix. In the
present method, that degree of ligquefaction results in
less definition in the pattern whereas the mechanical
spreading normally employed adversely affects the pattern
and effectively negates the control obtained through the
25 geometric loading. Therefor, thé presen£ method employs
low freguency vibration applied as shocks to the under
side of the mold to settle and level the pour. Since the

mix after pouring is generally uneven it requires uneven
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flowis first divided to pass through the first baffle wth two
apertures aggh by’ econbi nes to flow through 15 the secong-patdd.gs aV| ng
only a single aperture. The fl ow characteristics of the partlcu

m X t hrough such a baffl e can be cal cul at ed accordlng to the knomn

fl ow char agt %E%I c%o %e%k%bdﬁ ggupa% é?% g&ﬂg%éy usi ng

the principles o ani cs the baffle on

the geonetric QHC%&@@.%D& ofthtahelm aaﬂ pr1mar§hb§ho%t£5?e PSS £{&y of the
casting can be reasonably pred i Ct he crlterla for a

speci fic pattebeneathbehe hlgﬁéateéﬁéésaéfaﬂhéﬂ?&itt&Eﬁ§Qﬁ§|@ié1ﬁ‘gt@f a) the
formulas 25 for the specific color mxes, including their viscosity;
b) 't he geonet risetitdzdidognivaztr uptli e8SfhattdArandciilheany adjuteny .

diagram d) the pouring instructions including t he pour angle edge
geometry an8/ ovoigsst.| edineapepatsdrns tend to stretch out and join, 26
WD 97/ 24209 . i . PCT/ US96/ 20320 t he
nodul ati on typ&herebyeprefuFing: Ehe plmpress el cofireontinuens eainss which
| ead to the control and reproducibility of the pattern. These

nechani sns pro§ﬁ&9nﬂéFW FRRGESaRg less %Bﬁ??%?h|¢F%rﬂPE%%ﬁﬁlQﬁlQﬁﬁﬁEd

replication of pat
P a% se ec%ed areas to even out the surface without hav1ng

to strike across the surface of the pour.

10 _ After setting, the casting is removed from the
mold and may be finished by any of the common methods of
cleaning, polishing and sealing known in the art. For
example, cleaning may be!accomplished with soaps or a
solution of muriatic acid followed by an ammonia wash.

15 Polishing may employ the same equipment and methods uéed
in stone working. However, it is important to remember
that polishing actually cuts into and removes a portion

- of the cast material and may affect the pattern.
Generally, however, careful light polishing has been

20 found to reﬁove any surface unevenness which may result
from bleeding and tends to sharpen the pattern making it
more distinct.

Sealing can also be accomplished with
commercially available materials and is important for the

25 protection and enhancement of the pattern. 1In the case
of protection, cementitious materials are porous and will
absorb water and stain. Sealing the surfaces of a

casting prevents any absorbtion and staining which would
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"5 cast materials. In addition, they provide the neans to control

variabilit WOATHZ#P a given pattern which is parti cul ar lpcTdesobRERG] €
_mhen enul ati ng natural stone patterns. Thus, when one | ooks at a set
of marble tiles, for instance, they can be recogni zed as being from

the. 10 sane qgﬁkﬁféyélﬂjﬁﬂ(ﬁﬂé BatRledn but it is apparent that t hey
are not identical since natural stone patterns vary frompiece to

pi ece. These vari ati ons Th ldidF esleagemedhods off he-aP@felredndr toel ors;
variation in patterns across one or several pieces; angle; thickness;

and/ or directilgadsd ik tweitiiengiold,c ie.Ry poardndi, ngxtirndingakirat i ons in

t he el ements of the algorithmfor a particular pattern, it is
possi bl e, t hr GRF#XIRE priendhtorsrieste potiternsdresembiling partdtulali stic
variation into a pattern whil e maintaining control over both the

overal | pa?teﬂ@@ﬂﬁ?ﬁﬂﬂ?Qﬁﬁ%@ﬁs -20 Thiggn | hieopatéernise pyodmertsbyhi ch produce
t he naturallstlc , varjations in_the final product. Thus, the sane

forml a Founifer 590d e CrSepRder masblge @PPFGrP§°ﬂ§Fe§ byecific
pattern, can al d to,provide.the cr r|a for set of
pat t er ns Wthﬁ%%f%%%qg:%e t&e§F§§Ebé8r55§95 grRg 254" traVREEAPSP st i c
EZ;L?LL?QE ﬁgtggg%gth%§nkﬁﬁod.%?SSbragﬁng a gg%%r Hécggﬁglbpp L&génafg a
appljcable todates patterns resembling granite. Although these
10 methods of transfer tend to create patterns resembiing
these various types of stone, it will be evident that the
user has the ability to deviate significantly in both
color and range of pattern from those actually found in
nature. On the one hand, colors and control of the
15 pattern can create patterns deceptively similar to
natural stone products whereas, on the other hand,
patterns can be created which will clearly be man-made.
| The following examples illustrate the method as
applied to these particular transfer methods using the
20 formula of Table 1.
EXAMPLE 1
A mold of suitable size and material is
prepared with an appropriate mold release. Dry mixes
corresponding to the colors in Table 1 are prepared and
25 water is added to produce the wet mixes of the desired
viscosity. Using the apparatus of Fig. 1, with the
subchambers numbered left to right and top to bottom, the

holding container 2 is loaded according to the formula.
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27. WD 97/ 24209 PCT/ US96/ 20320

transfer ofwd dmea@onetrically | oaded bul k m x by ext r UpbpPRisoddiosler
froma holding container in the form of a flexible bladder 11 agai nst™
whi ch external pressure is applied to extrude the m x as shown in

nssanbly 13 | I A LA R, 1bapkd, koD "ol LR TIRER O -

flexi bl e bl addgfe Ho1d hn | PV iR dRY (R 11e1 rBLAYI d@ﬂe}’\%%glc?sgoafl e 14 of

a particular size or shape in which baffles nmay opt y be nounted
and which is géuriigsatt difd riidedaflickbtryVRif itkel cofitH$RErf 8bmbine to
geonetrically | oading the bladder 11 and is renoved before the nouth
of' t he bl adderblignd sthd demdieahd ety €ch a manher WhéchopdedmBlusia then .
extruded fromthe bl adder into the nold 16 by applying pressure to the
out si de of 5 15radre vsinktemarblei nd firmaralower wedhingcaks deshsed,la a
simlar manner, rigid container 12 is geonetrically | oaded usi ng
matrix 1 as a RAHXANY \#hanber and haffley copbinatigyz isemountednpnnthe to
the | ower end of container, 12 and ., a piston and drive assenbly 13 is
nount ed to t heEUPFRANCD PRIRF ChPineh afiie effpstepfiather bagfilest és

extrude the eonetrjcall | oaded m.x throygh the ngzzle 17 into nold
to eate flnerBEeté¥11ng by causg g the mgx to flow

around ahd through the obstacles posed by the baffles

10 resulting in a greater blending of the colors and a
narrower flow. Appropriate shock is applied to the mold
in the manner disclosed to settle and consolidate the
mix.
EXAMPLE 2

15 ' A mold and mixes are prepared as in Example 1.
An extruding apparatus, as in Figs. 9 and 10 is provided
with a nine chambered matrix 1 and the container 12 is
loaded according to the formula. The matrix 1 is
removed, the piston and drive assembly 13 is mounted and

20 the nozzle 17 is opened. Upon activation of the piston,
the loaded mix is extruded through the nozzle 17 forming
a large bead. The islands in the geometrically loaded
mix become very narrow, linearly patterned colored
elenents as they are forced through the nozzle 17 into

25 the mold 16. "To simulate the appearance of sandstone or
travertine stone, the bead is extruded in slightly uneven
rows. Shocks are applied to the mold to settlie and

consolidate the mix which is then allowed to set.
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-16. In this apparatus, nozzle 17 may be interchangeabl e and provi ded

I n differeWogi22289 and shapes. The pi ston may be dri ve®dnusserzasaat i c,
hydfaulic or nmechanical 25 neans. As an alternative, air pressure nmay be
‘appl i ed directly to the bulk mx to extrude it instead of a

pi ston. |n thaseffersdmncetfedte ar dette Al iredritsy af ofhe patttdmn lcmaddase mi x
will be the sane as the order in which the

