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DESCRIPTION

TITLE OF THE INVENTION
WATERPROOF SHEET AND METHOD FOR WATERPROOFING CONSTRUCTION

TECHNICAL FIELD

[0001]

This invention relates to a waterproof sheet and a
waterproof construction method using waterproof sheets, which
are effective for preventing penetration of rain or water;
and more particularly, to a waterproof sheet and a waterproof
construction method using waterproof sheets, which ensure
stable sealing performance even under high-humidity or
high-temperature conditions because the tacky layer possesses
a consistent level of adhesive properties even when the

waterproof sheet is immersed overall in water.

BACKGROUND ART

[0002]

Waterproof sheets are used at sites where failures like
degradation and rupture occur as a result of rust formation
due to penetration of rainwater, for preventing such failures.
For example, in conjunction with outdoor tanks of middle to
large volume such as oil tanks and chemical storage tanks,
waterproof sheets are attached to the boundary between the
tank bottom and a pedestal to cover the boundary, for thereby
preventing penetration of rainwater, controlling rust
generation at the tank bottom, and preventing the tank from
rupture.

The butyl rubber or petrolactum base waterproof sheets
used in these applications are considered to comply with
rainfall within normal expectation. Also, by a choice of
fully weather resistant silicone as the sheet material,
waterproof sheets having waterproofness over a long period of

time are used. These waterproof sheets, however, do not
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always insure waterproofness in a higher humidity or
temperature environment (Patent Document 1: JP 3580887, Patent
Document 2: JP 1332493, Patent Document 3: JP 1405628, Patent
Document 4: JP 4076673, Patent Document 5: JP-A 2012-215057).
[0003]

After aseismic reinforcing work of bridges and piers,
waterproof sheets are attached to a boundary portion between
the pier and a steel strip wrapped therearound so as to cover
the boundary portion, which is likewise effective for
preventing penetration of rainwater, controlling rust
generation on the steel strips, and preventing the pier from
degradation. In this application as well, the waterproof
sheets of silicone material can be waterproof sheets
maintaining waterproofness over a long period of time.
However, when applied to bridge piers which are considered to
be mostly used at the waterside near river or sea, these
waterproof sheets do not always insure waterproofness in a

higher humidity environment (Patent Document 6: JP-A

2014-070482, Non-Patent Document 1: Fujiwara et al., "Bridges
and Foundations (repair of gaps at seawater-damaged concrete
girder edges)", Kensetsu Tosho Co., Dec. 2004, p33-39).

[0004]

The waterproof silicone base sheets having a tacky
layer of a silicone composition proposed in Patent Documents
5 and 6 have been confirmed to be quite effective in
long-term waterproofness. However, where the adherend is
made of a porous material such as asphalt and mortar, and the
sheets are used in a hot environment above 100°C, there is
the problem that the tacky layer may flow away, leaving a

concern that tackiness will be reduced.

PRIOR ART DOCUMENTS

PATENT DOCUMENTS

[0005]
Patent Document 1: JP 3580887
Patent Document 2: JP 1332493
Patent Document 3: JP 1405628
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Patent Document 4: JP 4076673

Patent Document 5: JP-A 2012-215057

Patent Document 6: JP-A 2014-070482

Non-Patent Document 1: Fujiwara et al., "Bridges and
Foundations (repair of gaps at
seawater—-damaged concrete girder
edges)", Kensetsu Tosho Co., Dec.
2004, p33-39

SUMMARY OF THE INVENTION

PROBLEMS TO BE SOLVED BY THE INVENTION

[0006]

Embodiments of the invention seek to provide a
waterproof sheet having long-term waterproofness so that it
may be used over a long term without degradation of physical
properties, and a waterproof construction method. More
particularly, while the tacky layer of the waterproof sheet is
correlated to working efficiency during construction and the
durability of the sheet after construction, embodiments of the
invention seek to provide a waterproof sheet which may possess
excellent waterproofness even in a humid or hot environment,
in contrast to the prior art waterproof sheets that are weak
in a humid or hot environment, and a waterproof construction
method.

MEANS FOR SOLVING THE PROBLEMS

[0007]

To attain the above objects, embodiments of the
invention provide a waterproof sheet and a waterproof
construction method, as defined below.

[1] A waterproof sheet for preventing penetration of rain or
water, comprising a base layer composed of silicone rubber and
a tacky layer laid thereon, wherein

the tacky layer is formed of a cured product of an
addition reaction curable silicone composition having a
theoretical crosslinking amount of 0.005 to 0.01 mol/g, a

ratio in molar amount of SiH groups to alkenyl groups,
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SiH/alkenyl, in the range of 0.5 to 1.1, and a hardness of 3
to 20 as measured by a durometer type CSR-2 when cured.

[2] The waterproof sheet of [1] wherein the tacky layer has
such pressure-sensitive adhesive properties that even after
the sheet is attached to mortar and immersed in water at room
temperature for one day, the sheet is kept bonded to the
mortar, and the tacky layer has a bonding force to a mortar
test piece of 5 to 30 N/25 mm when attached according to JIS
C2107, and a bonding force of 5 to 20 N/25 mm after immersion
in water at room temperature for 24 hours.

[3] The waterproof sheet of [1] or [2] wherein the addition
reaction curable silicone composition comprises:

(A) 20 to 100 parts by weight of an organopolysiloxane
containing at least two silicon-bonded alkenyl groups per
molecule,

(B) 0 to 80 parts by weight of a resinous copolymer
predominantly comprising R:SiOU2 units and SiO, units, wherein
R’ is a substituted or unsubstituted monovalent hydrocarbon
group, and R’ contains an alkenyl group, the total amount of
components (A) and (B) being 100 parts by weight,

(C) an organohydrogenpolysiloxane containing at least
two silicon-bonded hydrogen atoms (i.e., SiH groups), in an
amount of 0.5 to 20 parts by weight per 100 parts by weight
of components (A) and (B) combined, and

(D) an addition reaction catalyst in an amount of 1 to
1,000 ppm based on the total alkenyl-containing
organopolysiloxanes as components (A) and (B).

[4] The waterproof sheet of [3] wherein the amount of
component (B) blended is 10 to 80 parts by weight per 100
parts by weight of components (A) and (B) combined.

[5] A waterproof construction method using waterproof
sheets, comprising the step of attaching a plurality of
waterproof sheets as recited in any one of [1] to [4] to an
adherend including a site where it is necessary to prevent
penetration of water, the waterproof sheets being juxtaposed
in an overlapping relationship, for thereby covering the

adherend with the waterproof sheets in a liquid-tight manner,
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the width of the overlap between two adjoining sheets being
at least 5 mm.

[6] The waterproof construction method of [5] wherein the
waterproof sheets are directly attached to the adherend
including a site where it is necessary to prevent penetration
of water, without a primer, and a sealant is applied to edge
portions of the thus attached waterproof sheets.

[7] The waterproof construction method of [5] or [6]
wherein at least a portion of the adherend including a site
where it is necessary to prevent penetration of water, which
is covered with the tacky layer, is made of a porous material.
[8] The waterproof construction method of any one of [5] to
[7] wherein the adherend is a boundary between a pedestal and
the bottom of an outdoor tank rested on the pedestal.

