;1] e3e?J<\:*6TJ, 51W0 U1/ 967119 PCT/ USI 11118239 [Title of the Docunent]
Specification [Title of the Invention] A Tunnel Wterproofing Method

[ Det ai | edwWoeses?ipti on of the Invention] [0001] ] [ Technol pgi/osi/Beml d of
the Invention] This invention relates to a waterproofing nmethod for

t unnel s. [TilletdfitbeiDooeniardh, past e Spewificatiomnd concrete are used as general

ternms to fer..to,cenent.concrete., 1000 Prior .Ar The principal tunnel
construct[ﬁ_ﬁlﬁ %E’ﬁé@i\’q 'Oﬁllapan at ptpét‘érﬁ'?e%i}vggtteﬁ%mﬂfiwmpﬂﬁd. The NATM
const r uct [DMaitgt Dedcrigtion afehdadrentiowhi ch primary coating is performed by
means of spray nortar or spray concrete i mediately after e ', t he
tunnel to previ@®i1ialling of rock and water |eakage in the QWWMWWM
»region, after which a secondary coating concrete is applied to stabi

the tunnel by %Chf‘a'ioﬁi%':te%ﬂéheéﬂ‘f%’ﬁ@ﬁh. At this time, a waterprddfing

sheet is instahkesydfiontrB@itddioRoeatbrovingredetifbetuand|d nsul ati on between
*the primary coating concrete and the secondary coating concrete so that

| eakage of o e n e. pr so that s due to
bi ndi ng of 8 BiscBHE pbsR R R o HBh bR e BhERE: ot
earth nmounds can be prevented. Most recently, tunnel excavation has been
per f or nE@&THIOCEMRII A9HETES nachi nes (TBM constructi on met hod) and

wat er proofi ng sheets are installed for the same objectives. [0003]

Furt her, becd(§62t he width of the sheet is narrow) being 1 to 2 n) there
are the problens that it takes great effort and trouble and it is

unecononi cal |mhigp Afpe ends of the waterproofing sheets are overlaid on each
ot her and j oi ned by wel di ng. t~490 f11/91701 PCT/ USOL/ 18239 [0004] There

is the furt hefhéggﬂn&gm fiRAL MRl Methd ﬁSJéﬁ%%‘é%ﬁ%%é}gfi%egm‘rﬂP“ ng

sheets and the condary coating concrete due to
' egul anpitees T hagAEgeadineN PGt < Xue Frai wERE Raa reghci ty i s
not obtai ned. [0005]
performed by means of spray mortar or spray concrete immediately after
excavation of the tunnel to prevent falling of rock and water 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
water 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
. nstalied for the same objectives LR
[0003] *G0O00O! *
Further, because the width of the sheet is narrow, being 1 to 2 m, there
are the problems that it takes great effort and trouble and it is uneconomical

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

by welding. 1



-

[ Problens the Invention Is Intended to Solve] When the thickness of the
wat er proofing sheets is increased in order to prevent damage to the

wat er pr ooficng/shwet s, there are the probl ens that wel di ng pfTube/songds of

t he wat er proofi ng sheets becones difficult and that the mass of the

wat er proofin O%ngts is increased) with the result that actual execution
characteristi becone even poorer. - [0006] The inventors conducted
various studies of the aforenentioned problenms, As a result, they perfected
this inventi oh®y ‘ﬂi"@%f}mqrrﬁ’@oﬁe@htﬁﬁbwa%t”ﬁﬁ?t@éfq%e%F’Pﬁ ruction met hod
whereby a waterproofing sheet that is adhesive to the secondary coating
cenment ceamErptoefing shastsadndtheosedondapr ¢oriing amceste chiedntdacoags et hesur f ace
before installing the secondary coating cenent concrete) and, in which, by
meki ng i yaichb@ofing isReEefmatibhaiyWbl pobhe witdaneahposnttidhd mement concrete,
infiltration of water between the waterproofing sheet and t'he secondary
coati ng : ; I ?f'ﬁgga L nds of the
vvaterpro'orggﬁ%ﬁaitsnﬁgzqa g@‘%&pa&fgygﬁtg giﬁ% g%ﬁgﬁgﬁ%g % er ?gp%grltgv'géﬁ? gd even when
2 WU 0119G709 PCT/ US(11/18239 cracks are generated in the secondary
coating AERC: concrete and waterproofing capacity can be greatly

