8 DEC 2004 WO 01/96709 PCT/ USO01/18239 [Title of the Document] Specification
[Title of the Invention] A Tunnel Waterproofing Method [Detailed
Description of the Invention] [0001] [Technological Field of the -§JE[ 2004

I nventi ogly iRikSeol Nvention relates to a waterproofing nethogkf,pgsipel s. In
this invention, paste, nortar and concrete are used as general terns to

refer tﬁﬁ@ﬁ&%ﬁ@@ﬂﬁéﬁgpggogf] ps;[)g&h iy t] The principal tunnel

construction ne resent 1s the NATM nmet hod. The NATM
const r udTitlerofmaeHadentord net hod A TwminehVWatermogfinpddathgdi s perforned by

means of spray nortar.or r concrete immedi ately after excavation of
Helee Peveripiomet Prg untiog

the tun k and water | eakage in the excavation
region, after Omﬁﬁh a secondary coating concrete is applied to stabilize
t he tunnel by[ taining tunnel strength. At this tine, a waterproofing

sheet is inst fi Or: at er proofing and insul ati on between
the primary c@lfltcﬁjﬁgl%%%ﬁ%lg%gn ﬁ{ghtsle ondaré coating concrete so that

| eakage of Waisdnvenian ehaies impovaiesprobdngmaibed dof ABeko that cracks due
to binding of the secondary coating concrete to earth nounds or novenent

of earth nmoURD$;<HVendbn PNeNhedar ¥hgohecedbley usédiasalerrxslavans an has
been perfornmed by tunnel ~ boring machi nes (TBM constructi on nmethod) and

wat er pr oQf i sheets are
P refer t%gcemenE concrete.

[OQOZ]

[Prior Art]

The principal tunnel construction method in Japan at present is the NATM
method. The NATM construction method is @ method in which primary coating is
performed by means of spray mortar or spray concrete immediately after
excavation of the tunnel to prevent falling of rock and waler leakage in the
excavation region, after which a secondary coating concrete is applied to
stabilize the tunnel by maintaining tunnel strength. At this time, a waterproofing
sheet is installed for the purpose of waterproofing and insulation between the
primary coating concrete and the sec-ondary coating concrete so that leakage of
waler into the tunnel can be prevented and so that cracks due to binding of the
secondary coating concrete to earth mounds or movement of earth mounds can
be prevented. Most recently, tunnel excavation has been performed by tunnel
boring machines (TBM construction method) and waterproofing sheets are
installed for the same objectives.

10003}

Further, because the width of the sheet is narrow, being 1 to 2 m, there
are thé problems that it lakes greal effori and trouble and it is uneconomical

when the ends of the waterproofing sheets are overlaid on each other and joined

by welding. 1



installed for the sane objectives. [0003] Further, because the w dth of

the sheet is narrow, being 1 to 2 m there are the problens that it gglﬁgtswm
great effort and trouble and it is uneconom cal when the ends of the " “-*
wat er pr oot Pd/%8H¥et s are overlaid on each other and joi ned WyTvedodisngs | -8
DEC 2004 WO 01/96709 PCT/ USO01/ 18239 [0004] There is the further problem
that water inppbiyates between the waterproofing sheets and the secondary
coating concrete due to danage of the waterproofing sheet functionally by

poorly wel dedrcorrpoR nt.s &nd b irreqgularities in the excavation surface
so that waterpid&F Se(g‘a\'ﬁ &h pyrtiemibet walst diifdates[miosgen ther obl ens t he
Invention Is Intended to Sol ve) Wien the thickness of the waterproofing
sheet s mstenppehsgdhastorddrthe cecpnesgntcatiagagectatetdie: WadSHBEERF Ry
sheets, there are the problens that welding of the ends of the

o S aoeg O A

wat er proofing sheets is increas the resul execution
ot udh os OV RETSP T BRE e SrRTor Ghiost 20 Mehaveloimuusing CoRSNpBMct ed this
I nvention by discovering a tunnel waterproofing
obtained.
[0005]
[Problems the Invention Is Intended to Solve]
When the thickness of the waterproofing sheets is increased in order to
prevent damage to the waterproofing sheets, there are the problems that welding
of the ends of the waterproofing sheets becomes difficult and that the mass of
the waterproofing sheg_ts is increased, with the result that actual execution-
characteristics become even poorer.
[0006]
The inventors conducted various studies of the aforementioned problems.
AS. a result, they perfected this invention by discovering a tunnel waterproofing
construction method whereby a waterproofing sheet that is adhesive to the
secondary coating cement concrete is insialled on the primary spray cement
concrete surface before installing the secondary coating cement concrete, and,
in which, by making it into a single entity with the secondary coating cement
concrete, infiltration of water between the waterproofing sheet and the secondary