[9] The waterproof construction method of any one of [5] to
[7] wherein the adherend is a boundary between a bridge pier

of concrete and a reinforcement laid on the pier.

ADVANTAGEOUS EFFECTS OF THE INVENTION

[0008]

The waterproof sheet of the invention has long-term
waterproofness so that it may be used over a long term
without degradation of physical properties. Particularly
when the hardness and bonding force of the tacky layer are
delimited, the waterproof sheet is durable in long-term
service. The waterproof sheet exhibits excellent durable

tackiness even in a humid or hot environment.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009]

[FIG. 1] FIG. 1 is a cross-sectional view of a waterproof
sheet in one embodiment of the invention.

[FIG. 2] FIG. 2 is a schematic cross-sectional view
illustrating an installation state of an outdoor tank.

[FIG. 3] FIG. 3 is a partially cutaway, cross-sectional
view illustrating a waterproof construction method in one

embodiment of the invention.
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[FIG. 4] FIG. 4 is a partially cutaway, perspective view
illustrating a waterproof construction method in one
embodiment of the invention, wherein waterproof sheets are
arranged to cover the outdoor tank, pedestal and boundary
therebetween.

[FIG. 5] FIG. 5 is a partially cutaway, enlarged, plan
view showing that waterproof sheets are overlapped.

[FIG. 6] FIG. 6 is a cross-sectional view illustrating a
waterproof construction method in one embodiment of the
invention, wherein edges of waterproof sheets are bonded with

a sealant.

[FIG. 7] FIG. 7 schematically illustrates a bridge and pier.
[FIG. 8] FIG. 8 schematically illustrates a bridge pier.
[FIG. 9] FIG. 9 illustrates how to repair the pier in

plural layers.
[FIG. 10] FIG. 10 illustrates an embodiment wherein
waterproof sheets are arranged at a repaired portion between

the bridge and the pier so as to cover the repaired portion.

EMBODIMENT FOR CARRYING OUT THE INVENTION

[0010]

The waterproof sheet of the invention has tackiness (or
pressure-sensitive adhesion) on at least one surface of a
base layer. Although the waterproof sheet may be tacky
overall the base layer, it is preferred from the standpoint
of efficient working during waterproof construction using the
sheet that one surface of the sheet be non-tacky and the
other surface be tacky. Typically a cover film is releasably
laid on the tacky surface. On use, the cover film is peeled
off and the tacky surface is attached to the necessary site.
That is, as shown in FIG. 1, the waterproof sheet 10 of the
invention includes a base layer 1 and a tacky layer 2 laid on
one surface thereof, and typically a cover film 3 such as
polyethylene (PE) film is releasably laid on the tacky layer
2. On use, the cover film 3 is peeled off and the tacky
layer 2 is attached to the preselected adherend.
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[0011]

In the invention, the tacky layer formed on one surface
of the base layer plays the critical role. In view of
weather resistance and tight adhesion to the base, it is
preferred that the tacky layer be composed of a silicone
resin or gel having tackiness or pressure-sensitive adhesion.
Especially when an addition curable silicone composition is
used and cured, there is obtained a tacky layer which has a
certain hardness and strength, will tightly adhere to the
base and various parts, and has a sufficient tackiness to
secure the sheet.

Although the tacky layer may be formed of prior art
well-known silicone compositions, the combination of
components and molding conditions differ from those known in
the art and are characterized as follows. The preferred
silicone composition is an addition curable silicone
composition comprising:

(A) an organopolysiloxane containing at least two
silicon-bonded alkenyl groups per molecule,

(B) a resinous copolymer predominantly comprising
R’,Si0,, units and SiO, units, wherein R’ is a substituted or
unsubstituted monovalent hydrocarbon group, and R’ contains
an alkenyl group,

(C) an organohydrogenpolysiloxane containing at least
two silicon-bonded hydrogen atoms (i.e., SiH groups), and

(D) an addition reaction catalyst,
wherein a cured product of the composition has surface tack.
The tacky layer is preferably formed of a cured product of
the composition.

[0012]

Component (A) in the addition curable silicone
composition is an organopolysiloxane containing on average at
least two silicon-bonded alkenyl groups per molecule. The
organopolysiloxane as component (A) may have the average

compositional formula (I).

R' Si0O, ., (1)
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Herein, R' is each independently a substituted or
unsubstituted monovalent hydrocarbon group of 1 to 10 carbon
atoms, preferably 1 to 8 carbon atoms, and a is a positive
number in the range of 1.5 to 2.8, preferably 1.8 to 2.5, and
more preferably 1.95 to 2.05. Examples of the silicon-bonded,
substituted or unsubstituted, monovalent hydrocarbon group
represented by R' include alkyl groups such as methyl, ethyl,
propyl, isopropyl, butyl, isobutyl, tert-butyl, pentyl,
neopentyl, hexyl, cyclohexyl, octyl, nonyl and decyl; aryl
groups such as phenyl, tolyl, xylyl and naphthyl; aralkyl
groups such as benzyl, phenylethyl and phenylpropyl; alkenyl
groups such as vinyl, allyl, propenyl, isopropenyl, butenyl,
hexenyl, cyclohexenyl and octenyl, and substituted forms of
the foregoing in which some or all hydrogen atoms are
substituted by halogen atoms (e.g., fluoro, bromo or chloro),
cyano radicals or the like, such as chloromethyl, chloropropyl,
bromoethyl, trifluoropropyl and cyanoethyl. Preferably,
methyl accounts for at least 90 mol% of all R groups.

[0013]

It is necessary that at least two R’ groups be alkenyl
groups, preferably having 2 to 8 carbon atoms, more
preferably 2 to 6 carbon atoms. It is preferred that alkenyl
groups account for 0.00001 to 0.05 mol/g, more preferably
0.0001 to 0.01 mol/g of all organic groups R (i.e.,
substituted or unsubstituted monovalent hydrocarbon groups) .
The alkenyl group may be bonded to a silicon atom at the end
of the molecular chain or a silicon atom midway the molecular
chain or both. The preferred organopolysiloxane contains at
least alkenyl groups bonded to silicon atoms at both ends of
the molecular chain. If the alkenyl content is less than
0.00001 mol/g, no sufficient rubber properties may be
obtainable. If the alkenyl content exceeds 0.05 mol/g,
hardness may become too high and bonding force be lost.

