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(54) Tifle: CEMENT STRUCTURE CONTAINING A WATERPROOFING LAYER
(57) Abstract

A process of providing a waterproof concrete structure comprising the steps of: (a) providing a layer of a concrete composition on a
support; (b) spraying on to this concrete composition a waterproofing layer; and (c) applying fo the waterproofing layer a further layer of
a concrete composition; characterised in that the waterproofing layer is provided by a composition which comprises an aqueous dispersion
of coglescable particles of thermoplastic polymer. The method js useful in the waterproofing of tunnel linings.




(a) providing a primary |ayer of a concrete conposition on a support;
“(b): spraying on to this concrete conposition a waterproofing |ayer; and

+ (c) applyirg to the waterproofi-ng | ayer a |l ayer of a concrete conposition;
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The invention fWﬁETsﬁHﬁ%@Cg)@Wﬁr%WM@&GM‘@&e structure
conprising two | ayers of concrete separated by a coherent internediate
polyneric | ayer whose binder is coal esced particles of thernoplastic
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merge to forma continuous. coherent film e pol ymer dispersions
whi ch ar e usefpldce by; ferrsxemplenasphdring baltse Thewgsultsis thus ar'sandiviht epntryction.he

filmform ng AAHERNEs there may be applied by in situ placing or spraying a further layer of concrete

15 with reinforcing (fibres or mesh), or this reinforcing may be incorporated into the final

concrete coating.

The labour intensity of such a method, plus the fact that the existing membranes have not
been wholly satisfactory, particularly with respect to leaking, has led to the search for

20  alternatives. Recently, attempts have been made to spray on a suitable membrane. These
have used a two-pack polyurethane material. but these have suffered from drawbacks
such as complicated application. toxicity problems (from the isocyanate curing agents),
bonding problems to wet shotcrete and inhibition of polyurethane formation because of
high tunnel humidity has prevented the obvious potential benefits of such a method being

25  realised. |

It has now been found that it is possible to provide a suitable membrane by means of a
method which avoids most or even all of the drawbacks hereinabove mentioned. There is
therefore provided, according to the present invention, a process of providing a
30  waterproof concrete structure comprising the steps of
(a) providing a primary layer of a concrete composition on a support;
(b) spraying on to this concrete composition a waterproofing layer; and

(c) applying to the waterproofing layer a layer of a concrete composition;

CONFIRMATION COPY



di spersions which are used, for exanple, as filmformng nedia in aqueous
“"emul sion" 25 househol d paints. Included in-this definition of "binder"
< are conpositions which include t her nopl astic coal escabl e particles and
cenent . The aqueous di spersion of coal escabl e thernopl asti c pol yner
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el astoneri G prmamvemm ﬂndiengrqvﬁki a odiefprdof saidstichabhaete btrudtisre pmﬁfax@irfg&drot hat

the Tg bel ?W 1 5[err] nore, preferably bel ow, -15[err] The wei ght
solids cont en AYEIS{OT CORCFFL separa&#@péﬁeheaﬁwwﬁ@ep POIymFRe lwes MhAse biRder Binge of
30-60% Speci fohQes Kgé:s d;f[hegﬂ%lg@gL olvmer. MAt eri als include polyurethanes,
st yrene-but adi ene copol yners, (acrylonitrile- but adi ene- styrene)
pol ymers, acrylonitrile- butadlene copolyners styrene acrylic

copol ynmers, pqg.sul phide d|s |on hane- acr ersi pns

pol yi sopr ene Iln'dg’uﬂ%ort B\Wfapaat‘g’ rggwi “(’ﬁ%é%ﬂ %’5 ?oxﬁmlfthgmageﬂ’ 88Pand/ or
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esters thereof. Materials such as bitunen 10 _enul sjons, nay be used in
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By "binder" is meant a material which on drying forms a coherent, continuous film and -
by thermoplastic” is meant a material which does not react to form a crosslinked

20  structure. By "coalescable particles” is meant particles of a film-forming suspension or
emulsion which. on the removal of the continuous medium in which they are dispersed,
at least partially merge to form a continuous, coherent film. The polymer dispersions
which are useful in this invention are thus similar in nature to the film-forming aqueous
dispersions which are used, for example, as ﬁlm—fonning media in aqueous "emuision"

25 household paints. Included in this definition of “binder” are compositions which include

thermoplastic coalescable particles and cement.

