; €3e8QJJKALLMNENT8OVDBCWD 00/ 57001 CRACK | NJECTOR SYSTEM FI ELD OF THE

| NVENTI ON S PCT/ S@9/ 00019 The invention relates to the field of crack
repair of structures. In particular, the invention provides for the
|OMFpFESSd680Wﬁpgbti0n of a crack repair substance into aPEF/8@%/0808ve and
I ncluding a predeterm ned m ni num pressure and bel ow and i ncl uding a
predet er m ned maxi mum pressure. 10 BACKGROUND Bui | di ngs, bridges, tunnels,
roads and facilities, water/sewerage works and facilities, port/harbour

facilities and |i ke structureCRACKINJECTIOR SYSTEM 15 everyday. One type of
repair work that is constantly carried out is the repair of cracks fornmed
I n such structures. Since cracks can vary in nmagnitude and severity, from

small hairline cracks in plaster walls to large faults |r]” mil iing
structural elenents, such as concrete colums or beans, i ”lmm l" "mml ve
that the repdilFLROKTHE BAENFION and correctly carried out. 1f ihe 20

repair work is not properly and correctly carried out, adversities ranging
fromreduced aesthetics to safety hazards may occur. Currently, a nunber of

crack repair Bednesrtioarelatestodhe fialdlof ceackirbpdil of stoturesic n particdan, the shown
in Figs. 7 to_7F.. A crack Ybog_'d s%stem 170 .shown .i_n 2% Fi g 7 its assenbl ed
from several "E)‘éﬂnf'gngﬁ% SR edg' “PFASYie fiec Eingqgraecr? 'SR (5/5“55 8B%R ai ner
hol der 172 afifitoxestatioabovs antingRiditlgl & predettrminedy mihirlum bressur@aad par al | el

cont ai ner 17%‘;@2 an.accordi on-cli ke ,coCLI ag,si ble wall or bellows |ike
section. At god NG PERASErINNG G MBKIMUY, PIRSSYI% 182 and a nonreturn
bul b 192)jpas shown in Fig. 7B, is screwed into the container holder 172, 30
whi ch has an aperture with internal threading (not shown) for mating
engagement WiBACKGRQWNBaded body 184. The tip of a punp is required to be
inserted into the injecting nozzle 182. The non-return bulb 192 is normally

a
Buildings, bridges, tunnels, roads and facilities, water/sewerage works and

facilities, port/harbour facilities and like structures undergo repair work

15 everyday. One type of repair work that is constantly carried out is the repair
of cracks formed in such structures. Since cracks can vary in magnitude and
severity, from small hairline cracks in plaster walls to iarge faults in load-
bearing structural elements, such as concrete columns or beams, it is
imperative that the repair work is properly and correctly carried out. If the

20 repair work is not properly and correctly carried out, adversities ranging from
reduced aesthetics to safety hazards may occur.

Currently, a number of crack repair systems are commercially available. One
such system is shown in Figs. 7 to 7F. A crack bond system 170 shown in

25 Fig. 7 is assembled from several parts shown in Figs. 7Ato 7F. Figure 7A
shows a container holder 172 affixed to a close parallel container 178. The
close parallel container 178 has an accordion-iike collapsible wall or bellows-
like section. A threaded body 184 with an injecting nozzle 182 and a non-
return bulb 192, as shown in Fig. 7B, is screwed into the container holder 172,

30 which has an aperture with internal threading (not shown) for mating
engagement with the threaded body 184. The tip of a pump is required to be
inserted into the injecting nozzle 182. The non-return bulb 192 is normally a
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WO 00/ 57001 PCT/ S99/ 00019 2 ball restrained by webbing or a net and is

di sadvant ageous because the ball frequently does not return to i'ts proper
posi tion. '{‘{ %gglﬁai ner 178 has a neck with external threading that is
inserted into and projects through a hole in a push pl at e PEGAGCIHWM? i n Fi g.
7C. The projecting neck can be connected to 5 a plug 200 shown in Figs. 7
and 7D. The plug 200 is affixed to the rface of the structure under
repair for its crack. A biasing assenbly of a nut 196, a bolt 198, and a
spring 224, icallsbstrainedibpaebbivh driagset ank indidadvantddezte betassetbe dagenbl i es

are used to hias the container holder 172 nd t e 194 towards
each ot her, &)F?éﬁ‘ Q g | fa@f%%%mnew@s %%@a@% 8994 in the
bi asi ng aSSefﬂHckQﬁth%rhaﬁﬂfé‘a@ﬁndﬁaﬁi@hﬂzs’tﬁ%@ |ﬁtb%h@%@j%€ﬂs(1ﬁrohbk%%ﬁéin of the
cl ose parall el contalner 178 when the close parallel container 178 is

enpty. Wen theush Rjate 14 shown indde 76 nEpe arp@qtlagunﬁpléé@@aemmﬁ@edam a
crack 1epalr 4Bleplshbeh if Fids 7 amam i WY YRS bR BhRFLiDgeRp22] € 15

182, the accordion-lik e cl ose cont al ner expands
subst ant i al | ythe ﬁtructuaqmdﬁmrg@alrni@nﬁ@cracw]é«mnasm assembly ohainukéS&a@ | opens

up, the cont h r apart,
resulting i nadcogergplegreegéggns Eggggdig SBIS‘HQE'?%% §ﬁ%&g¢r%€gé2;§g§§e conpr essed
further when bissirg gssemblies areused txbiasthe ¢dmtannérdsﬂd¢reﬂr7&ldrﬂlthepukl&i ner 178.
20 Conpr essi I's, sto | he s 224. i he crack bond
system 170 prpgvpggéq%ﬁ?rdlsr?@cb@%r wgen éf‘%@ﬂg&ﬁsﬂ‘ﬂ!ﬁf’h s’ it suffers from
sever al dllosadvant ages. Fromthe foregoing description of the crack bond

system 170, is ap nt that the internal 25 surface of the
accordion-1iKk G&H"Pﬂgg?gl"ét ipsigg apspmblies apprlyfpeesde cellapsaither 178 i s

capabl e of r@cebm.drgnweaﬁamyﬂhe@rdsutparﬂeﬁeontanher 4i7d WABS Me SiBSe B&%ua% in the
di fferent biasing assenblies naﬁ have ferent properties and thus may

store differ &ontainasddBds 8Mmpdo Qéh%@O%B?WSkWtQ'W Ya&ie 'W%Wltbf

conpr essi on. C t he 30
extension in q_ﬁg' gic*’% fﬁ“ g%ﬁr%?rg@'@%sﬂ?'?@gp.bﬁm\é,ﬁcgﬁ?é%%r springs
are al so Idor rié@2| ghermrdm-hmwau btthefolose pasaliel centainer 458 expandsr e r equi r ed

}D?:‘?‘ ' g?;tglg/r 8 Og%ésggh%almﬁ YTErigthivia hbrtt WndhaRk'asdbordionfRe 0PGRS up,

the container holder 172 and the push plate 194 are forced apart, resuiting in
compression of the springs 224. The springs 224 are compressed further
when more grout is injected into the close parallel container 178.

20 Compressive energy is stored in the springs 224.

While the crack bond system 170 provides for the repair of cracks in
structures, it suffers from several disadvantages. From the foregoing
description of the crack bond system 170, it is apparent that the internal

25 surface of the accordion-like collapsible wall of the close parallel container
178 is capabile of retaining residual grout. Also, the different springs 224 in
the different biasing assemblies may have different properties and thus may
store different amounts of compressive energy for the same amount of
compression. Hence upon releasing the stored compressive energy, the

30 extension in the different springs 224 may differ. Also, stronger springs are
also normally heavier, and therefore because two springs are required the
entire assembly becomes significantly heavier.