[0014]

Since the degree of polymerization (DOP) is not

particularly limited, an organopolysiloxane which is liquid

at normal temperature is preferred. Typically an



10

15

20

25

30

35

organopolysiloxane having an average DOP of about 50 to
20,000, preferably about 100 to 10,000, and more preferably
about 100 to 2,000 as measured by gel permeation
chromatography (GPC) versus polystyrene standards is used.
With respect to the structure, the organopolysiloxane
typically has a linear structure based on a backbone

consisting of repeating diorganosiloxane (R,Si0 units and

)
2/2
capped at each end of the molecular chain with a

triorganosiloxy (RiSiouz) group or hydroxydiorganosiloxy
((HO)RZSiOU2) group, although it is acceptable that a
branched or cyclic structure be partially included.
[0015]

Component (B) is a resinous copolymer (or copolymer of
three-dimensional network structure) predominantly comprising
R’,S10,, units and SiO, units. Herein R’ is a substituted or
unsubstituted monovalent hydrocarbon group, preferably having
1 to 10 carbon atoms, more preferably 1 to 8 carbon atoms.
Examples of the monovalent hydrocarbon group represented by
R’ include alkyl groups such as methyl, ethyl, propyl,
isopropyl, butyl, isobutyl, tert-butyl, pentyl, neopentyl,
hexyl, cyclohexyl, octyl, nonyl and decyl; aryl groups such
as phenyl, tolyl, xylyl and naphthyl; aralkyl groups such as
benzyl, phenylethyl and phenylpropyl; alkenyl groups such as
vinyl, allyl, propenyl, isopropenyl, butenyl, hexenyl,
cyclohexenyl and octenyl, and substituted forms of the
foregoing in which some or all hydrogen atoms are substituted
by halogen atoms (e.g., fluoro, bromo or chloro), cyano
radicals or the like, such as chloromethyl, chloropropyl,
bromoethyl, trifluoropropyl and cyanoethyl.

[0016]

The resinous copolymer (B) may consist of R’,SiO,, units
and Si0, units while it may optionally further contain R’ SiO
units and/or R°SiO,, units wherein R’ is as defined above, in
a total amount of up to 50%, preferably up to 40% based on
the total weight of the copolymer. The molar ratio of
R’,Si0,, units to SiO, units (R,Si0O,,
of 0.5/1 to 1.5/1, preferably 0.5/1 to 1.3/1. If the molar

/S10,) should be in a range
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ratio is less than 0.5 or more than 1.5, no satisfactory
rubber hardness and strength are obtainable. Further, the
resinous copolymer (B) should preferably contain at least two
alkenyl groups per molecule. The content of alkenyl is
typically at least 0.0001 mol/g, preferably 0.0001 to 0.001
mol/g. An alkenyl content of less than 0.0001 mol/g may lead
to unsatisfactory rubber physical properties whereas an
alkenyl content of more than 0.001 mol/g may lead to too high
a hardness and hence, a drop of bonding force.

The resinous copolymer may be either a liquid having
fluidity at normal temperature (specifically, a viscosity of
at least 10 mPa-s, preferably at least 50 mPa-s at 25°C) or a
solid having no fluidity at normal temperature. In the case
of a solid state, the copolymer may be dissolved in an
organic solvent such as toluene. The resinous copolymer may
be obtained from hydrolysis of a suitable chlorosilane or
alkoxysilane by the procedure well known in the art.

[0017]

Components (A) and (B) are combined in such amounts
that component (A) is 20 to 100 parts, preferably 20 to 90
parts, and more preferably 30 to 90 parts by weight, and
component (B) is 0 to 80 parts, preferably 10 to 80 parts,
and more preferably 10 to 70 parts by weight, provided that
the total amount of components (A) and (B) is 100 parts by
weight. If component (A) is too small, i.e., component (B)
is too much, rubber physical properties may be significantly
degraded. From the standpoints of tackiness and strength, it
is preferred to use components (A) and (B) in combination.
[0018]

Component (C) is an organohydrogenpolysiloxane
containing at least two, preferably at least three
silicon-bonded hydrogen atoms (i.e., SiH groups) per molecule.
It serves as a curing agent in that SiH groups in its
molecule undergo hydrosilylation or addition reaction with
silicon-bonded alkenyl groups in components (A) and (B) to

form crosslinks for thereby curing the composition. The

-10-
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organohydrogenpolysiloxane as component (C) typically has the

average compositional formula (II):

R’ .H.SiO,, ., (I1)
wherein R’ is a substituted or unsubstituted monovalent
hydrocarbon group of 1 to 10 carbon atoms, b is a positive
number of 0.7 to 2.1, ¢ is a positive number of 0.001 to 1.0,
and the sum of b+c 1is 0.8 to 3.0, and contains at least 2
(specifically 2 to 200), preferably 3 to 100, and more
preferably 3 to 50 silicon-bonded hydrogen atoms per molecule.
Suitable monovalent hydrocarbon groups of R’ are as
exemplified for R', although R’ is preferably free of aliphatic
unsaturation. Preferably, b is 0.8 to 2.0, ¢ is 0.01 to 1.0,
and the sum of b+c is 1.0 to 2.5. The molecular structure of
organohydrogenpolysiloxane may be linear, cyclic, branched or
three-dimensional network. An organohydrogenpolysiloxane
having a silicon count per molecule (or DOP) of about 2 to
300, especially about 4 to 150 which is liquid at room
temperature (25°C) is preferred. The silicon-bonded hydrogen
atom may be positioned at the end of or midway the molecular
chain or both, and preferably at the end of the molecular
chain because of a higher reaction rate. Examples include
both end trimethylsiloxy-blocked methylhydrogenpolysiloxane,
both end trimethylsiloxy-blocked
dimethylsiloxane/methylhydrogensiloxane copolymers,

both end dimethylhydrogensiloxy-blocked dimethylpolysiloxane,
both end dimethylhydrogensiloxy-blocked
dimethylsiloxane/methylhydrogensiloxane copolymers,
copolymers of (CH,),6HSiO,, units and SiO,, units, and
copolymers of (CH,) HSiO,, units, SiO,, units, and (CH,)SioO,,
units.

[0019]

The organohydrogenpolysiloxane (C) is blended in an
amount of 0.5 to 20 parts, preferably 1.0 to 10 parts by
weight per 100 parts by weight of components (A) and (B)
combined. No satisfactory rubber strength is obtainable

whenever the amount is short or excessive. Also the

-11-
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organohydrogenpolysiloxane (C) is blended in such an amount
that the molar ratio of silicon-bonded hydrogen (SiH) in
component (C) to silicon-bonded alkenyl in components (A) and
(B) may be in a range of 0.5/1 to 1.1/1, preferably 0.6 to
1.0. Also preferably, component (C) is blended in such an
amount as to provide an organohydrogen content of 0.005 to
0.010 mol/g on the assumption that 100% addition crosslinking
reaction takes place.

Herein, H/Vi represents a molar ratio of SiH groups in
component (C) to alkenyl groups available in the system, and
the theoretical crosslinking amount is a crosslinking amount
achieved by 100% reaction of silicon-bonded hydrogen atoms
(SiH groups) in component (C) added to the system with
alkenyl groups available in the system. That is, the
theoretical crosslinking amount is given by the amount of SiH
groups when H/Vi is not more than 1, and by the amount of
alkenyl groups when H/Vi is not less than 1. The amount of
such functional group may be an amount based on the
computational formula at the time of composition design,
although it is preferred to use an actually measured value.
The amount of functional group may be determined by measuring
the amount of hydrogen gas evolved or the amount of
unsaturated group according to well-known analytical methods,
or by NMR analysis. The amount of functional group in the
system is represented as X*Y mol/g wherein the amount of
functional group in the molecule is X mol/g and the addition
amount is Y parts by weight.