28 . WO 97bioged by changes in the shape and size of ROEF W8RI120320

i ndi vi dual m xes_are |oaded into the containers. ) Wth the
appropri ate efhPriBhtTedR et RAUring erikeripy & iIREBRY applied to
aut omat ed equi pnent which may be utilized either in factory production
or to 5Iam1§;§ﬁﬁﬁ%fdon-site, construction projects. Fig. 12

illustrate oqﬁggﬁﬁég#%equipnent whereby this may be acconplished. In
such an enbodi , di fferent m xes are prepared in nobile m xing

machi nes 18 whi ch have ect ed onet ri.c. | oadi ng

chanber 10 20 by hoses Iﬂ i%%%xe%éri%xgl oagl ng1 %éi%%ea%a%glsrgas ih

equi val ent to dj | tr4 : . .System and
Bl 0 ke ARG g@{&i AR X Hisd Neading B 2

Is illustrated |
compressed air source to an exit immediately adjacent to

the extruder nozzle 17 is mounted thereto. The

10 geometrically loaded mix is extruded from the nozzle into
the air flow and is broken up into multicolored drops or
globs which are deposited in the mold. Consolidation of
the globs in the mold produces a pattern in the casting
which resembles the mottled appearance of granite. It is

15 understood that the particle size of the globs and,
thereby, the apparent size of granite-like mottling can
be controlled by varying the relationship between the
size and shape of the nozzle and the air pressure and
flow rate. -

20 It will be readily apparent to any one versed
in the art that there can be other variations made to the
method which fall within the scope of the invention. For
example, the size and shape of the holding container can
vary as can the size, shape and number of divisions in

25 the matrix. Most importantly, the formula for
geometrically loading the container is infinitely
variable in terms of colors, arrangement and amounts.

However, once a formula for a particular pattern has been
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13. In the geonetric |oadi ng chanber 20, the hoses 21 fromthe grout

punps 19 f%-ﬁz@i@ the chanber 20 in a 15 matrix confi gur agp¢cRoses2oesdor ough
a pi ping and val ving system 23 which nay be nmanually or automatically*
controlled to vary the configurations of the incom ng m xes and to

control their §Loyssdl e6he IHdschtS dEHBd providds Lidaald whdr@sghamaaal = .
matri x and is necessary to 20 achieve the proper nixing ratios and three

di nensi onal patBérfAycanrbé heeqarded drd Pt educddrbylfllowing the .
Connected to the geonetric | oadi ng chanber 20 is a mxing chanber 24
whi ch is equi vbentlaocandetiepariicular ghewbing Lnitetis fiherefornder  °
pressure fromthe punps 25 19, the mxes flow fromthe geonetric | oading
chanber 20 i nt o t heThe xpreseniamerhad ipralsemiarfaiieada wrasiuce
passi ve baffles 25 and thence into the casting head 26. Active baffles
are baff| es® whPERCREYDAKIRI { F¢ raPReEREe of marble or other natural

29 WO 97/ 24209, . . . PCT/ US96/ 20320
position in theFf RERAFERERF PTRETRY Y ettt anatternzﬂhéggﬂj c actuating

e o N OEe e EFod Wi piond L EEH el U, M X e

the baffles 5 single block of stone. To create this effect of

continuous patterning, a pouring diagram, similar to that

10 discqssed previously, is created by making scale drawings
of the sﬁape of the pieces to be cast, showing them in
their adjacent positions. Figure 24 illustrates such a
diagram in which pour lines A-F are drawn across the
borders between representations of a: plurality of molds

15 16a, 16b and 16c, the lineS'may.indicate the pour design
as in Fig. 23, or they may correspond to an arrangement
of veins in the pattern to be cast. 1In complex patterns
it is recommended that each vein be labeled with its
particular geometric loading formula and pouring

20 criteria. After the diagram is dompleted, the edges of
the molds are m;rked-with entry and exit points for each
vein, matching them with the diagram and with the mold
edges of each contiguous piece to be cast. 1In an
automated production environment this process can be

25 facilitated by using a grid system marked on the mold
edges. After the mold edgéé are properly.delineated, the

molds are filled in a manner as hereinbefore described,

with the exception that each sequential pour must follow
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‘5 in the pouring chanber 4. The casting head 26 controls -
t he manner Wh97/24209 whi ch the bul k mix | eaves the apparatus X6d/US96/20320
_transferred to the mold 16. By changing the casting head 26, it is
possible to obtain transfer conditions 10 equivalent to pouring,
ext.rudi ng or sktaypredetarmined @ath acqumding, td Hthe genimipdetich@famas an
openi ng equal to or | arger than the volunme of the mxture itself which
al | ows t R 1nbehsad (Ramtunesi whare nengied faam dhede mHsts ngre
head, 26 into the rml% 16. As, di scussed previously, the 15 pour nay be
control | ed by TeRREeH iR Heheids i RFPRATH ﬁérﬂﬁlécent RAsiHenfoc #remsnt & the

use of vibratiog mopdul at and chan es in_the ed

geonetry of the&élnu% st§ tet%éé(?%ﬁpﬁ:g’e Uve: pleqzes"FO %lﬁ?%

the casting h [ er_.than the vaql une of

t he mxture E?ﬂs |ch caused?"pdtlh%Qa urm\gyt cc?%errc%rs}gejﬁ's B EX (E&ew"t e

different col QpfeRScerbstANd haddobdd 'Fx%l LA G mayP IHeE B el ement s
e

As with the sinpler extrusion apparat us SCUSSEd previ ousl
changeabl e nozghemdiBy f1e £ pritl LR BRI iy ek ru%hhaasoe of
t he extruded bead. P M For sprays:ﬂr}g,yst h% ?%g{t ?’ng ead 26 is

coupled to  patttarae @fidgiNaYIes RE ignedhi O a5 RuWhalcllgo t he
environment a computer controlled robot arm combined with
10 a casting head such as in Fig. 12, may be used for
transferring the mixes to molds. In such an environment,
it is within the scope of this invention to establish the
pattern formula and pouring diagram criteria as part of
the software program controlling the action of the arm.
15 The method of this invention can also be used
to produce articles having a formal design in combination
with the various patterns. 1In this instance a mold 40 is
~ produced having the formal pattern as raised portions 41
on the base of the mold as indicated in Figs. 20 and 21.
20 The moldﬂis filled with a desired geometrically loaded .
mix in a manner which will result in the recessed areas
42 having the desired stone-like pattern. If desired,
the pouréd mix can be backfilled to add strength to the
final article. The resulting casting is removed from the
25 mold and presents the appearance, as in Fig. 22, of a
series of pieces of stone 43 on a backing 44 with gaps 45
between the pieces 43 corresponding to the raised

portions 41. Gaps 45 are then filled in with a different
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30 WO 97/ 24209 PCT/ US96/ 20320
casting hea‘g{)@ggﬂtoprough the mxture or it may be di recl;éﬁqlﬁ?gnngw

into the mXxturé™as it is extruded from t he casting head. e alr flow
breaks up the m xture as it flows out of the casting head into

dr opl et | . i i che ' ity of ° .
noPlets of 7 980metri S By Hfoadid HLA S RRARICRedtil) dDetigio0S! LY OF .

t he m xtufe an ‘pressure of

Al ternative nmeghedsigl polt&yidty @rdlidlad oth Aind N1 1lowed Mo idHe, My ke -
used, including devices such as a variable speed nechani cal chopper at

the casting healiteshhtive dibodiment, thdhfomparmittempmyy d Hf the
| oadi ng chanber 20, m xi ng chanber 24 and casting head 26, is
preferably sepanatelly stormmed andtm kast |woorhnlgtt xtee cbrt e\l ikd wigish | n.
a manner to traverse a large nold during mx transfer. = For this
purpose, tHe appapitcedney the g miedthagold kefowe inouRigey Rl and 16,
or  mounted to a novabl e and i ndependent |y positionabl e apparatus such
as a nobile, whichyBhen| Peeinss AN JARITHORIFT L rths Fiak crsting. -
axis, aimng and traverse nmechani sm such, as, a robpotic arm_ 20

After the m x has been tFBhJehed) 9% s pgryention may be used to

produce any article which may be manufactured from
castable materials, and particularly from cement and/or

10 concrete materials. Thus, articles such as paving
stones, tiles, counter tops, indoor or outdoor furniture
items, structural building articles and decorative
artistic and architectural.elements are among the many.
items to which this method is applicable. In the area of

15 architectural elements, the present method is applicable
to the broduction qf precast veneer panels for
incorporation as integral portions of a precast or site-

' cast wall structure wherein the panels are provided on

one side with means to engage and become incorporated in

20 a poured concrete structure where the precast panel forms
at least one portion of the form for the concrete.