i ncreased. [0007] [Means for Solving the Problens] Specifically) This

i nvention is [80PBhnel waterproofing nethod characterized in that a primry
spray cenent concrete is sprayed on the excavation surface of the tunnel,
after which gPseslendahy |ceattiondsdeterded toBohefe and a wat er proofing sheet
havi ng adhesi veness are installed on said prinmary spray cenent concrete

surface such yypah theeni SRS He GRALIRSLIFRIEetS RNEERRel Ty 8RIcRbI Shed on

sai d wat erproofing sheet surface, [or] a tunnel waterproofing nethod

character) ' ri , i t he
excavat | B e anabEio reEhp R Heb iR SO BT bROISRE BAEHARS, v

| ayer is establjished in said prinmary spray c nt. concrete surface, a

o ondar g (BB SR LS PIRIG S eai Do LR BTk AT GG THES Bhg

adhesi veness are installed on said secondary coating cenent concrete such
t hat t hetheevaiagapofinmabéely iz mereasesomithdbe resylidbahaciuahexeaionai d

wat er proof i ng sheet surface; and a tunnel waterproofing nmethod further
char act edtizzectetistidshadcdne evat eoprerof i ng sheet is a nmultilayer

[0006]

The inventors conducted various studies of the aforementioned probiems.
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 installed on the primary spray cement
concrete surface before installing the secondary coating cement concrete, and,
in which, by making it info a single entity with the secondary coating cement
concrete, infiltration of water between the waterproofing sheet and the secondary
coating concrete because of poor weld sites and damage of the ends of the

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



wat er proofi ng sheet that has a | ayer that has adhesiveness with the
install ed secondary coating cenent concrete. [0008] [ Mde of Execution of
t he I nvenW@nl/9oM» shal | now describe this invention in detachuspoes] 3
WO 111/9G709 PCT/ USU1/ 18239 This invention is a construction method in
whi ch t hesri@ises I RAHdra@dShasd sadshdaRe cbatiieterfes: dorideetel @ single entity

by spraying, preferably, a fast-drying cenment concrete onto the excavated
tunnel s j K ' sheet that is adhesive with the
secondar&%%%?%@{igé%%ﬁyg%ﬁgnre S 5'2 "?C%%%'ed. Thi s wat er proofing sheet
allows for foll owup of cracking of cenent concrete due to drying and
contraction ofl0¢%4d secondary coating cenent concrete and of earth nounds
‘after conpletion. By making the cenment concrete and the waterproofing sheet
into a singl e [Eeanhsyor Soingdhe Wroblemsi er occurs only in sites that are
damaged even if damage to the waterproofing sheets occurs. For this reason,

‘| eakage of watIpectiresy,this ingsntionds o tORBeldsatereinglmalindd dRa@kitized t he
secondary coating concrete in the region of the sheet danage. Therefore,

water |e | S ; i city is
obt ai ned” Er 31 Ay PEEE RS (L RYaB0h bl RE
wat er pr oof i shégg_{sgﬂﬁaresul of ter infiltrat%n% (Retweenthf
vat er pr 067§ HEINShEtEr FAUCH ASCERRINY HAFURS SEMEY ERNYIRTE 2R erkrierprgpiing

i npai rment of the waterproofing capacity of the tunnel as a whole, and of
cracks i shepehadeerdaeyivensss aig ioelalied ob GaKt piBan\eRay \ReMerh ceRoSEe a

wat er proofing sheet that is made into a single entity with the secondary
coati ng canmacé socnthiztiee peesraddrg coatiey cé@akbgenonetehis gatmblichbd ow-aaid capaci ty
and wi t hout danmage occurring even when cracks are generated in the tunnel

itself, \@hepbSHd StbIARAGES YolS IURGEPRERI IR fiAg Hh&Rbd SREPIHeBEdGAMPar i son
to conventional waterproofing construction nmethods. -, [0010] 1'~'0

O A A Bh el LRt RIPLETR B O OB b0 L,
rubber Srt‘l?r?nte : gﬁuecrr\]mﬁigh iastLB{e(?-r\]r\?ater conducting layer is established in said primary
spray cement concrete surface, a secondary coating cement concrete and a
waterproofing sheet having adhesiveness are installed on said secondary
coating cement concrete such that the secondary coating cement concrete is
established on said waterproofing sheet surface; and a tunnel waterproofing
method further characterized in that the waterproofing sheet is a multilayer
waterproofing sheet that has a layer that has adhesiveness with the installed
secondary coating cement concrete.
[0008]
[Mode of Execution of the Invention]

We shall now describe this invention in detail.