[0020]

Component (D) is an addition reaction catalyst which
may be selected from prior art well-known catalysts, most
often platinum group metal catalysts as typified by platinum
or platinum compounds while it is used in an amount of 1 to
1,000 ppm based on total alkenyl-containing
organopolysiloxanes as components (A) and (B).

[0021]
The tacky layer formed of the composition having

components (A) to (D) combined has a hardness which is lower

-12-
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than the hardness of the base layer, preferably corresponding
to a positive value of 3 to 20, more preferably 4 to 15, as
measured by a durometer type CSR-2 (Kobunshi Keiki Co., Ltd.).
In the prior art, there are available waterproof sheets having
a tacky layer having a hardness of at least 1 as measured by
Asker Durometer Type C (according to SRIS 0101, by Kobunshi
Keiki Co., Ltd.). The tacky layer in the invention has a
lower hardness or a hardness of less than 1 on Asker C scale.

The durometer type CSR-2 is suited to measure a
hardness in a region of less than 1 on Asker C hardness scale.
The feel corresponds to such a hardness level that when the
finger is closely placed on a tacky surface and slowly removed
therefrom, the tacky surface follows the finger in a sticking
manner. For the purpose of increasing the bonding force, it
is advantageous to reduce the hardness of a tacky layer.
Notably, a hardness of less than 3 on durometer CSR-2 scale is
difficult to solve the problem that when the waterproof sheet
is attached to an adherend surface of porous material such as
asphalt or mortar, the tacky layer which is too soft will flow
away. Also the efficiency of attachment work is extremely
reduced, which is undesirable. A hardness in excess of 20 on
durometer CSR-2 scale indicates a less bonding force, and so
the bond to the adherend surface is undesirably weak. It is
convenient in practice that the hardness is controlled by
managing molding and curing conditions to be described later.
[0022]

As an index of tackiness, a bonding force to a mortar
test piece is described. A mortar test piece (Engineering
Test Service Co., Ltd., made according to JIS R5201, 50 mm
wide x 150 mm long x 10 mm thick) is furnished, a sheet
prepared by the molding method to be described later is cut
to a strip of 25 mm wide, the sheet strip on its tacky layer
side is attached to the test piece, the specimen is allowed
to stand at room temperature for 30 minutes, and a 180° peel
test is carried out at a peeling rate of 300 mm/min. The
bonding force in this test is preferably 5 to 30 N/25 mm,
more preferably 10 to 25 N/25 mm.

-13-
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Separately, a specimen prepared as above is immersed in
city water at room temperature for 24 hours, the specimen is
taken out, water droplets are wiped off, immediately after
which a 180° peel test is carried out at a peeling rate of
300 mm/min. The bonding force in this test is preferably 5
to 20 N/25 mm. As an index of tackiness, a bonding force of
less than 5 N/25 mm relative to the mortar test piece gives
the experience that in an attempt to peel the sheet with the
hand, the sheet is readily peeled by a light force, whereas a
bonding force of at least 5 N/25 mm gives the experience that
the sheet is not readily peeled with the hand.

[0023]

Conventional techniques for forming the tacky surface
include techniques of treating one surface of a single
composition with a plasma, flame, acid or base so as to be
tacky, and techniques of depositing a tacky layer on a base
layer by dipping, coating or screen printing. These
techniques are inadequate in the practice of the invention
because they are difficult to control hardness and fail to
provide the desired low hardness.

[0024]

In consideration of the fact that the inventive product
is mainly used outdoor, it is believed that the base layer
must conform to thermal contraction of the material of the
adherend with seasonal temperature changes. Therefore, the
base layer is preferably made of elastomers. Among various
types of elastomers, silicone rubber is preferred because of
weather resistance, heat resistance and freeze resistance.

Examples of the adherend include metal plates such as
annular plates, and pedestal-forming materials such as
concrete, mortar, asphalt concrete, asphalt mortar, and
asphalt sand, in the case of outdoor installed tanks;
reinforcing steel plates, concrete, mortar, and paint films
for coating in the case of bridge piers.

[0025]
The silicone rubber used herein is not particularly

limited and any prior art well-known silicone rubber

-14-
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compositions as cured may be used. The silicone rubber
composition is based on a combination of components (E) and
(F) below.
Component (E) is an organopolysiloxane having the
average compositional formula (IITI):
R*,Si0 (II1)

(4-d) /2

wherein R’ is each independently a substituted or
unsubstituted, monovalent hydrocarbon group, at least two of
groups R’ per molecule are aliphatic unsaturated groups, and
d is a positive number of 1.95 to 2.05.

In average compositional formula (III), R’ is each
independently selected from substituted or unsubstituted,
monovalent hydrocarbon groups, typically of 1 to 12 carbon
atoms, preferably 1 to 8 carbon atoms, for example, alkyl
groups such as methyl, ethyl, propyl, isopropyl, butyl,
isobutyl, tert-butyl, hexyl, and octyl; cycloalkyl groups
such as cyclopentyl and cyclohexyl; alkenyl groups such as
vinyl, allyl and propenyl; cycloalkenyl groups such as
cyclohexenyl; aryl groups such as phenyl and tolyl; aralkyl
groups such as benzyl and 2-phenylethyl; and substituted
forms of the foregoing in which some or all hydrogen atoms
are substituted by halogen atoms, cyano or the like. Inter
alia, methyl, wvinyl, phenyl and trifluoropropyl are preferred,
with methyl and vinyl being most preferred.

[0026]

Specifically, preferred are organopolysiloxanes whose
backbone is composed of repeating diorganosiloxane (RZSiONQ
units which are dimethylsiloxane units, and
organopolysiloxanes whose backbone has a dimethylpolysiloxane
structure consisting of repeating dimethylsiloxane units, in
which a diphenylsiloxane unit, methylphenylsiloxane unit,
methylvinylsiloxane unit, methyl-3,3,3-trifluoropropylsiloxane
unit having phenyl, wvinyl, 3,3,3-trifluoropropyl or the like
is introduced in a portion of the structure.

In particular, the organopolysiloxane should preferably

have at least two aliphatic unsaturated groups such as

-15-
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alkenyl and cycloalkenyl per molecule. The aliphatic
unsaturated groups are preferably alkenyl, most preferably
vinyl. Herein, the aliphatic unsaturated groups preferably
account for 0.01 to 20 mol%, more preferably 0.02 to 10 mol%,
and even more preferably 0.02 to 5 mol% of overall R® groups.
The aliphatic unsaturated group may bonded to the silicon
atom at the end of the molecular chain, a silicon atom midway
the molecular chain, or both, preferably bonded to at least
the silicon atom at the end of the molecular chain. The
subscript d is a positive number of 1.95 to 2.05, preferably
1.98 to 2.02, and more preferably 1.99 to 2.01.
[0027]

The preferred organopolysiloxanes as component (E) are
linear organopolysiloxanes having a backbone composed of

repeating diorganosiloxane (R’ SiO units, which are blocked

2/2)
at the molecular chain end with a triorganosiloxy (R,SiO,,)
group such as trimethylsiloxy, dimethylphenylsiloxy,
dimethylhydroxysiloxy, dimethylvinylsiloxy,
methyldivinylsiloxy, or trivinylsiloxy. Especially preferred
are methylvinylpolysiloxane, methylphenylvinylpolysiloxane,
and methyltrifluoropropylvinylpolysiloxane.