The aqueous dispersion of coalescable thermoplastic polymer particles may be chosen
from a wide range of materials known to the art, the nature of the polymer itself being
30  unimportant. Thus, for example, suitable polymers include polyurethanes, polyesters,
vinyls and acrylics. Particularly suitable polymers are addition polymers derived from
ethylenically-unsaturated monomers by addition polymerisation. Particularly suitable

materials within this group are those which have a glass transition temperature (Tg) such



In addition to the aqueous dispersion, the conposition may include other
"I ngredi ents. One especially useful ingredient is filler. This not

: onIy_"extends" t he conposition, but 20 al so roughens the surface, thus
providing a "key" for a subsequently applied cenmentitious '

conposi tion, Lts presence is preferred. Typical exanples
fillers i né’mj?éz‘%ﬂ%artz sand and qu3rtz flour of ave?éggw arret ers in
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"Synthomer".

In addition to the aqueous dispersion, the composition may include other ingredients.
One especially useful ingredient is filler. This not only "extends" the composition, but
20  also roughens the surface, thus providing a "key" for a subsequently applied cementitious

composition. Its presence is preferred. Typical examples of suitable fillers include quartz
sand and quartz flour of average diameters in the range of from 0.04-1.5mm, as well as
dolomite, talc, mica, barytes, iron oxide, titanium dioxide, rubber and plastics granules,
lightweighted aggregates and glassy fumace residues such as “holospheres”. Fibres of

. 25 steel, glass or polymeric material can also be used, preferred examples of polymeric fibre
being those of thermoplastic material, especially polyethylene and polyacrylonitrile,
preferably with length of from 0.2-12mm and surface area of from 6-8M*/g.

There may also be added to the compositions of this invention standard ingredients in
30  art-recognised quantities. Typical examples of additives whose presence may be
beneficial include flow-enhancing agents, defoamers, dispersants, colouring materials,

wetting agents, rheology modifiers and catalysts.



_polyner concrete. The nenbrane | ayer applied may vary in thickness,

dependi ng on the mat eri al used, the conditions of application and the
‘properti.es (such as crack bridging 15 ability) desired, but as a general
rule it should have a thickness of 2-15nm preferably 2- 6mm The

appl i cati onypnbgdone in a single spraying pass or in s

this sprayegﬁconp05|t|on is appliedd4a further layer o e¥§@@%@ﬁ@?flous
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Vari ation {%\‘A ofe dlspers%n When (?es red, addlt?ves may comprise up to 5%, preferably 0.1-5%

C 1st. @&gm (éir&ia@édeéneacﬁ&aﬁﬁgﬁaaéﬁtyofadeﬁﬁé plndeight 6Ftiquid disBRos). €t ©

50- 250nn1th| concrete el enents
(200- 500Mm) en filed is presputi(the preférretiase).tthe eomposition preferablynaotriprrisds 20-80%

mb - o mRND | |
D Conpos {1 ontyHer prefeably 30:5096) b sy cispdty, 18D st R ety B ET0d o al |

shotcrete or bowegiatiller, ROLY. BIYHNigH: @ddiive(s). 50- 250mm
t hi ck) placed in situ concrete placed in
situ WO 98/ 24738

