WO 01/96710 PCT/ US01/18174 A TUNNEL WATERPROOFI NG CONSTRUCTI ON METHOD
Field of the Invention 5 This invention relates to a waterproofing

const ruct weuimgthonmet hod for tunnels, and nore parti cul ar lpcThesoi ig174
constructions and use of a vul cani zation-type rubber film on a tunnel

wat er proofi ng surface. Background of the Invention In this invention,
paste, nortar, and concrete are used as general terns to refer 10 to
cenment concrete. The principle tunnel construction nmethod in Japan
currently is the NATM nethod. In the NATM construction nethod, a prinmary
coating i s applAd dVNYERWATERPROOTEING CONSTRUGHIQN MEEHOPD nredi at el y
after excavation of the tunnel to prevent falling rock and water |eakage
in the excavation region. After this, a secondary 15 coating of concrete is
applied to stabilizing the tunnel by maintaining tunnel strength. At this

time, a waterproofing sheet ispiifhflHeGlviRion Ne Wat er proofing purposes,
and insulation between the prrmary ctoattng concrete and the secondary

coating concre . so.that |eakage of ter into. the tunnel _can b

prevemnt ed, and{@g IQW?&YIO%F%?}R%K’Q"U a?ﬂ’”%?%%“%“?ﬁ@%@ﬁ?&d@?%ﬁ%r ete
coating to earth nmounds, which m ght nove, can be 20 prevented. Most
recent | y, andunexgl pagtiadarkt todhe penstrbetemsped fuse afal vilgatizatioattyporubber filmchi nes
(TBM construction nethod), and waterproofing sheets are installed for the
sane obj egid 4 W@sel vBPIdoHdEEufiiicET (RULE 26) WO 01/96710 PCT/ US01/ 18174
Installation of this waterproofing sheet involves installation on the
primary

Background of the Invention

In this invention, paste, mortar, and concrete are used as general terms to refer
10  to cement concrete.

The principle tunnel construction method in Japan currently is the NATM
method. In the NATM construction method, a primary coating is applied by means of
spraying mortar or concrete immediately after excavation of the tunnel to prevent
falling rock and water leakage in the excavation region. After this, a secondary

15 coating of concrete is applied to stabilizing the tunnel by maintaining tunnel strength.
At this time, a waterproofing sheet is installed for the waterproofing purposes, and
insulation between the primary coating concrete and the secondary coating concrete,
so that leakage of water into the tunnel can be prevented, and so that cracks due to
binding of the secondary concrete coating to earth mounds, which might move, can be

20 prevented. Most recently, tunnel excavation has been performed by tunnel boring
machines (TBM construction method), and waterproofing sheets are installed for the

same objectives.
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coating concrete surface by human hands. In particular, there is the
problemthat it is an operation that is perfornmed on a stand at the
ceiling oWovhgs7aunnel , such that it is dangerous, and thPCEUS618174
limtations on novenent during the installation operations. 5 In addition,
there is the problemthat the application surface is the excavation
surface, which is uneven, making application after the primary coating
difficult to dosteliglonséf thiFwatehpoofilg shass énvolreesvinstaliatioh o ¢hespgmpryi s nar r ow
(e.g., one to two neters), it is necessary to superinpose numerous

vat er pr oQfohfifl sd1RedS surfdee b9\Haklaatahdd Bfpabti@ilar VRERIP HRASOPEmSIGE] $s r equi res
great effort and is sonetines unecononi cal. 10 There is the further problem

concr ot ¢ oA pRARHEEToL 1SR SR PGS e b GRletT R SR dR R nenc s

Also, the irregularities in the excavated surface of the tunnel often

def eat s t4eBEHARS 98¢ Sbare atp lmpalionsyongmoyeraens luging the,installation epesafiaps. t hese
probl ens, methods for perform ng waterproofing by 15 spraying an aqueous
sol ut i5on Iofaddition) theeris delpreblennthatethe applichtiomburfpca is thaterepmtiof surfackj | m was
di scl osed in Japanese Patent Application (Early Disclosure) No. 61-19683

(1986) anghidrRARNRSTEN, Bedkesy ap‘faﬂ’i_@%tiidi?éﬁe? the(feRhdry cBhtifp AfuB)to 'é?:o slish3 7182

(1991). However, there are sti probl erms in”that noi st surfaces cause poor

e o vl WAl L NP OLF R BP0 MR CHLORAAB A5

environment, and the price is high, makin the application uneconomcal. 2
SUBSTI TUTECSSSFETLO( SUpEHmpeye m@mpgmgpm@%nmgwt&-s Irey overlapping of the

waterproofing sheets requires great effort and is sometimes uneconomical.

10 There is the further problem that water infiltrates between the waterproofing
sheet and the secondary concrete coating due to damage of the sheet by poorly welded
components. Also, the irregularities in the excavated surface of the tunnel often
defeats the waterproofing capacity of the sheet.

In (;rder to solve these problems, methods for performing waterproofing by

15 spraying an aqueous solution of a polymerizable monomer and forming a
waterproofing film was disclosed in Japanese Patent Application (Early Disclosure)
No. 61-19683 (1986) and Japanese Patént Application (Early Disclosure) No. 3-
137182 (1991).

