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[SPECI FI CATI ON]
[Title of the Invention]

H GHLY WATER- PRESSURE- RESI STANT WATER STOP GASKET FOR

USE | N TUNNEL CONSTRUCTED BY TBM
[Technical Field]

The present invention relates to a water stop gasket
that is capable of preventing water from perneating a tunnel
fromthe outside through a wall of the tunnel.

[Background Art]

Construction nethods for a |ong-span tunnel are
broadly classified into a blasting construction nethod and
a nmechani cal construction method. A representative
bl asting construction nethod is an NATM (New Austrian
Tunnel i ng Met hod) construction nmet hod, and a
representative nechanical construction nmethod is a TBM
(Tunnel Boring Machi ne) construction nethod.

The TBM construction nethod is a construction nethod
in which excavation is first perforned using a TBM and
subsequently a wall of the tunnel is formed by assenbling
prefabricated concrete segnents (hereinafter briefly
referred to as "segnents").

Because such a TBM construction nethod is adequate
for tunnel construction in soft ground, which contains
lots of noisture, it is primarily used for undersea tunnel

constructi on.
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Further, because a TBM which is expensive equi prment,
has recently and significantly been decreased in price and
the TBM construction nethod does not require blasting
wor k, which enables the construction noise level to be
relatively low, the TMB construction nethod is also
adequate for tunnel construction in downtown areas, and
accordingly utilization thereof has recently been further
i ncreased.

FIG 1 illustrates a wall 1 of the tunnel constructed
through a TBM construction nethod, in which the wall 1 of
the tunnel is fornmed by assenbling prefabricated segnents
into a ring-shaped unit subsequent to excavation using a
TBM Because water nmay perneate the tunnel through a gap
generated between one segnent 10 and another adjacent
segnent 10, which constitute the wall 1 of the tunnel,
water stop treatnment is applied to the gaps anong the
segnents 10.

FIG 2 illustrates an exanple of the water stop
treatnent, which will now be explained in detail

First, a groove 11 is forned in each side surface of
the segnent 10, and a water stop gasket is nounted in the
groove. The water stop gasket is previously nounted in the
groove 11 of the segnment before the segnents 10 are
assenbl ed together to formthe wall 1 of the tunnel, and

the segnments 10 equipped with the water stop gaskets are
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then assenbl ed. Wen the segnents 10 are assenbled
together to formthe wall 1 of the tunnel, the water stop
gasket nmounted in one segnent 10 and the water stop gasket
nmounted in another adjacent segnent 10 come into contact
with each other at sealing surfaces thereof, and are
conpressed to a certain degree.

It is preferable that, when the segnments 10 are
assenbl ed together to formthe wall 1 of the tunnel, the
sealing surfaces of the water stop gaskets accurately
contact each other wthout being offset with respect to
each other, however, as shown in FIG 2, in actual tunne
construction, the sealing surfaces of the water stop
gaskets are frequently offset with respect to each other
by a certain distance D.

Further, the segnents are preferably nounted so as to
mai ntain the di stance between the segnents 10 at a certain
value that is predetermned in a design process, however,
in actual construction, the segnents are frequently
nmounted at a certain distance S therebetween, which is
different from a design distance. That is, the actual
di stance between the segnents 10 nmay becone shorter or
| onger than a design distance.

Such an offset or distance error does not occur only
when the segnents 10 are nounted, but also occurs after

the segnents 10 are conpletely nounted. Large external
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force may be applied to the wall 1 of the tunnel even
after the construction is finished, which may cause the
of fset or distance error.

Such an offset D or distance error S in nounting of
the segnents 10 <considerably affects the water stop
performance of the water stop gasket, and the water stop
gasket nmust be manufactured so as to be capable of
denonstrati ng excellent water stop ability in spite of the
error in nmounting of the segnents 10.

In order to satisfy this requirenent, the material
aspect and the shape aspect including, for exanple, the
outer appearance and the shape and nunber of channels,
have been highly taken into consideration in designing
conventional water stop gaskets.