[0009]



rubber and natural rubber. [0011 ] The waterproofing sheet that is adhesive
with the secondary coating cenent concrete may al so contain anti oxi dants)
ul travi olwp maghoati on absorbents and tacki ness-decr easi ng BOgN$08/18330012] I n
this invention, it is desirable to |lam nate the |ayer having adhesi veness

with the SECOWHﬂEYn\fé%'ﬁBHtls 8 QRGERLGOM hBtbdoiRl WHTEH kite @B&aebrcfdﬁﬁgsﬂna@t _
st andpoi nt of increasing the i nsul atl on effect wwth the secondary coating

cement co Jt‘ﬁteetghhnel'%rerlﬂﬁdgﬁﬁg BVM'[I Jﬂ'b%tg@raﬁ@ﬁ Bré‘f@ %g_dg,-rl@yer

that is a esiv e SECOI’I Ccoa concre

mul tilayer waterproofing sheet that is | ated W th I’IC sheet are
used, theSEMEE GHSTEP] ¥ gmva{%t%npﬁgl,! YAGsH PHGT W@f@ré)w Breaf®dsur f ace
side and the polyneric sheet are in contact and the secondary coating
cenent coteetbthatiis adhssiug Wit tba sehendery eopting cenmgng beecretriisfingtalled.de t hat
is adhesive with the secondary coating cenent concrete. [0013 Exanpl es of

- the mat erfias weterpheofMy Wlaﬂoﬁbﬂr‘@tfoﬂ@\n upn@ﬂ drelexing ¢ @hcém@ﬁt tyndretey@idyl ene,
| ow- density pol yet hyl ene, copol ynmers of ethylene vinyl acetate (EVA) and

pol ypr Opyt% %’Pﬁng Fndl Aictifh g@m&%‘é&c}n\ﬁ a&?h&fé’tf@%{rﬁ?& c}o’?]cPét%fa‘?{da&' e%r{hr om the

st andpoi n nsul ation ef stren oW up capac y and
puce. (go /96709 FOOl%L . il1/ 182?9 | n &P nven

buf f er - vve{’f'%‘t'” ateictame'e '‘ArerYiEY %F%’E‘IGP RSB I'len‘é’f’ rpro,qanghe

wat er proofing sheet that is adheS| ve w th the secondary coating cenent
concr et e sheet intie apungleswtith, contack adthnatehecewrs wingt inatesfthalcare © decr easi ng
waf er pressure in sites in which there is a great deal of groundwater and

i ncr easi nandyedatear Prdaoidgegtoaht evdterprxefiiny siseaié obofiise rFomhierpasmf,i ng
| ayers can include |ayers that are fornmed by spraying a fibrous substance

such as puhy %%F’Wé(t@?dbé@hb?@c&jr ddl 1BBE BsHEEk G0 RBL a&séls;s if inger s and

pol ypr opyl ene and plates or irregul ar shapes. [0015] The water proofing

constructd ggréﬁ@ryl%%gﬁg%oﬂ S 't e bhﬁ} Qﬁﬂg'srﬁ%gf%ﬁw'ag@. hetdierd, WHIEE and

di spl ays g ven ss in preve

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 waterproofing 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
generated in the tunnel itself, waterproofing capacity is increased to a great
extent by comparison to conventional waterproofing construction methods.

[0010]



| eakage fromthe beddi ng conponent. [0016] There are no particul ar
limtations on the nethod of affixing the waterproofing sheet, nonwoven
fabric andv@Qhete@e® of irregular shape to the prinmary spray eemisbi/cRpcrete
surface and adhesive agents and rivets may be used. [0017] After the

vat er proof | ng pSheeled Bﬁfvlaita p?dr??iﬁﬁgs‘éﬁ%ﬁgsgthta?ﬁres Wit SBEb GG e Ment

concrete has been i nsta e secondary coating’ cenent
concrete is_.applied,and construction is _conpleted 018] C. V10 01/9Cr119
[ Bxanpl oSpaieh Remest $99aE R ohER P TohPRELE Soebl SRhAuioPsma n detai )
on the basis of exanples. [0019] Exanple 1 A U shaped sinulation tunnel
havi ng opebbergndnatgrahrubbeiei ght of 3.5 mand a | ength of 3 mwas made.
'Irregularities of the tunnel earth nound surface were presuned in the

simul ation tufg@1]and fifteen concrete blocks of 15 cmin width, 20 cmin
hei ght and 20 cmin length were installed at suitable intervals to form an

“irregul ar surfpeyatEfsbofihy sRSetREL BradMsiviesgith B @nBEHBSAingPr ay nortar
and was sprayed so that the fast-drying nortar was 10 cm’i n thickness.