More inportantly, however, the crack bond system 170 is unable to readily
provi de" an accurate indication of the pressure of the grout injected into a
crack under repair. Normally, a worker nust visually gauge the | ength of

t he expand®® W53¥e paral l el container 178 and deterni ne aPETE68%4§0819 evel
equi valent to that displacenent. Naturally, this is a highly inprecise
pressure neasurenent mechani sm and non-repeatability of accurate
measurements is often encountered. In the field of crack repair, there are
al so conditions prescribed by rel evant authorities under which crack repair
nmust be carried 10 out. One such condition is that the pressure of the

i nj ected gr olMorgimpoganthh hewewer the cragkibpnd systemildPrisinnghlede reasidy pressure

t hat bubbl gs, b firb (S i . Anoth
such condi t1 G0y fn Beburefl fBitalith bPetrRtlurd BitheldroiineBRAIBSL, O P L
t han or equalcraak undeaxepainn Norewlly| & arier ensstivisuslly gauge thedengtmokthei | | not

'S Gt sadugnt dRBeY fotn BRrUAShmn o R B IA Bt lee Bl b escure |
wi th which t hquiaishe b that dispicement. aNatarally /Bisie @ highly imprepsepredgipg n, it is

al so onl ossible to determ ne a maxi num pressuyre roughly by "eyebal | ing"
the ext ens| oeASUaROR: MBeSHANR 2N PN BRAIRRILY Of AECUrels DERSHIATeNtS is: ¢ 0o

much pressur efieh gPElintBFbd. ArANG fiEIAILT SFAcRTEFAIE thdte @rd BisbhdnbifibRsidi Ny bet ween
t he threaded body 184 screwed into the container holder 172. Consequently,

excess pressArescinad by dalevantraytherities ynder whigh geaskdepaip mustbe cariedbond
system eard y., | oL r i tem for

| ow pr esgil l9r e d% Prqjaesgte ri?rgﬁﬁq)lpégﬁftba{t&?%ﬁ%ﬁé@“?%?@ﬁ?i nto nﬁausngck. SUMVARY
Vari ous aspeduerediian breequal énaimininiune pescobed pressurerss that bibhies ane noter coni ng
30 one or nor, | S [ L L ens. In
particul ar, tfﬁ%ﬁjdgz@g%?g}og?ﬁﬁj'gﬁlf ﬁ%‘l;%r? P%nﬂﬁé’tberg.fufcg\&dggﬂkﬁb 'sag'é? sing the

di sadvant age pressuoe ofthednjecteld groutvreudtiatstethe Iess thanr arpmjual toys maxgndmat do not

WO 00/57001 PCT/ S(99/ 00019 prqgvide an indjcation,of the pressure with which
crack repair %ﬂﬁ%ﬁ@é@ssﬂ%g‘? ﬂ]aéﬂzeegaggwﬂim?bﬁtqn@{g?é of ggipq’@ééf“f'ngyst ens
into cracks. théreprQpréessse Tre systerh of Fig. AsPdisadveintddedusivvihat ey, there is
an apparatus for, 5 injecti nﬁ; a fluid substange L_n%o a cra(ik,ﬂg e apparat us
i ncl udi ng:  a PRSHYR REPISHIA i8dNe MINIAERD H%ss\é@\)'('ﬁ'w ich the.glopedP@lel on of the
housi ng bei ngontaine?ayB Hogirs t8ldxpahd AAFAR! & i aisdofly pksible taldeterRiiid 8- | | ke
menber di sposed within the internal cavity of the housing, the periphery of

13 H " e g
the plate-| i KREXBHMAros e 1eughy by reveballingr beiexrtension ofdne cigsed paraliehe
housi ng def i RisRE: RN I CRVH AL ¥or ,ﬂ&@ L dl QgRUNi cati ng
the fluid sub@gﬁ%r'{iégqggt mﬁ'ﬁé"naé% .gigog?iu% e gF%rtEgg F{(iﬁéﬁcﬁgyn%%r and the
crack; ad meseapd twoughdtbietireaningheiween thedhreaded body 184 screwed into
" the container holder 172. Consequently, excess pressure can lead to
rupturing of and damage to the crack bond system.

Clearly, a need exists for an improved crack repair system for low-pressure

25 injection of a fluid, adhesive system into a crack.
SUMMARY

Various aspects of the invention are directed to ameliorating or overcoming
30 one or more disadvantages of conventional crack repair systems. In

particular, the aspects of the invention are directed to addressing the

disadvantages associated with conventional crack repair systems that do not



menber in a first direction within the housing, the plate-like menber and

t he .bi asi ng nmeans bei ng responsive to pressure created by the fluid

subst ance | Ixd comruni cation with the crack and the pl -] menber
the plate-Ii Je(’}#(gﬁlrrerrber able to nove in an opposite di regﬁlgﬁgwh t he
pressure exerted against the plate-like nmenber exceeds a predeterm ned

m ni num pressure, at |east a portion of 4the plate-like nenber being visible
through the at |east partially transparent portion of the housing to

i ndi cat e t he ppovidesan indisation efitheypressuré Withavhiciberaak tapairgaibatancesarepl at e- | i ke

menber. 20 1n. ' . Of i nvention, there is

di scl osed A hﬁ%@ﬁgﬁgﬁ%ngé%\ncgaé(e%%gﬁ39535 g’brz‘itﬁccééél}gi ng a housi ng having an
internal cavity and a plate-like nenber for filling a crack in a structure,
Subst ance. belMBBHrARNEeOTL Bt 38095, &7 RUTUERoT RIS a7 SRRIHE o ek

bi asi ng the pjdtinglal fitfd BGIEWAMCe iAtdPa erdcH Sthe lapparates inBlutidgPa heasihg Pressure
exerted by the fluid substance in fluid comunicatjon with the side of the
pl ate-|ike mbA¥ee apiptemacayiveRt leaple BPROR RENGINAUEINGIRANGEBAt i s di spl aced
N an opposi gsgrtQWﬁQﬁé eHWE%uB&ﬁnﬁéllgﬁé{é-%kéﬁanﬁ diposBE withifi tHe SUbSt ance

exceeds a predetermn m nimum pressure; 30 and indicating visually the
pressure exeintemabgavity of thelhausing thesprriphagsefibe plate-like member ke menber . WD

00157001 ©, Slatngll S S RN S SRR bR ™ ©f,
whi ch: 5 1Bi g caiity; meanp éorduily coramunéating the fiuid substaneecheiwesry she sidaccor di ng
L 1 e PR RAES oS AP Pl B vk o BeE AR o Ve,
of the crack memtsertimg fisstdirestica withip the hodding;itige platfe-like memebesd thenal vi ew
Fi g, 48 15 aRESOVASHR RANY IHOBR Y (b PIRgSUR PSR LY Hm iy SUBRaDGRIcr ack
i nj ector fiuid communication with the crack and the plate-like member, the plate-like
15 member able to move in an opposite direction when the pressure exerted
against the plate-like member exceeds a predetermined minimum pressure, at
least a portion of the plate-like member being visible through the at least
partially transparent portion of the housing to indicate the pressure exerted by
the fluid substance against the plate-like member.
20
in accordance with a second aspect of the invention, there is disclosed A
method of injecting a fluid substance using a housing having an internai cavity
and a plate-like member for filling a crack in a structure, the method including
the steps of: communicating fluidly the fluid substance between one side of
25 the plate-like member and the crack; biasing the plate-like member to provide
pressure in response to pressure exerted by the fluid substance in fluid
communication with the side of the piate-like member and the crack, wherein
the plate-like member is displaced in an opposite direction when the pressure
exerted by the fluid substance exceeds a predetermined minimum pressure;
30 and indicating visually the pressure exerted by the fluid substance against the
plate-like member,