[Di scl osure]
[Techni cal Probl eml

The water in the areas where the construction of
undersea tunnels is Dbeing currently considered is much
deeper than that in the construction areas of the past, but
the conventional water stop gasket does not have sufficient
water stop ability to endure high water pressure in such a
deep water environnent. The water stop gasket, which was
applied to a tunnel in a |ow water pressure environnment, for
exanple, the Eurotunnel in a water pressure environnent of

about 3 bar and the Japanese Aqua-Line in a water pressure
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performance until expiration of the period of use of the
tunnel in a high water pressure environnment of, for exanple,
10 bar or nore.

That is, there is still a need for a highly water-
pressure-resistant water stop gasket, which is capable of
denonstrating excellent water stop performance even when
used for an undersea tunnel constructed in a deep water
envi ronmnent .

[Techni cal sol ution]

A water stop gasket of an enbodinent is nmounted in a
segnent groove fornmed in each of four side surfaces of at
| east sonme of a plurality of segnents, which are nounted
to forma wall of a tunnel excavated by a TBM or a shield
machine, in order to prevent water from perneating between
the segnents, and is made of a contractible elastic
mat eri al .

The water stop gasket includes a plurality of |[|egs
and a plurality of channels.

Each of the | egs nay be seated on a bottom surface of
the segnment groove, and nay be forned to expand in w dth
toward a top thereof. That is, the leg nay be forned such
that the thickness in the left and right directions is

gradually increased from the Ilower portion, which is



seated on the bottom surface of the segnent groove, to the
upper portion.

The plurality of legs may include a first outernost
|l eg, a second outernost |leg, and at |east one internediate
leg. A width W between an outer |ower edge of the first
outernost leg and an outer |ower edge of the second
outernost leg nay be larger than a width W of the bottom
surface of the segnment groove. Wen the water stop gasket
is nounted in the segnent groove, the first outernost |eg
and the second outernpst |eg are conpressed and seated on
the segnent groove. A width between side surfaces of the
segnent groove nmay be increased fromthe bottom surface to
the top thereof, and the water stop gasket may be easily
nmounted merely by pushing the water stop gasket vertically
into the segnent groove. The water stop gasket nmay be
nmounted in such a manner that the first outernost |leg and
the second outernost I|leg slide down along the side
surfaces of the segnent groove and the bottom surfaces of
the legs are seated on the bottom surface of the segnent
gr oove. In this nounting process, the wi dth between the
first outernost |eg and the second outernost leg is
contracted by the side surfaces of the segnent groove, and
the legs are fitted into the segnment groove.

The first outernost |leg and the second outernost |eg

may be forned to spread away from each ot her such that the



10

15

20

25

bottom surfaces thereof are respectively inclined wth
respect to the horizontal plane in an outward direction.
Wen the water stop gasket is nmounted in the segnment
groove, the first outernpst |eg and the second outernost
|l eg, which have spread away from each other, under go
rotati onal contractive deformation in a direction of
approachi ng each other, and thus the bottom surfaces of the
| egs becone parallel to the horizontal plane and are seated
on the bottom surface of the segnent groove.

The channels are fornmed to have respective enpty inner
spaces, and are arranged above the legs. At |east sone of
the channels my be positioned directly above the
respective legs (that is, above the center portions of the
l egs), and at |east sonme of the channels may be positioned
directly above the gasket grooves disposed between the
| egs. The water stop gasket may be designed such that webs
formed between the gasket grooves and the channels
positi oned above the gasket grooves have the sanme m nimum
thi ckness. Further, the water stop gasket may be desi gned
such that webs forned between the channels have the sane
m ni mum t hi ckness. Such arrangenent of the gasket grooves
and the channels and wuniform web thicknesses have
advantages of facilitating wuniform deformation of the
wat er stop gasket and inproving the sealing ability and

durability thereof. Further, when the segnent is nounted
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to forma wall of the tunnel, the water stop gasket my be
conpressed and the segnent groove may undergo conpressive
stress, and if the conpressive stress is concentrated on a
specific region, the segnment groove may be danmged, but
uni form deformation of the water stop gasket is effective
in resolving the problem of stress concentration.

