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30 March 2007 WD 2004/031500 PCT/ SG2003/ 000097 LEAK
"TI GHT -JO NT AND METHOD, AND LEVELLI NG POLYMER Béwlarc

v@g%)/ | NG A SMOOTH SURFACE ON A CONCRETE BODY BEI NG

B0 o| 4 of the Invention The invention ?Q}T/%!F@QNDOWW

to leak tight joints between 5 two segnments, at |east
‘one_of which is made of concrete. In particular, the
i nv&RRKoATRE at’O3NTo ANPa METHGD, ANDNLEVELLINGe OBENMER FOR

CORSY ' ' Ing. j.oints in nt ai noent

Vess e#%ﬁ%g? ?qudecﬂﬁ ﬁﬁ%ﬁéﬁ ncﬂ‘i Y e%Ob?chW prs FE PG JOINTED
or under a vacuum 10 Background of the Invention

Fi€dncpét ehporAtenaienconmonl y found in segnent al
constructions wherein primary |oad bearing nenbers are

conposed__ of i ndi vi dual ments post -t ensi oned
toggther Thet dpveebhgn Fﬁﬂﬁgéstﬁgegﬁék tighfaipiagbabetween

twbndbyhdHak, CQBCEQEEtSSQEEBES %§cﬂr§sjﬁ%ﬂge?f Epncrete in
hori zontal or vertical spans exa
ParﬁigelastrbheULBEentsosuchlategnEntméakoh$ghuc§bmﬁts, in

oncrete S nts, to re- cast ,and
?’he%s%aﬁ%’a%}tv l?’aSa %P?igae Pgaa%%ﬁyfw eAnERZRMent
vebsélsamaﬁﬁﬁgO@n&h@s@f@sCﬂﬁtenﬁéﬁcfstEesﬁﬁgggﬁﬁlgéHnQr under a
I nposed only by the manufacturing 20 process used
Vag¥dRsportati on and handl i ng. Segment al const ruct i ons
are also found in concrete containnment vessels

BabRyAOGEE &P B PRESSME{Sgd or under a vacuum In such
to

vessel s an inportant aspect of design relates
joints between individual pre-cast concrete segnments

as wel | %ﬁ@&ﬂ@ijﬁ@t&tmm@mbﬁd@ﬁgﬂﬁhﬁs@gﬂept?l
oin

L DN e TR R -

ween a CO
of niackisaiaiual GAEHs |Rak 11 A NGesa Aoddihert U fler being

,agalnst I|qU|ds and gases for both short and long term
figied teasdhger-ch Dogerticular, individual concrete segments
are jointed, in horizontal or vertical spans for example, to
form larger structures. As such, segmental construction allows

smaller concrete segments to be pre-cast and then transported

.to a site for assembly with size limitations on the pre-cast

concrete segments being imposed only by the manufacturing

process used, transportation and handling.

Segmental constructions are also found in concrete
containment vessels intended to be pressurised or under a
vacuum. In such vessels an important aspect of design relates
to joints between individual pre-cast concrete segments as well
as joints between concrete segments and metal segments. Fox
example, proper design of a joint between a concrete vessel and
its metal cover 1s necessary to ensure leak tightness of the

joint against liquids and gases for both short and long term

use.
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" constructed structures, open joints and cl ose
H“Hﬁ%ﬁgﬁggﬂ)used to produce wat er pr oof .. joints. 1n open
! d joints, gaskets made of pol ymer ar @GI¥c0ep/000097

bet ween abutting pre-cast concrete segnents or
abutting pre 5 cast concrete and nmetal segments. A
pol ymer i zﬁagmanhahim|conSMEMEted stirdctheeef, 0bgewhgint s

force | applie asket made of
an%lol(i?l.%r tSJ st ﬁ]ézlvgb 8%55’?&9‘?! ef wpgegproof joints.
Immpfeaxcenplr @:fllds%do oin%érf 68 KR AN AMHCR £l Lol Sl
ontact, Wen sugh a asget i's pﬁggédggepﬁggﬁb?mgre placed
GFEne uﬁé#ﬁ@‘P@ﬁnﬁéé gonoredppsegsientsf orcebiisting pre-

ca%@pbbﬁ@rggetgﬁdgﬂﬁksa éﬁgaﬁgpreﬁgﬁp g%ggﬂ 5t Reviscoelastic

post -tensi oni ng or
ma&egnahtsndethgrpﬁbnbedheﬁha G@ﬁb@bsbﬂ@éeE8£§eSbépgﬁplled to a
urface profiles of the segnents down

gat:"%eg E'f’rﬂ?l eﬁ@iﬁmegc%ﬂ:ehﬁﬁﬂh@ ﬁbléiﬂéctﬂvéhape itself to a

d K.ti gh
subfFavkdpparh eakoki g éﬁ‘ffﬁce éﬂgﬁﬁi?ﬁese g ¥ oentSCE.  When

wel | suited for making gas
sugh i gpsket }@lplamgdpbetmasm twocsegreseygibaing afdlinted, a

nent urthernore, the gaskets have
cofpREL L TRh ke T TSP Disdhol etk EEHRY cbllap pre-
stre$3iirp@£tp&§t0éeﬁ§tﬁ>nmlexﬁﬁﬁ’o hi {ﬁh{iq;f Bhe the
The gaskets can al so be easily 20 manu act ed using a
se %*T‘ Ritingciptaedon e mas ketacthérafory shegpectitveelf to
th@hy C ents ar
e B 190 MR s (APREahar ST dpath
Sca# naipimgy ek et @ddicivey anprghBinPPREAE itiGhtness. In this
wa gratures and t%rég*OV|de I nproved chem ca
;frg% dethden aleing o katrsagind these
asMdthougle gaskets mRde 4 | rQV e
J prevention, there are F)lflnr%latl réO (’%nétggcrot%%ééar a‘;I%aqIrlents and
conqhetamEiatall rS@ﬂme\ﬂéﬁent Fmth@frﬁt@oie,vdzﬂee@asrkree:\eeﬂtﬁv@ the
n 0 -squar roughness of th
A B o e 5 S ion e grekged grrespectlve of the
COm@d@BEaWemﬁlyh@nJGHhtngesﬁgﬁt be'hlee g slklaar cﬁh %Q%%lb%oea81ly
erw.se, gases or even |iquids may |eak

manP%PgEBﬁeg PSiRE BoREBPRENGLt FBeydsidt cosprnedss, each having
respé@@@batpﬁpsgﬁal properties. The chemical components are

combined to provide improved physical properties such as
improved elasticity and higher operating temperatures and to

provide improved chemical properties such as resistance to acid

attack.

Although gaskets made of polymer provide some leak
prevention, there are limitations. 1In particular, a
fundamental requirement for effective leak prevention is that
an rms (root-mean-square) roughness of the surfaces in contact

with the gasket, or equivalently an O-ring, must be less than

or equal to 63 um; otherwise, gases or even liquids may leak

through a joint containing the gasket. Surface preparation of

'.concrete at a joint is therefore wvital for achieving leak
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tightness. Furthernore, surfaces being jointed nust be
WO B8403158m al | traces of foreign substances s®CH/S62003/000097

rel ease agents, curing conpounds, oil, dirt and | oose
concrete. The presence of such foreign substances on

tﬂghmm@%ﬁeteE&ché%ﬁo&%,asb%&%be@a%e§n@aﬁ%§nggﬁ AhsEVBR free
liquid to leak. It is well known that for concrete

frony pddedroresast fesrigot subsynpres, subharsi mglaase agents,
i.ni havkn roughness of 63 m | ess
cut bl FempbBhas, P81 I ad k MRop I808RCEBpRuetRs s Bbs. Bresence

ove e surfa
ofevachwifplretihe seBsohnpeky bRl agaskerstelQueenrenbironaloint may

ogen and cl osed ioints are_inadequate in providing
CapggK IBFgRENEYERT L dBsACERt é28Knt ai nnent vessel s under

pressure or vacuum Furthernore, the |eak tightness
of a joint ﬂBYWéiﬁokngﬁHeEHaanBQec bggggnrggg?égg of cast

segments being jointed. In particular, I'np
CORFTghfeAtIBent e ceyatnisgnaystedaceof inidh haetwgla rms
esulting in a reduction in |ong

Iogﬁ%ng OP € gasket {
TORIPRPPRaRT t PP, LoFd PeeT chatdn pinkases 1malndsiy
imbOEsi LAt | NGs 0f 1160 YgCH C 1d. concy et e- net al
l%w%msm@sﬁégﬁmﬁ%ﬁga% %%&%ﬁ%%ﬁa
compeRvePnal ropei msd i el oded j @nise gaeat Snadeq@d e din theoviding
legﬁggﬁgﬁénare got det achabl e. = Furthernore, such joints

ar e WelT U tEPFoTES SR ey e‘é%ﬁﬁ%lf’til@ﬂéer pressure
or | wdidm. ThAseKavhackscrd e &k SPEfiBlesd s . '

cases where a detachable joint is requ?%éezﬁ)pla{n fot thay also
deppnd @ ddwe P ldsrEmaitte of dwures oyt heidenjoiettad. 25

SEQE , v f.or exanple, are
pa r equi ?e% t'o tge p?ej%:o%rﬁ%e&%g Og%nt et e S may Jegd o an
unsgprmiprldaslienheth @ gaadet ofeswltiaing N0 4 M GRAGIHRT &n long
te body fogfeqﬂfgggg with the netal segnent. In such

Y RS S% difficult to maintain  vacuum ti ght

seal, against a pressure gradient, at an interface

Another common practice involving the jointing of

concrete-concrete and concrete-metal segments makes use of a
polymer glue to seal joints. However, in joints in which
segments are glued, the segments are not detachable.
Furthermore, such joints are not well suited for vacuum or
pressure tighE joints. These drawbacks are of special

importance in cases where a detachable joint is required.

In pre-stressed concrete pressure vessels, when metal
segments, such as a metal cover for example, are required to be
jointed to a concrete body, it is also common to embed a piece
of metal into the concrete body for engaging with the metal
segment. In such structures{ it is difficult to maintain
vacuum tight seal,'against a pressure gradient, at an interface
between a smooth surface of the embedded metal segment and a

rougher surface of the concrete body.