coaling concrete because of poor weld sites and damage of the ends of the

waterproofing sheets is prevented, leakage of water is prevented even when



construction nethod whereby a waterproofing sheet that is adhesive to the
secondary coating cenment concrete is installed on the primary spray jdemeiis
concrete surface before installing the secondary coating cenent concrete,
and, i Ryd{&droo by making it into a single entity with thecsesondasy
coating cenment concrete, infiltration of water between the waterproofing
sheet- and the secondary. coating,concre! wel d sites and
danage GRCKHBCHERE'S ec’%lﬁbt ev%?tcgﬁg?go??aﬁéss%ﬁﬁﬁ%geéﬁtg\%t ed, |eakage of
water is prevented even when 2 WD 01/96709 PCT/ US01/ 18239 cracks are
gener atwdierprobfingsepentinesn beaeady bemsfiedeoncrete and wat er proofi ng
capacity can be greatly increased. [0007] [Means for Solving the Probl ens]
Speci ficall y[OOE*?' s invention is a tunnel waterproofing nmethod characterized
in that a pri rrar§/ spray cenent concrete is sprayed on the excavation

surface of e tunn -after ' secondary coating cenment concrete and
a vvaterprooflwﬁganss{z?égdm%}”ﬁegPﬁ%é@ﬁ@eness are installed on said primary
spray cenent concrete surface such that the secondar &o 1t ng. ce nt
concrete is Specifitilyhdlsonveniiod is adrerpMRIEIRIGO ’Pl%@?aéﬁ Fgééa,c FE a tunnel
wat er proofi ng nmethod characterized in that a prinmary spray cenent concrete

i's sprayefa08 phiiargxpraptémensotiact iefspried outinerxCavation sumech of
buffer-water conducting |layer is established in said primary spray cenent

concr et SUILACEaAuHRGPE d8EYN G 1doBUNG @BRIRINt €BNEMSE Bndrtiwaterproofing

sheet having adhesiveness are installed on said primary spray cement concrete
surface such that the secondary cbating cement concrete is established on said
waterproofing sheet surface, [or] a tunnel waterproofing method characterized in
that a primary spray cement concrete is sprayed on the excavation surface of the
tunnel, afier which a buffer-water conducting layer is established in said primary
spray cement concrete surface, 2 secondary coating cement concrete and a
walerproofing sheet having adhesiveness are installed on said secondary
coaling cement concrete such that the secondary coaling cement concrete is
established on said walerproofing sheet surface; and a tunnel waterproofing
method furiher characlerized in that the waterproofing sheet is a multilayer
waterproofing sheet that has a layer that has adhesiveness with the insialied
secondary coating cement concrete.

[0008]

[Mode of Execution of the Invention]

We shall now describe this invention in detail.

[0009]



wat er proof i ng sheet havi ng adhesi veness are installed on said secondary
coating cenent concrete such that the secondary coating cenent concr @g‘ﬁﬁ
establ i shed on said waterproofing sheet surface; and a tunnel materﬁf f b

met hod f wda betsebaracteri zed in that the waterproofing she |
mul tilayer waterproofing sheet that has a | ayer that has ?&%@@Qﬁg& W th

the installed : caoat i cement concrete. [0008 [ Mode of

Executi on of J@gﬁﬁ%ﬁﬁﬁoﬁ% W@W&ﬁm ﬁ%@ﬁaa% M{eh {Wﬁ @a’q{i?@mﬂinérﬁﬁeﬁ‘t detail .
[0009] 3 DEC2004 WO 01196709 PCT/USO1/18239 This invention is a

const rucBN8ANEHRAE! Bie WEdEHN e Singleeplity diyi siyagihgepreladtines f280apfingr e
made into a single entity by spraying, preferably, a fast-drying cenent

concr et ecement checexieavababe eboaedte8 Wik Rg ekl eLnahiy fing
sheet that is adhesive with the secondary coating cen@rr%t]"aac%geﬁéfde&ﬁg

