2193118 METHOD AND APPARATUS FOR SPRAYI NG AN | NORGANI C HYDRAULI C MATERI AL -
COVPOS| TI ON CONTAI NI NG REI NFORCI NG SHORT FI BERS The present invention
relates to a nethod and apparatus for sprayi ng an inorganic hydraulic
materical 5 composition containing reinforcing short fibers.

particularly, the present invention relatks=to a nethod and ap£3a93siic8 v,
sprayi ng an inorganic hydraulic material conposition in which relnforC|ngt
short fibers are uniformy distributed mnthout breakaoe and inter- 10

twi nemrent of the fMEZHOD GND ARPARATY RAVING REANIG sprayi ng
an aqueous slurry conigpRAGLIA mm%@uﬁcsﬁmwmb&m&hmh as a
cenent, an aggregate Juch 1Ib n ﬁa ég BTBE LRg Short TThers such as
glass or nmetal fibers are uti NFQRCT A Lots ering, constructjon,
and building industries. In the known nethods and apparatuses, the

I norgani ¢ hydraulic material and the aggregate are mxed 20 wth the
reinforcing short fibers in water, and the resultant aqueous slurry is
sprayed through a spraying nozzle. Usually, the reinforcing short fibers
are prepared by cutting a fibrous bundle of a nunber of 25 filanents to a
desired length. Therefore, the reinforc- ing short fibers are usual
supplied in the formof bTh® EFefgerkoinventionpEedaifsctoae nathad e?n‘%o

each other. It agp &@hhuknm téﬁtayinggSaﬂeiﬁoﬂgaﬁneuhya&aua.qc el teasia 1 he

short fibers fron1the byndl es nd tp evenl gf erse anglghl tribute, the

rel eased sh®rt ??EEP§1tﬁ°WaF aﬁﬂ&“?sre¥ ?¥C QFySHPF qﬁf[ﬁhﬁﬁﬁe an

- 2- aqueous sl upartﬁzéuuhﬁrllmongwnp:ré‘gelnauinvermﬁ.enl zelates to a method
and apparatus for spraying an inorganic hydraulic

material composition in which reinforcing short fibers
are uniformly distributed without breakage and inter-
10 twinement of the fibers.

Various known'methods and apparatuses for
spraying an aqueous slurry containing an inorganic
hydraulic material such as a cement, an aggregate such

15 as sand, and reinforcing short fibers such as glass or
metal fibers are utilized in the civil engineering,
construction, and bulldlng industries.

In the known methods and apparatuses, the .

e inorganic hydraulic material and the aggregate are mixed Q_
20 with the reinforcing short fibers in water, and the |
resultant aqueous slurry is sprayed through a spraying
nozzle.

Usually, the reinforcing short fibers are
prepared by cutting a fibrous bundle of a number of

25 filaments to a desired length. Therefore, the reinforc-
ing short fibers are usually supplied in the form of
‘bundles of short cut fibers which are parallel to each
other.

It is well known that it is very difficult to

30 release the short fibers from the bundles and to evenly
disperse and distribute the released-short fibers in
water. That is, it is very difficult to prepare an



P
3

wherein the reinforcing short fibers are unifornmy dispersed and evenly
dI\S(tI’I @eed. When an aqueous slurry in which the reinforcing short fibers
arie’ un nly 5 m xed with the inorganic hydraulic naterial in water is
sprayed and al l'owed to harden (solidify), fhe resultant hardened structure
exhi bits an unsatisfactory nechani cal st’r@ng’i h. Therefore, the individual
shor txfi bers nust be conpletely rel eased fromthe bundl es and ‘the rel eased

10 i ndi vidual short fibaer Y ' ith t | [ lic
mat eri al . Accor.dﬁﬂb‘ﬁ?,ust ﬁ"é%gﬁr g’@axgo@né%%trgﬁ%ceg&d%%% 'ﬁanpll\%%gal short
flhberslf5romf t Be whededn ahe xeimfcnoing shortal filexsare|watfernkyli vi dual
short i ber g;i , PRy Qi L m f é‘&@@&': an
OWNI type nixer, arﬁ te\é%tee%lrjsaen? Thi slyne(ac:_L?s(ésa%j’f@‘_i %}' a)%g)ee%_iﬁc excl uﬁi ve -
m xer greatly resiureys ishahdclpdhe rainficriing SoxhelHrEs ATe BReyenly
Conset b or oo MR SHIA M g Shva it muksipsLacaties o
: SO, e, mXxj e s

excl usi ve nixer ﬁ&ﬁﬂﬂﬁ?iQPquéiiSW%ﬂﬂﬁ?tﬂﬂiﬂ&ﬂﬁﬁsqihég%ﬁfhe ﬁt,gghg#gPt
LLSLLLLSt;g” OL h@&ﬂﬁﬂéﬁ;?ﬁﬂuﬁtﬁﬂﬁﬂéxﬁiﬁﬁﬁ§.aﬁ%uﬁéatisfhctamwimeuhaaical

undesi rabl e abs - tigQn o | [ hor t
fibers, which haﬁéré%%i&é{)eﬁzé"r’gey e a{@‘gﬁ@?&%ﬂﬁ{gk%@%g'ﬂgs% o
abso;ptipn sogethﬁfsqmpmaﬁeiyerelﬁahﬁﬂrftbmethnéb&mﬂleaian@ thet heleased
rei nforcing ort, r r | Ngk ol #¢g£ s b hlg t o n : Re
short fiberéa Ac&&#£$i§§alirm;%ér%?%éﬁ$é actgf§£$%§%f€$3§ngﬂgf?géfeg?aghe
short fibers caniydrdamldn saterialom an aqueous slurry of the inorganic

hydiaulic material in whi clhdQie-dBidiy] Chddesbré 4ibonplete gespassecdby
the specific exclusive mxer. 3 n_aqueous

slurry of the ind#@a@hﬁﬂﬂkﬁ%ﬁﬁf%PQEEeﬁiéﬁr%oﬂ;gﬁagﬁ%ngﬁga}égﬁgﬁgcPng short
fibers, for exanyf ecxiP'didpdrdal PErEhe | feleased individual short
15 fibers in water, a specific excluéivé mixer, for example,
an OMNI type mixer, must be used.

This'necessity for a specific exclusive mixer
greatly restricts the scope of application of the
aqueous slurry containing the reinforcing short fibers

20 in the civil engineering, construction and building
industries. Also, the mixing by the specific exclusive
mixer results in undesirable breakage, intertwinement,
and/or fibrillation of the reinforcing short fibers.

W, Further, mixing in water promotes an undesirable absorp-

25 tion of water by the reinforcing short fibers, which
have a relatively large surface area, and this water
absorption sometimes piomotes an undesirable deterio-
ration of the reinforcing short fibers, resulting in a
decrease in the todghness of the short fibers. Accord-

30 ingly, a satisfactory reinforcing effect of the short
fibers cannot be obtained from an agueous slurry of the
inorganic hydraulic méterial in which the reinforcing
short fibers are dispersed by the specific exclusive
mixer. _ |

35 | Furthermore, when an agueous slurry of the
inorganic hydraulic material containing the reinforcing
short fibers, for example, short metal fibers, is



-3- sprayed onto a surface of a wall, the distribution of the inorganic
hydraulic material and the reinforcing short fibers in the resultant
taqdeous slurry layer on the wall surface is uneven because of the v
difference in 5 specific gravity thereof. That.is, the netal fibers have
a large specific gravity and strongl y rebound fromthe wall surface, and
therefore, the distribution of the reinforcing short nmetal fibers in a\2%
portion of the hardened | ayer closest to the wall surface is snaller 10
than that in spsayédcenpor i surtfecreeaf faimaldst theordisteritmitionréfice. This

results in an sati ry i rc qgno.ef . of ;fhe s fibers in the
har dened Iayngga%b? hgﬁgﬁgt ﬁ%ﬁﬁs&'ﬁ%@cﬁ ]ieﬁa’}‘ﬁet%%%%{c}gféﬁ?#? n of the
hardened | ayeshart €iberg dor theecreguldmntodAquecss shusey, layer esmnpl e,
oxygen, moi Styhg waRd/ Sardalll Eiuifevlsd beddisd Ml dfttefbite daKiNg

t he above-nentioned circunstances.into account, there.is a strong demand

for a newsnet ABECARdcagpavitys tenanth (That ng gdthe mgkrhufikerst eri al
can 20  be engpbyamMuedeWsipeditEd ity Nhd ¥dord Be! FelBdding afrdin oduce

a uni form spray of e resultant evenly nixed c osjtion of,the Lnorganic
hydraul i ¢ natE%FaVaiﬂdsPﬁ L& mf iﬁhﬁ%é%ﬁﬁeﬁiéﬁgzgaiﬁfib“tl°nA&%dﬁ?%ct of

the present ipegnfogeing shoytowmetmla fiier=l imd WﬁmSof othépraying a
chort f1bers BRFARERCaI24EE, SHOAHY i e e 11, TSR, O e} 109 01 1
rei nforclog skbah theérdnbei mpriiace oyt el thergof furthiestn foah théer
St hec"oby ceFebHREtabE. AN U S Bt dtalappeelicbian
- appar at us f or iBgr effegtaocfothesishant Fibexspninithehardered ghayer hydraul ic
material and pRENtAECMetdd FiVdrd iNuHLddriRne SbF facéOgstLeidby S£bl ast
of compr essedtﬁ‘erh\émrgigglé% 'i.g%(aesil raarbeI ee'absri?la;< acchar’réégf riy corrosive
15 gases, for éxample, oxygen, moisture, and/or a corrosive
mist, for example, salt mist. -

Taking the above-mentioned circumstances into
account, there is a strongldemand for a new method and
apparatus'by which the inorganic hYdraulic material can

20 be evenly mixed with the reinforcing short fibers and
can produce a uniform spray of the resultant evenly
mixed composition of the inorganic hydraulic material
and the reinforcing short fibers. . ~

25 An object of the present invention is to provide a
method and apparatus for spraying a composition contain-~
ing an inorganic hydraﬁlic material and reinforcing
short fibers through a spray nozzle by a blast of
compressed air, the reinforcing short fibers being

30 éompletely:separated'from each other and evenly _

|  distributed in the inorganic hydraulic material composi-
tion. -

Another object of the’préSent invention is to
provide a method and apparatus for spraying a composition

35 contain;pg an inotganic'hydraulic material and reinforc-
ing short fibers through a spray nozzle by a blast of
compresSed'aif without undesirable bréakage, inter-



