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This inventi on™ONEE {5 the cl addi ng of partially-over hangi n CJWW‘Q%

5 By "partially-overhangi ng substrates” is nmeant sinply a substrate part
of whi ch overhangs. One exanple is a tdhnel bored in rock, which has
an over hangi ng roof and non- over hangi ng wal | s, but the substrate can
equally well be a construction, forvﬁxggppgoo@quggpng@rch of :concrete,
brick, stone or other material. The exposed rock surfaces of tunnels
often require cladding, this claddlng generally bei ng ' concrete, which
may be sprayed (so-call.ed "shotcrete ln formmark qr placed in
prefabricated scof iRt %Mesatf’éhecﬂﬂ&%ﬁ Ilyrgysthangipg substais e s
frequently encountered is water com ng through and runni ng down the
substrate during the construction. The standard way of dealing with
this probl en i sBypartiply-boeharping bithifess iGEdnd bitnpl a dutidr@ie R8O WhicHBANRangs.

This is sinply sonething which provides on the substrate a plurality of

drai nage Onemxashde xmnnmtboxelden vk ewhick: haﬂ mmmyocﬁﬁMnohe
substrate to-provi ded dra| %é‘bets equence therefore S
usual |y as fol | BVEBangHg étrar?%&??sequmw B2 Gymsiruction, f°’§/\%ﬁaBWEﬁ’6’6f

menbr ane, foll OXi‘éﬂoPé’orﬂ:ﬁété r@,%klsg%g Qihcfﬁ?fe:iﬁlt. e. 20 The drai nage neans

known to the art can take vari ous p ysical fornms. One popul ar type

conpri sgs an open nesh made of plastics material, this being generally
suppl enent ed by an at | east artlal I y vvater roof covering sheet to
hel p direct 18 he%?mosqdoroelﬁen&cm els often reguize ingy ti¢ladding senezallyrheing

ot hor comon 1956 SHAEREL b e (PREHTRloBge ! Bl ormgric o iy

PE) prefabricated sections which are then grouted. One of the problems frequently encountered

is water coming through and running down the substrate d_uring the construction. The
standard way of dealing with this problem is the application to the substrate of a drainage

15  means. This is simply something which provides on the substrate a plurality of drainage
channels, so that the water is directed away from the substrate to provided drainage outlets.
The sequence therefore is usually as follows; apply a drainage means, followed by a

waterproof membrane, followed by a final layer of concrete.

20  The drainage means known to the art can take various physical forms. One popular type
comprises an open mesh made of plastics material, this being generally supplemented by
an at least partially waterproof covering sheet to help direct the water to the provided
drainage outlets and prevent it, in the case of high water flow, from running straight
through. Another common type is a sheet of plastics material (typically of PVC or PE)

25  which provides drainage channels. In one such material, the sheet comprises grooves
through which water can run. In another variant, there is formed on the sheet a series of
depressions which appear as protrusions on the other side of the sheet . These protrusions
hold the sheet off the substrate and allow water drainage. Such drainage means are fixed to
the substrate by any convenient means (adhesive, nails, rock anchors).

30 To this drainage means is usually attached a waterproof membrane. This is generally'a

series of overlapping sheets of thermoplastic material which is applied to the drainage



25 which provides drainage channels. In one such materi-al, the sheet »
conpri ses grooves t hrough which water can run. In another variant., .
there -is fornmedvopnotsaer sheet a series of depr essi ons whi cIPGHIERIQU0449T * -
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the sheet off the substrate and al |l ow wat er -&-ai nage. Such drai nage neans
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t her nopl asti ¢’ rthe drainage wieansintosthe pyeki ferithispurprsedhesheaty hen being joined bywelding

00/ 05487 . . .
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means and Sec“rrﬁ&hé)&ﬁékéﬁéfowdéﬁhﬁéd‘g t he sheet around bolts previously
the d

appl i ed through ral nage neans into the rock for this purpose, the
sheets thensbeing joined by wel di ng to forma single waterproof sheet.
A final layer of concrete is applied to themby any of the met hods
her ei nabove dedoiprastige, this method suffexsifrom p variety of drawbadksdt isudiffionlt to wsid the
vari ety of drawbpacks, J.t .is-difficul.k to | d the t her | astic sheets
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handl i ng and appl i cation and consequent fer" fromleaks. |
case, the work apblicgtiohynhd gomseqientlp sufférdedns ldaks, n amyr et shenwouds affagplyidef suchl t
in a tunnel, as_is the work of erecting the drai nage means itself. In
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final concrete reqiifed, éittfet thebSipdve B8 bé Bfitdithrough R IR4iHApeiReant BiR6 tHe rfobie thereby

whi ch usual ly nmeans using a thickness of concrete not otherw se 15

required. - providing a potential point of water entry), or the final concrete layer must itself be strong
" enough to support them, which usually means using a thickness of concrete not otherwise

15  required.

