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WD 2004/ 031500 PCT/ SG2003/ 000097 LEAK TI GHT JO NT AND
METHOD, AND LEVELLI NG POLYMER FOR PROVI DI NG A SMOOTH
WGUREADEION A CONCRETE BODY BEI NG JO NTED Fi ePdI/8620051800097
Invention The invention relates to |eak tight joints
between 5 two segnents, at |east one of which is nmade

of rgpacretdT |JbearNee Wrator, hew e tHIaN N | riTesE For
| eak tight joints, in segnental constructions,

PREVUBING RoPMPSTHNSEBRRGE NBENR COBSBETE ﬁ@DYn@EING JOINTED
encl osures intended to be pressurized or under a
d of the Invention Concrete joints
Fleﬁgq%ghnnnly founéﬂpn segnental constructions wherein
primary | oad bearing nenbers are conposed of
I ndi vi dutle sjeg\ramjsorpcsalamitmebbaﬂogeitd‘rm wafirgrs between
bei n fltte to et her. rticul ar 'ndi I dua

tve e S5 Yi% ?fo e A9 t@ngete.  In
paMeldu G, W%ﬁﬁn@@m&aﬂ@s ﬁ@rmélartgﬁjht %01nts, in
structures. As such, segnental construction a
se Rl Y ask m&m@%@gﬁmm@k@w preleestinmpnirmnent
or e f t
Vel Y IR af S AN M B sed o under a
vadurposed only by the manufacturing 20 process used,
transportation and handl i ng. Segnental constructions
e als d i crete contai nment vessels
Bag ?%qgé hﬂ@gﬁﬁﬁ%%%d or under a vacuum In such
vessels an inportant aspect of design relates to
joints hedveestd Nibmiithiad rPrEora@si 1 £ ONSed elrs egitpndstal
as well 25 as jOIntS bet ween concrete segnents and
Cor?ﬁrt%‘c"s]é@?%ﬁf > LEor p%%(%ﬁﬂel iﬁd%mdé%lwr% 3ot fomposed
of DEIYESHE CONCERL S ¥V EsSal a1 disy r‘f%%tﬁ@%fﬂé}f being
necessary to ensure leak tightness of ol nt
fitnﬁﬁrtng¢ﬁm@¢ds bmmp@ﬁﬂiﬁﬂlaw,kﬁn¢ﬁ%¢mnalznmh¢xﬁkpt$ﬂqments
areusjeo:m Vg), ZPrQ%gggzsgrgtaprérs%zgng\%/ggposggans 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. For
example, proper design of a joint between a concrete vessel and
its metal cover is necessary to ensure leak tightness of the
joint against liquids and gases for both short and long term

use.
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In segnentally constructed structures, open joints and
cl osed joints have been used to produce wat er proof

WO 200a031500 | N open and cl osed joints, gaskets nBOBES©1003/000097
pol ynmer are placed between abutting pre-cast concrete
segnents or abutting pre 5 cast concrete and net al

segment sy AsRh YL 115 Govdssael asticrydmleid al o3l joints
therefore when a conpressive force is applied to a
angyasketedraiel wfs potyerevedn beed the mbddiuty watshapect joints.
itself_ t surface profil f a surface upon which
I 9y i Ehedet . TR (TS 5Nt 75 B bgle are placed
behed Ve el M1 15§ GHEEH Sa el digh ¢ 04 e eske graedOs CONPEISSSE MEG pre-
force is applied to the gasket through pre- stressing, _
capositErRiomMg Brtahrv@eihe wet ghtlorebnes theviscoelastic

t e s ;
e T T The SurTace s of | Tor 51t he: coghgnc oty ied w0 2
gagloeta e | of epgiymescat ehapkilng abbikffecto vehape itself to a
oviding.Jeak tightness. In this 15 way,, polyners are
sufEYe HATEHTS oFt rkTTG SR KEIE AT Theth I Datker bt hen
suEh UEi gl sHOF 191 pLaOGd PEE RS €RHCE SR 198 MBI $8g H¥linted, a
concrete-netal segnents. Furthernore, the gaskets have
compiee s ptRedf errf s PPbeFhg-@asht yormket achieegh pre-

. ' ti . . t r .
S R RS el o TR % L MGGt e Jene
sequaTbey lofimdheiotatedonpiinengss keacthdewifoge slespectiveelf to

hysical properties._The chem cal conponents are
end i Ee DRPl o Seot Mo VeI sr STV, Cher t TRSL L Agpath
sc@Be hdiRyet: ebasdt€idy AN beN@In®PREk i P0ghtness. In this
tenperatures and to provide inproved cheni cal

wayr dpek¥iess steh Wl espitethclor graking 25sktacked these
gaéﬁéﬁ@qgﬁaQ%ﬁ%ﬁiglnﬁg§ fl%#%%g%fﬁféw§yégec§ggP?%ga§%9ments and

preventi on, ere are s. I'n particular,
coflamsiaaremnt od 1 regumertent Fortledfrecté vetheaka pkeventtaon the

L S, t.hat nr r oot - mean-squar roughness of the
299 PR Th CorR et StPad h THE GASkeroa of trespettive of the
co@Site¥at end £ Vriad PolhB0desUSh . berh&sgadbas O4n efUdd BO easily
63 gm otherw se, gases or even |iquids may | eak

manksight @f |07 H9 com R AP ehgakket . coupererts, each having
re§gé%¥g§g'§ﬁbéﬁcal 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. In 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 pm; otherwise, gases or even liquids may leak
through a joint containing the gasket. Surface preparation of

concrete at a joint is therefore vital for achieving leak

2
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concrete at a joint is therefore vital for achieving

| eak 2 WD 2004/ 031500 PCT/ S&003/ 000097 ti ghtness.
wao-eoothsrspor e, surfaces being jointed nust be fPEESGIN08N00097

all traces of foreign substances such as rel ease

agents, curing conmpounds, oil, dirt and | oose

tiGRACEEL €. }féﬁ@f‘&e s&éfé&:‘&@ BOL &) 9o BHDSE ANCES VD free

a concrete surface of a joint nay 5 Cause gas or even
fromouil toadeakef | forsigwel sulkoamce hatudloragoneletee agents,

surfaces of cast oncrete_ seghents, obtaining
CUBHIY ARG RTHISH AT ng a0 [ BUHReReToT 63 m Bpe Rggsence
ofoz\h%h'%lg@l% ré@@@t@am@eﬁl HWSE chPOSSE bh@r £ ASe SHEN ?O:Lnt may
even wth the use of polyner gaskets, 10 conventiona

capprandtl 5 }biwid &P el¢madequate in provi ding
| eak tightness for concrete contai nnment vessels under

Pressurery 0f s\ ff‘im?cngx}o‘x'it@ﬁé@f@r dhecteak Lig fé&ﬁésof cast

of a joint may also depend on the alignnent o

coseydent sedreémigs | oot ethihg pastvitatarfinhpnopeying a rms
alignnment of the segnents may lead to an 15 unequa

rowara%@ oh &3 gas ket %%%smvwg 130 reduEITon 10 1bRgst
m%ﬁéeg%f@k tAQ“%&‘&%S cPOQLRLL C@H@D@s@f@ft gh&il n%é(é{?&ts,

ol nting of concrete-concrete and co
coB@@mEncmahnkpsnusmdoélase@ojgnmtsgane ima@eghat®|nm5prov1ding

LedRPt G nals) Al S Qed o e PR s L LS LRt Eessure

or aF £cih. Werhr-Shid 86 & Or t NACULAX OF 1 gIRERSSHT 8F LA ONbint may also
joints. These drawbacks are of special inportance in

depeR@sOomhgie al HERERMALPE Fofnteymentypebay jainted. In
paﬂfcéiéfssﬁ%)%&g&£e£fl tﬁéﬁf;’rgfv éeéé%m%%‘ Iﬁgiaieagsto an

segnment s/ as a ne cover for ex
une@qmlrb@adnn@eonj@l@asmetorascbhnm@tsnb@dyeductlsnaisolong
a piece of netal into the concrete

nbed
teﬁ%gyn?%rtkﬁﬁaﬁ?%@ with the nmetal segment. In such

Structures, it is difficult to maintain vacuumtight
seal , agzaﬂlmmeja PoRESHI ergcatdtentinval vang i ther fackting of

concrete-concrete and concrete-metal segments makes use of a
polymer glue to seal joints. However, in Jjoints in which
segments are glued, the segments are not detachable.
Furthermore, such joints are not well suited for vacuum or
pressure tighc 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 structuresh 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.
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30 between a snmooth surface of the enbedded neta

segnment and a rougher surface of the concrete body. 3
WOD020840©31500 PCT/ SG2003/ 000097 Cbj ect of tPET/SG2003/000097

I nvention A principle object of the inventionis to

provide a |eak tight joint, and nethod, between a

Obj&g@qg@t@h@oggv@@gloﬁnother body and to prevent
premature failure of the joint. 5 Another object of

the invention is to provide a snooth surface finish .
Wi t h anArmlm©u@hﬁe@1@3%¢t6%fg*hlil%rl’l“é%%t%\?nth% Sorpheeide a

concrete body e
lea Eﬁﬁ?Fo%Oln%to 8§r%3| éngégﬁé t&&%g%eﬁgfb?%%d??g
anoﬁ@éﬁCB@@yeandOtﬁtpreﬁ%nﬁapyemétuhe faybureonflbhﬁ joint.

