; e3e&ZONLXP6T=I >1' 4' O 0119Gr1(1 PCTIUSO1/1817-t A TUNNEL WATERPROOFI NG
CONSTRUCTI ON METHOD Field of the Invention 5 This invention relates to a
wat er pr oo¥Ongoenmst ructi on and nethod for tunnels, and noP€TpdVdMEGkarly to
t he constructions and use of a vul ' [ pe rubber f Imon a tunnel
wat er proof i ng surface. background Bmmmmuﬁmmﬁ/l on In this invention,

paste, nortar, and concrete are use as general terms to refer 10 to cenent
concrete. The principle tunnel const ruction nethod in Japan currently is

t he NATM et hod. [UCT | ' oating is
applied by ma&TwﬁﬁwFﬁéwg W@%M%W@fter
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

tinme, a waterproofing sheet i sFietBéfheddvdmdiont he wat er proofing purposes,

~and insul ation between the primary coating concrete and the secondary

coating concr : r. 1

prevent ed, an?@%lr&%grgi&ﬁeyé{%%%&gm? %Dreé@{ﬁl icrcl)gllzj1 %‘?Ctltoﬁgdnéglgéﬁ%iafrﬁog Q%Ig%%:sr’ ete
coating to earth nounds, which m ght nove, can be 20 prevented. Mbst
recent | y,and e padiculauiyie She sonstrpdions gad pef %‘éﬁwyymv@m@rty%mbhar ¥ hi nes
(TBM construction nethod), and waterproofing sheets are installed for the
sanme obj emtd tuese! waluRSOOnPEESIdEET ( RULE 26) wo anmo PcTnsuv~sm
Installation of this waterproofing sheet involves installation on the

primary coating concrete suighags-dndiiROnRangsn | N particular, there is
the problemthat it is ' an_O'pE%‘t‘i—O‘n—T‘rTa‘[_i—s—pErforned on a stand at the
ceiling of thﬁ[ tt nnel t.such that it i danaerous,dand thelrte are I]Lgm'tati ons
on novenent dufithg FREUP SRy ‘QPF%%‘E&?‘E{' BAL U5 A1 EFHET L POH Pt Réf e is the
probl em that the application surface is the excavation surface, which is
uneveld, rfARemgiEEPSEEati on after the primary coating difficult to
acconplish. Further, because the width of the sheet is narrow {e.g., one to
two neters), iThe primgglesmmigl donstsutpidni mpihsé inUapao gsravalyelsptheaNAMYI sheet s.
The overl apping of the waterproofing sheets requires great effort and is

~somet i ey LREgOnaT 8ol T BndhREiBntRANE 2 bl Loltghl BBIATY MEAES

infiltrate et ween the wat er proofing

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.

AR

*GCoo01 =

SUBSTITUTE SHEET (RULE 26}



sheet and the secondary concrete coating due to damage of the sheet by
poorly wel ded conponents. Also, the irregularities in the excavated surface
of the tuwoelivefiben defeats the waterproofing capaciy of tier/gsigasi74ln
order to solve these problens, nmethods for perform ng waterproofing by 15
sprayi ng an aqueous solution of a polynerizable nmononer and form ng a

wat erproofing f I mwas disclosed in Japanese Patent Application (Early

Di scl osure) Nolns@illati®f83 this 988 rpasdingagecicbwoRas émtalldpiph i apatheoprirasar | y

Di scl osure} No. 3 137187 (1991). However, there are still problens in that

nDi st sur{ages HaAMeR RPREe BHRRRAORand0 IﬁlBgrtﬁcﬁﬁ-,fthér@i%‘é%@ﬁ_eIHQHatHf‘isf orm due
to dripping after spraying.” Also, the spraying is foggy, which deteriorates