§
tw nement, or fibrillation of the reinforcing short fibers. Still another
obj ect of the present invention is to provide a nethod and apparatus for
sp@rayi ng a conposition containing an inorganic hydraulic material "and
reinforcing 5 short fibers through a spray nozzle by a blast of conpressed
air, mhlch met hod and apparatus can be rgadily carried out by sinple and
easy‘ﬁﬁocedures at a construction or building site. A further objection of

the present i pyenemant!, So'fr? fiQ,nmraQ\szdeo& mbh%éamdfanmr Shbi‘t}‘ (fl&i.bers.
sprayi ng a conposi con an i_norgani c raul i ia

rei nf orci ng short % BEF 5 &6 aPn %gf 8r§ %bﬁ§§g%kg essed
air, in whichprewvide andeappdrahdsapbarsmusyfprespmayioenabaomwamﬂqion
controlled. 1 l1ec ' t Laign st
sone forns of éf)ﬁgarlr'gtlﬁ d a alagr?ﬂ?ug o? &E'i% ?%s?%%tgafin%ggt ?%%h%&tclh‘éa
spraying & coﬁb@§Wtﬁebe§§n¢§¢ﬁN§@ énspﬁéﬁgaﬁﬂélﬁyéyaélP&aﬁﬁtﬁﬁlﬁmeHGsfed

reinforcing nglgsi %ﬂ:ﬂr RethoR BRigaY rae0s e:ahy b@e&a&daflyac@mwsm air
bl ast. 20 Accor irst as ect 0 resent invept there
i s provided ab¥efAB@L &raegrsﬁﬁﬂgpa Fl&ﬁnﬁgﬁPg' Py ©Zn “ﬁg% 2

hydraul i ¢ mat giical. and a relnforC|ng naterlal t hrough a spray nozzle by

reans Of & Dlast of, SRIMERS e Al SOUN LRGB! WByetactO ts 1o (@)

bl owi ng a bl ast of “c roma singlre source thereof into
a short ﬂDberptbwﬁdezangembgdonpdwhpberh¢@§|ﬁgrdsyrﬁyﬂngbﬁcFﬁ@P§ﬁéﬁﬁoﬂ bers

to the short HiReLshliy rk?d T 1083 h% h&ﬁr&h‘ﬂbdﬁa%e?:‘iﬁﬁ.r %?ﬁe‘i'e@.hrfoli"c@.%

containing the dry reinforcing ort frbers; é aIIomA dr
m xtwre of anshesitgdAPeTHy FhACMOS FafPrR] “ﬂFFHeaPYanP §5ie ofo P Q§5ﬁ¢
into a dry bl @adi ndnr e@iieh methddnahddappagaiie dhe spiralopriesgurieoan be

fiber- containin onpressed._air blast into the dry blending region 35 to
fluidize the &PPIHY: GPBCXRGLES provide a flow of a dry
15 The above-mentioned objects are attained by at least

some forms of the method and apparatus of the present
invention for spraying a composition containing an inorganic
hydraulic material and a reinforcing material through a
spraying nozzle by means of a compressed air blast.

20 According to a first aspect of the present invention
there is provided a method of spraying a wet composition

- containing an inorganic hydraulic material and a reinfofcing
material through a spray nozzle by means of a blast of
compressed air, comprising the steps of:

/. 25 (a) blowing a blast of compressed air from a single
supply source thereof into a short fiber-fluidizing region,
while feeding dry reinforcing short fibers to the short
fiber-fluidizing region, to provide a compressed air blast
containing the dry reinforcing short fibers:;

30 (b) allowing a dry mixture of an inorganic hydraulic
material with an aggregate to fall down into a dry blending
region;

(c) introducing the dry reinforcing short fiber-

containing compressed air blast into the dry blending region

35 -to fluidize the dry mixture and to provide'a flow of a dry

blend consisting of the inorganic hydraulic material,

aggregate and reinforcing short fibers fluidized in the
compressed air blast;



bl end consisting of the inorganic hydraulic material, aggregate and
. reinforcing short fibers fluidized in the conpressed air bl ast;, 5 (d)
introducing the flow of the dry blend fluidized in the conpressed air bl ast®
into a water-m xi ng region, while spouting at .l.east one flow of water into
the water-m xing region to fluidize fige particles of water and to provide
ab flow of a wet spraying conpositidn consisting of the inorganic G
hydraulic materi elnf op¢i ' d iformy
m xed and 11t di Col (Bt AdEinG PHG CEESWTE 0he oty PhfeAR elBflau 1011
the wet sprye epnprgesed b thlasghintae wapernynising cregdenr dvhgleo a
second aspegioRfiddCaP Bt b ePibP ot NPd el SiRESVENE waBEALAL HEng OF
spraying a wet,k conposition congflnlng a£ nor gani c gédragllc material and a
i nf or i nFRRERR | B FRHIRAAR BinG BREEICIES (Fhpyeteb=af tEoREPYifiRge 15
]gft) _ da $i ngt]ﬁ:vj.smlfﬁe wat asprapl xég Oqﬁoxﬁpdﬂéﬁsioxﬁ)fcmmsd es:sgh dofli tl:ée( b) a .

ui di zi ng device having a fluidizin pace r therepn and connected to
t he source °E§ﬁﬂﬁi/qg a?i%gtm %eE%%ETéﬁggég% eaﬁﬂe{%f%;g ﬁgcog%fgsupply
of 20 reififexs mpdwates i watformipreivyed andvwibiidizedetogetbéngishort
fibers fl Uia{%%xﬁaﬁ}é%& a5pgde i gnd! ast is provided; (c) a dry bl ender

endi ng

havi ng a dry | space fornmed therein and connected to the fluidizing
devi ce and | ocat€®) 25Prawing, the ¥R ERTIVLRY ORRRFLEIOR thEPUgho? a dry

m xt ung of shrdpigi, hydraulic material wth an aggregate, whereby the
dry mxture is allowed to fall down [nto the g{y bl endi ng space t hereby

|
provi di ng a fl offSIOEERY 1P ASYTERT FFRTFFBOT HEPe RESSTRE IveRbieR ~ .
mat eri al , ttmer® is qupeiped sppatdtus efof csprayisdoa twét beomspbsittibred W/

the Conpre%%ﬁkéyﬁiggegﬁ;inOrganic hydraulic material and a reinforcing
material by means of a blast of compressed air comprising:

15 (a) a single source of a supply of a blast of
compressed air; '
(b) ‘a fluidizing device having a fluidizing space
formed therein and connected to the source of supply of a
blast of compressed air and to a source of supply of
20 reinforcing short fibeis; whereby a flow of the reinforcing
short fibers fluidized in the compressed air blast is
provided; -
(c) a dry blender having a dry blending space formed
therein and connected to the fluidizing device and located -
25 below and connected to a source of supply of a dry mixture
of an inorganic hydraulic material with an aggregate,
whereby the dry mixture is allowed to fall down into the dry
blending space thereby providing a flow of a dry blend
consisting of the inorganic hydraulic material, the
30 aggregate and the reinforcing short fibers fluidized in the
compressed air blast; _ ’ ' .
(d) a water-mixing device having a water-mixing space
formed therein and connected to the dry blender and a water-
spouting device for spouting water into the water-mixing
35 space, connected to a source of supply of water, whereby a
flow of a wet composition consisting of the dry blend and
water evenly mixed and fluidized together in the compressed
air blast is provided:-and )



E)
(d) a water-m xi ng device having a water-m xi ng space fornmed therein and
connected to the dry blender and a water- spouting device for spouting
water into the water-mxing 35 space, connected to a source of supply of
wat er, whereby sa flow of a wet .conposition consisting of the dry blend and
wat er evenly m xed and fluidized together_in the conpressed air blast is
providgd; and (e) a spray nozzle connett ed to the wat er - m xi ng devi ce.
" The present invention will now be described i reater detail b of
exanple with refer e&éé tD TREPRARY %y‘i"?l‘b”%cge‘gr%%ﬁb%,w %Ir"erln%’:‘qu—'i g. 1
is a flow chardewfcé he nmethod of the present invention;, Fig. 2 is a
cross-sectional vi f ofll VB 5 r p§£S
i nvention; 10 %%i %laé%&lgg %kcrosls&ée‘%:{llf%ﬁxg@@vl?éevﬁ%%ﬁ lgédvvait:xgrgfr]néafen%
devi ce taken adetril ey wae of -example|yith: reference st@ HheprCIPBRRRYLRT

relationshf p t@}g@fﬂ%gl bleoed 9. strength and an aging tinme of test cenent
bl ocks produced by the nethod of_the ﬁresen i nventij.on

-6- and b
conventional nethodfigi gt £5i3 &LQ ’éFloWL' ntPe Pefhed € h%‘be b%’f?\ﬁ%‘hga
conpressi on stigpahbiemgd an aging tine of test cenent bl ocks produced by

t he met hod of the prgse jpvention, Y, onye, igm@% d.¢Fi Q0.
6 is a graph show %fp%l%ﬁi%ﬁ%ﬂ?%sbé?ﬁ%gﬁg%gﬁ%ﬁﬁg oé%é an %gﬁéggt?gns
of test cenenttméosgpa;auwwoeﬂ_tMEapnesdnncbnvﬁmtﬁQme present invention,
and in acggrdance wiih conyenliopils (ELOenallview of the: wdtes-Aikiay
chart of "an exanpl e of the netho . .
device taken along the line 1I-II in Fig. 2;
—/ _ Fig. 4 is a graph showing a relationship between a
blending strength and an aging time of test cement blocks

produced by the method of the present invention



of the present invention; Fig. 8 is a cross-sectional view of an enbodi nent
of the fluidizing device usable for the present inven- tion; 15 Fig.
9 {s*a cross-sectional view of an enbodi nent of the dry bl ender usable for
the present invention; Fig. 10 is a graph showing a rel ationship between .
bendi ng | oads and defl ections of tes¢# €esent bl ocks produced in accordance
with the nethods of the present 20 I nvention and two different e
conventional nethods; and Fig. 11 is a graph showing a relationship between
bendi ng | cadarghdyief |eanventional emethedent bl ocks having different
contents of the reggd orgi [ . and, p | C e,Wth
the nmethod of t heeﬁzlér;g %r%%e%t |§1€%n%$%‘?1.1ﬁ€29? e#??ﬁggggéﬁfig B%E‘g%g&m' ﬁg t he
net hod of t hECORMRERSHIOH AHESRGEh randfapcaginghbinerpfetest gemensd into a

fluidizing regicguks podiced bpsthef méenda c68c€neOpredbnt3intelkvt i nto

t he f|UIdIZIan£%%}On 2 tqﬁgrQV|d af 0314 of the reinforcing short fibers

fluidized®in& ACHVRHPRALMeERPAB. The resultant flow 4 of the

][ei nf OL ci ][llg _sgpr_t Fidere is uadgzaphi ghbherlxbl asfeméahabxlasﬁibsbielaw_reeelucedGSS
romthe fluidizing r n ende ile xture

consisting<ﬁb§ﬂé*¢hw§§5é%:%%%réﬁf?%cﬁé?g?iag éﬁgtaﬁeﬁﬁﬁgeggﬁgﬁ%s

separ atel y f eproduaed Hin dagecordance bwibbeth€, preséntninvéhtios,oftnhe

resul t ant dry&&ﬂ;& f&gﬁégrﬁg@ht?g'bgﬁegaﬂgﬁ H%Fﬁagch material, the aggre-

ort FIb y ble

gate, and the reinforcing s ers even nded toget her and
fluidizd®in the Fist dfigowpfleweghart of an examphe afythexmethbod nay be

i ntroduced irgf)gﬂgegygggggngﬁgeﬁ%gangn addi tional blast of conpressed air
1). In_thi )

(not shown in Fig. , this embodiment, the resultant dry blend is \o
fluidized in a nerfdr &8 riplaserespssectignal giew of an embodiment
of the fluidizing device usable for the present inven-

“

tion;
15 Fig. 9 is a cross-sectional view of an embodiment
of the dry blender usable for the present invention;
Fig. 10 is a graph showing a relationship between
bending loads and deflections of test cement blocks
produced in accordance with the methods of the present
20 invention and two different conventional methods; and
| Fig. 11 is a graph showing a relationship between
bending loads and deflections of test cement blocks
having different contents of the reinforcing short )
fibers and produced in accordance with the method of the ‘_/
25 present invention.

Referring to Fig. 1 showing the method of the
present invention, reinforcing short fibers 1 are fed
into a fluidizing region 2 while a blast of compressed

.30 air 3 is blown into the fluidizing region 2 to provide a
flow 4 of the reinforcing short fibers fluidized in the
blast of compressed air 3.