The method of this invention is particularly
adaptable to automated production environments wherein
the mixing, measuring, locading and transferring of the

25 mix is controlled according to a program entered into a
computer or other machine controller which oversees the
operations of mixers, dispensers, pouring chambers,

extruders, passage of molds along an assembly line, and
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it must be consolidated. It is common practice in the pouri ng of

cement or WORIR4208 to apply vibration to settl e the porCeaIsssB2r e and
_eli'm nate air bubbles. The vi bration commonly used, however, is high
frequency, low 25 anplitude vibration applied directly to the poured m x
by . i nser ttlen hike, vibrmsanmers ocdbnsistdmie witds &sdth RN héthod of such
vibration is detrinental to the devel opnent of the pattern.

Accordi ngly, cBnb®|invenbion sand cobh | altestnated assembly lines. In

31 . WD 97/ 24209 PCT/ US96/ 20320

principal |y by2dGtisior, I%EPW%‘&%F&&%SW vy dih i disclomms qeay \be
traverse the pouﬁﬁ h%& éhlnthe nmol d Initially, several major
shocks are ap ¥ apted o ALTRATHC (I BATURY @%ﬁéﬂ%‘%eneral
consolidati 5 ,&pee sn&xture f%:ll owed by mi nor .shocks at specific sites

as negde Jf WS SRR T e Frengit 1nvention. In practice,
the requi site shock may

d b th | d
fol |l oned by repeat e strlie%)r%%) ‘ﬁ%ﬁ#(fe;agﬁged}%ﬁ“or ar}%%‘%‘if@éie %m(;ns
10 d with I b
and L1 DR kG A BN or "B Y 90 1on T 300 1°

enpl oyed but should be Imted to avol
m x which may iH sinddrdtvod that many varlatlons and modifications of

those embodiments will be evident to those skilled in the
10 art and may be carried out without departing from the

spirit and scope of the present invention.
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desi r ed. pattern. Figurd; 15-19 illystrate apparatus which facilitates
the appli c sh ISVOHEET HAStBEEN [L5 poured mixtures.
a%z@% BCIIUSI6093 |

In Figs. t he basREpuﬂgEgratus of a nol d suppor asse

is |IIustrated The a - ri ses the nol °T
frames 28. Mol d 16 has Iocat ns 29 dependln ersi de
which 20 register V\AthW}P%EI‘}?e?IJf g&%‘%o’r? menber s 30 mm’ iﬁﬂg S,
frame 28. The support frames 28 and the resilient *SUPPO

raise the nold 16 a sufficient di stance to permt the underS|de of the

nold 16 to pe struck. 2 app
P Ffshe 1%%%1[1]% I@ogr%ééﬁ%ﬁg i rreans ejsgiér% v

shock may be acconp ani ca g. 17

i 11ustrates, anaght gopakine fﬁbeyweﬁﬁtghsm EOhSr SEPROEhe steptS DIy 27

which is provided Wwth pneumatic hamrers

32 W3 97/ 24209 a) preparing a mold to receive cﬂﬂ’iﬂéﬁ%/ 20320
positioned beneath the nold 16 to apply sel ected shocks.

alternati veq appaxstipesics illustrated in Fig. 18 and conprlses a
mechani cal thunper 32 which may be operated by a standard jackhanmer
36. The thainper 32 conpb)sesprmeparing at least two wet casting

6 mixtures of different colors at a viscosity to facilitate

7 even pouring thereof; |

8 c) loading the casting mixtures into a’

9 container in a horizontal and vertical geometric

10 arrangement according to a formula devised for a

11 particulér pattern;

12 : d) transferring the loaded mixtures from the

13 container to the mold, and;

14 . e) consolidating the mixtures in the mold

15 into a physically uniform mass and allowing the mass to

16. set.

1 2. The method of claim 1 wherein the

2 consolidating step comprises applying low frequency, high

3 amplitude shock waves to the mold.

1 3. The method of claim 2 further comprising

2 removing the set mass from the mold and finishing the

3 surface. ' |

1 4. The method of claim 1 further comprising

2 providing a removable matrix in said céntainer which

3 subdivides said container, and loading said casting

4 mixtures into said subdivided container according to a
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-5 support 33, mllwlﬂuluug”ugxulmm_or fixed to the support frame 28,

a pivot arw@4nznob a transfer arm 3PHIS BHELF S BEE m 34 i s rEcToede3zo ght
_andl e piece having a first pivot i hwﬂgfeégbeﬁs'.he angl e and a second
pivot hinge 38 at the end of = end gf the other armis
provided 19 wrbBeRekRoRear rBead1a%wHBEERNSERI SRR HNYES ﬁbg@dofmt he
hold 16. The first pivot hinge 37 connects the pivot arm 4 to the top
of the suppert tBe stbaikiaelyapryfyaikst provi@BReby Fhedthaashier arm 35
connects to the second pivot hi nge 3§ and extends out from under the
mold 16 to 115 connect t8&.t heTheohethddobft heajiackhfinrehe86cohpribing
manner, the reciprocating action of the jackhamrer 36 is transferred
to t.he pivad arsme¥ingdseiddsmstrix pfter deading sgidt gontsknebout the
first pivot hinge 37 so that the head 39 strikes the underside of the
nmol d 16 senHing the 20 §hockTBRi BRERPY o&rcladm § vhesa4n the poaded ni x.
As with the pneunatic hamers 31, a plutalitx of thunpers 32 may
be positioned BAYERTRReRH Hrapsigiredotn FAigi §oldoby pouripgnfremnsfer
arns exposed for.sinultaneous or alternating operation. 25

The proces§3of586§SSPP 8tP6h 1 evel s the surface of the poured m x

ol d i o hoal A acier seFeanreRed kE FarEl K ke BRRF SehPEie e tne

2 providing a pouring chamber removably attachable to said

3 container and having a plurality of baffles defining a

4 path through which said loaded ﬁixtnres pass upon

5 pouring, and pouring said loaded mixtures from said

6 container through said pouring chamber into said mold,

7 whereby said geometrically loaded mixtures flow around

8 said baffles in a predictable manner to create a pattern
9 1in said mold.

1 8. The method of claim 5 wherein the loaded
2 mixtures are transferred to said mold by extruding.

1 9. The method of claim § wherein said loaded
2 mixtures are transferred to said mold by spraying.

1 10. The method of claim 4 comprising removing
2 said matrix from said container, providing a nozzle at

3 one end of said container and a driven piston at the

4 other end of said container and driving said piston into
said container whereby said loaded mixtures are extruded

through said nozzle into said mold.

o W

11. A method for casting multicolored cement

2 Dbased materials and controlling the patterning thereof,
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33. - WO 97/ 24209 S BEEN PCT/ US96/ 20320
casting. Cgrs d'ﬁtg@t ion al so serv J"‘t‘%sgéﬁgcﬁ e chefn cal PC%%@W cal
the p

conponent s of oured m x.int'g a j el ik Sl
consol i dation using shock waves, as opposed to thﬁmmﬂmmnlu
frequency 5 ddigifi i brators or vi bratlng t abl es

produce a ?raé%allz§?%g¥ or interweaving, in the pattern -~ whi ch tends”
to follow ghe naturalithc i a¥4®ly aNmold tbr 2ekalivEeqEet E¥ment

It is inportant to understand that the uses of 10 vibration here are very
di fferent 6robddwmbaateridlisgditionally used in the cenment/concrete

I ndustri es. This difference is both in type and purpose.