PCT/ EPO7/ 0673?hewexgtnofllﬁﬁet§g%r§§?{) \fé?g[h‘(@ftﬁé‘ﬁdpﬁé‘dﬁp% 4idkPand e %gﬁtapp | ncl uded

inthe first layer 1s t I ed
thereto a Ievgiditivngpthowerahwfamvsmmtfrom 2-15mm t hi ck. The menbr ane
can be spr(?yed on to the concrete 1-90 days after the application ofthe
concrete f spraying is consistent within-3 days after concrete

application, nlieecrompbﬁuémy&appmmytsp@m toodprahdrp B9eridoadrete TERivgt er in the
di spersi on can g g_mnth t he .cenent hydr.atj on. When the concrete of

the first |aydFiRRY sBernts hutpq ra%yeberqsheramwshgsmttmﬁﬁs qORPGHtionsy wrh as ¢
may be neCGSSﬁJ%ﬁ&QoH@&Q T8 SedtbFnd et Bﬁedmty%yﬁmms n&\samu&runwhé esi dues

and pr ewas t he surftace, gIVIn etter nbrane adhési on.
previ.ously mematexia askd, the cmgigmons of application and the properties (such as crack bndgmg

15  ability) desired, but as a general rule it should have a thickness of 2-15mm, preferably 2-
6mm. The application may be done in a single spraying pass or in several passes. To this
sprayed composition is applied a further layer of cementitious composition, preferably
shotcrete applied by spraying. The result is a "sandwich" construction. The preferred

ways in which such a sandwich construction may be created are shown below:

20
Variation

A B C

Ist. layer shotcrete (typically | prefabricated shotcrete
50-250mm thick) concrete elements

(200-500mm)

2nd. layer 2-10m thick 2-5mm thick membrane (5-10mm)
membrane (Example | membrane (Example
2 compositiomn) 14 composition)

3rd. layer shotcrcte (typically [ shotcrete or concrete | poured concrete or
50-250mm thick) placed in situ concrete placed in

Situ




be applied in a single pass or in a nunber of passes with suitabl e pauses
‘to allow drying 10 and/or hardening. In the nulti-layer approach, one or
‘more of the sprayed | ayers may i nclude reinforcing fibres of glass,
steel, ceramc or polymer; alternatively, reinforcing in t he form of
mesh or row be applied to still-wet nmenbrane and t ' rcing
t hen : cgv\%rségﬂ%y a further |ayer of -genbrane. 15 ?‘ﬁ%‘rlﬁ’%@f’%re t hus
formed has excell ent waterproofing properties, coupled with excellent

wat er vapour RpEeRed vaiitioniithe Adriatién) theRidyd in'tBPRadayepisthe poRsiBEGARA

t hrough the menbrane and avoiding any interfacial failure. In

addi tion, it thereguybspenlied theretosplvellingmartsr, this beipg Epm 2akdgm tick: The| y
| Nexpensi ve. meritan chiBe b4RA bh Mtk Sordctéed 196 gg;gg.ﬁuatpfgppp\gﬁtgnro@&@rence to

the follow ng non-I'imting ‘exanp are expressed
by wei ght.  concreteAlfisprajieg isebnsistamp pithini3alaygs adiee cqerfeaapplication, hhepeiditheg

00T 10 BRSOt Ry e e e ek 1,

parts C aWhérlifie 66vicRRGH tBe first layer hdsbebn BPldcs forQ lorghd thid (306FAHY) He _
0.5 parts 1. styrene- acr%I i c ester copol ynmer enul sion 50% solids
by wei ght (" Aggydwdiceessary to wash the sugfacepeithiwatery Thig moyesontyvssisiges and WO

98/ 24738

PCT/ EP97/ 067 Spé'ewastes the surface, giving better membfne adhesion. As previously mentioned, it can

be applied in a single pass or in a number of passes with suitable pauses to allow drying
10 and/or hardening. In the multi-layer approach, one or more of the sprayed layers may

mclude reinforcing fibres of glass, steel, ceramic or polymer; alternatively, reinforcing in

the form of mesh or roving can be applied to still-wet membrane and the reinforcing then

covered by a further layer of membrane.

15  The structure thus formed has excellent waterproofing properties, coupled with excelient
water vapour permeability, thus allowing any trapped water to escape through the
membrane and avoiding any interfacial failure. In addition, it is durable, safe and easy to
apply and relatively inexpensive.

