| 0 DEC 2004 WD 01/96710 PCT/ US01/18174 A TUNNEL WATERPROCFI NG
CONSTRUCTI ON AM TROD Field of the Invention 5 This invention relates to a
wat er proofing construction and nmethod for tunnels, and nore partildulkr I0j
to the constructions and use of a vul cani zation-type rubber film on a
tunnel wateopnsefiong surface. Background of the InventionPCAUSRI/I

i nvention, paste, nortar, and concrete are used as general terns to refer
10 to cenment concrete. The principle tunnel construction nethod in Japan
currently is the NATM nethod. In the NATM construction nethod, a prinmary
coating is applied by nmeans of spraying nortar or concrete i mredi ately

after excavation of the tun 0 I Q ter | eakage
in the excavatithPEEHHﬂY“é?ﬁ%?ﬁﬁ%5§ﬁ¥§Q&%@éﬁ%ﬁkgp%@“@Eﬁ?ﬁ§5¥gf 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 |eakggR AftuyBiventibit o the tunnel can be
prevented, and so that cracks dueto binding of the secondary concrete

coating to earth .nmounds, Lch m ght noye st
recent ¥y, tunne é%Eﬁﬁ%?ﬁ%ﬂmﬁggaﬁgﬁﬁ?ﬁgﬁF%Fﬁ% gsnﬁ%ﬁﬁéﬁﬂ o%?ﬂﬁmkﬁhchines
(TBM construction nethod); and waterproofing_sheets are inst%¥le for the
same obj ecaidmasre pegicularly (0 shegODOTAGIERS TpdpEst OOBPICERZAPT RS BPPE iBh of this
wat er proof i ng sheet involves installation on the primary

on a tunnel waterproofing surface.

Background of the Invention

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

The principle tunne] construction method in Japan currently is the NATM
method. Inthe NATM construction method, a primary coating is applied by means of
spraying mortar or copcrete 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, 2 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 bas been performed by tunnel borng
machines (TBM construction method), and waterproofing sheets are installed for the

same objeciives.



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 of the tunnel, such that it is dangerous; and there are {( fEr 72004
limtati ons on novenment during the installation operations 5 In addition,
there is tig, prehhem that the application surface is the @xaa¥pl AN
surface, which I's uneven, making application after the primary coating
difficult to acconplish. Further, because the width of the sheet is narrow
(e.g., one to two neters), it is necessary to superinpose numerous

wat er pr oof i ng Sﬂﬁﬁlléionmleth%v%ﬂeﬁa%ﬁﬂﬁ shlet iR 1vAahRAREOL hNEe ﬁhﬁﬁ?zrrequi res

invo)

great effort and 1s sonetines uneconomcal. 10 There 1s the furt pr obl em
that water infiltrates het n th terproofin sheet d the. secondary
concrete cGSAMEGORAHE a&ﬁﬁig‘é’“&? g‘f’wg CU{ﬁ% '8?}8 M e %geélﬂ%haﬁﬁ Aponent s.
Al'so, the irregularities in the excavated surface of the tunnel often
def eat s t henwaeretiqr baif is pgriommrdcint 4/ sterfd attibe edilbug of tha tamgl sughothgiolt e t hese
probl ens, nmethods for perform ng waterproofing by 15 spraying an aqueous
sol uti on oldasgepdk,ya@drtheraateclifn@AE bn aderheft Bufigy the nailRitiph opdrhtighsf | | m was
di scl osed in Japanese Patent Application (Early Disclosure) No. 61-19683
(1986) andy) Qcﬁﬁﬁkﬁn? fhefedl %épr@ﬂ%'ﬂ%iﬂe%?pﬁc%ﬁéﬂ Yorfes 10 BBV atidR surdace 1 37182

ver, st

(1991). Howe here ar | problenms In that npi st surfaces cause poor

adhesi on, Q.and the fil mbecones pon-uniformdue t | pping ,after

aprayi ng. AP PRORE sl BRONER AR et Tl ABell LR Rs: K1 g
environnent, and the price s high, making the application uneconomcal. 2
10 DEC 200X umsto broguse1ibe pedfhusaile heet4s PRECH HBge e RVRRLBFIESy dhdlict ed

various studies of the aforenentioned
necessary to superimpose numerous waterproofing sheets. The overlapping of the

waterproofing sheets requires great effort and is sometimes uneconomical.

10 There is the firther 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 tunne] often
defeats the waterproofing capacity of the sheet.