Tradi tionably, cement orblcon@reparingertpdenst, tive wpteadment based .
mechanically or by hand and is then struck off by a 15 tool drawn across
the pour ed7nasiRstong gHrdines having differgns. cpionasy then be settled and
anly air driven out by nmeans of hl%h frequency_ vibration applied by an
i mpl enent Pnserted i nt o Phe FFEVEL ?ﬁP§aﬂFﬁ€ Baving ayremavabiespr eads

out in a horlzor]q patt N nd res Its 20 in a greater | i qguefaction of
t he pour ed®ni &2 Emﬁ"ﬁat’m BgREel8fsti §¥ef acti on

results 'EO subchambers;

11 d) 1loading said mixtures into said container
12 in a geometric pattern according to said matrix and a
13 repeatable formula devised therefor;
14 e) removing said_matrix from sgid container
15 and attaching a baffled pouring aperture to said.
16 container, and;
17 £) transferring said mixtures from said
18 container to said mold through said pouring aperture
19 vwhereby said baffled pouring aperture causes said
20 mixtures to flow and combine in a predictable manner.
1 12. The method of claim 11 further comprising
2 consolidating the mixtures in said mold by application of
3 low frequency, high amplitude shock waves to said mold.
1 : 13. The method of cléim-lz wherein said
2 container comprises a flexible bladder from which said
3 nmixtures are extruded through said aperture.
1 14. The method of claim 12 wherein said
2 'confainer comprises a rigid cylinder having a piston
3 therein whereby said mixtures are extruded through said

4 aperture.
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"l ess definition in*the patterr wier etgiSt SKEETEASBEER!
nor mal I'y ewd symgadversely affects| t-he, BEPLACED and ef pertusyertos2o
.hedates the control obtained throughteé-~ ic loading. Therefor,
t he present method enpl oys | ow frequency vibration applied as shocks
to.the under si de @&.t henaohethodsettteapmdibevperebns gaig. Since the
mx after pouring is generally uneven it requires uneven

34 WD 9ZbRé20fer comprises a tiltable chamber with s&{d/bis96128320
vibration to settle the pour into a flat piece. Accordi ngly, the
first, or Pripenyinghepksture appicked at openendhwherehygheenasaasd of the
pour causing themto, settle downward and to flatten and fill any

adj acent 45 matusx Epnramopad: eFasdt ehamber sisctihtedt tanBopsi paid

t her eby produci the inp si on_of continuQus v Secondary shocks

of |ess st?enﬁ?E%HFﬁsaEEF¥ggr8§ F%Eﬂ%ﬂ? sal aPagg#gafBﬂuﬁiﬁﬁsa?%rEVEﬂ'out
100 UL M e sor thhg AchetiediFrt PEShERTna FrpheiREpte | Mold and
may be fi2%8E§§%§¥F§n¥ﬁ§fB%FEeﬁggangeﬁgﬁgoggsgé castiﬁ&gaaﬁfgh pol i shing

and seal

spreadi ng

3 simulate natural stone, comprising;
4 a) preparing two or more different colored
5 wet cement based mixtures at a viscosity whereby the '
6 mixtures are pourable bﬁt resist combining when placed
7 against each other;
8 b) loading said mixtures in a container at
9 geometrically determined positions both vertically and
10 horizontally within said container and in specific
11 amounts according to a formula corresponding to a
12 particular pattern to be produced thereby forming a
13 geometrically loaded bulk mix;
14 c) transferring said geometrically loaded
15 bulk mix from said container into a prepared form, and;
16 d) allowing said mixtures to set.
1 17. The method of claim 16 further comprising
2 applying low frequency, high amplitude shock waves to
3 said form to consolidate said mixtures.
1 18. The method of claim 17 comprising aiding
2 the geometric placement of said mixtures in said
3 container by providing a removable matrix temporarily

4 subdividing said container into which said different

486
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’ ,"lm ml" le "MJ ,!! ‘acco rrpmgsms SHEET Hﬂ@oﬂ@‘k sol ution of

rrurl at I C a%gg;lgjzgpwed by an a | i shing @&Tﬁﬁ?«%ﬁ%zﬁ he

same equi pnent and net hods used =1 5tone wor ki ng. However
i nportant to remenber t hat polishing act uaIIy cuts into and renoves a

portion o] {QF{. Pallieyr
CGenerally, om%?/ié&eggirﬂé}f %g% SI l | sﬂ ﬁg;ﬁc %tal% Q-ecd' td raé)r?ove

- any surface UngNeraesSsitd Cxﬁhﬁ@i{xr%%émoved ffaﬁnéaﬁe@di&aa@féﬂ pdero .
sharpen the pattern maeking it nore distinct. _ Seal i ng

can al so bey acppaphehedoRi $did mixOOREEraMdlpyictyaid altladgTRireting sadd i S
I mportant for the 25 protection and enhancenent of the pattern. In the

case @ pbelechivnintensaidtfans. materials are porous and will s
absorb water and stain. Sealing the surfaces of a ‘casting prevents any
absor bti on land -st ai ni ng ¥hi cHifheurethod of claim 17 further comprising 35
WD 97/ 24209 PCT/ US96/ 20320

interfere @t hpm@i%mea nblending apparatus R spid gantaineghemst of
transferrin o the nold, ige. l-ﬂpourln% extrudi ng or
said

spraying, t nth%nﬁf*%’a?én%a??%‘? n%ui}és‘%’falli’iﬁg?‘ﬂ%ﬁ’tq?c container

4 through said blending apparatus whereby said bulk mix is
5 partially blended during pouring and wherein said partial
6 blending'is.substantially predictable according to the

7 viscosity of said mixtures and fluid characteristics

8 thereof.

i . 20. The method of claim 19 wherein said

2 blending apparatus comprises a pouring lip on said

3 container, said pouring lip having a fixed geometry.

1 21. The method of claim ;S'Wherein said -

2 blgnding apparatus comprises a pourihg nozzle attachable
3. to said container, said pouring nozzle comprising a

4 plurality of baffles defining a specific flow pathway for
5 said bulk mix.

1 22. The method of claim 16 whereih said

2 predetermined formula specifies the 6rder, location and

3 amount of each of said concrete mixtures fo be placed in
4 said container.

1 23. A simulated stone made by the method of

2 claim 17 and having a pattern resembling marble.

1 24. A simulated stone made by the method of
2 claim 17 and having a pattern resembling granite.
—_—
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5 natural_mat ori NOHA WAL o

resenbl'e meglplodnglebose produced. by~
sandst ones and f?avert|nes EPAGRD of spraying a

"geonetrically | oaded mix creates patterns ling granite. Although

theseé 10 gethods of tr§g§fe%_ggﬁgﬁggegr By tReCHREhBE of

these vari ous types of stone be evi ent t hat “t he user has the

ability to E'ev'éihﬁté fﬁn'afﬂdcmvmgt B ?9 E:ern r a1 idRd shangeonk . pat t ern
r

fromthose act ound I n On the one hand, colors and
control of ghe 15 pattemg.can giealeted stone &a@@ptwvth$ siefrthbadr offo

pouri ng tend to

gﬁ%ﬁ@&m d to repefbbsioso

nat ural stone products whereas, on the other hand, patterns can be
creat ed whigh wildincliFarng having- magattern resembling Thravewrkthinei.ng
exanples illustrate the nmethod as applied to these particular transfer
met hods usihg the 20 f@7wul & oethad £or. preparixgvRuiticolored mixes A
nol d of suitable size and material is prepared with an appropriate

nol d rel eas2. By aastable matesdpdspded wdacemept d& 6r old tapbpzodugee
prepared and 25 meter S added o produce t he wet m xes of the desired

viscosity. Bsifgant axtdcdeudaying ¢ PREULGY, Siprlatings pgtnzatessone,

nber ed
nunber ed 1 bl 49,0 LA And LoD L9 BOLLQM: LS a1 diZhLAg o587 T 2 1

5 prepared castable materials into a container in a

6 geometric, three dimensional, horizontal and vertical

7 array according to a predetermined formula for said

8 pattern.

1 28. The method of claim 27 wherein a removable
2 matrix is provided subdividing said container into an

3 array of subchambers corresponding to said predetermined
4 formula. |

1 29. The method of claim 28 further comprising
2 removing said matrix from said container after loading

3 with said castable materials. .

1 30. The method of claim 29 further comprising
2 transferring said 1oeded, geometric, three dimensional

3 array of castable material from said container to said

4 mold in a manner calculated to produce a particular

5 pattern.

1 31. The method of claim 30 wherein the

2 castable material is transferred by pouring from said

3 container.