However, there are still problems in that moist surfaces cause poor adhesion,

20  and the film becomes non-uniform due to dripping after spraying. Also, the spraying
is foggy, which deteriorates the working environment, and the price is high, making

the application uneconomical.

2
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The present inventors conducted various studies of the aforenmentioned
problens. As a result, they discovered a novel tunnel waterproofing

const ructwon1/94meé hod i n whi ch a rubber enul si on vul cani zabCEUsM/®I ent
tenperatures is applied by blowng it and formng a filmw thout seans.
The film has excellent physical 5 properties and waterproofing capacity,
and the nethod is extrenely econom cal because it avoids dripping and

f oggi ng duri nglhsppregentp piviestars mondudtedh asribesvestudiesgafii the aforeatentienabnponent s
in conparison with urethane-based conpositions; it has no unpleasant

odors; angoblembasAe%cebllgnheyVaiskeRirdd b)hoRBHMBLIEWRIEARbbMGE BERRAERIES | nsi de
the tunnel. Cracks do not develop in the secondary cenent concrete coating.

10 Sunmar V, [ . pr tnventi.on.. .specifically...provides a
Funnel  weteest SRl € Rser R B AERshiY b SRBFRE apidl Cemen:
concrete coating | s spray, applied onto a tunnel excavation surface, a
rubber erRY BloBiigH s fopaingo? yilmcwithowt sgams. o iediim haypegelent physisal
spray-applied onto the primary spray cenment concrete coating, 15 thereby
form g oropdrties afid Iwatédpeoofing, capacityy aelc tredarcthodeise attrenmsiy reebromical i ng i s
applied onto the rubber filmsurface. Mdrre particularly, the tunnel

excavat i Qiecsudt hiteRidsdr ndGBLARg G iGR il
concrete cgati ng (|1r? oﬁgr% av\nmd%g?i ?helrilérjgperg%?%%@?!ing% IE')tfhﬁtpEég?yergxcavat ed

earth surfilct@ are eveqed out) so tha theghan‘q%‘?gn -tenge{.atur.ﬁ vul cani zabl e
20 enul si‘ON L% FOBROLFIE L FRAETOL AP Y Lrhaneroased, coppasiionsdhiai dir et e and
thereafter a secondary cenent coating can be established thereon. In
further euplggsant pderspai itrbas excellent workabilitsiaad watapeefing prapestiss insidd nst al | ed
on the primary spray cenent concrete coating, and the anbient-tenperature
3 the tunnel. Cracks do not develop in the secondary cement concrete coating.

10 , Summary of the Invention

The present invention, specifically, provides a tunnel waterproofing
construction method, wherein a primary spray cement concrete coating is spray
applied onto a tunnel excavation surface, a rubber emulsion operative to vulcanize at
ambient temperature is spray-applied onto the primary spray cement concrete coating,

15  thereby forming a rubber film thereon, and a secondary cement concrete coating is
applied onto the rubber film surface.

More particularly, the tunnel excavation surface is made “nonlanded” by the
primary spray cement concrete coating (in other words, the irregularities of the
excavated earth surface are evened out) so that the ambient-temperature vulcanizable

20  emulsion can be spray-applied onto the primary spray cement concrete and thereafter
a secondary cement coating can be established thereon.
In further exemplary embodiments, a buffer-water conductive layer is installed

on the primary spray cement concrete coating, and the ambient-temperature

3
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SUBSTI TUTE SHEET (RULE 26) WO 01/96710 PCT/US01/ 18174 vul cani zabl e
emul sion is thereafter applied thereon to forma rubber film whereupon
t he secomdany9geiment concrete coating may subsequent|y berewvastlisstied on

t he rubber
Exempl ary enbodi nents of the present

further

detail.

film Detail ed Description of Enbodi nents of the Invention 5
i nventi on may now be described in
This invention is a construction nethod in which a film

wi t hout sedeamizabld enhdsionds thordftahympilied thepsomperfbinea rubber dilme heRupber abl y by

spray-applying a primry

spray cenent concrete on an excavated tunnel

surface, (B k&onih eBmaR ABBIRNo b RHERly WY &abligRk! YiRfbef UbbeEr
emul sion I's 58?24%(1 and a vSI car??ig %@gﬁ r acritﬂly\(;ﬁré ?%%Bg%}?eaionggéat Sfmi ent
tenperatute. Fromthe standpoints of facilitating attachnment of the
primary y cenment concrete and achi eving good workability, the

anbi ent -t enperature vul cani zati on-t

e rubber enul sion should conprise a

substance that coflesdiled Peseriptionof diinents(df¢hehiventionef erred to as

agent A)

and an oil 15 extended oil in which the vul cani zati on agent

is

di sperssed ( herEafiptiry’ @hisdigents @fake pReit inBntioAIAR} nbwabs dagaBsd B ar e

sprayed whil e being m xed at the nozzle tip (used
slipn that is used in agent A can be a synthetic rubber, s
di ene rubber, chl oroprene rubber, or isoprene rubber,

The rubb

%rtﬁﬁe
as styrene buta
wel | as natur

used. O

st andpoi nts of vul cani zati on physi cal

. 20 rubber. In addition, p|ends. of these rubbers nmay
t hesZTthla BafegHeR & ascpp%t%w@%m%leﬁcﬁ I

chl or opr dmeingsgatasphysisiab pfaperties e fetnzeds poiferablyf by spray-applying a primary

10

15

20

spray cement concrete on an excavated tunnel surface, after which an ambient-
temperature vulcanization-type rubber emulsion is sprayed and a vulcanization
reaction is obtained at ambient temperature. From the standpoints of facilitating
attachment of the primary spray cement concrete and achieving good workability, the
ambient-temperature vulcanization-type rubber emulsion should comprise a substance
that contains the rubber emulsion (hereafter referred to as agent A) and an oil-
extended oil in which the vulcanization agent is dispersed (hereafter referred to as
agent B). Agent A and agent B are sprayed while being mixed at the nozzle tip (used
for spraying A and B).