In 6rder 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 Pat;ant Apphication (Ealy 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.



problens. As a result, they discovered a novel tunnel waterproofing
construction nethod in which a rubber emul sion vul cani zabl e at anhi ent
tenperatures is applied by blowing it and fornming a filmwi thout !8dabelit
The film has excellent physical 5 properties and waterproofing capacity,
and the nejhagoisg extrenely econom cal because it avoi decgnisppiseg and
foggi ng during spray application. It has fewer organic volatile.
conponents in conparison with urethane-based conpositions; it has no

unpl easant odors; and it has excellent workability and waterproofing

properties insifg pidientt #NBRbrs CaAGKsd daribed staiee! O tlien afhemagieaarar y
cenent concrete coating. 10 Summary of the Invention The present invention,

P o gD AL & eyl I NOLEH B RQL el SORBLIGIEL LA, T el N
a primary spray cenent concrete coating I'S spray applied onto a tunnel

excavation surface,. a rubber emul sion operative.to vul canize at,. anbi ent
t enper at ur@ethgd é‘i&)?"'@y‘ga?pﬁlbp%fom?}ﬂﬁl%“ méan&agmfn@mw TS ES Ecﬂﬂelr"féfe
coating, 15 thereby forming a rubber filmthereon, and a secondary cenent
concrete coabiowgng 8 andplioiming aofilo withevtrseivber The [fhwshasfexedlenivphysi '
particularly, the tunnel excavation surface is made "nonl anded" by the
pri marys SppdperieTafd vadsploehify Gofkitigardd theoidatiod vier&xtemelyeedont@ipal ariti es
of the excavated earth surface are evened out) so that the -

anbi ent - { SRGIALLIE M EARLZARKRRR RN 3ixalafRaRf, SPEAYABRRR 0Nt O L he

primary spray cenent co te a secondary cenent coating

can be estahli,shed thereon. In furth e l,ar iL.nents,

buf f er - wat g?atblg nGTPORTRES Py FeRPRLsen nﬂ%ﬂrég%b%as%ah gﬁp&%}%’rn ¥ 13 p]}agynoc enent
concrete coating, and the anbient-tenperature 3 10 DhEnC 2004 NVQ.Q1/ 96710
PCT/ USO1/ 1¥ApPfeasant odors; and it has excellent workability and waterproofing properties iside

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 tunne] 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



vul cani zabl e emul sion is thereafter applied thereon to forma rubber film
wher eupon the secondary cenent concrete coating may subsequently be
established on the rubber film Detailed Description of Enbodinent§g®FEQmE
I nvention s Exenpl ary enbodi nents of the present invention may now be

described‘##ﬂwﬁgﬁhher detail. This invention is a constr pelhRpgihod in

which a fi out seans and having good physical properties is forned,
preferably by spray-applying a primary spray cenment concrete on an
excavat ed tunnel surface, after which an anbient 10 tenperature

vul cani zat i gn-t. rubber . emul si on IS raved and_a | gani zation reaction
IS obtaineH&anéﬁﬁﬁg% S?%Hbe?ﬁ%%?@QME?ofﬂg éws %%85%¥%E§§%Pﬁ¥%%$ ?tating
attachment of the primary spray cenent concrete and achi eving good

wor kabi | i t the sepradarypement copapis spaiingmeay\aubteqRe e satablished oriBaPoRSAUI si on
shoul d conprise a substance that contains the rubber enulsion (hereafter
referred t filas agent A) and an oil 15 extended oil in which the

vul cani zation agent is dispersed (hereafter referred to as agent B). Agent
A and agent B are smayfd BRLLFLACH Sm Bl disinAlof INEINesFhe i p (used for
spraying A and B). The rubberemulsiom that—TsUused in agent A can be a
synthetic rubbe such a st yrene,but adi ene rubber, chloroprene .rubber, or
isopreng rubber?kggp |?“é€”W§Fh?aPeFEEQWHEB%FP“HHQEH%?PF&%}”@F@&%S of

t hese rubbers may be used. O these substances, styrene butadi ene rubber is
desirabl e furr f¢fail.st andpoi nts of vul cani zation physical properties and
econom ¢ factors, and chloroprene is desirable fromthe standpoint of

i ncreased f| anmeThistiavaliting ipa opestrtéton. méahdd (h GHEicACOAIm without seams and

having good physical properties is formed, preferably by spray-applying a primary
spray cement concrete on an excavated tunnel surface, after which an ambient-
10  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 2 substance
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.