i nstall L$ : L 00f.i N f f ol f Ki f
coment | conesaet i BLRREN RIS B Rt Qs C et SO ng Biadngiotent | ng
cement C_Plg.crete and fof earth nounds after conpletion. By naking the cenent
concr et e! ARAVEIREPURATEID PhRAIHgWsIpe inllopn p of crdohifigeoere et caramétacduen t h
water occurs only in sites that are damaged even if danage to the

vat er pr dofdmyings hadt@ meativs of Res séborsdargasaiing cheriReenefetdaha ordass Not
occur as long as cracks do not develop I1n the secondary coating concrete

in the rpgLAds ¥ndM@rmpreabn I&TBASKInGNAE bR MRERYe and the waterprocfing

sheet into a single entity, contact with water occurs only in sites that are
- damaged even if damage to the waterproofing sheets occurs. For this reason,
leakage of water does not occur as long as cracks do not develop in the
secondary coating concrete in the region of the sheel damage. Therefore, water
leakage is greatly decreased and excellent waterproofing capacity is obtained.
Further, water leakage does not occur as with conventional waterproofing sheets
as a result of water infiltrating between the waterproofing sheet and the
secondary coating cement concrete, of impairment of the walerproofing capacity
of the tunnel as a whole, and of cracks in the secondary coating cement
concrete. Moreover, because a waterproofing sheet that is made into a single
entity with the secondary coating cement concrete prevents water leakage with
good follow-up capacity and without damage occurring even when cracks are
generaied in the tunnel itself, waterproofing capacity is increased to a great
exient by comparison to conventional waterproofing construction methods.

[0010]



| eakage is greatly decreased and excell ent waterproofing capacity is

obt ai ned. Further, water |eakage does not occur as with conventi onal

wat er proofing sheets as a result of water infiltrating between the £ [F( 2004
wat er pr oobimgsaiseet and the secondary coating cenment con@fdtusiliggss

I npai rment of the waterproofing capacity of the tunnel as a whole, and of

cracks [ {he, Seeandar Y- RORILRAg CREER nopORSi A vdiinaebnahigcause

wat er proofin Info a sing entity with the secondary

coating cenent concrete prevents water. | eakage wth d_foal p
capaci t yoating wm@usowm@cb@@m%%“@l?@& r\?&ﬁ%"ﬁ S&ES&Q&Q} g ?Sgéﬁgeﬁéjat ed in
the tunnel itself, waterproofing capacity is increased to a great extent

by conpasisdaridonserenbbenal wat er proofing construction nmethods. [0010) 4
WO 01/96709 -8 DEC 2004 PCT/US01/ 18239 Exanpl es of waterproofing sheets

that are adhg@Vﬁ wi th secondary coating cenent concrete include
uncr ossl i nke L ber sheets such as isoprene rubber and natural rubber.

Gement concr dhe waigTaess e e S Honma T ah Wy P oA o0
absorbents and tackiness-decreasing agent s.' [0012] | %o%heibssoirbnevn Qt ion, it
i s desi eahlemt tonbmne natyealsheohtgjre pnhaxitaisauliieyioleliade
and {ackiness-decreasing agents.
[0012]
In this inventidn, it is desirable to laminate the layer having adhesiveness
with the secondary cement concrete with a polymeric sheet from the standpoint
of increasing the insulation effect with the secondary coating cement concrete if
it has been bound with the earth mound. When & layer that is adhesive with the
secondary coating cement concrele and a multilayer waterprooﬂng.sheet that is
laminated with a polymeric sheet are used, they are installed so that the primary
spray cement concrele surface side and the polymeric sheet are in contact and
the secondary coating cement concrete is installed on the waterproofing sheet
surface éide that is adhesive with the secondary coaling cement concrete.
[0013]
Examples of the material of the polymeric sheet can include high-density
polyethylene, low-density polyethylene, copolymers of ethylene vinyl acetate
(EVA) and polypropylene. Of these, high-density polypropylene is preferable

from the standpoint of insulation effect, strength, crack follow-up capacily and

price.