The resultant flow 4 of the reinforcing short

fibers fluidized in the blast of air 3 is introduced

35 from the fluidizing region 2 into a dry blender 5 while
a dry mixture 6 consisting of an inorganic hydraulic
material and an aggregate is separately fed into the dry
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m xture of the first blast of conpressed air and the 10 addi ti onal bl ast
of coppressed air. The flow 7 of the dry blend is introduced into a

wat er { Xing region 8, while at least one flow 9 of water is spouted into
the water-nixing region 8 to provide a wet conposition containing the

I norgani ¢ 15 hydraulic material, aggrEgEtE and reinforcing short fibers
evenl?<nixed wth water and quidized together in the bl ast of conpressed

air. Finally, t resultant flow 10 of.the_we nposi - _tion sprayed
through a sgrayq§5¥¥f % form a %% hé ﬂ%tﬁﬁﬁ BFsFﬁEaBFeQEMt lend
} ln\lﬁagltlz 23 |In t a. a:onmnmg tnméxtmdmegalu;/cr?%afaugwgm%bgg%am ,bene Bggeeen!y
i norgani c hydraa a{e“gﬁ’é aﬁél F.g*éb‘g eﬁé?gg gﬁgefﬁeﬁvgé@ 9&51“)?88 W th
&HeldrthS nimmgﬁthﬁrtanﬂlftmgﬂmzﬁdhymrhhe blaateofatomprbssbé aggnegﬁte
t t
e they e even yld el ZRieted "6 phpShe ClnEpBRLESICInEb! enBolaye [ heY

are mxed with water, e resu nt dr evenl m xe
wat er while evemkﬁqdqﬁcﬁzk¥1¢¢|%¢éﬂ%ﬁ%§%loblééhpﬁésgempaﬁﬁsegoalr (not| n

the method of t%&ixﬁsﬂﬂtFi@VEﬂ'Omntéﬁlé”%bo&ﬁﬂéﬁthygﬁéukﬁuﬂhﬁ@ al
preferably conprlses at St _one_npnber selegted fromt group con5|s?|ng

of cenments, gypRARRGMS | dbrre 1R AITPSTIe bR P1asE apRpdgadiaguefbire
for the net hod Qrf:.:i‘thﬁ:epr@ﬁeIEﬁe Sﬁustrwmstoafpeeﬁpfabhédcamr hAas thke | east

one nenber qé&i ron1érk)$goqg cqg3|st|n oflsand stone, and crushed

r ock. re| F75%i Q8 OPREGFE ?o? ¥he present invention

pref erabl y._co.rrprl se &the eﬁb:bwo‘heofyﬁee odryhblendl bsr intebduted fintm the

O oor SonS) son Sl LA, rSU00A | PhEre RC, SRRV Bpelltss o

st ai nl ess st eel "Bﬂrﬁﬁlt ¥s b@@ut%@\dll@t‘gahh% %’eer-maseng region 8 to
provide a wet composition containing the inorganic

15 hydraulic material, aggregate and reinforcing short
fibers évenly mixed with water and fluidized together in
the blast of compressed air.

Finally, the resultant flow 10 of the wet composi- .
tlon is sprayed through a spray nozzle 1l1.

20 In the method of the present invention, it is
important that the dry reinforcing short fibers be
evenly fluidized in a blast of compressed air before
being mixed with the inorgénié hydraulic material and

W, the aggregate, and then evenly mixed with the dry

25 mixture of the inorganic hydraulic material with the
aggregate while they are evenly fluidized in the blast
of compressed air, before they are mixed with water, and
then the resultant dry blend evenly mixed with water
while evénly fluidized in the blast of compressed air.

30 In the method of the présent invention, the inor-
ganic hydraulic material preferably comprises at least
one member selected from the group consisting of cements,
gypsum, and limestdhe, usually a cement.

The aggregate usable for the method of the present

35 invention preferably comprises at least one member

| selected from the group consisting of sand, stone, and
crushed rock.



for exanple, aromatic polyam de short fibers. Preferably, the reinforcing
short fibers have an average di ameter of from10 [err] to 1 nmand an

ave e 10 length of from5 to 60 mm Also, the reinforcing short fiberss
are preferably used in an anmount of fromO0.5%to 5% based on the vol une of
the spraying conposition. Preferably_ ghe reinforcing short fibers are
prepared by cutting a nultifilanent to or bundle to a 15 desired Iengﬁh
to provide a nunber of bundles of short cut fibers. In the method of the

present invention Tﬁéleréﬂi)féréiﬁér%ak‘é Etue%ze@abﬁet '%%rdq.etg@e et ¢ at o

bl ast of congiessed air. T e short fibers are co

at
fromthe bundtRXentirn (Rxe %ﬁ?#iﬁtCQ PrlFﬁdP$|AG&PtSHBPttﬂPBeP§ ém@réVenly

fluidized in £itsess @él@&t@@ﬂﬁreﬁseﬁeagrouﬁt beutnbtsaba&er inr@aMikenent
or fibrillatiqn t he

refore e short fTibers is
i ntroduced irft oﬁﬁme{h?r%te 3Fn§x?@§$gn g ﬁéssﬁBPthFEEF§sar§a§$§H!y
bl ended i% t hshairty Pibers; aamd vinebalhshoper §ibeeshyfozuleikampliesri al and the

Short 11 bers irtded FUCThERL"1ndh8 PaRRCOREaRACOSpbRE, iR
carried out eﬁOntﬁ#%ﬂ&kﬁetaﬂwm%hlchpoivaaydﬁgSppatedabersc is carrled
out. That is, prefdfdtabiys GHét#,-Ehh %Oghgﬁt EEBSQF%Q%

carried out at the supply source o ers an he resu ant cut
short flberlﬂHﬁH§£9t$%§W?%ﬁFt% t§§°ﬁléﬁdpﬁgtpeé|8ﬁ anfli anj avedaget ageous

in that the Quriged of fmnfseeoreaemaf th1335 théerBfiﬁ'fBrEQ.nﬁh‘é'hhrft' ber s
IS si npl'f'edq:ﬂ)nd nor e prec tg of the 8rocess of e present
i nven- tion, Qﬁﬁ# Bﬁe 1Br9nnF?PHP§ £ fxom 0.5% iteor garie
hydraulic|ﬂﬂ&%|hasedtdnethaggobgmeeofsthéueﬂraydngncOmbbGWtﬁbnan

addi ti onal bl ast ' ed_air_an he.res ta t f ow of the dry
m xture is bl ende? _ By, “ehe r8ifebP &ihg 4hb2l! £ih2WsOlrl

prepared by cutting a multlfilament tow or bundle to a
15 desired length to provide a number of bundles of short
cut fibers. In the method of the present invention, the
short fibers are fluidized in the dry state in a blast
of compressed air. That is, the short fibers are
completely separated from the bundles and the resultant
20 individual short fibers are evenly fluidized in the
blast of compressed air without breakage, interwinement,
or fibrillation thereof. Therefore, when the flow of
the short fibers is introduced into the dry blending
region, the short fibers are evenly blended in the dry ~/
25 state with the 1norgan1c hydraulic mater1a1 and the
aggregate in the dry blendlng reglon.
The preparat;on of the reinforcing short f;bers by
cuttlng the multifilament tow or bundle is preferably
_ carried out at the szte at whlch the spraylng procedure
30 is carried out. That is, preferably the multifilament
tow-cuttlng operatlon is carrled out at the supply
source of the short fibers and the resultant cut short
fiber bundles then fed to the blendlng region. This is
advantageous in that the control of the feed rate of the
35 relnforCing short fibers is simp11f1ed and more precise.
In an example of the process of the Present inven-
tion, in a dry blending region, a dry mixture of an
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with a flow of the dry reinforcing short fibers fluidized 5 in blast of a
first npressed air, the resultant blend is fluidized in a flow of a
n&rge&f | ast of air consist- ing of a mxture of the conpressed air bl ast
floww th the additional conpressed air blast flow, to provide a flow of
the dry blend, and in the water-nixing +eyion, 10 the flow of the dry

bl ends mixed with water and is fluidized in the flow of the nmerged bl asts
of air to provide a wet spraying conposition. The wet spraying conposition
i s then sprayediﬂmﬁml’aﬁ;@ﬂ iy mategiahavikh R0 ageregats i$r. 15

In the above- menhiaRAG JPPG If1RE ¥ ENCEdL L{oALE PISSENGE | EOfPELSFea
preferably the flow of_ the short fibers fluidized in the flrst,blgiéwgé13|

conpressed air Bdrejddd dhe mesultenk 1w RF the I B mbeHRES r tht
the flow of thewdrh 16w It Wit zaey ireifforeingdsiért £iberesstdidized

blast. This effectiyvel event s .an_excessive distugbance o h rged

f1 ow and av8i ds 4 sr%tﬂp By t SONRE T TF e%ﬁt',&g? ’F?fﬁ’i?#ﬁ?i gﬁega t he

ﬁhg_rt }‘l bers. T_liesl fAlnidifzddheinra fland£onpnesged dblast oficaimncongsst-
ydraulic material, t 't | Cl  hers. |

mxed with at | &3 °o€ga A e Zt[}?e n%’%g%%?-én{"gi%ggéiég%ﬁ'st‘gl%ﬁovi de

a wet sprayi ng dhepegidittiona) sfanprsssed heir|blast fiiees te provideaa

di rect i on 1 nt or 4Gk Mgk ife APUIENE OlahdCLh | OHe ChatEE-mring Yegion,

bl end- cont ai ni ng ner ged coqﬁégssed alr. T wat er i.S
a1t .

t
ef f ecti vel 1 0at orhge tafe the & ¢ mi¥ed ceibly waker| a3nfndSt hr ough

the watering re@iyiaidul it tHOF LS Bt Ehe PREEGEAEHLAEEs VOEYadli sl y and

Ly mixed with the dry blend t i d . ' f f the wet
Composi Ui on. ThETRHLes (< e ABF K AAARROReERieRen P60 KEFCRREPRERG -

i nor gani ¢ hydr agompositionlis tedersyntayed thoough%a spraglOnozzle by
the merged blasts of air.

15 In the above-mentioned method in accordance with
the present invention, preferably the flow of the short
fibers fluidized in the first blast of compressed air is
ejected into the dry blending region concurrently with
the flow of the dry mixture fluidized in the second

20 compressed air blast. This effectively prevents an
excessive disturbance of the merged flow and avoids

undesirable breakage, interwinement, or fibrillation of
the short fibers. .
o The flow of the dry blend comprised of the inorganic

25 hydraulic material, the aggregate, and the reinforcing _
short fibers is mixed with at least one flow of water in
the water-mixing region to provide a wet spraying
composition. Preferably, the flow of water is fed in a
direction intersecting the direction of the flow of the

30 dry blend-containing merged blasts of compressed air.
The fed water is effectively atomized by the merged
blasts of compressed air flowing through the watering
region, and the atomized water particles are very
quickly and evenly mixed with the dry blend to provide a

35 uniform flow of the wet composition.