The rubber emulsion that is used in agent A can be a synthetic rubber, such as
styrene butadiene rubber, chloroprene rubber, or isoprene rubber, as well as natural
rubber. In addition, blends of these rubbers may be used. Of these substances,
styrene butadiene rubber is desirable from the standpoints of vulcanization physical
properties and economic factors, and chloroprene is desirable from the standpoint of

increased flame-retarding properties.

4
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i ncreased flame-retarding properties. 4 SUBSTITUTE SHEET (RULE 26) WO
01/96710 PCT/USO01/ 18174 Fromthe standpoint of obtaining a good film the
solid cowonem7iof the rubber emul sion should be 15 to 40PQEUSEl/18Y74nBSS,
and preferably 20-30 parts by mass, in 100 parts of total solid conponents
after blending agent A and agent B. Fromthe standpoint of the stability of
the rubber emulsion, a strong alkali 5 such as KOH or NaOH may be used as
a pH regul at or From ghe standpeinb pfliohtaiiihy acgood. Bim,pthe tselithycomgmaentaoiitheat a
maxi mrum of 2.5 parts by nmass, per 100 parts by mass of rubber solid
conponent subber efuldich ShculdlBei 15t to0d0 fpags Iol traddsNnd 9&%@515/020 9 phit€ bphysi cal

properties of the rubber after vulcanization, an oil in V\/m ch ag Sromlatl C
oil and p I ) ended oi
used for %éa%‘%tﬁ% f??%ﬁ@p@é%%gfﬁérb?%d?ngﬁa %ﬁ‘ﬁf 'S0 parts by
mass per 100 parts mass .of rubber solid onents or the pu )0se 0
adj usting Vi sc% %ﬁ'@ﬁdi"tm‘i of Hiecyigkility ek the m&?ﬂf omulsinpop istiarg @lkskir af f i n

can al so be used for t he purpose of increasing flame-retardi ng properties.
Asphal § cawch @&l SOHbe Ne@H may Egeset aBa pFheeguhitordn shamognberdirasity bhag 30
parts by mass per 100 parts 15 by mass of rubber solid corrponents The

vul cani zabh@@b?smg ddRlat hSmalimRe! 524, sl&r{shfy Hlia%s[} f;)é{)?@@'g)gn% ggf n agent

B may be a sulfur vulcanization agent, W th elng preferre The
gquantity vu ni zati on agent should be 0.5 to 20 parts by mass per 100
parts by %ﬁbbgrfﬂh BRI ) i g conponents. 20 A vul cani zation accel erator

may be used in conbl nation with agent B.
From the standpoint of fa0111tat1ng regulation of the physical properties of the

rubber after vulcanization, an oil in which an aromatic oil and paraffin oil are mixed is
10  desirable as the oil-extended oil used for agent B. Paraffin oil is used at a ratio of less
than 50 parts by mass per 100 parts by mass of rubber solid components for the
purpose of adjusting viscosity when it is blended with agent A. Chlorinated paraffin
can also be used for the purpose of increasing flame-retarding properties. Asphalt can
also be used in agent B. The ratio should be less than 30 parts by mass per 100 parts
15 by mass of rubber solid components.
The vulcanization agent that is dispersed in the oil-extended oil used in agent
B may be a sulfur vulcanization agent, with sulfur being preferred. The quantity of
vulcanization agent should be 0.5 to 20 parts by mass per 100 parts by mass of rubber
solid components.
20 A vulcanization accelerator may be used in combination with agent B.
Examples of vulcanization accelerators can include zinc isopropyl xanthate, zinc
dibutyldithiocarbamate dibutylamine complex and zinc oxide. The quantity of

vulcanization accelerator used should be 0.1 to 5.0 parts by mass per 100 parts by

5
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Exanpl es of vul cani zati on accel erators can include zinc isopropyl xanthate,
zinc dibutyldithiocarbamate di butylam ne conplex and zi nc oxide. The
quant i ty vod o1/9athicani zat i on accel erator used shoul d be 0. 1p€DUSO1IQI8pEANtS by
mass per 100 parts by 5 SUBSTI TUTE SHEET (RULE 26) WO 01/96710