WO 01!96710 PCT/USO /18174 Fromthe standpoint of obtaining a good film
the solid conponent of the rubber emul sion should be 15 to 40 parts- by
mass, and preferably 20-30 parts by mass, in 100 parts of total sollijdlFf 2004
conponents after blending agent A and agent B. Fromthe standpoint of the
stability g\foglhgﬂqjubber emul sion, a strong alkali 5 suchp@sydtohkior NaOH
may be used as pH regul ator in an anmount ordinarily of 1.5 parts by
mass, and, at a maX| mum of 2.5 parts by nass, per 100 parts by mass of
rubber solid conmponents. From the standpoint of facilitating regulation of

the physi cal PY OB u@ssu@fdpélhﬁof BHQBﬁf#‘ 2Lbsd ﬁﬁﬂlﬁe%ﬁaﬂcb RBondl o1 oPithe I N whi ch

an aromatic 0|I para noil are xed is desirabfe as the
0|I-extended ed for Par ffln oi | i,0 of |ess
t han 50 parf"@ Eﬁ@%lgﬂ 58?“@%5%61%@ By &Q’s?aﬁif @%Bﬁz‘?’g@%ﬁoﬁc%%otfyents f or
the purpose of adj usting viscosity when it is_blended with agent A

Chl or i nat edmgsss & FlOparte etowl srdidsempensaitsiabler blprding pagaisd 2od agentPeasi ng
flame-retardi ng properties. Asphalt can also be used in agent B. The ratio
shoul d be | ess tham 8@ spadpsinyf tBSEbilRy ol A pbbérsemilSolya BBgR gkali ubber
solid conponents. The vul cani zation agent that is dispersed in the

oi | - ext endeg,q ﬁlagflée@qe Naqﬁ belﬁcma wa&iﬂrw%moﬁﬁmraﬂ iQrbragen Wth

sul fur being pre uantity o canl zati on agent Should be 0.5
to 20 parts_by nass arts ss_of rubber onepts. 20 A
vul cant oat | BACERES S0l A oBELno T ARy ISk 5k L0F PR REpe
Exanpl es of vul cani zation accel erators can include zinc isopropyl xanthate,
zi nc d|bUt9#@ﬁFWh6é@ﬁﬁHﬁﬁ$e di butyl am ne conpl ex and zinc oxi de. The

quantity of wvul cani zation accel erator used should be 0.1 to 5.0 parts by
mass per 100 parFenbipe standpoint of facilitating regulation of the physical properties of the

rubber after vulcanization, an oil in which an aromatic il 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 01l 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 wvulcanization 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



| d DEC 2QD4 WD 41/96714 PCT/ USOL/ 18174 mass of rubber solid conponents
when zinc isopropyl xanthate is used, 0.1 to 5.0 parts by mass per 100
parts by nass of rubber solid conponents when zinc dibutyldithioi@rE gﬁﬁe
di butyl am ne conplex is used, and 0.5 to 20.0 parts by mass per @ @ S
by mass of“QHﬁg%hosolid conponents when zinc oxide is usegmnmol/muigddi tion,
additives such as funed silica, polyner fibers, and powdered rubber may be
used in agent B in anobunts of 0.5 to 25 parts by nass per 100 parts by

mass of the total solid conponents. In addition, various types of inorganic

substances (ot nB¥ird8Ed SHEPoRfits WithClikiMsoNopA, xaBRhatel BNEed €M 5.0hi gh
al um na cenent and calciumsul fate) and 10 various types of col oring agent

can al so be used in agent.RB. _The,tunnel terpr.gof i onst [ met hod
may be a coﬁ§§rg%ﬁPﬁﬁgwgtﬂﬁdmugagédn%ﬁ ?#ﬁ?Q%Rgﬁﬁg%ﬁ@@?ﬁggﬁoﬁmﬁét od of the
TBM construction nethod, in_which a rubber enulsion gperative to

vul cani ze adibutislitincarbampre dibutylaing cexpplgy isy5p0:i 88 lontto2l- AR BaTEted t unnel
surface after a primary spray cenent concrete is sprayed thereon, 15 or
after a bufpfen 00miney bycrasd vftubbe sbld enmifdnerss wiernzinagraje isqisabt abl i shed on t he
primary spray-applied cenent concrete, with vul cani zati on and hardeni ng

being effected afy aduitineRbGtRRARRER LY MEmedRNRAVSIlym& BB 4@ PoMdekdde
irregularities of the excavation surface (i.e., by "nonlanded" regul ation)

by Spfay-aplg@%rgg@& €, LB B R o 693G ggs%%g.loag?rgugne'

excavation rom arr econoni ¢ standpoi nt, | ira o effect
"nonl anded" reqgul ation by further spraying of a general primary spray
cement con®REt e o sd£OMBRPIFNSpr ayi ng of a fast-drying spray cenent
concrete), or by applying a buffer-water conducting layer to the primary
spray cement conbr edditinirvagiews types of inorganic substances ?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 1s 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 tunmel 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 10 DFr 7G O4 WD 01/96710 PCT/ USOL/ 18174 after spraying a primary spray
cenent concrete on the tunnel excavation surface and then further spraying
a rubber enul sion operative to vul canize at anbient tenperature is 10 [F 2004
desirable fromthe standpoints of further increasing the insulation effect