1 32. The method of claim 30 wherein said

i t‘l‘itti‘ttt‘““’
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matrix 1 | d and the | oaflg
series of péiﬁﬁﬁg rows. .The prccess:

\PCT/ US96/ 20320 The

nt o
ng and theegggg geonetry

of the container combineto *{:h colors in a manner which
resembles a 5 broad-vei ned, marbl e. If narrower veini is desired, a =~
pouri ng cha?(rbeﬁaﬁ'ﬁﬂbbaflf@*ée%bﬁ%l%ﬁt?ﬁpw"’%emﬁlut%@%rﬁﬁ’dg containgk dher
prior to pourin The effect of the baffles is to create finer
detailing by c% EFH@I?%e ﬂ]X to flom1 around and through the obstacl es
posed by the baffles tin e ndi of the, colors and
a narrower fl ow. Ap ﬁlé?e ‘l%s (gipp cf? "% ]‘Fale(alnrrﬁ%ld in the
menner di scl 0889.:.&9&@%&@@9 L cpg &rilf from 114 contafVIF 2 1S
A nmol d and ‘m xes are prepared as In anp An’ extru I ng appar at us,
as-in Figs.39 ggga}gngs provi ded W th a ni ne chanbered matrix 1 and

t e cont ai ner | oaded according to the fornula. The matrix 1 is

removed, the piston and slgiverhe seethyd 18f | S1aDH N B Arttaeby CcHd pattzenhe 17
I s opened. Upon activation of the piston, the | oaded m x is extruded
t hrough t he2 nopzrbéudeédf bnnthg cast article simulates marble.

1 35. The method of claim 32 whereby the pattern

2 produced in the cast article resembles sandstone.

1 36. The method of claim 33 whereby the pattern

2 produced in the cast article resembles granite.

1 37. A kit for producing cast articles having a

2 pattern simulating natural stone-comprising: |

3 a plurality of packages of pre-meésured

4 and pre-mixed, colored, dry cementitious ingredients;

5 a loading container and removable dividing

6 matrix therefor;

7' instructions for preparing individual wet

8 nixes from said dry ingredients;

9 a chart keyed to divisions of said matrix
10 and designating an order for loading said container with
11 said wet mixes to create a specific three-dimensional
12 array in said container; and
i3 pouring criteria directing the manner for
14 transfer of the loaded mixes from said chamber into a
15 mold.

1 38. The kit of claim 37 further comprising a

2 combination pouring chamber and baffle removably

49
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“a | arge bead. The-islands in, the ge frically | oaded m X becone very

narrow, |iwearggeatterned colored | TH tjhey ar ectasgaab3zthr ough
R hé " nozzle 17 into 25 the nold.16f L}so-sll‘g&@gg\ eB%FNe appear ance of
Sandst one or travertine stone,! ided in slightly uneven
rows. Shocks aicurdhi€dtd csiie cmiichirerseidd ervdding accpmndmlﬁt;mﬂme m x
which is then allowed to set. WO
'97/24209 4 for said loaded mixes from said daﬁtbusgﬁfz@Bzaid.mold
Different effects on the linearity of the pattern can be obt ai ned by
changes i n5t hevhergky apaiidi thret-direnmional arrayadd [pnvesiedfinte a
pouring criteria as previously di scussed. 5 EXAMPLE 3

In this exénpl%lkéﬁﬁ%&?%%}hglm RaLeEn |CrPrresPCE5@d‘rPﬁ &2 3 sipdahed a

an air hose leading fro conpressed air source to an exit

i mredi atel ¥ ad} lt%F°ne PRt ruder nozzle 17 is nounted thereto. The

10 geonetrically | oaded#n X ,#I%e (;]%;I r u}ed&rromatsh%he%zezilqe Slggdaﬁ"&taltn air
nto” mu

fl ow and |% broken up i S “or are

deposi t ed %e s @NePLiftd O faer and MG %ﬂﬂia@l%ﬂdixﬁfféduces

a pattern |n t cas
3 chamber and baffle comprises a nozzle mountable in said

4 bladder, whereby said loaded mixes are extruded from said
5 bladder through said nozzle in response to pressuré

6 exerted against the outside of said bladder.

1 40. The kit of claim 38 wherein said container

2 comprises a rigid cylinder, said combination pouring

3 chamber and baffle comprise a nozzle structure mountable

4 on one end of said cylinder, and said kit further

5 comprises a piston assembly mountable to the other end of
6 said cylinder whereby said piston fits within said

7 cylinder and exerts a force against said loaded mixes to
8 extrude said mixes through said nozzle.

o
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whi ch resenbl es the nottl ed appearance of granite. It is 15 understood

that the mppdbiedge Si ze of the gl obs and, t her eby, the pppaisediossi ze of
granite-like nottling can be controlled by varying the relationship -
bet ween t he size and shape of the nozzle and the air pressure and
flowrate. 20 It will be %@%dily apparent to any one versed -
in the art that there can be other variations nmade to the met hod whi ch
fall within the scope of the inventien. For exanpl e, the size and
shape of the hol ding_c atier _can vary as can the size, shape and

nunber of divisions
geonetrical ly | oadi
col ors, arrangenent
particul ar pattern
97/ 24209

t he present nethod
recorded and reprodly
pouring criteria thg
adaptabl e to produceg

tiﬁblﬂatrix. Most inportantly, the fornula for
ntginer ig infinitely variable in terns of
ht g. However, once a formula for a i}
38 WO

p rfeans wher eby t hat
pl Ifowi ng tihe
The

| ’

\_/2’

§

FIG. 3



5 pi eces having the appearance of marble or other natural or
artificial p&x7edrg, but with a pattern which cont i nuesPET/US6R0ZWE t O
piéée as if it were cut froma single block of stone. To create this
effect of continuous patterning,2/ pouring diagram simlar to that
10 .di scussed previously, i§3created by maki ng scal e draw ngs of the
shape of the pieces to be cast, shgw ngthemin t heir adj acent

posi t.ions. Figure 3 ch a di agramin which pour |ines
A-F are drawn act oss ordefs befween representations of a
plurality of nolgs 6 | 16¢c| the lines may indicate tig pour
desi gn as ¢ y correspond tidan =

veins in the pagfe Z>6ast” | njconpllex patterfhs

t hat each vein |be. WS
: o1l

vein, matching t '
contiguous piece to b
this process can be 25
nol d edges. After t
nolds are filled in a_n
exception that each
39

nol d edges arg proper]y
s—her ei nbeffore desfribed, ~fF.wmith th
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pr edet er m Reg ofyefa2p accordi ng to the pouring di agram Pearddebhazhed
castings, when renmoved fromtheir nolds, are erected in their ==
properly adjacent positions to preseib a continuous pattern across

t he several pieces. Usi this 5 system individual panels

be casf

in any order, but en cured and renoved fromtheir 1%l ds t hen be
arranged in the proper r to display the continuous .
originally desi gned.mat ed envi ronment a cofrputeer)control | ed
robot arm conbi ned : @@ casting head such as in Fi¢{ y be used
for transferri L to nolds. In such an envi 11t

in conbi nati on

is produced havi fformal pattern as
t he base of the nold as\indicated,in Figs. 2@
filled with a desired geln sat 14 | oaded

result in the recesse%rceas
| e




*42 having the desired stone-like pattern. If desired, the poured m x

xcan be bacWMa%7220% 0 add strength to the final articl ePCYHEIW29329 t i ng
casfing is renoved fromthe 25 nold @}p presents the appearance, as in
Fig. 22, of a series of pieces of stone 43 on a backing 44 with gaps
45, . bet ween the pieces 43 corresponding to the raised portions 41.
Gaps 45 are then filled in wwth a different

40 . WD 97/ 24209 PCT/ US96/ 20320
geonetrically | paded m x, a grou eent or other _21 materi al poured or
trowel ed i n andjal | owed—tg—s¥ n_an etrrat—ve-enbodi nent, the

formal pattern Q”“: 2rate|gbral or wosd | ati4eqe or the

i ke-which 5ASDp ed oh PHe-hAse the P eqgouri E.‘f.;jl&") -
whi ch t hen eggv‘-a? RPO) | (;f'&;\s:{c g =(,t__‘.‘m‘1$(@ /"‘...,-bg( 18
The nethod of {hi@4i nventfor®ay be used tt7 @ produce anyar@ Tl e which
may be manuf a@&ir ed fromyg castabl e rﬁ?ri als, and paréh ularly from
cenment and/or 10 concrete materials. us, articles su as pavi ng
stones, tiles, counter tops, indoor or outdoor furniture i tens,
structural building articles and decorFTl’Ge l2 artistic and architectural
L]

el enents are anong the many

FIG. 13 FIG. 14

28




items to which this nethod is applicable. In the area of 15 architectura

el ement s, Wwompymeent nethod is applicable to the prodeetisyeroizo
precast veneer panels for i ncorpaoration as integral portions of a =
precast or site- cast wall struéffire wherein the panel s are provided .
on one side with neans to engage and becone incorporated in 20 a _.
poured concrete structure where the precast panel forns at | east one
portion of the formfor the concrete. " The nethod of this
invention is particularly _adaptPgle to aut omated production i
envi ronments wherein t he m xi ngj,“Ynmeasuring, |oading and transferring

m entered into a
t he operati
, passage of

of-the 25 mx|[]s controlled acco
conput er or othe Frchte—cont ot e
m xers, di sp@@sefrs, pouring
along an assenbly |ine, and
97/ 24209 JSS
i ke, in manners nsi s&nt Wrth b j e this i nvent#3 and
wi th aut omated as&Esnbly Iingg addi ti on=gapdBat us described in
this disclo be B | =

adj ust ment S pwtrrin the sgFe~s 4 -ntbgp.