“uncconon APPOSHERART Mo oath {hei@el iy e S e NGB IER | 1617 1

The present inventors conducted various studies of the aforenentjoned

pr obl ens. daggegpuseand thera ayeyingitadiony ep aaovemesy enring hsdnstalativnpnseationg

construction nethod in which a rubber enul sion vul cani zabl e at anbi ent

t enper at uhieadditborg Pipdre &Ckhb yrdBlentiting the applidatioarsukfage & the bxoawhtidhodiirfaggans. The

filmhas excellent physical 5 properties and waterproofing capacity, and

t he net hod .t S ; . .G | i dS: 6] PRI 0ggi ng
Apich IEEF&%HEM\;%%?B@;@% aﬁ%%g?%ﬁniaﬁyc @(i//agﬁn t%llx TehiP R Q&oﬁ'ﬁﬁjislfx..

during spray application ewer gani e conponent’s in

conpari so i t h urethane-base onpositions; it has no unpl easant odors;
and it hagu’éf%'eleWe Wé%ﬁ&@e%emtw%é?-gm@nsrtap% F@Eersr%néti e the
tunnel. Cracks do not develop in the secondary cenent concrete coating. to
Sunmary ohedebsary iy enpéranpdtieenypnersen wvatenprenfing sheatp ellief pwaldppingpodtliedes a
tunnel waterproofing construction nethod, wherein a primry spray cenent

concr et e GARkHOBIiAS siER{sAYARRI@H R AndistdRBmee NAR¥AbMRRAL suUr face, a
rubber emnul sion operative to vul canize at anbient tenperature is

spray-applied - r.nar nt crete coatin 15 & her eby
Form i a rubbahefh it dfi REE ot e B RO B R e SE B Pl Rl g T s
applied onto the rubber filmsurface. Mre particularly, the tunnel

excavat i ophestirndibe SEOndaFconsisiy Wwategduglp danwep of Hhershed by ppodemeidedconcr et e
coating (in other words, the irregularities of the excavated earth surface
are evenedompéienso s, théerregiiaéties- inethp eaxasvwate vwifacanifzébl teniXd «franl si on
can be spray-applied onto the primary spray cenent concrete and thereafter

‘a secondapyes§MRMaEARbINE GRRiRGAR! afaki shed thereon.

In order 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 Patent 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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In further exenplary enbodi nents, a buffer-water conductive layer is
installed on the primary spray cenent concrete coating, and the

anbi ent - twipparatwr e 3 SUBSTI TUTE SHEET (RULE 2fi) V1' O (Hav/osing1r+
PCT/ US111/ 181 7-4 vul cai uzabl e enul sion is thereafter applied thereon to
forma rubber film whereupon the secondazy cenent concrete coating may
subsequent|ly be established on the robber film Detailed Description of
Enbodi ment s of Théepikseneninvarols Exeiupledr yardorsodiudient sf dhe tdferepreasendtd

i nvention may now be described in further detail. This invention is a

construct LRt had 4 Rediitl %yadigédv@}e‘&i 4 Rewd t%ﬁﬁé[swﬁt@%r&ﬁmgngmﬁ%&idhhyﬂ cal
properties is formed, preferably by spray-applying a primary spray cement

N SR SR RS AR P

vul cani zation reaction is obtained at anbient tenperature. Fromthe

st andpoi nby hgwihgdt pnd demmnge 4t file it sganihe The ifiar Jassproglend adwpicalconcr et e
and achi eving good workability, the anbient-tenperature vul canization-type
r ubber s emplopenies sdhauhdicgOBPfihg &apacitypshanbe tbibd Ciongaiensly heondhioslr

enul si onn?hereafter referred to as agent A) and an oil 15 extended oil in

whi ch the i i I i agent
B). Agent A aea ORPARERR IR E AR AR, KR CRRRENE, T
(used for spraying A and,B). The rubber enulsion that is.used in agent A
can be a Y9RHRAEPEPIIGESRIn ORI S BiRBETAtCE AETPREIRR: Tt RS Bpr ene
rubber, or isoprene rubber, as well as natural 20 rubber. In addition,