and nmeki ngyd §;0845f i cult for cracking to occur in the segeRahysEeating
cenent structure. Further, 5 better results are obtai ned when these

nmeasured are used in conbination. The establishnment of a buffer-water
conductive |layer (drainage) has the particular advantage that nakes it
possible to form.a filmwen th lent . te rature vul cani zabl e emul si on
s formed, %ﬁve APWhE atﬂ?égagglspsrg)éger?se%?rﬁe&f 8%&%33‘“#%%\’%{%1 SblFf]%ﬁea spr ay
cenent concrete. 10 Exanpl es of buffer-water conductive |ayers include

| ayers for ntEn Bithenmyingp rubbes cayplsion apstaiive bsvdaaize abebiERtttemprI2e p and

| ayers in which nonwoven fabrics such as |ong polyester fibers and

pol ypr opyl eneégsigble fromvhie ctandpointgof farther isdreyeing tid it stioaredfectadnflinxdthg Al t hough
there are no particular limtations on the nethod for affixing 15 nonwoven

fabrics or iikmem fflobcRNaRS et & 82 Qi BhttiFPdeheAPiAXEE TER s ONCT et €
surface, adhesive agents and rivets may be used. The sprayi ng machi ne that

Is used in r ] const . O d of ,.this inventionis a
type V\hegreblt;’/é?%{;}g%thgﬁp %Ongi%%gﬁlfen eé%%%%grlll{e;&omu%%g R ebrmaprog'ssure by separate
punps; with their ratigs being regy)ated, and they are m xed at the nozzle
20 component or H??f&frt%’?@ﬁ@erﬁ 7 bulisr-pater \gRn UY%ﬁaﬁ?f)&fi@F‘@gF)shéspl’}&yed at
ordinary air pressure. However, an airless spraying nmachine may be used,

or an air apgptieudat advantagen dhat nealeayit iwsaibledto form a film when the ambient

temperature vulcanizable emulsion is formed, 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 purmnps, 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 WO 01/967?10 10 DEC 2004 PCT/USQO /18174 By spraying and applying the

anbi ent -t enper at ur e- har deni ng rubber enulsion to a thickness an the order
of I to 3 nm (which ermulsion may al so be nore thickly sprayed), a film
wi t hout seans and of good physical properties is formed at nornal 10 DEC 2004
t enper at urwg ofiber the fil mbas been fornmed in this wayCrassesondary
coating cenent <concrete is applied and construction is conpleted. The
invention may be illustrated by the followi ng exanples. Exanple 1 A
U-shaped sinul ati on tunnel having openings of 4 m a height of 3.5 m and
10 a I ength of Bysprasngradepplhingabebmbiettitaspaituicderdaningal:bleasbhlsivaund
surface were presuned in the sinulation tunnel, and fifteen concrete bl ocks

of 15 cmi %wﬂfcﬁmesggwfemra& o@qughtmandmaomﬁﬂhomndy%w&fﬁ@:@thcﬂ talled at

sui t abl e |nterva s to forman |rregu ar surface. Fast-drying norfar was

sprayed as the Y. nor t and, " nded'." strre t of the
irregul ar sEIFace ﬁ@@%@ﬁ%{e SEEE Of 2op4,R yssbclag@ré’a‘ﬂgﬁﬁ'*séggn? T arities
were evened out). Inmmediately after spraying, a two-agent Tubber emnul sion
oper ative t®eMpeElEaAni ze at anbi ent tenperature (avail able from G ace
Construction Products, United States, under the brand name PROCOR 75),
conpri sad of agekfterAhoffilmhhashbe2d fohyedeimetiivutrag) ersecandbiyecoatiag celentpri nci pl e
conponent, and agent B which contained calciumoxide, sulfur, aromatic

oi I, paraf fidpcRidis afilieg afiddilructibAYs RBPletad. Ci um

The invention may be illustrated by the following examples.