self-levellin h t her
R e

fln%a 2%2¥%Sg£f%ﬁ Eoﬂﬁﬁﬂeg d,a @ngﬁbgfdlégéeggtBhéosérface of

Segnent ce | 'S cur The concrete body
a c%ﬁct@t@tﬁddyﬂthYaﬁOEhethebodyjeEheoﬁthbe bodgniaynalisoto

e made of concrete in which 1 has_a
brogadah SarkabeoBrovPHEdYBy CRETLLNT SoFegaRPTRg Joint
pol ynmer. The two bodies are j0|nted together with a

SumﬁS§gi89 deyui €g8ves¥chnas a gasket, an 0O-ring, a yarn or
for exanple, |ocated between the snooth

surfaces. The bodies are post-tensioned so th% %
are kepd Isﬁlél“éééfeéﬁéngoPQ@Y&?&,P&@ 8 CORPPESE %g,ng esin

whlggr%gson ne %ggbbgg Y8 reWeliR i hie angeghbRg ddeviaCemooth

i g conpresse en the snooth surfaces of the
surttweeb@dingsha avelr y éfifghc bionel Béabng¢@h¢05@ap0@@§ﬁﬁ§tSegment

gases, and |i gui i s obt I .t I
oGRS et She PRl BaghR BSCHLBRE it anothez

boddaVi R e ol r{ HRRE, HRAN ad% oS eai@)ier @tfglmwssewm dh which
ess than or equal to 63 mwhich a nmaxjnoumrns

caseodghrdss hes whiselwoily Giumtacsn PFOgVIRE &Y &d&qfatd
leve%ﬂlitntgj %gtléfzneegl and, PrENE Mo RleMBL W eofl%!ﬂe‘é:f eRfethRe with a
joint” is used in segnenta

sedﬂﬁﬁﬁkﬁﬁtkﬁnssnﬂﬂ1%$zaﬁgﬁket an O-ring, a yarn or a seal
for example, located between the smooth surfaces. The bodies
are post-tensioned so that they are kept in place and to
provide a compressive force on the sealing device. With the
sealing device being compressed between the smooth surfaces of
the two bodies a very effective leak tight seal against gases

and liquids is obtained. In particular, the self-levelling

polymer provides a surface finish having a rms (root-mean-

square) roughness which is less than or equal to 63 um which a
maximum rms roughness for which a joint can provide an adeguate
leak tight seal and prevent premature failure of 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 is 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
4
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exanpl e, contai nnent vessels which are pressurized or
under a 30 vacuum Furthernore, the joint is readily
waledoaossd e. This is especially desirabl e i n PEEF862003/000097
where the two bodies are required to be frequently
detached. This is a comon situation in a 4 WO
1ea}%09i1 0981509 PCI{ SER003{ PP09T: gheakrbi-gptesssreeshd/or
facilTity designed for pressure and/or vacuum | eak
vacuu@hlﬂeksteqhtuassoﬁV@lu?blﬁ$SOfTh@lﬂbﬁk tight joint
provi ded by the |nvent|on is also useful in the
construghLonagl LaLge- §89£€ %Eéklaéahg ScRRCLASUREIon, is
such as encl osurée or eq In op dration and fof
als@ngseﬁule$hlﬂge,cbnsacnotﬁancefmﬂahga bterde bee&dtight
aspect, the invention ?rOVIdES a_sel

f- % evel lin .
enchapyReF FBFNsABOPRFAGSHTCFi FSF SHPFRES"Sf 18 pppaption and
forcgﬁggggetggggn@hlch is to be jointed 10 to a second

. The self-levelling polymer includes a
thernDsettlng resin which flows before curing and
whi ch béndsccpydenaer Bt ehwhefiEGEeRIORA 86B6FFantbe
1nv§p%19n &s00 Qrgage§§gigbgﬂﬁgﬁ8 ggigﬁEEo%oRrgﬁb@%ﬁlﬁg a

ncre & body joi nta cond

- firEhestirfatecomicretté rbadyohasetel hpedy whigh is to be jointed

self-levelling polynmer _for s thin first, _syrface
to éfs?ﬁénﬁlP@@Ycongkgtéelgﬁéﬁvngﬁéngegpﬁpg§§lﬁpﬁ udes-a
thegﬁbﬁg%Elﬂgsr%sﬁﬂehﬂg%ﬁtEUBer©§E6reWEMQBn@|@Wﬁ hefiehe bonds
curing and which bonds to the first surface when

to conedetenvwieme cemsddi ments of the invention, the |ayer
of 20 self-levelling polyner is provided over the

first syrface ofy,fhe fikst, cenchet ¢ Bady d k}%eﬁﬁpl YirRg

the thernosetting resin over the first surface;
1nv@hkdwmn@rbhadbmeenﬁggmmln@nce§¢@ bodyet oirti@tflier g0 a second

surface 3%1the first concret ody, and
bodyher 5 FOST 6 gﬁ?@ %§§ Pn T&dESr anceég%éjrgvelllng
polbhierd froaghaspasly a e rsitnwenifaoe prowdes iagoidincrete
between a first concrete body and a
body. The self-levelling polynier has a thermosetting resin
which flows before curing and which bonds to the first surface
when cured. In some embodiments of the invention, the layer of
self-levelling polymer is provided over the first surface of
the first concrete body by applying the thermosetting resin
over the first surface; 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 third broad 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
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second body. The joint has a sealing device |ocated
between the first concrete body and the second body
wapa4@3tseyer of a thernosetting resin | ocat edP@ESGEO1000097
the sealing device and a 30 first surface of the first
concrete body. The thernosetting 5 W) 2004/031500

BT SR00Y i dised: 107 i -
"C¥Tr St surf agée@%?sz%%&qﬁr{hst concr%ét)e \g{%%.g]lcﬂg ¢l first
corgpadreddricky with a fourth broad aspect, the i nvention

provides a nethod of jointing a first concrete body 5
and a second bod The t ho es the ste
snoot hi % accf(ﬁ% n%%rv?l}gje o?f%unr ki‘%rrscf Cgoafﬁﬁ'e
inwdrdti ol Ipyeridds & idiefdmset tidihyasd @ﬁsgﬂldtgzdﬂae body
first bod¥ and the second body in_ a manner that the

an# |ar $te &and %é@ﬁiﬁt@%m%@%ﬂr thfe sfendbodroothing
%ﬂ{) A3 dy Jfﬂ‘%?eaﬂksoé rl%ncﬂt%’d@dcﬁg Wi SeAld NG s 5
eVI ce t he

etween the Tirst surface an second
th@md%dﬁqlrsmd:mnpf eskigrgindhe rseafl i gt dmd;cearhth&rsecond

he first concrete hody t he second body.

SRR SR (TR G T SelTG 2 A i face of
thecm&ﬁﬁ&;bdgy counlding 4 10gethere thed 'd@{el@ngaﬁﬁﬁl%dig a

15 bodies. I'n all aspects of the invention i fferent

Seaﬂﬂi& dFviahdrgipian |1‘f¥g‘3 rieisi $is vHrf e gl t‘hﬁ:lﬁ’tﬁﬂcﬁgi
su r&ﬂ%\ elﬁi om fgkgﬁr&%aékﬁad E%Hlyler? ecfexyf(,sé NBatween the first
po yuret ane

esi ns henol1c Tresins and other resins
comsustteaadehoanditiyd sstaerd resins for 20 exanpl e. These
resins have a |OM/ViSCOSity before curing and have

hi gh te | e stre 41 bond_st.ren qa}mhen .
cured. e% Bester r}?q% r]Cosf ?%gc 2 gL P e ¢ eeds_eallng
devaE0di sTeitingo 1 s ddte b;nV@mplolmgM’ddgm@&he’&fldr_@@raxbﬁ%econd

wth reference to the attached draw ngs in which:
bo@ﬁ%ﬁﬂe 1A is a perspective view of a first concrete
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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body upon which is applied a self-levelling polymer
according to an enbodi nent of the invention; Figure
waBom3Eocr oss-secti onal view of the first 30PCDHG2085/600097
body of Figure 1A; 6 WD 2004/ 031500 PCT/ SG2003/ 000097
Figure 2 is a rom;chart of a nethod of applying t he

sel f-1evel Ling pal %l‘gw RIS, 44 g{&%é&h A phlying the

rough surtace of irst concrete 3 S
sekf{mamﬁﬁkﬁnglpnwymamen&(ﬂlgnqanrﬁAJHﬂdmﬂB1oﬁtdt&aﬁough
ures 1A and 1B and a second

c ncr et dy_of F
su J‘StS’b%lyletg WFGE LI9%w chart of a nethod of

jointing the two concrete bodies of Figure 3; Figure

5 is a orpgsrsestionalcpd o pfcanatdiervial e aloint between
bet ween two concrete bodies, according to another

theterﬁmﬁmecmn@lfetq HeodyhvalntF i e ghit eatBA 3% an e plsseran

cotd oncrete container having a netal lid for

sea |ng contai ner, according to another

enbodi nent of the invention; and 15 Figure 6B is a
Ccross-setigural 4 vieva of law pﬂraﬁtomﬁfa ndishadnef ef@inting the

cont ai ner re.6 | ed Description of the
Cup PR DGR & HBEER r1mg o B gure 1A, Shown |5
a perspective view of a first concrete body 10 upon

whi ch i srappté e8l Bs sl drakds+evedd dmgl pol ewres £ Hhother joint
according to an enbodi nrent of the invention. The

be#wa%r@ TN PR BRIV ADL G R G e cF 21RO eRyfedipoodiment of
| Ghel S5 ghaped as a rectangul ar paral | el epi ped;
owever the shape is inmportant for structural design
purposes only and not to the invention. In Figure 1B,
a cross-Beguieoned 25 a/rnewmlfoderé Xfl@@%o@@@t@%@ycontamer

ha%#%&?iug%tsur¥l§u£fac Omn %Hbé“réé%é%&ing to

ace
another embodiment of the lnventlon, and

Figure 6B is a cross-sectional view of a portion of

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

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 parallelepiped;
however the shape is important for structural design purposes
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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25 and al so has other features, such as cracks,

throats, crevices and interconnected cavities, which
wae®4parser al |y indicated by reference nuneral PEGDSG200¥0097