These organopolysiloxanes may be obtained from
(co)hydrolytic condensation of one or more
organohalogenosilanes, or ring-opening polymerization of a
cyclic polysiloxane (e.g., siloxane trimer or tetramer) in
the presence of a basic or acidic catalyst. While they are
basically linear diorganopolysiloxanes, a mixture of two,
three or more polysiloxanes which are different in molecular
weight (or degree of polymerization) or molecular structure
is also acceptable as component (E).

[0028]

The organopolysiloxane has a degree of polymerization
(DOP) of at least 100, preferably 100 to 100,000, more
preferably 1,000 to 100,000, even more preferably 2,000 to
50,000, and further preferably 3,000 to 20,000, and should
preferably be non-self-flowing gum at room temperature (25°C).

It is noted that DOP may be measured as weight average DOP by
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gel permeation chromatography (GPC) versus polystyrene
standards.
[0029]

Filler (reinforcing silica) as component (F)

Fillers commonly used in silicone rubber compositions
include fumed silica, precipitated silica, crystalline silica,
and diatomaceous earth. The fillers may be surface treated
with organopolysiloxanes, organopolysilazanes, chlorosilanes,
alkoxysilanes or the like to be hydrophobic. The fillers may
be used alone or in admixture of two or more. The amount of
the filler added is 5 to 100 parts by weight, preferably 10
to 85 parts by weight, and more preferably 20 to 70 parts by
weight per 100 parts by weight of the organopolysiloxane as
component (A) for the reason that an amount of less than 5
parts by weight is too small to exert a sufficient
reinforcing effect, whereas an amount of more than 100 parts
by weight adversely affects workability and the resulting
silicone rubber has degraded physical properties.

[0030]

From the aspect of stability with time, the silicone
rubber composition is cured into vulcanized rubber. The
vulcanizing method is not particularly limited. The
composition may be vulcanized by any vulcanization methods
including organic peroxide vulcanization, vulcanization via
addition reaction, vulcanization via condensation reaction,
UV vulcanization, and electron beam vulcanization. Inter
alia, organic peroxide wvulcanization and vulcanization wvia
addition reaction are preferred because shaping into a sheet
form as intended herein is easy and may be completed within a
short time by heating.

The silicone rubber composition of organic peroxide
cure type may be any of well-known compositions, preferably a
composition comprising an organopolysiloxane having at least
two alkenyl groups per molecule and a cure effective amount
(typically 1 to 10 parts by weight per 100 parts by weight of

the organopolysiloxane) of an organic peroxide as a curing

-17-



10

15

20

25

30

35

agent. The organic peroxide used herein is not particularly
limited, and examples include acyl organic peroxides,
typically p-methylbenzoyl peroxide and o-methylbenzoyl
peroxide, alkyl organic peroxides, typically dicumyl peroxide
and 2,5-dimethyl-2,5-bis(t-butylperoxy)hexane, percarbonate
organic peroxides, and peroxyketal organic peroxides.

Also the silicone rubber composition of addition
reaction cure type may be any of well-known compositions,
preferably a composition comprising an alkenyl-containing
organopolysiloxane having at least two alkenyl groups,
typically vinyl groups per molecule, an amount (typically to
provide a molar ratio of SiH groups to alkenyl groups of
0.5/1 to 4/1) of an organohydrogenpolysiloxane containing at
least two, preferably at least three SiH groups, and an
amount (typically 1 to 1,000 ppm based on the weight of the
alkenyl-containing organopolysiloxane) of a platinum group
metal addition reaction catalyst, typically platinum or
platinum compounds.

[0031]

As the silicone rubber composition, any commercially
available products may be used. For example, as the silicone
rubber composition of organic peroxide cure type, KE-551-U,
KE-571-U, KE-951-U and KE-675-U are available from Shin-Etsu
Chemical Co., Ltd.; and as the silicone rubber composition of
addition reaction cure type, KE-1935A/B, KE-1950-60A/B, and
KEG-2000-40A/B are available from Shin-Etsu Chemical Co., Ltd.
although products are not limited thereto.

[0032]

To the composition of which the base layer is formed,
additional components other than the aforementioned may be
added if desired. Suitable additional components include
quartz flour, calcium carbonate; electroconductive agents
such as carbon black, conductive zinc white and metal powder;
and heat resistant agents such as iron oxide and cerium oxide.
Also hydrosilylation regulators such as nitrogen-containing
compounds, acetylene compounds, phosphorus compounds, nitrile

compounds, carboxylates, tin compounds, mercury compounds,
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and sulfur compounds; internal parting agents such as
dimethylsilicone oil; tackifiers; and thixotropic agents may
be optionally added.

[0033]

The waterproof sheet consisting of the base layer and
the tacky layer preferably has a thickness of 0.3 to 3 mm.
The tacky layer preferably has a thickness of 0.2 to 2 mm,
more preferably 0.5 to 1.5 mm. A tacky layer of less than
0.2 mm is too thin to accommodate surface asperities on the
adherend to which the tacky layer is bonded, whereas a tacky
layer of more than 2 mm leads to a possibility of rubber
failure because the rubber strength of the adherend surface
depends on the tacky layer. Also, the base layer preferably
has a thickness of 0.2 to 2 mm, more preferably 0.5 to 1.5 mm.
A base layer of less than 0.2 mm may be insufficient to take
advantage of sheet elasticity whereas a base layer of more
than 2 mm has an increased weight, affects attachment, and is
economically disadvantageous. In any case, the thickness of
the sheet consisting of the base layer and the tacky layer is
preferably up to 3 mm.

[0034]

In manufacturing the waterproof sheet of the invention,
the base layer is first formed. The base layer is preferably
of elastomer, especially a single layer of silicone rubber
although the base layer may be formed as a composite layer
with a metal or another resin. For example, a sheet may be
directly formed by compression molding, casting or injection
molding. A sheet may be formed on a metal substrate, resin
substrate or resin film by insert molding. Alternatively,
dipping, coating, calendering or screen printing may be
performed to form a rubber sheet integrated with another
substrate. Calendering is preferred because of effective use.
[0035]

Next the base layer is overlaid with the tacky layer.
In one procedure, a base layer-forming composition is cured
to form a base layer before the tacky layer is formed thereon.

In another procedure, a base layer-forming composition is
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sheeted on a support film of polyethylene terephthalate (PET)
or the like by calendering, and a tacky layer-forming
composition is applied onto the base layer-forming
composition in the unvulcanized state.

[0036]

The tacky layer-forming composition is applied onto the
base layer or base layer-forming composition by a suitable
technique such as dipping, coating or screen printing,
yielding a multilayer sheet. This procedure is advantageous
in that coating can be used for shaping. In any case,
preferred curing conditions include 80 to 250°C for 10
seconds to 10 minutes, more preferably 100 to 150°C for 30
seconds to 10 minutes. The tacky layer, which experiences a
minimal hardness change, may be post-cured for the purposes
of removing low-molecular-weight fractions or the like.