bl ends of unplessent adsinesrand nieliasisacelbatiwodfabilife sed sutespranties propeytice iwsideut adi ene
rubber is desirable fromthe standpoints of vul cani zati on physi cal

properti esheAifnC ORI do hBEdSkRop iRtk LBbRIOPESRt condgsichalee from the

st andpoi nt of increased flanme-retarding properties. .t SUBSTI TUTE SHEET
(RULE 26) ~'~~0 (11/9C71(1 PCT/USO01/1817-1 Fromthe standpoi nt of
obtainong a good film the sofundnocwppdfeninvehtiome rubber enul si on shoul d be
15 to 40 pans by mass, and preferably 20-30 parts by mass, in 100 pants of

total solid co%onents after Dbl endi n% aﬁ;ent A and agent B.
e present invention, specilically, 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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From the standpoint of the stability of the rubber emul sion, a strong

al kali 5 such as KOH or NaOH may be used as a pH regulator in an anount
ordi nari | woafi/9871% parts by nmass, and, at a maxi mum of 2.5 pEw/vSIbgimass,
per 100 parts by mass of rubber solid conponents. Fromthe standpoint of
facilitating regul ation of the physical properties of the robber after

vul cani zation, an oil in which an aromatic oil and paraffin oil are m xed

is to desifiiehigatds einliRidi is-thortade@plidd themes 16 Gsrmag eiibeBfilbawhdbiporoi | i
used at a ratio of less than 50 parts by nmass per 100 parts by mass of

r ubber 5°&ﬂedse%{ﬁ&ﬂ“%%eat]fc@ﬁcrétg%o%ﬂ{ﬁgﬂgflgx?{]se@%ﬁﬂztbk %Q%M'iﬁl%ffguhtﬂé{e Waep it is

bl ended wth agent 'ori nate I'so be used for the purpose
. of increaiing flame-retardi ng properties. Asphalt can al so be used in agent
B. The rati'™® should be less than 30 parts by mass per 100 pants ~ 5 by mass
of rubber solid conponents. The vul cani zati on agent that is dispersed in
the oil -ext ended oiDetasled Descraption oBEmbpdbuents sfiteumventieani zat i on agent ,
with sul fur being preferred. The quantity of vul cani zati on agent shoul d be
0.5 t0520 part ExBypes SnPelindds BAISpRYerBSvonlbn HBPREWSR ddcRaPANeNnt s.
20 A vul cani zation accel erator may be used in conbination wth agent B.
Exanpl es @f_,vul ca i zation accelerators can include zinc isopropyl xanthate,
zinc di bu?‘iff}iﬁ fiﬁlalg‘caxbanat e di butyl am ne conpl ex and zinc oxide. The
quantity of vul caiuzation accelerator used should be 0.1 to 5.0 parts by
mass per |00 pdhissinggnicussT rustugMEEReliRdLE which a fikm wthewt-seamnsPers msm
mass of rubber solid conponents when zinc isopropyl xanthate is used, 0.1
to 5.0 paht€npypondsghysgiesl {0Perpias issfdnedppefaibly Wybgiasapplgingonpoment s when
zi nc di butyl dithiocarbanmate dibutylam ne conplex is used, and 0.5 to 20.0

parts by g@gg d%g{enil%na@{e_t 8n % BRSSaeh tﬁHll?é?egurﬁgc%,i g nent SmiMieR. zi nc

oxide is In addition, additives such as tuned silica, polyner

fibers, and powdered rubber rmay be used in agent B in appunts of 0.5 to 25
bar s Ty FREREE Thlshar TR abbto etpor Jf st il gibaneaton
addition, various types of inorganic substances (netal oxides such as

cal ci um oxdadon Ppoblagred atedrphient rangeratiugni Heons ehe standpeintsad e fagititating at e)
and lo various types of coloring agent can al so be used in agent B. The

tunnel waheidhheaf bNthe GRS Wil QBmeEE ARdreti@mdahivaNssdduebikamlifetiwd based
on the NATM construct?gn rretﬁoz of the TBM constructl%% nmet hod,ﬁ?n whi ch a

rubber e mdxb%ie?lﬂte?ﬁfe?ﬁ&iev\ﬁﬂéa?liz\éﬂbﬁ-?yqje%bﬁér AIR4ED En&EIPShAL W EalbSai®d Y

applied on

that contains the rubber emulsion (hereafter referred to as agent A) and an oil-
15 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
20  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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an excavated tunnel surface after a primary spray cenent concrete is
sprayed thereon, 15 or after a buffer-water conductive |ayer (i.e.

