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(54) FIREPROOF SLIDING DOOR AND WINDOW

(57) A fitting frame comprises a frame provided with
one or more grooves, and a thermally expandable fire-re-
sistant material fitted to the one or more grooves of the
frame. The thermally expandable fire-resistant material
comprises a thermally expandable layer containing ther-
mally expandable graphite, and a non-expandable layer

provided on one surface of the thermally expandable lay-
er. One or more projections are provided on a surface of
the non-expandable layer opposite to or approximately
perpendicular to the surface on which the thermally ex-
pandable layer is provided. The one or more projections
are fitted to the one or more grooves of the frame.
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Description

Technical Field

(Cross-Reference to Related Application)

[0001] This application claims priority to Japanese Patent Application No. 2015-209115 filed on October 23, 2015, the
disclosure of which is incorporated herein by reference in its entirety.

(Technical Field)

[0002] The present invention relates to a thermally expandable fire-resistant material, a fitting frame, and a fitting that
are used for openings of structures, such as houses. More specifically, the present invention relates to a thermally
expandable fire-resistant material, a fitting frame, and a fitting that constitute frames of various sash windows or doors etc.

Background Art

[0003] Fireproof performance is one of the performances required for fittings, such as windows, shoji (paper sliding
doors), tobira (i.e., doors), to (Japanese doors), fusuma (Japanese sliding screens), and ramma (transoms), used for
the openings of structures, such as houses. In order to enhance fireproof performance, thermally expandable fire-resistant
materials are mounted in fittings. In the frames of fittings placed in openings of structures, thermally expandable materials
were conventionally mounted in the frames so as to prevent the penetration of flames. For example, PTL 1 discloses a
fireproof resin sash in which thermally expandable fire-resistant materials are inserted into a plurality of hollows in an
opening frame of the fireproof resin sash.

Citation List

Patent Literature

[0004] PTL 1: JP4691324B

Summary of Invention

Technical Problem

[0005] In conventional sash structures, such as the one disclosed in PTL 1, thermally expandable fire-resistant materials
were placed in direct and close contact with the frames of sashes, doors, etc. Therefore, in the case of fittings made of
metal, particularly aluminum, there was a possibility for the fittings to be corroded by the acid components of thermally
expandable graphite in the thermally expandable materials.
[0006] An object of the present invention is to provide a thermally expandable fire-resistant material, a fitting frame,
and a fitting, in which the corrosion of the fitting by the acid components of thermal expansion graphite is prevented.

Solution to Problem

[0007] To achieve the above object, the present inventors found that a structure in which the thermally expandable
layer containing thermally expandable graphite in the thermally expandable fire-resistant material had a minimum area
in contact with the frame was advantageous to solve the above problem. Then, the present inventors placed a substantial
part of the thermally expandable layer apart from the frame of the fitting. Thus, the present invention has been completed.
[0008] One embodiment of the present invention provides a fitting frame comprising a frame provided with one or
more grooves, and a thermally expandable fire-resistant material fitted to the one or more grooves of the frame,
the thermally expandable fire-resistant material comprising a thermally expandable layer containing thermally expandable
graphite, and a non-expandable layer provided on one surface of the thermally expandable layer,
one or more projections being provided on a surface of the non-expandable layer opposite to or approximately perpen-
dicular to the surface on which the thermally expandable layer is provided, and
the one or more projections being fitted to the one or more grooves of the frame.
[0009] Another embodiment of the present invention provides a fitting frame comprising a frame provided with one or
more grooves, and a thermally expandable fire-resistant material fitted to the one or more grooves of the frame,
the thermally expandable fire-resistant material comprising a thermally expandable layer containing thermally expandable
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graphite,
the thermally expandable fire-resistant material being provided with one or more projections, and
the one or more projections being fitted to the one or more grooves of the frame so that the thermally expandable layer
and the frame are apart from each other.
[0010] Another embodiment of the present invention provides a fitting frame comprising a frame provided with one or
more grooves, and a thermally expandable fire-resistant material fitted to the one or more grooves,
the thermally expandable fire-resistant material comprising a thermally expandable layer containing thermally expandable
graphite,
one or more projections being provided on a side surface of the thermally expandable layer in a width direction, and
the one or more projections being fitted to the one or more grooves of the frame.
[0011] Another embodiment of the present invention provides a fitting frame comprising a frame provided with one or
more grooves, and a thermally expandable fire-resistant material fitted to the one or more grooves,
the thermally expandable fire-resistant material comprising a thermally expandable layer containing thermally expandable
graphite, and a non-expandable layer,
the non-expandable layer being provided with one or more projections projecting toward the thermally expandable layer,
and
the one or more projections being fitted to the one or more grooves of the frame so that the thermally expandable layer
and the frame are apart from each other.
[0012] Another embodiment of the present invention provides a fitting comprising an opening frame having an opening,
a plate material that closes the opening of the opening frame, and an outer peripheral frame that supports the outer
periphery of the plate material,
at least one of the opening frame and the outer peripheral frame comprising the fitting frame according to any one of
the above items.
[0013] Another embodiment of the present invention provides a thermally expandable fire-resistant material comprising
a thermally expandable layer containing thermally expandable graphite, and a non-expandable layer provided on one
surface of the thermally expandable layer,
one or more projections being provided on a surface of the non-expandable layer opposite to or approximately perpen-
dicular to a surface on which the thermally expandable layer is provided.
[0014] Another embodiment of the present invention provides a thermally expandable fire-resistant material for being
fitted to a frame provided with one or more grooves,
the thermally expandable fire-resistant material comprising a thermally expandable layer containing thermally expandable
graphite,
the thermally expandable fire-resistant material being provided with one or more projections, and
the one or more projections having a length that makes the thermally expandable layer and the frame apart from each
other when the thermally expandable fire-resistant material is fitted to the one or more grooves of the frame.
[0015] Another embodiment of the present invention provides a thermally expandable fire-resistant material comprising
a thermally expandable layer containing thermally expandable graphite, and a non-expandable layer provided on one
surface of the thermally expandable layer,
the non-expandable layer being provided with one or more projections projecting toward the thermally expandable layer.