[0037]

When an appropriate amount of heat commensurate to a
curing system is applied, the tacky layer-forming composition
is cured into a cured product having a hardness in the range
of 3 to 20 on durometer CSR-2 scale. If the heat amount is
short, a cured product is soft and highly tacky due to
under-cure. Then the waterproof sheet becomes inefficient to
work when it is applied. If the heat amount is too much, a
cured product having a sufficient bonding force is not
obtained, and so the waterproof sheet loses tackiness.

[0038]

It is now described how to use the waterproof sheet of
the invention. The application of the waterproof sheet is
not limited to the following embodiments as long as the

waterproof sheet function is exerted.

[Application to outdoor tanks]

The waterproof sheet may be used and applied to the
boundary between an outdoor tank at its bottom and a pedestal
for the purpose of preventing entry of rainwater. Referring
to FIGS. 2 to 6, one exemplary method is described. FIG. 2
shows an outdoor tank 30 of steel resting on and supported by

a pedestal 20. The pedestal 20 may be made of concrete,
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mortar, asphalt concrete or asphalt mortar. The outdoor tank
30 is intended to contain a feedstock such as petroleum oils,
asphalt, and gases. The tank 30 is generally cylindrical,
has a diameter of 10 to 80 meters and a height of 10 to 50
meters, and is rested on the pedestal 20. FIG. 3 is an
enlarged view of the boundary between the outdoor tank and
the pedestal in FIG. 2. A boundary 33 is defined between the
outdoor tank 30 and the pedestal 20 and exposed to the
exterior, and so rainwater may penetrate through the boundary
33. On rainwater penetration, the tank 30 will rust. As
shown in FIGS. 3, 4 and 5, the waterproof sheets 10 are
applied so as to cover the boundary 33. Specifically, the
waterproof sheets 10 shown in FIG. 1 are applied by peeling
the cover film 3 therefrom, and attaching the sheets so as to
bring the tacky layer 2 in contact with the pedestal 20,
annular plate 32 (or tank-pedestal junction at the tank
bottom), and outdoor tank wall 31 to cover the boundary 33.
Further preferably, a sealant 40 is applied around the
waterproof sheets 10.

[0039]

When the sealant 40 is used to bond the waterproof
sheets 10, there may be used a method of turning up an outer
periphery portion of each waterproof sheet 10 so that the
outer periphery of the tacky layer 2 is slightly spaced apart
from pedestal 20 or tank 30 and feeding the sealant 40 into
the gap between sheet 10 and pedestal 20 or tank 30 for
forming a sealing layer of sealant 40 along the outer
periphery of tacky layer 2. The attachment of the waterproof
sheets 10 to the annular plate 32 and outdoor tank wall 31
may be carried out using a length of waterproof sheet 10,
although use of independent waterproof sheets 10 to the
corresponding sites is preferred because the stress in the
sheets 10 is mitigated so that the sheets are unlikely to
peel off. FIG. 6 shows that the sealant 40 is applied to the
junction between waterproof sheets 10 to establish a seal.

In this case, the sealant 40 may penetrate into the junction

between waterproof sheets 10 or beneath the waterproof sheet
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10. Referring to FIG. 6, adjacent waterproof sheets 10 are
preferably overlapped. The overlap between waterproof sheets
preferably has a width of at least 5 mm, more preferably at
least 10 mm, and even more preferably at least 20 mm. If the
width of the overlap between waterproof sheets is less than 5
mm, peel may occur during construction, failing to completely
cover the boundary, with the risk of rainwater entry. If the
overlap between waterproof sheets 10 is too large,
specifically more than 50 mm, then more waterproof sheets are
necessary to cover the overall boundary, resulting in an
increased cost.

[0040]

The sealant used herein is not particularly limited.
Any of well-known silicone, polysulfide and polyurethane base
sealants may be used, with the silicone base sealants being
preferred for affinity to the waterproof sheet materials of
the invention. Suitable sealants are commercially available.
For example, Sealant Master 300, Sealant 70 and Sealant 701
from Shin-Etsu Chemical Co., Ltd. may be used as the silicone
base sealant.

[0041]

The waterproof sheet of the invention can be applied
without a need for primer, which leads to a substantial
saving of the construction time. The maximum advantage is
that the work during maintenance is simplified because the
aging period for the primer is omitted.

[0042]

[Repair of bridge pier]

The waterproof sheet can be used and applied in repair
or renovation works of bridge piers, commonly known as pier
lining work, for the purpose of preventing rain or water from
penetrating between the bridge pier and a reinforcement
enclosing the pier. This working operation is described with
reference to FIGS. 7 to 10. FIG. 7 schematically illustrates
a bridge pier having a concrete surface. FIG. 8 is a

perspective view of the pier as separated.
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Illustrated in FIGS. 7 and 8 are a pier 50 of concrete,
a bridge 52 of concrete, and a reinforcement 60.

As one example of the bridge pier repair work, the
steel-plate lining work is described. As best shown in FIG.
9, the existing pier 50 of concrete defines an interior
surface, which is repaired by wrapping the reinforcement 60
therearound. Specifically, a sealer layer 61 and a
shrinkage-compensating mortar layer 62 are sequentially
deposited around the pier 50, and a steel plate 63 is wrapped
as the outermost layer. Although the steel plate is often
coated with anti-corrosive paint, the anti-corrosive coating
is not complete at the boundary 54 between the concrete pier
50 and the reinforcement 60. Then, after the completion of
repair work, water originating from rain, snow or mist will
deposit on and penetrate into the boundary, causing rust. As
water penetrates through the boundary, it acts to reduce the
bond strength of the sealer innermost layer and to render the
shrinkage-compensating mortar layer brittle and liable to peel
off. These problems can be solved by attaching a waterproof
sheet 10 to the adherend region across the boundary 54 as
shown in FIG. 10. The adherend region may be pre-treated so
that the sheet may be more effectively attached thereto. The
pre-treatment of the adherend region is not always necessary
when the waterproof sheet has tackiness. The waterproof
sheet at its tacky layer is attached to the adherend region.
[0043]

The waterproof sheet 10 is attached to the adherend
region so that the sheet may completely cover the boundary 54.
A single waterproof sheet may be used to cover the boundary 54.
However, it is more likely to use a plurality of waterproof
sheets and arrange them in juxtaposition along the boundary
54 whereby the sheets together cover the entire boundary 54.
In this case, the boundary region can be exposed between
adjacent waterproof sheets. Preferably a sealant is applied
around the waterproof sheets 10 along the peripheral edges of
the waterproof sheets 10 on the pier 50 and reinforcement 60

sides. The sealant is the same as described above.
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EXAMPLES
[0044]

Examples and Comparative Examples are given below by
way of illustration and not by way of limitation. All parts
and % are by weight. The sheets obtained in Examples and
Comparative Examples are evaluated by the methods described
later, with the results shown in Table 1.