PCT/ USO01/ 18174 mass of rubber solid conponents when zinc isopropyl
xanthate is used, 0.1 to 5.0 parts by mass per 100 parts by mass of rubber
sol i d conpusenf sublicesolid compoidnts wheh zincdsepropylataptiaidist ydednDAetochipl ex is
used, and 0.5 to 20.0 parts by nass per 100 parts by mass of rubber solid

conponent paMh1ey #iase pexi 9 bertd! $9dmads lof @BBdrt k6N cBAPohéntE SwIMC Rings f uned
silica, polyner fibers, and powdered rubber may be uSed in agent B in

anmount s ohib%gﬁfﬁtgﬁo%%b%%gé ﬁiﬁ#l%ﬁé.c@ﬁ@l#{% R 345 +d'85.0 p%gtbpgnﬁ%s t al

solid conpon rtiorm, variou ypes 6f " I nor gani ¢ “'subs s (netal
oxi des such as cal cium oxi de, Portland cenment, high alum na cenent and

cal ci um sBF% ]éloé)a“éll?éf m@@°§§$§6ﬁ§ﬂfl)‘fﬁ’é‘§m&ﬁm%@%¥lﬂ‘go’ﬂééhstusé‘&n al so be used
in agent B. The tunnel waterproofing construction nmethod nmay be a
constréicti on i ldditiohasdditives such dNAfMedositita, ymtlymer fibedspdndpotvideredBM
construction nethod, in which a rubber enul sion operative to vul canize at

anbi ent  t eiEMRF Aaliib8 uk&l MiHaN: BRPAhSGhtOBE 0.5 1605 PAAKYA RS bl pasis bi;ace
after a primary Spray cenent concrete is sprayed thereon, 15 or affer a

buf f er - wat er ducti ve layer (i.e. drainage) is established on the primary
spray-app |a§%8€t§ﬁgoﬁ?188§ﬂ(??1ép8{m "th vul cani zati on and hardeni ng bei ng
effected at anbient tenperature. Nbreover, snoothing out the

irregul ariti esIbfaddfiione yarqus typgs iy ingeganici sybstanggs (metal oxides such as

calcium oxide, Portland cement, high alumina cement and calcium sulfate) and
10  various types of coloring agent can also be used in agent B.
The tunnel waterproofing construction method may be a construction method
based on the NATM construction method of the TBM construction method, in which
a rubber emulsion operative to vulcanize at ambient temperature is spray applied onto
an excavated tunnel surface after a primary spray cement concrete is sprayed tilereon,
15  or after a buffer-water conductive layer (i.e. drainage) is established on the primary
spray-applied cement concrete, with vulcanization and hardening being effected at
ambient temperature.
Moreover, smoothing out the irregularities of the excavation surface (i.e., by
“nonlanded” regulation) by spray-applying the primary spray cement concrete on the
20  tunnel excavation surface (from an economic standpoint, it is desirable to effect
“nonlanded” regulation by further spraying of a general primary spray cement
concrete after ordinary spraying of a fast-drying spray cement concrete), or by

applying a buffer-water conducting layer to the primary spray cement concrete surface

6
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"nonl anded” regul ation) by spray-applying the primary spray cenment concrete
on the 20 tunnel excavation surface (froman econom c standpoint, it is
desi rabl avo ov/ef7ieect "nonl anded” regul ati on by further sprpgi/ngo1ofs1a gener al
primary spray cenent concrete after ordinary spraying of a fast-drying
spray cenent concrete), or by applying a buffer-water conducting layer to
the primary spray cenent concrete surface 6 SUBSTI TUTE SHEET (RULE 26) WO

01/ 96710 BfdY $prdAng 8 bfnarpkpray ceREmydonrete 64 tHERUMnd REkeWatSABRaccORAr et e on
t he tunnel excavation surface and then further spraying a rubber enul sion

operative ] J . I.S:.desirable fromthe

st andpoi n%lﬁsegowé&%? ha@rﬁlglaén%lf%g%s&nmdm%ﬁg}; %ﬁ%ﬁu (%é\ﬁ%%defazgp%gﬁ‘gteﬂﬁﬁ?f%e it
difficult. for. ra%_ki ng to 8cc;ur i.n the secondary, coating cenment structure.
Furt her, issdisisghlE o staadpiats o futhee incireme i eulter pifesd and makivad | n
conbi nati on. The establishnment of a buffer-water conductive |ayer

(dr ai nage)t diffscuitifor cragking dorloacurgdo b sexgaddri @bativgkesnént sfroctaieb| Burther,f or m a
filmwhen the anbient tenperature vulcanizable emulsion is forned, even

when t her Bettdr &l anpsbedinéPRk@Bese h@Fufed ArdhdedBh Yo Pindilo£ €MENT CcoNncrete.
10 Exanpl es of buffer-water conductive |ayers include layers forned by

spraying fibr : S _suc S istened..pul.p and, |l.aye i n_which

nonwoven fabri g&sigs%g%%%g&ﬁoﬂg ap%?@%ré‘%r%?r FP%@FEQ%HSY eﬁo&??)‘}né?@ﬁ@ﬁefheor in
which irregularly shaped plates are affixed. Al though there are no

parti cul aPalFlFﬁ]iﬂ{ Fdveniascofhat nmakest Hogossihle 4pf formng filB whemdbe rantbienti cs or
irregularly shaped plates to the primary spray cenent concrete surface,

adhesi ve &gaperau@nailcanizable empysitve isufoarled, even when there is some water leakage

from the primary spray cement concrete.