Advantageous Effects of Invention

[0016] The present invention can impart excellent fireproof performance to fittings, and can prevent the corrosion of
fittings by thermally expandable graphite.

Brief Description of Drawings

[0017]

Fig. 1 is an approximate perspective view of a thermally expandable fire-resistant material according to a first
embodiment of the present invention.
Fig. 2 is a partial cross-sectional view showing a state in which the thermally expandable fire-resistant material of
Fig. 1 is mounted in a frame of a sash.
Fig. 3 is a cross-sectional view showing another example of the thermally expandable fire-resistant material.
Fig. 4 is an approximate perspective view of a thermally expandable fire-resistant material according to a second
embodiment of the present invention.
Fig. 5 is a cross-sectional view showing another example of the thermally expandable fire-resistant material.
Fig. 6 is a cross-sectional view showing another example of the thermally expandable fire-resistant material.
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Fig. 7 is a cross-sectional view showing another example of the thermally expandable fire-resistant material.
Fig. 8 is an approximate perspective view of a thermally expandable fire-resistant material according to a third
embodiment of the present invention.
Fig. 9 is an approximate perspective view of a thermally expandable fire-resistant material according to a fourth
embodiment of the present invention.
Fig. 10 is a front view of a window.
Fig. 11 is a main part cross-sectional view taken along the line A-A of Fig. 10.
Fig. 12 is a front view of a door.
Fig. 13 is a transverse cross-sectional view taken along the line B-B of Fig. 12.

Description of Embodiments

[0018] In the present specification, the term "building" includes, but is not limited to, building materials for single-family
houses, apartments, high-rise residential buildings, high-rise buildings, commercial facilities, public facilities, and the
like; and structures such as vessels, including passenger ships, transport vessels, ferries, and the like.
[0019] In the present invention, the term "fitting" includes, but is not limited to, windows (including double sliding
windows, casement windows, double hung windows, etc.), shoji (paper sliding doors), tobira (i.e., doors), to (Japanese
doors), fusuma (Japanese sliding screens), and ramma (transoms).