dr ai nage)wbsiiestiabl i shed on the primary spray-applied censal/csmasste, wth
vul cani zati on and hardening being effected at anbi ent tenperature.

Mor eover, snoothing out the irregularities of the excavation surface (i.e.,
by "nonl anded" regul ation) by spray-applying the prinmary spray cenent
concrete on therat thennaldpekt axfattitainingur fgaced f{lfir die aslice componant sifathelpoi nt
it is desirable to effect "nonlanded" regulation by further spraying of a

general pripBL Ve fRLiBY hEMRMe EORG U0t Surff §y2maQs dndas¥repqt Yord phrtdby
fast-drying spray cenent concrete), or by applying a buffer-water

. conducting |ayer to the.primaLy spray cenent, concrete surface SUBSTI TUTE
SheeT ( Rutesssa 100w o B EBfid oS RedeaR T bk uGhd MRS Ry 2 pri mary
spray cenent concrete on the tunnel excavation surface and then further
sprayi ng a rubb&pmethgl gansipotyp e ghe weabildy i themabhsr smulsion, enstrangnpléelat ure i s
desirable fromthe standpoints of further increasing the insulation effect

and naki nguth asiKIOH 6t/NaOiPMmag haakédgs 4 pHaeguAtok h Al emsesastdmaylycaal.§ ng
cenent structure. Further, s better results are obtai ned when these

nmeasur ed ed_in i I T L ng ..o er - \wat ar
conduct i Vgﬁftg;tzfrﬂ?é r’gﬁ@fg%e%]%&%%ﬁe&?afi%ﬁg:bgﬁﬁg%vgﬁt L%ng%ga{)} nr%q\ggso?i t
possible to form.,a filmwhen the anbi ent tenperature vul cani zabl e emul si on
i s formed, UBRRE SOl EPMPHEAE- i s some water | eakage fromthe primary spray
cenent concrete. to Exanples of buffer-water conductive |ayers include

| ayers forned Wrospthaysiangpbinbodirsilgathetagdesors oftthe by sioalgirepetesped the and

| ayers in which nonwoven fabrics such as | ong pol yester fibers and

pol ypr opyl .@B6er oy e idn! &1 691 RhdcH af BAREHi )i BRI a8 (Bin 3 drX BikedAk t hough
there are no particular limtations on the nethod for affixing 15 nonwoven

fabrics or,irrequl arly sha |.at to t ripary, spray._cenent .concrete
surf ach, medigE Bt SR AR RoraBends Bl AR oF SRR Rsie £ hac
is used in the waterproofing construction nethod of this invention is a
type wher elbgn 3§earrtsyamesagent 0B parte bynmpssdelc atbbendelid peaperanés By epar at e
punps, with their ratios being regulated, and they are m xed at the nozzle
20 conponegirpsse diatiprstng hizcozzkien afd slenddad whh bfent . x Clit@inakdgparafied at
ordinary air pressure. However, an airless spraying machine may be used, or