The water is fed in an amount sufficient to harden
the inorganic hydraulic material, preferably of from 30%



to 70% based on the weight of the inorganic hydraulic material in the dry

bl end.,. The flow of the wet spraying conposition is intro- duced into a

'spr hozzl e and sprayed through a front 5 open end of the spray nozzle «
toward a surface to be coated by the inorganic hydraulic material
conposition containing the reinforcing shoft fibers. Preferably, the flow

of the wet spraying conposition is disturbed while it flows through thexs
sprayi ng nozzle. 10 Thi s di sturbance enhances the evenness of the wet
sprayed conpo#ct 7§t basiest am¢the weight D> finthe, indegapparkydsadlief the

present invenpia@R3APHInS &hel iy WIS ng tube 12, a dry reinforcing short
15

fi ber-feeding pipe 13, a water- m Xi ng tube 14, and a sprayi ng nozzle

15. The bl endi ng T&e HPW Oithe WefmsPzaving compesition| by Dmtreranic
tube having agueed ioR®) EWprdn io¥kFe AW Shedy&d delibugl s E£ghe OPen end
12b is cognected to sqpﬁ%¥ source (not. shown f a dr %Iend of an
i nor gani c>hydPEER &7 ° &SRB, RP2ie s age ta BBl y source
E) Inot d_shown) otoatedr mmaiﬂnqﬁdsrmwmﬁfa?ddalmiémf r%o lﬁ%ﬁonA dlr3 y
endl ng regi ls h : ront en ori,l on of the endl ng tube
12. 25 eg’ﬁéll%ﬁgég’g;%&?%%a%gac’f’}%rﬁ%%tgr#%l?l%rﬁsa and a rear open end
13b and has a smal Peeférabdyor thenrfkdwatohitheavet espltaying beomgos ok r ont
open end 13a ks | ' r | | In the blending
tube 12 gsrouiﬁ_tﬁﬁé"?&%ﬁ’?ﬁ%%ﬁd S MR ot s dofefeor ma
dry bl ent?ng FBESoRiskurbance,anhances they avenness i 1the ofet he feedi ng

tube 13 in thgpphoed ee: tdn.The rear open end 13b is connected to a. .

supply source (not_shown), of ;the dry reinforcing short fibers and to a -\
suppl y source (not REAERMLNG 9 dﬂ%’e%é"d“%ﬁs' ¢ 2RPAXARNS o1 | ekithe
(rubber) hoseptésenthdntenticmiconprigesha tdry IS¥ending ftubdliged 4 n the

conpressed aiér&”rgqgf%%%qn@ %%6%% fiber-feeding pipe 13, a water-

: 15 mixing tube 14, and a spraying nozzle 15. ‘The blending
tube 12 is made from a steel, aluminum alloy or ceramic
tube having a front open end 12a and a rear open end 12b.
The rear open end 12b is connected to a supply source
(not shown) of a dry blend of an inorganic hydraulic

20  material and an aggregate, and to a supply source (not
shown) of compressed air, through a flexible (rubber)

hose 16.
A dry blending region 1l2c is formed in a front end
portion of the blending tube 12. | . -/
25 The feed pipe 13 has a front open end 1l3a and a

rear open end 13b and has a smaller diameter than that
of the blending tube 12. The front open end 13a is
inserted into the dry blending region 12c in the blending
tube 12 through the peripheral wall of the blending
30 tube 12 to form a dry blending region 12c in front of
the front open end 13a of the feeding tube 13 in the
blending tube 12. The rear open end 13b is connected to
a supply source (not shown) of the dry reinforcing short
fibers and to a supply source (not shown) of a compressed
35 air, through a flexible (rubber) hose 17. The dry
reinforcing short fibers are fluidized in the compressed
air in the feed pipe 13.
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- 1 - Preferably, the location of the front open end 13a of the feeding
pi pe 13™hs novable along the |ongitudinal axis of the blending tube 12 to
adfust Mt he area of the dry blending region 12c. 5 Preferably, the
front end portion of the feeding pipe 13 extends along the |ongitudinal
axis (not shown) of the blending tube 12 fldward the front open end 12a of
t he bPénding tube 12 so that a flow of the reinforcing short fibers is
concurrent with the flow of the dry 10 m xture. The supply source of the
reinforcing short fibBrefeapbd¥,p desatiion efarther frontt opep #nd 1l3a

reinforcing mltgki Jcaaemeeaqa@l ®ipleOWs ti% hoVablleC @ 1oy ithed qog{?%c}f&mﬂe

reinforcing short fibers. hg cut,_.fiber bundl es are Intr nt o
the flexible hos8*i% BY the biending éé’Peolechf?plaéﬁé’éG ihe arext
fluidized in thlar9|5§bnaﬁngl&e@ﬁohhaud ndi vi dual short flbers are released

fromthe bundl es and |str| ut bl ast. of The

‘wat er - mi xi ng® t ube 14 %ﬁé? %d?"%’g e|"’§g| PaT Hon ﬁ’?s tg’ﬁ‘ rf(ﬁﬁd’(ﬁﬂan end
14a and a rear opépeemd é&heaﬂs aiomgowm@edONQMtuﬂimaanax&bAthtnstunNng

wat er therein. r .end [ t Qnt n 2a
of the brending PapERR,IRARIBE] chER, 12 ROUAGH Sine Brol RN RO Al e
2 and 3 conpri sethenbiending m@b9r1@h§@b¢ha$4@ é@@WaQﬁﬂhhetnannﬁquwng

connected 10 a SURBLY FOWerS GROLOHAMMPenY! WIAe kN EAMMN OF WiXidiyp

(rubber) hqgse 18. The annul ar water chanber 14d has one or nore
wat er - f eedidfy 30miXKBEEs| 4f thiough which water is fed into the water-

m xing region 14. Therhat eup gdst::l&@I oF the &reﬁ.n(ﬁo&fcqﬁ‘x@ms)hJﬁ nechexes t hat
theN\directions of the flows. % fed _therethr |nter&ec t he
Girecti on of T heMR¥oREoPTNA S8R, e ARRD [heto STRENS & g
regi on 14, prefemamtifauamantnbanﬁ&a|ﬂtpwan¢beaoﬁe@iﬁeﬂ length to
provide the reinforcing short fibers. The cut fiber
15 bundles are introduced into the flexible hose 17 by the
second blast of compressed air and are fluidized in this
blast of air so that individual short fibers are released
from the bundles and evenly distributed in the blast of
air. '
20 The water-mixing tube 14 defines a water-mixing
region and has a front open end l4a and a rear open
end 14b and is provided with a means (l4c) for feeding
water therein. The rear open end l1l4b is connected to
/ the front open end 12a of the blending tube 12. The
25 water-feeding means l4c as shown in Figs. 2 and 3
comprises an annular water chamber 144 and a water
conduit l4e connected to a supply source (not shown)
of water through a flexible (rubber) hose 18. The
annular water chamber 14d has one or more water-feeding
30 holesl4f through which water is fed into the water-
mixing region 14. The water-feeding holes 1l4f are
preferably formed so that the directions of the flows
of water fed therethrough intersect the direction of
the flow of the dry blend fed into the water-mixing
35 region 14, preferably at an intersecting angle of 45 to
135 degrees, more preferably, 90 degrees. This feature
causes the water fed into the water-mixing region 14 to
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135 degrees,

I nt he wat e
nergg bl asts

nore preferably, 90 degrees. This feature causes the water fed
r-mxing region 14 to - 12 - be atom zed by the flow of the

of air, and the.atom zed water particles are evenly

%

distributed in the flow of the nmerged blasts of air and are uniformy m xed
blend. 5 The spray h®z#le 15 has a front open end 1l5a
and a rear open end 15b thereof connected to the front open end 1l4a of Mhe

with the dry

wat er - m xi ng

tube 14. A wet conposition consisting of the inorganic

hydraul i c mat &€ @tomireddy cthe cflowmeof etheonergedshiastsof aiberandand
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Preferably, the spray nozzle 15 is designed so that
the flow of the wet composition is disturbed therein, to
enhance the evenness in distribution of the components
of the wet composition.

To this end, as shown in Fig. 2, preferably at
least one flow-disturbing terrace 1l5c is formed on the
inside-peripheral surface of the spray nozzle 15. Also,
preferably the spray nozzle 15 is composed of a rear
portion 154 connected to the front open end l4a of the
watering tube 14 and having a diameter which increases
with an increase in the distance from the rear open .
end 15b of the nozzle 15, and a front portion l5e
connected to the rear portion 15d and having a diameter
which decreases with an increase in the distance from
the rear open end 15b of the nozzle 15. That is, in
this type of the spray nozzle 15 shown in Fig. 2, the
cross-sectional area of the nozzle 15 at right angles to
the longithdinal axis of the nozzle 15 increases and
then decreases with an increase in the distance from the
rear open end 15b. . _ _

In the method and apparatus of the present inven-
tion, as shown in Figs. 2 and 3 the inorganic hydraulic
material and the aggregates can be evenly blended with
the reinforcing short fibers, and then with water,

w



rear open end 15b. In the nethod and apparatus of the present inven- 35
tjon, as shown in Figs. 2 and 3 the inorganic hydraulic material and the
aggre es can be evenly blended with the reinforcing short fibers, and
then with water, - 13 - without undesirabl e breakage, intertw nenent, or
fibril- lation of the short fibers, and e =r esul t ant wet conposition can
be reagdily sprayed onto a target surface. In the above-nentioned nethod, a
flow of reinforcin

. 5 short fibers flyidized in a hlast of essed

i s bl ended wit h"htgPBﬁ/ B?dssaFﬁbﬂfxi’aﬁé eaniw&y%new(&raclﬂ%ng%%sﬁéﬁ 2: r
3”0' gln ag_gregat Eaiidh%{btedhétnﬁlaar&dd'iiwm' I| ahdtheolresulivarasaetir in a

ry bl endi ng region. . SO a nly.carr t t 0 '
procedure, the ?@885%§§°8fcﬁﬁe¥Fi?%P%éﬁis%ﬁﬁay é%%ggéﬁﬁgééuf%éggggung
addi It i onal- bl ﬁSt of Tanphesabdvermemtioned metdiod, ya Elow ¢ ff etkinfording
conplicatesgt he e o] ' d. I 19 | y ff4 ,
anot her asp%ct Sﬁggg gg%ﬁgsn%tlhggig?a: Rgl S };&ea%té {an\q/?m%%ésﬂlrgyi%%%ﬁrel "
of an i nor gani cbhedded| wéthaaefilow ®f @ Srvagidine 9k an #nQrganiked into

the dry blendinﬂxﬁfghﬁﬁcbﬁa%egﬁi!iEhdf%ﬁﬂ Y+ dgatl Qb i ildednth fani di zed
in the flow of the dry rernforcing short fi -‘cont.ai ni bl.ast of
conpressed 20 additippal, bipgé LIt coORRFESIE A e %iﬁ?&ﬁ”ﬁ] t he
bl ast of conpregggdonl.r . TohembotN1sf arde edranly ety dutertind xaxy with wat er
conpr essedili r. bieRgied: BofRata, S FRs BeThn e i Bi¥le e
aboyg-nep}gg?:gcgnpﬁgﬁﬁba aﬁwaBMdgffwsaddiﬂtunaﬂIbkasnnoiﬁcQMpxﬁgswédure
can\De, ol oot o8 KELEOU AR el RO LR RASEEER8ld e
conpressed air psosedpires aifsdhiisn methaghove- nenti oned
| ' To eliminate this difficulty, in another aspect of
15 the method of the present invention, a dry mixture of an
inorganic hydraulic material with an aggregate is intro-
duced into the dry blending region by a-gravity feed and
is mixed with and fluidized in the flow of the dry
reinforcing short fiber-containing blast of compressed
20 air, to provide a flow of the dry blend fluidized in the
blast of compressed air. The flow of the dry blend is
then mixed with water ih the water-mixing region while
fluidized in the flow of the blast of compressed air, to
\_ provide the wet spraying composition.
25 The above-mentioned method is advantageous in that
ali steps of the procedure can be effected by using only
one flow of a blast of'cbmpressed air generated by a
single air compressor, and thus control of the blast of
compressed air is simple. Also, in the above-mentioned
30 method, undesirable breakage and fibrillation of the
reinforcing shoft fibers is kept to a very small amount
of 10% or less. - '
| Furthermore, in the above-mentioned method, the
reinforcing short fiber-fluidizing region, the dry
35 blénding region, thé'water-mixing region, and the spray
nozzle can be arranged separate from each other, and
therefore, the weight of the spray nozzle can be reduced.