After sprayin ila 1 S t. i : i yeness to the
secondar fgﬁﬁpﬂgcﬁéh}agt%gé 8\56\@%@{%’éﬁ%{‘éé}g?‘egﬁg‘f'gggwgﬂﬁg%ﬁ%%gﬂ ed by the
Grace Construction Products Conpany of the United States; a two-|layer sheet
conpr i se@ngftagiipessajasreasing agriits.havi ng adhesi veness to concrete and a

pol yethyl ene layer; 2.7 mmin thickness) was affixed by riveting to the
primary spray[®ttlar surface. Followi ng that, the secondary coating
concrete was applied to a thickness of 30 cm To sinulate damage to the

nul tilayer wayeips aRkhisn ShredssirebleStonifdtBate idvefhBdh dfhebivenb8920]
Twenty-ei ght days after the secondary coating concrete was established, a

test sanplf NBSEHhd A e el ¥hBR1ANHHASPES ETRE R drbfh thRStSUpifRt & was

of increasing the insulation effect with the secondary coating cement concrete if
it has been bound with the earth mound. When a layer that is adhesive with the
secondary coating cement concrete and a multilayer waterproofing sheet that is
laminated with a polymeric sheet are used, they are installed so that the primary
spray cement concrete surface side and the polymeric sheet are in contact and
the secondary coating cement concrete is installed on the waterproofing sheet
surface side that is adhesive with the secondary coating 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 capacity and

price.



checked. The secondary coating concrete and the waterproofing sheet were in
v~0 ~m~<, ~u~ PCT/ USOL/ 18239 good contact and were a single entity. The

peel i ng sWehdtoRt%f the secondary coating concrete and theP@ausnprsesf i ng
sheet was greater than 0.9 NNmm A single entity with the secondary coating
concrete was giEi@]wel | maintained in the region of the cut) with the cut in
the concrete being in a linear pattern of less than 2 mm A static water

pressure of 6 {HVASeARB| Loyl JBe: 38R ARKHEE e Agy BLidaNishBAY Concr et &

and the nultilayer waterproofing sheet. wat er not enter into

t he gap befween the | tilayer .water of L ng,sheet t he secondary

coati ng BS{%‘? ﬁsé?mwgﬂe6’8&%&3&(‘89&?’8&&%'% %'Yﬁ/wgﬁgmﬁsg‘ﬁm&w%cause t he
mul til ayer waterproofing sheet that was used had adhesi veness, the

nul ti | ay&patig eerpeobeningeisHerths rwapse Béinstersiegltheoinsul@ton Eifect,
satisfactorily sinply by superinposing the ends of the multilayer

‘wat er pr odécregsisigeeiier pressacdinoditesrin voch thers is e gseat, deat et gtaumaveaaci ty was
extrenely good and an excellent value of 1.7 N nmwas obtained for adhesive

strengt hapj iﬁ&ﬂ@aﬁH@@ﬁé Wé@érﬁﬁbd?iﬁgte‘ﬁec@ﬁéﬁ%éﬁ& tﬁff@?&%téﬂbr&@ﬁ@ ME}B% 1
stress was applied”to the secondary coating concrete and crackKs were nade.

No abnor L i Ll M I . 00211
The t oot CRBLTRSHE FEPR REFHs sl sy 3 b e SR E YN B el
Adhesive strength with the concrete: In agcordance with ASTM D 903 (90

degree pBRMWAET {ahEgHh yibey i%P%'V%tﬁgﬁhe@fa%%vpr@w@@e PutplRESs: 1n 8
'~"4'0 01/967U9 PCT/ USUI /18239 accordance with ASTM D 1876 (Determ nati ons
in the casiereignlastshehesul til ayer waterproofing sheets are superinposed).