2004/ 031500 PCT/ SG2003/ 000097 A backing strip 40 on a

peri phery 80 of the first concrete body 10 has

por t i onsy 404vjand, 408 gxtanding ahove,and, éﬁtﬁl&ﬁvgrt@ofirst

rough surface 20, respectively. "The ‘backing strip 4
conerefgieo ety M @hae iyl pot yEihydehel Ohoneerdinthebove and

i tionis 5 not limted to high nsit . .
belpo scg?%yﬁ%%ih asn%réﬁ%ee:aéﬂat%er%%‘?%tgl‘f%d@ybe %éeeé?acﬁfeng strip 40
is sedde | @V ehd g pod WierpS0yétshybsie: ofh@vdwyy, ViIECoSidehtion is

t hernpsetting resin which is able to flow before it .
n0% ol i eRF ardl THITCARITIASY 120 boigh Bt @h g CUFERE. WA enpLals
maPad i\%g@.r, in some enbodi ments of the invention, the

self- levelling polymer 30 contains a single conponent

of thernosetting resin while in other enbodi nents of

t he i nvéfhé oself-heewel Finevedl ymer pdd yinerma3%: cohtai Ise

. a mxture of t or nore .thermsetti resins. The ,
v i e et PR I e b O 15 il adipetore it

is r@stdts, andsaiglatiesh ol e s @icr&sd Nshen RAIMEYH et hane
resins and other resins all characterised, in part,

Paty Fiblgly vi%cHRIR yPIHRAGHE el My ctedinHRE K} £ -the self-
Led&Meldd Ng PRhyIeL o %ﬂéy’fﬁ%ea;n%lﬁﬁ;@%@ﬁw HO for

the fiTst “concrete bod portion 40A of the
theyawdd eyt 519 i pe=in 2thieka et sodhbow eentthed swrfac o B6tH® invention

revent. th elf-1evelli olyner 30 fromspillin
th%vseerl%s]_ilqee%ee%%l%q Efcfeflén?efl?;]?o c‘% 11¥aejt%s adeqﬁ]btegecf rtég‘? tOr more
thd@nagbetingd hteseld - | emed |4 Hgrred SeIn SO0 e POV dSI1RIe For

smoot h surface fjnish over the rough surface 20 as
XM RPYRE bt ditdaleerded RO Wt de hSdissed

D et o ™ oul 0% & 1Al (1 ont. Ceale when the 17
paxft,r sty comcratel soehi U0 hefojoileiety witednoter dxoldy-
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 cleaned,
by vacuuming or brushing for example, to remove loose or weakly

bonded cement paste or foreign particles. At step 2-2, a
8
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Referring to Figure 2 showmn is a flow chart of a

nmet hod of applying the self-levelling polynmer 30 of
wo-2@unzs00 A 30 and 1B onto the rough surface ROI/8G2005600097

first concrete body 10. At step 2=1, the first

concrete body 10 is thoroughly cleaned, by vacuum ng

bongingryggﬁﬁglécgpﬁxﬁg@lﬁ@ 4 0o 6 £PDYE E9OSE BheVERHEY 70. At
bonded cenment paste or foreign particles. At step 2-2,

steg 3-%0 Yoo a34500 $¥H¥EKQ@O%$O@O@@¢ t%oﬁ@@n@l%@%nYOlgn the
t
oo FRBLLECRY v BP9 P o PP SRR 10ty ShEPpsPion son

of @BélBQ@R&n@OS@flﬁheOféiﬁén@bﬂgf&b@vboﬂye1ﬁomghhsnhéace 20.
portion 40A of the backing strip 40 exte g above
Alt@ﬁ%aﬁbu@%YSuF$%c%a%bln% %&%é?né@.@%vy,et%% Aok R Agveral

sma§ié£pb§9kﬂ§%l%ﬁrﬂ@gelﬁfw§§¥ﬁré&sesgﬁﬁheéngaéf|Bﬁe smaller

strips In case each one of the smaller backing
backingpstalpsfaxedfi@e@ tes@ecesp@Cb©V€|Dﬁrbionh@fstb@sSldeS

70.., The backi n strl 40 [ d
0.¢ighe b%ﬁg?%gugEth| é% é ??y F§8?§gt§d§%ag glght
encf@sﬁk@pwﬂléh iﬂegéﬂefaIEy cnacegtedbpdyodn IBtOBteptEd4 the

_ so that the rough_ surface 20 is arranged horizontall¥
firghdopresstaphadnslO Al Eephaenyefyso gb@% ohg kRyIgesurtace 20

is QEEBH%Q@dh?EEQSnfg%? zg ef92e§tﬁﬁ§agdé top2t8rnaflively,

ste e se ing polymer 30 is poured into
stephe- 4emayobarpe9@oomed pheorOUQhasmrbaeeOEOSbEpﬁhé -1 to 2-3.

. first_c te 1 At s 2- .
At §t?? e el ﬁgsﬁng§%¥ %glpg 8?#3&55 990 FOPﬁedr%aﬁﬁ the
enc§65ﬁ§§e9aooﬁékf@h€1B@u§ﬁ|Euk@&@b|QUgoﬂndﬁé rhestf evbaerete
of gravity. As the selt-levelling E ymer 30 wets the
bodyolgh shEf aEEP28-F1 Fhﬁl§eﬂﬁelﬁvﬁé Qggaﬁﬁlﬂﬁéroﬁﬁeﬁs allowed

to &gﬁtHﬁgsroéghzgﬁkﬁgcéngbug@r§6¥mgﬁgcEélftﬁ%9@§§1ng gnder the

Crevices an I nferconnected cavities. At step
fortheofoptreunt40A BF the SBéékﬂﬁgeéﬂanp nolameowslawets the

L e R T
50, 7Qh@Ehtmﬁcﬁhaataﬁgn@&abksbodhr$atsAtcsbemc%s7anahe
1nt§§Lghpg%ggglEgglggggnerAgoskzpC%!%re% %n%O§E£%QEQOA 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 éptionally 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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25 atnosphere free from excessive foreign particles

that could otherw se deposit on the self-levelling
w@eiogosrsoB0. It is to be understood that at sPEpPSQ@2083/000097

the self-levelling polymer 30 may al so be covered.

After the self-levelling polynmer 30 has cured, at

step 2-ietderhackigrsdutd 0 disowaptional é;yogmceﬂlonal
. 30 fromthe sides 70. After the seIf-Ievelllng polgnﬁr
viewrEhas 1l 1 Yheeleriit htkurfheet 6orHase s Sfdr ht

Figx?féga%;‘ﬁt? a{ 'ﬁ? ﬁp&idﬁ h§e<§$r§<§tc (gf(;@d{e?t@o% > 6-0 '@he concrete

e Jjointed to another 004/ 031500
bod REH/ B2 00BI C)si):&ﬁ)%?llc_ﬁeé@rwmig é&ckFlcgm@r Jyishowposimg rough

ross ct vi ew of oi nt 0 bet en.the first
surEiRs et by TEEHFEC R Gk be AP EPTE bh S SRR
oth&PNCrete haeyh 109 rdhes comerere a]&@%@@h %vé@@d aleth a
aligned with each ot her Wi th opposi ng rough

laysuréhiceke mlflﬂtﬁvqeib‘smtmﬂemer s%s‘f%rm@ﬂ@e f SePpgh
ot her. .Jhe [0 20 c .
surE8it oiPw 1i0n. 1o a B Qe it dl MR Ecr aes sy ©
r1n¢p ﬁwEWIﬂﬁ §ﬂﬂbtﬂoi8®ximpbs 60s N6at&d seat wagn delvé cemooth
such as a gasket, O: n r.seal for
Sur%&%ﬂ%l@p'l%Groa.%% Pt b @%@1% ﬁ} 1% BT acbsa gprterial
sucl6fs Fhe E@@ﬁ ﬂ&n@eyiggyﬂéﬁe|§uﬁﬁgﬁ)OfS@Rnﬁéﬁ t&he Butadiene
such as EPR %1h | ene Propyl ene Rubber) SBR (Styrene

Rub@@mbdlkﬁe<A¢€&k%¢)RU¢¢E¥ﬁcr@IRC $€@E&@Wlt$&¥a Isoprene
RubéAIC V'fgﬂvﬂa a? PRLENCe EUQQ Tefﬂ@@hgmf %Qﬂlbiergood

exhl e1ast I Ci
ela§@ﬂ¢iﬁg.deﬂm@eséénamg d@vﬂt@eblocnmtﬂmtdm&ébtlBomhact with

snmoot h surfaces 6 of the bodies 1 1
the  FapRkl | ver CQ%engnﬁggt%fbBH?egoéng g% f@o

resp&Bsieoed Wihe Lthec-HsSee ofofeagdony 130ophied Pehdsohbe with
‘concret e bodies 10, 100 together and provi des a force

the nesesehryendor kP egkichehg a$i Bge dentretelbodipgi ag, 100

togéﬁﬁe e@A& g&¥&%§ & g%fggpﬁg éSQaP ggﬁe éﬁr&gglthe sealing

0 sur aces provi es a
devﬁg@lnsm | ol ok eined gasesnyetioeene allef tehandssedebefween
thetggo gﬁnéu% gchdGO 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 pm and such a condition provides the necessary

surface area of contact between the sealing device 110 and the
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a right-hand side of the joint 190. Alternatively, a
plurality of tendons 130 may be used. The tendon 130