30 met hod, undesirabl e breakage and fibrillation of the reinforcing short
fibers is kept to a very small anmount of 10%or less. Furthernore, in the
‘above- nenti oned nmethod, the reinforcing short fiber-fluidiiing region, the «
dry 35 bl endi ng region, the water-m xing region, "and the spray nozzle can
be arranged separate from each other, and therefore, the weight of the

spray nozzle can be reduced. 14 F@fé#*lng to Fig. 7, a conpressed alﬂf

bl ast is produce an, air res 21 and-is fed, i a reinforcing
short fiber-fIU|g$§¥ %ﬁﬁwﬁ% gggth?ou@hC%PEEFEEF n?ﬁaﬁ todFtion of the
fluidizing otmodmcﬁ bytah aif coompoessdrinzl cakd b fedniﬂtol ag fi Iharrent s
is cut into g ort
fibers are |{% ucéﬁ%?nto fﬂ i??%rgfguigfz v?qééggé n%é % gdgln t he
bl ast of corﬁsﬁ%‘é’e‘a %1 t%r@Pprﬁ?@ﬂr@%utb%nflﬁiwmgt%w:@en2©rcahg

L e e )
t hrough a condu eparately, a mxture
nat er |gal anomfﬁf% (ga:{ $ 00t EhG (FRTHEEIRY ’Eﬁt‘h@fé?c a%lamFﬁ:xed

with and fl uﬁxhezml are timt:fd:dmf:@d ifeo 1the fmiﬂﬁmgl]gliéh%% %3h axclid ol end
fiber-contai e esu ta { OM/ e dry en
fluidized in ﬁt"&'%}f)% ow o’f ?ﬂée #‘ {f: o{' %?’F&I'% Yot - mi xi ng devi ce
28 through a condthe rEsulfany flpwenﬁlthe)Iémnﬁwﬁcangnshorﬁdﬁﬂbee-28

t hrough C%Ewélﬁﬁagarﬂkééc B £ gl iélsfu{t? Ay Qfd:ée b1ddfer' s through

bl end-contai nin of air. The re tant wet ayl ng conposi

fed into thé Z3%e 30 and is sprayed through the nozzle 30.
Referring to Fig. Sébaxmﬁeily‘}]l: & QIO £ farﬁe{nozfgahﬂt mfmggyziée 31 i 3 \J
provi ded with .a alijy of 25 . vert 0 er.s arrange
around a veﬂatc%pafﬁb qt@ﬁ‘ Agaregsts, ?[‘Hf P tHhe S5 Rkender
fixed 26 and mixed with and fluidized inﬁthe flow of the

15 reinforcing short fiber-containing blast of air therein.
The resultant flow of the dry blend fluidized in the

flow of the blast of air is fed into a water-mixing device
28 through a conduit 27. Water is fed into the water-mixing
device 28 through a conduit 29 and is mixed with the flow of

20 the dry blend-containing blast of air.. The resultant wet
spraying composition is fed into the spray nozzle 30 and is
sprayed throngh the nozzle 30. '

Referring to Fig. 8, a reinforcing short fiber-

fluidizing device 31 is provided with a plurality of

25 vertical hollow cylinders 32 arranged around a vertical
rotation axis 33 and rotatable around the axis 33, a fixed
ceiling plate 34 sealing the top opening of the cylinders 32
and having a first opening:35 through which one of the
cylinders.32 is connected to a supply'source 36 of

30 reinforcing short fibers and a second opening 37 through
which another one of the cylinders 32 is connected to the
supply source (not shown in the drawing) of the blast of
compressed air through a conduit 38, and a fixed bottom
plate 39 sealing the bottom openings of the cylinder 32 and

35 having a bottom opening 40 through which one of the
cylinders 32 which is connected to the supply



ceiling plate 34 sealing the top opening of the cylinders 32 and having a
first epening 35 through which one of the cylinders 32 is connected to a
suppl ource 36 of 30 rei nforcing short fibers and a second opening 37
t hr ough whicch anot her —one of the cylinders 32 is connected to the supply
source (not shown in the drawi ng) of thé& Bi%ast of conpressed air through a
condu 38, and a fixed bottomplate 39 sealing the bottom openings of the

cylinder 32 and 35 havi_ng.a bqttqm gpening 40 thrqu whi ch one of the
ol | nder s 32" whi SRUFEEBntbReBIAsY RE Somptpssed oy’ tnturigh, e Hrddis.
of conpressed ai opehinggB7t b€ theorfdxed: wieid ing @ilathee ¥4 xdb connected at e

1 34, i d 1. | ' ' |
conduit a1, 5 - t0°a"ahy’ pLaFRRE R ML A il SN UL (e

- supply source 36cohduks ddi.nforcing short fibers, as shown in Fig. 8. In
" Fig. 8, the geinforci stk dilzR%a FeERAl (7°% e 12 WK d
t HMig® Mg dizlilo Adutce MY Hreea ) Wiedied to

. provided wt

a cutter: r-feedl ng pipe .. The

hopper 42 has a bbet SHPRIY SRRISHAG Af Shenined MEPEGNEFRIrt HElPRYS 0RS

42a. The bottom gRERhNENn4Pig.s szonnected to one of the cylinders 32 through
~the first opening 35 of the ceB:Ii plai‘tfg34..The shart,_ fi ber feeding pipe
0 S

has a 15 top end op&Ri Ad9s6 oncing, Shor & fiiher 252 a bottom

“end opening 47 | gearee B@stisakotmpper M@ tprowided mwitib ofcutisehoppeand a

“are ot at edt 8 oufhoFHe e £ ety Jerd ¥, g opbes W2 Blaq "0 52

connected to t hebstippiy 42auane 36 heft trag wreding Shdarnedckn the ough a
first opening SSPQ%FER¢4QQKI|@%éﬂqgﬁ}éﬁﬁfﬁéhfﬂdtag,lg cdate8 one

rei nforcing shor ers to be int uced’into one of the cylinders 32.
Wien the cyl i ndepfctheactiligders 32 through the first opening 35 of the

ceiling plate 34. The short fiber feeding pipe has a
15 top end opening 46 located just below the cutter 43 and
a bottom end opening 47 located just above the bottom
opening 45 of the hopper bottom 44.
In the fluidizing device 31 shown in Fig. 8, the
cylinders 32 are rotated around the axis 33 so that one
20 of the cylinders 32 is connected to the supply source 36
of reinforcing short fibers through a first opening 35
of the ceiling plate 34, to allow an amount of the
_reihforcing short fibers to be introduced into one of
U the cylinders 32. When the cylinder containing the
25 -reinforcing short fibers reaches a position at which the
cylinder is connected to the supply source of a blast of
compressed air (not shown) through a second opening 37
of the ceiling plate 34 and a conduit 38 and to a dry
blender (not shown) through a opening 40 of the bottom
30 plate 39, the flow of the blast of compressed air is
introduced into the cylinder 32 and fluidized the
reinforcing short fibers contained in the cylinder 32,
and then the resultant reinforcing short fiber-containing
~flow of the blast of air is blown from one of the
35 cylinders 32_into'the dry blender (not shown) through
the opeﬂing 40 of the bottom plate 39 and the conduit 41l.
In Fig. 8, at least one reinforcing fiber bundle 48



25 reinforcing short fibers reaches a position at which the cylinder is
. connected to the supply source of a blast of conpressed air (not shown)
" thrQugh a second opening 37 of the ceiling plate 34 and a conduit 38 and t o
a dry bl ender (not shown) through a opening 40 of the bottom 30 pl ate 39, -
the flow of the blast of conpressed airig s-introduced into the cylinder 32
and fluidized the reinforcing short fibers contained in the cylinder 32
and then the resultant reinforcing short fiber-containing flow of the bl ast
of air is blois fedntonthef cuttelxs 43 @ard nidercut32ntd prdde teyminedder ( not

shown) thro en t AL In
Fi g. )8 at Fggg{'aongpre:r% o?%sgh %L‘%Jﬂ;}g%& ?&%e?g&é hf’f n%gét%é

cutter 43 andthe eviinfesspsd Mﬁ?l’éo‘lh%riym% 44thdheapening sh®ref f i bers
are fed into gpe ﬁégbae Sblt't'&ﬂ\er@a32 drid QU ¢hesPidierfihg 15 opepndg 45 of

t he hopper botton14 a, .and first openi ng 35 of the 5 ceiling plate

34. Optidnal F§iling E&thhér“t f OR%ionadl ¥y %t%?\éﬁqxﬁtw%p@nﬂ and
suppl i ed therséreahtameahenf lthediht gt edd cacmsdpk;rmw therepeshng 45 of

the h boftom 4 t d nd 51, ded 10

W th a bl ur al FE§OoF AFe A A, hvrich it Shuthem, e careping &6 7h axi s

53, each bow thé heppey botiomerd2meni ng 54; a vertical feed duct 55 having
t - 56 I .

nor gant ¢ hydr aul | Fee ?%Sdt5°5"i§§“‘9°g:a Y Py dad S fR KA ga T

m xt ur e-Buppl yitbppepleradiitly of fgadh Qvelfs =2 mmaﬂmmn@eau ng 59

diyected 10 pgreichlic rbesdilan ¥ af) Guich ARWLId2 iy dn bsled -

rei nforc- ort er fluidizing npr essed
end openi ng aqpeahnscﬁéa @ovgrrtéq@rlorﬁﬁ %:t %516#%"#‘!‘1)54 #m.qumg

devi ce (not Sbﬁg\ﬂssncbhhéc@wm)a %ﬂw 8urcéd 'oNta ¥y GREXEREe OBf

connected to ano&norqanic hydraulzc material and an aggregate, for

15 example, a dry mixture-supply hopper 57 with an agita-
ter 58, and a bottom opening 59 directed to one of the
feed bowls 52; a feed conduit 60, for flow of a reinforc-
ing short fiber-fluidizing blast of compressed air,
having a rear end opening 61 connected to a reinforcing

20 short fibér—fluidizing device (not shown'in this drawing)
and having a front end opening 62 connected to another
one of the feed bowls 52, and a delivery conduit 63
having a rear end opening 64 connected to the same feed
blow as that connected to the feed conduit 60 and a o/

25 front end opening 65 connected to a water-mlxlng device
{not shown in this drawing).

In Fig. 9, the agitator 58 in the hopper 57 has a
‘plurality of agitating blades 66 and a plurality of
feeding blades 66a, and rotates around a vertical

30 shaft 67. The hopper 57 has a bottom 68 having a bottom
‘opening through which the hopper 57 is connected to the
top end opening 56 of the vertical feed duct 55.