30 between a snmooth surface of the enbedded netal
segnent and a rougher surface of the concr et e 363ddgrch 3007
30 March 2007 Summary of the Invention D sclosed
herein is a leak tight joint, and nethod, between a
concrete body and another body and to prevent

Sumpeegabfir ehéalfhueatobnt he joint. Al so di scl osed herein
is a snooth surface finish with an rns roughness of

63pm or_les he surface f crete body
Fur t hor Db P SAaPRER Bl i £ <5 ol 3 Rak Tt S Bon o method,
betw@éﬂlhycsﬁ&aéﬁabb@dyjQhatanétﬁéffb&@xeéhﬁnﬂop@f@ﬁ@ﬁt
have a_thernosetting resin which has a | ow

PreWﬁééé@lf?l%éFﬁr@chthQOhﬂﬁ pRb%P déssalogedorersin fheed

LA achj b stre h cLet e
R S e e e R e
thewstthfaaaobhea bodyreﬁhebodherF@ndhenagla¢s@s®@ meckeiofis a

0 cr e i n [ch ca al so s a.snoot h surface
1eaf DeRBbG Byt HEtebrratPudr T SRR iRy mf T he £wo
bodi es can be jointed together with a sealing device,

such aspasg@a8kBéve BDifkYy MpEDymér Wed P Qdva Sederdd¥etting
| ocat ed between the snooth surfaces. The

exa
res%dngé‘:h na§s ba b%@tﬂ%‘ﬁ%b’ﬁﬁédo%%mf%a@uﬂﬂé‘il e KePiiges a
SmOQ£HC§u§PQCéOle£9HI%§ Cﬁf%ﬁegéﬁde Ef@ﬁ&%ﬁntéhf concrete
seal 1 ng devi ce the sealing device bein
seguenpressedi bei seenretie EMmm¢¢nsmﬁﬁeubﬁﬁyﬁmayrbﬁtymnnted with

odi es ve effective | eak t| eal ai ase
anobf Body totia b Bk LberkeRey) niBh, BRalral o gotetete in
whi8RB| Eakevet!| hDgo RAEYHEEMBHON| g@ﬁf@cé U}Ef@ﬁﬁdéd nlb%hthe self-
having a rns (root-nmean- square) roughness whic

may
Leveblirgspe hancbr Egtatwe P &3E vk e & e edintggfsther with

j oi t
* PPN R 4 S M L R D = e
forJemamplémChoea;emrmetweasadmnsmnﬁﬁhﬂﬁuﬁfamﬁsirTﬁélmwdnes
as,  for npl e, contai nment vessel s mhich are

maypklljj%s%?ﬁl?z%%n%}m&% defo ‘ah% Hf R ot PAae jFihito
provBie be soashdys 06t achabld eon il Ssd 51 BsPesd®dd. With the

desirable in cases where the two bodies are
sealing device being compressed between the smooth surfaces of
the two bodies a very effective leak tight seal against gases
and liquids can be obtained. In particular, the self-levelling
“"polymer provides a surface finish having a rms (root-mean-
square) roughness which may be less than or equal to 63pm which
a maximum rms roughness for which a joint can provide an
adequate leak tight seal and prevent premature failure cof the
joint. Such a joint is used in segmental constructions such as,
for example, containment vessels which are pressurized or under
a vacuum. Furthermore, the joint may be readily detachable.
This is especially desirable in cases where the two bodies are

required to be frequently detached. This is a common situation

in a




required to be frequently detached. This is a commp

situation in a 4 30 March 2007 |eak tlghtnes§0@@§ﬁh2007

facility designed for pressure and/or vacuum | eak

ti ghtness evaluation of joints. The |eak tight joint,

may al so be useful in the construction of |arge-scale
leakeak ghicgbtsenekosnaesl sughdasigredl osurgesefoire and/or

equi pnent i n operation_and, for englne testing. In
Vacﬁg@oﬁaﬁﬁcElﬁFFﬁeﬁsf?V%%u%Fb%ﬂ aEpéetitene invention

provi des the use of a self-levelling polynmer for

snoot hi fHea1 &bk St i gt f REENOf RafidBioc CONCEEL B POTY the
which is to be jointed to a second bod The

conggrpcrége| pﬁnbamfﬁyﬂ@ale cbﬁ@ku%é@hb 3 %@J@@%umgch as
enc58§h9e§hf§g gﬁgmggéofﬁ &HL glgﬁdan¥ﬂfgp Q@ %%ﬁ}ng.

concrefe In ac ance W a sec
aspect, the invention prOV|des a first concrete body
j oi nt able &ocardevoadwibbdy. fIletf brstdcasprete bbey
ses a.first surface_and a f. a
v R RO o SR PV S pb e o OF SroRi o e i Potmsse £or
smo@thtihg hi FskseoBakeheehodya Fhesteldonlceveld @R is to
conprises a thernosetting resin adapted to fl ow before

be 3ainh§d ARd2adapred PedBendheo sehd flioverl ldmor HOd Wisen
comggiggs EUEQ%EBBQQEEEEBA%Esﬁnt% E%th% g Sur?E&E %%%ﬁ%g and

provi a net snoot |ng sai ace o
whishi dofhflssto concrete Bbdy, culrednet hod conprising the
steps of: providing the thernosetting resin over the

first surface of the concr t 0

L i o RSt e vt fRea , SOPRRA BraRdY heBlft, gpme
invéntt {ageppbvidies fa rstroonssed o tOdysd@NMb Bt MG d e second

therrmsettlng resin to cure. I n accordance with a

body ouFhey Bibe eRpeEdte thrdy i Rt eRs parowa@fs WyfeiGr and a

t r
Lay D dEeR Selb Loy eELIE o il S AnaSaoitl Do Phrdl Buxtace
of ’clumcferst boctyc eatce thhedw.eclineg dolf- lbande Al 1ray eyo lofmear

comprises a thermosetting resin adapted to flow before curing

and adapted to bond to the first surface when cured.

In accordance with a third broad aspect, there is
provided a method of smoothing said surface of said first
concrete body, the method comprising the steps of: providing
the thermosetting resin over the first surface of the first
concrete body; and allowing the thermosetting resin to wet the
. first surface of the first concrete body; and allowing the

thermosetting resin to cure.

In accordance with a fourth brcad aspect, the
invention provides a joint between a first concrete body and a
second body. The joint has a sealing device located between
the first concrete body and the second body and a layer of a
thermosetting resin located between the sealing device and a

first surface of the first concrete body. The thermosetting

5




- secead penfsed iodcIthd e epskyeedsi fithstamskakat gace each

t hernosetting resin | ocated between the sealing device
and a first surface of the first concrete body0 Mpxsh 2007
thernosetting 5i 30 March 2007 resin is used for
snoothing the first surface of the first concrete
body. In accordance wth a fifth broad aspect, the
resinvent iwredriovi deatmethothef fjosntsmgfacéi oStthe first
co coQaretgxPody and a second body. The nethod conpri ses
THE S epsor snoothing a first surface of the first
concrete body with a layer of a thernosetting resin;
al i gni ngnt hedordsindzody tandy  #iher 1 esaid ¢, athe
., manner that the first surface and a second surface of
INVERE 18, GHP WGP sUBRtEe o f yi bl vach fbfsereoncrete body

and? DL HRRA ITHE JRW 105 PelMBEN L he fd r$to Syrface
and the second surface; and conpressing the sealing
smogenice aetiveen shef dda stf coner £t esthocynanet:¢ heodecenth a
body.. I n . sone enhqdi nents of the invention, _the
12¥$gal9 g TS %%‘oqrpﬁ%%ﬂs% U i T thyethebotheand
thef igetforRNbRRCAN a bediksr dih@ldhaspeeds Hlridi€e and a
invention, different types of thernpsetting resins

oth%qJ;YEﬁIoniéfioﬂqe%f’se%QLliﬁ'@ g{l{kﬁﬂ?e rk%%ﬂ"}péenp&? ofi st surface

resi ns an resi as epoxy vinyl ‘ester
andr edienscfoond exarfplce; Hres exdngstarss tray eclee | 034 Visgodétice
. before curing and have high tensile strengths and

betigede Yhsn e TINE SifePOBUrBY 8IS eTe IR Y on of

~the Drawi ngs Preferred enbodi nents of the invention

wi |l nownbgomdesabidBthaMidh Jeferencevdecibg, athackeding
drawings in which: Figure |Ais a perspective view of

devi ol At comerestsebdy Tponl g crrdsthgplthel Birst and second
bodi€lsf -1 evel ling polynmer according to an enbodi ment of
the invention; Figure 1B is a cross-sectional view of

the first
In all aspects of the invention, different types of

thermosetting resins can be used including epoxy resins,
unsaturated polyester resins, polyurethane resins, phenolic
resins and other resins such as epoxy vinyl ester resins for
example. These resins have a low viscosity before curing and
have high tensile strengths and large bond strengths when

cured.
Brief Description of the Drawings

Preferred embodiments of the invention will now be

described with reference to the attached drawings in which:

Figure 1A is a perspective view of a first concrete
body upon which is applied a self-levelling polymer according

to an embodiment of the invention;

Figure 1B is a cross-sectional view of the first

concrete body of Figure 1A;
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‘concrete body of Figure A, 6 30 March 2007 WO
2004/ 031500 PCT/ SG2003/ 000097 Figure 2 is a fl| @ MNarsh007

“&$ 3 gﬁthod of applying the self-levelling polyner of
YUHEESWA and 1B onto a rough surface of t hePGH/$G2003/000097

concrete body; Figure 3 is a cross-sectional view of a

joint between 5 the first concrete body of Figures 1A

and 1B afdgairgecons aCcanewettabedys B eieh®ol o¥ aphi9f%ng the

g%a;t oa a nethod of jointing the two concrete bodiés
SeHf-"RPYGrd 18T PioduRe s Ofs Fagpress 18eenidodd onitewaofrough
suafather ] @At £ b ncrete bodies,

accg?dﬁﬁggpg §%§%ﬁe?52§ggékﬁ§8§96f the invention;

Figure 6A is an expl oded view of a concrete container

havi ng aFiguze Bi dsf er cseabi-rgcthenadnvdenebf a joint between

c iL.ng to not her e di nent of the invention; and
th%S%E%gErgoaﬁrﬁgeabeggsgggg%gPBﬁﬁlgéi@%do#BaaBGrFiéﬁceﬂd
cohbBeetancoat;e container of Figure 6A. Detail ed

Description of the Preferred Enbodi nents Referring to

Fi gure 1A, shown is a perspective view of a first
concr et eFb88¥©16 #poA Hheehcharbppfi ednathetif og0jointing the

twd e¥EhE 1O PRLY ifg to an enbodi ment of the
i nventi on. T%eﬂg%rég ggﬁgﬁgtg'body 10 is a cast
concrete segnent which is shaped as a rectangul ar -

par al | el Bpgped; 5 howeverosdressdiapenab viperdanindther joint
ctural desij urppses _only and not to the ,
betidall HED cTREPtareodies n 2roatafid Forancuney expefiment of
thdé hn¥dnisiogponcret e body 10 has a first surface shown
as a rough surface 20. The rough surface 20 has peaks

15 and dips 25 and al so has other features, such as
cracks, BHFU#R P2 &y it e lapd il o exteehcrete container

Iiawﬁlaﬁr% tra{él%ﬁastoé@iﬁki % & g.fébefjﬁ-lé %nd Nl Galgd. P Y LGN 1155 to
anocther embodiment of the invention; and
Figure 6B is a cross-sectional view of a portion of

the concrete container of Figure 6A.
Detailed Description of the Preferred Fmbodiments