[0045]
[Example 1]

A silicone rubber composition of addition reaction cure
type was prepared by adding 0.5 part of C-19A and 2.4 parts
of C-19B (both, Shin-Etsu Chemical Co., Ltd.) as crosslinker
to millable dimethylsilicone rubber compound KE-675-U
(Shin-Etsu Chemical Co., Ltd.) and milling on a two-roll mill.
The composition was calendered on an embossed PET film of 100
um thick to form a sheet of 0.7 mm thick, continuously heat
cured in a heating furnace at 140°C for 10 minutes, yielding
a base layer A laid on the PET film.

On the other hand, 92.5 parts of dimethylpolysiloxane
blocked at both ends with dimethylvinylsiloxy groups and
having an average DOP of 1,000, and a 50% toluene solution
containing 7.5 parts of a resinous copolymer consisting of
(CH,=CH) (CH,),Si0,, units, (CH,),SiO,, units, and SiO, units
(wherein a molar ratio {(CH,=CH) (CH,),SiO, ,+(CH,),Si0,,}/Si0, =
0.85, CH,=CH- content: 0.0008 mol/g), which is solid at room
temperature (25°C), were admitted into a mixer, mixed for 30
minutes, after which the toluene was completely distilled off
(alkenyl content: 0.00865 mol/g). To 100 parts of this
silicone base were added 6.0 parts of a resinous copolymer
composed mainly of (CH,),6HSiO,, units and SiO, units and having
SiH groups (SiH content: 0.0013 mol/g) as a crosslinker, and
0.1 part of ethynyl cyclohexanol as a reaction inhibitor.
Stirring was continued for 15 minutes, yielding silicone
rubber composition A. This silicone rubber composition A was
mixed with 0.2 part of platinum catalyst (Pt concentration
1%), yielding tacky (or pressure-sensitive adhesive)

composition A.
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The tacky composition A was coated on the base layer A
to a thickness of 1.0 mm using a comma coater, and heat cured
in a heating furnace at 140°C for 5 minutes to form a tacky
layer. A polyethylene (PE) sheet was joined to the tacky
layer, yielding a two-layer cured sheet laminate A. The PET
film on the base layer side and the PE film on the tacky
layer side were peeled from the resulting sheet laminate,
which was evaluated by the following methods, with the
results shown in Table 1.

In Examples and Comparative Examples below, the
evaluation methods and applying method are the same as in
Example 1.

[0046]
[Example 2]

Base layer A was obtained as in Example 1. Silicone
rubber composition B, tacky composition B, and two-layer
cured sheet laminate B were obtained as in Example 1 aside
from changing the crosslinker to 2.2 parts of a resinous
copolymer composed mainly of (CH,) HSiO,, units and SiO, units
and having SiH groups (SiH content: 0.0031 mol/g) .

[0047]
[Comparative Example 1]

Base layer A was obtained as in Example 1.

On the other hand, 75 parts of dimethylpolysiloxane
blocked at both ends with dimethylvinylsiloxy groups and
having an average DOP of 1,000, and a 50% toluene solution
containing 25 parts of a resinous copolymer consisting of
(CH,=CH) (CH,),Si0,, units, (CH,),Si0,, units, and SiO, units
(wherein a molar ratio {(CH,=CH) (CH,),SiO, ,+(CH,),Si0,,}/Si0, =
0.85, CH,=CH- content: 0.0008 mol/g), which is solid at room
temperature (25°C), were admitted into a mixer, mixed for 30
minutes, after which the toluene was completely distilled off
(alkenyl content: 0.0230 mol/g). To 100 parts of this
silicone base were added 1.8 parts of a resinous copolymer
composed mainly of (CH,),6HSiO, , units and SiO, units and having
SiH groups (SiH content: 0.0046 mol/g) as a crosslinker, and

0.1 part of ethynyl cyclohexanol as a reaction inhibitor.
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Stirring was continued for 15 minutes, yielding silicone
rubber composition C. This silicone rubber composition C was
mixed with 0.2 part of platinum catalyst (Pt concentration
1%), yielding tacky composition C.

The tacky composition C was coated on the base layer A
to a thickness of 1.0 mm using a comma coater, and heat cured
in a heating furnace at 140°C for 5 minutes to form a tacky
layer. A PE sheet was joined to the tacky layer, yielding a
two-layer cured sheet laminate C. The PET film on the base
layer side and the PE film on the tacky layer side were
peeled from the resulting sheet laminate.

[0048]
[Comparative Example 2]

Base layer A was obtained as in Example 1. Silicone
rubber composition D, tacky composition D, and two-layer
cured sheet laminate D were obtained as in Comparative
Example 1 aside from changing the crosslinker to 16 parts of
a resinous copolymer composed mainly of (CH,),6HSiO,,, units and
Si0, units and having SiH groups (SiH content: 0.0013 mol/g) .
[0049]

[Comparative Example 3]

Million TP Sealant based on unvulcanized butyl rubber
(purchased from Kyowa Ltd.) was used.

[0050]
[Comparative Example 4]

Guard Fron comprising a base layer of structure having
fluoro-resin overlaid with aluminum foil and protective film,
and a tacky layer of synthetic rubber laid thereon (by Tokai
Aluminum Foil Co., Ltd.) was used.

[0051]
[Comparative Example 5]

A sample was prepared by brush coating one surface of
an oil-impregnated non-woven fabric Nitoharmac XG (Nitto
Denko Corp.) with a suitable amount of an overcoat material
Nitoharmac XG-T (Nitto Denko Corp.) and air drying at room

temperature for 1 hour.
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[0052]
[Comparative Example 6]

An oil-impregnated non-woven fabric PetroGuard FC
(purchased from Cosmo-Eco Support Co., Ltd.) was used. A
suitable amount of an undercoat material PetroGuard P
(purchased from Cosmo-Eco Support Co., Ltd.) was coated onto
a test piece with a spatula before the sample was attached to
the test piece.

[0053]

Evaluation items

+ Workability

In consideration of handling during waterproof
construction, a sample was rated poor (x) when it was
difficult to cut to a desired size, and sample components were
likely to stick to and stain the hand, clothes and surrounding,

and good (Q) when it could be worked without problems.

Measurement of tacky layer hardness
The tacky layer on the sheet was measured for hardness
by an Asker Durometer Type C (Kobunshi Keiki Co., Ltd.,
according to JIS K7312). When a hardness of less than 1 on
Durometer Type C scale was recorded, the hardness was
measured again using Durometer Type CSR-2 (Kobunshi Keiki Co.,
Ltd.) which is suited for hardness measurement in a lower

hardness region.

+ Initial tackiness (bonding force)

The sheet was cut into a strip of 25 mm wide and 150 mm
long, the sheet strip on its tacky layer side was attached to
a mortar test piece (Engineering Test Service Co., Ltd., made
according to JIS R5201, 50 mm wide x 150 mm long x 10 mm
thick) such that the strip was located at the center of the
test piece in width direction, and the specimen was allowed
to stand on a horizontal plane at room temperature for 30
minutes. Thereafter, the tacky layer was peeled from the
mortar test piece at a rate of 300 mm/min and an angle of

180°, during which a bonding force was measured.
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- Tackiness (bonding force) after 1 day water immersion

A test specimen was prepared as in the initial tackiness
test. The sheet strip on its tacky layer side was attached
to a mortar test piece, and the specimen was allowed to stand
on a horizontal plane at room temperature for 30 minutes.
Thereafter, the specimen was immersed in city water at room
temperature for 24 hours, taken out and wiped to remove water
droplets. Immediately thereafter, the tacky layer was peeled
from the mortar test piece at a rate of 300 mm/min and an
angle of 180°, during which a bonding force was measured.