' In the operation of the dry blender 51 shown in
Fig. 9, the feed bowls 52 are rotated around a vertical

35 axis 53. When one of the feed bowls 52 reaches a
position just beneath the vertical feed duct 55, an
amount of the dry mixture in the hopper 57 is fed into



one of the feed bow s 52, and a delivery conduit 63 having a rear end
openi ng 64 connected to the sane feed blow as that connected to the feed
conduit 60 and a 25 front end opening 65 connected to a water-m Xxing

. device (not shown in this drawing). In Fig. 9, the agitator 58 in the

hopper 57 has a plurality of agitating bl;ades 66 and a plurality of feeding
bl adéws 66a, and rotates around a vertical 30 shaft 67. The hopper 57 has

a bottom 68 ha¥h59béw?05§OEhPBQthGhéhGQHGDc&@'Eée&h&uaepssr 5Thi§ feed is

connected to the top end_ o verti 5 t he
operation of tﬂﬁcﬁ4?rBF§ﬁd Y BﬁgsﬁﬁﬁﬁiPﬂ ?}Sg ggﬂeaneﬂ g&fgggf g?
rotated around a vewheéfiath85feedXbowh352 &%nnamnéngfthéedfgemihtuke 52

- reaches a p05|t|onh%%sg ngg@ignfE§S¥e%ghggkgggﬁ% gg8§f5§3daﬁP Egtﬁgfoghe

dry mxture in “The
vertical f®%ed ﬂhetféed ¢thUi§eGO|Qndc§beera§§deb9 Phéniéﬁdﬁﬁg°ﬁlﬁbés 66a

and a V'bratorgéglv¥% nc£ﬂ8u§eeésb0%§ 53169”6?'9h8?r%§ﬁf9£&i XkHpetr eaches

a position just benea ront e enin condui t 60
and the rear efiltbepenfhyigized %ﬂetBEIP5€$§ efngarpressed gl FI6§/B OFRe

~reinforcing ShQﬁ%oftHerso&iusﬂlzeﬁelaryhﬁlhtaﬁé 0§ €vapacesaadiai thes bl own

: to the bow 52, th f h f

fiber- contai ni AELBFGEPLRF EBABFeEbAsPPRtatAtnganiAst, B, PPRRF S PLR

- of the dry0n1xhudethetheshmtaatndnycbmgnéhoftthebéry mSXDUUanWitbnthhe bow
52 through t he debENeCyODHLL B3uBsthe Blash ekofiPRECBSRY 82 cnTbagn

above- nentloned 'S e fective e I ng the
m xture into thbefﬂeﬁAUGIYhéonéPﬁFoﬁélhg Sherblast °f|§€WP€SﬁFSFnFﬁ§ -bl 3BE

of conpressed abévétménEisﬂéaefybeesff399 bakfided £8, erbecteeultaatféeaing
blend is evenly fluidized in t essed air g ast ag S8R bghL%% into
at water-mxin ﬁegFZemQFtHrﬁréﬁﬁ?eEﬁ? §E°Ve85 Fapreinforcing

15 fiber-containing blast of compressed air at a predetermined
feed rate. Also, the resultant dry blend is evenly
fluidized in the compressed air blast and can be fed into at
water-mixing device at a predetermined feed rate.

‘The dry blender with the hopper may be provided with a

20 least one pair of wheels 70 as shown in Fig. 9, to be
movable. . '

The above-mentioned dry blender can be utilized to
prepare a dry blend evenly fluidized in a blast of
compressed air which does not contain the reinforcing short

~ 25 fibers. The resultant flow of the dry blend in the blast of

' air can be utilized to prepare a wet spraying composition
having a uniform composition and evenly fluidized together
with water in the blast of air.

The method and apparatus of the present invention are

30 very effective for preparing a wet spraying composition
containing an inorganic hydraulic material, an aggregate, _
‘and reinforcing short fibers evenly mixed with each other at
a predetermined composition thereof. In the preparation of
the wet spraying composition,



The dry blender with the hopper nmay be provided with a 20 | east one pair
_of el s 70 as shown in Fig. 9, to be novable. The above-nentioned dry

" bl ekder can be utilized to prepare a dry blend evenly fluidized in a blast «
of conpressed air which does not contain the reinforcing short-25 - fibers.
The resultant flow of the dry blend i-nh fghe- bl ast of air can be utilized-to
prepare a wet spraying conposition having a uniform conposition and evewy
fluidized together with water in the blast of air. The nethod and apparat us
of the presentindesérabde breakdge,w cribreflfletiote, fand piregertwith tngved £

. e Thtinipnt Al il et . bt

2001 sgate. _andfeorSEnfBRcing Mot AV S DRI TG, dreyelreq, ,

predeterninedAégﬁpo§hﬁiPﬁ€9ﬁ§ﬁééﬂnIB¥QQﬁ§quﬂgﬁnnb&ne§ﬁi19mcau$ret&eging

composition. by a sRlalluAfiederdRee VIS, Fldindd AUKD sEigl 4 e [ Wi ning
al'ly nt ed. SO

of the reinforcing short fibers are substanti prleve ! _the
prepar ati®dn pPBEEAGLENCAR NErya&asy Rafauie dhe\sRFaNIZakebks of

workers. FurtpelatibelyPldyhtyand smd@ation is very easy because the spray
nozzle is relativekx Ibght and %gﬁbl. Furthernore,, the zfrayed conposi tion
has a high quality?®SFhBSpPRL& SR SREANFTIMBRS Ftiomdiae @ hdFld by 10
way of specifguagisgpl es, which, however, are nerely representative and do
not restrict the s e, R te {d [ way.. a 1A

har dened cenent teg‘?ngcheEEE%vﬁ'ﬁ%%g’rﬁleor?g;‘ﬁﬁojf.q%s Pu%g}'%é'@%%ﬁé}y 15 cm
and a thlgknewsyopfispesific exampdes bwhising howewsr ayare meapelnt us as

shown in Fi gsresréggn%atll-\f%@eraﬁidn%ot Adt Q%st?rw the Bdlge BLIE Of oneQ

present invention in any way.
Example 1 | _
A hardenéd_cement_test block having a length of
15 53 cm, a width of 15 cm, and a thickness of 15 cm was
prdduced by using the spraying apparatus as shown in
Figs. 2 and 3. _ _ _
Referring to Figs. 2 and 3, a dry mixture of one
part of cement with 3 parts of aggregate consisting of
20 sand was ejected at a supply rate of about 28 kg/min
into the blending-region 1l2¢ in the blending tube 12 by
a first blast of compressed air. Reinforcing short
fibers consisting of glass short fibers having an
average diameter of 13 um and an average length of -/
25 25 mm, or steel short fibers having an average diameter
~of 0.5 mm and an average length of 25 mm, or carbon
short fibers having an average diameter of 8 ym and an
~average length of 10 mm, or water-insolubilized polyvinyl
alcohol fibers having an average diameter of 0.3 mm and
30 an average length of 25 mm, were ejected at a suppiy
rate of about 1 kg/min into the blending region 1l2¢ by a
second blast of compressed air. _
The glass short fibers were used in an amount of
1/3 based on the weight of the dry mortar (the dry
35 mixture of cement with sand,) and the steel fibers in an
amount of 1/4 based on the weight of the dry mortar.
The first blast of compressed air was merged with
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part of cenment with 3 parts of aggregate consisting of 20 sand was
ejected ‘at a supply. rate of about 28 kg/min into the bl endi ng region 12c in
theé bl erding tube 12 by a first blast of conpressed air. Reinforcing short
fibers consisting of glass short fibers ving an average di aneter of 13
[err]. and an average | ength of 25 257 or steel short fibers having an
averdﬁé di aneter of 0.5 mm and an average |length of 25 mm or carbon short

i or vater i nohE EER95aChRERL Che kotlprbRERN, BlE, 3R BHE BiRaY D O 1O
di aneter of 0. 3regiandlde andntaeeragultsngtne@beaShﬁmphmmadeeﬂmcuﬁdmat a
. supply rate of @Rggﬁ%ﬁ Eﬂé”%QtFQLﬂlkﬂﬁ? kgpgbgglheglon 12c by a second

bl ast of conpressed The ass s ers were used in an amount of
'1/3 based on the \/\Bl‘@ﬁ?eﬁfwﬁﬁefefayaﬁfoﬁt feedt Kater pLf3gbouty B2 kg /Frircenent

Wi th sand,)sandi b6 eﬁeebatébeﬁxmﬁgaﬂeeﬂsuna40fthyoﬁgbxa%% @ 3B 148 ght1 9of

‘the dry nortar._ The essed .air s merged with -
the second bl astog¢ ié %B gﬁegﬁpg gﬁﬁglﬁlgﬁ&vn . P he
.resul tant nergeblebl nsd, nadd thefEeaﬂthgohgmebhe4water-n1X|ng region 14.

~Water was fed at a fged r of 32 ka/ i nt e . wat n
‘region 14 through th'gﬁ?l Es%gf'e“ﬁgsgg%mt ﬁ F&é’a‘f‘ﬁg gor?ég g %éheg
~annul ar cham-tﬂxyJMdighhdofh&h&eedmagthol@helthsulhanWawat\nnmpbsiunomm
- amount  of % d y g o] e nt hg e
conp05|t|3ﬁ@10h@§§ sBPa$Q8 gB f@?h E&the%gsPigggbk ; %h zgéggﬁﬁant t est
' bl ock, the val ukest bﬁOGEenﬁh? valumeofeVeelrpmens YOQMNQQEGQQan)to Fig.
4, Nae gl ass shggs fisgr-contain- ing cenent bl ock (GF) and the stainless

- st eel hort 15 fiber-containin enment b ock _( SF xhi b d excel | ent
_S S ' Referrgng EogFgg. 4, e glg s) %oftléf% rjéontaln-

ing cement block (GF) and the stainless steel short

15 fiber-containing cement block (SF) exhibited excellent
bending strengths at aging times of 3 hours and 7 days,
compared to those of a comparative cement block which
did not contain reinforcing short fibers.

It should be noted that, when the method and

20 apparatus of the present invention was applied, the
resultant glass short fiber-containing cement block
exhibited a higher bending strength at éging times of 3
hours and 7 days than that of the stainless steel

o fiber-containing cement block.

25 : Referring to Fig. 5, the stainless steel short
fiber-containing cement block (SF) exhibited a superior
compression strength, compared to that of the reinforcing
short fiber-free comparative cement block at both aging

‘ times of 3 hours ana 7 days. The glass short fiber-

30 containing cement block (GF) exhibited a superior
compression strength compared to that of the reinforcing
short fiber-free comparative cement block, after an
aging time of 7 days, and the compression'stréngth of
the glass short fiber-containing cement block was lower

35° than that of the comparative cement block at an aging
time of 3 hours. _ )

Figure 6 shows that the carbon short fiber-contain-



bendi ng strengths at aging tinmes of 3 hours and 7 days, conpared to those

‘of gonpar ative cenment bl ock which did not contain reinforcing, short

fib . It should be noted that, when the nmethod and 20 apparatus of the «
present invention was applied, the resultant glass short fiber-cont-aining
cement bl ock exhibited a higher bendi«g@@t«ength at aging tinmes of 3 houts
and 7 days than that of the stainless steel fiber-containing cenent bl osK.
25 Referring to Fig. 5, the stainless steel short fiber-containing
cenent bl ock @88) cementi tddck siqurverIkonhe sslass séherygt Bibegapared to

that of the rgj 13 Gls [ s I B&y ati o t _plock at both
aging tines o%bgkﬁgﬁﬁggaméndéayﬁsg%e é‘gé;pg#lﬁ?tgf? bgﬁsr\fiﬂger(':ont ai ni ng
cement bl ock GGFP1§¥HﬂHW§§jR?kﬂﬁiﬂyknaikﬂﬁﬂbs%ihﬁrs¢¢mhgihingnpemedtto

that of the rileter deagvahantn)l iBiaddas oMM dutcs PEeh Pheherdbher an
aging ti of 7 %gésg and the conpression strength of the glass.sﬁor

fi ber - conPai nPrg REsEndc tiRmeXnibited 2 (Femarkabhy higherative
cement bl ock zesdstagiceg tio @ fllect ivnirenddrt HIMNserkd A9 \BosdathhRetRaE bon |

h fiber- W ' : bl ock A - | h | ber -
Contai ni ng. coRRRLDRESS: B HF. Gapakaks 14,8 e dtont of PheFraentatriony