10 Examples of buffer-water conductive layers include layers formed by spraying
fibrous substances such as moistened pulp and layers in which nonwoven fabrics such
as long polyester fibers and polypropylene, or in which irregularly shaped plates are
affixed.

Although there are no particular limitations on the method for affixing

15 nonwoven fabrics or irregularly shaped plates to the primary spray cement concrete
surface, adhesive agents and rivets may be used.

The spraying machine that is used in the waterproofing construction method of
this invention is a type whereby agent A and agent B are introduced under pressure by
separate pumps, with their ratios being regulated, and they are mixed at the nozzle

20 component or before the nozzle, after which the mixture is sprayed at ordinary air
pressure. However, an airless spraying machine may be used, or an air application

machine may be used.

7
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The spraying machine that is used in the waterproofing construction nethod
of this invention is a type whereby agent A and agent B are introduced
under presQ@oOves7y separate punps, with their ratios bei npCTE§u/®t®d, and
they are m xed at the nozzle 20 conponent or before the nozzle, after which
the mxture is sprayed at ordinary air pressure. However, an airless
sprayi ng machi ne may be used, or an air application nmachine may be used. 7
SUBSTI TUTE SHEBY spruliig 26l applyiod flesnilierr@inpisotutetBardéninByubbpr eyulsigpnand
appl yi ng the anbi ent-tenperature-hardeni ng rubber emul sion to a thickness

on the orees tdtkress On theGhder 911 €13 @AFH! Gi3Eh BRYIsRINSAayP §1s6BE Sndrb itkikk
sprayed), a filmw thout seans and of good physical properties is fornmed at

Cecondar y RREPr 8 on Shufiih S o bf PAFBiART micRelBiat Pt Hptnar®

conpl eted. The invention may be illustrated by the foll ow ng exanples.
Exanpl e 1WAR$EHEped si nul ati on tunnel having openings of 4 in, a height of
3.5in, and 10 a length of 3 in was made. Irregularities of the tunnel
earth fround surfeeehewdilm hpr beambatmied inhthis iway| at secondany eehtinga benéitf t een
concrete blocks of 15 cmin width, 20 cmin height, and 20 cmin length

wer e i nst sbiele i ahl EorlsBLBNOfAL SoPlefe@r m an i rregul ar sur f ace.

Fast-drying nortar was sprayed as the primary spray nortar and "nonl anded”

;5r ? gjc(l;S;[ ;nrs ggul F?u?v?eg o ren%}Lfl lbgrilluss%lr%tfeg%gl e Foll%];vgnegcéxeagnpqésl e, the sprayed

Example 1

A U-shaped simulation tunnel having openings of 4 m, a height of 3.5 m, and

10 a length of 3 m was made. Irregularities of the tunnel earth mound surface were

presumed in the simulation‘tunnel, and fifteen concrete blocks of 15 cm in width, 20

cm in height, and 20 cm in length were installed at suitable intervals to form an
irregular surface.

Fast-drying mortar was sprayed as the primary spray mortar and “nonlanded”

15 adjustment of the irregular surface was effected (i.e., the sprayed surface irregularities
were evened out).

Immediately after spraying, a two-agent rubber emulsion operative to
vulcanize at ambient temperature (available from Grace Construction Products,
United States, under the brand name PROCOR 75), comprised of agent A of which

20  styrene butadiene rubber was the principle component, and agent B which contained
calcium oxide, sulfur, aromatic oil, paraffin oil, zinc oxide, clay and calcium

carbonate, was applied by spraying on the mortar surface to a thickness of 2 mm by an

8
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were evened out). Imediately after spraying, a two-agent rubber enul sion
operative to vulcanize at anbient tenperature (available from G ace

Const ructwenuv®roducts, United States, under the brand nar€T/BROOBR47S),
conprised of agent A of which 20 styrene butadi ene rubber was the principle
conponent, and agent B which contained calciumoxide, sulfur, aromatic
oil, paraffin oil, zinc oxide, clay and cal cium carbonate, was applied by

[ ; d - t Ai SUBSTI TUTE
Seer (rutl e Ay A e AT 3%%@%%0;%@8&1;&@ IR er
1 Xi agent and agent B.at the nozzl e conpopent. ay after
pr ayi ng. B el ARy itk SeoRYTY SHETE GsiEE SBPPLGH o AKRPSIRA0STT 30 om
As a result, thefollovmqr}gupomts were found. 1. There was a good film

appl i cati on caped resuly hefgllowmggminty wopefortd.ons, 5 and it was possible for
two operators to apply filmin an amount of nore than 100 n®/ hour. 2.

There was no genefMatieOnah good ik hpidicatsra¥apasity Elé’ing thORpAY dpeifiohQOf
surfaces, no unpleasant odor, and a spraying of uniformthickness could be

erforged. 10 3. if.Qr- M. i ' (o] agks.or pinhal coul d be
gbt ai ngg. I n addétlclygrﬁ’é%r%}s ﬁlg%&glf é&\%gé%mégseﬁoagﬁbrﬁ@lqwF‘ﬂgu@rﬂﬁs&‘ﬁgss of
the film imediately after application and after hardening. 4. Checks were
made by vi sual ob 810y "t he occurrence of cracks after removal of
secondary coating cenment concrete fromthe nold frame and

2. There was no generation of fog during spraying, no dripping from roof

surfaces, no unpleasant odor, and a spraying of uniform thickness could be
performed.