WO 2000500 n position by anchor plates 140, 15BCTRGZIN3/000097
are made of a strong material 25 such as steel for
exanple. In sone enbodi nents of the invention, the

sm&EMNEr &l Lrabodigs 1050 1Q0 f.arma V@Azel,eeds o laﬁq@lc‘f@lfrom

of an enclosure  which is pressuri under a
leadacumnmiforuaxanp eomitt hL3he vafthdvand g alpressre

erenti a tmeen the left-ha d and t he
em‘?‘?%‘ﬁ?e Zhd s | % Jd%v‘?‘htl?% nt YL ﬁ%‘h 15" located on
mc@é@cmm,enrﬁomdf YIS ddDds me@n- Ismarlee)s @@i\f&.ﬁ@ dver the
the snmooth surfaces 60, 100 is Iess than 63 m and

Joigifehl 30 cortha inpmqrang dekd 1o redes ssiqi t ke hder areation

ag%&?%@ﬁ%ﬁ%%?%ﬁ?ﬁggéé%gﬁ 3?%%£%5 %ﬁ%%%%gsur aces’é%?

edeﬁnéx)4nhﬂgﬁﬂtqmpﬂfaﬁumbIvapnmkrﬁrmwﬁ thegatkt avge tihe opighvide
oint 190. Furthernor in sonme, enbodj nents of
Pr%eec TR RIHHS b R R D8PSt HEER et B OledesS -
70A, 170A of the bodies 10, 100, respectively, over

the 5 j okdte dOthg The mendrane, 18w ovd desr esidi dhoal of a

protection agalnst potentially adverse environnents

mefalmﬂn%@ lféln"ﬂd”rg d@anpi @, Can ¢ e t]@l"ﬁi)?e??at e 100 of Figure 3
At\gﬂ%?14£¥ éﬂ“%&ffé%é%”é%{ fﬁég tﬁﬁ%‘é@ﬁ%f@%e bodies
ntially corro % e

pot e environnents erring to
10 Filw e desphomivelsy @ dt@veadiarcoodred 1\@im’tetalnohayaér of the

ting the t conc te bodi s 10,, 1 0 ure )
se P Tt bds dRfen il ofs P e Ba greude o1 2" for
smENET18d e RO @Sgh 1dir 8k s r@@PePZG) Ve'Zyt S & eAch, the first
covered with ayer of the self-levelllng polyner 30

COTYST igf tl?\%dk‘ré%oleﬁ Oaflmw e Dth ofhe sy nePrdec ko urpdy 100
in Séjcﬁn é‘zgte Ao k? r%cég?(g' rﬂo 15 Ody(ﬁ%%xgalently,

|s |gned W t e secon concrete
thersmpwmhwmurf&m&st6ﬁyrlﬂ@h swvd aesi 201y 120ce (@ach other. At

£ Squj V. he snooth s aces
SteRipst ’nt ?l%e?J;]&ég ‘ﬁl%?h ya pﬁi‘%%&%%t‘”?% the smooth
susEaté NoeTlevier il 4 ﬁ%eﬂ-beﬁm@eﬂlf@@ SMOtdre 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 self-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
11
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surfaces 60, 160 and at step 4-4 the first concrete
body 10 and 20 the second concrete body 100 are

W@ ouploaidod oget her using the tendon 130 and t heCEHBGH08/000097
pl ates 140, 150. Referring to Figure 5, shown is a
cross-sectional view of another joint 230 between two

witPN St bodi 5,1 AcGording {1 anol s ebpdi iRt of1ed with
the invention. In 25 particular, a first concrete body

a @OOufing onaitedidlo 3O setioed coanbied etippdyo@ies tegether with

concrete i es 200, 210.are sim.l . t he. concre
eng oRRESS T 00 B mt e Rt E ot e S Sfsle, =
bldhedoghon20s 2 has comhssmel o 2s e cansseittion of the
bodi es 200, 210 are pre-cast concrete segments each

mateidiay of |dyercotcraee thredkes f20evet 1§ myparyaerradoly bas no
. odi ‘ . Con, Lhe:
R A0 G o e Tren Fhe orerSte Bodves Tt
ad@ity emel chsdik Thehivomes et e bodi es 200, 210 are jointed
together to formthe joint 230 using the nethod of

Fi 4 11 W0 2004/ 031500 PCT/ S&003/ 000097 ' he.
2ddi 1 on3T TS SH T At LHe Ehalinel S99 & 1 | PRI ntew of

a ok oitd ngomBd Bidal 385 it g coupdtay 1he booli &sr sealing the
together wwth the tendon 130. The grouting material

comErele ¢optakempl €10a 2BF RO cetremtoBies| Fapeiment of the

‘ DOSIt | c i )

infIPOSL O Leut e Ompessigen o LSt erialy ofn

coroaese auuragates3lThengrout imgtahtkidal24@5 piovildes

ddi ti | _leak ti . Ref i to Fi A .
e ROTE o ERPFbHothU| SR 5 Contr @i LOnt Sadeige 280,
hoh@¥eAg anNBdad dib2ARefios seathdgihhent 16h coneretes one or

contai ner 310, according to another enbodi nent of the
moFavafdi bhonal seed ] Had desVEec 28D TINY ¢ R PR weled Fhecrete

co%ﬁ%%%gfer@n ﬁ&h@ﬁe%ﬁgtéfdkigeZE@talfﬂiﬂagépcuigrﬁhfn some

iment of Figure 6A, there is only one sealing
enbdledicen’2800f biowweimyenthospnehenbodl entdeviceheare gaskets
i nventi on %here is one o 5 npre.additiona

1 | i
AT TERsOr TARGRD DRTWRAR ERe TORcTerernes SrbSdineils of the

invention, the sealing devices are O-rings arranged
concentrically within one another. A plurality of bolts 290
(only five bolts 290 are shown for clarity) are anchored 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 sealing 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. The invention is not limited to

coupling using the bolts 290 and the nuts 300 and other means
12
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contai ner 310 and the netal [id 240. In particular, in

sone enbodi nents of the invention, the sealing
waelewitossoar e gaskets arranged on top of one aPCI/k€1003/000097

and in other enbodi ments of the invention, the

seal i ng devices are O- rings arranged 20 concentrically

sudh {4 %%@@é@é%lnﬁom K bold 5,290 ¢ (O Yrods for

five bolts 290 are s or c arity) are anchored in
exanpbe deawmld 1 S20upéd thre comer etrdocdimaineroB1ithe [imvention.
Figure 6B, a cross- sectional view of a portion of the

bei ng. anEharid T The et bl 198 500 The Sorbfare, to

bo@DeElsﬁ o e @ﬂr@té@st@géﬂl}@h srrusu‘z@@@rs:%@qe chveseeh v s anot
| ayer of the self-levelling polymer 30 to produce a
LingheRd it Ut Helel BaP§ oF e drre&Ee S vttt Jtrheo%fé%rue?r@bodments of

eV, Ti r
e SR G R P LTS B ol e o

joirstng the bolts 290 and nuts 300 to provrde a | eak
tight joint 235 between the side- wall 320 and the lid

240. The_.invention is n i mted to couplin [ .
The bol t5: DYoL AHPTHE® nit s B00 B oL Hor - Hehnee ks fgye11ing
po 204y 030 508k PAS SEHNB/ POOOGTE i sniCha @iSone or more components
post -t ensi oni ng, clanping and the use of tie rods for

of e&%%r%sefawen%r 525 tR e nl 9t Her Ok Hahit SOTBPORPRES Of
théﬁ}{@é‘é%@fhg 'fbéﬂ? iebodi ﬂ@ratélgéoﬁrgyr@éf&e cuﬁ}{?@%

B, two Dbodies are jointed together; however
prqu@@tarorp‘r@r&nbl r51$¢cpr$i‘eyj ¢D {loe rﬁqah@—bévetlx\blm@dp@bymer 30

e B8 BuShig" DO ERLS: Bl d FoL EP 8o 1 Mg o

chaspecd sivddf hen I;Elé/ﬁtﬂl 1OR, thder s@;ﬁad:;ewl b NPlLowodydetheir
30 used for |eak prevention has one or nore conponents
sey B bFvehetrDSRRRI ML FeshRfong TeakRd onerbfet heuring, the

th&ﬂﬂ@@é‘@ﬂ Aol NREADSEL LA NG F &S] de hQSs@erCYYanJ‘::‘ﬁP§Pltl¥av1ng an

bef ore curlng to provide an overall viscosity of
rmsetdudiovess o) el presr 30ess, and have compressive strengths

equal to or greater than the compressive strength of the
concrete. Furthermore, the thermosetting polymer resins have
high bond strengths to provide a cured polymer which is
strongei 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 epoxy
vinyl ester resins for example. Generally, any suitable resin
having a low viscosity before curing and having a large tensile
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before curing. The thernosetting polyner resins are
characterised, in part, by their capacity to fl ow and
wo bait031580 sel f -1 evel | i ng behavi our before curiPgr/Séiwsn00097
curing, the thernosetting polyner resins provide a
surface finish having an rns roughness of 63 m or
st}&S$h Al @%W&ﬁ'é’&eﬂd@@%&%oﬁ&f@% el&0r curing may
greater than the conpressive strength of
be dpiRktete. Furthernore, the thernosetting pol ymer
resins have 20 high bond strengths to provide a cured
pol ymer concrete,
exanpl e, ]}’H‘ rr?ln%es ack A;al u\/l_reen B theh ?%Oxy resin used
fostlerigtde tpaiemrtid’te ddi‘rei’a{m&Etatﬂ NPl YoeE bd£S1 &lSoxy and at
used int aosiialf-levelllng pol ymer 30, and the rough
f