al cohol fibercemnn&ibﬂngkcdmmdeﬂIX%:gxnﬁuuedIHQ Presheenitienarcor dance
Fesi st ance. t ongSRPacird thalt E3aiin (e Bt Uhee b Sa DNk FBPTEA by the
conpar at}@e gfabershzee rementchkagki(qurxensht. bl ock (curve IV) produced
by a conventional pRbhhedeadnd fawd 3xhi bited by the conparative short 10 .
fiber-free cenent 0C — Exanples 2 and 3 In Exanple 2, a o’/
har dened cement tesP ﬁi";gqﬁa\?i'ng‘ Pardrned gementest hirek dhavbngne and
a thickness olength of 15 cm, a width of 15 cm, and a thickness of
15 cm was produced_by using the spraying apparatué as
15 shown in Fig. 7. This spraying apparatus had a reinforc-
ing short fiber-fluidizing device as shown in Fig. 8, a
dry blender as shown in Fig. 9, and a water-mixing
device as shown in Fig.s 2 and 3.
Referring to Figs. 2, 3, 7, 8, and 9, bundles 48 of
20 reinforcing glass fibers having an'average'diameter of
about 0.5 mm were cut by a cutter 43 to provide rein-
forcing short fibers having a length of 25 mm; the
resultant reinforcing short fibers were fed into a
fluidizing device 31 and were fluidized by a blast of \~
25 compressed air, which was ejected into the fluidizing
device 31; ;he resultant flow of the reinforcing short
fibers was fed into a ary blender 51 at an enforcing
short fiber feed rate of about 1 kg/min. Separately, a
dry mixture of one part of a super rapid hardening
30 cement with'3:parts of aggfegate consisting of sand was
fed into the dry blender 51 at a feed rate of about
28 kg/min, and was evenly mixed with the reinforcing
short fibers. The resultant dry blend was evenly
fluidized in the blast of compressed air and fed into
35 the watef-mixing deVice 2q into which water was ejected
at a feed rate of about 32 kg/min. The amount of the
fed water corresponded to 50% of the dry weight of the
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15 cmwas produced by using the spraying apparatus as 15 shown in Fig. 7.
Thi's spraying apparatus had a reinforc- ing short fiber-fluidizing device
as showw in Fig. 8, a dry blender as shown in Fig. 9, and a water-m xi ng
device as showr in Fig.s 2 and 3. Referring to Figs. 2, 3, 7, 8, and 9,
bundl es 48 of 20 reinforcing glass fike2d kaving an average di aneter of
abouf=0.5 mmwere cut by a cutter 43 to provide rein- forcing short fibers
having a length of 25 mm the resultant reinforcing short fibers were fed
into a fluidizingementcén3thandryebdentui dithed riegud tandswedl spraying
conpressed air, R @&ke t | Wi el g | 31

resul t ant fIOM/of tﬁgs?gfoéorC|ngp§a%9? ?ﬁt%rg %1% EQQE Qﬁd gafqgie der
51 at an enforciHy ERerPo E ber PeEBer5?5“&#3&509@°PkkgﬁhﬁnVOG@HGr&Pﬂﬁﬁnta

dry mixture of om ast ﬁﬁearéﬂﬁﬁéréﬁﬁgdsh%ﬁ:@e'f'z!bﬁriowascqrrgﬁt Walded3 dart s
of aggregat Eégtln of sgmg was fed intqQ the dry Qhlender 51 at a feed
rate of abo Y- Th1s) geeV@ﬁlﬁpFP¥é39WFPNPPﬁétP€PnforC|ng short

fibers. The resultantTHeyrééehﬁanﬂsbeueklwabl&mﬁuaedeantbha Dledi nef
conpressed air ed Lo r- deyi.ce_2 |nt whi

wat er was ejectgggI % #eedrgg ?Saggg k§P %#hén it 8? t H& f ed
wat er correspond%ﬂam916036oth@heam¢ypmecgﬂures fise those2 fescaibed iabaviee
dry blend. The resiliaghr1€d S@tk8dptORAY tth@nP%;a%aﬁ;%ﬁd ol dPyPCk

mol d and hardened. in the mold. _In th e resul t ant he volume co
[err] of tﬂ@reu%*%ﬁélﬁﬁ“éﬂb??df%Be?sbﬁé§tl°§%F§E§EGS§Rd5alrtHésv&aﬁﬁéﬁﬁ

the wet sprayingog@nBpsasing. tﬂ'éeagﬁﬁﬂhtégt ail %kw\ﬁasinswmggct edaha &,
berding test. T result IS S VI in Fh&& 1 I.n Exanpl € 3, the

sane procedures RetHesk H%%E?Fbéﬁ éBBVEV r EUEYPr B Fd@cedO-t hat the
preparation of the dryugtherpl €he samedcemenitnblokkaas ehatomentisaedi I
was carried above was produced by a conventional method. The test
15 result is shown by curve VIII in Fig. 10.
Furthermore, the same cement block containing no |
reinforcing short fibers was prepared. The test result
is indicated by curve IX in Fig. 10.
Figure 10 shows that the cement blocks of Examples 2
20 and 3 produced in accordance with the present invention
exhibited a significantly enhanced bending strength and
toughness in composition with the comparative cement
blocks (curves VIII and IX).
o/ ' -Figure 10 also shows that, in Example 2 therein the
25 dry mixture was directly mixed with the reinforcing
short fibers in the dry blender as shown in Fig, 9,'the
resultant cement block exhibited an enhanced bending
strength to that produced in Example 3 by the apparatus
shown in Fig. 2 in which the dry mixture is fluidized in
30 an additional blast of compressed air. The cement block
produced in Example 3 by the apparatus shown in Fig. 2
exhibited an improved toughness.
Examples 4, 5 and 6
In each of Examples 4, 5 and 6, the same procedures
35 as those described in Example 2 were carried out except
that the cement was an ordinary Portland cement and

contained a rapid hardening agent, the weight ratio of



out by using the apparatus as shown in Figs. 2 and 3. The test result is

sho by curve VIl in Fig. 10. Further, the same cenment bl ock as that
{ merlt i)oned above was produced by a conventional nmethod. The test 15 result «
is shown by curve VIII in Fig. 10. Furthernore, the same cenent bl ock

containing no reinforcing short fibers2®s prepared. The test result is-=
indicated by curve I X in Fig. 10. Figure 10 shows that the cenent bIock&fbf
Exanpl es 2 20 and 3 produced in accordance with the present invention
exhi bi ted a ssam@f (ageregatahakecgepenti wgssO-d%gih she wedightesatiio

conposi tion whg mse@:ceapeéﬁéhtewagnqntz bh;aek%aﬁw %%SVV' | widy X) . Figure
10 al so shows that, in erein the 25 mifxt'ur e was directly

m xed with th€e$%¥ﬂf5?c?n§ggﬁ6PF P?b@b? FﬁiPﬁQrG#FQbPBHG§rf&§e§ﬁown in Fig.
9, the resul tbaéedeornthé! 96kunsholsi thd e@raphaaC%@mbaﬁd&a&nﬁt&@ﬂﬂth to

t hat d t t which th
dr? nP;?uggeﬁg Q?Eb%gg 1?n?¥0 1 Spggra uiﬁaggbpgé J@ﬁﬂ%@§§bb air. ©
The cenent blam& thedtest pmeEhahpBeaSlbpgtheo&pﬂar&hUSash@a&HI@ﬂﬁg 2
exhlblted an i@pgﬁv gn&ogggﬂgggnegéag?Lg§eéHB5 and 6 In each of Exanples 4,

and 6, the Sane procedu scribed in Exanple 2 were
carrled out exceptTh®aV ¢t Wasceaphroldedatoordidesiyedovallaed bye vanty iad

contained a rap dc&?{é‘ﬁﬂ'&ﬂ @ﬂ@n}:eﬂiESr\eﬁh 'shb?lt 38 TS, A%%o £hand

(aggregate.) to, cenent was O. ratio o to cement was
1: 2, thel@aldﬁgkﬂg\ﬁlmewﬁ?EhtFEfEP§ttBlﬁceoﬁﬁénﬂ 5?Y§he relnforC|ng short

fibers based on thej @ienploéhbhg aaaeyanq Qﬁspeéb&lgaecweSo& 1.0%

(Example 4), 1.5% 5 ., .and the tesL pi ece had.a
Longth of 10 BAmBIGE Aih 5128 E Exhi &eﬁﬂgcﬁﬁég@ £3¢tanY  heading
strength. ' L
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The Vf was controlled to a desired value by varying the conten :
rei,nforcing short fibers. Al so the 10 aging tine for t 7

days. Figure 11 shows that all the test pieces of Exanpl gmmmmﬂmlm

exhi bited a satisfactory headi ng strength. 23 CLAI Ms: me + Of

spr\xﬁpg a wet conposition containing an 23worganic hydraulic material and a
reinfrcing material 5 through a spray nozzle by neans of a bl ast of

. conpressed ai r CL&IMSii-si ng the steps of: (a) blowing a blast of conpressed

air froma single supply source thereof into a short fiber-fluidizing

- region, while feeding dr relnforC|n short fibers tg the short Pg
fiber-fluidizihg redi 8% R0 PPIBYANG0 Ap WELs EATRPSEARD: COBMRIPNLGy &Phe

dry relnforC|ngnshgahxb hqﬂrauahb malteaialg aaddiy reixforeioy aatemrdadani c
hydraullc te t d [ y i

regi on; ga %hﬁ Pgb Q_%gr %8%%%%l?hkg Rggb?l% orc?%gsghggt ?h§9g§ggd

: contalnlng conpncssG@m@rﬁsﬁhssthens¢epﬁe04ry bl ending region to fluidize

the dry mxture and g %&M%ga f'b@.\é(s%f o %mp%@g@dcaail %&bﬁg a0kihlte

i norgani c hydraulic naterla ggregate and reinforcing _short fibers

f1uidized in t FEPPAY S@@ﬁﬁﬁe§§éﬁeéﬁriﬂFﬁsF SPGFtlﬁﬂPGJU@FHédFHénSIGﬁgépnvhe

\% yI bl end flui ¢haed Ifaealmgc falﬁfarr e&&aeoacanbl %ﬁbrﬁntfﬁbérbaﬁ:ﬁr thiexishgritegi on,

“ whi |l e spouyt.i ng e.flow o I nto.t.he_ water-m xing_regiqn to
Flut i oo fPhe” s3bersRlv183 % Rme < giahy o 8, BOPUSaS" 95 ConpEgRRsA-g1Foblast

. Spraying conpoennmanndugsm99|dgyoteuhéorndngashormyGihatsc materi al ,

SRR ek A A0l B SRR B o
" conposition thm@@gﬁl@l with an aggregate to fal down into a dry blend1n9

region;

15 (c) introducing the dry reinforcing short fiber-
containing compressed air blast into the dry blending region
to fluidize the dry mixture and to provide a flow of a dry
blend consisting of the inorganic hydraulic material,
aggregate and reinforcing short fibers fluidized in the

20 compressed air blast; |

(d) introducing the flow of the dry blend fluidized in
the compressed air blast into a water-mixing region, while
spouting at ieast one flow of water info the water-mixing
region to fluidize fine particles of water and to provide a

o/ 25 flow of a wet spraying composition consisting of the
inorganic hydraulic material, aggregate, reinforcing short
fibers and water uniformly mixed and fluidized together in
the compressed air blast: and

(e) spraying the wet spraying composition through a

30 spray nozzle.

2; The method as claimed in claim 1, wherein the inorganic
hydraulic material is a cement.

35I 3."_The method as claimed in claim 1, wherein the
reinforcing shbrt fibers are selected from the group
consisting of glass short fibers, aromatic polyamide short
fibefs, carbon short fibers and metal short fibers.