Exawple 1

A U-shaped simulation tunne} 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‘unmel, and ﬁfter:nl 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 afier 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 o¢il, paraffin o, zinc oxide, clay and calcium

carbonate, was applied by spraying on the mortar surface 1o a thickness of 2 mm by an



carbonate, was applied by spraying on the mortar surface to a thickness of
2 mn by an 8 10 DEC 2004 W 01, 96710 FCT/US01/ 18174 air spraying nmachi ne

after m xing agent A and agent B at the nozzle conponent. One day %&mb
sprayi ng, secondary coating concrete was applied to a thickness ofl I3§T

As a reSU'&,-OOgB&J ol ow ng points were found. 1. There wagt@s@a@ehf il m
application capacity using the spray operations, 5 and it was possible for
two operators to apply filmin an anount of nmore than 100 n2/1 hour. 2.
There was no generation of fog during spraying, no dripping from roof
surfaces, no unpleasant odor, and a spraying of uniformthickness could be
per f or med. 20SPEAYNE FFDINSARET BEORE F8CPm: @R ?geﬁbé)@?'gél?gzz@ﬁcﬂﬁﬂﬁ}ﬁ%‘}tegnéoul d be
obtained. In addition, no differences were observed in the thickness of
the film idayedieadpedyingasccendagppiaticptdnontcara appliegrto hdhidaessf 304m. Checks were
made by visual observation for the occurrence of cracks after renoval of

secondary coat i ng £Lei)iheIoNEHigE foiblsoitrd fagndol d frame and 15 three nonths
thereafter. As a result, cracks were not found. 5. The properties of the

arbi ent - emper at ir 40501 Bet at HiT eopLARE Bkt RnEtle Bl fibosons |
strengt h: 0 82 (NI nmR (anbient terrrperature%l; ]1 h}gvﬂmm (0-30 %
El ongatin:  700% ( &RbItetrs POERE fOrHP Eperaigreg caply S86HLY BYe) |
Recovery after 100% el ongation: 95% Tearing strength: 4.55

than 100 m*/hour.

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/mm2
(-30° C). Eiongation; 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.



N nmR2' Resistance to static water pressure: 30m The test nethods for the
various physical properties were as follows. 9 I P DEC 2004 1VO Oljlﬁ(ﬂ?(o

PCT/ USOL/ 18174 Fil m strength, elongation and recovery were tested i - 2004
accordance with ASTM D 412-92. Tearing strength was tested in accordance

w th ASTM §oG4Rs86. Resi stance to static water pressure wag/usesised i n
accordance with ASTM D 5 5385-93 (Determ nation in cases in which

anbi ent -t enperature vul cani zati on type rubber emnul sions are sprayed onto
concrete surfaces). Exanple 2 A U shaped sinulation tunnel having openings
of 4 m a height_of 3.5 m and, a |length of 3 mwas made. Irregularities of
the tunnel eart FEilbiiazty Floagalionspd recaysrp ek frief rpcpydanse Hﬁ‘lha%"@r{ t unnel ,
and fifteen concrete blocks of 15 cmin width, 20 cmin height, and 20 cm
in | ength viBré29Astal l ed at suitable intervals to forman irregular
surface. Fast-drying nortar was sprayed as the primary spray nortar, and

“nonl anded” adj%ﬁﬁﬁ?ﬁen@&\%ﬁ%eﬁédriﬁg&b%n&%ifﬂﬁﬁm sgl.ggcted (i.e. uneven
sprayi ng on tunnel wall “15 was evened out). Imedi ately after spraying, a

nonwoven fabric e of | yester fibers s, .affixed by riv t he
oty spray. mdeateng i e VR, pistaiet et Wieg P e S ngt B B
vul cani zati on-type rubber enul sion PROCOR 75 brand from Grace
Const ruck i oﬁsﬁrséd@?tf@f,ﬂméﬁmwcﬁﬁéﬂ%é’? HaynbigpfHPaperaiyre ygcaniatisn f¥ikce of t he
nonwoven fabric and was applied by spraying to the nortar surface

rubber emulsions are sprayed onto concrete surfaces).

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 tunpel, and fifteen concrete blocks of 15 cm in width, 20
cm in height, and 20 cm in length were installed at' sujtable 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 @ace 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 10 a thickness of 30 em.

10



by an air spraying nmachine so that the thickness was 2 nun after m xing
agent A and agent B at the nozzle conponent, with a film being forme&. @@e
day after spraying, secondary coating concrete was applied to a thic IJ;e

of 30 cm 10 10 DEC 2004 WO 01196710 PCT/USO /18174 As a result, the

fol | owi ng R iﬂg},)§7]3\ere found. 1. There was a good fil m applirgatiAmcapacity
using the sprayrng operations, and it was possible for two operators to
apply filmin an amount of nore than 100 nR2/ hour. 5 2. There was no
dripping fromroof surfaces, no unpleasant odor, and spraying of a uniform
t hi ckness could be perfornmed. 3. A uniform _good filmwth no cracks or