with the secondary cenment concrete with a polyneric sheet fromthe
standpoint of increasing the insulation effect wwth the secondary cgaﬂ’ 8.
cenment concrete if it has been bound with the earth nound. Wen a | 9
that is adfdsiovwowi th the secondary coating cenment concret -g{d;Hg30
mul til ayer waterproofing sheet that is lamnated with a polyneric sheet
are used, thqﬁogﬁfhi nstalled so that the primary spray cenent concrete

an

surface side e polyneric sheet are in contact and the secondary
coating cerrer]t concrete is installed on the waterproofing sheet surface
side that is 'BdRESNYENUPR 1P PHECWaHPONFUEHA iavgT Ceathe cstabisked. [ 00113]
Exanpl es of the material of the polyneric sheet can include high-density

pol yet hydedore, installintp tisd tpterphyeiniaydtase ihatopalyeeie vifh glchsdc@ngaw ny!
acetate (EVA) and pol ypropyl ene. O these, high-density pol ypropylene is

prefera b T FBEPRI f i ff.ect trength, crack

fol | ow ?Sggg%ggﬂ%ﬁicn pri céme Bgrdﬂﬁé%ig’%‘i{gaﬁ%éfﬁg@’ﬁ}@°‘@#ﬁu"éﬁi/ 18239
10014] Ign this invagnti on, a buf,fer_—vva]%,er conducting | ayer may be

est abl | SFEF3WEF SHET REGSSUIE HysSitareinitier phersr s myorerbeeak ofaroirdwatisi ve
with the secondary coating cenent concrete for the purpose of increasing

t he i nsanhdtinoeasiiethe watlsoresdsigneffet Exapiess of Bufier-wkieesrooinghbgdrst her e
is a great deal of groundwater and increasing the waterproofing effect.

Bt U eI R B B b S T T 05 11
nonwoven fabrics of fibers such as polyester fibers and polypropylene and plates
or irreguiar shapes.

[0015}

The waterproofing conétruction method can be used in the bedding
portion of the tunnel and displays great eifectiveness in preventing water,
leakage from the bedding component.

{0016]

There are no pariicular limitations on the method of affixing the
waierprooﬁng sheet, nonwoven fabric and plates of irregular shape to the
primary spray cemeni concrete surface and adhesive agents and rivets may be
used.

[0017]

After the waterproofing sheet that is adhesive to the secondary coating
cement concrete has been installed in this way, the secondary coating cement

concrete is applied and construction is completed.

[0018]



nonwoven fabrics of fibers such as polyester fibers and pol ypropyl ene and
plates or irregular shapes. [00' 15] The waterproofing construction nmethod
can be used in the bedding portion of the tunnel and displays great & 0F[ 700i
effectiy@g@§@gh@ preventing water, |eakage fromthe beddrayusompoivent .

[ 0016] ere are no particular Ilmtatlons on the method of affixing the
vvaterprooflg ﬁE_H_’g nonwoven fabric and plates of irregular shape to the
primary spr g ﬁ%] concrete surface and adhesive agents and rivets may be
used. [0017] After the waterproofing sheet that |ve t.o the
secondary codtisiplcreow tiescdbre ihés @Vﬁégoﬁé'éﬁeﬁaﬁﬂ‘atlh?}@ﬂ%o %@%9 t he
secondary coating cenent concrete is applied and construction is

conpl et ed. [9@4@1 6 WO 01/96709 PCT/US01/18239 [Exanples] W shall now
descri be th| S invention in detail on the basis of exanples. 10019] Exanple
1A U%dl 5)* mul ati on tunnel having openings of 4 m a height of 3.5 m
and a | € 3 mwas nmade. Irregularities of the tunnel earth nound

surface _ .
' 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 mourid surface
were presumed in the simulation tunnel and fifteen concrete blocks of 15 cmiin
width, 20 cm in height and 20 cm in length were instalied at suitable intervals to
form an irregular surface.

F ast-drying moriar was used as the primary spray meortar and was
sprayed so that the fast-drying moniar was 10 cm in thickness:

After spraying, a multilayer waterproofing sheet having adhesiveness 1o
the secondary coating concrete (brand name, "Preprufe 300,” manufactured by
the Grace Construction Products Company of the United States| a two-layer
sheet comprised of two layers, a layer having adhesiveness to concrele and a
polyethylene layer; 2.7 mm in thickness) was affixed by riveting to the primary
spray montar surface. Fol!bwing that, the secondary coating concrete was
applied to a thickness of 30 cm. To simulate damage to the multilayer
waterproofing sheet, culs were made in a part of it.