I @l

ng to a prog

FIG. 19

40~ _ ?f 42

IZ>V \Y
L D<><><§ B FiG. 2
. D <><I\\.§ 41 45 43
42 N _

FIG. 22



-The above enbodi nents and drawings illustrate the preferred

~enbodi nenkgo efnkbe present invention and it I S under stpeafisokygds2eany
‘variations and nodifications of t hose enbedi ments will be evident to

J'thosg skilled in the 10 art and may®4%e carried out wi thout departing from
t he, spirit and scope of the present invention.
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1

in]

yiold t6 reced ing 4 mxtures; 5 preparing at | east
two wet casting 6 mxtures of different colors at a viscosity to
facilitate 7 even pouring thereof; 8 . Q%t' providing a fornula
setting florth a 9 horlzont&imekkped fox @reafeidit MYEEigeker JRFAINS

| oading 10 said casting mxtures into a container an roviding.a -11
cont ai ne? t RAGIRACLSENS ol FRES AL 1SAET PIREAIANE "Si‘é)ostaﬁs id
cont ai ner, according to_said formla: r%gsferring said

| oaded nxtures from i)4 S%W%P%Jrﬂ%i%é%ﬂt% %%H’if?ﬁ;‘r"? % t,l 95

e) con oligﬁs' aid mxtures in said nold 16 into a physically
uniformrirass anéd ai%’owi ng said mass to 17 set; 18 wher eby a

doterm ned by said 207 ToraTEREhdiat el e Care | oaded
into 2lg sagiktapdsid®'different colors at a viscosity to facilitate

7 even pouring thereof;

8 c) providing a formula setting forth a

9 horizontal and vertical geometric arrangement for loading

'10 said casting mixtures into a container and providing a

3 11 container therefor and loading said casting mixtures into
12 said container according to said formula;
13 a) transferring said loaded mixtures from
14 said container to said mold, and;
15 e) consolidating said mixtures in said mold
16 into a physically uniform mass and allowing said mass to
17 set;
is8 ' whereby a cast article is formed having a color
::4 19 pattern therein which pattern is determined by said

20 formula by which said casting mixtures are loaded into
21 said container.

2. The method of claim 1 wherein said
consolidating step comprises applying low frequency, high
amplitude shock waves ta said mold.

3. The method of claim 2 further comprising

N = W NN

removing said set mass from said mold and finishing a

surface thereof.

4. The method of claim 1 further comprising

N P W

providing a removable matrix in said container which

43



1 2. —T_h_e_ nmet hod of claim1 wherein said 'G.éUSS%I?détZr%ét%po
oI * crency of o oPa2rmh | o n < IPENMIST & DEC 1897

renoving said set mass fromsaid nold and finishing a 3 surface thereof.

1 ) d | r ; (| $1 2ngroviding a
r enovabl g m?‘??%lYﬁggﬁﬁéggn?gﬁg%%#ﬁévﬁ (]:?uﬁ&l iwlﬁ@@éi& Sésting 43

3 subdi vigdesy s gh-£8N REHCEa i @NEUb@DFL dEd SEbRt £D%é Nccdrding UEessaddo said
subdi vi ded container according to said 5 fornmula wherein said fornula is
keyed tossai fopmibla WeEeif €4idngeimula ofs Skeyed otd ssaid .suidivided 5.
The method of claim4 further conprising 2 rempving said matrix after

| oadi ng %ai darraigenerit of said contaier. The method of claimb5 wherein
said | oaded 2 mixtures are transferred to said nold by pouring from 3
said conftainer. 1 5. The methaheoficchdim of TURERRD FAMBTRSIRDNpri si ng

2 providing a pouring chanber renovably attachable to said 3 container and
havi ng a2pl wemevingisaid rrakripfatiery kpading said container.

1 6. The method of claim 5 wherein said loaded
2 mixtures are transferred to said mold by pouring from

'3 said container.

7. The method of claim 6 further comprising

O

providing a pouring chamber removably attachable to said
container and having a plurality of baffles defining a
path through which said loaded mixtures pass upon
pouring, and pouring said loaded mixtures from said
container through said pouring chamber into said mold,
whereby said geometrically loaded mixtures flow around
said baffles in a predictable manner to create a color
pattern in said mold.

8. The method of claim 5 wherein said loaded

mixtures are transferred to said mold by extruding.

9. The method of claim 5 wherein said loaded
mixtures are transferred to said mold by spraying.

10. The method of claim 4 comprising removing
said matrix from said container, providing a nozzle at
one end of said container and a driven piston at an
opposite end of said container and driving said piston
into said container whereby said ioaded mixtures are

extruded through said nozzle into said mold.

B OO B e W NN PN N MO N W

11. A method for casting multicolored cement

44



4 pat hummlm]ﬂm id | oaded m xtures pass upon Pﬁ usen;/az&p%uzl ng
sai d | ”Wom said 6 container through MQ@ X
into safd frol'd, ® 7swhereby said geonetrically |oaded ST mm

8 said baffles in a predictable manner to create a color 9 pattern in said

nmold. 1 8..__The method o | rel | oaded 2

i x';] u (rj es 2ar P35 FRFT NP t%1§%$5e§207!hé béér@é(ﬁl}ﬁ'ﬂ% ﬁ%&%ﬁd 9. The
nmet hod of, .cl_gj er el i d ] oaded 2 mxtures are transferred to said
ol d by épr a‘%%%éow é&&fﬂ& 10. The nethod of claim4 conprising
renoving, 2 said matr P f'r%&@&ﬂﬁ@rﬁ SR . tPraadivy saiDazde at 3 one
end of said container and a driven piston at an 4 opposite end of said
cont ai nek argbdnty i BsSdi ch$t i midtturds; sai d contai ner whereby said

| oaded m xtures are 6 extruded through said nozzle, into said nold. 1

11. A ngthod for castbhng rmtépamimg eak ckemstt two wet cement based 44
2 based casting mxtures and controlling patterning 3 thereof,
conpri si 1g: cakting mixtures havingadififerenvlapliarsiccei ve sai d wet

8 c) providing a container having a removable

¢ matrix subdividing said container into at least two

10 subchambers;

‘11 d) 1oadihg said mixtures into said container
::> 12 in a three-dimensional geometric pattern according to
13 said matrix and a repeatable formula devised therefor;
14 e) removing said matrix from said container
15 and attaching a baffled pouring aperture to said
16 container, and;
17 £) transferring said mixtures from said
18 container to said mold through said pouring aperture
19 whereby said baffled pouring aperture causes said
'23 20 mixtures to flow and combine in a predictable manner for

21 controlling said patterning of said multicolored cement

22 based casting mixtures.