pi nhol es coul d B assus, tedollowing aeigistvesmiowrd  di f f er ences were observed in
the thickness of the film imrediately after application and after

hardeni ng. 10 4.1. Chigsk svasve rgeodriithe afypficatidnsapdcitghsimp vbd smpayifmoperdi@ngccur r ence
of cracks after renoval of secondary coating cenent concrete fromthe nold

frame and three nppt; BERAL FR two Oferftofsa8 Upbly MR MIAGKDUILEEmbRUN.
Exanmple 3 15 A U-s aplegvaéit‘}nusﬁg%?on ?ﬁ)lﬁﬁ%elo S‘hav %a openi ngs of 4m a hei ght

of 3.5 m and a lgen o, 3 mwas made. Irregularities of the tunnel earth

nmound surface mereteha‘gﬁagﬁ‘r@ﬁ“rn the sinulation tunnel, and fifteen concrete

bl ocks of 15 cmin width, 20 cmin_height, and 20 cmin length were

instal |l 6d at sui% abhee i wasepq arippicg Fopniogh surfpseagnp Apiasan ©For, }nd

Fast-drying nortar was sprayed as the primary spray nortar w thout making
spraying of a uniform thickness could be performed.

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 3.5m, and 2
length of 3 m was made. lregularities of the tunne] earth mound surface were
presumed in the simulation tummel, and fifteen concrete blocks of 15 cm in width, 20
cm in height, and 20 em in length were installed at suitable intervals to form an
irregular surface.

20 Fast-drying mortar was sprayed as the primary spray mortar without ma].dng
“nonlanded” adjustment of the iregular 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



A

"nonl anded” adjustment of the irregular surface. Imrediately after

sprayi ng, a two- agent, anbient-tenperature-type rubber enul sion

(manuf actured by Grace Construction Products, United States, undeilﬂy )
brand name PROCOR 75) was 11 10 DEC 2894 WD 01/96710 PCT/ USQJ/ 1817 EEI Wéd
by sprayi ngohoadgsite nortar surface by an air spraying machCneseastiat t he

t hi ckness was 2 nun after m xing agent A and agent B at the nozzle
conponent, with a filmbeing formed. One day after spraying, secondary
coating concrete was applied to a thickness of 30 cm 5 As a result, the
followi ng points were found. 1. There was a good fil mapplication capacity

using the i ty) - i p Lhleosf tors to
apply fil m%? 1"?%npjgs Eﬁ%’éé q?bpgﬁﬁ?ﬁﬁki%g%ﬁgtﬁﬁgﬂéﬁ%%g%g’ made by

vi sual observation for t occurren of cracks_.after 10 renoyv of
secondary %ﬁlﬂeﬁi}w?eﬁ@‘ﬁ”[ Qf% fE¥EE ggeflfg r?'fl{j AEING) G PSR SIRRPOTER ‘é% font hs
thereafter. As a result, it was found that one crack had developed in the
secondary dBatheing ferrrer (Ine day pfiacprayingvisoendary,gpating spacretegyas appliediat regi on
was renoved and checked, there were no abnornmalities in the filmand water

| eakage was thiokneseeff80 &b, Conpar ati ve Exanpl e X The sane procedure was
carried out as in Exanple 3 except that m xtures conprised of aqueous

acryl atg and nmethaGeyhehR aRiwihi Miss vk Blnd edox catal yst systens were
used instead of two-agent, anbient tenperature type rubber enul sion

1. There was a good film 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 resuli, 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 agueous acrylate and methacrylate solutions and of redox catalyst
systems were ﬁsed 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.

12



20 (brand nanme PROCOR 75, manufactured by G ace Construction Products,
USA). As a result, the follow ng points were found. 12 10 PEC 2004 WO
01196710 PCT/USO1118174 1. There was marked foggi ng due to sprayi rﬂ Ff‘?ﬁﬂ.
t he working environment was poor. In addition, icicle-like dripp 8'
occurred owddi®empr ayed surface, and operating charact emcIiusosisser e poor.
2. Checks were made by visual observations for occurrence of cracks after
5 renoval of the secondary coating concrete fromthe nold frame and three
nonths thereafter. As a result, it was found that two cracks had devel oped
in the secondary coating concrete surface. The followi ng results (and
capabi lities) werteachiemadebfogiing due tngirayitg) ané tienpikogiengira@rst r uct i on
met hod using the anbi ent-tenperature vul cani zation type enul sion of this