systemof Fig. 1; Fig. 4Cis an elevational view of the stemof the crack
injector systemof Fig. 15 1; Fig. 4D is an elevational view of a lid-like
cap of the crack injector systemof Fig. 1, Fig. 4Eis a bottomplan view
of the |id¥P%RE&®hp of Fig. 4D, Fig. 4F is a cross-secti oRETSGIOYS t he
lid-1ike cap taken along line 4F in Fig. 20 4D. Fig. 5A is an el evational
view of the crack injector systemof Fig. 1 in an initial state of use
where the systemis enpty; Fig. 5B is an efevational view of the crack

i nj ector sysmpfoﬁgmpmwgpq}gypmwmwth epoxy in used; 25 Fig. 6 is

an el evational view of non-return valve used in the crack injector system
of Fig. 1, and Fig.7 is a perspective view of a conventional crack injector

system Fig. ormthe
convent i onai FBSHinaNE o i ARGt ferk St RitalS ity BISERE Bwe o\ ' Vo
00/ 57001 PCTHE689%) 00 whigh: A net hod and an apparatus for repairing cracks in

structureg are descri bed hereinafter. In the foll ow ng description,
nuner ous specific details, such as the construction and shape of structures

like a cap OoFigq 106 hg:ermandesmw difeericraok thggaadr syistero aoedrding toadirstde a nor e
t hor ough descriptjon of the present invention. 5 1t will be apparent,
however, to GAWOIMENtGAtheInVERNON ¢ that the present invention may be

practiced wi W@t.sfah%&aloaaa@ewfecm ab%v&:ftﬂélc@blaﬁﬁeétaﬁéﬁwaf F@eh known

features or structures; for exanple a coil ring, are not des bed in
detail so asFiH8 'sanmesﬂmeww @Bé‘é@ﬂi@n@ﬁ risistem ofdrig. 1:0 The enbodi ment

of the "we”‘i:'igg'lAq?%ﬁ débé\?di‘ioﬂ@ﬂﬁé\%f %%rcgrﬁg&idaﬂﬁédafﬁn@%ﬂﬂﬁ e bfllek! OW

pressure and [ow speed 1 njection o 1T su ance, grouting
mat eri al, or lmemerrsyfslam@fﬁlmésl ve substance into a crack in a structure.

e, Crack. R e SRR B0 SR SR bBg Ye He B
nmaxi mum of 1§y$temfa§rFa¢1I1){ 3kgf/cn2. The crack inject or syst em when fully
of 3 kgl cre T D Ypuienaniek AL E A AL as ok SeRer ST S6FEE whon
fully filjkedqwi th epoxy resin
Fig. 4D is an elevational view of a lid-like cap of the crack injector system of
Fig. 1;
Fig. 4E is a bottom plan view of the lid-like cap of Fig. 4D;
Fig. 4F is a cross-sectional view of the lid-like cap taken along line 4F in Fig.
20 4D.
Fig. 5A is an elevational view of the crack injector system of Fig. 1 in an initial
state of use where the system is empty;
Fig. 5B is an elevational view of the crack injector system of Fig. 1 partially
filled with epoxy in used;
25 Fig. 6 is an elevational view of a non-return valve used in the crack injector
system of Fig. 1; and
Fig.7 is a perspective view of a conventional crack injector system.
Fig. 7A-7B are perspective views of parts when assembied form the
conventional crack injector system of Fig. 7.
30
DETAILED DESCRIPTION



(see Table 1 ). 20 Table 1 Spring Extension (m)Pressure (kgflcn)Qantity
(cc).11.12.631.37.851.513. 271. 715. 8102. 026. 5132. 334. 3152. 539. 7203.053.0 WD
00/ 57001 PGl a9y 00019 7 The crack injector systemcan be used for
structural /non-structural crack repair of structures suchP§YS6I9%°ngs,
bridges and tunnels, roads and facilities, etc. In addition, the apparatus
permts the use of both | ow and hi gh vi sg:osity grouting materials for finer
and | arger cracks respectively. The crack injector system can be used with
a grease- punp Ctﬁ,ﬂﬁf g appayetusfaniepatingsyaaks an siiectures are dessiibgdessur e
inject the e [ r ective,

and el evationa I(’/lé@é\:r\/s qr(‘)ftﬁét ﬁ)ﬁog&g&@?ﬁt@@t @@ﬁg%%g%eﬁﬁghg%ﬂg s@?@%& i nj ector
syst em 100 i shewnonsisetidh gndishage of stryctures likd a cepor agbsg, argpdesesbed 10, a

bnd 5 mons co ki nardd t B5viees iR BGpdoE ceftrBibn of Bl invafudt o7 1 Do,
are prfafe grsgfgmng(l{ﬁh?pe{rjﬁle I;_wlgé\gargtgg:ng&kmgdhmtrﬂi artyhatithe Efesenﬂhberﬁi&hi ng 108
1 o aar B DY B ESR o Gdna seacE derals. Tother HatAnsss st rr ough a
cavity 128 ofynbiif featehey orlstictupbs, G6r ﬂaﬁfﬂéatcbﬁ‘-sﬁm%)éréﬁét descAbéd @ crack of

a structure via the centre aperture of the he non-return val ve
130 is pref erd@tAiks@giBOIP UANPERRSEFIlY W&P'éﬁeltﬁqi "'B(ﬁﬂt'%s a radially protruding
ridge at the tip, which prevents the | eakage or back flow of the epoxy
resin, grouting or like material into the cavity 128. 20 Fig. 4Ais an

el evati ondl \iheweraodimenty theinieption desdsibed hereinafies providaser apraratys i ndr i cal

renber 102, Wi f) dr8s Qe RGN Lobd PARRABEBF o R rdhdY Lifica by ily 104

The cyli ndr| cal as an ori one en an anh ottom
with a centr ahatepa bluoﬂaeaﬂwd ladhesite sutesiahaddniora craclkin astmctuxzel Thavity. 25

The cylindrical body, 104 a r duate mar ki ngs the surface
of 113 body (T NBHELAIET RenmeLRfrads e B R PR ¢ hi n i he
crack. Pref eramapoxy résinnatrakinirgrausi of peéfepablytl kgidne? adteadnaphm@frent of a
plate in nmm Pr 104 al so has

ci rcunf erlent .P&?fgpﬂ%&ﬁgdf@ﬂint Q%O‘Ssjr ¢4 iniestar sy S@W@%ﬁbﬁﬂg fgacijggg PRO¥Ynaxi num

pressure | eV%smTé]@ctﬁ%é eﬁqu@bmaﬁtmmbﬁéxum&m prbSsurb @8 3kghankingy theki rt 106
with external thread |ng t depends from the annul ar boftom of the

cylindrical I56RRK anskhasts gapacity ojggefgrgbly 53 cc when fully filled with epoxy resin
(see Table 1).