30*’”56?5"’E’-&’/~*. The method as claimed in claim1, wherein the

2
i R “m‘“ m; “‘\c material is a cement. 35 3. The method as clainmed in
fcﬂgﬂ \ n+4he reinforcing short fibers are selected fromthe group

consi sting of glass short fibers, aromatic polyam de short fibers, -carbon -

short fibers and netal short fibers. 24 4. The nethod as clained i#,;

claim1, wherein the reinforcing short 24 bers have an aver age di ameter O

from10 pmtp 1 M2 ALAVEL 0Pl 09U, 0Ly Ligm 5 (00 mpe 5. The
method as clained in clTaim1, erelrn the reinforting short fTbers are in
an anount ofréinferchg tshewt bhikergrhave an|average tdtangtey|of from

CONPOSI ti 0N. 1. ;um FeL Mtk Nkt Ain Ch TSR | Terid 8 TOE . £MBRTS1 Ho LG MmLer is 10

fed in an amount of from 30%to 70% based on the weight of the inorganic

hydraulic material in the dry blend. 7. The nethod as clainmed in claim1,

wherein § he §ed VeHiermethed cas zelahyed hin it bsim of , aviexrddinh hehavat er - m xi ng

129100 15, SoqundbiclTl b £8P GIL LU o' ekl 41y 0 st

di recti on ofpased fdrovthe wdikume yob| thel sprayningetempesiktions egi on. 20 9.
The method as clainmed in claim11, wherein the flow of the wet spraying

conposition is disturbed while flow ng through the spraying .nozzle, to
enhance t he &venrthe Rgthog %tc-k?ﬁ%ff

sprayi ng a eid EHRGS | didih € W oM BOH td 7R basdy Bralthe weignt absand a

2 singl & Sodti ot irares G aftertan A e G dlepd T o1 ¢ 2

7. The method as claimed in claim 1, wherein the fed water
is atomized by the blast of air in the water-mixing region.
15 | : _ o | :
8. The method as claimed in ciaim 1,'wherein the flow of
- water fed into the water-mixing region is in a direction
intersecting fhe direction of the flow of the dry blend in
the water-mixing region. | '
20
9. The method as claimed in claim 1, wherein the flow of
the wet spraying cbmposition_is disturbed while flowihg
through the spraying nozzle, to enhance the evenness of the
wet spraying composition.
Js _ _ _
10. Apparatus for spraying a wet COmposition containing an
inorganic hydraulic material and a reinforcing material by
means of a blast of compressed éir comprisingi
(a) a single source of a supply of a blast of
30 compressed air;
(b) a fluidizing device having a fluidizing space
formed therein and cohnected to the source of supply of a
blast of compressed air and to a source of supply of
reinforcing short fibers, whereby a flow of the reinforcing
35 short fibers fluidized in the compressed air blast is
provided; - | |
(c) a dry blender having a dry blending space formed
therein and connected to the fiuidiZing device and located

R CoFpEB| }i grhezain othe pakentis for

/

2
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(b) a fluidizing device having a fluidizing space forned t I n and
connected to t.he source of supply of a blast of conpresse H m’

source of supply of reinforcing short _fibers, whereby a fl Iﬂww
relnLQrC|ng 35~ short fibers fluidized in the conpressed air bl Aist* i s
provj, ded (c) a dry blender having a dry2®l ending space forned therein and
conne ted to the fluidizing device and | ocated 25 bel ow and connected to

a source of sipglloyw @inda cimpetitedirnte af mﬂdwrogiardupdlwdroﬁlld @ﬁiiﬁfnﬁr:d't@ré/\’i th
an aggregate, d.t faII domn I nto the dry
bl endi ng spacﬁ%;nregby owéldlﬂr?d)gawﬂ'lqc‘#wﬁlo er g‘i 3"5 ag 5&9§Q§| ng of
the inorgani c “REEeRY |ﬁQQnﬂﬂ¥ﬂm¥xtuFﬁei@ggﬂé@aﬁd andfbﬂd d@mmfdmannghshdmw

fibers fluidi bﬁ.@rﬂdﬂ.ﬁgh%p%@@rt@&‘é‘i%yaﬁkomlaih ed)e18w\Riee s gavi ce
havi ng a ter-n1x| S &ﬁ erein and connected to Sry bl ender
and a wat ggﬁﬁp 3 & °F8Pn§EoHVPﬁG“%&FePaﬁﬁFéa#hetﬁ&ter-n1X|ng
space, connechgdrﬁgatesanﬂc&hﬂfr%unﬁbrcﬂhgw&hbkt Widesdy fauidawea ia Wk
conposition CQ?&E%Es@% %i&hﬁﬁg Y. bl end and water evenly nixed and

fluidized toge e Conprésded air blast is provi ded; and 15
(e) a spray nozzl éddonmcvnsert-aixiagndevicei hardngeai waterimifipgr spaceas

claimed in cl gbpmad, tﬂE%E&hnahﬂe hEEteH‘gbnghgeﬁkgebiénhgrt fal Q' ek, 2

t ube haV|ng a front open connecte to th nozzle and a rear
open end1Ponn&PPUYipg Pﬁ@iﬁﬁnyFeﬁaePt&ﬁﬁ WétSFoipﬁgdthPtﬁatﬁ§-mé8éng

spouting devi gspata, tba_nheblﬁbaf to Al EGu?bEGOSUEﬁBEm§' B¢ &waee%t %emsyna
space of the rce_o

ter xi ng, devi ce,
water, and ha ?]FeHgF Sﬁ@pﬁglggﬁﬁt89n§ﬁﬁﬁ?Pﬁg°ﬁoFEedFF¥cPéﬁngoaPﬁe
wat er - m xi ng wpaee et@nlpppiretiuands frhadteddi Bogeshexr1lin wher ebipréssed

fluidizing deyygen)gser o4l gedvihbl; 2aphurality of vertical
15 (e) a spray nozzle connected to the water-mixing
device.

11. Apparatus as claimed in claim 10, wherein the water-
mixing device is in the form of a tube having a froﬁt open
20 end connected to the spray nozzle and a rear open end
connected to the dry blender and is provided with the water-
spouting device in the form of a ring pipe surrounding the
water-mixing space of the water-mixing device, connected to
| the source of supply of water, and having at least one
— 25 water-spouting hole directed to the water-mixing space.

12. Apparatus as claiméd in claim 10, wherein the
fluidizing device is provided with a plurality of vertical
- hollow cylinders arranged around a vertical rotation axis
30 and rotatable around that axis, a fixed ceiling plate
sealing the top openings of the cylinders and having a first
opening through which one of the cylinders is connected to
the source of supply of the reinforcing short fibers and a
second opening through which another one of the cylinders is
35 connected to the source of supply of the blast of compressed
air, and a fixed bottom plate sealing the bottom openings of
the cylinders and having a bottom opening through which one
of the cylinders which is connected to the source of supply
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hat axis, a fixed ceiling plate sealing the top openings

ﬂn! rranged around a vertical rotation axis 30 and

nd having a first openjng through which one of the

cyl i nder's i's connected to the source of supply of the reinforcing short

‘fibers and a second openi ng through whi

35 connect

ed to the source of supply of the blast of conpressed air

a fixed bOtt&@“ﬁﬁéiﬁlééelé@gcéﬁﬁrégéé@HAQPeehﬁaﬁg@ftﬁéesédém@de&ﬁ and

havi ng a bottom opening throu

h is

connect ed t PRPRL %U?Eet%ﬁ C% £+99 pyéﬁeofg?h%°%?%é%e§ft%oﬁB? éﬁ%d air
t hrough t he ppendelrf op opening of the ceiling plate, is connected to the

dry bl ender.

5 13. Apparatus as clained in claim12, wherein the

fluidizing device is further provided with a cutter f or cutting at | east
one bundSe 03+ eiApparatiysfapecloinedeinsclaim p2edeherainetieengt hs to

prepare the
rei nforcing

gfp£E£% §99é€9éé igbfﬁﬁtnéﬁdpaohﬂaeerwien &08t8takngorhe cut

ers, havin ottom one, of t

o T haer s patiing ot sbeast o8BS BUBNIa o8 foRPoTaLRS CELPeR ELfapante)

Appar at us asiﬁfgj

ogh anot her one of the cylinders 3.
,Ehd

he

ﬁ?@déﬁeﬁhﬂhﬂﬂlﬂengbﬁseta pbepdrg the réimfidecing shorvtded

ot at abl e ar GHRFEShEhg RORReBLERE eV RBCORIR BHE SBEnrRbAEaRLRRaT 2, OO

rot at abl e ar

Spper Spenth

a~vertica

f eed duro hashdgtafinarspehamgngoanbcttdmthOlheceonccte@ftguppeyoéfthﬁe dry

m Xxture and
condui t havi

PAIGERL BEDbgn IthE°LEtoRRSc0p LPEn3g of leberkea o feod

%%Pa rear end connected to the

end connect eceibingaph@¥eeone of the feed bow s and a delivery conduit
having a rear end opening connected to the same one of the feed bow s as

t hat connect
to the water
the dryis

20

25

ed to the feed gongfit n acgrgnt §nd 0
14 xi MepreEates. agsclajped afnchain 3 nel ﬁ tf
blender is provided with a plurality of feed bowls arranged
around a vertical rotation axis and rotatable around that
axis and each having an upper opening, and a vertical feed
duct having a top opening connected to the source of supply
of the dry mixture and a bottom opening directed one of the .
feed bowls, a feed conduit having a rear end connected to
the fluidizing device and a front end connected to another
one of the feed bowls and a delivery conduit having a rear
end opening connected to the same one of the feed bowls as
that connected to the feed conduit, and a front end opening

connected to the water-mixing device.

15. Apparatus as claimed in claim 14, wherein the dry

‘blender is further provided with a hopper containing the dry

30

35

mixture and having a bottom opening connected to the top
opening of the vertical feed duct.

16. Apparatus as claimed in claim 10, wherein the source of
supply-of-the reinforcing short fibers has a means'for
cutting at least one reinforcing fiber bundle to provide
reinforcing short fibers having a predetermined length.

17. Apparatus as claimed in claim 10, wherein the spray
nozzle is provided with at least one flow-disturbing terrace

| ur di zing device and a front -

)

enLng 5 .._connected
Fﬁ?lﬂrymhereln

/

””

2



L4

bl ender is further pfovi ded with a hopper containing t i

havi ng a bottom openi ng connected to the top 30 open”mmmmm“m’mg'
feed duct. 16. Apparatus as clainmed in claim10, wherein'titfe $oulce® of*
~supply of the reinforcing short fibers has a neans.for cutting at |east one

rei nf.orcing fiber bundle to provide 35 sgginforcing short fibers having a
- predgterm ned length. 17. Apparatus as clainmed in claim 10, wherein the

| spray nozzl e | Formad ¢rd thd 1nmiides puiripherblowudifaicer bifnghecspray nozzle.
i fornmed on the inside peripheral surface of the spray nozzle. 18. Apparatus
:as claimed in claim10, wherein the spray nozzle is conposed of a rear

- portion connectldéd t dpparatusass clajped dmd cdainhd Onawhenein thedspréy and

~having a di ametgp, whi gly | ERARRE ol th YARd BRRAYR iddonhbetdics tdnane Eedrithe
rear open end o tzhe nozzl e and front portion connected tqQ the rear portion
and havi ng5a dicpes eéndugifc Fhge Waderedining Sevileer éé’éiehiaﬁif‘ﬁeadfigﬁﬁ'ﬁ%@rfrom

~the rear open gpdcH intreldes MAAH @n kdcrbase ti@ﬂﬁiwf digrtayicey fronetthe
t rerere

. conposi tion substantially rei n _des rib%cgllp ce to t :
~acconpanyi ng drrz%ﬁrné?.enl§"%.° AOFE o P :%:ﬁna:gpgr nc&ﬁp%S' | q-'legn to
substantial |y ahehaeaim ptatcidrbehdvlaving e diamettert whistc decxrepsey with
- drawi ngs. an increase in the distance from the rear open end of the

10 nozzle.

{_/ 19. A method for spraying a wet composition substantially
as herein described with reference to the accompanying
drawings.

15 '
20. Apparatus for Spraying a wet composition substantially
as herein described with reference to the accompanying

drawings.