_ Referring to Figure 1A, shown is a perspective view
of a first concrete body 10 upon which is applied a self-
levelling polymer 30 according to an embodiment of the
invention. The first concrete body 10 is a cast concrete
segment which is shaped as a rectangular parallelépiped;
however the shape is important for structural design purposeés

only and not to the invention. In Figure 1B, a cross-sectional

view of the first concrete body 10 has a first surface shown as

a rough surface 20. The rough surface 20 has peaks 15 and dips
25 and also has other features; such as cracks, throats,
crevices and interconnected cavities, which are generally

indicated by reference numeral 50.
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------- 30 March 2007 WD
2004/ 031500 PCT/ SG2003/ 000097 A backi ng stri p3@dlaseh 2007
er 80 of the first concrete body 10 has
“@5@# OA and 40B extendi ng above and bel GWT(S63003/000097
rough surface 20, respectively. The backing strip 40
i s made of high density polyethylene; however, the
i nventi of b§C$ingtstruptéd bn higbrdpﬁ%kyysodofTﬁhe first
hy| other nmaterials may be used. The
coBSH¥ED hefiv 1g" S‘BPyRBFtéBHFs4ﬁﬁdén8f4QBl eW ovilieasikgve and
belherﬂiﬁ@ekbugﬂ éairtfaczéhlzgh kesphleitarl! O%Hsfﬂé&i{ﬁg SErip 40
is cured and whi ch bonds to concrete en cured. Th 1l
is 7ede cof aplighndeprbtEnbollyethyent; thewémafnttba 1ﬁ¢é?tion is
el 0 O.contai ns a_ si e_conponen
nof PRt osb. e e dp e R glnde s oot SRt crrials
may hee imvedti on the self-levelling polyner 30 contains
a nixture of two or nore thernosetting resins. The

t her nos sjns include for 15 exanpl e, epoxy
resins, gﬁigtje V@%tlé? YRt ns0 iporgde evhanelow
S5 NSy A BROHSEL ¥ B3 C nt

vt Ilg\%, a w%&%& ty bef ore rLel ng l@uir%dégﬁ% x4 ”,ijcha before it

b
is I%V@}Ci g p'dnmrbcaeiq)rtmcdns:zaetsammén smafeiﬁgAfi&f f ?L
dt tion 0 e
oes L P Sl S e Bl e

ng "stTi

leverdvent ridiemset 30 evalding DY IPN % &{Brﬁp'd i ng
Vgter ides 70 of the first concrete 10 beg%re it

thermog nIrHe sl fhideelin wdhea ﬁmooa@ermcsg\qugmea invention

tnesgast skinan SO S UBAUL SIS 28y o mose

shown by the s
therpogetd 12§ detsdinss hdhel theehowe tihie ¢ FeetihsSunkac8e for
| eak tight seal when the

exa&};g‘&? hc‘?lé’fm éﬁlj’zgq?stt}g‘&yprfg‘\gﬁg‘eﬂ%ﬁﬁ& B Lot S&n GERARShody .
polRerethbne &@s&h@uhﬁdZO%B@Wan§1ﬁsfEQW %%%&%c%%§gseg, in
pargsggggéggAgp%1%L2%1%2ebzggielglinglggrgg yngge self-
levelling polymer 30 provides a smooth surface 60 for the first
concrete body 10 and the portion 40A of the backing strip 40
extends above the surface 60 to prevent the self-levelling
polymer 30 from spilling over sides 70 of the first Concrete
body 10 before it is cured. The self-levelling polymer 30
provides a smooth surface finish over the rough surface 20 as
shown by the smooth surface 60. As will be discussed in more
details herein below, the smooth surface finish is used to
provide a leak tight seal when the first concrete body 10 is

jointed with another body.

Referring to Figure 2 shown is a flow chart of a
method of applying the self~levelling polymer 30 of Figures 1A
and 1B onto the rough surface 20 of the first concrete body 10.
At step 2+-1, the first concrete body 10 is thoroughly cleéned,
by vacuuming or brushing for example, to remove loose or weakly

bonded cement paste of foreign particles. At step 2-2, a
S g _
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30 and 1B onto the rough surface 20 of the first

concrete body 10. At step 2-1, the first concr8P&Maelyy007
10 is thoroughly cl eaned, by vacuum ng or brushing
WQ00E0HMN e, to renove | oose or weakly bondedCIswanis/o00097
paste of foreign particles. At step 2-2, a 8 30 March

2007 WD 2004/ 031500 PCT/ S&003/ 000097 bondi ng agent

bonc&r@omgeeﬁ G AppAildOr PR YPorthRrside o dhMsi®ieFo. at
t he backing strip 40 is fixed to the sides 70 on

St%ed- JrethphArBO%HRHHS (40 36 déredette Fdey Sigles (19 on the
0
o0, PR ke UL P 40 B3R ot o

of bttmkmg;kamg 40 prdy Ieﬁtmﬁan@f aﬁa\o@ &|hfe &Eﬁﬂglherslulrface 20.
acki ch case each one of the smaller

Alﬁ%ﬁﬂﬁﬁﬁ% %geag@ggﬁﬁﬁdsﬁﬁlQ Adspadt e 56\t i°dn several

smd&ﬁ%rsb@%&lnéost}HﬁsbéﬁkhﬁgcﬁtE @e4gab§ %hée%ft%Pe smaller
provide a | eak encl osure which is generall

baqknmwatédpby age f Keglt &p 2- 4esphetive piordticnonEr ehe sides
bo 1 orient ed that..th ugh surface_20

1000 P BacRafb SREEP: 38,06 Fieas aareyiue"a 18ty tione

encAblkereatrhyehyis géﬁ@raiéynmid@@aﬁéaf BEBd . Pr her st8pah¥4, the

one of steps 2-1to 2-3. At step 2-5, the
flr§§|FOP@G@F?uH@dﬁoﬂ9néﬁ guipstpdusedthatothRerough surface 20

e f
io SRSLRRUICY R0 NRER )07 KRUSRLBUL B5a2loc! BRGNSl very,
stepoByﬁema@Obespatfommdd poivet tbhenyougd sdrbaeps20-1 to 2-3.

. rfo eIf vel i under_the force of gravit
At %ﬁePh%né FBFeve f*ﬁaV3ﬂ?§ﬁﬁrP%bym%%s3Phés PggRd into the

enc&@éﬁEQGQQOOVérfthésréﬁghdsﬁ§f§§ea@§ &fetﬂéhfirggaEHﬁéﬁete
50, which include any cracks, throats, crevices and

bodyni@r cohbetter ¢afittls. salfslepellbngt helpoeti 36 HSAallowed
t | |
B RNy TR N -

'forsarbﬁcgra?@myt haoaug ﬂmléeng—mumg ISthiﬁﬁefOBOfwéﬂ@ the

irst concr ée bqg 0. At step 2- t he se
ro“iﬂév%w %@Epi yher '%]Ei?s 1&%\/%%%% %%oa%qh%b\%do*f%e%uﬁ%atwes
50, &h2Eh A ARERIE! £ r&EadFOM EXESSEL Ve af%e? ticles
that could otherw se deposit on the se evelling
1nt§%¢g@ﬁ@ctﬂﬁ ¢aviklesp At step 2-6, the portion 40RA of the

backing strip 40 allows a layer of the self-levelling polymer
30 to form above the rough surface 20 without spilling over the
sides 70 of the first concrete body 10. At step 2-7, the self-
levelling polymer 30 is covered and allowed to cure in an
atmosphere free from excessive foreign particles that could
otherwise deposit on the self-levelling polymer 30. It is to
be understood that at step 2-6 the self-levelling polymer 30
may also be covered. After the self-levelling polymer 30 has
cured, at step 2-8 the backing strip 40 is aptionally removed

from the sides 70.

After the self-levelling polymer 30 has cured, the
smooth surface 60 has a smooth surface finish and the first

concrete body 10 is ready to be jointed to another body.
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be understood that at step 2-6 the self-levellin

polymer 30 may al so be covered. After the 30 March 2007
self-levelling polynmer 30 has cured, at step 2-8 the
WEBHORKOH St rip 40 is optionally removed 30 fr @owisse003/000097

sides 70. After the self-levelling polynmer 30 has
cured, the snmooth surface 60 has a snoboth surface

finish aBﬂekh&nbitStquamérBteshédM i9 hSck©§Q¥sé@tD6nal

. jointed.to another body 30 March 2007
Vléz‘oﬁ’%/ 632866‘3Pé?Pséﬁéwﬁeo@b@?fRé?Er?Pﬁerﬁ‘ée Frgdrel8, of

FighhQWnNihSaAdChiASandeat saRahg ¥bﬁ$ﬁ%€ bbg*nioéQO g goncrete

bet ween the first concrete bod ures |
bodiBsahll, al€@cand aémqneﬁewbbﬂye&eﬂ oﬁhercmnthebpp051ng rough

0, 0 are_ al each. ot

surg 8058 R0 1 btGh 5°BPFLOBaIY0, HaRLaPELpLLY Ferpyny each

othéMbSt@ﬁélﬁbbghfgﬁrﬂgcéécbO Oiﬁ@raréh@aéﬁuggvéﬂééaﬁf@h a
20, 120 are each covered wth a | ayer o

laygg| pf| bhel sehipevehbingmebymenvidets rmmmds utsrﬁta@‘e?s

6 al i pg as_a .,gasket
surfloa o0, 87 AP PEIAT dotied Elh SRl B s ©-
ringpoptin 16 sswd hcEsr 6@xa1ﬂ1620e The Sealid) slevhsen 1Kk | Smooth

surfgiee 50, D rsi@'a%néé‘%ﬂyi‘é.%%ééqimi;‘se maed fek i iaterial
suciRUbdeardr Mih(Acky! @f‘d)ﬁ)'}lér?e |E§.ﬁ;ﬁ L b(*:éedyre-l;g | adiene

or Viton, for exanple, "which
Rublaemki iAR t ACTTHE & Rublry e W ke (ﬁt&‘y]sonlrtmmreedtsoprene

t th 15 th f 16Q .of t
oGO0} She o (P St TRt RS Bt o D s good
eladifciange t ensd oned g et us® qfs tiendp-ed0 ot with

holds the concrete bodles 10, 100 together and
the Fuprdeswriasas Hocdthnf tha hnstiass the b | ng

resfit S0 i ein ookl dayl sog 10 MLAAD, punn

bet ween 20 t he snoot
the tu-‘{ﬁﬁtOﬂ memdoalg@%twhﬂqlqmodsisartdxegm&ﬂmﬁmmlﬁs 10, 100
i ght - hand_si de

voad 4 IR o0 200 2 Lo handSide
dev:dd%aﬂ dawos 1&avr;m;g Q@leu%%@ll}:l@e de®Rean 1330 dotiph@Rlseld between

the %%gé%hogurfaces 60, 160 provides a leak tight joint against
liquids and gases between a left-hand side of the joint 190 and
a right-hand side of the joint 190. Alternatively, a plurality
of tendons 130 may be used. The tendon 130 is kept in position
by anchor plates 140, 150 which are made of a strong material

such as steel for example.