20 Table 1

Spring Pressure Quantity
Extension (mm) (kgficm?) (cc)
1 1.1 2.6
3 1.3 7.8
5 1.5 13.2
7 1.7 15.8
10 20 26.5
13 2.3 34.3
15 2.5 39.7
20 3.0 53.0




WO 00/57001 PCT/ SG99100019 8 integrally formed with the cylindrical nenber
102 and is preferably nmade of a rigid, largely transparent material, such
as hardenegﬁplgitic. Fig. 4B is an elevational view of the E}ug 110 and an
annul ar waSHP 18 the latter being preferably made of rEEHSEIOPRE pl ug
110 has a plate-like base 112, which is preferably octagonally shaped and
substantially flat wwth an aperture in tpe center. Plug stem 114 extends
bet ween the base 112 and a cylindrical cap 116 of the plug 110. The stem

114 al so has m:m’abmﬁféém systorm tan berused forastuciunalsontsiruetighl dragk st em s
center, which Br,ef rably has

| engt hwi se 10 ribs (not shown) protruding into
the cylindri c&PAER Bl .t”r?ﬁé“EQ/P.F pﬁ"@ﬁ% kridges spd e,%.f%aﬂ’%t hr eadi ng)
whi ch can be fgBilifigt)eit. ARGRARGN MR bpafatay beimiel thé 56 3 bot 1% dnBhigreck 106.
The cap 116 al so has an open orifice at one end and an annul ar bottom at

the ot her. THESGAs{ty 9noLting snaterirds &ar finer ppd iprgertcsacks) respeetivalable pl astic. A

rubber washer i I =1 116 and
provi de a%geacfr;%'g'tn egs?ﬁfgnﬁ%%ﬂ%g@ﬁﬁ ltﬁﬁeaﬁée%iaq@ét%ée?ﬁc%y |tndri cal body
104. Fig. 4C pumporsimilaideyicelto (dveprassutehinjepttbr@poxp tasithe pusher 120 has
an elongated, cylindrical stem 122. The cylindrical stem 122 has a

band-1i ke 20 groove fornmed circunferentially on its external surface and

proxi mal to dfigs.eiR8 ard pempectiveaexplofied pénspectivapant glevational fiewswfitHeet ween
the one end of the. cyli-ndri c@ stem 12§.and t he baqg- Li ke gr oove. The
frust um por t | BACKIRIPCHI G¥BE™ Hr0n ENe cpckiniactpneysters 1 00 i3 AR agsemily fhect i on
with a nogzl esix pard.ci fiudes o puiskiebH 20 08 fd-like cab 407 dyfiRdiddIBidhtbe?POXY Of

ot her fluid substance. This 25 pernits easy connection and renoval of punp
fittings fromG2na coiseang 08 aplug 11G@ndadn-efumyvalvest 33. T el ongat ed stem
122 is cyl i ndy i | ' : pposite
the nipple f%’mﬁgﬂgﬁgf tlgﬁn%gé;’]ciléﬂg ur n%\ygﬁ%\}ﬁe%&%% d'&é‘fg@y ﬁ?iéﬂﬁflﬁl{é@gffsm

ext ends r adi sandy48 manintdiametesml g Zoiwsoring 108 ingoiied araundtbe pugherf120he st em

having the e rf | A T i.s. formed

I nt eg?al |y an@ﬁ%%es%&'j Eﬁg‘?%to? ﬁ‘fﬁé’@%‘%@%%ﬁﬁ% t%%ﬁp%rr%ﬁ%hger al edge
of the plHt e ceEPvbenpuumped thnoughea cgvityol28 dfibe pusherd26j whith ejedttHa0/ 57001

PCT/ S&9/ 00019 O 1 6...T AN 26 | f f
Fubbory mat er8Pay PAHIEIT 8kegckiey s HEe e Faplrd oL ey Pl ek <

pr ef ﬁngl %/ harmimfdh an!:m_&iaivaﬁﬁigprd@é%ﬁﬂ_?_ﬁbﬁi@ﬁbb!_ﬂ%hdéwlazg Hﬁb@ | i ?ll i ke
ca of the,crack.injectpr st em 100. e |lid-like ca as_a flat
upBer surtacd ag'ﬁ[iy g" q“i“%ﬂ rfq%g %itt‘%ﬁp's‘&'f"w pEFé’BB%&ﬁ?\ iquPQﬁPF Rack P sur f ace
and concent r itAgepyxybtdsiv) gFbuting lbr fike Fidterd irflb igedaRity 1RBer skirt that depends
from a bottom surface of the cap 140. The inner and outer skirts 144 and

146 (shov@r? in a bottomplan viewin Fig. 4E and in.cross-sectional viewin

Fig. 4F) thermgysl ﬁran @Byariongl ?éwgsfweynﬂagriéé}%aemﬁarqfoz.c%erTmHé&ni he

circular edge of the orifice of the cylindrical bodtyh104. I_hg_ lg_éi ke cap
, has a cylindrical body

140 al so has @lirgricamgmbgpdP2.uwiich i pieferably diagpparpe
104. The cylindrical body 104 has an orifice at one end and an annular
bottom with a central aperture at the other end defining an internal cavity.

25 The cylindrical body 104 also has graduated markings 160 along the surface
of its body for indicating the pressure of the grouting material within the crack.
Preferably, the markings directly indicate the displacement of a plate in mm.
Preferably, the body 104 also has a band marked circumferentially on its outer
surface for indicating a desired maximum pressure level. The cylindrical

30 member 102 also has a neck or skirt 106 with external threading that depends
from the annular bottom of the cylindrical body 104. The neck 106 is



centre of the cap 140. An epoxy can be placed in the groove to fasten the
cyli.ndrical body 104 and cap 140 together. A hexagonal housing 142 is’

integral |ywid wi th the upper-surtace of the lid-like and has a
15 central ci rocu faw cavity. The circular cavity extends tﬁ%@ﬁé??%?ﬂg centre

of the hexagonal housing 142 and the cap 140 and pem~its reciprocal
engagenent between the cap 140 and the fkousing 142 on the one hand and the
el ongated cylindrical stem 122 on the other. The cap 140 and the housi ng
142 are nade notfegeallyifgmdrmtretheanyhn@rmf wegbey 102 a0d iprefarablyimadexsfa-i g. 6 i s

an el evati onarg %geﬁ @gﬁar@ﬂpmra?ér ngéu}éﬁggﬁagd%gedyfshﬁon return valve 130

has a coni cal ne e ormng a r ally protruding ridge.
The coni cal portl on 130A is followed inmediately by a frustum portion 130B

e e,
portion e non
return valsve lsmﬁbemgﬂireﬁerme@&idé éfyher Teelpluzpt 10 has 4 PRIe-liRgBagy | i ndr i cal

portion 130D has four W se ves formed therein o provi de four
| engt hwi se ou1t1\3aWI3|°§' '?)Pﬁr‘)gré Wrﬂf‘?gg é’ﬂ%@é‘rﬁr\ﬂfﬁ‘-&’ﬁta@ﬂﬁ Zathanow, 30 The

crack inj ect OJrPe'FMFéiﬂrth»QQntleﬁ 3G SleREPH 4 OkEdvBdtRbeh helbSt P2 aig 4l | with

reference to . When the crack injector system 100 is assenbl ed, the
end of the eIWh@QItCQHCQR 16 afbeplug HiP.t Fhe stercli4 ¥lgo praacylindricakcayityposed i n

WO 00/ 5700l Qi Q@@}e

cylindrical R&gﬁé@a&@hr ouhﬁ&"ths}ﬁgrsﬁﬁégeﬁt?ﬁ Flzgrfglg\ﬂaw({ﬁst?)@ggd in the
angul ﬁr geroombs](aet &bbwnl)uerqm.tﬂng infthe eylindsicalzavity.s clale dylindricahcama 1| at e 124
and the inter t t p05|t|on
The plate 1o AHe3HiE BFdadie ot ot BE et bbedd Bithvtae bREERT .5 o poet i o
the ni plpl e scthte!:ad}{ngtdﬁ@heenel::lofoat§ hﬁwscmhwszalsonasantopenrwﬂm adree émdfs [ nblt he
i nt ernal cavi of t 8 nea r.? erably
directly contaci%’t m@ar}ﬁﬁamt B%Pﬂlﬂ‘h EP Pﬁ'@ {ﬂ %fla 31%1? The
non-return vadru@rébw plastid] PoeBBEr wasrtdaa1e@bﬁwmcbnnnéhhﬁuaﬂboﬁdmoﬂm ty 128
at the end of the eI ongat ed stenblzz op Slt he r}Wf q]%ﬁV\b‘len i nserted
into the bt erf@P2d8 apdpravida & seah Weéﬁﬁ Bdf &F;ﬁ R%te holes in
the stem 128 ntﬁﬁ!:'aﬂbé oaal ve 130 in pl ace W|th| n the stem 128. The

coil-spring 108 is c0|Ied around the | onger portion of the pusher 120 on
the opposite side of the plate and located in the cavity of the cylindrical