It has now been found that such water problems can be substantially or even completely
overcome by a particular structure. This invention therefore provides a claddingon a
partially-overhanging substrate which comprises, in sequence starting from the substrate;
20 | |
(1) a drainage means;
(iif) a waterproofing membrane which has been applied thereto by spraying; and

(iv) a layer of concrete.

25  The invention further provides a method of providing a waterproof cladding on a partially-
overhanging substrate, comprising the application to the substrate of the following

elements in sequence;

(1) a drainage means;
30 (iii) a waterproofing membrane, applied by spraying; and

(iv) a layer of concrete.
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It ‘has“now been found t hat such'water probl ens can be substantially or even
conpl etely gvercone by a parti.cular structure. This invention .
t her ef'ore provrﬁ'@soogs‘@l addi ng on a partial | y-over hangi ng SMWQ?@“M
whi ch conprises, in sequence starting fromthg substrate; 20 (1)
a drai nage neans; (iii) a waterproofing menbrane which has been

applied thereto by rayin iv)_ a |layer. of concrete.
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on a partially-

the substrate of ¥ f’%’ﬁl&ﬁfﬁ aﬁg sub@%éﬁ?ghco @éﬁ{}gﬂ e lallﬂICJ eErasogrrt t
(i) a drainage gPE@idmg3%hd it ?referﬁlil}r E:%Pl&d‘gfﬁrﬁéaﬂé Qp%dri’ﬁné@ﬁﬁfoﬁgﬁ ltc'aﬂagb}%g g%by

sprayi ng; and er concre
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In a preferred enbodi n&gt of the |nvent|on t he substrate is given an

initial |ayet oforeexackyipthepalw hil¢insoviding 8 dlesirabla spaqothss surfeqe fapths fixing of

substrate is ro e
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that it conforns 5 nore ‘exactly to the wall whrle providing a desirable
snoot her sur f acformerly tbed. f i Xi ng of dr ai nage means. Thi s makes the
final cladding essentially a single unit with the wall, enhancing its
strength and maki ng possible a cladding with substantially |ess materi al

than - 10  The drainage means may be sélected from any of the means of this type known to the art. A

typical example is a plastics mesh to which is applied (to that side remote from the

substrate) an at least partially waterproof layer. A particularly good variety of this typeis a

mesh to which is fixed a thin plastics impermeable sheet, on the other side of which sheet

1s a fibrous layer which assists in the bonding of the waterproofing membrane hereinunder
15  described. However, there are many other types possible, and any of the art-recognised

types are acceptable.

A preferred drainage means consists of two layers of “geotextile”, fibrous materials of the
type hereinabove described, between which is a waterproof film. Preferably the geotextile
20  against the rock is hydrophobic and that further removed from the rock is hydrophilic. The
hydrophobic layer helps repel water and the hydrophilic layer allows a water-based
sprayable membrane to penetrate well and bond thoroughly as further described
hereinunder, thus helping create a composite structure. This means is supplied as a single
material, a so-called “drainage fleece”. Any kind of sprayable membrane is useful in the

25  working of this invention.

One particularly useful type of sprayable membrane is the membrane described in
International Application' WO 97/25484 the contents of which are incorporated herein by
reference. In this case, it is a plastics material applied by spraying (a thermosetting

30  polyurethane is described), the surface of this layer being configured in order to provide
anchoring means for subsequenﬂy applied layers. This is done typically by mechanically
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described), the surface of  this layer being configured in order to provide
anchoring neans for subsequently applied |layers. This is done typically by

mechani cal |y ) VWO 00/ 05487 ) ) .
PCT/ EP99/ 04407 The weight solids contents of the aqueous dispersions from which the membranes are

formed typically lie within the range of 30-60%. Specific examples of suitable materials

include polyurethanes, styrene-butadiene copolymers, ABS (acrylonitrile-butadiene-

15  styrene) polymers, acrylonitrile-butadiene copolymers, styrene-acrylic copolymers,
polsulphide dispersions, polyurethane-acrylic dispersions, polyisoprene and PVC latexes
and copolymers of vinyl chloride and/or vinyl acetate with acrylic monomers such as
(meth)acrylic acid and esters thereof. Materials such as bitumen emulsions may be used in
conjunction with these materials, but as such materials do not coalesce, they should not

20  comprise more than 50% by weight solids of the binder. This list is not exhaustive, and the
skilled person equipped within the concept of this invention will readily be able to identify
other suitable materials. Many such materials are available commercially and examples of
suitable commercial materials include those sold by BASF AG under the mark “Acronal”
and those sold by Synthomer under the trade mark “Synthomer™.