" In some embodiments of the invention, the concrete
bodies 10, 100 form a wall, such as a wall of an enclosure
which is pressurized or under a vacuum for example, with the
wall having a pressure differential between the left-hand and
the right-hand sides of the joint 190. In such embodiments, an

rms (root-mean-square) roughness of the smooth surfaces 60, 100

is less than 63 pum and such a condition provides the necessary

surface area of contact between the sealing device 110 and the
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by anchor plates 140, 150 which are made of a strong

material 25 such as steel for exanple. In som80March2007
bodi es 10,

“&g@ﬁg% ts of the invention, the concrete
2 wal |, such as a wall of an encl osuPET/SEIEH00097

'S pressurlzed or under a vacuum for exanple, wth the
wal | having a pressure differential between the

smogtti vand aged 30 ,t A60r tghbreaedtsigdessobntih@ijjoies from

IR such enbodi,nent s r oot - nean- squar e)

1e %%%g nes%ngﬁhtwg sﬂgéP% gaﬁfacgy é&erTGQGriénI§§§ethan

embddpieat® S¥Chha ¢aREhtion, PROMEABTahhe @@C§§S§6¥at § oo

surface area of contact befween the sea evi ce ? 0

sidrg /A8, 13020cKhibR QQGIGSV\DOZO@M)OStE@pectlvely, over the
/ 003 0 0 rfaces 60 preven
3°§§§e§§§nd %ﬁ%ugg%bfég§1&FeaﬁfﬁngEFoﬁgﬁlgﬁgnf%lHfoﬁﬁﬁtlon
agiinshepobearibhl goaaveesbodhefbameht Ehand g ?tb@n fér
80 is |located on sides 70A, 170A of the

eX%'%ﬁ?é? n%oglﬁbot SPREHRERF GV §POBYEPIORE Befbraie 190. provide
prabécﬂﬁﬁﬁr§?§1ﬂ§9 ﬁé@é%gfélfgdbéffggﬁvgr3ﬁ§f%éﬁhenEF

agai nst pofenti al ver se” environnent s
for exanple, a hlgh t enper at ure vapour - pr oof nenbrane
to prOV|H@feprbm@ct¢oﬁ1@@a$n$1 @b@@ntialéyflmwrmhamﬁEOf a

to Fi 4, sh :
el simas sy e g e pe B show R T
At boigeess-1D, 40O efudh BULFces A0 SUED L tﬂé‘%ldrﬁﬁgﬁe bodies

sgg ces 20, 120 of the concrete bodies 10
10 Tt el waciF e RS Favered Wifera dfaydr of the

seﬁ@liéx}@fiﬁﬁ %ﬂﬁﬂé@ejo 36k 4 acesf}%{?@&% %1%1{ eurze for

for snoot hi e rough s
smopthindeclie ristuqll’s onErete ZmdyLZKD | Ataldigied -t RHN&EFirst

secand co cret.e bo 100 nner that the rough
COTSUY QCaces %’b fé_l |“nglherﬁr$€i/ seqqpel GRsstgete body 100

in sunfages Ghatl G0k W@u@éaésf age e3gh adheleqA
step 4-3, the sealing device 110 is placedqbetme a%ent1Y:

thes sHath sWHaces 69, ﬂ@(@)arﬁi@h@rtas'ttemllllﬂﬂalw faam other. At
steponcret g hody 30 and 209 the gecand .concrete body

%?e cdupl ed "t oget Her euslCte %1% 1¥praed Betwaen 50 smooth
surfaces 60, 160 and at step 4-4 the first concrete body 10 and
the second concrete body 100 are coupled together using the

tendon 130 and the anchor plates 140, 150.

Referring to Figure 5, shown is a cross-sectional
view of another joint 230 between two concrete bodies,
according to another embodiment of the invention. 1In
particular, a first concrete body 200 is jointed to a second

concrete body 210. The concrete bodies 200, 210 are similar to

- the concrete bodies 10, 100 of Figure 3 except that each one of

the bodies 200, 210 has a channel 220. The concrete bodies
200, 210 are pre-cast concrete segments each having a layer of

the'éelf—levelling polymer 30 and, in some embodiments of the

- invention, the channels 220 are made when the concrete bodies

200, 210 are cast. The concrete bodies 200, 210 are jointed

together to form the joint 230 using the method of Figure 4
1l
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tendon 130 and the anchor plates 140, 150. Referring
to Figure 5, shown is a cross-sectional view 8fMarch2007

§ g@P j oi nt 230 between two concrete bodies,
w A t o anot her enbodi nent of the i nvent iPER/SG2A03/000097

25 particular, a first concrete body 200 is jointed to
~a second concrete body 210. The concrete bodi es 200,
wiRhOtheeadidiicianal ostépethancithe chadhess1020180c0filled with

Fi 3 h h f . the. bodi 200, 210
o GBS AR ob B B 0 B G o8 200, 2100 s

th@l eefiddh ¢90CTr e¥ge S&E&ﬁ@iﬁgeﬁlﬁlﬂegﬁﬁlngsalé ayLhr oéxéqule, a

the self-levelling polyrer 30 and, in Sone e
bl%ﬁdﬁﬁecemﬁvanfOﬁlmlh@rchampebstiﬁﬁ aoethadeompealthen of the

t 200 10 .are ncre
matERERF 80P Fonethe Hpuhes, 33l nal DaidorFstfeably has no
coamset ad30eystag. t hEnhaeghodt oh Finﬁﬂéﬁlélléﬁ M §bs

007 WO 2004/031500 PCT/ SG2003/000097 w th the
ad%&%ﬁ??%%aieéke%#QhEﬂeﬁ%e channel s 220 are filled with
a grouting material 35 after coupling the bodies

h 3@, T, | .
t oget erRé\féf‘rlﬂ(?eccS efﬂg?r%dg% Qﬁo%oo% In%%fé&&]i view of

35 is, for exanple cenment
a Q@h@b@t@l oontainde Tdhposvingna ahethe Gided4) i#dr afealing the

e .concrete. bOdI 200, and preferably has _nho
o G e S O R RIS L T BT TRRE of the
im;aeddiim@nalalsa@éqin Rasse I®6eisi MR the

shown is an exploded view of a concrete container 310
COTYCERR iy %thﬁld}en it Qemd d?h%elwtéhlg liﬁb 240 cdncridte

n&ﬁﬂﬁ!ﬁé f’lﬂSgL%%C(@’Ad' r@ié:coe %Q%t 3(0 e?gsl nt Ofeq%atw{]ﬁ%e 280;

|nvent|on ng 'device
hovmom,etm csmxtealarrefocﬁjx@rﬁjw dmetmtmvémﬁozﬂ&helﬂe tihe one or
. 4&} ure 6A there is oqﬁﬁ one seal ing

Fort deyissife SHEEIRRaEWsen ide concrete

conftiaverd QT!L(I Qﬁfc? tihd %%aqr 1 e, add] J9nal5e8!, 3?81 some

devices arranged between the concrete “contal ner
embged med shefalthe dnzgotijom,pdite Cﬂﬂ‘c‘dlr;ng meydimes are gaskets

arrglgf?%g:{ S'Hl:*ptt%p()foft Ia%el n}/l%%l'er ar} eins% r}g g\%%ld%?n%n rse of the
invention, the sealing devices are O-rings arranged
concentrically within one another. A plurality of bolts 230
(only five bolts 290 are shown for clarity)} are anchorec} in a
side-wall 320 of the concrete container 310. In Figure 6B, a
cross—sectional view of a portion of the concrete container 310

clearly shows the bolts 290 being anchored in the side-wall
320.

The concrete container 310 has a rough surface 330

covered with a layer of the self-levelling polymer 30 to

produce a smooth surface 340 for contact with the sealing

device 280. The concrete container 310, the séaling device 280

and the 1lid 240 are coupled together using the bolts 290 and

nuts 300 to provide a leak tight joint 235 between the side-

wall 320 and the 1id 240. fThe invention is not limited to

coupling using the bolts 290 and the nuts 300 and other means
: 12 o
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arranged on top of one another and in other
enbodi ments of the invention, the sealing deve&are 2007

C}riﬂaf arranged 20 concentrically within one another
WR 20041834580t y of bolts. 290 (only five bolts 2FCTHGE003/000097

shown for clarity) are anchored in a side-wall 320 of
the concrete container 310. In Figure 6B, a

suchoas;pesthGﬁbiMhQﬂ?Qfcdaﬁ@ﬁhboﬁn@fth@eu§@n6Eet§e rods for
container 310 clearly shows the bolts 290 being ‘
CXIRENGr eGPt Re YFEE- Wl Pthsragpbotthmenbacpét Ehe invention,

container 310 has a rough surface 330 covered with a

layer of thhensebfrbgysbhtogoRo 05t 05 pgRA
smoot h surface 340 ?or co%tgct%%ﬁﬁﬁegh%'sgélF%ggﬁﬁ 88, two
bodéepcaregioimhed congethercohbaener, 3the fheeaeabhngs not

. Lce, 280 30, and the |id 240 are coupl ed together
ll%g%ﬁé f ej%%??%n%9ﬁgaﬁﬂo Ra %?goﬁngolgrQVPﬁE gupgguents of
théi ghtendioh, 285rdet ypeRotBepshdes ¥pk! §820c800tbh8thsd at a
., 240. The invention is not |imted to <coupling uSing
JOtRE- bolts 290 and the nuts 300 and other means 1230
March 2007 WD 2004/ 031500 PCT/ 8G2003/ 000097 such as

post - t engi, oy i ot for .
oSt o0 o0 10,0 001 08 AN LNECUSEAT U1 FO01 1 Qherrng
polywent 3®nisdd fidme Jerdvodprendst bbn Pigeir@se or Snobd @mfiponents

f6 t WO _@€dies are jﬁ$nted t oget her; however, the
OL i IRFMITH TN HeB D1 it PR | Ot Pnd e TP DR Oof
théffbd st PIMer MO HAPY S1AF videod e Akre tLILEN S t0

nore bodies are jointed together at 'a joint. In a
PrEid 13 sTvame )i miamasirty the b fsdlefrel dvalglipp| yokymer 30
f I nt i,an. has e or nor.e conponents

be o ALY, O S AR ey S B
chazmponeintes] ofin ipddigr Mmsaiiding dQfAthasd@ 110 and their

vi scosi.ty before curing to provide an overall
Sejﬁ‘?ceo"sﬁjtl;}“@f DEhe vIQUL. R{INS (P e A HEET saigng, the

thedMd gttt 1 HP J1GmERs §ldd MG RAIK TRl 'LHNFAL Finish having an
rms roughness of 63 pm or less, and have compressive strengths
equal to or dgreater than the compressive strength of the
concrete. Furthermore, the thermosetting polymer resins have
high bopd strengths to provide a cured polymer which is
stronger than the concrete. For example, referring back to
Figure 1B the bond strength between the thermosetting polymer
resins, used in the self-levelling polymer 30, and the rough
surface 20 of the first concrete body 10 is greater than the
tensile strength of the concrete of which is made the first

concrete body 10.

In some embodiments of the invention, the types of
thermosetting resins used for the self-levelling polymer 30
include, for example, epoxy resins, unsaturated polyester
resins, polyurethane resins and other resins such as epoOxXy

vinyl ester resins for example. Generally, any suitable resin

~having a low viscosity before curing and having a large tensile

13
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characterised, in part, by their capacity to fl ow and
their 15 self-levelling behavi our before curing® Marele2007

, curtgg, the thernosetting polyner resins provide a
WORMAEE0| ni sh having an rms roughness of 63PERISGR003/000097
| ess, and have conpressive strengths equal to or
greater than the conpressive strength of the concrete.
steengheramdea LhegbhbonasettengtROLY MBENESELESRANS 8Ping may
behjgg bond strengths to provide a cured pol yner which
i 8 gtronger than the concrete. For exanple, referring
back to Figure 1B the bond strength between the
ther nosetd i - PQINEREs HESERS 4 in th .
sel f-1evel ling polyner 30,tan %?E?#%ﬂ%h S PgEY Spsin used
fopfledeage riecontien echotyin® als Lyeat esné oasé hepd@dy and at
Si r th.of the, concrete of which is made the
1e%|§‘?s I{pfecof)j;'ru:aree ST 16HCR no%,&ﬁ’et%%oqrfré‘ﬁ%e%?r@w‘
Examylenthzame dﬂmxia@eﬁn@iudéfmﬁwnﬁﬁgéd§5t§ﬁSbfégﬁ@ﬁﬁhféﬁbased
anpl e,

he self-levelling polynmer 30 include,” for
10Ch orbAu sk isROX iRt At REARD| lssiGiy B0l esiprsside based on
AmBRIBHERIIhanerdfist ngpand, otharsqesins s c&)as POXY. ,
Vi nyl esther re@%s@ or ecglnpdé‘.l @éjnoé?a(#% A3 on"DDM (4,4

DiaguincaBiphessiln Mdtzhdmy )g |:0M WEeASId Wiy 6 CtHd Mhrdeners
30 March 2007 WO

o5 851885 et SansGirbutos Lismemp ieishd heyarmgspoct ive
amipien dasceng] Buch, GRNPRLRAEIELILHAMIRE: A Welole, that

In enbodi nents of thé inve n epoxy resin use
cary GurPegkadeopr SEEWSTaT ent aThs amiheasiddue hase, for

y l.-east. _qne of a hardener with or .
o8 ?ﬁéu?egnﬂggggpéggigﬁ}g aﬁ8P8H¥Q§ElEﬁ§XF@§qqﬁﬂ (Ye amines
and owheirsmorbigrshi spbenekafphasedn: HAQ% e ¢ 18pOXY
resin;ﬁ TGAP %TTi(]ycidyI epoxi de based on
CXYRAPREPRBROFP, fPEBDRCLYSRYREPPY L EnPaBRoRiSde Bacalen
ol fds 4incbhaal ' | )) 30 vol a ~
PO T esins. The hardg%gggg?gﬂ¥ngpgé@§§§fn%%@egR§g§g€O%3§F§mlne'
tetpapyhvd elee medtanéne, r engedifiercani pelgdsypirdpyseabanines.