Leagh % LS L idbrith St 3ty A ecet et ierr -
Exdrifie el densdd %ﬁéfﬁ@tlrbmpfvf%%r & Ls M eWH S paseq

is made the first concrete bod
10QﬁﬂﬁﬂﬂqﬂﬂquQﬁytﬁﬁﬁlﬂﬁmaﬂ@kﬁ1 ﬁﬂmﬁlgqmﬁylﬁepox1de based on

S¢ t| us for the self-l vellin
oegyl{rf.&g}%ﬁ i nc[ﬁlfjdgIs St ajﬁjpllle REOAF e%%??é,gn DDM (4,4’
Diamisat Wigdrechyiolyesiaie )30, rasl Novddly Wt hahe resd NSardeners

._and other resins such as epoxy vinyl ester resins for
o Ce]*%lpé?lff@éﬁéraé} Y AT R ¥ETHies h alﬁév’@}ﬁglla Tespective

MieS GORIdE Defqr ]
e R e e SO %sr?erééﬁl rckal ??amplf’e' that
Carbom:restartenmdm tergenoriete af thre curing amgucm arsed. for

dlnents of, the | ntion,. an epoxy resin
exafr@r eakage pr e\}‘lejrﬁ]i of Jt%h SR HOENGS e %%cgsby amines
ancep@te rafbraime 5 | edsdr aendfls réa\{ldfé'léi‘rré/&éﬁ" With

wi t hout an accel erator. Exanpl e base epoxies include
OXYRARRIISESS %S £ Wi pHei X YRASASEE N SFITgRg § ui BK B0

pOlﬁdﬁg%ﬁeEgﬁiL{d'lg R #jﬁérnae?;% grﬁ]r%gggc% %{E}% ene tetramlne,

tetppM iy lene Demham1ﬂa,phﬂﬂyhiﬂﬂﬁduﬁnﬁ)pokyukyﬁnapyﬂEneamlnes.

The _hardeners, 10 i nc ude rinmary and se ondar i
Wheno?:l)}fa}%nﬁé %rnlénatrﬁ/eIamdr espe& A mlne roups o a pof/yamlne

react with epoxide groups of a base epoxy through a reactive
hydrogen of the primary and secondary amines. Each 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 Hq H H H

[ 1/7\ [ ]
Y

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
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am ne adducts, such as pol yoxypropyl eneam nes for

exanple, that can cure at roomtenperature. The am ne
w@ddyossoar e, for exanple, |ow nol ecul ar wei ghtT/SG2003/000097

copol ymam nes reacted by am nes and ot her nono rE?

£!§n‘

For exanple, am nes react with 15 oxypropyl ene to
pol yoxypr o%%/I eneam nes. Exanple polyam nes i jud
di et hyl ene rﬁlamfﬁwe, trilfe/@le ene tetram ne, H

H
t et r aet pH-ghrecpenti-agine,c-ang—dirfferent,

pol yoxypr opyl énedmni nes. | Whén curing, prinmary afd H
secondary ani He groyps df aflpol yanmine react with |
epoxi de groups of a‘base epoxy through a reactiyve %O R
hydrogen of the primary and secondary am nes. Egcho\\
primary amne group is theoretically capable of H
reacting wiwth two epoxide groups, and each secondary
am ne group is capable of reacting with one epoxide

roup. A first reaction equation.of _a primry amne
Foug i AT D BT IS i Vert By SEHRHON rimtesence of
hyd®dMdyfid -adsidR R Npdnink ltHd Bdd:H L Hngesulting in

a secondary am ne being forned on the base epoxy. The

secondary am ne reacts w th another base epoxy

accor di fg BTN SO rdee tingieTEGRtt i6h Wk gh ans
2RO Mg QAR o R e Baong of
aldghglild @ yHddd#d s lard BHErGIRc 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. 1In
embodiments of the invention, the curing time and the curing
speed is controllable by adjusting the amount 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 embodiments of the invention, the
polymerisation catalyst system initiates a polymerisation
reaction 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 catalysts may be
used simultaneously. In embodiments of the invention, the
polymerisation catalysf 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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I I HO-H 5 For the second reaction equation, the
formati on and presence of hydroxyls assist in opening

W0 b@4episao de ring. I n enbodi nents of the i nvenk@DRGL003/000097
whi ch an accelerator is used, the accel erator
contai ns one or nore of alcoholic hydroxyls and

acdqdieneldec dnedra et cn o@“%ﬂ@’@’@%i&léﬁbﬂ-qw@iq%ean initiating

accel erator_are used to accel erate curing of _ '
Cempqaadryre @ifd e ardarsd dani nds) avd tilmerlefor eliprand dentadiment

t; . time. of .the am adduct s .and hi gher.
annleéﬁ%ﬁgﬁ%%%%hfiﬁ&ﬁﬁ%feI#?lgg (%ﬁq%ﬁaﬁfcﬁm%ﬁkf ﬁas a
perdaurgrigeomy twee ghilf iofy drgm Rt dheQurddi@r siReethd Sange from

controll abl e by adjusting the anount of hardener and

b
ADDEP TR DA orL® [ b GRFRaR SR lohed Mrshtdwraias any one
or WRsal W@ta@ﬂli@@,y%thﬁfdiﬁr?e%ﬂg/l%i@rldes, %,%p—di%tyﬂég@glﬁ%%ne,

prevention is a |low viscosity unsatdurat’ed po
tolwhidime s N, @actiew: hhistlh pritoiluidioreo mit, $-tchr Gughr exyethyl)

| yerisation cat.al yst .system when being 20 cured. ].n
to 3 R P T S B Yot y it i<Gbiackient
of caicaliystersstrema Hxd fire% @ gealyeiissatid cRAGIHOkysten is
of the vinyl nmonomers with the unsaturated polyester.
a Migtdiien Oéﬁ'r%ﬁdizr?éﬂt PeISe d6r amdt & c Al iyt e e Lisled ne .

si mul taneously. In other enbodinents of the invention,

the 25 pol WidSaldrdy Gat alnesti nsysi @ncataa!ﬁbé%rtel%%ane resin

polymerisation reaction. In such e odyne one or
whighy & scatsgldy fiogr mp Kege pyed esitrmont avedesins am

: [ t f e_inventiqgn, the ol ri sation

o e e e AR s R D AT e e e

mo laathleire weri gimr & larienBtriciaalion &S.d rike oTeltdsG rAN NeS some
30, .,are used in small amounts with _the organic

SRS gendSs At EhEs WiFerdeAr03 1560 PPETISEEbEsR0eTod R 1s in a
oneApReier @R -Ihe 1aGl) 0’k cth @ nPek OXind Y @MRfiNG AN of the
inJéggyo%tE%% composition of the polyurethane resin is in a
two-part (two-package) system. The prepolymer is any suitable
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 hydroxy 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 polyel, a
polylactone polyol, a polyesteramide polyol, castor-oil polyols
and mixtures thereof. Preferably, the polyurethane-forming
isocyanate/polyurethane prepolymer is a reaction product of
toluene diisocyanate'and diols or triols. For one-part

systems, the prepolymer has an isocyanate (NCO) content of less
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30

tenperature of the peroxide. In particular, in one
enbodi nrent of the invention, a mxture of the
wW@e@amsise0 am nes has a percentage by wei ght oPCT/SG2003/000097
unsat urated pol yester in the range fromb5
approximately 0.1% up to approxi mtely 5% and cont ai ns

enfly g 207 o0l O N BN L P

prefamiidi hess NpiNui §hyloly oxsdegtity| 9 thod upxkpel amele, in order
N par a- di net h Iagino:benz dgﬁie. In enbodinepts of the
O iRt i BRCCE pret B2 pof Y et TEATT ot st AR YA T Sy Engms, the

préo bhér Mxd us endf c beNZOYke PEIOXI Kler gt Mg d g B 6yl g /mol to
-toluidine. In enbodi mrents of the invention, a .
30@& YRRk hanko¥ eV erpanki chy s seiBedc BorNG@akerfesnt of the

' i ns. ' [ t e .
o O A Sy By A B PO G mer 25 Less
thdl wd equattc hyriogardoght est nthd npsonEl diber .
enbodi nents of the invention, the pol yurethane resin
is in a_one-part (one-pac e) system and in other X
erbodi meHt S ST e 7 batf DR e Chpba S YO G LR, Tesin
coPd MERthanens 8sblyhSetae t3WrPArin ({0Rs PARKSERIents of the
system The prepolynmer is any suitable

1InyRISARTRthaten 9 be nd Aiela Sbe YK @F porgur e el s used.  In
ot 1L £ PR 2V e 20,8 1 avey §£&S'£Ymi§%9 a’?{ {00 more
t g bet ween

enper at ure and having a" nol'ecul ar wel
ard&d g/pdreaceird@000e gim®wl is Susdda RPeepodyaes o8 whether a

. reaction product .of known organic isocyanates, uch
SAngrY REITebal AYORRTOReOT | 750t d F ey i § Sheyaaes, of
ardid i SOy £8b &N dr O ¥ SHLY AN £5a f DI g@XANP} Ena @

two or 25 nore hydroxy groups of an organic nolecule

matgickr st aspb §oray bRy @xbem| el sqpelipy epol Yrerramae T to

S i fqui d -at . er
2008 RA084Y L5 ¥ L SRR EIRE IR D806y e
corigxasrpt sompod § otlse | acdnatei @ ppdyesievopatyolns aincludes

ol vl act one pol yol,. a pol yesteranj de pol yol|,
By Rt - PUR0 yER LB P T ST TR RS  HEBAF1¢ hydroxyl groups.
pr&¥&f£58P) Yehd hey@LOYYI e hane- QMY of each aromatic

I socyanat e/ pol yur et hane prepol yner is a reaction

hygyresrigeonfres bl ubheldi Foochmit efae 4% ote o Ry iwskght of a
re iU OGS P&E% Nocgéﬂéméroﬁ&@jfQ{Qgg}_é(@fb&‘ﬁsr@é‘ins .