In addition to the aqueous dispersion, the composition rhay include other ingredients. One
especially useful ingredient is filler. This not only “extends™ the composition, but 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

30  sand and quartz flour of average diameters in the range of from.0.04-1.5 mm, as well as

dolomite, talc, mica, barytes, iron oxide, titanium dioxide, rubber and plastics granules,
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To the surface of the membrane is applied a layer of concrete. This can be done by any
convenient means, but ideally by spraying. Spraying brings many advantages. For

20  example, the layer conforms with the membrane and forms with it, the drainage means, the
substrate and, if applied, any initial concrete layer a single composite entity, thus
enhancing the benefits of the composite waterproofing system hereinabove described. This
is very strong and reduces substantially the quantities of concrete needed. For example,
using prior art-recognised methods, a final concrete layer would need to be typically 25

25 cm. thick. When this invention is used, a layer zﬁay be as low as 5 cm. thick, representing'a
significant saving in time, money and material. In addition, application methods such as
casting require not only complex formwork, but also reinforcing grids. The sprayed
concrete does not need this, it being possible, if desired, to provide fibre reinforcement in
the concrete mix itself by the inclusion of fibres.

30



30 sand and quartz flour of average dianeters in the range of from
0.04-1.5. mm as well. as ~ dolomte, talc, mca, barytes, iron oxide,.
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| i ght wei ght ed aggregates and gl assy f ur nace ®resi dues such as "hol ospheres".
Fi bres of steel, glass or polyneric material can al so be used,
preferred exanphatheoimpataptrehraractdristic és that the dontimgous hosdbettvetd thrersprayedt i c

mat eri al, especially polyethyl ene and pol yacrylonitrile, referably

with | engt hs. drembraps andsthg findlshatcrete bwmeveaﬁswaépﬁmm@semﬁlgpﬂasgd
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because t he t wystemmfdepresent thventivag enyrieakege wild takp plgast the point nflehlcagn dtself,
beconme in effect a single conmposite entity. The invention therefore al so
provi des a coﬁﬁé§ﬁ§eml¥|‘ﬁ?€‘3€£i ng systemfor application to surfaces,
consisting of a dr ai nage nmeans as herei nabove defined and g sprayed .
wat er pr oof nmenbrane. In addition, fi xtures can be added before the

nenbrane spr ayrhednvddtioh Fuse i) pEEIAERS inTRiHRECbut it maybilicle A@duh llec-eanding
that the penetration of the fixture through the drai nage neans renmains 15

wat erti ght . Trhiompheelpsrtificial stuetutss sdichreoniprigepartidl cyerhengsiof the bge heteingbove

| oad- bearing and . t her ef.ore . can.be ch .t.hi nner than ul d otherw se be
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conforns with dnkddt reguiesdess maetidl andimei th it, the drai nage neans, the

substrate and, if applied, any initial concrete |layer a single conposite
entity, thus enhanci ng the benefits of the conposite waterproofing

system herein aﬂ%"iﬁv&%ﬁﬁ %ﬁ %gw byHe&ribed with reference to the accompanying drawing which

15  depicts a schematic cross-sectional view of a preferred embodiment. In this drawing, the

dimensions of some elements have been exaggerated to make clear the nature of the

construction.

In the drawing, the invention has been applied to a rock wall 1 of a bored tunnel. To this

20  rock wall is applied an initial layer of shotcrete 2. To this is then applied a drainage fleece,
generally designated as 3. This drainage means consists of three elements, a fibrous,
hydrophobic sheet 4, a waterproof film 5 and a fibrous hydrophilic sheet 6, the three being
combined in a single sheet and secured to the shotcrete layer 2 by means of nails 7 whose
heads protrude slightly from the drainage means. The nails additionally comprise fleece

25  retaining means 8, preferably of plastics material, which comprise shanks which are a tight
fit on the nails 7 and comparatively large roundels which press the fleece against shotcrete
layer 2. The fibrous sheet 6 and the nail heads help a subsequent sprayed membrane 9 to

bond more securely to the drainage means.