10 3. A uniform, good film with no cracks or pinholes could be obtained. In
addition, no differences were observed in the thickness of the film
immediately after application and after hardening.

4. Checks were made by visual observation for the occurrence of cracks after
removal of secondary coating cement concrete from the mold frame and

15 three months thereafter. As a result, cracks were not found.

5. The properties of the film formed by spray application are indicated
below. A good ambient-temperature vulcanization type rubber film was
obtained. Film strength: 0.82 (N/mm’ (ambient temperature); 1.1 N/mm?2
(-30° C). Elongation: 700% (ambient temperature); greater than 800% (-

20 30°C). Recovery after 100% elongation: 95%. Tearing strength: 4.55
N/mm* Resistance to static water pressure: 30m.

The test methods for the various physical properties were as follows.

9
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15 three nonths thereafter. As a result, cracks were not found. 5. The
properties of the filmformed by spray application are indicated below A
good anbiveavte@mper at ure vul cani zati on type rubber fil m weeT/UsttwiTed. Film
strength: 0.82 (Nm®2 (anbient tenperature); 1.1 Nm2 (-30 Q Elongation:
700% (anbi ent tenperature); greater than 800% ( 20 30C). Recovery after
100% el ongation: 95% Tearing strength: 4.55 N mR2' Resistance to static

wat er pressurei..;30 The test.nethods for the various sical properties
were as fol | ond 0 eI%@B%%“%’I‘E‘ ESOVERUIVEFeJBSte s rEPsighat Ydd1/ 18174
Filmstrength, elongation and recovery were tested in accordance with ASTM
D 412-92. éi@e?r?%g strength was tested in accordance with ASTM D 642- 86.

Resi stance to static water pressure was tested in accordance with ASTM D 5

5385- 93 ( Det er Meadig arenpth wastesied in asborainREHEASTMVEDIHR AT € vul cani zati on
type rubber emul sions are sprayed onto concrete surfaces). Exanple 2 A

U-shaped si nul R%Ei%&&@&hti?%gggirgsg !\Qgsstegﬂcefiﬁgia{&:orﬂeé\{k ie\gﬁ] H&mnﬁ in, and

a length of 3 in was nade. arities o unn surface
wer e 0 jn the si,mulation tupnel, and fifteen concrete bl ocks of
15 om P GRS OsteBmintondh garcs Bnahish ERkieR IFBRYENrGAHSoRAten P ot
suitable intervals to forman irregular surface. Fast-drying nortar was
sprayed agubberepulsions gresspraypd poiotcancretersurfaceshl anded”

Example 2
A U-shaped simulation tunnel having openings of 4 m, a height of 3.5 m, and
a length of 3 m was made. Irregularities of the tunnel earth-mound surface were
10  presumed in the simulation tunnel, and fifteen concrete blocks of 15 cm in width, 20
cm in height, and 20 cm in length were installed at suitable intervals to form an
irregular surface.
Fast-drying mortar was sprayed as the primary spray mortar, and “nonlanded”
adjustment of the irregular surface was effected (i.e. uneven spraying on tunnel wall
15  was evened out).
Immediately after spraying, a nonwoven fabric made of polyester fibers was
affixed by rivets to the primary spray mortar surface.
A two-agent, ambient-temperature vulcanization-type rubber emulsion
(PROCOR 75 brand from Grace Construction Products, United States) was applied to
20  the surface of the nonwoven fabric and was applied by spraying to the mortar surface
by an air spraying machine so that the thickness was 2 mm after mixing agent A and
agent B at the nozzle component, with a film being formed. One day after spraying,

secondary coating concrete was applied to a thickness of 30 cm.
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adjustnent of the irregular surface was effected (i.e. uneven spraying on
tunnel wall 15 was evened out). Imedi ately after spraying, a nonwoven
fabric nawdeoode7pol yester fibers was affixed by rivets toPChH&ES@UISIRIry spray
nortar surface. A two-agent, anbient-tenperature vul canization-type rubber
emul sion (PROCOR 75 brand from Grace Construction Products, United States)
was applied to 20 the surface of the nonwoven fabric and was applied by

spraying to thg‘sﬁ%&% ﬂﬁe%ﬁ@ﬁﬁlg%hﬁ@wg}&rfgﬁlg&ayi ng machi ne so that the

t hi ckness was after m xi ng "agent agent B at the nozzle

. component, wth filmbein ormed. One day after_ sprayjng, secondary
coating concr eﬁe ﬂ&? &'Bf)?igé’agttj’éma?p?ﬁ?aé’I?Hé@EaCHV usecthe SR’@%HSUB’SYH“WPFE SHEET
(RULE 26) WO 01/96710 PCT/US01/18174 As a result, the follow ng points
were found. 1. THaddt was passitdedor fwonoreppidisdatapply flapacat gmositraf more
spraying operations, and it was possible for two operators to apply film
in an anount of rA&E1I00 M3R0dO0 n2/ hour. 5 2. There was no dripping from
roof surfaces, no unpl easant odor, and spraying of a uniformthickness

coul d pbe perfo . i ] fi ith nQ cracks .or . pinhqgles
coul d be obt ai %ggﬂleF% W%dgl t‘iflrg‘{ﬁ),%%o “ai frf)%ég; g]%%d%cfsv\élge %aéir‘l\‘/tead%h e

t hi ckness of the film i di.at et{v()g after application and after hardeni ng.
10 4. Checks wer PHRAYHRE ¢ha witonmy thiskacss Gould ba pedermade occurrence of cracks
after renoval of secondary coating cenent concrete fromthe nold frane and

3. A uniform, good film with no cracks or pinholes could be obtained. In
addition, no differences were observed in the thickness of the film
immediately after application and after hardening.