‘an air applh G Rised FRGHE PhpBBY ofARciggith NarE B ShERLs. ( Riih1t28h

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

}
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V' O (11/9f71(1 PCT/USIil/1817-4 By spraying and applying the

anbi ent -t enper at ur e- har deni ng rubber enul sion to a thickness on the order
of 1 to 3womistwhi ch enul sion may al so be nore. thickly = ®prayedpi74a film
wi t hout seans and of good physical properties is fornmed at normal
tenperature. 5 After the filmhas been fornmed in this way, a secondary
coating cenent concrete is applied and construction is conpleted. The

i nventi on masg dferubbérusi idatomshomynts hehehotihowiopppyk aapthets. is Bsadpd.é to 50
U-shaped sinul ati on tunnel having openings of 4 m a height of 3.5 m and
o a | engthQf b3 MadeFer RS- pais’ BIUNAS! bf @8bIRE doR wﬁ?&{en%awmnnﬂﬁ@d
surface were presuned in the sinmulation tunnel, and fifteen concrete bl ocks

Suitanr o (4ol Bitoctbail FubslaThe sPReEls it Bud B TR R PT A 25

sprayed as the primary spray nortar and "nonl anded" 15 adjustnent of the
i rregul ar peudP@patspsmess elgtibler splidcompanents pyhepeaincsemdaisaised r equl ari ti es
were evened out). Inmmediately after spraying, a two-agent rubber enul sion
operatisve to vuhcafitien, aiddiivies enth e nfpmedtsilica, (palsandrafibes,f aahpvdaed
Construction Products, United States, under the brand nane PROCOR 75),

conpri sed gty a9601 b Al ihEGH p23 R A PGy PRSEs MRS 0bRgrPBy NCi Pl e
conmponent ,ﬂgnﬁ a en@%hwgﬁﬁgglnt%ﬁ@%%cal C%?fg%t dﬂf’e&, Ili)isusll\}ﬁ%r, %roma ic oil,
paraffin oil, zinc oxide, clay and cal cium carbonate, was applied by

sprayi ng di*t t%tPfaéF&%?‘?‘%E%ePtﬁ' a thickness of 2 mmby an s SUBSTI TUTE
SHEET (RULE 26) wo nnmd PcTnso ms m~ air spraying nmachi ne after m ning
agent A and agelmt adgiition,t Weiovezybes obripogenit . substenctay(nadtale pxides ayéngs
secondary coating concrete was applied to a thickness of 30 cm As a

result, thaidighl O¥YENDoRRLMEMORE, ChibRWEnink. cehh@it CandasaldiveP @dlIfhtt)] Bhd
application capacity using the spray operations, 5 and it was possible for

t wo Opgf at or tg@gg&%/%éﬁ%éegt%aqggo%msegﬁlnog%ﬁgg han 100 m /hour. 2. There

was no genveafr%%lls ng spraying, ppi ng from roof

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 thereon,

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
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surfaces, no unpleasant odor, and a spraying of uniforni thickness could be
performed. 10 3. A uniform good filmw th no cracks or pinholes could be
obt ai ned.womiagdoti on. no differences were obsen~ed in t h@GIWkNEYY of the
filminmedi ately after application and after hardening. 4. Checks were nade
by visual observation for the occurrence of cracks after renoval of
secondary coating cenent concrete fromthe nold franme and 15 three nonths

t her eaf t erafieASprayihng SUptimar§’ sPEd§SconRing chiirett QuNHe tdnell BRaRARRE 288 ad t he
filmfornmed by spray application are indicated bel ow. A goo

d
anbi ent - t e [ | Izat i pe.r r film tained, Fjlm
strength: etgaéé“at?lﬁp W{‘%ﬁb@?@ﬁ% eﬁglr%%ﬁro eﬁ#ﬂ%ﬁo fmfaW(\F‘An%f?nq%ra“(})e thp Eiagﬁaat i on:
. 700% (anbi ent tenperature); greater than 800%{ 20 30C). Recovery after
100% el ondaflesiabledon thedandpginis ofchygher ingreasn sutglinealfeptcandipaldpat i ¢
wat er pressure: 30m The test nmethods for the various physical properties
wer e as fdt Hifisult Sor SkREHgNdTde cBHEFhe (sBkdridaR6¢oatinyLefenfl dhREHE.1 Further,
PCT/ USI ) 111817-1 Fil mstrength, elongation and recovery were tested in