1 12. The method of claim 11 further comprising
2 consolidating said mixtures in said mold by application
3 of low frequency, high amplitude shock waves to said

mold.
13. The method of claim 12 wherein said
container comprises a flexible bladder from which said

mixtures are extruded through said aperture.

bW N s

14. The method of claim 12 wherein said

45
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vvet H 'Bamﬁ_ m—lggsm ﬁt u:ne)s(t urgs havi da f?) PGr eu§$ -6 &Zlgi tho
=prGV| |ng ai ner ﬁaw ng a rem)vaglge I9 e:nigmssdz&} 335@ 1393

congalner into at least two 10 subchanbers | oadi ng
m xtur es

pattern Ccomﬁé,wéﬁ' SofBELEWE ridiq %é%%%?%%f@f o%r Vi sed

therefor g in fyh%reﬁ% sai&rmmngréglalrm*waémm@gnog@wer 15

and attachlng a rrng aperture to said 16 container, and; 17
f) trapsf efpdPeysa@i d m xtures fromsaid 18 container to sai d nol d

t hrough said pouring aperture 19 whereby said baffled pouring aperture
causes said 20 mxtur®s tThélmetinod oPndiadmile awlperslintsdi@® manner for
21 controlling said patternlng of said nulticolored cement 22 based
casting @i xteomsaindr comprises 42tiltablechanber with rsaid fhaffibed
conprising 2 consolidating said mxtures in said nold by appllcatlon 3
of | ow f Bequrourgindapexbipre tatkached atene end sthereby, djien said

13. The nethod of claim12 wherejn said 2, caont r. co i ses flexible
bl adder fir oRAFF R 18 xenaved; ﬁ%&‘%s"%‘%"%&ﬁ%&é’d&?ﬁf r@‘h‘? rture.

5 mixtures therefrom through said baffled pouring aperture.
1 16. A method for producing reproducible
colored and patterned cement based castings which
simulate natural stone, comprising;

a) preparing two or more differently colored
wet cement based mixtures at a viscosity whereby said
nixtures are pourable but resist combining when placed

against each other;

b) providing a predetermined formula setting

W ®© N o660 0 & W N

forth amounts and arrangements whereby said mixtures are

to be loaded into a container to form a geometrically

¥
Q

RN 11 1loaded bulk mix and a container therefore;
12 c) loading said mixtures into said container
13 at geometrically predetermined positions both vertically
14 and horizontally within said container and in specific
15 amounts according to said formula thereby forming said
16 geometrically loaded bulk mix;
17 d) transferring said geometrically loaded
18 bulk mix from said container into a prepared form, and;
19 e) allowing said mixtures to set;
20 whereby a casting formed by said method has a

21 color pattern simulating natural stone which corresponds

46
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Ihereincmhéreby Sai*d m xtures are extruded through said 4 aperture.
15. The nethod of claim 12 wherein said 2 container conprises a tiltable

chanber mﬁtht@ah@dbagﬂdaiefﬁﬂm@urbggsagarE@&nghLached at one end wher eby,
when said 4 matrix is renoved, said chanber is tilted to pour said 5

m xtures Therefromthrafgh Shiedmeihbdedfpeinimgidpéurther comprising 16.
A nmet hod for producing reproducible 2 colored and patterned cenent based
castings &hi 8PPlying howatfarequencyl, biigheampdipndei shockqwaves to a)
preparing two Qr nore differently colored 5 wet cement based m xtures at
a viscosity ®RdAeBPraate consolidate saddppixsBresbut resist conbini ng when

| aced 7, against each_qgther; 8 0] provi ding a pr,edeterm ned
Pornula sktting 9 forﬁﬁ'anﬁ&ﬁt?e§ﬁﬂdaPﬁaﬁ&€ﬁén%§ ﬁﬁ§P€B§g§3iglﬁF?9ures are

10 to be!loaded LBLacR A0M ALt 8" 8P nd50MRLL £A' sa donkORded OUIK
3 by providing a removable matrix temporarily subdividing

said container into which said different colored mixtures

are placed according to said formula, and wherein said

matrix is removed from said container after loading of

said mixtures and prior to transferring said bulk mix

L)

into said form.

19. The method of claim 17 further comprising
providing a blending apparatus on said container and
transferring said bulk mix by pouring from said container
through said blending apparatus whereby said bulk mix is
partially blended during pouring and wherein said partial
blending is substantially predictable according to said
viscosity of said mixtures and fluid characteristics
thereof.

20. The method of claim 19 whgrein said
blen@ing apparatus comprises a pouring lip on said
container, said pouring lip having a fixed geometry.

21. The method of claim 19 wherein said
blending apparatus comprises a pouring nozzle attachable
to said container, said pouring nozzle comprising a
plurality of baffles defining a specific flow pathway for

said bulk mix.

s
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22. The method of claim 16 wherein said
47
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within gaid container and in specific 15 anounts according to said
formula thereby formng said 16 geonetrically |oaded bulk mx; 17

d)  trangf erfdrigh T shgeNidd i fril dnddwadestatlion i aliouritt &P srich
container into a prepared form and; 19 e) all owi ng said

m xtures 80 s¥ ;sai’d cement mixtwtes dlry ke dasiderly ifrorsadst kprsaicheret hod has
a 21 color pattern simulating natural stone which corresponds

46 1 22 to and i 2¥et e mimdateds stpriomaden by the method ofl7. The
met hod of claim16 further conprisin 2 applying I ow frequency, high
anpl i t ude2sh&daimics and wing & BeF e & Fardble-xtures. 1

18. The pethod of claim 17 compr|3|n aldlng sai d geonetric | adi ng of
said mxtlres in said &rtaith %p ?’ P‘?%Bﬁ

tenporarily s Vi ald container into I,C sald | fferent col ored
m'xtures& lri@(}'mﬁ(fq}& v&%ﬁ@%&l&'r’f reﬁuﬁmgi IR B said 6
Matrix is,renmoved fromygai d CtHIYedktthe 2ad"By ft:he method of
claim 17 and having a pattern resembling sandstone.
26. A simulated stone made by the method of
claim 17 and having a pattern resembling travertine.
i:) 27. A method for preparing multicolored mixes

of castable materials, transferring said mixes to a mold,

and producing cast articles having a pattern simulating

2
1
2
1
2
3
4 natural stone from said mixes of said castable materials,
5 wherein said method comprises loading individual colors
6 of prepared castable materials into a container in a |

7 geometric, three dimensional, horizohtal and vertical

8 array according to a predetermined formula for said

9

ii} pattern, providing a removable matrix subdividing said
10 container into an array of subchambers corresponding to
11 said predetermined formula and into which said castable
12 materials are loaded to form said geometric, three-

13 dimensional, horizontal and vertical array according to
14 said formula, and transferring said loaded castable

15 materials from said container to said mold in a manner
16 <calculated to produce said pattern in said cast articles,
17 whereby said method renders production of said pattern

18 controllable and reproducible in a plurality of said cast

19 articles.
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7 sal ﬂ rior to transferring said buPIQTrA.x 987|‘g QaﬁdeQm
TR v o <5l 7% e g 3 ooy -
ESFLlE?Xf{gnlgalgrf?gfalng[ 4 through said bl endi ng appar at us mhere?yafald
i
bl endi ngli S subgt ant i %?S/ pﬁ%?@%%%ncgggﬁgdi&ngz?o%gﬁfﬁﬁéosﬁ%
sai d mx Ureéembﬁ %Ql&kﬂé@f%? 51.5%111 @ it £d{er alfter loading20. The

met hod o clarm1l erelrn sal ng ‘apparatus conprises & pouring

lip on sai dywBK0dd fd "CastHEiél M&Eﬁ-i&l&'&d\%ﬂ&'@ tratsegaoimisy. 1
21. The nmethod of claim 19 wherein said 2 blending apparatus conprises a

pouring nozzle attachable Thé anethaet comtelai 27 ailtbredly itge nozzl e
conprising a 4 plurality of baffles defining a specific flow pathway for
5 sai d bel k cistablle materials &% tridrsfmtrial hyf pHuwaiingl Erdwersaid sai d

47
3 container.

32. The method of claim 27 wherein said
castable materials are transferred from said container by

extruding.

33. The method of claim 27 wherein said

N W

castable materials are transferred from said container by

€.

spraying.
34. The method of claim 31 whereby said
pattern produced in said cast article sihulates marble.
35. The method of Elaim 32 whereby said

pattern produced in said cast article resembles

sandstone.