I'socyanat e content o
Furthermore, the aromatic hydrocarbon resins are preferably

free of water and sclvents.

In some embodiments of the invention, some of the
other resins which are used for leakage prevention include
epoxy vinyl ester resins containing styrene monomers which are
free in the resins. The epoxy vinyl ester resins are 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

vinyl ester resins are the same as those described above with
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16 WD 2004/ 031500 PCT/ SG2003/000097 than or equal to
10% by wei ght of the prepolyner, and preferably |ess
wao b@n/o3E0by wei ght of the prepol ymer, in orderPCT/8G2003/000097
avoi d excess foami ng. Furthernore, in one-part
systens, the prepolyner has a nol ecul ar weight in the
ref@PEecOf £ 2000 04Dl + 1 L2 BQQ0 W dl . FOL 1 A MVO- PRE tsome
systens, the NCO content of the polyurethane-formng
enpedayRinG? e bot yar et hemel Prepoiy mer nerd ebsitidaproprof a

po FRTASTHEPY HRITe Wi bl e ot 680 r RORPAT Gt Thom

reddiei ol yoirehbagey £ €sk Mmon dnSsey Bt ogth dreab Sxpfvihel ddcer

i nvention a single aronmatic hydrocarbon resin is used.
reFNGHtHet ErbobhHentBP AR enthoninEent keurengfor more

e t s

Tl con 7 e Her B O S e by SEar s e Lyses
the ez hyreer dsal o pteaciundrerobftharonptéce hydrocarbonith the

resins e used, a ]iqui aroq&ti fs naierial rgsults fal
PRGN L [ B0F 0F SEOBRS" | 1P UHeE TRt 0t 1 §he S0tk £pb Catalyst
isad mbEuld erbedi IR %1 Ofpdeki dwenid Obhe tHe more aromatic

conposition of the aromatic hydrocarbon resins

aminRs RS 2 ) bxyTefrpipss ek eabi et epaibr yst is a
, i I f | y. oo
mi S QPBLLE @M&%;/ pgfﬁyp e SHEher %@T‘ay(ﬁ?%%ggﬁt%ﬂmme.

group content each aromatic 20 resints
Furthetreorangen f sone 28 od Béys weli ghite ofneent especthoearomatic
one of the aromatic drocarbon resins. Furthernore,,
aMLHES FEHRIFES hydr ThA hoTT BEr DT hrle hSrRFSIYS FrBerides and

gedr Bl £rz ade SPAVENtISe ddk SoiTes enbredli pertsi@f . t hen
i nvention, sone of the 25 other resins which are used

Pax¥Cy bakaghh pply et oM meRT e thpokyventhien est gpixture of
th% ﬁ%f(ﬂﬁa&@@t &9 I?égr?nﬁe{@&%%#ér%g' \9@1(2{5’@ (gf & surated

resins. e epoxy Vvinyl est i ns e reaction
polyesiuet sinf tiné heanepokyom esspuisosaitth net haer Y% i ep acod d
and have ery low viscosity, for exanple, between
ap@ﬁp%ﬁga%%gyl %' cps. 30 Pol ynerisation catal yst systens
are used with the epoxy vinyl
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

Compressive yield strength: (MPa) 100
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ester resins as curing agents. In particular, the
pol yneri sati on catal yst systens which are used with
wo b@4epsay Vvinyl ester resins are the sanme asPCTISEHE03/000097
descri bed above with 17 WD 2004/ 031500
PCT/ SG2003/ 000097 reference to the unsaturated

Ul tpelates teimdesd iSre 19 1S9 h € yrent s or e .
i nvention, one or nore initiators of a palynerisation

Boncats BARg Eyist GRS Htles? e ol yieRa)zat i on 4 +Zact i on

2] act oy ©

of the styrene nononers wth—the—epoxy—vinyl—ester—5-

resins and in other enbodinments of the invention one

or nore catalysts of another polynerisation catalyst
Takgyes tlem Reatrad lyseion el polartiatdond eactimen £fl A-hevelling

t mononers with the epoxy vinyl ester resins. A
po%ﬂ‘é&:g‘m@ ﬁ&eyﬁ%ﬁ%aﬁw%ﬁpai%ré&ulqtsl%;m WSTRE DS 4 95e1”

is QF GARING R Pdde g RNe rle—ciﬁ'f_o'?ctrie%lg;c% c atings
and a nost preferable polynmerisation catalyst I's a

us igiox fprd afl eh et pet@sitdersand N, N- di net hyl
p-toluidine. Furthernore, in sonme enbodi nents of the

i nvent i R romat | m pnes are .used in snal | i
amount s%vr%lmt t%%{%hgLSogggr?%éld%éfr&oﬁe@eeéfa&n@uré’é’ﬁ& &ygprenol-a
basack elperat eddie acid dn sofvitse sienoxiadRes Frkm 11000 to 14000
particul ar, in_one embodiment of the invention, a
CPSpipkt dide “6f  Phé3@r bfmi baadbnes fas hhpeepervagesby EEW~188.
[ f. . unsaturat.ed ol-yester in.the range fro
T e aal ¥ 6 Paiint 0 LI BR R P o SaRrariet by
JefiFek@Weanaexamphe stemuhatisons Qs the ssebf- 205 shown in
| evel ling polynmer 30. AS shown in Table | in a first

Tabdgadpl éhe mHeosslityl efelthiengefdi-yese 13Q rignploldes rars0
resin. V-188, _and a Pal or.opel_ene n B
o TR S Re MBS £ GBI aed § O3 I D o g Prclener D
230t he epexpxiasielyFeoaulati an %byc%eggrg%ﬁﬁggﬁgﬁp@?g gel
Resin: EEW 188 100 Pol yoxypropyl eneam ne (Je m ne
timp 2g02approgigeselar P80i ognutes and once cured, a surface
finish having an rms roughness less than 30 pm 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 example.
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 399. In particular, in columns B and C the

percentages of the accelerator 399 by weight of the epoxy resin
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Viscosity of mxture at 25 C (cps) 600 Gel

tine:

(mnutes) 280 Self-levelling: Excellent Surface rns
< 30 Conpressi VECHE&2003/000097

wOo owglosisss after curing: (pm
strength: (MPa) 100 18 WO 2

004/ 031500

PCT/ SG2003/ 000097 U timate conpressive strength:
EEWLWE%)a é55B°BQdSﬁb@n9E%s %é%IM%@§541C%§%%h A(M%akaﬁl% T

For nul ati on and characterlstlcs of
showelﬁebeﬂéblfng tpel yase 30 Mhlphethemgtl@x@@pb@celerator

ddf rmul ati on; "ASTM D4541- 95e
a ‘hod for

portabl e adhesi on testers.

" is a st

andard t est

pul | -off strength of coatings 5 using
EEW 188 is a standard

gener al - pur pose bi sphenol -A| based epoxy resim and|its ¢
viscosity ranges from 11000 ito 14000 cps at 25 C
D- 230 i%oﬁmmhﬁﬁbﬁ@y for the |ep&xPyresi nf EEWOLBRIL |n % by wt
arti B-230—sa Poty opyteneanrRe product
Epo% 5ﬁ%£$ amne and its VISCOSIQy is 9 u%gUat 25 C 89
Poﬂy@xy@ﬁd@ylE@bbﬁlhe the viscosi3zy of the|sakf-levelling
pol ynmer 30 contalnlng a mxture of epoky resin
(JeEEAigs Jakd e har dener D- 230 is apprpxi mately 600
AccelS At 25 3Ggbefore curing. The gel ting is 10
approximately 280 m nutes and once cured, a surface i5
finish having an rns rwtmessrissscs han 30 pm
rFesy-ts ru11.°rﬂarc, once—ctured—the—seH—tevetHihre-
Br%ﬁ%ﬁhﬁ%d §GSC°§& &rfitng to this first exanple, has a
mlx%gﬁpg%&sQ%eoMLelg s$ trength ofo@ppr oxi mageby 100 MPa,00
an ultimte conpr ssive strength of approxi matel y|245
GelVRamend (mibonetsstrength of 20°@pproxi maf efy 4.2 MPa, 2°
se1fIiGh 1S By oosure at whioh eencreLe. | BLESIILACA | mxcellent
an accel eratjor 1s a to the
surfiatddiire s Aoug@infedlsewatddmyg pol ynmer 30 0‘ the first
exanpl e. The accel erator belng3@dded i5<r§5erred o 30
curdsigacclgimer at or 399
Compressive yield strength:
(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;