10020

Twenty-eight days after the secondary coating concrete was established,
a test sample was cut out by boring and adhesiveness with the concrete was

checked. The secondary coating cencrete and the waterproofing sheet were in



were presunmed in the simulation tunnel and fifteen concrete bl ocks of 15 cm
in width, 20 cmin height and 20 cmin length were installed at suitable
intervals to forman irregular surface. Fast-drying nortar was used; gs fjpe
primary SPPAY4Ptar and was sprayed so that the fast- drylp}gr,ﬂg[];,§539m1as 10
cmin thickness. After spraying, a multilayer waterproof| ng sheet having

300, mahor et ara oy e R Sl O P R el o Bt Y e

300, " manufactured b G dce
United States sheet conprised of two Iayers a layer having
adhesi ve‘?‘?@ajg‘gtcc?rb%m% @Pé?é%&’aéerpb?ﬂ’ & Hhaed s grpeter tham (eN/mrbhi ckness)

was affixed by riveting to the primary spray nortar surface. Foll ow ng

that, the secbsifagly eddy it thenereheamaatingRionerkit da sRLGkEESs of 30 cm
To simul ate damage to the nmultilayer waterproofing sheet, cuts were nade

in a parhabhaihkd |ﬂr998%%10-ﬁ"@%&¥c§{% il‘ii%yé:m% hee{ %Iﬁe%yﬁ%ggahy coatl ng

concrete was establishe
and ¢ he FREdy B s TG CR B ErERE ﬁvaﬁé‘rﬁ%ke%‘%m}f%ﬁaﬁ%%‘éa%mé‘éﬂ he e
PCT/ USO01/ 18239 good contact and were a single entity. The peeling strength
of the SEEOPRIMEEN teapiimgremeyeoacatd anahsateltipyehiangpsbemig Wasetar eat er
than 0.9 Nmm A single entity with the secondary coating concrete was al so
wel | However, water did not enter into the gap between the multilayer waterproofing
sheet and the secondary coating concrete, with good waterproofing capacity
br—;*ing shown. |
Because the mullilayer waterproofing sheet that was used had
adhesiveness, the muitilayer waterproofing sheets could be adhered to each
other satisfactorily simply by éuperimposing the ends of the multilayer
waterproofing sheets on each other. For this reason, execution capacity was
extremely good and an excellent value of 1.7 N/mm was obizined for adhesive
strength of the superimposed parts.
To simulate cracks in the tunnel, stress was applied to the secondary
coating concrete and cracks were made. No abnormalities were seen in the
multilayer waterproofing sheet.
|0021]
The test methods for the various physical properties were as follows.

Adhesive strength with the concrete: In accordance with ASTM D 903 (90

degree peeling strength). Adhesive strength of superimposed portions: In



mai ntained in the region of the cut, with the cut in the concrete beipg dn
a linear pattern of less than 2 mm A static water pressure of 60 Fnﬂa[ag 4
applied in the, gap between the prinmary spray concrete and the multil ayer
wat er pr oebingeséseet .  However, water did not enter into tRETYEYBESheen the
mul tilayer waterproofing sheet and the secondary coating concrete, with

good wat g{;%%gfg NGy a afftﬁ}, bym%egs%ﬁgﬂm‘éﬂon.ﬁﬁ%%%sbhﬁ vIRER b 8 Yer

vvaterprg eet that was us adhesi veness, the multilayer

wat er proofing sheets could be adhereq to each other satisfactorily sinply
by supewaiosPlNd RRedifdse SHPEHEPRSESH | ayer wat er proofing sheets on each
other. For this reason, execution capacity was extrenely good and an

excel l ent vajoge@f 1.7 N nmmwas obtained for adhesive strength of the
superinposed parts. To sinulate cracks in the tunnel, stress was applied to
t he sec x%ﬂ{p)fe %:oati ng concrete and cracks were made. No abnornmalities were
seen in e miltilayer waterproofing sheet. 100211 The test nethods for

th i hysi cal ti : foll [ th wi.th
he concr ot o1 NeaeEaTBECIAH AEHOY! 603 Foor ey cGEEIRIRED Cngt )

Adhesi ve strength of superinposed portions: In 8 8 DEC 2004 WO 01/ 96709
PCT/ USObhdiBi2ger veterprafingeshaet hanoovdhesyre e putidy hemfGesre™ ¢PaM8 case in
which nultifayer waterproofing sheets are superinposed).
concrete that was used was a product of the brand name “Santacker Sheet’
(isoprene rubber waterproofing sheet, a nonwoven fabric lined product,
manufactured by Hayakawa Rubber).
[0023]
Twenty-eight days after the secondary coating concrete was established,
a test sample was cut out by boring and adhesiveness with the concrete was
checked. The secondary coating concrete and the waterproofing sheet were in
good contact and were a single entity.