10 4. Checks were made by visual observation for the occurrence of cracks after
removal of secondary coating cement concrete from the mold frame and

three months thereafter. As a result, no cracks were found.

Example 3

15 A U-shaped simulation tunnel having openings of 4m, a height of 3.5 m, and a
length of 3 m was made. Irregularities of the tunnel earth mound surface were
presumed in the simulation tunnel, and fifteen concrete blocks of 15 cm in width, 20
cm in height, and 20 cm in length were installed at suitable intervals to form an
irregular surface.

20 Fast-drying mortar was sprayed as the primary spray mortar without making
“nonlanded” adjustment of the irregular surface. Immediately after spraying, a two-
agent, ambient-temperature-type rubber emulsion (manufactured by Grace

Construction Products, United States, under the brand name PROCOR 75) was
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three nonths thereafter. As a result, no cracks were found. Exanple 3 15 A
U-shaped simul ation tunnel having openings of 4m a height of 3.5 m and a
| engt h ofw@omvaias nade. Irregularities of the tunnel earthChDeoIdISsr f ace
were presuned in the sinulation tunnel, and fifteen concrete bl ocks of 15
cmin width, 20 cmin height, and 20 cmin length were installed at
suitable intervals to forman irregqular surface. 20 Fast-drying nortar was
sprayed as the primary spray nortar w thout making "nonlanded"” adjustnent

of the ireapgliddaby sprayageto theTmeitat flirfac@fbyedn aR'PYdyith nRchind-sod88Mthe
anbi ent -t enperature-type rubber emul si on” (manufactured by G ace

17 SUpST) TORECRP RS P eyt A BBt BBt R B it g,

sprayi ng he rta urface by an air spraying nmachine so that the

t hi ckness &‘\?ﬁg’ei“g%ﬂ?‘{- qun‘?ﬁi%’l atsr é@éﬂpgﬁ'éeﬁmﬁaﬁg@i’%% cgucretg avas gpplies to
conponent, with a filmbeing fornmed. One day after spraying, secondary
coati ng cenlckness of¥0 applied to a thickness of 30 cm 5 As a result, the
foll owi ng points were found. 1. There was a good fil mapplication capacity
usi ng she spr awsragegg@lﬂggfogg@ingIﬁms%revygﬁn&)ossi ble for two operators to
apply filmin an anmount of nore” than 100 n®/ hour. 2. Checks were nmade by

vi sual observati for the o rrence of cracks after 10, renpval of
secondary coat |t1 h Sﬂ%eé?rgr?f 28R § &gpeappﬁgartr\op P PsHEhe SpRying operations,

and it was possible for two operators to apply film in an amount of more

than 100 m*hour.
2. Checks were made by visual observation for the occurrence of cracks after
10 removal of secondary coating cement concrete from the mold frame and
three months thereafter. As a result, it was found that one crack had
developed in the secondary coating concrete surface. However, when the
core in that region was removed and checked, there were no abnormalities
in the film and water leakage was not seen.

15

Comparative Example 1

The same procedure was cartied out as in Example 3 except that mixtures
comprised of aqueous acrylate and methacrylate solutions and of redox catalyst
systems were used instead of two-agent, ambient temperature type rubber emulsion

20 (brand name PROCOR 75, manufactured by Grace Construction Products, USA).

As a result, the following points were found.
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three nonths thereafter. As a result, it was found that one crack had
devel oped in the secondary coating concrete surface. However, when the
core in tWab/sEgg on was renoved and checked, there were nPCEUOROISRI4i ti es
inthe filmand water | eakage was not seen. 15 Conparative Exanple 1 The
sanme procedure was carried out as in Exanple 3 except that m xtures

conpri sed of aqueous acrylate and nethacryl ate sol utions and of redox
catal yst systens were used instead of two-agent, anbient tenperature type
rubber enul si bnThew wasrmadked foaginROEOR spRyingand dut workinghgnv@oament
Construction Products, USA). As a result, the follow ng points were found.

12 SUBSTI TUTE SHEBdor RiaEdig6n, iM@eQﬂ(eQﬁ%ﬁl%:&xﬁff@éﬁ #RLpthyed surflagr e was

mar ked fogging due to spraying, and the working environnment was poor. In

addition, icicles: gelol} QECUrr on the sprayed surface, and
G bl RILAEUGE D

operating character er e poo Thecks were made by vi sual
observations Qjeor occurrence, of cracks after 5 renoval of the secondary
coating concr tgh'Pﬁ'ﬁﬁn‘i"‘Prﬁén?ﬂ?IW Visuateobseryationscler opentanse ohisrasks afier As a
result, it was found that two cracks had devel oped in the secondary
coat iSng concr et eemsawmal af the stbmdanyl doavihg goncestalftosn (lmndoldafpabé hid s wer e
achi eved by the tunnel 10 waterproofing construction nmethod using the

anbi ent - t enper apidnths\héreattr 2 AlsiaG8sdll REvasSIHSHAN RS crhélisShal WEEALHRN-

in the secondary coating concrete surface.