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

change in other characteristics of the self-levelling polymer

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

a slight increase in the viscosity from approximately 600 cps
20
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25 and it is another product by Jeffam ne. The
accel erator 399 is wused to reduce the cure tine of

wo b@4o&1500 | evel | i ng pol ymer 30. Results are sPO®GR003/000097
Table I'l for two different concentrations of the
accelerator 399. In particular, in colums B and C the

op BB S0 8 BE SRl AL OB BT R 7A0E n e
confpWslHBi8rarng §% and Hipgh respedipiRinaE1I4mi o ofpa down to

Table Il ~ shows results for the case in which there is
AP Hetdieratds MBadded CeL I ase Ay rallati i sy GRpespive

t 2¥n OPYE 3 R Y1L8S) 0Q 100 imat
° Po orgypfrlé%npy neaﬁ ne 3?324]5(?2%@%(%& ar%one ppﬁoﬁldna ely 160
MPahc celderatori 369 dech®asGhamadther ikstid st Brrogokf i ftah

viscosity of mxture at 25 C._(cps) 60Q 700 7 Cel
PR TR TR ) 80 KR SIS g 1A ent
Excel |l ent Excel |l ent Surface rnms roughness after
curing: Mg thi3Q <3180 a Cumrassiiee Welthe self-
strength: (MPa) 100 95 88 U timte conpressive .
levqllemgt ol 35 reldesd 2Bt sty redch PASERer resin

andgga?ﬁt?laﬁ?eez@za diM;rﬁ)ca‘]tazl AStO wzl’iiQ:hE’ iTsak?rla“adé Idf a mj]}ﬁure of

on an aracteristics of the selt-leve ng

berpol yimgre Bk iabc arrdi 1y 1o-dihes t$eclond-teXlanpli;me. In particular,

as fq'xrc%%aitr{ QInaiblAéS lsf}[o,vwlzﬂen c-[)anbcleentlrldtivgr}sh C}J‘:hqchaed Ietnl.zoonyl
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 polymer 30 according to the third example

formulation.
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accel erator 399, the gel tine is significantly reduced
from approximtely 280 m nutes down to approxi nmately
wQ@2ooaosnsoes; 10 however, the reduction in the PEt/SG2008000097
i's acconpani ed by a change in other characteristics
of the self-levelling polymer 30. In particular, the
additio f &h ccel erat.or,_,399 es sl i ght .
i ncr easg h|%n ft%rgﬂu\a/}ia(s:c cosi ?O yfoftrhoe msae%gf:rjglxelvr?a]taleﬁnyg %jdjt}yén pesr 30 in
the? O HAR P COMNPA S O LA AEGANB3/B0 A dpdidditnately 1100 cps at
approxi mtely 700 cps at 25C, a_slight decrease in the
25 Conpresspee %F@Pd@t F‘éﬁ’ﬁ?ﬁlﬁ‘ﬁ‘*éﬁwlﬁpﬁ%owﬂﬁﬁftélsyaf@oomf’ﬁ cured a
t : roxi.mately 88 MPa; .a _decr.ease ,in t
Sl Vginema e 1%@126}%}81&% earyslin}se gty nregsrﬁ approxi et Zﬁ/ Wygesults.
MPa down to approximately 160 5 MPa; and a slight
decr easdr i tfwe donc:sinargt kb frormuAppried ret elle &2 F-
MPa down to approximately 4.0 MPa. In a third exanple,

Leve HomrLIRR T8I o> & He Fldides 1% FEiGHE ol ynsto lgpirethane
prddil Hdes Al unsphivatied polyaster nesidhoand 2 rapie IV, the

pol ynmeri zati on catal yst 'whi'ch is nade of a mxture o
cori@®ryarsicyin spexfoxitde ranidyuye tliadierattero ymtent Wl nghe | n

part.icul ar, . as shown in Table.l1l.,.the entrations,
PO TSRO e GRS T 182N et hyl 2oopectively,
by frdigiit dimehay eniapprexi mated }polq;u&%tanﬁu&‘é@repolymer is a
respectively, by weight of the unsaturate pol yest er

reaisian Prsitts stfurta st sl ety atesis AvhtRi s The
polRAIHEH Ll RAIPERANG, AL W €Ng, RRONEY %\Td@vdfgagf?pﬁo#eimately

concentration™ of approxi mately 30% by wei ght

13%pdiy estiehtpalfy rdres preaforimeat icomwl % byl smeigghity off about 2000
pol yester Normal unsaturated EOl yester: 100 styrene

PGy sC-30ThBeR2dYPSHErBRIEEL BasNa RogteBihgit hydroxyl of

apgrd:Qlttlidines Gs2 bgweafgtrﬁaiéﬂ G2 PARRA d3p Oy Il Xl &
at 25 C (cps) 1100

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
Surface rms roughness after curing: < 30

(pm)

Table IV: Formulation and characteristics of the self-levelling

polymer 30 according to the fourth example formulation.
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Gel time: (mnutes) 25 Self-levelling: very good
Surface rnms roughness after curing: (n) < 30 Table

w0 Rdog/oBdnmul ati on and characteristics of the seCT/$G2003/000097
| evel i ng polyner 30 according to the third exanple 20
formul ati on. 21 WD 2004/ 031500 PCT/ SG2003/ 000097 The

fornmul atj.on of . the self-levellin I 30 in the

third exilpl € has o vi S cORTE- ST HppY okt hellBr§t d108ne once
cufPs lsurlee gpﬁq_wgﬁll %é%?.sar? %Xfé‘@%ﬂéfsgslgég%ﬁa?n 30 pm

and once cured a surface finis aving an rns

regwlghness | ess than 30 mresults. 5 In a fourth
exanple, a fornulation of the self levelling polyner

30 includes a_nmxture of. a pol yurethane prepol ymer
and a potyeb et pot yor ot L s & BT i ThBF 6% VP o1~
le€ONTEM rad 1 r 080 t hec PRAYHIr £t hapex Prepelynestandréhen and a
ol yesterpol yol -1 are approxi mately 62% and 38%
potkwBpeEta ey, carbysheilyheh of s thedei )F ur enigbiere of benzoyl
£ I S_ on, pr
oo SN S DN SR S P ERR Cra B OMER, B et v,
therepotymeratisna cHntieatbef zNCO of rappdexandt ef ythd 3% N-

. by wej ght _of the prepolyner and a visgosjt f _about
dl@%%%yigﬁét%iu%%l > Fhe ?%%%%ﬁ?ﬁ&¥o§'§ésgﬁgc%ﬁtent
reSbebytFOKy| 19F 151 GRPT OXi PR ebyody 86 Byl wekgbt pEsihe

pol yesterpol yol and a viscosity of approximtely 350
Fuepsernons, Ghaogeenervinhe epetyureshants prepovyrepmical
y. ypl-forma mxture which has a
pr@‘?@%%???@g%fﬁ%%%%n%%ry 1100 cps at 25C
Fornul ati on % by weight of m xture Polyurethane

pr epol yner B2rmiPodtyiesi er pol yol -1 38( Chat docy eweésghicsof

Viscosity of mixture at 25 C. (cps) 1%%%yl cster resin

Epoxy vinyl ester resin 100

Benzoyl peroxide 2

N, N-dimethyl p-toluidine 0.2
Characteristics

Viscosity of mixture at 25 °C: (cps) |90 to 135
Gel time: (minutes) 25
Self-levelling: Excellent

Surface rms roughness after curing: |< 30

(pm)

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 1is approximately 25 minutes and once cured, a surface

finish having an rms roughness less than 30 pm results.
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Gel time: (mnutes) 120 Self-levelling: very good
Surface rnms roughness after curing: < 30 (m 20 Table
w0 Xo0488rspul ati on and characteristics of the  PCT/SG2003/000097

self-levelling polymer 30 according to the fourth
exanpl e fornul ati on. 22 WD 2004/ 031500
PCT/ SCAQQRL PO00% o ThE-gel oAl Mend Sy 2PPLOXL ARt & Yei20resent
m nutes and once cured a surface finish having an rns

1nv¢mMg®messelpsss1hh® 30 hlgmbsuftshelmeVélt¢@0@x@@®le It is

ormul ation of the self 5 levellin ol ymer 3
the?%%?ﬂ%egoameeb%§§r%Fﬂ9$ E%?Brw+§%%ﬂ gﬂ% 488E 3F tne
app@x@éﬂé@e&léﬁﬁé ony gat ahysht Woh Cha | So8BgLaof i Se 8 ¥tHEEwDEe than
benzoyl peroxi de and N, N-di net hyl p-toluidine. As

as shewhfipaThpl desrribad kenredntrati ons of the benzoyl
peroxi de and of the N, N- dinethyl p-toluidine are
approximately 0.2% and 2% 10 respectively, by weight
of the epoxy vinyl ester resin. Furthernore, the
epoxy vinyl ester resin is a Dow Chem cal product
named Der akane-411. Fornul ation % 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-Ilevelling:
Excel l ent Surface rns roughness after curing: < 30
(m Table V: Formulation and characteristics of the
self-levelling
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15 polyner 30 according to the fifth exanple
formul ati on. The fornul ation of the self-levelling
w@eiogosrsoB0 in the fifth exanple has a vi scosPeCHSGEI003/000097
the range from approximately 90 cps to approximately
135 cps at 25C. The gel tinme is approximtely 25
WwE diAtges and once cured, a surface 20 finish having an
rms roughness less than 30 mresults. 23 WO
2004/ 031500 PCT/ SG2003/ 000097 Nunerous nodi fications
1. and var¥a¢iohsa ofelfrel prekkhty  prkyitebnf @F espodishbre a first
i ght_ of . e ' ; ' e
s p e R T Tl SSEh B TR abpandey to @
secehdiddy | hehé nvent + Devarpyihe psbahé sedogphesivmge t han
5 as specifically described herein. 24 WO 2004/031500
PCT/ SG2003/ 000097 WE CLAIM 1 e of a .
sel f - | Vet PP PoOT s Jf%%l%n%%?ﬁlﬁj*?%% O HFHRY Pelpfacerring
and d@ptddstocobsaets bodyrabd chnds t@rdg. jointed to a
second body, the self-levelling polyner conprising: 5
a thernosetting resin adapted to fl ow before curing ,