The water stop gasket may further include fixing
support portions, which are formed in the outer surface of
the first outernost leg and the outer surface of the
second outernost | eg.

Each of the fixing support portions may include two
or nore grooves, which are fornmed in each of the outer
surfaces of the outernost legs and are arranged in the
vertical direction, and at |east one protrusion, which
protrudes between the grooves and is forned to be
decreased in thickness toward the tip portion thereof so
as to flexibly and closely contact the side surface of the
segnent groove. Further, the protrusion of the fixing
support portion nmay have a sawooth shape having a tip
portion, which is directed diagonally upwards. Such a
sawt oot h shape may further enhance the frictional force or
the contact force with respect to the side surface of the
segment groove.

Because it is practically inpossible to achieve

perfect close contact between the side surfaces of the
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segnment groove and the outer surfaces of the first and
fourth legs of the water stop gasket over the whole |ength
of the water stop gasket due to a processing error or the
like, a gap may be generated between the side surfaces of
the segnment groove and the outer surface of the water stop
gasket, but the protrusion of the fixing support portion may
serve to prevent the generation of the gap through flexible
deformation thereof. In addition, an adhesive nay be used
to secure the water stop gasket to the segnent groove, and
the adhesive may be introduced into the grooves of the
fixing support portion, thereby further enhancing bonding
force.

On the other hand, the water stop gasket may include a
wat er - expandi ng water stop layer forned in a top surface
(that is, a sealing surface) thereof, and a portion forned
of an EPDM rubber material. Even when water perneates
through a gap generated between the sealing surfaces of the
adj acent water stop gaskets, the water-expansion water stop
| ayer is expanded by the water and seals the gap, thereby
preventi ng water perneation.

[Effects of the Invention]

A water stop gasket of an enbodinment is capable of
denonstrating excellent water stop performance in a high
wat er pressure environnent, thereby being used for an

undersea tunnel in a deep water environnent, and of
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consistently maintaining the required water stop ability
until expiration of the period of use of the tunnel.
[Brief Description of the Draw ngs]

FIG 1 is aviewillustrating a wall of a tunnel

FIG 2 is a sectional view taken along line A-A in
FIG 1,

FIG 3 is a view illustrating a water stop gasket
accordi ng to an enbodi nent;

FIG 4 is a viewillustrating the state in which the
wat er stop gasket in FIG 3 is nounted to a segnent; and

FIG 5 is a partially enlarged view illustrating the
state in which an outernopst leg is seated on a segnent
groove.

[Best Mbde for |nplenenting the Invention]

Hereinafter, a water stop gasket 100 according to an
enmbodi nent will be described in detail with reference to
FIGS. 3 to 5. 1In the follow ng description, the up, down,
left and right directions are defined with respect to the
figures, and are used nerely to further clarify the water
st op gasket 100.

First, the water stop gasket 100 of the enbodi ment has
a substantially hexagonal cross-sectional shape.

The width in the left and right directions of the top
surface is smaller than the width Win the left and right

directions of the base surface. Because the top surface has
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a smaller width than the base surface, conpressive force
fromthe base surface is concentrated and applied to the top
surface, and accordingly the top surface serves as a sealing
surface 150, which functions to enhance sealing ability.

For conveni ence of explanation, the water stop gasket
100 of the enbodi nent may be divided into an upper portion,
whi ch i ncludes the sealing surface 150, a mddle portion, in
whi ch channels 111 to 113 and 121 to 124 are forned, and a
| ower portion, which includes grooves 141 to 143 and | egs
131 to 134, which are seated on the bottom surface of a
segnment groove 11. In this enbodi nent, the channels 111 to
113 and 121 to 124 have an enpty internal space.

The sealing surface 150 is brought into conpressive
contact with the sealing surface 150 of another adjacent
wat er stop gasket 100. Such conpressive contact between the
sealing surfaces 150 of the water stop gaskets 100 prevents
wat er from perneating between the segnents 10.