20  The invention is further described with reference to the following non-limiting examples

in which all parts are expressed by weight.

A number of compositions are prepared by blending together the following combinations

of ingredients:
25
Example 1
polymer dispersion' 30 parts
barytes 27 parts
calcium carbonate 42.5 parts
30  titanium dioxide 0.5 parts

1.  styrene-acrylic ester copolymer emulsion 50% solids by weight ("Acronal”
(trade mark) S361 (ex BASF))



'Exai.rrpl e 2 pol ymer di spersion[err] 40 parts cal ci um

car bonat e 55 parts def oaner[err] 2 parts 5
-dispe_rsant[err] ' 1 parts pi gnent[err] 2
parts . "Acronal " S361 3. 'BYK- 035" ex Byk Chernie,

m xture of Y,%E pRgbi ¢ conponents in a paraffin- er aI

oi | al I gment di spersant A" ex-BASF, a 20% aqueo&&g%q%g

anmoni um pol yacryl at es 5. bl ack iron oxide "Bayf errox
(trade mark) Exampi«2Bayer 15 Exanple 3 pol yner -di.spersion 50
parts barytes , = . ' 48 parts def oaner

| parts P%l“?'ﬁ Bﬁﬁ?‘]'fzerr] 40 parts 1 parts 20 6. "Acronal"
6210 (styreneaffinyédrborngRt €F COPSKYNBirls 7. "Agitan" (trade mark) 731
ex Munzi ng Chem e Snb a nodi fi ed or ganopol ysi | oxane 8.

"Pi gnent di swﬂ"@am A", BExapgptse 4 pol ymer di spersion 40
parts Lym.car bonat e 1!82 parts def oaner[err]

2 parts %’egmant di sper sant erIrJ 0.5 parts pi gnment[err]

0.5 parts pigihant’y t es 2 oparts 22 parts acrylic fibres
0.5mMmmlong | parts

2.  "Acronal" S361
"BYK-035" ex Byk Chemie, a mixture of hydrophobic components in a paraffin-
10 based mineral oil
4.  "Pigment dispersant A" ex BASF, a 20% aqueous solution of ammonium
polyacrvlates
5.  black iron oxide "Bayferrox" (trade mark) 316 ex Bayer

15 Example3

polymer dispersion® 50 parts
barytes 48 parts
defoamer’ 1 parts
~ dispersant® 1 parts
20 |
"Acronal" 6210 (styrene-acrylic ester copolymer)
"Agitan” (trade mark) 731 ex Miinzing Chemie GmbH. a modified
organopolysiloxane
8.  "Pigment dispersant A".
25
Example 4
polymer dispersion’ 40 parts
calcium carbonate 32 parts
defoamer'® 2  parts
30  pigment dispersant’ 0.5 parts
pigment'? ' 0.5 parts
barytes 22 parts

acrylic fibres 0.5mm long 1 parts
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PCT/ EP97/ 06732 9. "Acronal " S361 10. BYK-035 11.

" Pi gnent -di spersant A" 5 12. red iron oxide "Bayferrox" 105M

Exanpl e 5 pol ymer di spersion[err] 60 parts cal ci um carbonate
40 parts 13. styrene-butadi ene-acrylic ester cop ner emnul sion
53% sol i ds ?@Sggﬁ?ﬁgner" 33y 267(-cx Synt horner)) I(;)é'ly’m'gm@%lrrpI e 6
15 An exanpl e of a m xed system (pol yner dispersion + cenent)

pol ymer - di spersi on[err] 55 parts portland cenent 14.8
parts q rtz, andlg -0.4mm 8 parts quartz flour

22 parts 2 ?‘ e fibres, average |length 0.2mm 0.2
parts . Bagq(y)ksc ester-acrylonitrile copolymer emul sion 55% solids
by wei ght ("Acronal” DS 6137X) 25 Exanple 7 pol yrner
di spersi on[ ertl} “Pigment dispersant A35 parts pol yet hyl ene/ pol ypr opyl ene

fibres 155 P2 484 iron oxide "Bayferrox" 105M

Example §
polymer dispersion” 60 parts
calcium carbonate 40  parts

10

13. styrene-butadiene-acrylic ester copolymer emulsion 53% solids ("Synthomer"