[ 0022] Exanple 2 The sane procedure was carried out as in Exanple 1 except

t hat the [0015]

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

[0016]

There are no particular limitations on the method of affixing the
waterproofing sheet, nonwoven fabric and plates of irregular shape to the
primary spray cement 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]

6



mul tilayer waterproofing sheet having adhesiveness with the secondary
coating concrete that was used was a product of the brand nanme "Sant acker
Sheet" {i 3UprEHEIT ubber wat er proofing sheet, a nonwoven fabE€irashi/rsesh
product, manufactured by Hayakawa Rubber). [0023] Twenty-ei ght days after
the secondary[Exshpleg) concrete was established, a test sanple was cut out
by boring and adhesi veness with the concrete was checked. The secondary
coating concr W@sﬁ@@néx!%edé@.éﬁﬁé HﬂQﬂWeﬂQgﬁﬁ}fSéta]Wnethb%a%%%‘f é‘a%’irﬂéé. and were
a single entity. wever, 1t was nore difficult to joirn the enas of the
mul til ayer vva@{}%goofi ng sheets than in Exanple 1 and workability was al so
sonewhat diff 1. j 0024] Conparative Exanple 1 The sane procedure was
carried out as in Exanple 1 except that a t waterproofing sheet made of EVA
(whi ch dFdanwie fave adhesiveness with the Phonetic spelling-Trans. note. 9
V1'O f1'1/9(7(19 PCTIUS111118239 secondary coating concrete) was used

‘i nstead of a AulishbpgesimalbBopiwofdl hgvishextenirams ofgl edhdwiyletndsss5wit h t he
secondary coating concrete. [0025] When pressure corresponding to 30 m of

static wahgh l@ﬁﬁtiﬁséfr?m"\@ﬁs AnRld. afcbaranees of e RihhBRENS RidihdRIHRE and
wat er proofi ng sheet, it was found fromthe cracks in which damage was

d , tity of [ b h
v or pr otF T bR 4L Yol ol B TR e el e BT aper 1 es

of a waterproofing sheet were not qbtajned. [0026 Effect of the

| nvent i oW]CP”Byzq)rﬁm RS e %ﬁ%a%'ﬁ%whwedéﬂﬁ@ ebsidiadie inkeRyatshie

wat er proofing sheets into a single entity using the waterproofing sheets of
t hi s i nvionmi amirreaargsutieesi veness with the secondary coating cenent
concrete, water does not infiltrate between the gap between the

wat er pr oof i ngFastedryhgandribheas eeed dariie poiaidrpgpeonebabeaaddvxcel | ent
wat er proofing capacity can be assured even if a
sprayed so that the fast-drying mortar was 10 cm in thickness.

After spraying, a multilayer waterproofing sheet having adhesiveness to
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 concrete and a
polyethylene layer; 2.7 mm in thickness) was affixed by riveting to the primary
spray mortar surface. Following that, the secondary coating concrete was
applied to a thickness of 30 cm. To simulate damage to the multilayer
waterproofing sheet, cuts were made in a part of it.

[0020]

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



part of the waterproofing sheets is danmaged. Further, the crack follow up
of the waterproofing sheets of this invention is good, the waterproofing
sheet s ar¥ondt¥6tddmaged and excel | ent wat er proofi ng capaci tRCEsn1h&23ssur ed
even if cracks develop in the secondary coating cenent concrete. Even if by

any chang@oa RentdcakdWeteh singledsary amfe GRERYP sOENGtROMAE 8EBSRRI, NG sheet
occurs, because the other portions of the waterproofing sheet are a single

entity w.th. C ' ; X 'O 111/9C7119
pCT/ US| PP T p R R e PRl RS VB e RE AP AVup s g seet <
and the secondar_x coat | n%,concr ete; therefore, the industrial benefits are
extremely greAtSingle entity Yitiythe speptdary cpaling GRCrAeTWAI 8689 Weh39 [Caim 1 ]
A tunnel waterproofing nethod characterized in that a primry spray cenent
concr et emaintaprealyisdhencgihe oftioagat, with thacthinghefconheete teited in afinear which a
wat er proof i ng sheet havi ng adhesi veness with a secondary coating cenent

concr et ephfieinnsitiatd BArOR nEAl oh SatidRaleSHresyureTBOt mAPARE BsbiRcSiMIithace and a
secondary coating cenment concrete is established on said waterproofing

sheet subbasiwblh Hdbathafy EHA0ontAhE BAGIRE WIGkiIBRLNREFHREARS Sheged |1

that a p ry spray cene crete 1s sprayed on the excavation surface
of the tpynnel , after ich buf fer - wat er, conducti | ayer i s _established
" satd PRy waphg i adeier i e oAk BRwERR NG ey B BBts R ThBer havi ng
adhesi veness with a secondary coating cenent concrete is installed on said
secondar §hegianchipecarentapoirategcansiets, Witk opad watewueeling eapadity concrete
is established on said waterproofing sheet surface. [Caim3] A tunnel