As the sealing surface 150 is conpressed, the channels
111 to 113 and 121 to 124 in the mddle portion are also
conpressed and deforned. At this tinme, if the deformation
of the mddle portion is concentrated on a specific portion,
it is difficult to obtain uniform sealing ability over the
whol e sealing surface 150. This enbodinent is characterized
in that the mddle portion is evenly defornmed due to the

channels 111 to 113 and 121 to 124 having a structure
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illustrated in FIG 3.

In detail, the channels 111 to 113 and 121 to 124
formed in the mddle portion include first channels 111 to
113, which are arranged in a first horizontal axis |, and
second channels 121 to 124, which are arranged in a second
hori zontal axis Il. Here, the first horizontal axis | and
the second horizontal axis Il are spaced apart from each
other in a vertical direction.

The nunber of the first channels 111 to 113 is three,
and the internediate first channel 112 has a smaller cross-
sectional area than each of the left and right outer first
channel s 111 and 113. The internmediate first channel 112
has an inverted triangular shape, and each of the outer
first channels 111 and 113 has such a shape that a vertex
portion of an inverted triangular shape, which is directed
outward, is trimed parallel to the outer surface of the
gasket. Each of the first channels 111 to 113 is |ocated at
a position above the center portion of a correspondi ng one
of the gasket grooves 141 to 143, which will be described
| ater.

The nunber of the second channels 121 to 124 is four,
the two internmediate second channels 122 and 123 have the
same shape as each other, and the left and right outer
second channels 121 and 124 have the sanme shape as each

other. The second channels 121 to 124 have a substantially
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wat er - dr opl et shape, and each of the two internedi ate second
channel s 122 and 123 has a | arger cross-sectional area than
each of the left and right outer second channels 121 and
124. Each of the second channels 121 to 124 is positioned
directly above a corresponding one of the legs 131 to 134,
which wll be described |later. Because each of the second
channel s 121 to 124 has such a shape that an upper portion
thereof, which is |ocated near the sealing surface 150, is
narrow and a |lower portion thereof is broad, the | ower
portions of the second channels 121 to 124 are spread w dely
by the conpressive load applied thereto from the sealing
surface 150. That is, the conpressive |oad applied fromthe
sealing surface 150 disperses wdely through the [|ower
portions of the second channels 121 to 124.

The group of first channels 111 to 113 and the group
of second channels 121 to 124 are not conpletely separated
from each other but, instead, are arranged to partially
overlap each other in the vertical direction. That is, the
channels are arranged in such a manner that the second
channel 122 is disposed between the first channel 111 and
the first channel 112, and the first channel 112 is di sposed
bet ween the second channel 122 and the second channel 123.
Through such an arrangenent, sonme of the conpressive | oad
applied to the sealing surface 150 is transferred to the

| oner portion of the gasket via the first channels 111 to

13
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113, and the remainder of the conpressive load is
transferred to the lower portion of the gasket via the
second channels 121 to 124.

FIG 3 shows the structure in which the first channels
111 to 113 and the second channels 121 to 124 are arranged
in a zigzag manner, and web thicknesses t1 between adjacent
channels 111 to 113 and 121 to 124 are the sane. Since the
web thicknesses t1 between adjacent channels 111 to 113 and
121 to 124 are the sane, conpressive deformation is
generated uniformy, and load transfer to the |ower portion
of the gasket al so occurs uniformy.

On the other hand, the |l ower portion of the water stop
gasket 100 includes a plurality of gasket grooves 141 to 143
and a plurality of legs 131 to 134.

The plurality of legs 131 to 134 include a first
outernost |leg 131, which is located at the outernost
position on the left side, a second outernost |eg 134, which
Is located at the outernost position on the right side, and
two internediate | egs 132 and 133, which are | ocated between
the first outernost |leg and the second outernost |eg. These
legs 131 to 134 are formed such that they are expanded in
t hi ckness fromthe bottomthereof to the top thereof.

The gasket grooves 141 to 143, which have an inverted
U-shape, are disposed between the leg 132 and the |leg 133.