First Embodiment

[0020] A thermally expandable fire-resistant material according to the first embodiment of the present invention is
described with reference to Figs. 1 and 2.
[0021] As shown in Fig. 1, a thermally expandable fire-resistant material 1 to be placed in a fitting frame comprises a
thermally expandable layer 2 containing thermally expandable graphite, and a non-expandable layer 3. A coating layer
4 is laminated on the surface of the thermally expandable layer 2 on the side opposite to the non-expandable layer 3.
The thermally expandable layer 2, the non-expandable layer 3, and the coating layer 4 are integrally molded in a sheet
form. Further, projections 5 are provided on the surface of the non-expandable layer 3 opposite to the surface on which
the thermally expandable layer 2 is provided. Each projection 5 has a base portion 5a projecting from the non-expandable
layer 3, and a tip portion 5b closer to the tip of the projection than the base portion 5a. In the present embodiment, the
maximum width W2 of the tip portion 5b is larger than the maximum width W1 of the base portion 5a. The shape of the
tip portion 5b is not particularly limited. For example, as shown in the drawing, the tip portion 5b may have an approximately
triangular cross-sectional shape tapered toward the tip. The projection 5 has a shape matching the groove of the frame
of the fitting, as described later.
[0022] The thermally expandable layer 2 is a resin composition containing a resin component, thermally expandable
graphite, and an inorganic filler.
[0023] The resin component can be selected from a wide range of known resin components. Examples thereof include
thermoplastic resins, thermosetting resins, rubber substances, and combinations thereof.
[0024] Examples of thermoplastic resins include polyolefin resins, such as polypropylene resins, polyethylene resins,
poly(1-)butene resins, and polypentene resins; and synthetic resins, such as polystyrene resins, acrylonitrile-butadienes-
tyrene (ABS) resins, polycarbonate resins, polyphenylene ether resins, (meth)acrylic resins, polyamide resins, polyvinyl
chloride resins, novolak resins, polyurethane resins, and polyisobutylene.
[0025] Examples of thermosetting resins include synthetic resins, such as polyurethane, polyisocyanate, polyisocya-
nurate, phenol resins, epoxy resins, urea resins, melamine resins, unsaturated polyester resins, and polyimide.
[0026] Examples of rubber substances include natural rubber, isoprene rubber, butadiene rubber, 1,2-polybutadiene
rubber, styrene-butadiene rubber, chloroprene rubber, nitrile rubber, butyl rubber, chlorinated butyl rubber, ethylene-
propylene rubber, chlorosulfonated polyethylene, acrylic rubber, epichlorohydrin rubber, multi-vulcanized rubber, non-
vulcanized rubber, silicone rubber, fluororubber, urethane rubber, and like rubber substances.
[0027] These synthetic resins and/or rubber substances can be used singly or in combination of two or more.
[0028] Preferable among these synthetic resins and/or rubber substances are those that are flexible and have rubber-
like properties. Resin components having such properties allow high filling of inorganic fillers, and the resin compositions
to be obtained are flexible and easy to handle. In order to obtain resin compositions that are more flexible and easier to
handle, non-vulcanized rubber, such as butyl, and polyethylene-based resins are preferably used.
[0029] Alternatively, epoxy resins are preferable in terms of increasing the flame retardancy of the resins themselves
and enhancing the fireproof performance.
[0030] The thermally expandable graphite is a conventionally known substance that is produced as a graphite inter-
calation compound by treating a powder of natural flake graphite, thermal decomposition graphite, kish graphite, or the
like, with an inorganic acid such as concentrated sulfuric acid, nitric acid, and selenic acid, and a strong oxidant such
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as concentrated nitric acid, perchloric acid, perchlorate, permanganate, dichromate, and hydrogen peroxide. The ther-
mally expandable graphite is a crystalline compound in which a carbon layer structure is maintained.
[0031] The thermally expandable graphite obtained by acid treatment may be further neutralized with ammonia, lower
aliphatic amine, an alkali metal compound, an alkaline earth metal compound, or the like. Commercial products of
thermally expandable graphite include "GREP-EG" produced by Tosoh Corporation, "GRAFGUARD" produced by GrafT-
ech, etc.
[0032] The inorganic filler increases the heat capacity and suppresses the heat transmission when an expandable
heat-insulating layer is formed, and acts as an aggregate to increase the strength of the expandable heat-insulating
layer. The inorganic filler is not particularly limited, and examples thereof include metal oxides, such as alumina, zinc
oxide, titanium oxide, calcium oxide, magnesium oxide, iron oxide, tin oxide, antimony oxide, and ferrite; hydrous inorganic
compounds, such as calcium hydroxide, magnesium hydroxide, aluminium hydroxide, and hydrotalcite; metal carbonates,
such as basic magnesium carbonate, calcium carbonate, magnesium carbonate, zinc carbonate, strontium carbonate,
and barium carbonate; and the like.
[0033] In addition to the above examples, other examples of the inorganic filler include calcium salts, such as calcium
sulfate, gypsum fibers, and calcium silicate; silica, diatomite, dawsonite, barium sulfate, talc, clay, mica, montmorillonite,
bentonite, activated clay, sepiolite, imogolite, sericite, glass fibers, glass beads, silica balloons, aluminium nitride, boron
nitride, silicon nitride, carbon black, graphite, carbon fibers, carbon balloons, charcoal powder, various metal powders,
potassium titanate, magnesium sulfate, lead zirconate titanate, zinc stearate, calcium stearate, aluminum borate, mo-
lybdenum sulfide, silicon carbide, stainless steel fibers, zinc borate, various magnetic powders, slag fibers, fly ash,
dewatered sludge, and the like. These inorganic fillers can be used singly or in combination of two or more.
[0034] The resin composition preferably contains 10 to 350 parts by weight of the thermally expandable graphite and
30 to 400 parts by weight of the inorganic filler, based on 100 parts by weight of the resin component, such as a
thermoplastic resin or an epoxy resin.
[0035] Moreover, the total amount of the thermally expandable graphite and the inorganic filler is preferably in the
range of 50 to 600 parts by weight based on 100 parts by weight of the resin component.
[0036] This resin composition is expanded by heating and forms a fire-resistant heat-insulating layer. According to
this formulation, the thermally expandable fire-resistant material can be expanded by the heating of fire etc. to obtain a
necessary coefficient of cubical expansion. The expanded fire-resistant material can form a residue having predetermined
heat-insulating capacity and predetermined strength, and can achieve stable fireproof performance.
[0037] In order to increase the strength of the expandable heat-insulating layer and to enhance the fireproof perform-
ance, the resin composition that constitutes the thermally expandable fire-resistant material may optionally contain, in
addition to the above components, the following components within a range that does not impair the object of the present
invention: red phosphorus; various phosphates, such as triphenyl phosphate, tricresyl phosphate, trixylenyl phosphate,
cresyl diphenyl phosphate, and xylenyl diphenyl phosphate; metal salts of phosphoric acids, such as sodium phosphate,
potassium phosphate, and magnesium phosphate; ammonium polyphosphates; phosphorus compounds, such as com-
pounds represented by formula (1) below; and the like.