The following results (and capabilities) were achieved by the tunnel
10 waterproofing construction method using the ambient-temperature vulcanization type
emulsion of this invention.
1. The ambient-temperature vulcanization-type emulsion is not toxic.
Because the water component in this emulsion does not separate, water
infiltration into the working environment does not occur. The ambient-
15 temperature vulcanization-type emulsion does not cause fogging that can
occur during spraying. For these reasons, workability can be greatly
improved, safety during operations can be improved, and the environment
can be protected.
2. By effecting vulcanization at ambient temperature, a ﬁlﬁl having good
20 physical properties and not having seams can be formed.

3. A film having superior waterproofing properties can be applied in stable

fashion.
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1. The anbi ent-tenperature vul cani zation-type enul sion is not toxic.
Because the water conponent in this enmul sion does not separate, water
i nfiltratwony9ei® t he wor ki ng envi ronnment does not occur.PdhESarsiant 15
t enmper ature vul cani zati on-type enul sion does not cause fogging that can
occur during spraying. For these reasons, workability can be greatly
i nproved, safety during operations can be inproved, and the environnent
can be protectedy, 2. By effecting vul canization at apbient. tenperature, a
fil m having go dBeﬁ?}‘SBr%f%‘F‘&%ls"fHF‘g‘ﬁeﬁf‘% iné?g Uy tﬁ%‘f’ IHJVHEQ’%% é’gﬁﬁ%e.
formed. 3. A film having superior waterproofing properties can be applied
in stable fashi eecurtegce SUBSTr TUPECEEETuUI{TRIdErRoNs 1ol BkiO@idvare not
PCT/ US01/ 18174 4. Because organi c solvents are not used, there is little
possibility of tlgencesedidugmcsauchifiréd.re or intoxication during operations and
toxi c gases are not generated during such fires. 5. The tunnel
wat er proofing g£o AT R S ) i il I .good
appl i cation char g@%erl s%?@é@%@ﬁ%ﬁéngg%ﬁ?}éa eﬁlgc%d §§Hg%§{‘%m§%§“ f”gmgl?s | ar ge
surface by a small punher of rkers, Therefore, overall costs can be
reduced. 6. Oacﬁp?fgagrﬁl HEn CARBAHGHRNES s KIS awhigftonceic e tradedn ae
further decreased as a result of the facts that: (1) the primary spray
cement 10 concr sirge swfdcady 4 smallibjmmbercaf warkérsorilterefed; ovargllicadts om (2) a
buf fer

‘ be reduced.

6. Cracking of the secondary coating cement concrete can be further

decreased as a result of the facts that: (1) the primary spray cement

10 concrete surface is subjected to “nonlanded” regulation, (2) a buffer
material-water conductive layer is established, and (3) that both treatments

(1) and (2) are performed.
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mat eri al -water conductive layer is established, and (3) that both
treatnents (1) and (2) are performed. 14 SUBSTI TUTE SHEET (RULE 26) WD
01/ 96710 VRCH1/44300L/ 18174 1t is claimed: 1. A tunnel waterpcDURIIG174
construction nethod, conprising: spray-applying a prinmary spray cenent
concrete onto a tunnel excavation surface; spraying onto said primary
spray cenent concrete on said surface a rubber enul sion operative to 5

vul cani ze at anbient tenperature to forma rubber film and coating a
secondary _cenent concrete onto said rubber film 2. The nethod of claiml1l
wher ei n saltds elaimad: excavation surface is lined with said prinmary spray
cenent concrete. 3. The nethod of claim2 wherein, after spray-applying
said primary spray cenent 10 concrete on the tunnel excavation surface, a
buf f er - wat br Acanoinett waterprayfing i constrursionl hethod) cdaipdisingt Nepidy-gRERE goncrete
surface, and thereafter the rubber enulsion is applied on the buffer-water
conductive | i k| ( 0 ry
cement  conor or i, 9P iR Sofcld Shic b inel BRCBIIG SR, oty FiiE BT

wat er proof i ng _.constructi on nmade bg i he ng{@gp of claiml1 15 SUBSTI TUTE
SHEET (RULE g%@ primary spray cement concrete on said surface a rubber emulsion operafive to

5 vulcanize at ambient temperature to form a rubber film; and coating a secondary

cement concrete onto said rubber film.

2. The method of claim 1 wherein said tunnel excavation surface is lined with said

primary spray cement concrete.

3. The method of claim 2 wherein, after spray-applying said primary spray cement

10 concrete on the tunnel excavation surface, a buffer-water conductive layer is
installed on said primary cement concrete surface, and thereafter the rubber
emulsion is applied on the buffer-water conductive layer to provide a rubber film,

and thereafter a secondary cement concrete is coated onto the rubber film surface.

4. A tunnel waterproofing construction made by the method of claim 1.
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