Each of the above-described first channels 111 to 113 is

14
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| ocated above the center portion of a corresponding one of
the gasket grooves 141 to 143. Because each of the first
channels 111 to 113 is fornmed such that the top thereof is
broad and the bottomthereof is narrow, the conpressive |oad
is concentrated on the bottons of the first channels 111 to
113 via the sealing surface 150, but is dispersed in the
left and right directions by the inverted U shaped gasket
grooves 141 to 143.

The above-descri bed shapes and arrangenent of the
first channels 111 to 113, the second channels 121 to 124,
the legs 131 to 134 and the gasket grooves 141 to 143 have
advant ages such that the conpressive load applied to the
sealing surface 150 is uniformly dispersed and transferred
to the legs 131 to 134, and the required nunmber of the
channels 111 to 113 and 121 to 124 is accomodated in the
limted area of the mddle portion of the gasket.

Further, as illustrated in the draw ngs, each of the
gasket grooves 141 to 143 is disposed between two adjacent
second channel s 121/122, 122/123 and 123/124, and m ni num
web thicknesses t2 between the gasket grooves 141 to 143 and
the second channels 121 to 124 adjacent thereto are the
same. This is advantageous for uniform deformation and | oad
transfer.

As illustrated in FIG 3, the web structure, which is

formed above each of the gasket grooves 141 to 143, includes
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an upper web structure 115, which has a V-shape, and a | ower
web structure 125, which has an inverted U shape so as to be
convexly curved upward. The |oad, which is concentrated on
the V-shaped upper web structure 115, is dispersed by the
inverted U shaped |ower web structure 125, and is
transferred to each of the legs 131 to 134.

On the other hand, the first outernost |eg 131 and the
second outernost leg 134 are respectively biased outward,
and accordingly, when nounted in the segnent groove 11, the
| egs are pressurized inward as illustrated in FIG 4. \Wen
the first outernost |leg 131 and the second outernost |eg 134
are nounted, they undergo rotational deformation & in the
inward direction, and thus conme into closer contact with the
side surfaces of the segnent groove 11 due to the elastic
restoring force after the nounting.

The bottom surfaces of the first outernost leg 131 and
the second outernost |leg 134 are respectively inclined in
the outward direction at a predetermned angle o wth
respect to the horizontal plane, and accordingly undergo
rotational deformation in the inward direction when nount ed.

In addition, each of the first outernost leg 131 and
the second outernost leg 134 has a fixing support portion
160 formed in the outer surface thereof.

The fixing support portion 160 includes a plurality of

grooves 161 and a plurality of protrusions 162. Each of the
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protrusions 162 has a sawooth shape, t hat IS, a
substantially triangular shape, whose vertex is directed
di agonal | y upwar ds.

Because the tip portion of each of the protrusions 162
is relatively thin, it may be flexibly deforned.
Accordingly, the tip portions of the protrusions 162 of the
fixing support portions 160 seal the gaps between the side
surfaces of the segnent groove 11 and the outer surfaces of
the outernost legs 131 and 134, thereby further enhancing
contact force therebetween.

Further, the grooves 161 of the fixing support portion
160 serve as spaces for retaining an adhesive therein so as
to bond the water stop gasket 100 to the segnent groove 11,
t hereby further enhancing bonding force.

Further, the sealing surface 150 of the water stop
gasket 100 of this enbodinent includes a water-expandi ng
water stop layer 151. The sealing surface 150 is enbodi ed
as the water-expanding water stop layer 151, and the
remai ning portion of the gasket is formed of an EPDM rubber
mat eri al . Because the sealing surface 150 includes the
wat er - expanding water stop layer 151, even when water
perneates through a gap generated between the sealing
surfaces 150, the water-expansion water stop layer 151
expands and prevents water perneation.

Because the material of such a water-expanding water

17
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stop layer 151 is well known in the art, a detailed
expl anation related to the material will be omtted.

The water stop gasket 100 nmay be fornmed in such a
manner that the water-expanding water stop layer 151, which
serves as the sealing surface 150, and the portion of an
EPDM rubber material are integrally formed through an
i njection nolding process.