invention. 1. TheyRHRbenhab&HRELIALLIRe ¥ W@{r nis not

toxi c. Because the-water corrponent in this enul sion d%ﬁs not separ at e,

wat er |nf|Itrat|a&? into vgg %{ envi ronment does not occur. The

anbi ent 15 tenper ﬁp%rawcc?ﬁﬁf A erte>p88r enul si on does not cause fogging
that can occur during spraying. For these reasons, work-ability can be
greatly i nproved-heghks werp raadeibygvisk phrengtienscian Ob@ﬂemevfééPkSaﬁfdrt he
environnent can be protected. 2. By effecting vul cani zati on at anbi ent
tenperature, a firemoyevef thg sgaadary 20atipli\coharatk fomo e midlé sramednd direhavi ng
seams can be formed. 3. A film having superior waterproofing properties can
be applied in stablths thereafter. As aresult, it was found that twe 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.
i. The ambient-temperature wvulcanization-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 yulcanization-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 baving superior waterproofing properties can be applied in stable

fashion.
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fashion. 13 10 DEC 2004 WO 01196710 PCT/ US01/ 181?74 4. Because organic
solvents are not used, there is little possibility of the occurrence of
fire or intoxication during operations and toxic gases are not gen E%Ee?
during such fires. 5. The tunnel waterproofing construction method biz@
invention gghjRiLs 5 good application characteristics angrsdganp! i cation
can be nmade to a large surface by a small nunber of workers. Therefore,
overall costs can be reduced. 6. Cracking of the secondary coating cenent
concrete can be farther decreased as a result of the facts that: (1) the
primary spray cenent 10 concrete surface is subjected to "nonl anded*

regul ation, (2)4a Beoduse orgamicesdlesntsieie evot avedi ubtre \ie littkey possibglitpgifabe i shed,
and (3) that both treatnents (1) and (2) are perforned. 14 10 OFF 7004 It

is claimed: 1. A todeiiRhceNsHiiRE B iﬁeﬁﬂi@ﬂoﬁa&%%rmmﬁ@ﬂs ARORE gake@BRI oS N
spray-appl ying cenent concrete onto a tunnel excavation surface to provide

a 5 primary Cenegkmﬁﬂﬁf&ﬁkﬁsh&ﬂﬁﬁg within said tunnel excavation

installing a drairrage Tayer “on said primary sprayed cenment concrete |ining;
formng a rubber filmlayer on said drai nage | ayer_ by co-sprayjng through a
nozzl e an agent 5-AT§1ﬁd“%Y3’§@}ﬂm %?O@ﬁ?uﬁﬂﬁgr?leé@ds‘ﬂfr‘glﬁe‘ﬂv?%PBﬁhlbgs nozzl e,

becone

5 good application charactenistics 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.

14



m xed, said agent A conprising a rubber enul sion operative to vul canize at
anbi ent 10 tenperature to forma rubber filmand said agent B conprising an
oil in which a vulcanization agent is dispersed, whereby said rubber
enul si on and vul cani zation agent are m xed during spraying and sHi gf[r giiber
enul sion thereby fornms a rubber filmlayer; and coating a secondary cenent
concrete onto said rubber filmlayer formed on 15 said drainage |ayer. 2.
A tunnel wat 8ripelenedig construction nmade by the method of claimi1. 3. The
met hod of claim 1 wherein said rubber enulsion conprises a synthetic 20
rubber selected fromthe group consisting of styrene butadi ene rubber,

chl oroprene lrUbbanﬁéldvdtérﬁﬂfoﬁﬁ cbﬁa@ﬁeﬁenﬁethlihec dreprivigb: of claim1 wher ei n
said rubber is natural rubber. . The net hod’ of claiml wherein said

rubber enul sion hawa&asplmmemnb@meme onthatuine! exsavitegssurfasstorBoyide as by

d .not ter th b based 100
parts of 5t ot BIMGR Fement e RECEayitin SB8 SR eiagent A and sai d
agent B. 30 6. ThestalidosldRinagt &iye? on e ﬁinﬂryss%k £l UbABH BHbefe 1fiInd1as an

€
al kali conponent in an armung not | ess ?han 1.5 parts and not greater than
2.5 parts by naséfompung a_aﬂ)bpaﬁhnldyyr omsad diairege lwsrlpsnccssprdymgll&beugleaml si on.

15 10 DEC 2006 Y. The d of rein sai tal ns
aromatic oil n%gle arb%ﬁe |age %wmf%fe% %odffpr@fEdct}“é?%ﬁﬁ @F’reheﬁmgﬁl d
vul cani zat i ojR&ieBdid lagerit lA Ebthprising 4 RAbEESM@Siof lopelaBiStBvERiR) 4 afdicsht sul fur
vul cani zation is used in an
10 temperature to form a rubber film and said agent B comprising an oil in which a

vulcanization agent is dispersed, whereby said rubber emulsion and vulcanization

agent are mixed during spraying and said rubber emulsion thereby forms a rubber

film layer; and

coating a secondary cement concrete onto said rubber film layer formed on

15  said drainage layer.
2. A tunnel waterproofing construction made by the method of claim 1.