WheﬁScQPiﬁ8XY££££¥£§nggg1Qggogggrgxggygg’ggggés of a polyamine

react with epoxide groups of a base epoxy through a reactive
hydrogen of the primary and secondary amines. Bach primary
amine group is theoretically capable of reacting with two
epoxide groups, and each secondary amine group is capable of
reacting with one epoxide group. A first reaction equation of

a primary amine group with a base epoxy is given by

H Ho H H #H
VAN L1
R—$+?-*?“R'—H—+ R—N—C—C—R"

b
H H H -~ H O
g

resulting in a secondary amine being formed on the base epoxy.
The secondary amine reacts with another base'epoxy according to

a second reaction equation which is given by

14
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can cure at roomtenperature. The am ne adducts are,
for exanple, |ow ol ecul ar wei ght copol ynmani ndéMarch 2007
reacted by am nes and other nononers. For exanpl e,

WAROREBIWact with 15 oxypropylene to form  PCI/SG2003/000097

pol yoxypr opyl eneami nes. Exanpl e pol yani nes incﬁhd%r

diethyl ene triamne, triethylene tetram ne, C—C—R?
tetraet hyl gpe ;pentam ne, zjand different [
pol yoxypropyl eneapi nes. [Mhen curing, primary/antd H

secondar F—air-e—gCotps +of—a(poRyam-re—rgacty Wi th
epoxi de- gr oup of la baselepdxy t hr ough a.reaé\%fh %O
hydr ogen of t d?hﬁary %ndfgecondary am nes. -DCH—R'
primary amine group is theoretically capable ofj
reacting with two epoxide groups, and each secgpdggy
am ne group is capable of reacting with one epoxideH
group. A first reaction equation of a primary am ne
group with a base epoxy is given by ZSCE HHO HHH
-N, & - o\ = R I H,H H H resultin
FoiBnJH?:le s%:%cﬁl ar'.'ilér%s{‘lf\nl‘E #én b%(!ﬁ%agﬁopnr’net % rﬁfrﬁ‘éa]to]%b Bfegs ence of
hyditex sl aradairgt aim nepareiand the tdparietdharihpse epoxy:
according to 30 a second reaction equation which is
iven by 14 30 March 2007 WD ,2004/ 031500 .
PCT/ SO0/ e QL (the ipventiony doywidal enc- R
acceleGir 4 Rdd] @H? %d&é@éﬂﬂtbf_gohtging Cudlor e of

the second reaction equation, the formation and
alggheddc drysfroxils and phenolic hydroxyls. The hydroxyls of

the accelerator are used to accelerate curing of the primary

and secondary amines and therefore provide a shorter gel time

- of the amine adducts and higher molecular weight resins. In

embodiments of the invention, the curing time and the curing

speed is controllable by adjusting the aﬁount.of hardener and

accelerator.

In embodiments of the invention, an unsaturated
polyester resin which is used for leékage prevention is a low
viscosity unsaturated polyester which is reacted with vinyl
monomers through a polymerisation catalyst system when being
cured. In some embodimenits of the invention, the
polymerisation catalyst system initiates a polymerisation
reactiqn of the vinyl monomers with the unsaturated polyester.
In such embodiments, one or more catalysts may be used
simultaneously. In other embodiments of the invention, the
polymerisation catalyst system catalyses the polymerisation
reaction. In such embodiments, one or more caﬁalysts may be
used simultaneously. In embodiments of the invention, the

polymerisation catalyst system is a mixture of an organic

 peroxide and one or more aromatic amines. The aromatic amines

are used in small amounts with the organic peroxides to
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hydroxyl s assist in opening the epoxide ring. In
enbodi nents of the invention in which an acceB@nurcr 2007

i s used, the accel erator contains one or nore of
WA 08HBIP® hydroxils and phenolic hydroxyls. TRET/SG2003/000097
hydroxyls of 10 the accelerator are used to accelerate
curing of the primary and secondary am nes and
acckdecbbeetheorctton 6h0th@rpgﬁbxiﬁéﬁbyfﬁo&$ﬁ?§@1@ﬁ initiating

c adduc%s and hlgher nmol ecul ar_wei ght resins
“ERBOAHERt ST ofDEhRerAYeALH onIn tPRIELPUIRE 1 i e amel ermieodiment

o£CYRENENvEREEE ] Sy Cﬁﬁlkﬁﬂk{e abke by E?Ldgrhgﬁn{) J?]I-t,e%sa U%‘thae

of hardener and 15 accelerator .
rergobhgenyy arelmistt of aﬂﬂdatmmt;ﬁ)‘ly@ﬁlé’r Vi Ctlihé Srange from

R I Ve Y A

nsa ura

or NGDEBS S Eirhifpii%l at pol g IRE £ 19RE 400 SGRL all\yﬁ—élyeslﬁﬁﬁamrine,

bej ng 20 cur ed. I'n sone enbadi ments df the Inve

totwidingy eV idine gk a@atq/kulcbvsa,em,umdu (atyelraxyethyl)
to PR AT R i R R ) R e s SRpimont o

t he unsat ur
of dthmrrwe:m:tlajry,stas pmfém:atﬁ@ibly&ldﬁﬂsfa%&%%uﬁa)taﬂﬁt system is

er qugginent of the invention, the
Q%Xlﬂﬁs@é’rﬂ dat ¥rgdmethyd p-toluidine.
polynerlsatlon reaction. In such enbodi nents, one or
nore catil YabsdImerites dﬁ%é'ﬁ%&%ﬁ%ﬁusgy%g urethane resin

enbadi nents of the invention yner

which d13yéllse§1y§9é’ml|e§k@9ﬂ sgvensfioan congamns aper OXI de
mat i ¢ am nes

I |c a nes.

=LA LSRR REIHhSaRTLAGE, llnafL 00k ke o2 153

mohaauiamd&elgbt f3ula N&b@hti&OEydwgbgggéﬁ0§é§99 In some
G%OOS/OOOOQ? accel erate the action of the

n§& BY FBﬁeﬁpﬁﬁnﬁﬁoPmlFhatpﬁﬁyur%hh@natUﬁélnflshen a
oneP@bQ%'QSneLﬁa@ﬁé%é§ug EtF aﬂaelﬁnggﬁégeg$boﬁ%geggs of the

I nvention, a mxfture e aromati ¢ am nes
invgatdent ke gymmsghuonf ofinsheupal pdr@ohyest e6sin §8ein a

twoLBAOE |EOEL5.ERRLOK! IBLELY. O 8 B S FRRL O TP 8 Y R amic
polyurethane-forming isocyanate/polyurethane prepolymer having
a low viscosity liquid at room temperature and having a
molecular weight between 1000 g/mol and 12000 g/mol. Such a
prepolymer is a reaction product of known organic isocyanates,
such as low molecular weight (liquid stage) diisocyanates,
triisocyanantes and polyisocyanantes for example, and two or

more hydrozxy groups of an organic molecule such as a polyol for

‘example. The prepolymer is a low viscosity liquid at room

temperature and has a molecular weight between 1000 g/mol and
12000 g/mol. Example polyols include a polyester polyol, a
polylactone polyol, a polyesteramide polyol, castor-oil polyols
and mixtures thereof. Preferably, the polyurethane- forming
1socyanate/polyurethane prepolymer is a reaction product of

toluene diisocyanate and diols or trlols For one-part

- systems, the prepolymer has an isocyanate (NCO) content of less
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or nore of aniline, N, N-dinethylaniline,
N, N-di et hyl ani line, toluidine, N N-dinethyl 30March2007

ui di ne, N, N-di (hydroxyethyl) toluidine and
“@HW&MHFW@thyIanlno benzal dehye. |In enbodi ment $CTEG2443000097

invention, a preferred polynerisation catalyst system
is 10 a mixture of benzoyl peroxide and N, N-dinethyl

thpnt glruequaé tbnlerbbgi Welthtobrt bRei pyepbiloRerd and
| eakage

ne r which is used for
prg??%@%? eéﬁnggﬁﬁs5anbyl§8&95Fa9§/EB?yBF@Pﬁ&H@err in order
topéﬁﬁﬂﬁyéﬁéegﬁdf@hmhﬁ@St 9ﬂ§th8fh09? Eﬂlgﬁimﬁhggtsystems, the

fluid aromati c hydro€arbon resin
PrerpoyReEnhasof mhéecn&entwemghthmnpbhgurahbanefr2800 g/mol to
nd in othe

Kk t
3008 T dL O FoR e BRRG CATF BTe o Roroa | £PBROBE Shethe
pobpty@tﬁéﬂaﬂfofmshP hgobyaﬁatéﬂﬁo ?ﬁieéﬁ&ﬁepﬁfgﬁgf}mer is less

re I'S any Sul

stem The
%%I?Er%q%%%e ?o ﬂﬁn§Y|g@é?@ha@ﬁ/tﬁ¢y@¥@p@hﬁ@er

prepol yner having 20 a | ow viscosity I|qU|d at room

t t
T L i i

comfe&axnectrﬂ.rpridmjcpobfuk@blmn@rmﬂm, i Jpcy@Eat@shodBuetts of the
I|q i d stage) di | socyanat es,

i B Rrtels Sarper R RS bl edng In

otHQK)éMdeimEﬂﬁBrWﬁrﬁﬁa £H§éﬂ¥idﬁ aD R Hans 6?”5%6“#% more
such as a polyol for exanple. The prepolynmer is a

ar%%fé&sufmﬂm%ﬁ@mtmmrﬁ et urRegarditress a:>f whether a

0 /nDI and ., .1 OOO
Sl@fﬂp e po olqgl nc‘%g%)e&é]rpojy ste d"3):@1 2"‘ S of
arqnﬁt;n]cadiymh@c&dhm{ 7reaintl wasd ersd,de pelgeld aromatic

ol s, 30 and n1xtures t her eof .