accor danc e, bt RsARTY Botdd When TRRE hMdsiptd SRYIE WASHIBRERA, I n accor dance

with ASTM D 642-86. Resistance to static water pressure was tested in
accordance wi th ASTM D.5 5385-93 term nation.in cases in i,.ch

ambi ent - t enper atitir 85@5?3 1Ry & %rﬁ’%béva‘feﬁb"b%’rdu A ézi‘y(?ﬁs(ag?ﬂ%ag\é%rhﬁ@et&eont 0
concrete surfaces). Exanple 2 A U-shaped sinul ation tunnel having openings
of 4 m a fligear advaptage mhatinapkes | grgspiblst 1@ farmas et evhanr ey éntj es of
the tunnel earth-nound surface were 10 presuned in the sinmulation tunnel,

and fifteasmpeasret elchtiorisenbisionSs Cohned, heht WherMefMsisbmBeigéitlcaldged 20 cm
inlength were installed at suitable intervals to forman irregul ar

surface. R g}%’%gﬂ%g%f%%re{%m%{e@ed as the primary spray nortar, and

“noi ~l ande e Irregul ar surface teas effected (i.e. uneven
monamvBn  abr i COTRRCHA! BRIy B R 5ErS A AT BBy PP ALEE B obe
primary spray nortar surface. A ftvo-agent, anbient-tenperature
vul cani zatfilonag substancedsisech emmbsiennad 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.
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(PROCOR 75 brand fi~om Grace Construction Products, United States) was
applied to 20 the surface of the nonwoven fabric and was applied by

sprayi ngwooipeiortar surface by an air spraying machil i @3AISHHE174 he

t hi ckness was 2 mm after m xing agent A and agent B at the nozzle
conponent, with a filmbeing forned. One day after spraying, secondary
coating concrete was applied to a thickness of 30 cm to SUBSTI TUTE SHEET
(RULE 2fi~  VByGpotyisgl @idldppbdng Us(dribieditempAstachesiohing robler tofulsowi ng
points were found. 1. There was a good filmapplication capaciy using the
sprayi ng @pPeR@EkRAS on Iodder ¥STES 3RASS (xbin%hfeﬁfulstlé{ﬁ)nﬁ?%'ls%t%rlﬁoﬁth&RB} y film
in an anount of nore than 100 nR/ hour. here was no dri pping from roof
surfaces, no u p san and,spra a uni formdthi ckness coul d be
por f or med sPye TR OP R Semt ARy a?m Pﬁ%“%ﬂ}lé’é‘?&eﬁé"rs iBife el ROEh be
obtained. In addition, no differences were observed in the thickness of the
filmi mmmfam@afyf@after application and after hardeiung. 10 4. Checks were
made by visual observation for the occurrence of cracks after renoval of
secondary coat iAfgrchseilin tandeed dofmedoim thie wal, ch kénmiargnebatihpeemeant hs
thereafter. As a result, no cracks were found. )Exanple 3 15 A U shaped
sinmulatio f height of 3.5 m and a | ength of
3 mwas ngaﬁ&gtl@ u‘ég;&? |es o?g%fegctoﬁ@le ‘earth nound surface were
presuned in the sinulation tun d fift en concrete bl ocks of 15 cmin
wi dth, 20 cm i FFhRAMYREoN FRY bfaﬂa%mt%ntrye%tfw QMRS CKHERIET | ed at suitable
intervals to forman in~eqular surface. 20 Fast drying nortar was sprayed
as the primary spray nortar wthout %J fag "nonl anded” adjustnent of the
irregular surface. Inmediately aftef—s*p'-aw ng, a two agent,

anbi ent -t enperature-type rubber emul sion (manufactured by G ace

Construction Produgiaped !;iﬁiﬂzﬁdm&hﬁﬁ@%aviﬂ@d@énﬁ@@obﬂ 2 agie dPRAGERardd) was m
SUBSTI TUTE SHEET ( RULE 26) v~0 ol nr~~u PcTnso |sl ~.~ applied by spraying

to the,mortap GUif #G8 % AR S RAA B SBABE MR 28rih BunkiNGutace were

presumed in the simulation tunnel, and fifteen concrete blocks of 15 cm in width, 20
cm in height, and 20 c¢cm in length were installed at suitable intervals to form an
irregular surface.