3. The method of claim 1 wherein said rubber emulsion comprises a synthetic
20  rubber selected from the group consisting of styrene butadiene rubber, chloroprene

rubber, and isoprene rubber.
4. The method of claim 1 wherein said rubber is natural rubber.

25 5. The method of claim 1 wherein said rubber emulsion has a solids component
that is not less than 15 parts by mass and not greater than 40 parts by mass, said
mass being based on 100 parts of total solids components after blending said agent
A and said agent B.

30 6. The method of claim 5 wherein said rubber emulsion has an alkali

component in an amount not less than 1.5 parts and not greater than 2.5 parts by

mass per 100 parts by mass of solids in said rubber emulsion.

15



anount not less than 0.5 parts and not greater than 20 parts by nmass per
100 parts by mass of rubber solids in said agent B. 10 10. The net hod of
claiml1l wherein said agent B further conprises a vulcanization

accelerator. 11. The method of claim 1l wherein said agent B further
contains an additive 15 selected fromthe group consisting of funefiper 200
silica, polyner fibers, and powdered rubber. 12. The nmethod of claiml

wherein said agent B furt her contalns an i norgani ¢ substance sel ected from

coment . cal ofum sl Bod 4K ¥ hérin sl oS RES orths S i m 1

wher ei n sai dpglafifgige | ayer conprises nonwoven fabric or irregularly
shaped plates. 25 14. The nmethod of claim 1l wherein said drainage |ayer is
formed by spraying fi brous substances selected fromthe group consisting

of pulp and fiber 15, neI terp ofln canstructi on, met hod,
conpri si Ag: Espraihﬁﬂjﬁ r?(jc 11Brl ‘?“néﬁﬁ%a H?HE%ﬁﬁ"g}Seﬁ" nto a tunnel

excavation 30 surface; applying a drainage |ayer agai nst said
spray-applied prinmary spray cenent concrete, said drainage |ayer
conpri sing a%non- (wamtlfodbnficta,imi&whgdmanidysughapdm&tmﬁ ipEedanen pl ates, or

conbi nati on thereof; ' a terproofing |ayer ai nst _sai.d dral nage
ayer by spr SN Hot it D et bBLERHA Bn 2 8 B mienct Tl ety
co-sprayed t HauegtuBbd?R8BAEin said agent B.
10
10.  The method of claim I wherein said agent B further comprises a

vulcanization accelerator.

11.  The method of claim 1 wherein said agent B further contains an additive
15 selected from the group consisting of fumed silica, polymer fibers, and powdered

rubber.

12.  The method of claim 1 wherein said agent B further contains an inorganic
substance selected from the group consisting of a metal oxide, Portland cement, high

20 alumina cement, calcium sulfate, and coloring agent.

13.  The method of claim 1 wherein said drainage layer comprises nonwoven

fabric or irregularly shaped plates.

25 14.  The method of claim 1 wherein said drainage layer is formed by spraying

fibrous substances selected from the group consisting of pulp and fibers.

15. A tunnel waterproofing construction method, comprising:
spray-applying a primary spray cement concrete onto a tunnel excavation
30 surface;
applying a drainage layer against said spray-applied primary spray cement

concrete, said drainage layer comprising a non-woven fabric, irregularly shaped
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becone m xed, said agent A conprising a rubber enulsion operative to
vul cani ze at 5 anbient tenperature to forma rubber filmand said agent B
conprising an oil in which a vulcanization agent is dispersed, vvheq@la r
sai d rubber enul sion and vul canization agent are m xed during sprayi ng é@é
sai d rubber enulsion thereby forns a rubber filmlayer adjacent or against
said primary spray cenent concrete; and 10 coating a secondary cenent
concr et e ont platéseor eppifnation|therbol med by sprayi ng toget her said agent A and
said agent B. 17 . . ) . .
forming a waterproofing layer against said drainage layer by spraying
together an agent A and an agent B which, when co-sprayed through a nozzle,
become mixed, said agent A comprising a rubber emulsion operative to vulcanize at
5  ambient temperature to form a rubber film and said agent B comprising an oil in
which a vulcanization agent is dispersed, whereby said rubber emulsion and
vulcanization agent are mixed during spraying and said rubber emulsion thereby
forms a rubber film layer adjacent or against said primary spray cement concrete;
and
10 coating a secondary cement concrete onto the rubber film formed by

spraying together said agent A and said agent B.
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