- cazlfa&r 5%%}1 hd B tiRihdHissiofify in the range 700 to
200G0s eg¥anat efgpel, yurgt E%%d@h@ﬁeéy%ftiaé @n(rgﬁ%&bﬁ{

ct of toluene diisocyanate and diols or

pro
COHP@Sl@ﬂ@npa’rft tl@ﬁmtnm@ymmmgmg (3):1mrmnh l;é:ol;ldes

ntent of
by b S A6 FOBEGS S P S50 TEd] PG PR bgroups
Pre\f/e[rgbﬂyof thiee hykeR@MMefrougn d;om;eher 2kl walods s rbhamie%
% Eght of .the prepolyner, in order
hydrocarbdon resin is in the range from 2% to 5% by weight of a
respectlve one of the aromatic hydrocarbon resins.
Furthermore, the aromatic hydrocarbon resins are preferably

free of water and solvents.

In some embodiments of the invention, some of the
other resins which are used for leakage pfevention include
epoxy vinyl ester resins containing styrene monomers which are
free in the resins. The epoxy vinyl ester resins aré reaction
products of other epoxy resins and methacrylic acid and have a
very low viscosity, for example, between 90 cps and 135 cps.

Polymerisation catalyst systems are used with the epoxy vinyl

ester resins as curing agents. In particular, the

polymerisation catalyst systems which are used with the epoxy

v1nyl ester resins are the same as those descrlbed above with
17
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20

to avoid excess foam ng. Furthernore, in one-part
systems, the prepolyner has a nol ecul ar wei gh80 Mareth2007
ran?e of 2000 g/nmol to 5 3000 g/ nol. For two-part
WORS00 he NCO content of the pol yur et hane PESEMRING/000097
i socyanat e/ pol yur et hane prepolyner is |less than or
equal to 20% by wei ght of the prepolyner. In regards
refereheef kg thar omattarhpddopal pesteesikasiaent ainedomns
he.pol yurethane resin,,in sone enbodi nents of the 10
enbldiRerés Stfsi%_ﬁ& EREPBhEPRC RYBr BEBER fBEFAAFSTESRE.
pol?mékh@ﬁt@&hoébﬁﬁm%§t°§y§@§m'ﬁﬂ?ﬂiéﬂ@s 4 ?bi%ﬁéfi?gtion
two or nore aromatic hydrocarbon resins Ts Used. .
repefafll e§stbp @hpreee mongheys ewhtbnhbecehydyoranpbnester
LN iple n r. of r tic _hydrocar bon
rel B 2 I LR SRRl Ee s fapkFLER PRS pr snove
cahalysysaofounvitEeospélymerifer 1 aN0eatADysP s¢9POMCOStalyses
that 2@§% I n enbodi nents. of the invention, the i
T ONPOETEF bR bt OB hEeapbifft i @f Hytte oty bome reenemers with the
SB¢| yehes1 bydepx up | n bl Yoy 4
?pafgnptig hydroxy?é%%%ﬁpsiaF#%%éé%é#%% ééif%é%%%%&&on catalyst
is g oupxcentenf af eagimiar qreatd:ci RO hydrecardoméessidrdkatic

in the range from2%tq 5% by weight of a respectiyve
andied oo 1 Moot S AR e st on Fef ChBrTor e 2
mittherarofmesz YHoad:oer A1 16, - &A% olfd&eine.

of water and solvents. In sone enbodi nent’s of the
FurthRomio®ty, Somownd aredizendishart rdss risnweichorar ehesekomatic

{0 | pakage, pr 4GN 1N de . .epo Vi nyl__ester .
Hresi ns cont a#)nlﬁyngg}&s%l% gﬁnéaqr?ol{r?o%%%g‘ \ﬁ'fecho LG herqyides and
gentchm Ylgs i arsce Tntap e \dotilone e Hee o8k I eaGf | on

roducts of other epoxy resins and nethacrylic acid
PR 40 RIS FERVISEGeiOty Lo/ TR Fomicdinre of
the9 G e taind kPP has3@ Belk rt'ag}%: 'é)?f WAl Y W Eated

are used with the epoxy viny resi‘ns as curing
polygsiey, dm e tiangeartromh e pppotimertiedat ilorl Scatpaltyst

app%%‘timeﬂg tcalh%'are used with the epoxy vinyl ester

resins a € sane as those descri bed above with 17

30 March 2007
Given below are example formulations of the self-

levelling polymer 30. As shown in Table I in a first example,
the self-levelling polymer 30 includes an epoxy resin EEW~188,
and a Polyoxypropeleneamine (Jeffamine) D-230 in approximately

32% by weight of the epoxy resin.

[ Formulation % by wt of EEW~188
Epoxy Resin: EEW~188 100
Polyoxypropyleneamine (Jeffamine) D-230 32
Characteristics '

Viscosity of mixture at 25 °C: (cps) 600
Gel time: (minutes) 280
Self-levelling: Excellent
Surface rms roughness after curing: (pm) < 30

' 100

Compregsive yield strength: (MPa)
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WD 2004/ 031500 PCT/ S&003/ 000097 reference to the
unsat urated pol yester resins. In sone enbodi néfi\aregh 2007

thelnventlon one or nore initiators of a
PCT/SG2003/000097

“%b??ﬂ@? ation catal yst systeminitiates a :
pol ymerization reaction of the styrene nononers with

the epoxy vinyl ester 5 resins and in other

UlEﬁﬁéB?nﬁﬁm§r@SSﬁhe shvengthm ¢Meapr nore fatgl ysts of
t he

o0 RECBELXTELEA! bR EELBLIS! gL em caplyaes T

pol yneri

the epoxy vinyl ester resins. A preferabte
pol ynerisation catalyst i$ a mxture of an organic
roxi de and_one or nore aromatic 10 am nes and a nost
Ta*gf fof abPETPSRYHeR | 2nd | @malc:acmaymtlss aof nihd wesl Bflevelling

po%f?yﬁo Pes, Okhger Ak Ny 0 IRt O Pt ) r?,mc}eqﬁtqng)rpz;ftqge 9517

hernmore, I n sonme e

iz @ oﬁ:mm@ar@ntems e tehath efb i NoSTTRL b £ 8D Ry tdE tébeatlngs

ani ¢ es and generally accelerate the actio
us{ﬁ Q%F%%&L g4 95Ul ar, in one enbodi ment

of the invention, a m xture of the aronatic am nes

has a pamquéoxé WR G A 1Qf #}gaaztlalf# %tu“?rgaos%oﬂ enol—A

in the range from approxi matel

bas &ﬂor%@%treﬁr%/lrs%ndel\t@n Visicoside mxrgml €rbar (ubabi @os 14000
ynmer 30. As shown in

of t sal f evellln po

PSTr &t @3 B aDr?Fétlﬁx%n’a dengrefas| theeemwmgesm EEW~188.
I TR 130, 1| meloudeg ca EW 188 and
i g?ﬁ%Bx;Lﬁgbeleﬁggnﬁﬁeg @B??%n&ﬁ§ §Efgﬁapﬁhe prodict by
Jefﬁpmauklmmﬁehis 32%cbyivwei ght 9ok %hgte@gxmcreegg in
T bi on % by ,.wt of EEW 188 Epoxy Resi n: E\/Elli%%n
a ﬁ‘?o?ﬁﬁF&ﬁ%&n@énﬁhe €9éfff'émfﬁéﬂ.1®g2361$sﬁer 30
eg| i S€0 t pS
°°“€B%%‘9’ o Rt att eep saneSul FofisThp ng: eh€ Rdrdener p-

230Eksehppnbx$metamy 608 &pyohpess Gﬁgﬁﬁféég'éﬂklﬂéﬁ T gel

ngre33|ve yi el d strength: (MPa)
time 1 approximately 280 minutes and once cured, a surface

finish having an rms roughness less than 30 um results.
Furthermore, once cured the self-levelling polymer 30,
according to this first example, has a compressive yield
strength of approximately 100 MPa, an ultimate compressive
strength of approximately 245 MPa and a bond strength of

approximately 4.2 MPa, which is a pressure at which concrete

fails.

In a second example, an accelerator is added to the
mixture for self-levelling polymer 30 of the first exanple.
The accelerator being added is referred to as accelerator 399
and it is another product by Jeffamine. The accelerator 399 is
used to reduce the cure time of the self- -levelling polymer 30.
Results are shown' in Table II for two different concentrations

of the accelerator 3%9. In particular, in columns B and C the

: percentages of the accelerator 399 by weight of the epoxy resin
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18 30 March 2007 WD 2004/031500 PCT/ SG2003/ 000097
UItinate conpressi ve strength: (MPa) 245 Bond 303&H0h2007
étrﬁﬁﬁ (ASTM D4541-95el), (MPa) 4.2 Table
wegp éftpon and characteristics of the self-| BGHSG?WQIOOOOW
polymer 30 in the first exanple formulation; "ASTM
D4541-95el" is a standard test nethod for puII-off
EEVstm@ﬁe cﬁ" cnlxg%ilm &a@e&tg::gml}a.bl &?mhﬁsimmf Table II
testers is a stan ar ener al - pur pose
. smwt Yaddtf 568 e dhaze isdssiagpelerator
addeanges from 11000 to 14000 cps at 25 C. D230 is a
har dener for the epoxy resin EEW188. |In particular,

10

D-230 is a Polyoxyprapyl eneani ne product by 10 Jef

fam ne and its viscosity is cpskat 25|C. As3sho in C

30 comt QPRI xt ure of lep&xP¥r ¥&in|E Fang % by wt
| Epokhe padaner D- 230 1's approxggt €l'y 60P3ppS at 257%qgp

before curing. The gel ti IS approxiately 280
Polypriypsorai¢neaddnsured, a surf3Re 15 fihi 84 havingLaBZ

eSS ess than 30 gmresults. | Furthernoreg,
(Jeggggaggg @ ?%e self-levelling polynmer 30, accordifpg
Acceberhierf BoSt exanple, has conpressi ve ygeld 10
tely 1 MPa _an ultimate

conpressive strengthQQaQﬂﬂﬁQ£é%ﬁﬂQﬁy 245 MPa and a

BrolRRYFLT EHULH 2gFapproxi et ety 42~ WPa,—which—5—=
pressure at mﬁ K concrete i(fails. In a second

mlx@ﬁﬁﬁphe 28ne@ccekgsptor is gkl to the 7o@xture fproo

sel f-1evelling polyner 30 off the first exanple The
Gela%eeeeréménubes g added is &% red to jasSccel eraf 0f5
Selﬁgfe% i s anot her praguctebyentel fRRLDE o€l Excellent

acce era ? 399 is wused tof{reduce the jcure tlne of
Surfiee sehé - reughheng pétyper 30. Results are shown | n

Jable Il for two different ¢on eﬁptratloﬁi 3 f the 0
curipgGel 8t or 399. In particullar,” 1 n col ymhs"B and G tha
Com;?fé§§i\tf§g§fef& épjee c&el erafor 399 by weight of thie

EpPOXYy res
(MPa) 100 95 88
Ultimate compressive :
strength: (MPa) 245 210 160
Bond strength: (ASTM D4541~
95el), (MPa) 1.2 4.0 4.0

Table II: Formulation and characteristics of the self-levelling

polymer 30 according to the second example

formulation.