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

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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tluckness was 2 nun after m xing agent A and agent B at the nozzle
conponent, with a filmbeing forned. One day after spraying, secondary
coating appeieigowas applied to a thickness of 30 cm 5 APCa/uesu$i’ the
foll owi ng points were found. 1. There was a good fil mapplication capacity
usi ng the spraying operations, and it was possible for two operators to
apply filmin an amount of nore than 100 n2/ hour 2. Checks were nmade by
vi sual obsen-~at f Qr. I
secondary %o szf? a>’“§£‘€8%‘ﬁ% Q@gﬁﬁ%ﬁ{%@% ﬁgfr%%t"ﬁe EHold @Léﬁéz%%gorﬁﬁé%}éﬁmn%
thereafter, As a result, it was found that one. crack had devel oped in the
secondar y deyaftehgpreons setendarqoaing consiEe ses anilisd to adhielicss R34 ¢t r egi on
.was removed and checked, there were no abnorrmalities in the filmand water
| eakage was notAsgmsult,kbe {dllopangpoivss viocafialnd. | The sanme procedure was
carried out as in Exanple 3 except that m xtures conprised of aqueous
acrylate and negh S t S re used
i nst ead of tv~~§) Zlgigﬁét %Sﬁbigeoﬁtﬁtenggpg%ﬁlecraﬁgﬁﬁ %E)%{Hé §epn%y%f)ie;r?ﬁ%ﬂ(l)ge(brand
name PROCOR 75 factur ed. ace Constructi.on.. Pr.oducts SA

fesul t 2 the fol I olAg: BeS AESE RS P mraaies SO o8 ﬁfﬁf\%e)

V4' 0 01/ 9G710 PCT/US111/1817~ 1, There was narked fogging due to spraying,
and the ~.vorking thatv ] Glomfbeitr. was poor. In addition, icicle-like dripping
occurred on the sprayed surface, and operating charact eristics were poor.

2. Checks were padghely wdb $iatenoiatien \vatib® dsirih® spReEigl h@ﬂﬁ?pﬁfg gomckefafter 5
removal of the secondary coating concrete fromthe nold frane and three

months thereaf ter, ﬁ?ce% ﬁ(?ﬁxwléas od‘é’?sﬂnﬁ%lép%ﬁ[r&f m%ﬁ%%s{]?a%(?ﬁé/e' oped

in the secondary coafs ng co crete surface ow ng resu and
capabilities) were achi eved by the tI n~nel to waterproofing construction
met hod using the d%HPEAEdt enperature vul cani zation ype enul sion of this
i nvention. The anbient-tenperature vul cani zati on-type emul sion is not
t oxi c.10Because 8heA watferm.cgrpdaflentvithnng biaskeoupisholes dodd brotbisiepdr an e,
water inf Itration into the working environment does not occur, The anbi ent
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 tenperature vul cani zation-type enul sion does not cause fogging that can
occur during spraying. For these reasons, workability can be greatly

i mproved,weafigt7tor during operations can be inproved, and tPd/&EWWilg#iGhment
can be protected. 2, By effecting vul canization at anbient tenperature, a
fil mhaving good 20 physical properties and not having seans can be forned.
3. Afilmhaving superior waterproofing properties can be applied in stable

fashion. 13 SUBSTI TUTE SHEET (.RULE. 26) V'O 01/9171U PCTI USI.11 -1 4.
Because organi ?%W‘ét}ﬁﬂ% %gaﬁ@? A BFOVER SYLe ?ﬁ{eailfltaf)‘é’r ?}’scgivﬂgh &gﬂof t he
occurrence of fire or intoxication during operations and toxic gases are