15 body 104. ge«i |shar] élléeamau viéd dfméeﬁus@ﬁgqlﬂ@smagusﬁeraqublm%ﬁ0 the

cylindrical 104 to enclose the coll sprin between the plate 124

and the bottcﬁ‘mgateda@nlInﬁncaiﬁe@aﬁ214ﬁ1wydlndmwé5@m12{%1ha$:albané-ruber 102.
Pref erabl y, 2@8 %Pm?&’&ihe angéjltfaﬁ R@%%ﬁ?ﬁs&ﬁ&é&?n&ﬁ t6 fePl ate 124

firmy press agal ns ar ottom surtace o rrcal body
104 in the syswerlt als@bas adtusiurs shapead partien @xmedrb&tweemb&@noferldm#tmECk 106

of the pfug TrieHcalBBRET2Z o R baERE TR, THe i BRI T, ™
inj fct or1 03 y s tgroovediorm a tipnori nipple dbr “slipbr’ ainnestionkith e riolrlecpratdrablpjaect or
system I

FTled with dSEP o Bh i for %Fé‘gﬁf?{:%%& F’Ebﬁ"%ﬁ{"P BB RNy bt he
epoxy resisn Qerinlis ehékeannectisiiand eemoval of pump fittings from the injector system
100. The cavity 128 of the elongated stem 122 is cyiindrical and has a
diameter slightly larger at the end opposite the nipple for housing a non-return
valve 130. A disc-like plate 124 extends radially from the stem 122 and is
proximal to the end of the stem having the enlarged portion of the cavity 128.
30 The plate 124 is formed integrally and concentrically with the stem 122. The

outer peripheral edge of the plate 124 has an annular groove 126 for receiving



I njecting the substance is connected to the tip or nipple formed by the
frustum and groove portions of the cylindrical stem 122. Specifically, the
nozzl e of _the punp engages or clips on the tip or nipple of the cylindrical
sten1122,v§ﬁﬁm$ﬂﬂ 30 epoxy resin is punped into the cyli FfTYSCAPOWR ity 128
usi ng wel | -known nmethods. The tip of the stem 122 al |l ows nmanpower
reduction. Wiile the epoxy resin is punpgd into the cylindrical cavity 128,
the epoxy resin flows WO 00/57001 PCT/SG9/00019 Il along the | ength of

the cylindrigfD-68y 126, IﬂBOiﬂq%W@Fs préfaraisy agesof bidbber)I0Reridi3Ghe and 130D
of the non-return val ve 130. e epoxy resin first flows into and fills up

the cyl i ndriR¥§hef1¢Pismadeofa ngid,gatariahwhich isgrefeakly,bardenediplastic cavity

of the plug stem 114 is in fluid communication with the crack under repair,
the epoxy resin also flows into the crack. Resistance or opposition to the
fl ow of epoxkigr 4Biisanelayatieral viexeaf thailiddike ¢pp 140 $f theecrapgk intastafpoxy resin in

the crac tl ' ' e resin
W thin che coraEg, e bRl Bb Rl 2 fitFREF A prida RS IRPERY: L°7
count er ed byskirt dapenging frenr thefuppeesurfacet dana camdentricallyealiphedwitha fitted into
the internal cavity of, tha neck 106 by the cai 1ng 108 hjasing the plate
124 toward tﬂ@ali%r .e\ﬂﬁme{ﬁﬁgt ?te%esfépgs ﬁg@&é‘i@fﬂég%ﬁ(mﬁbggare provi ded
PK thet_end 014‘{1-*‘?“?‘2”5*@ aa&otuthérgmsimu]gan‘dhﬂttsi(sh%ﬁ&t abaud:rmplaﬁ\gé\bm neck 106,
e entire pusher ) is pushed away fromthe epoxy resin building up in
the cylindriE' Egéﬁ’ﬁidt'? cepssrectiongl yiew 'Qrﬁ?‘-i- ) t?ﬁ"ePYlF%m%%ﬂ Apnulangogyesssure in

the epoxyp r eg4d) WiR@TB&s rateRedE CREGENGIhe B théBrifidy 6RY Eﬂindﬁ&ﬁftﬁfd?b! y 1
kgfl cnm2. When the entire pusher 120 is pushed away bythe epoxy résin and

nore epoxy r &4.nThe lighlike eap il 4D alsorhasa sifawariaparntuedermed treughthe epoxy resin
starts to fi 1Q6. L, i S

cont i nuousl y&écﬂtgég?fgﬁgggﬁﬁg% &eEp\réggl%Sgg)gila?%g @&éﬂ?"%ggé | saé%ggatéés fromthe
neck 106 at @ylipdrical dbokiyr 04 @ndtcapAdOtthgetheni Ahexagenabhousing ¢42is starts to
flowinto th \ : | |, cal 10 e, exerted by
the increasi ﬁ&éﬁ@%l'fﬁgﬂ%? w&géﬁ%%é@f‘é’% ﬁgg?g%éth;ao@(r? %@gﬂ\@%ﬁtaces of the
clyl i ndr2 i5¢?lz4b¢nisal tiveulamchvity. D‘&ﬁtcircmlhacawm@xtdnd}smmggh tr;"a”mmmgmf of the
Bs"such.  ini hexagRBarbisng 14 e KB BT Sehdimite SRR RgReRBOEL Y £y of
the fy:ji Bdritﬁawebg?ﬂue &Q&mgggam:enommgtamiedmd\aﬁe hén%b@d {mecdio Ia@@cﬁurteh
created by . CQi |l spri e plLate i s pushed rearwardly by the
epoxy resi n.cﬁﬁgr'ﬁl 9@323 °@6%P§?§e§-_ﬁaﬁﬁpﬁﬁgﬁé‘p_§¥‘%n%ﬂﬂ%?ﬂﬁgrecoi | spring
108. 30 The pageDfbeighd mbmia@wémréwh&déh@w?@gm.nto the cavity of the
cylindrical body 104 "al so acts on the non-return valve 130 in a direction

agai nst ehe flow of the
‘ Fig. 6 is an elevational view of the non-return valve 130. The non-return vaive

130 has a conical portion 130A at one end forming a radially protruding ridge.
The conical portion 130A is followed immediately by a frustum portion 130B
forming a second radially protruding ridge displaced from it. The frustum

25 portion 1308 is then followed by tapered mid-section 130C, and the non-
return valve ends with a largely cylindrical portion 130D. The cylindrical
portion 130D has four lengthwise grooves formed therein to provide four
lengthwise outwardly protruding ribs between which epoxy can fiow.