However, it was more difficult to join the ends of the multilayer

waterproofing sheets than in Example 1 and workability was also somewhat

difficult.
[0024]

Comparative Example 1

The same procedure was carried out as in Example 1 excepl that a

walerproofing sheet made of EVA (which did not hzave adhesiveness with the

" Phonetic spelling—Trans. note.



[0022] Exanple 2 The sane procedure was carried out as in Exanple 1 except
that the nmultilayer waterproofing sheet having adhesiveness with th 2004
secondaré coatin concrete that was used was a product of the brand nane

" Sant ackBC Bt (i soprene rubber waterproofing sheet, aPABABOVENR3S abric
|l i ned product, manufactured by Hayakawa Rubber). [0023] Twenty-ei ght days

af ter tBecoRsaytaraiingoedl dIete] WRer &ledl WaE astabuaNStkr watctSHonRgP! € was
cut out by boring and adhesie\?eness with the concrete vvase chegﬁgd. The
seconda I rete and. the water,proofing sheet, were in good cont act
and werép{%&gri?%\aﬁg &n fst'\ie.nel-sig\)@w&h,% ﬁe[coaagryn%c?aém i1 to join the ends
of the rrultifa;/ier wat er proofi ng sheets than in Exanple | and workability
was al so so difficult. [0024] Conparative Exanple 1 The sane
procedure was carried out as in Exanple 1 except that a waterproofing

sheet made OfVERMApredd ok dﬂir@sﬁ@hdihg\t@ sadhesi yanesstaMdrBsd e JPhonet i c
spelling-Trans. note. 9 WD 03/96709 PCT/ US01/ 18239

applied between the primary spray meriar and waterproofing sheet, it was found
from the cracks in which damage was presumed that a large quantity of water
entered into the gap between the waterproofing sheet and the secondary coating
concrete and that properties of a waterproofing sheei were not cobtained.

[0026]

[Effect of the Invention]

'By making the secondary coating cement concrete and the waterproofing
sheets into a single entity using the waterproofing sheets of this invention having
adhesiveness with the secondary cosating cement concrete, water does not
infiltrate between the gap between the waterpreoofing sheels and the secondary
coating concrete and excellent waterproofing capacily can be assured even if a
part of the waterproofing sheets is damaged.

Further, the crack follow-up of the waterproofing sheets of this invention is
good, the waterproofing sheets are nol damaged and excellent waterproofing
capacity can be assured even if cracks develop in the secondary coating cement
concrete. Even if by any chance the crack width is large and damage of the
waterproofing sheet occurs, because the other portions of the waterproofing

sheet are a single entity with the secondary coating cement, water does not

10



secondary coating concrete) was used instead of a nultilayer materpnﬁP%mﬂg
sheet havi ng adhesi veness with the secondary coating concrete. 10025 en
pressure corresponding to 30 mof static water pressure was__applied

bet ween wae1péiorary spray nortar and wat er proofi ng sheet,P?T“ﬁgguﬁgund
fromthe cracks in which damage was presuned that a |arge quantity of water
ent er ednfiftbe: 6 te@Rabaiarpenn thewsairprqufinofshegishrethasecartiansecondary
coating concrete and that properties of a waterproofing sheet were not

obt ai ned. ,[ 0026 E{fe f nt.L Qg i econdary coating
cement CGHOEHEHR =€’P1%r%3%§er”§>‘$g’3#?ﬁ§' Béﬁgﬂgts?f?%eg%sl)? Q%BZ entity using

t he wat erproofing sheets of this invention having adhesiveness wth the
secondary coating cenment concrete, water does not infiltrate between the
gap between the waterproofing sheets and the secondary Coating concrete
and excel l ent waterproofing Capacity Can be assured even if a part of the
wat er proofi ng sheets is damaged. Further, the crack foll owup of the

wat er proofi ng sheets of this invention is good, the waterproofing sheets
are not damaged and excel |l ent waterproofing capacity can be assured even
if cracks develop in the secondary coating cenent concrete. Even if by any
chance the crack wdth is |large and damage of the waterproofing sheet
occurs, because the other portions of the waterproofing sheet are a single
entity with the secondary coating cenent, water does not 10 E E 2004