not gener d& ét2-@2ni ng such fires. ' S. The tunnel waterproofing construction
met hod of this invention exhibits 5 good application characteristics and

wi de appl i cati OreaGap stehgledas tedted ih aE@edntE HARBAIIMD s4086. nunber of
wor kers. Therefore, overall costs can be reduced. 6. Cracking of the

secondary coatidfg. .45 It of
the faots that CHTRA sHRATEHEpRE R il ASEIEREE Sl ABTMEYY
subj ected to _"nonl anded'' regqgulation, (2) a buffer material -water

conductsi ve38ayer (Referadpaiion; Wheases amaviia) am%ﬁlf'ﬁé@m’rwl@a%ﬁﬂ%a“@)tya‘ﬁd (2)
axe perfornmed. |~ SUBSTI TUTE SHEET ( RULE 26) WO A /9C711i rr rs ~r~~~ea:
PCT/ US01/ k8hber4nililsidnstann syehyatadree porwodte mgfaes)st ruct i on nmet hod, conpri si ng:
spray-applying a primary spray cenent concrete onto a tunnel excavation

surface; spraying onto said pri naryE;@ig{,gbézcerrent concrete on said surface a
rubber enul sion operative to 5 vul cam anbi ent tenperature to forma

R B A e e SR o
with said primary spray cenent concrete.
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 em 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.

10
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3. The method of claim2 wherein, after spray-applying said primry spray

cenment to concrete on the tunnel excavation surface, a buffer-water

conduct i vwol@ayeriois installed on said prinmary cenent concrEtBUSUriBeée, and

thereafter the rubber enmulsion is applied on the buffer-water conductive

layer to provide a rubber film and thereafter a secondary cenent concrete

is coated onto the rubber film surface. 4 A tunnel wat erproofing

construction ng 1 SUBSTI TUTE SHEET ( RULE 26)
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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

11
SUBSTITUTE SHEET (RULE 26)



yndEt U6 10%&' ()-10%&' ()-10%&' ()- 10%&' ()- 10%&' ()- 10%&' ()-g.dEtUs F.
109& ()-, 109 ()- ) 109& ()-'"109& ()- F% 109%& ()- # 109%& ()- +bdB46

10! (=" 10%8b ()/9@Q0 109& () - F7T109%& () - 35109& () - 2" 109& () - 30 PLOWESO(/N817+gH6
10! 109& ()- 109& ()-3 109& ()- |"9109%& ()- 109 ()- 10 10!jzdaBH6 10F
109& ()- 109 ()- 109 ()-109& ()-SF'109% ()-!l 10%& ()- d[ WIEH6
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br S4Y"L10
I R R S Y
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(10%&'() S&lO%&'(B-Is$ 109&' ()-13" 10%& ()-9"K""" Q####aB74 10 C10%& ()-8
109&' () - ! Ifil @n@dmaitgr-S@amw«gpqopdmmlqg cmﬁ#y%WW
3109 ()-1 10%& ()- Y 109 ()-Y 10%& ()-1"910%& ()- 10%& ()- 10 10$;
Wd&&dErﬂ%‘ﬁkﬁé@%@@@ﬁ’& ()-I 109%& ()-3 10%& ()-14 10%& ()-Y

10%&'() "109& () - &&#'y (dEnN/ Y 310% 109%&' ()-S&' 109%&' ()-"$ 109%&' ()-

10% (). S1° ‘EM%%EF&‘?%%‘ MR BB T oog () - 5v2er oot ruvTEY
10% ( )-F 910%% ( )l‘her]éoxfl/glgsfl a good1 P Im application capacity using the spraying 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 carried 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 aresult, the following points were found.
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months thereafter. As a result. it was found that two cracks had developed

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 film 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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YrrfLO%&' 0)- rﬂ' 10%&' ()-9109& ()- 109%&' (
good application charactenstlcs and wide application can be made to a
large surface by a small number of workers. Therefore, overall costs can
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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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.

15
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