30 To the drainage means is applied by spraying a waterproofing mermbrane 9, the

composition of which is



is very strong and reduces substantially the quantities of concrete needed.
For exampl e, wo gorgdsd?ig prior art-recogni sed nethods, a final eomErmeosni -
| ayer woul d need to be typically 25 25 cm thick. Wien this invention is

used, a layer may be as low as 5 cm thick:7representing a significant
saving in tinme, noney and nmaterial. In addition, application nmethods such
as casting require not only conplex formwrk, but also reinforcing
grids. The sprayed concrete does not need this, it being possible, if
desired, to provi gelyfiepdispersionf or 3@ pastebyiweight the concrete mx itself by
the inclusion of fibres. 30 . YO Q0/05487
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further inportant i3l C us<tmhat the continuous bond between 't he
sprayed rrerrbf’%@%@%%gé]}%éfi ng?'sshotcr ete layer prevents what often

happens onssheet - gas@En dioxidesyst eps, "namel ¥ t he novenent of water along the
menbr ane-shotcrete interface fromthe oint of actual |eakage and its
event ual appear andestvm-agwylm@sﬁeesonqurtenmﬁsupw}% solids yhweight (“égromaly) Grade

the present invention, | ea wll take place at the point of |eakage
itself, and caﬁmﬁ@a%% i(F’§E%§S:3) red. The invention is useful

primarily in tﬂ]?sr]' Eintekiihds B Exdrhpld8YoraV698pa78sed in free-standing
conpletely artiftici aekﬁg;t?uctﬁre% WhQI ?K conpr?lgs;e partial overhangs of the
type herei nabove 10 described, for exanple, arches of concrete, brick,

stone or other_ such material. In conparison wth the art-recogni sed
met hods, %0 i Firaliype layer of rgudorcing fhregoniaining shoterete dsppRlied.  ang it
requites less material and tine.: The invention will now be descri bed

with refer ence to the acconpanying draw ng which 15 depicts a schematic
Cross-secti oNathe\shoiredd fRmBl#ba usef] Rt GbpEdation hﬁytﬂélaaﬁdﬁﬁy\fdi'ﬁuﬂaﬁbﬂ useful in

di nensi ons of some el ements have been exqﬁlger ated to nmake clear the nature
of the such an application. In addition, the skilled person will readily appreciate that there are
" possible many variations in both materials and methods which fall within the scope of the

15. invention. For example, should enhanced load-bearing strength be needed, the nails 7,

depicted in the drawing as being covered by the sprayed membrane 9, may protrude

through it and into the shotcrete layer 10. The nail heads provide a “key” which

supplements the excellent bonding of the shotcrete to the membrane.

20  In another embodiment, the hydrophobic fibrous sheet may be replaced by a plastics grid
which has the form of two parallel sets of elongate intersecting elements, one set resting on
the surface of shotcrete layer 2 and spacing the other set from it, thus defining a plurality of
drainage channels. The waterproof plastics sheet 5 is advantageously of the same plastics
material.



const.puction. In the drawing, the invention has been applied to a
rock wall 1 ofW@ogesdstd tunnel. To this 20 rock wall is appli eggtropgider al-
| ayer- of shotcrete 2. To this is then applied a drainage fleece,

general ly designated as 3. This drai nage ne8Rs consists of three el enents,

a fibrous, hydr ophobi ¢ sheet 4, a waterproof film5 and a fibrous
hydr ophilic sheet 6, the three being ci¢ankg ned in a single sheet and
secured to the shotcrete |ayer 2 by neans of nails 7 whose heads

protrude slightly fromthe drainage neans. The nails additionally conprise
fl eece 25 retainin ans 8, preferaply, | astics material, which

conpri se shanks ‘gﬁ@%°ﬁaﬁ’ﬁ%ﬁﬁ -overgaquq S?%Wh@h cemprisgscinsequeacat i vel y
| arge roundel s whj %Rn%r ce agai nst shotcrete Jayer 2. The
fibrous sheet 6 and tie nalﬂwﬁegt zghel p a subsequent sprayed nenbrane 9 to
bond nore securely to the drainage neans, 30 To the drai nage nmeans is
appl i ed by sprayi n? a_wat er proofing rrenbrane 9, the conposi tion of

which is SEMEAnS,
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poI yner di sper si ofifik? P"]ate’?)r@°ﬁ’é§ pemprang whighchas been applied thg@ﬁg,b}ég)raymg, and

ivial &t dom el bona 42.5 " " " titani um
d| oxi de 0.5 (V)2 a‘}@} Hire . styrene-acrylic ester copol yrer
enul si on 50% solids by weight (" Acr onal ") (trade mar k) S361

(ex BASF)) . ) \ .
"7710 2. Acladding according to claim 1, wherein the substrate is given an initial layer of

concrete.