Also, on manual peeling, it was inspected whether the
sample was bonded to the mortar test piece. The sample was
rated poor (x) when it was readily peeled with a light force

and good (Q) when it could not be peeled with an equivalent

force, i.e., was kept bonded to the test piece.

+ Age stability (thermally accelerated test)

A specimen was prepared as in the initial tackiness
test. The sheet strip on its tacky layer side was attached
to a mortar test piece, and the specimen was allowed to stand
on a horizontal plane at room temperature for 30 minutes.
Thereafter, the specimen was rested on a hot plate which was
set at 140°C. With a lapse of time, the outer appearance of
the specimen was observed with respect to surface state
change, shape change, color change, and tackiness change.
The specimen was rated poor (x) when changes from the
initial state were observed after 9-24 hours, mediocre (A)

when changes were observed until 168 hours, and good (Q)

when no significant changes were observed even after 168 hours.
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[0054]
[Table 1]

Example Comparative Example

1 2 1 2 3 4 5 6

Theoretical crosslinking

amount (mol/q) 0.0078 | 0.0068 | 0.0083 | 0.0208

H/Vi 0.90 0.79 0.36 0.90
Workability
Cut (o) (0] (0] X x @) X X
Stain o) (@) (o) x (@] O X x
gicigkéiygrsggfgness <1 <1 <1 15 40 70 *1 *1
Tackydgver bazaness | s |y | oo | s
Tackiness
%ﬁ}%éa%m?onding force 21 22 4 17 21 0.8 0.8
Bonding force after
1 day water immersion 12 13 1.0 1.3 0.2 0.4 0.4
(N/25 mm)
ggggrafﬁﬁgrsion o o x x x x x

Age stability (thermally accelerated test)

Surface state change O (@] (@] x O O X
140°C/9 hr unchanged | unchanged | unchanged sticky [unchanged | unchanged | sticky
140°C/24 hr unchanged | unchanged | unchanged hardened | unchanged | unchanged [ sticky
140°C/168 hr unchanged | unchanged | unchanged cracked | unchanged | unchanged | sticky

Shape change O (@] (@] X O X X
140°C/9 hr unchanged | unchanged | unchanged shrunk | unchanged | shrunk | shrunk
140°C/24 hr unchanged | unchanged | unchanged shrunk | unchanged | shrunk | shrunk
140°C/168 hr unchanged | unchanged | unchanged shrunk | unchanged | shrunk | shrunk

Color change O (@) (@) A O A X
140°C/9 hr unchanged | unchanged | unchanged unchanged | unchanged | unchanged | discolored
140°C/24 hr unchanged | unchanged | unchanged unchanged | unchanged | unchanged | discolored
140°C/168 hr unchanged | unchanged | unchanged discolored [ unchanged [ discolored | discolored

Tackiness change () (o) *2 X X X X
140°C/9 hr unchanged | unchanged degraded | degraded | degraded | degraded
140°C/24 hr unchanged | unchanged degraded | degraded | degraded | degraded
140°C/168 hr unchanged | unchanged degraded | degraded | degraded | degraded

*1 hardness not measurable due to contact with fibers

*2 no tack at the initial, properties no longer compared
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REFERENCE SIGNS LIST

Base layer

Tacky layer

Cover film

Waterproof sheet

Overlap between sheets

Pedestal

Outdoor tank

Tank wall

Annular plate

Boundary between outdoor tank and pedestal
Sealant

Pier (existing concrete)

Boundary between pier and reinforcement
Reinforcement

Sealer

Shrinkage-compensating mortar

Steel plate
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CLAIMS:

1. A waterproof sheet for preventing penetration of rain
or water, comprising a base layer composed of silicone rubber
and a tacky layer laid thereon, wherein

the tacky layer is formed of a cured product of an
addition reaction curable silicone composition having a
theoretical crosslinking amount of 0.005 to 0.01 mol/g, a
ratio in molar amount of SiH groups to alkenyl groups,
SiH/alkenyl, in the range of 0.5 to 1.1, and a hardness of 3

to 20 as measured by a durometer type CSR-2 when cured.

2. The waterproof sheet of claim 1 wherein the tacky layer
has such pressure-sensitive adhesive properties that even
after the sheet is attached to mortar and immersed in water
at room temperature for one day, the sheet is kept bonded to
the mortar, and the tacky layer has a bonding force to a
mortar test piece of 5 to 30 N/25 mm when attached according
to JIS C2107, and a bonding force of 5 to 20 N/25 mm after

immersion in water at room temperature for 24 hours.

3. The waterproof sheet of claim 1 or 2 wherein the
addition reaction curable silicone composition comprises:

(A) 20 to 100 parts by weight of an organopolysiloxane
containing at least two silicon-bonded alkenyl groups per
molecule,

(B) 0 to 80 parts by weight of a resinous copolymer
predominantly comprising Rzzsiol/2 units and SiO, units, wherein
R’ is a substituted or unsubstituted monovalent hydrocarbon
group, and R’ contains an alkenyl group, the total amount of
components (A) and (B) being 100 parts by weight,

(C) an organohydrogenpolysiloxane containing at least
two silicon-bonded hydrogen atoms (i.e., SiH groups), in an
amount of 0.5 to 20 parts by weight per 100 parts by weight

of components (A) and (B) combined, and
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(D) an addition reaction catalyst in an amount of 1 to
1,000 ppm based on the total alkenyl-containing

organopolysiloxanes as components (A) and (B).

4. The waterproof sheet of claim 3 wherein the amount of
component (B) blended is 10 to 80 parts by weight per 100
parts by weight of components (A) and (B) combined.

5. A waterproof construction method using waterproof
sheets, comprising the step of attaching a plurality of
waterproof sheets as recited in any one of claims 1 to 4 to
an adherend including a site where it is necessary to prevent
penetration of water, the waterproof sheets being juxtaposed
in an overlapping relationship, for thereby covering the
adherend with the waterproof sheets in a liquid-tight manner,
the width of the overlap between two adjoining sheets being

at least 5 mm.

6. The waterproof construction method of claim 5 wherein
the waterproof sheets are directly attached to the adherend
including a site where it i1s necessary to prevent penetration
of water, without a primer, and a sealant is applied to edge

portions of the thus attached waterproof sheets.

7. The waterproof construction method of claim 5 or 6
wherein at least a portion of the adherend including a site
where it is necessary to prevent penetration of water, which

is covered with the tacky layer, is made of a porous material.

8. The waterproof construction method of any one of claims
5 to 7 wherein the adherend is a boundary between a pedestal

and the bottom of an outdoor tank rested on the pedestal.
9. The waterproof construction method of any one of claims

5 to 7 wherein the adherend is a boundary between a bridge

pier of concrete and a reinforcement laid on the pier.
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