33y 20 (cx Synthomer))
Example 6
15 An'example of a mixed system (polymer dispersion + cement)
polymer.dispersion™ 55 parts
portland cement 14.8 parts
quartz sand 0.1-0.4mm 8 parts
quartz flour . 22 parts

20  polyethylene fibres,
average length 0.2mm 0.2 parts

14.  acrylic ester-acrylonitrile copolymer emuision 55% solids by weight ("Acronal”

DS 6137X)
25
Example 7
polymer dispersion*® 3$ parts
polyethylene/polypropylene fibres 1.5 parts
30  barytes 48 parts
hollow glass spheres 10 parts

water 5.5 parts



30  bar ytes 48 parts hol | ow gl ass

spher es 10 parts wat er
‘5.5 parts. - WD 98/ 24738 8
Testing of conpositions The conpositions according to Exanples 2 and
3 are spray concrete pl ates of ~di mensi ons 500x W43m] at a
filmbuild g‘%%ﬁnd tested. The result-8-are shown in 5 Péygmw 672
Tabl e | Property neasured Resul t
Exanpl e 2 Testing of compdsitivip| € 3 ~ bonding strength (Nmierr])"’
0.6 0.6 strain at rupture (%2 - at room
tenperature 250 140 - at
-20[err]C The compositions according to Exiuples 2 and 3 are sprayed on to coné&e plates of 1 I €SS
(NmmJ[err] at rugipure ¢ at rgomterrpera%)u?e P 0.8
1.7 . - dimensigs 600%500x40mm at a film build of 2mm and test@l. The results are shown in
7.7 tfarT aﬁot)agat fon (NNmm[err] 11
12 (at room t'enper at ure) wat er absorption (%[err]
5 10 (3d at room tenperature) 1.
measured according to DI NISO 4624
Table 1
Property measured Result
Example 2 Example 3
bonding strength (N/mm®)" 0.6 , 0.6
strain at rupture (%)°
- at room temperature 250 140
- at -20°C 63 40
I stress (N/mm®)’ at rupture
- at room temperature 0.8 1.7
-at-20°C 8.5 | 7.7
tear propagation (N/mm)* 11 12
(at room temperature)
water absorption (%)’ 5 10
|| (3d at room temperature)
1.  measured according to DIN/ISO 4624
10 2. measured according to DIN 53504
3. measured accordingto DIN 53504
4. measured according to DIN 53515
5. measured according to DIN 62617

15  The crack-bridging ability of the compositions of the invention depends on the thickness
of the membrane deposited. The excellent crack-bridging ability of the compositions
~ according to the invention is demonstrated by the testing of the composition of Example
2 on a universal testing machine. In this method, a cyh':idrical specimen of concrete
(diameter SOmm, thickness 30mm) is stretched on the machine at a rate such that there is

20 generated in the concrete a continuous transverse crack at a rate of 0. 1 mm/min. The



10 2. measured according to DI N 53504 3. neasured according to

DI N 53504 4. measured according to DIN 53515 5. neasured
‘according to DIN 62617 15 The crack-bridging ability of the
conpositions of the invention depends on the thickness of the menbrane

deposi t ed. | ent crack-bridging ability of the co L tion
accordi ng tw%@?aﬁventi on is denonstrat-&d by the testi ngngg%@?g%ﬁ"%z

conposition of Exanple ~2.on a universal testing machine. In this '
met hod, a cyl traek widel in SiReOhEres inheasmids aithepoint whedha&bécurs i (HEhentbine kness
30m) is stretched on the machine at. a rate such that, there is 20

generated in BRECkREEDEsompletshyithoygh it Theassulipare showyninilable 25 rate of 0. 1