As shown in Table II, with the addition of the

accelerator 399, the gel time is significantly reduced from

approximately 280 minutes down to approximately 25 minutes;

howevexr, the reduction in the gel time is accompanied by a

change in other characteristics of the self-levelling polymer

30, In particular,lthe addition of the accelerator 399 causes

a slight increase in the viscosity from approximately 600 cps
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EEW 188 are 5% and 10% respectively. Col um A30fMarch 2007

Table Il shows results for the case in which there is
W04 r at or added. A B C Fornul ati on % byPGIWSGZ043/000097

wt % by ' wt Epoxy: EEW 188 100 100 100

Pol yoxypr opyl eneam ne 32 32 32 (Jeffam ne) D 230
unheeehenabak ract eebsti £s ' .
PP dteY, 780 PPIEAE Zc5t) FonhTutt Yt Shgg 1o the
coppressimenutied)l 280eB§tR5LrSal hpbeveliinhbglyExoe! MBAt down to

ExceLIth Exgglggnt Surface rns_roughness,after .
APROPRHGECE L 2¢ 3pdecxpasenipr 686 vetynabe compressive
t86h80H! BrohMEBpréQPmdbe 83 22Ukt BRI essy -
ey th:roiwpgg’rms 510 ?60%313% ???Eﬂg?h?f’ ‘%i/@ﬁ?r‘ately 160
MPaysand as5eijghtMiefrdageqin #he BoAdbbkeréhgth from
' n r erjstics of .the self-]evelling

e fo T ALED 108 PR TORTI IS lleRuieninfr o 0 Hha!

formul ation. As shown in Table Il, with the addition

of the =ecalehbtdredARpldehea gebrwhIBLISn SbONERE Cadt+y

reduced from oxi matel y 280 minutes down to

ap
Levehing @?W%s% HFEedeq rmowpsakurated eelives ey i yesin
d he & P74 181 ¢ COIRAT i G |
an charlggityerﬁi sti ctil%f? t he se%-ﬁa\?(gll‘:f%g po? yér]fe?é h%ttf]ﬁe of
bengayd prexidheanddit itordivietnel geeedbridine 39T guasisicular,

as shown in Table III, the concentrations of the benzoyl

- peroxide and the N, N~dimethyl p-toluidine are approximately

0.2% and 2%, respectively, by weight of the unsaturated
polyester resin. The unsaturated polyester resin contains
polyester polymers and styrene monomers having a concentration

of approximately 30% by weight of the polyester polymers.

Formulation % by weight of
polyester
Normal unsaturated polyester: 100
styrene monomers: : 30
Benzoyl peroxide: 2
N, N-dimethyl p-toluidine: 0.2
Characteristics
Viscosity of mixture at 25 °C: (cps) 1100
Gel-time: {(minutes) 25
| Self-levelling: very good
Surface rms roughness after curing: {pm) <_30

Table III: Formulation and characteristics of the self-
levelling polywer 30 according to the third example

formulation.
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a slight increase in the viscosity from approxi mately
600 cps 20 30 March 2007 WD 2004/ 031500 30 March 2007
PCT/ S&G2003/ 000097 wup to approximately 700 cps at 25C
W@ 2804/3k300decr ease in the conpressive yield sPEESGRIN3000097
fromapproxi mtely 100 MPa down to approximately 88
MPa; a decrease in the ultinmate conpressive strength
fromap [ appr oxi mat el 60 .
MPa; angmgé(s i'g t]ya eécr?%g@‘g ?}g&?%%f%?g % rlenr%f%g]f%%% %0 in
thepphdrd netaipl o HadVRa woweo $ Dt g ppf eppmi:ainate By P00 cps at

dn a_third_exanple, a formyl atiqgn of the self-
25 Id;velfq&ﬁenéle&olt;}f?@r 180 APRAFIES L8t Yursalptes pody excsr cured

j : rj j on_cat.al yst which.is e of
ot FR0 FAUE R AR SR, N T remuna
p-toluidine. In particular, as shown in Table IIIl, -

t he concenta dlouans efzxansl deny adrmpetddremnthd haa -

N-di et %yp-tol ui di ne are approxi nat el 0. 2% and 2%
ley iIRAINReT], B UndingHudss 1ohdrigrisueu ofi ed Pdaryredtheme
prégﬁﬁllﬁnerT%dJ%sﬁbg_%ts‘%%r% Ler, T oS Rpeoit 8PS 43 o IV, the

pol yest er pol yirers and styrene nononerS having a
congsidamtrignisoef theapolorinestteine 30%poy. yweirg ind ftHehe

I er. Lymers. _ Formul atiaon 9%y wej ght of .
po%%sg/é::es grly%%oﬁngfeuﬁ?megéﬂ )¢)3§t gpd % O rstysdretively,
by Wi $f 30e Berzoyle.penmd ¢ yareNnabkdi i j

p-toluidine: 0.2 Charact er_ig?i ggr\% sgosi R%%%):‘m%mftrurles .
reagitism prodygs) ofi1velueniedifgsocyrnaticegnd2bolyols. The

| f.= I LL-ng; d_S r ghness_after
po1 SRkt beaBitacy, 8900 SULALE BF LPHOIeSHoilihatey
13%c har actighitsbifcshef prhpodghier kedek! vigcpeliyRebf3@bout 2000

according to the third exanple
cps at 25 °C. The polyesterpolyol has a content of hydroxyl of

i}

approximately 4.8% by weight of the polyesterpolyol and a
viscosity of approximately 350 cps at 25 °C. Together, the
polyurethane prepolymer and the polyesterpolyol form a mixture
which has a viscosity of approximately 1100 cps at 25°C.

Formulation % by weight of
mixture
Polyurethane prepolymer 62
Polyesterpolyol-1 38
Characteristics

Viscosity of mixture at 25 °C: (cps) |1100

Gel time: (minutes) 120
Self-levelling: very good
< 30

Surface rms roughness after curing:

(pm)

Table IV: Formulation and characteristics of the self-levelling

polymer 30 according to the fourth example formulation.
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PCT/ SG003/ 000097 The fornul ati on of the 30 March 2007

self-levelling polyner 30 in the third exanple has a
WQ2M031509 of approximately 1100 cps at 25C. FRESGaN03/000097

time is approximately 25 m nutes and once cured a

surface finish having an rns roughness |l ess than 30 m

resul ts.op S 4oy rih r |
sel f Ievel%i%g S% I%Jna% 3%5‘?%5‘%8%%29 mf%:‘t’ 3‘?‘%‘9‘2’?85 48 once
cupediyar ehhtiee PIePsh YRBTigtal £ed YeSIEHResY¥Oleds #Ban 30 pm
shown in Table IV, the concentrations of the
repelyBir et hane prepol ynmer and the pol yesterpolyol -1 are
approxi'mately 62% and 38% respectively, 10 by wei ght
of the MXUAre cdinco PObYIL L DARSRIAR YIS | 818 colr-
reacti on product of toluene-diisocyanate and po yo?s.
levéklingppainetdari) prrepbhyeerabhaspaxeonieyit eftdCQrefin and a

i ly 13%  ght, of |
oo PRSI S1 Y Ao S SimlS S FhanTEL-E" S benzonn

pePOLYES RID QY H-diEse 8 FONE B8 1O d N Yl sidwrd Sin Table v,
approxi mately 4. 8% by wei ght of the pol yesterpol yol

theepneentinadoging of dWpprioximitlepeRs0idpard @6 e N, N-
T her . t;he ,.pol yuret hane prenol.y ind_t o

dmb%%&‘els ertr?&uaé%ﬁ\‘eorarﬁea AU l}gﬁf as aa{“sie%%’osi ty

resffe@ppredyi, Mye e iGHI0 epsciad ky MMl aldise %dyin.

wei ght of mxture Polyurethane prepol ymer 62 .
FussdiSraarer p difolePPX3B CHEF e @HG B 11D iscofiaw Gremical

prdf ﬂ”n%rr%ﬁ:ﬂ R rGraels) 41100 CGel tinme: (mnutes) 120
S :

el f-l1evelling: very good Surface rns roughness after
curing: < 30 (F) 20 Table IV; Fornulation and

characteri §birmaletivime self-levellijng % by weight of
vinyl ester resin

Epoxy vinyl ester resin 160

Benzoyl peroxide 2

N, N-dimethyl p-toluidine 0;2
Charaéteristics

Viscosity of mixture at 25 °C: (cps) 90 to 135

Gel time: (minutes) 25
Self-levelling: Excellent
< 30

Surface rms roughness after curing:

(um)

Table V: Formulation and characteristics of the self-levelling

polymer 30 according to the fifth example formulation.

The formulation of the self-levelling polymer 30 in

the fifth example has a viscosity in the range from

approximately 90 cps to approximately 135 cps at 25°C. The gel

time is approximately 25 minutes and once cured, a surface

finish having an rms roughness less than 30 pm results.
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pol ymer 30 according to the fourth exanple

formul ation. 22 30 March 2007 WO 2004/ 031500 30 March 2007

PCT/ SG2003/ 000097 The gel tine is approxinmately 120

W28/ B4508nd once cured a surface finish havi RGT/&G20084600097

roughness l-ess than 30 m results. In a fifth exanple,

a formulation of the self 5 levelling polyner 30 i

i ncl udefuABr8RSXMoME BY La®SbRE hAAI Padlftfons of the present

pol yneri zation catal yst which is nade of a mxture o
invgehzopl argepoxedblendnNlighti adt hhe pboveurednokingg. It is

enef8Pbiealorh rdbretRON SHFRckRghif Buf purhe S <okt

appappeaxchatifky @hd% agdnlY¥onllayebpeprhvel yed bytheigbse than
of the epoxy vinyl ester resin. Furthernore, the

as gpegyiiralivedeaeribsinhfEeanpow Cheni cal  product
nanmed Der akane-411. Formul ati on % by wei ght of vinyl
ester resin Epoxy vinyl ester resin 100 Benzoyl
peroxide 2 N, N-dinmethyl p-toluidine 0.2
Characteristics Viscosity of mxture at 25 C. (cps) 90
to 135 Gel tinme: (mnutes) 25 Self-levelling:
Excel l ent Surface rns roughness after curing: < 30
({) Table V: Formulation and characteristics of the
self-levelling 15 polyner 30 according to the fifth
exanpl e formul ation. The formrul ati on of the
self-levelling polymer 30 in the fifth exanple has a
viscosity in the range from approximately 90 cps to
approximately 135 cps at 25C. The gel tine is
approxi mately 25 mnutes and once cured, a surface
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20 finish having an rnms roughness |ess than 30 m
results. 23 30 March 2007 WD 2004/ 031500 30 March 2007
PCT/ 862003/ 000097 Nurmer ous nodi fi cati ons and
WO of the present invention are possPETEGR3/000097

l'ight of the above teachings. It is therefore to be
understood that within the scope of the appended

WE €LAlMs, the invention may be practised otherwi se than
5 as specifically described herein. 24 30 March 2007

WO 2004/,0315Q0 PCT. 0031000097 W CLAIM 1. f .
Lo aself- 85eP%iﬁgsﬁéfgﬁﬁyeiangn88gﬂWﬁﬁ £9¥i?@?0%§fh8 a first

sursdckaog af farkir sbneeseeebadPodlivhi €8 +6 1O PSinted to a
jointed to a second bod e self-levelling polyner

t
seceppbPrdiyngths ﬁe@ﬁelﬁﬁgéXinﬁgPPégmﬁra@@@@E@Si@gfIom1
before curing and adapted to bond to concrete when
cured. 2. chemBhefr 96! 2LEYR! Luligr b8! VIR QEGOLANNG LQring
claim1 erein the thernosetting resin conprises a
andbadapbpdxzocahdndt to| eastrehe whea daredéner and an
accelerator. 10 3. Use of a self-levelling polyner

accor di to.cl ai wherein the, hardener c ri ses .
2 at | easﬁg%n(@f of %ﬁ%}?V%L:glnge‘%%}%??%?%’%ﬁ{%sto Flaim 1
whetlen ofh@ SREfmbeyetihdtrPO ¥ NBEmBELHESli NHd L Ay Jind at
wherei n the hardener conprises at |east one respective

leagldere ofsr haxdprprtandan aveekdrardmmary and
secondary pol yami nes. 5. Use of a self-levelling

ol ymer C I ). 1R | n.t : .
3 ?he¥ms%%i %dg} %%Pc%n%%%g %ﬁuﬁ}é%t ura Oerddlng to claim 2
whepmiy csherhaedemer Gonsel s#s aaiseldadtevald iafy gralma®r and
according,to claim5 20 wherein the thernosetting
Sec?%éﬁ?VfQéﬁ%?@%ﬁ?%1nyl nonomers and a pol ymeri sation
catal yst system adapted to initjate or catalyse
4. Use of a self-levelling polymer according to claim 3

wherein the hardener comprises at least one respective adduct

of said at least one of primary and secondary polyamines.