1]



WO 01/96709 PCT/US01/18239 infiltrate into the gap between the
wat er proofi ng sheets and the secondary coating concrete; therefore,i_ tUPLe “

i ndustrial benefits are extrenely great. 11 CLAIMS : 1. A tunnel
wat er proofi ng nmet hod conprising: spraying a prinmary |ayer of cenent
concrete on the excavation surface of the tunnel, establishing on the
primary cenment concrete |ayer a buffer-water conducting |ayer by affixing
a nonwov%ﬂﬁg&g%ic, a fibrous material, or plates of irregular shapes,

est abl i st said buffer-water conducting |ayer a waterproofing

menbr ane having a plastic or rubber sheet and an adhesive |ayer operative
to adhere with a secondary coating concrete applied on said waterproofing

nmenbrane, and lspr ayi hgnelnwacpasadingatethet cofiprigngrepiaymge mimaydanaaos
coating of cenent concgete, thereby acglevugg matﬁ{ [OOfIn% of the tunnel.
2. The t&ﬁwsﬁ“%%?fémfb%?ﬁﬁwﬁ‘é%w 958 O e Lymk FStARliNng op I PRIMAE n sai d
wat er pr oQL . Lot Y I8 depsi f Y
polyethyﬁgﬁggdqﬁﬁg gﬁ%?ﬁéﬂggﬁeg%Eg?%%gﬁgEﬁ%gﬁﬁggﬁg%ggggﬁﬁgﬁgne vi%yl

acet at e, fiboduspnaieyd!coreylates of imegtlar shapes estatflishihg ofheaid hurffezdwatart er pr oof i ng
met hod of c| ai.m

wherejin sa.d polyneric , sheet .is | yet hyl ene. 4. The
funnel veeRIBHBSTPHG: HalatoHE BREPIRE NHER AP sUa PR DBt O ses an
uncr 055! iyKagh i Sherafive [EINHNAG) o WAL AARY OBNIICoNEENOfpAEd G 8l 4 wher ei n

sai d uncrosslinked "rubber conprises 1soprene r ural rubber, or
m xt ur e taterpwb fing mentbearie, ambéprayn e ppo ceiidi wajenpeiofing nodmlukhed ascconteyei n sai d

wat er proofin .
P coatln% of cement concrete, thereby achieving waterproofing of the tunnel.

2. The tunnel waterproofing method as described in claim 1, wherein said
waterproofing membrane has a polymeric sheet comprising high-density polyethylene,
low density polyethylene, copolymers of ethylene vinyl acetate, polypropylene, or

mixture thereof.

3. The tunnel waterproofing method of claim 2 wherein said polymeric
sheet is polyethylene.
4. The tunnel waterproofing method of claim 1 wherein said sheet

comprises an uncrosslinked rubber.

5. The tunnel waterproofing method of claim 4 wherein said uncrosslinked

rubber comprises isoprene rubber, natural rubber, or mixture thereof.
6. The tunnel waterproofing method of claim 1 wherein said waterproofing
membrane is formed by superimposing ends of adjacent waterproofing sheets on each

other.

7. The tunnel waterproofing method of claim 1 wherein said establishing of

a buffer water conducting layer comprises spraying a fibrous substance.
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thereof. 9. The tunnel waterproofing nethod of claim1 wherein said

establishing ¢f aThuhirekt walegirosfipddethbdof tlainel wiera ssidestablishkiger pl at es
of irregul ar shapes. 10. The tunnel waterproofing nethod of claim1l wherein
sai d est abrflehivalgr egndugting leyeacomprises sooinriibargcompising palpesi¥es affi xi ng a

nonwoven fabric, using .a si.-ve or rivets. 11. The tunnel waterproofing
met hod opogplﬁpﬁ%efgw%g?])e(ruﬁgg{a}?e&’ﬂtunnel is a U shaped tunnel. 13

9. The tunnel waterproofing method of claim 1 wherein said establishing of

a buffer-water conducting layer comprises affixing plates of irregular shapes.
10. The tunnel waterproofing method of claim 1 wherein said establishing of
a buffer-water conducting layer comprises affixing a nonwoven fabric using an adhesive

or rivets.

11.  The tunnel waterproofing method of claim 1 wherein said tunnel is a U-

shaped tunnel.
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