30 The crack injector system 100 is described hereinafter in greater detail with
reference to Fig. 3. When the crack injector system 100 is assembled, the
end of the elongated stem 122 having the disc-like plate 124 is disposed in



WD 00/ 57001 PCT/ S&9/ 00019 12 epoxy resin over the non-return valve 130.
Due to the construction of the non-return valve 130 and the internal

chanber 12 ack flow of epoxy resin is unable to ov back
pressure pra»gvthQZo(ngy both the frustum portion 130B and thg&@gﬁﬁé@&%portion

130A. When the cavity of the cylindrical body 104 is filled with sufficient
epoxy resin (shown in Fig. 5B) to a desjyed level, preferably 3 kgflcn2 or
20 mm the introduction of the epoxy resin is stopped. Advantageously, the
pressure of ttheirtgrozlcharsber onicabityoftthe cyiraicikaldmly @4 through ity odfiescked i n an

accurate 10 nner. usi the graduat ed mar ki ngs 0.as descrihed in the

foregoing. Th 65’,”%#@%85%’?%&"@%3@HEUIBT ﬁ'foggﬁéig\ﬂfﬂmﬂals?h@“gavi ty of the
cylindrical heevidd84eabbstivess thdpiatte1 44 yastheantermd sudscd dfahe kylinapeaical body
104 indicates the pressure of the_epoxy resin in the crack. It can also be

€5 - p . (
used to det eri®didOfia ity FRs Prsifions TB%BL%G 1 &4 ispretesably displaged &gaxier esi n
stops fl ow ngp ' : ' ' drachf pl ate 124,
bi ased by\@l hgequorge{g'éédg%gf ?ﬂs‘gyﬁ)igget{@%?ﬁé!{da%bf@bexert ﬂié)pé)tre gi?u?r e on the
epoxy resin iappesite thewnipgle §its intke injernalpavity pf thedyeck 196 andithe platssisur e act s

to eject the [ : ' 0 I ' 104

t hrough the {%gg;%inﬁfg'rgid@%ﬁepé(:@/@i)%‘g%%{%‘spﬁhu%%%gnﬁdf?ng ﬁ?ﬁe Pﬂgﬁ{)‘%%ni ng of
t he crack. Adodiad04elTheingnensturo valvesl3onis disposed indhs entargesipartiorgefitbeat e a

pr edet er m ned,_m, nj q%r eSSUL G ﬁ'“ﬁf etrg ;‘ é flgr]f~t an maxi mum
pressure, pr&?&%ﬁ%a Sfﬁr@rﬁL BROPEEe %L%g@ ? gPR,S ehQ 5‘8’ resin i s hence
ejected by a pre;tsureSVM thin this ragge. dep;apdent ;JponA]t he vi scosi EK of I t[]e
epoxy resin its cyring or rdeni ne rate. so,, . since the plate
Thazont | nuodbhon nsefte ith i, aqin ke Shitn) e pesseAdaORNy

i ntervention gppbéite hdles M Pdekéh 2826 holdthaVake 1303 plade WitAFrStHb Stéth 1
kgfJcnz is reached, the ejection of the epoxy resin ensures that a

pr edet er i ned 281 rTVAARIAESE DB 15 Solerl et inerionass POHIEEICT the Pusher 420
advantage of drfthg oppYSitY 468 of theldidtb anbfocledinithe %ﬁtw@fttﬁé e,gtn'aﬁcay stem can
be easily determ ned, ensuring that a user can accurately determne the

pr essur e land bedirv8dt Thediddike cap 14@rintgeengagesandis afixed to e aylindriad 1

repai ring or atty 0t pFRoreNAISE 18 colfbe A 12R MR BN 0! o
t o one skil | surface ohihexap 149 witretheslylindricel memben 402.e Préfenablyutherenils changes

andl or - modi {iggahs 468 1€ @li{ies B Endlich10 eef BRbiEld Hod fifly bitssd oPe and

spirit of the i nvention.
against the annular bottom surface of the cylindrical body 104 in the system’s

20 rest position. The external thread of the neck 106 of the cylindrical member
102 can be screwed into the cylindrical cap 116 of the plug 110.

Figs. 5A and 5B are elevational views of the crack injector system 100 in an
initial state of use where the crack injector system 100 is empty and when the
25  crack injector system 100 is partially filled with epoxy resin in use,
respectively. To fill a crack with the epoxy resin or the like, a pump for
injecting the substance is connected to the tip or nipple formed by the frustum
and groove portions of the cylindrical stem 122. Specifically, the nozzle of the
pump engages or clips on the tip or nipple of the cylindrical stem 122, and the
30 epoxy resin is pumped into the cylindrical cavity 128 using well-known
methods. The tip of the stem 122 allows manpower reduction.While the
epoxy resin is pumped into the cylindrical cavity 128, the epoxy resin flows



WO 00/ 57001 14 CLAI M5 PCTI S&9/00019 1. An apparatus for injecting a fluid
substance into a crack, said apparatus including: 5 a housing having an

i nt er nal cg&hﬁy ?t | east a portion of said housing being at |east
partially {ra 550:5’ ent; a substantially plate-like nenber ECTSEXYWOW t hin
said internal cavity of said housing, the periphery of said plate-Ilike
menber contacting one or nore internal zrrfaces of sai d housing defining
said internal cavity; 10 neans for fluidly conmunicating said fluid

subst ance beta@enthengith dethelfcyindntaptalig-12skhd b ee gartosai 3bLr ack; and
means for biasing said plate-like nenber in a first direction within said

housi ng) sai d3ABal¥Giand 1TRGR et thenendgtyin ¥alNe138: neans bei ng responsive to
pressure created by said fluid substance in fluid communication with said
15 crack and said plate-like nmenber, said plate-like nmenber able to nove in
an opposite diheeapoxy resimérst §aws inte @pd fileup the eindecglicavty efdhelpjugat e- | i ke
nmenber exgee e refl Wl r .gportion of said
pl at el i kegne(r%geen?@gi %@c&tﬁ%%ﬁ@%?%ﬁ%&@é%ﬁg&ﬁtgﬁ&4%%?{1 iﬂadl y transparent
porti on of saochnumicstiog with thedrack undsarepain; tresepoxy easin aéso flowsseiothé! ui d
substance against 20.said plate-l.ik er.. 2. The .apparatus according to
clam . whobkdk FEPanE T sRemsitig Tn BRI ot sesin TRV #3eR Cont ol 1 ng
flow of saidpuildé dp ptersurnane BpoXiEredininthe Orack 28oAsedquemtipARr at us
according to claim?2, wherein said at | east_l{)art iall é_t rans,g,ar ent portion
of said housiPRESSUFRISUERRSTRSTRG DR APk TeSIyYtn the,sinanea) CRVlY ¢fdbe ng sai d
pressur e 1gxerhffistbm . drris BretsatDS cB0ARrDEY) 8Bhck piddsivedbfndd kethaember . 30

end of the stem 122 fitted into the internal cavity of the neck 106 by the coil-
spring 108 biasing the plate 124 toward the crack. When this pressure
exceeds the back pressure provided by the end of the stem 122 fitted into the
internal cavity of the neck 106, the entire pusher 120 is pushed away from the
15  epoxy resin building up in the cylindrical cavity of the plug stem 114. At this
point, the pressure in the epoxy resin reaches a predetermined minimum
pressure, preferably 1 kgf/cm?. When the entire pusher 120 is pushed away
bythe epoxy resin and more epoxy resin is pumped into the cylindrical cavity
128, the epoxy resin starts to fill up the neck 106. While the end of the stem
20 122 is continuously displaced from the neck 106, the stem 122 disengages
from the neck 106 at a particular point. At this point, the epoxy resin starts to
flow into the cavity of the cylindrical body 104. The pressure exerted by the
increasing volume of epoxy resin then acts on the inner surfaces of the
cylindrical body 104 and in particular the plate 124. The surface of the plate
25 124 in contact with the epoxy resin also develops a back pressure as such.
While the pressure of the epoxy resin flowing into the cavity of the cylindrical
body 104 continues to exceed that of the back pressure created by the coil-
spring 108, the plate 124 is pushed rearwardly by the epoxy resin. The plate
124 compresses and therefore loads the coil spring 108.
30
The pressure of the epoxy resin flowing into the cavity of the cylindrical body
104 also acts on the non-return valve 130 in a direction against the flow of the