wat er pr obéingghoethod as described in clainms 1 and 2, further characterized
in that the waterproofing sheet is a nmultilayer waterproofing sheet that

has a | ayer tBa&amtr@dﬁ@ﬁﬂwﬁﬁaﬁeg@,&ﬁ depshalvadusarpagary coating
cenent concrete. .A5Lr.Al;Lr.As9r. AaLr. AL9. A( & A&( 9. ALN&. AY; L. As(Lr. A

gj QQ]L%}A%%'?%%%?ﬁ%@%%&f@%@?%&ﬂ %?%eeﬁ ggwgaqecgf%%r]egéfceaa]c i(?a] ca] ca] ca]
caj cal Cala&ael%gligf%!ct%rily simply by superimposing the ends of the multilayer
waterproofing sheets on each other. For this reason, execution capacity was
extremely good and an excellent vaiue of 1.7 N/mm was obtained for adhesive
strength of the superimposed paris.

To simulate cracks in the tunnel, stress was applied to the secondary
coating concrete and cracks were made. No abnormalities were seen in the
mutltilayer waterproofing sheet.

[0021]

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

Adhesive strength with the concrete: In accordance with ASTM D 803 (90

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



\%n S

B: kr/| wmhc”Y] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] caU] ca] ca] ca] ca] ca] ca] ca] ca] ca]
ca] ca] ca] e@ wabor] ca] ca] ca] ¢ a] ca] ca] ca! mZ9#SZ _b{ gX>$t PCT/US01/18239

U wr mhc”Y] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal] ca] ca] ca]ca]c

a] ca] ca] g ?&&ebﬁ%wm&m 198418%] %kerﬁﬁqgné 28 ﬂke ﬂag?

' itil
}xsni d_Z]]ca] ca] ca] ca] cal ca] ca] ca caj ca] ca caj ca]c C]hcafcaa]yca] ca] ca] ca

caj ca c a c " #I####
]$I $]r $y]$$ m%%&%@éh%%%‘%{mp%ﬁdéa] ca] cafca] ca] ca] ca]ca] ca] ca]ca] ca] ca
] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! h&&
"ohe ' 8((() hi@tl%Z:}*}*****6+~++, b,,-K-X---(.t.}xsnid_Z]]ca]ca]ca]ca]ca]ca]ca
] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca]ca]ca
]calt... Examplé 20p0u0000111\ 111: 2\ 2¢222B3i 333344] 4_4}xsni d_Z] ] ca] ca] ca] ca]c
a]J ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca] ca]ca] ca]ca]ca]ca]ca]ca]c

a] ca] ca] cal 4’%@ r&%@é@@%\éyr?@% as in.Example 1 except that the

9X999>: :::::::}xsnhc”Y] ca] ca] caU] ca] ca] ca] ca] ca] ca] ca] ca] cal ca ca] ca] ca] ca]

cal cal ca

A A eV %ﬁkgﬁ}%%wgqe %‘?Cddéjdé‘gj 29158 ca cal ca
calcalcalc al cal calcal] calcalc cal gaC fG&&lO%S&

E T 00Bk EPOCTB e kit Vv & 1 U c B ROt o AT hE B farkbiyohee O
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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
difficuit.
[0024]
Comparative Example 1

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

waterproofing sheet made of EVA (which did not have adhesiveness with the

" Phonetic spelling—Trans. note.
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[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 coating cement concrete, water does not
infiltrate between the gap between the waterproofing sheets and the secondary
coating concrete and excellent waterproofing capacity 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 not 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
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which a waterproofing sheet having adhesiveness with a secondary coating
cement concrete is installed on said primary spray cement concrete surface and
a secondary coating cement concrete is established on said waterproofing sheet
surface.

[Claim 2] A tunnel waterproofing method characterized in that a primary
spray cement concrete is sprayed on the excavation surface of the tunnel, after
which a buffer-water conducting layer is established in said primary spray
cement concrete surface, a waterproofing sheet having adhesiveness with a
secondary coating cement concrete is installed on said secondary coating
cement concrete and a secondary coating cement concrete is established on
said waterproofing sheet surface.

[Claim 3] A tunnel waterproofing method as described in claims 1 and 2,
further characterized in that the waterproofing sheet is a multilayer waterproofing
sheet that has a layer that has adhesiveness with the installed secondary

coating cement concrete.