2. and ada%@%dofoab@%frbe‘é%ﬁ%%%gep%ﬁérﬁe%u@%faor@%nwé%@lalm 1
whe?%fﬁl%ﬁée¥ﬁé£ﬁ89e9@i%€9£e§fﬁoégﬁ 9i§§sc£a$§%& eﬁ@§§eéﬂd at
e thernbsetting resin conprises a base epoxy and at

leatieaste ovgé of hartianedenend aam ancateebecator. 10 3. Use
of a self-levelling polymer according to claim?2
wher ei n_.t he harden 0 | ses at.least_one of prinmary..
3. and  sclORdary” por yam RESL 140 USRLEFER RETTETeRel 7 nglaim 2
whe POl Y NBfec ABEPHELBY EOMET BbEE 3at Wes et Nnohdeohapdemgry and
conpri ses_at | east one respective adduct 15 of said
secapdfBEsPOb@MdReHri mary and secondary pol yam nes. 5.
Use of a self-levelling polyner according to claim1l

4. Whereingtbheskhgr gosetiingi 1 54N 6PPREL SESc8Pding to claim 3
unsat ur at ed

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

polyester resin.

6. Use of a self-levelling polymer according 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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pol yester resin. 6. Use of a self-levelling polyner
according to claim5 20 wherein the thernosetting
WO e®in3sompri ses vinyl nononmers and a pol ynmer PGESGZIN3/000097
catal yst system adapted to initiate or catalyse a
pol ymeri sation reaction of the vinyl nonomers with
said un rate e 7, = [ :
8'poIyner&%%%G?%i%ggg%yc?%ﬁ%%%}n%égﬁkgé%?ﬁ§§%éf&fagaﬂérghalm .
wheteimoseidi tge ressat conprisesn apomprises an epoxy vinyl ester
i socyanat e/ pol yur et hane prepol yner and a fluid
r'dnat i ¢ hydr ocarbon resin containing at |east one
hydr oxyl group. 25 WD 2004/ 031500 PCT/ SG2003/ 000097 8.
9. Use of ayseldrlgvetl Fntewol yiey psTofigh NgedOrdldd md claim 8
wherein said thernosetting resin conprises an epoxy
whegedd wat@rthepsppetoingseedin al wether sv@PF e pot ingene
[ t [ - rei i h S i
o e P P de LY G PR PR Eap e o
injolyrerosataonl gat ab ystl gyst evaatapt eck¢ioion Nh¢iweden osaid
catal yse a gol nerisation reactjon between said epoxy
SR hyT 85t 75 TRE iR The Sy r eh¥r SRRIABIYTSED: Use of
a self-levelling polyner according to any one 10 of
10claims 8yaadod wheeRrNl Vel BDOXKYpylyiibr est€srd B8y Nedlasny one
a _viscosity between 90 cps and 135 cps. 11. Use of a
of sel3inevll 3ifg? pBRgRREN abledr P PEY t HLARY dPecr ofeeinihas 2
vi&cd 95 MOELELR bhecspoxy vigy! gster resinis a
reaction product of an epoxy resin and a nmethacrylic
acid. 15 12. A first concrete body jointable to a
llsecond Wbésly, ofhe s¢lfstevehtieyepbbryeconpedsihgy o any one
os (i sty susface; pa baver, of, 2 seli.|evelliog. pol yoer for .
S dFﬁing e flPs sur?%ce B Yhe F{TsT" concrete
redodyon thecdett - bevehl épgx20rpol ¥ nBRid conpEtisadgylic acid.

re

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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a thernosetting resin adapted to flow before curing
and adapted to bond to the first surface when cured.
wQa 3004831500 st concrete body accordi ng to cl ai mBQI/SG2003/000097
adapted to be jointed to the second body with a
sealing device |located 25 therebetween. 14. A nethod
of SMOHRA Haigd thiel $hetblase 10k SRldy Les! the first
concrete body of claim 12, the nmethod conprising the
Sur§@€§s©§fth@ﬁfWQSZO©¢ﬂ@3E$©ObPG?ﬁSGQOOB/000097
provi ding the thernosetting reglg ove{lthe first
surface gf; f t r 0 y al.l o
thernnsggtﬁhq%ﬁégk% F%%%@p%%ﬁg i & Sl&u?#a%g% %hfhglrSt
surﬁacsto@ommeeﬁérhmdypnaméta abkgwi agdt he t hernosetting
resin to cure. 15. A nethod according to claim 14
further risin tep provi di ng one or nore
backingaggggﬁggoﬁgﬁ E§FFBH§F§%6PQ Fﬁélplg§tc€6ﬁcrete
body with the backing strips extendi ng above the
15.first sarfaceoal atherhinsgt t@oﬁgé@;h91*40§3dmt%§r %bﬁpr'i%lng the
one 10 or nore backing strips allow a | ayer of
stephefnbsevitRgar @§1ien0rt Botrer Eﬁébé@é shaipisr on gupEa@@hery of

theoklEg% Ebh%&e%@nﬁ §§engeﬂythé6bgck%8|n%t?ﬁé%eexﬁgndlng above

first concrete and ‘a secon
thec@mpﬁtssngfaaeseélthg dévstecbacated betiyeenhtheihi t8k one
second body; and a

d
A T T

to devinceband @h%lEiksﬁuéﬁgﬁgc@fofh@hg'E§ESQOBBE@E@tQOQ$dy
the thernosetting resin being adapted to snooth

first surface of the first concrete bodé 20 17. A
16. "j oi nt atcoPdPhgPebverai m I6rikheFenarehe bedynandodysecond

body$s @nseegndrcengheteihQdy, the joint further
° gonprls?ng a th%rn%ée?ting resin | ocated between the

sealin
ga 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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devi ce and a second surface of the second concrete
body, the thernpsetting resin being adapted to snooth

wao bw4ssisond surface 25 of the second concr et eP@DEE2003/000097
18. A joint according to claim 16 conprising nmeans for
coupling together the first concrete body and the

19.second body,; 7ac\&;%9]%1 %%Q%ﬂi%@%%@%@f%%s 1y
A joint according to claim18 erein neans for
cowduiplg rigpdedgettherhd hel fstr storporedreetteodyodyndarithe leecond body

second body cause onpression of the sealin evi.c
CAE DUGRIE S qbdtt TG Gt A b BB -1 GO (= tarkP2st
oned MRAGUERLd Gite J10igHE Rid: dhdTef RedafndCighd NGt .
first concrete body and a second body, thé nethod
conprising the steps of: snmoothing a first surface of
20.the firdt ngtadted edytigg i Limfercafcrete body and a

ti resin; WeTol@gle) [ r and the
Sec{c,de?:%{on o'dym%n ngsd}gbod %aan erlnstg'Lhﬁa(‘{1 ectl‘Lée %enéé?d%’fu'rf ace and
a second surface of the second body substantially
face eachmattiemg pr dvimdithguer Sea 0y teyifte etawarrete body
W%ge first surfa and the second surface; and
Wt Foreeding t?equbea‘i“?%ge ¢ BetMeen the first 15
concrete body and the second body. 21. A nethod
accor di ngl #gh il QiR et @lddst thd CHPILRSHMY dd, in a
seal i ng device conprises coupling together the first

mangSite &t Bty Bt R Sekshd o dy . SFP A st of the
seRERPIAINY B ahong 1 Alal 30 snb2l 20 wherein

the step of snoothing the first surface conprises the
sub-steps of: providing a thernosetting resin over the
first sudackingld gdalginhelaheradsdtndary thesifing: surface

an&l\etthet tEeecfoir1rdSts1;u:2f':_’aCc’el'l;r fa%cae; 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 smcothing 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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allowi ng the thernosetting resin to cure. 28 W
2004/ 031500 PCT/ S&003/ 000097 23. A net hod accordi ng
wao eooangisene of clainms 20 and 21 for jointing PEESGR03000097
concrete body and the second body wherein the second
body is a second concrete body, the nethod further
23 conpri simgndttredtemwafdirhy snoatrhy rghd el selcamds A0 feaoe 21 for

. of the second concrete bqQdy with a _ thernoseftin )
STy D T ik o ST Y (5B i SE TG B heein
thd rbeecfdr[étbocﬁ})rhcé et es ot %éﬂ@cé%}q hady yhelsd Nfurther

the second body is a second concrete ‘body, the nethod
corfupridierg compritsimepiithe step 10 of : snoot hing the
second surface of the second concrete body with a

ther rmsestr}lcgo%irne Iﬁ]ﬁ{%téjeecqgi‘thepsuorffas@ootplﬂ}% .tsréecorrc’c?cé)&"gcrete

surface conprising € Sub-steps of: providing a
bodherimiset tigrmesd it iakercddien second 15 surf ace;

allowi ng the thernosetting resin to wet the second

surface; and al|ow ng the ther ett] resin to, cure. .
2429 A methoA accékélng to ¢ §§%t£59&n??01ﬁéiéé‘€%e 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.
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