36. The method of claim 33 whereby said
pattern produced in said cast article resembles granite.
37. A kit for producing cast articles having a
pattern simulating natural stone comprising:
- a plurality of packages of pre-measured
and pre-mixed, colored, dry cementitious ingredients;
a loading container and removable dividing
matrix therefor;
1nstruct10ns for preparlng 1nd1v1dual wet

mixes from said dry ingredients;

W O N R W N R NOR W N RN R

a chart keyed to divisions of said matrix

=
o

and designating an order for loading said container with

49



2 for order, location and armunt gi 9:? /012 Qaaj
cenent mmﬂﬂ" ﬂmgmoaded in said container. mg
s

-si rmul at t one "made by t he net hod of 2 claim 17 an haV| ng a pattern
reserrbl i ng mar bl e. A si nul at ed stone made by the nethod
of I m_17 4 re%&;@ 25.
A si rrul %é‘led s]ﬁléﬁg%nggﬁ/ng& q:noo & f fII'}&l ezjf\ﬁ r?dl a pattern
resenbl i gg %qry%%;q t . %G A simul ated stone made by the

met hod % clai rlm‘pls naval'J'r?g"a'ra pattern resenbling travertine. 1

27. A ggthod for preparl ngpdﬂhtd Graed il XErectitly &hd MRy al s,
transferring said mxes to a nol 3 and producing cast articles having a

patternigi miransfer oMmathe aload@mﬁxeynﬁmnd saide chaimbeai dntastaabl e
materials, 5 wherein said nethod conprises |oading, individual colors 6 of
preparebIScastcé-I@-e materials into a container in a 7 geonetric, three
di mensi onal, horizontal and vertical 8 array according to a predeterm ned
fornula tor said 9 pd8-er Fhepkdli @thglaime gy ENrEhes: mpgm @ ng said
10 container into.gn array ,of subchanbers correspondin sai d

pr edet er#i n@d’ml&“am‘ﬁrﬁf’@ M%a@d’dcgﬁgﬂ%refﬁvgﬁﬁ%’erl als are
02000 19 1 R0 3ah ROSAlS ¢ Uy, Mg RUSIRNONTY SlgtizenRlon
castabl e, 135,136y ﬁ'oi O RS (328 3218 cbRtahdrebd shia?mdganer
whereby said three-dimensional array is converted into a

::} substantially linear pattern corresponding to a simulated
natural stone pattern.

39. The kit of claim 38 wherein said container
comprises a flexible bladder and said combination pouring
chamber and baffle comprises a nozzle mountable in said
bladder, whereby said loaded mixes are extruded from said
bladder through said nozzle in response to pressure

exerted against the outside of said bladder.

40. The kit of claim 38 wherein said container

comprises a rigid cylinder, said combination pouring
chamber and baffle comprise a nozzle structure mountable
on one end of said cylinder, and said kit further
comprises a piston assembly mountable to the other end of
said cylinder whereby said piston fits within said

cylinder and exerts a force against said loaded mixes to

® N e WwN B0 G e W NN BN W

extrude said mixes through said nozzle.
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16 calculated to produce said pattern in said cast parirThEs=s—t——her eby

said nme uction of said pattern 18 }mBFK
r'eproduHmmaw,iHiﬁ”mﬂHmi ty of said cast 19 articles.
48 * clt w s « 29. The nmethod of claim2§ %
renmoving said matrix fromsaid container after | oad§gng
castable materials and before transferringi -1 ! ; :
of claim 27 wherein the castabl e materials are tRans urfi ng
fromsaid 3 contai nétra %mgtshoé) for PEPAUCIRE TR T e RPAPS
said 2 ca t erLl r [ nt al y.

oxt rudi ng. T vernedt BabE a8l P g e, APRLEE A R rv Bl Rlpacrerm
cast abl e naitfidnakenat fués afsde rgiete toMpsatd, Coftipd itGhgb¥he3s8opaYdbag. 1
34. The method of claim31 whereby said 2 pattern produced in said cast
article sinul ates nagbl e.praparing at lea8t. ongiroktkbtticodeckiveacasBngher eby

said 2 pattern produced {n sajd cast article resenbl es
P mixtures gy Sesignaékng a pour eskgn to be followed;

b) preparing at least two different colored casting
mixtures at a viscosity to facilitate even pouring;

c} transferring the loaded mixtures to the molds in
accordance with the pour design; and

d) consolidating the mixture in the mold into a

physically uniform mass and allowing the mass to set.

42, The method of claim 41 wherein the casting
mixtures are loaded into a container in a hoxrizontal and vertical
geometric arrangement according to a predetermined formula for a
particular pattern and are transferred to the mold from the

container following the pour design.

43. The method of claim 41 further comprising casting
a plurality of pieces, finishing the surface thereof, and
erecting the pieces in adjacent positions whereby the pattern

produced therein is continuous from one piece to the next.

44. The method of claim 41 wherein preparing the mold
comprises creating a diagram showing pieces to be cast in

adjacent positions with a representation of the pattern thereon



3 sandst ene. 36. The nethod of clai :'m g

A attern roduced In said cast article resenbles gran . 37.
kit f mm articles having a 2 patterh bi Lng..patjurlal

st one cbiﬂ m‘l H“l a plurality df pa k%gl}ﬁ%’g

pre- ﬁeasured 4 and pre m xed, colored, dry cenentit§o ' ;{5

i nstructions for preparing individual wets2 & nixes
ingredients; 9 ' a chart keyed to d¥visions of sal d rratrl X
10 and dem‘igmnﬁgemm dere frapresmditagion docsheamedd ot Hesignate the

49 1 said wet. mxes to create a specific three-di nensiona
12 arrayp?ﬂrs‘a‘?%l%ntf%%rfdeﬁﬂf’e . 13 pouring criteria
directing the manner for 14 transfer of the | oaded m xes from said
chanber into a 15 ol d. 1 38. The kit of claim 37

further conprisingy® rhe metHYYNUqM BAULHRGGA2FRE paPLPARfELE

renovabl y
transferred as a series of lines across the mold.

46. The method of claim 44 wherein the pattern is
transferred by marking entry and exit points for each part of the

pattern on the edges of the mold.

47. The method of claim 44 wherein the pattern is

transferred using a grid coordinate system applied to the mold.

48. The method of claim 44 comprising preparing a
plurality of molds, wherein the molds are positioned adjacent to
each other and the casting mixtures are transferred to the molds
along a continuous path from one mold to the next following the

pour design.

49. The method of claim 44 comprising preparing a
plurality of molds, wherein the casting materials are separately

transferred to each mold.

50. The method of claim 44 comprising preparing a
plurality of molds wherein the casting materials are sequentially

transferred to each mold.



3 rmunt abI e to said-coentainer and providing a p @EPMO‘@M?M WSHETH4 for
sai d rom said container to said I 5 WMETe y said
thre %i{b y is converted into a subst i gl fy Iinear
patteﬂn cort to a simulated 7n ura stone tegn

The kit of claim38 wherein saijd| . 2
conprlses a erX|bIe bl adder and sai d conbi nati pourlng chanber
and baffle conpri ses a nozzl e nountabl e irodai d #=bt-atitrer—=~ wher eby
sai d | oaded m xes are extruded fromsaid 5 bl adder through said
nozzl e in response 310 prEsswethod of Gadxeleamydiatsttd e euttndadreaf sai d
bl adder. 1 40. The kit of claim 38 wherein said container

2 conpri seyixonmgng wheneisy theainpusodsisian ¢ r%'war?glent of a3 qsmEWi@aT and
baffl e conprise a nozzle structure nountabl e on one end of said
cyl i nder ProRFa& @Rk the flaps of Prep%’%ﬁﬁn slésadam@ &nsh transhsnring
nDuntabI% to thg .0t her, end. of der mher%ﬂy sai d piston

ing mix Hﬁﬁi%ﬁﬁﬂCQQﬁfégiﬁq a c@@ﬂﬁﬁ

fits wit PrEFF " 0aded
m xes to 8 extrude said m xes through said nozzle.
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52. The method of claim 41 wherein the pour design
defines at least one path along which at least one colored

casting mixture is poured.

53. The method of claim 44 wherein the pour design
corresponds to an arrangement of veins in a pattern to be cast
and the pour design is such that the resulting arrangement of -

veins continues from one cast piece to the next.

54. The method of claim 44 wherein the pour design is
predetermined for a particular pattern and natural stone
appearance.

55. The product made by the method of claim 41.

56. The method of claim 42 wherein the loaded casting

mixtures are transferred by pouring.

57. The method of claim 42 wherein the loaded casting

mixtures are transferred by extruding.

58. The method of claim 42 wherein the loaded casting
mixtures are transferred by spraying.
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