[I ndustrial Applicability]

The present invention relates to a highly water-
pressure-resi stant water stop gasket for wuse in a tunnel
constructed by a TBM

The highly water-pressure-resistant water stop gasket
for use in a tunnel constructed by a TBM of the present
invention is capable of denonstrating excellent water stop
performance in a high water pressure environnment, thereby
being used for an undersea tunnel in a deep water
environnent, and of consistently maintaining the required
water stop ability until expiration of the period of use of

t he tunnel

18
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[CLAI MB]
[Caim1]

A water stop gasket for use in a tunnel, configured
to be nmounted in a segnment groove formed in each of four
side surfaces of at |least some of a plurality of segnents,
the segnents being nounted to form a wall of a tunnel
excavated by a TBM or a shield machine, in order to
prevent water from perneating between the segnents, and
made of a contractible elastic material, the water stop
gasket conpri sing:

a plurality of legs configured to be seated on a
bottom surface of the segnent groove, to expand in wdth
toward a top thereof, and to include a first outernost
|l eg, a second outernost |leg, and at |east one internediate
leg formed between the first outernost |eg and the second
outernost leg, the |egs being arranged such that a width W
bet ween an outer |ower edge of the first outernost |eg and
an outer |ower edge of the second outernost leg is |arger
than a width W of the bottom surface of the segnent
groove;

a plurality of channels fornmed to have an enpty i nner
space, respectively, and arranged above the |egs such that
at least sonme of the channels are positioned directly
above the legs and at |east some of the channels are

posi ti oned above regi ons between the | egs; and
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fixing support portions, each including two or nore
grooves formed in each of an outer surface of the first
outernost |leg and an outer surface of the second outernost
|l eg and arranged in a vertical direction, and at | east one
protrusion protrudi ng between the grooves and forned to be
decreased in thickness toward a tip portion thereof so as
to flexibly and closely contact each of the side surfaces
of the segnent groove.

[C aim 2]

The water stop gasket for use in a tunnel according
to claim1l, wherein the first outernost |eg and the second
outernost leg are forned to spread away from each other
such that bottom surfaces thereof are respectively inclined
with respect to a horizontal plane in an outward direction,
and when the first outernost |eg and the second outernost
leg are nounted in the segnent groove, the first outernost
leg and the second outernpst |leg wundergo contractive
deformation in a direction of approaching each other such
that the width Wis decreased to the width W of the bottom
surface of the segnment groove.

[C ai m 3]

The water stop gasket for use in a tunnel according to
claim 1, wherein the protrusion of each of the fixing
support portions has a sawtooth shape having a tip portion

di rect ed di agonal |y upwards.
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[C ai m 4]
The water stop gasket for use in a tunnel according to

claim 1, wherein the channels include first channel s

arranged in a first horizontal axis I, and second channels
arranged in a second horizontal axis Il, l|located bel ow the
second horizontal axis |, and having a different shape from

the first channels,

the water stop gasket further includes gasket grooves
fornmed between the | egs and convexly curved upwards,

the first channels, the second channels and the gasket
grooves are arranged in a di anond shape such that one of the
first channels and one of the gasket grooves face each ot her
in the vertical direction and two of the second channels
face each other, and

webs fornmed between the gasket grooves and the second
channel s have the same mninmm thickness, and webs forned
between the first channels and the second channels have the
same m ni mum t hi ckness.

[C ai m 5]

The water stop gasket for use in a tunnel according to
claim 4, wherein two internmediate channels of the second
channels are formed to have a water-droplet shape, and at
| east one of the first channels is formed to have an
inverted triangular shape between the water-droplet-shaped

second channel s.

21



[Cl ai m 6]

The water stop gasket for use in a tunnel according to
claim 1, wherein the water stop gasket includes a portion
formed of an EPDM rubber material, and a water-expanding
water stop layer fornmed in a top surface thereof and having
a smaller width than the wdth W the water-expandi ng water
stop layer and the portion of the EPDM rubber material being

integrally formed through injection nolding.
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