nm mn. The crack width in the concrete is nmeasured at the
poi nt when there occurs in the nenbrane a crack extending conpletely
through it. THabledsults are shown in Table 2. Table 2 menbr ane
test tenper apare =S Sre =ttt oRttett—r——ititieess—{ny)
[err] Q) membrane ( m)tegttexpw%gﬁ h crack width in concrete
cracki ng poi finidkRess (mm) (°C) émm) at through
menbr ane 0.7 0 o 1.5
- 20 1.0 1.7 cracking pointin 20
2.7 20 2.1
2.3 20 megbpane
-20 07 3.6 5 20 1.5
-20 1.0
1.7 20 2.7
-20 2.1
23 _ 20 4.1
20 3.6
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PCI/ EP97/ 06732 d ai ns: 1. A process of providing a
‘wat er proof concrete structure conprising the steps of (a)
providing a primary |ayer of a concrete conposition on a support; 5

(b) spraying g this concrete conposition a waterproofing |ayer:
o e N

(c) applying e wat erproofing layer aof-urther |ayer of ¥

conposi tion; characterised in that the waterproofing |ayer is
provi ded by a @ampesition which ] conprises an-aqueous di spersion
of coal escabl e particles of thernoplastic 10 pol ynmer. 2. A

process according to claim1, wherein the thernoplastic polymer is an

addi tion ISR

et hyl eni cal | y- 1unsat u?%tg% m‘ﬁ%n%y%grp%‘)ﬁgh&gggpr ocggé}né&mgrtge i st oclaiml
or claimz2, wherein te@ mxbwdmgapamaalg'badsaconcrete compos1tiqnmmpmm

t enper at ur g (Tg) such It rema "

hat d
condi ti ons of use. ®) sPEflymgﬂnb?h'ﬁsecé’gcrﬁt&%?’ﬁ?s#&“ta ﬁﬂﬁ%??ﬁ’ég%?n : |(ranrs 1-3,

wherein the polyner hgy apfghbectieiwatéproofing layt @ GirfERjd oPh eHR¥d €S-
5. A process according to any one of clains 1-4, wherein the Tg of the

pol ymer is bel|OWPASHAE 1 | C
characterised in that the waterproofing layer is provided by a composition which

comprises an aqueous dispersion of coalescable particles of thermoplastic

10 polymer.

2. A process according to claim 1, wherein the thermoplastic polymer is an addition

polymer produced by polymerisation of ethylenically-unsaturated monomer.
15 3. A process according to claim 1 or claim 2, wherein the polymer has a glass
transition temperature (Tg) such that it remains in the "rubbery" condition under

conditions of use.

4. A process according to any one of claims 1-3, wherein the polymer has a degree of

20 elastomeric properties.

5. A process according to any one of claims 1-4, wherein the Tg of the polymer is
below 15°C

25 6. A process according to claim 6, wherein the Tg is below -15°C.

7. A process according to any one of claims 1-6, wherein the composition comprises

either or both of fillers and additives.

30 8. A process according to clain 7, wherein the composition consists of 20-80% by
weight dispersion, 79.9-15% by weight filler(s), and 0.1-5% by weight additive(s).



25 6. A process according to claim®6, wherein the Tg is below -15[err]C
7... A process according to any one of clains 1-6, wherein the conposition
‘conpri ses: ‘ either or both of fillers and additives. 30 8. A
process according to claim7, wherein the conposition consists of 20-80% by
wei ght disp [ 79.9-15% by weight filler(s), and 0.1-5% i ght -

addi ti ve(s) WOl - o8l 24738 Co11- "%\5\"9"_? 2

PCT/ EP97/ 06732 9. A wat er proof sandwi ch concrete structure

conpri si ng twe.| ayewatefprosTedtividh&oncrete structurs eP@prisinctwe YayersoF béxicasid

internedi ate polyneric | ayer whose binder is coal esced . particles
of thernopl astic ﬁg}ayqﬁq,byacogerem intermediate polymeric layer whose binder is coalesced

particles of thermoplastic polymer.