5. Use of a self-levelling polymer according to claim 1
wherein the thermosetting resin comprises an unsaturated

pelyester resin.,

6. Use of a self-levelling polymer accoxding to claim 5

“wherein the thermosetting resin comprises vinyl monomers and a

polymerisation catalyst system adapted to initiate or catalyse
a polymerisation reaction of the vinyl monomers with said

unsaturated polyester.

7. Use of a self-levelling polymer according to claim 1
wherein the thermosetting resin comprises an
isocyanate/polyurethane prepolymer and a fluid aromatic

hydrocarbon resin containing at least one hydroxyl group.
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a polynerisation reaction of the vinyl nononers with
said unsaturated polyester. 7. Use of a 30 March 2007

- I1ing polymer according to claiml 25
w&ﬁﬁ“@?ﬁ%ﬁhe t hermosetting resin conprises an FCT/8G2003/600097
i socyanat e/ pol yur et hane prepol yner and a fluid
aromati ¢ hydrocarbon resin containing at |east one
8. hydr oxyl Ugeoap. a25cllf-38vhhiLihg2pbTym¥® 26004+Q345000 claim 1
PCTI SG2003/ 000097 8, Use of a self-Ilevelling polyner
Wh%%%?d%ﬁﬂgét ORePH ALY TR e PEP AN GPHPE RSP o8By EREY rELPR. ostex
re€ORAPri ses an epoxy vinyl ester resin. 9. Use of a
self-levelling polyner according to claim8 5 wherein
said thernosetting resin further conprises styrene
9. mononer sUSAACR PofgiEricuel bingapal ymer syccendanaptedclaim 8
1 nLLiat y | sation reactio
nd o U181 SlnSaLeLIng PoRPLYFRELRRL QR RIEL) ohpsone
romunenerand 19. pebenetisatebh - tavel y5byspot yesdapted to
._according to any one 10 of clainms 8 and 9 wherein the
1n3§ao§§ﬁ ﬁl%ﬁ%%f%%e r asPAL AT hsathi er okpa Gt ber ek said
ep&Bp Pk 113054608 - rddin USSy Ofnd é@%féﬁ@%@&ﬁ Gy HOI yTEr
according to any one of clalns to 1 erein the
epoxy vinyl ester resin is a reaction product of an
10.epoxy rdbEie ahd asekbfhbersdlnagelynsr 12ccdrdingtto any one
i ef j ai.nt abl e t.,0 a second, body, the _first
of EELE B B I SRR e R il F ngAd yes &
visogl iy [esatdame @alysreind ar3sn@es hing the first
surface of the first concrete body, the self-levelling

11 20 polng%*co rising:. a thernosetting resin adapted
‘to flow T UG gL SR L tRUL ¥R h GHF Qe 4k to any one

of fdiSinss W frac e oAl &8 dnd 3pd ixfﬁ{yf%% eré%qg%/ is a
according to claim12 adapte&) to bejointed to the
reagddond sedincli taf @rsepdnyy wediceddeatedthacrylic acid.

12. A first concrete body jointable to a second body, the

first concrete body comprising:
a first surface;

a layer of a self-levelling polymer for smoothing the
first surface of the first concrete body, the self-levelling

polymer comprising:

a thermosetting resin adapted to flow before curing

and adapted to bond to the first surface when cured.

13. A first concrete body according to claim 12 adapted
to be jointed to the second body with a sealing device located

therebetween.

14. A method of smoothing said first surface of said
first concrete body of claim 12, the method comprising the

steps of:
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25 therebetween. 14. A nethod of snoothing said first
surface of said first concrete body of clai m 39 Marpge2007

nmet hod conprising the steps of: 26 30 March 2007 WO
W%/ 55800 PCT/ SG2003/ 000097 provi ding the PCT/SG2003/000097

thernosetting resin over the first surface of the

first concrete body; allow ng the thernpbsetting resin

to wet tPeoTiding the fHvermdsatiei dd roés LONGHEE LOM; rst
15. A

_]_a_ﬁg.f l.ow ng. the thernosetting resin to cure.
SUiet egcf?%c@%? FhES Y CETH LIt her conprising the
step of providing one or nore backing strips on a

per i pheral dwikdetifd rate @t £ PdYs Wi t tvtl% |
strips extending above the fi rsté)sur?‘l\g(l:e%f t gaﬁ(rfshtgmt
s &fe Wiyt iHereampaste deslyl0 aord mor e backi ng
strips allow a layer of the thernosetting resin to

form abgve d.h8.d 1+ f. the first_concrete
body. 16. A | oir‘%t f%étt\?lgerﬁejg% %rlsﬂg &Siterett® 68HFand a
second body, the joint conprising a sealing device

15.] ocat ed 2p@eide wredidisy toncletien 145 fadhanNddiising the
ste eggngrQQQXﬁj@Pd a thernose ting resin | ocated between
i eV"Ce CAnHO4®f PREF1IBG: F4dd 6T ah@ Pardphery of

he "seal’i ng
thecﬁmrsetEOh@&bteth@dythitﬁoﬁﬁétbaakﬁﬁgl%tgﬁ%%ﬁg%e?@&ﬁgg above

tg,snnoth the first surface of the first
thepbiystrgurfacg pdi kheaédsrti agncoetkabodyt whereiin the one

s8eand.h i e congrete bady, the joint | ,
o Further ggﬁ rl'sglr%B§ gﬂ%gr%o%a’?f:nﬁgr é??ntﬁgfg‘fjé&ttlng resin
to Bermeshovhetbealfingt devifgecapd shsegopdrsubhacarafl body.

t he second concrete body, the thernosetting resin
. being agaﬁged tg gnnoth the second surface 25 of the
2HBEePEEHGEN 13 TIr5hi Rengrebedbrgyt andl ai recond

“second ‘con
bodgh cloapidshBgcompRss{94:
a sealing device located between the first concrete

body and the second body; and

a thermosetting resin located between the sealing
device and a first surface of the first concrete body, the
thermosetting resin being adapted to smooth the first surface

of the first concrete body.

17. A joint according to claim 16 wherein the second body

is a second concrete body, the joint further comprising:

a thermosetting resin located between the sealing
device and a second surface of the second concrete body, the
thermosetting resin being adapted to smooth the second surface

of the second concrete body.

18. A joint according to claim 16 comprising means for

coupling together the first concrete body and the second body.
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coupling together the first concrete body and the
second body. 27 - ------ - ------- - 30 Mar ch39ddarch 2007

WD 2004/ 031500 PCT/ SG2003/ 000097 19. A joint

- WORMYHMY to claim 18 wherein neans for  coupRGHG2003/000697

together the first concrete body and the second body
causes conpression of the sealing device to provide at

19.1 east  @Nn€ciinta dYcRsRMNe oyl 4ied N8 adr@in means for
cuumtight joint. 5 20. A nmethod of jointing a first

V ]
COUPA A (O FRIF Tarkdhen £ 12 6C0 KPTSGRES HoshdrKodhe second body
GREP g I f: i 3, firs .face ,of
ca AP o oo o oS, SR el (P 8t heast
onet bér ao pekisisnge-ddight ghigh rmed ke Vdauwsin-hddhtaddinhe
second body in a 10 manner that the first surface and
a second surface qf .the,.second. .bo subst ant | al
20-face ea H@F&@P;OErQQFBFﬁﬁgaas% LiStrg CRBGEE ebb?ﬂ@éﬁnd a
secbhe boust, %%%f@%@ho@ﬂ@ohb%i%&%@th%u%&@?%;o%@d
conpressing the sealing device between the first 15

concrete body and the second body. 21. A net hod
accor di ABPEhéRg mh f0r&kersuirhacke ofc Shpr ésBhgcpherete body

s +feal hQgedeyicc | zoupl together the first
Wit Concrete bogyga%gg?ﬁg§§gggﬁg %%%39'22. A et hod
according to any one of clains 20 and 21 20 wherein

t he steplofinsngothengirht bodgt asdr theeseoopdi bedyt ha a
rovidinﬁ a thernnsettina resin over tRe
g i ©

sub- st eps, of :
man§ily Bh&E HRa EP-aT | SUF RgCenantner A5SePH: AGTERSPnoFot
sec¥Bll bbeyf bnBbtanrbisui{aggcagdchl bewepg the
thernosetting resin to cure. 28 30 March 2007
providing a sealing device between the first surface

and the second surface; and

compressing the sealing device between the first

concrete body and the second body.

21. A method according to claim 20 wherein the
compressing the sealing device comprises coupling together the

first concrete body and the second body.

22. A method according to any one of claims 20 and 21

wherein the step of smoothing the first surface comprises the

sub-steps of:

providing a thermosetting resin over the first

surface;

‘ allowing the thermosetting resin to wet the first

surface; and

allowing the thermosetting resin to cure.
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WD 2004/ 031500 PCT/ SG20031000097 23. A net hod

according to any one of claims 20 and 21 for PBiMArFvg007

the first concrete body and the second body wherein
WORRMAILYRG body is a second concrete body, t hBCHSEAME/000097

further conprising the step of: 5 snoothing the

second surface of the second concrete body with a
23¢ her mose? ML AFEODEINN FR iRyl eee SHidiHgims 2Gjand 21 for

Jo2Re iy %k?é nfi';./#gcr tshdid st b&%c%rg%ﬁr?é;d%a@cﬂgd tlﬂgdy wherein

second body etn the seco Secon

- theopecend hwdly,id e swtdrod dondihelre dardy, Hilg ndich&d epurther

10 of; smgothing the second surface of the second
co@%ﬁ%?%@%qaﬁb&?é%t?f%.thernosetting resin, the step of
snoot hing the second surface conprising the sub-steps

of 1 provdmlidithitkd hefdRsRidnd 88 4k %fertﬂéﬂ%éc%ﬁi]?concrete

15 surface; allowing the thernosetting resin to we
bodh v Sidt gh - hesucfsgddirgndesddtowi ng t he thernosetting
resin to cure. 29t

24. A method accoxrding to claim 22 for jointing the first
concrete body and the second body wherein the second body is a

second concrete body, the method further comprising the step

of:

smoothing the second surface of the second concrete
body with a thermosetting resin, the step of smoothing the

second surface comprising the sub-steps of:

providing a thermosetting resin over the second

surface;

allowing the thermosetting resin to wet the second

surface; and

allowing the thermosetting resin to cure.