4. The apparatus according to claim3, wherein said biasing nmeans inc|udes
a coil-spring. WO 00/ 57001 PCT/ SG9/ 00019 15 5. The apparatus accordi ng
to claim 4wo%§%§i n sai d conmmuni cati ng means includes an el ongat ed nmenber
having an I'nternal cavity) said el ongated member being colipTRF08%8ai d

pl ate-1i ke menber and 5 said val ve being housed in said internal cavity. 6.
The apparatus according to claim5, whengin said graduated markings further
i nclude a substantially calibrated range of indication for indicating said
pressure exerapaay bgsisaver the nod-retuins valne 8 30.s Bud to thegeortstriuatipri®f thet ween and

including 1 kgflc n flc and said nr erm IL.Ni,Mum pressure
being 1 Kkgfl .:re%ﬁﬁ&eﬁ?%m“ﬁs '@g@ﬁﬁﬁ‘?@eﬁgﬁgl {S\@ré%ﬂf\%e TEPR% ai d

gr Sduat ed n?rfesi?g§ uhablé twpvera@dﬁadm Pﬁb&br@idr&!pgoyidétﬂ tbybbfth&ﬁe frtaﬂgmf of |

i ndi cation for i ndi cating the vol une said internal cavity of sai
housi ng) sai &mﬁ&wﬁém&mm@néﬁﬁo 53cc. 8. A method of injecting
a fluid supstance using a housing having an internal cavity and a

pl ate-1i ke nmenber for filling a crack in a structure, said 20 net hod

i ncludi ng t heVbeethe %Vityebmmliaarﬁw90$y 1P4iisyillad withrsuificiers gpexyiesia bet ween
one side of Z(\é/‘h&lwmrf’ﬂ‘#igrsés)“tamég?r%lém ,frgfe?aﬁriﬁ‘kpﬂcrhz a.szcﬁ'gm%,%é’ pl ate-11ke

menber to provide preSsure in response pressure exerted by said fluid
subst ance i n introduttion ofiinei epaxy cesinisg stoppedl Advaotazeously sthegressareof | ke

oppost t o di r bt eBaRCresin Wi SRE o0 BoTishall o FERRTIn o7 pfPRG0T0 o

exceeds alqormwmgrmmgdha?:’édugmmmasmgﬁsmmuemdbwtg thlg farieg::iaEl y Sﬁ’io d
, i d. ' agai nst. sai te-|i . 30
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104 relative to the fixed markings on the cylindrical body 104 indicates the

pressure of the epoxy resin in the crack. It can also be used to determine the
quantity of epoxy resin.

15
When the epoxy resin stops flowing into the cavity of the cylindrical body 104,
the plate 124, biased by the loaded coil spring 108, starts to exert a pressure
on the epoxy resin in the cavity of the cylindrical body 104. This pressure acts
to eject the epoxy resin from the cavity of the cylindrical body 104 through the

20 cylindrical cavity of the plug stem 114 into the opening of the crack. As the
self-injection system 100 is constructed to generate a predetermined
minimum pressure, preferably 1 kgf/lcm® and a maximum pressure, preferably
3kgflcm® on the epoxy resin, the epoxy resin is hence ejected by a pressure
within this range dependent upon the viscosity of the epoxy resin and its

25 curing or hardening time rate. Also, since the plate 124 continuously exerts
the pressure on the epoxy resin without any intervention until the
predetermined minimum threshold pressure of 1 kgf/cm? is reached, the
ejection of the epoxy resin ensures that a predetermined minimum pressure is
produced in the crack. A further advantage of this invention is that the

30 pressure within the system can be easily determined, ensuring that a user can
accurately determine the pressure and prevent rupture or damage to the
system.



i ncludes the step of biasing said plate-like nenber using a spring. WO
00/ 57001 PCT/ S&9/ 00019 16 10. The nethod according to claim9, wherein the
i ndi'cating steP i ncl udes the step of using a partially transparent nateri al
to form at WOPSTL portion of said housing so that said pPET/SGI¥ERInenber
is visible through said at |east partially transparent portion of said
housing to indicate said pressure exert by said fluid substance agai nst
said plate-like nenber. 11. The nethod dccording to claim 10, wherein the

i ndicating step further includes the step of providing said at |east

partially transparent portion 10 of said housin xﬁth raduat ed mar ki ngs,

g . |
at | east onelrothedgiaing manpern Ag arafneiYsANd & methrd fog repainngfraetstBr i ned

M Ni MuUM pr es gk ixaQol It PAEDREEKi ecei ved
by the Int erﬁg??grﬁglé?%tﬂgeé‘aﬁegh Hf%ﬂeggrnﬁgf?%%%gé%(n& 02.%8@!)‘%%& claim
2 cancel | ed; irovieyiof &his dlsalmrelthahwmer@nméamesm#@r rpedifiealionAcanbged (2
pages)] 1. A 1Rl ] Lt ﬂg%ﬁ-' to a crack, said
appar at ussi n&ag’gﬁ'ﬂgﬁhga%é%ﬂéﬂ%@qh%&?%@e éh&llbﬁpgbnﬁlﬁécaw P?ﬂ at least a
portion of saki housing being at |east partially transparent; a
substantially plate-11ke nenber disposed within said intema) cavity of said
housi ng) the periphery of said plate-like nenber contacting one or nore
internal surfaces of said housing defining said Intemai cavity; 10 neans
for fluidly comunicating said fluid substance between one side of said
platie-11ke menbr and said crack, said communicating neans indudea a val ve
for controlling flow of said fluid substance in one direction; and neans
for biasing said plate-like nenber in a first dir~ecbon within said

housi ng, said plate-ti ke nenber and said bi asi ng neans bei ng nuponslve to
is pressure created by said fluki aubstanc in fluki comrunication with said
crack and said plate-1ike nenber, sak! ~ptate-like nmenber able to novo in
sn opposite direction when said presauro exerted against said plate-like
menber exceeds a predeterm ned m ni num pressure, at feast a portion of said
ptatsli ke nmenber being visible through said at |east partially transparent
portion of 20 said housing to ind~ete said prossurs exerted by said fluid
substance against said plate-like nent~er. 2. (Cancell ed)



25 3. The apparatus according to Galm1, wherein said at |east partially
transparent portion of said housing includes graduated markings for

visual ly iypdi ing said pressure exerted by said fluid gai nai
said plat e‘?ﬁoﬁ%u#errber. 30 4. The apparatus accordi ng to%glg@lﬂher ein
sai d bi asing neans i ndudes a coil-spring. AMENDED SHEET (ARTI CLE 19) WO
001 57001 PCT/ SG9/ 00019 18 5. The appargtus according to claim4, wherein
sai d communi cating neans includes an el ongated nenber havi ng an i nternal
cavity) sai d%NJ\ﬂgat ed nenmber being coupled to said plate-like menber and
sai d val ve being housed in said internal cavity. B. The apparatus according
to claim5, wherein said graduated markings further include a substantially
cal i brated range tf i nsh apparatusffor injesting a fluldgsubstamce inte sraecke seidt ed by sai d
fluid substance FaLd range being between and including 1 kgf/cn2 and

3kgfl cn andag‘?ﬁra ! %lB?'QBm‘ ned 0 m ni num pressure being 1 kgflcnR. 7. The
appar at ussaccor di agotsing having &h intefist tavitypatlegstaalpartion ofreaidl hogsing ur t her

i ncl ude subsba,nti ag% cal i Erat ed range of indication for indicating the

vol ume of saP@NP @ ashpatigly ¥rensparenty’ d housing) said range being 15 between