3. Acladding according to claim 1 or claim 2, wherein the drainage means is 2 plastics
mesh to that aide of which remote from the substrate is applied on at least partially
15  waterproof layer. '

4. A cladding according to any one of claims 1-3, wherein the waterproofing
membrane is a plastics material applied by spraying and whose surface is configured so
that anchoring means for subsequently-applied layers is provided.

20
5. Acladding according to any one of claims 1.4, wherein the waterproofing membrane
is a layer of coalesced particles of thermoplastic polymer formed from a sprayed aqueous

dispersion.

25 6. A cladding according to any one of claims 1-5, wherein the layer of concrete iS

applied by spraying.

7. A cladding according to claim 6, wherein the sprayed concrete comprises reinforcing
fibres.
30
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Thi s ,corresponds to Exanple 1-of WO 98/24738. 10 Finally, a layer of
reinforci ng fwresosasTt ai ni ng shotcrete 10 is appli ed. . ROT/EROD40EL e
formul ation useful in this application may be any such formnul ation useful
in such an application. In addition, tHe skilled person will readily
appreciate that there are possi bl e many.variations in both materials
.and nethods wgi ch Af akthoWioF Bidvidi a%&?%o@ffclédaﬁl a patiARLbREhankRip sA¥aTEE, €,
shoul d enhanced Ioad-bearigg g?ggngth- e neede %ﬁiﬂg napfgﬂg? g gepicted
_in the draw ng ascireprising thesappticdtipntity thespbsimptech{itesdoilawinglements pr sstuende;
through it and into the shotcrete | ayer 10. The nail heads provide a "key"

whi ch suppl enents the excell ent bonding of the shotcrete to the
menbr ane. 20 In . di ment, the hydrophobic fibrous sheet may be
repl aced by a pla ?érn;&gr e&ﬁégﬁg whi ch has the formof two parallel sets of

el ongat e i Bt er sec{iiyd vali@pRoting niditbrak] applisd bepraying; and t he surface of
shotcrete layer 2 and spacing the other set fromit, thus defining a

plurality of (1) ailaymyef eomaret| s. The wat erproof plastics sheet 5 is
advant ageously of the sane plastics mat eri al . WO 00/ 05487
PCT/ EP99/ 04407 . . . CLAI M5

1. A cladding o g Raldd datersREE0 GRHNS: SHARLER 6 MHhGR, GARRELSE: 1 N

sequence
drainage means and a sprayed waterproof membrane.

T



starting fromthe substrate; 5 (1) a‘dréinage nmeans,;
(1ii) a wat er pvwodrosagy menbr ane whi.ch has been. applied theret o. gy 5058340 h 9.

and . (iv) a layer of concrete, 10 2. A cl addi ng accordi ng
to claim1, wherein the substrate is givéﬁTan initial |ayer of

concrete. 3. A cl addi ng according to claim1 or claim2, wherein
the drainage neans is a plastics mesh to that aide of which renote

fromthe substrate is applied on at Least partially 15  waterproof |ayer.
4. A cl addi ng according to any onelof clgdms 1-3, wherein the

wat er pr oof i ng menbrane is a pllasticsy material applied by spraying
and whose surface is configured so that anchbring neans for
subsequent | y-applied | ayers is provided. 2 B. A_cl addi ng accordi ng

to any one of clains 1.4, wherein the
| ayer of coal esced particles of ther
aqueous di spersi on. 25 6.
claims 1-5, wherein the layer of co

e pr oof i/ng mephr ane is a
&1y c Mol yner /T gggred from a sprayed
krp>h:: acgorf ng to any one of
appl i ed by spraying.
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A cladding for a partially-overhanging substrate, such as a tunnel wall
which comprises, In sequence from the tunnel wall, a drainage means, a
sprayed polymeric membrane and a final layer of concrete. The cladding
gives an effective cladding in conditions where the tunmel walls suffer from
running water at the time of cladding, is easier to apply and requires Iess