2.6 cc to 63cc, 95 shnstRANANY PhteliiRé PEmMbEd dispbbed WithirsicintginalTalky 6 housi ng
having an internal cavity and a plate-like nmenber for 511ling a crack in a

structuoe) sé&Rid hegsiRadtherrpighaty af Faidplaterdike srember cantarting @5€ oRHOre ui dl v
said fluid s { S} | ' alihke menber and said
crack; cont rﬁf‘ﬁ’éﬁﬁfﬁ% %E@gﬁggflﬁg%ﬂﬁﬁggg@ n@rﬁ?ag%st ance in one
directi o9 bl ari nyesns torfiuidivecomimonicatingsaid fuidrsybstaace betwasnonersidesponse

to pressuro Sﬁéagléggég_ﬁlr%ﬁ{ggﬁe{géhﬁég &Lé}pg&d n fluid comunication with

said side 25 er and said crack, wherein said
pl ate-Iike nmenbermeansiicsbissirgisaid ptate-tigomember i a ficst dvectiohavithirasaid pr essur e

B T e Lo T i
agai nst sai dppissine-dredtedoynszid fluid GubstaridecinfrRid commanieatiorngitt saidl ai m 8,
mﬁ%g nugg ﬁggl!é%é IGBH ﬁ%}de&at'erjlﬁgeurgeer%bérr) gaisdtp?gte-?i{(e lt)TI1earrsitl‘»er}'ga ea{odmg\'/e"iitnea_nI ke

opposite direction when said pressure exerted against said plate-like member

exceeds a predetermined minimum pressure, at least a portion of said plate-

like member being visible through said at least partially transparent portion of

said housing to indicate said pressure exerted by said fluid substance against

20 said plate-like member.

2. The apparatus according to claim 1, wherein said
communicating means includes a valve for controlling flow of said fiuid

substance in one direction.

25
3. The apparatus according to claim 2, wherein said at least
partially transparent portion of said housing includes graduated markings for
visually indicating said pressure exerted by said fluid substance against said
plate-like member.
30

4, The apparatus according to claim 3, wherein said biasing means
includes a coil-spring.
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8. A method of injecting a fluid substance using a housing having
an internal cavity and a plate-like member for filling a crack in a structure, said
20 method including the steps of:
communicating fluidly said fluid substance between one side of said
piate-like member and said crack;
biasing said plate-like member to provide pressure in response to
pressure exerted by said fluid substance in fluid communication with said side
25 of said plate-like member and said crack, wherein said plate-like member is
displaced in an opposite direction when said pressure exerted by said fluid
substance exceeds a predetermined minimum pressure; and
indicating visually said pressure exerted by said fluid substance against
said plate-like member.
30
9. The method according to claim 8, wherein the biasing step
includes the step of biasing said plate-like member using a spring.
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further includes the step of providing said at least partially transparent portion
10  of said housing with graduated markings, at least one of said graduating

markings indicating said predetermined minimum pressure.
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5 a housing having an internal cavity, at least a portion of said housing
being at least partially transparent;

a substantially plate-like member disposed within said internal cavity of
sald housing, the periphery of said plate-like member contacting one or more
internal surfaces of sald housing defining said internal cavity;

10 means for fluldly communicating said fluid substance between one side
of said plate-like member and sald crack, said communicating means includes
a valve for controlling fiow of said fluld substance in one direction; and

means for biasing said plate-like member in a first direction within said

housing, said plate-like member and sald biasing means being responsive to

15 pressure created by sald fluid substance in fluld communication with said
crack and said plate-like member, sald plate-like member able to move in an
opposite direction when said pressure exsrted against said plate-like member
exceeds a predetarminad minimum preasure, at least a portion of said piate-
like member being visible through said at least partiaily transparent portion of

20 said housing to indicate said pressurs exsrted by said fluid substance against

said plate-like member.
2. (Canceliad)
25 3. The apparatus according to claim 1, wherein said at least

partially transparent portion of said housing includes graduated markings for
visually indicating said pressure exerted by sald fluid substanca against said
plate-like member.

30 4. The apparatus according to claim 3, wherein said blasing means
inciudes a coll-spring.
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pressure exerted by said fluld substanca in fluid communication with sald side
25 of said piate-like member and said crack, wherein said plate-like member is
displacsd in an opposite direction when sald pressure exerted by sald fluid
substance exceeds a predetenmined minimum pressure; and
indicating visually said pressure exerted by said fluid substance against
sald plate-like member.
30
8. The method accarding to claim 8, wherein the biasing step

includes the step of blasing said plate-like member using a spring.

AMENDED SHEET (ARTICLE 19)



1096M ME ()-, !109WM M& ()- MLO%M ME ()- 9109%WM ME& () -
SGLOYWM M& () - deBeeef cf [ [: NAA1O ° 1090M M ()- 109WM M& ()-. y' 109M M&:

109M M& ()- ~ 1099/M M&' ()--  Y109WM M& () - cf f pghhi Fi | [: NM%W%
6Ly# 10%vM WR0p/51081 I\/IlO%\/I\/II\/& ()-z S 10%Mp& ()-y y: 1 W
@L0%M M&' ()-Fiiiiijj|[:NA4LO0 y2GLO%VM M&' () - fllo%ww&() Y,

. 310%WM M&' ()- 9, 10%M M&' ()- y + 10988 M& () - )10%\4\/|N&()jjjjjjjkkvu4
g- 10%& ()-@- 10%&'()-@OM\/II\/[LOM\/II\/[LOM\/IMleO%/I\/IIV&() 5 10%M M&' () -
9Y41000M M () - kk IKII)rrKn1[ VU g " @10%1& ()- #@10% & ()- Y10% & ()-

L o 2
A O b i Ky s

S610% & () - %Qﬂﬁt&tﬂaﬁnon%%&aiﬁwﬁﬁ&ﬂwmmhﬁmtﬁi;gw agema/m&i 5.- 10%
& ()- "10% & ()- 10% & ()- s10% & ()-- 10%)&'()-SRtSt¥ t bt qt t YubA410
OY109%&' ()- 9YI0YATA& ()- "10%& ()- 109%& ()- 3F10%& ()-10 10

Yaucu} uuvwx| [ : Adhdiling Claibl) ¥ éaemdmgméom’e&thmm f&é)b%/‘ dugﬁ(

109&' ()- ss109%&' (). i) y 87591 2% | A410 010%& S/ 10% &()
109 ()-f $ 1¢smgoling arebothsypp 5»' ’Pf‘? ficutiog a@rampzsmm lyfileffop

& ()-101010 &M%eﬁltemf é€or. )1 @nlg)beéd &rx}eﬁaecrdu[dey&lﬁm aNm&ehO% & ()-
109% & ()- 10% & ( TO%&: () - 10%& () - ) 10%

& ()- '10% & Clpim m%@qwﬂﬁm%eeammf offnsm&lcﬁ %) L|[ vu410
N 610% & ()- y,510% & ()- 310% & ()- 2'10% & ()- /0t10%& O- "))

109%&' ()-vU410 "s109%&' ()- "~ 10%& ()- 109%&' ()- Z10%& ()-10 10 10 < 10%

& ()->| vU410 Appiige® sphmits tharng chinges have hgen pade tqme(c)ﬁcanm@d(tps drm@h.:eo/& ()-

Nol—égg: ng 53] gw%%tg“gg?ﬂb qﬁégh&ng g@?%m&lgégﬁng xggz]%gh& ﬁea |pg 93] c"A

"Default Paragraph Font# %-MI<VENW TagnSgx{ %X1BQGjt | >VWKYZ[\] " _°
8&6>! O##%&( ()b, .8.L.c.x...2/57": <6?B8E( HNKNP/ RVY[ : A" cUddcf Fi j kKrm
qqRt %ux${ | ~bcdef ghi j kl mopqgr st uvwxyz{|} ~6Ti nes New RomanAri al Couri er New'h
Root EntryWrdDocunment80 !"#$9%&' ()*+,-./0123456789: ;
<=>?@\BCDEFGHI JKLMNOPQRSTUVWKYZ[\ ]~ " abcdef ghi j kl mopqgr st uvwxyz{|}~

"9