[0038] In formula (1), R1 and R3 are the same or different, and each represent hydrogen, a linear or branched alkyl
group having 1 to 16 carbon atoms, or an aryl group having 6 to 16 carbon atoms. R2 represents a hydroxyl group, a
linear or branched alkyl group having 1 to 16 carbon atoms, a linear or branched alkoxyl group having 1 to 16 carbon
atoms, an aryl group having 6 to 16 carbon atoms, or an aryloxy group having 6 to 16 carbon atoms.
[0039] Furthermore, the resin composition that constitutes the thermally expandable fire-resistant material may op-
tionally contain, within a range that does not impair the object of the present invention, an antioxidant, based on phenol,
amine, sulfur, or the like, a metal deterioration inhibitor, an antistatic agent, a stabilizer, a crosslinking agent, a lubricant,
a softening agent, a pigment, a tackifier resin, a molding auxiliary material, and like additives; a polybutene, a petroleum
resin, and a like tackifier.
[0040] The thermally expandable fire-resistant material is also commercially available. Examples include Fire Barrier
produced by Sumitomo 3M (a thermally expandable fire-resistant material comprising a resin composition containing
chloroprene rubber and vermiculite; expansion rate: 3 times, heat conductivity: 0.20 kcal/m·h·°C). Mejihikatto produced
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by Mitsui Kinzoku Paints & Chemicals Co., Ltd. (a thermally expandable fire-resistant material comprising a resin com-
position containing a polyurethane resin and thermally expandable graphite; expansion rate: 4 times, heat conductivity:
0.21 kcal/m·h·°C), Fi-Block produced by Sekisui Chemical Co., Ltd., and like thermally expandable fire-resistant materials.
[0041] The material constituting the non-expandable layer 3 may be, for example, metal, a non-expandable resin, or
a composite material thereof. The non-expandable resin is made of a thermoplastic resin, a thermosetting resin, an
elastomer, rubber, or a combination thereof. Examples of thermoplastic resins include fluororesin, polyphenylene ether,
modified polyphenylene ether, polyphenylene sulfide, polycarbonate, polyetherimide, polyetheretherketone, polyarylate,
polyamide, polyamideimide, polybutadiene, polyimide, acrylic resin, polyacetal, polyamide, polyethylene, polyethylene
terephthalate, polycarbonate, polyester, polystyrene, polyphenylene sulfide, polybutylene terephthalate, polypropylene,
polyvinyl chloride, ABS resin, AS resin, and the like. Examples of thermosetting resins include epoxy resins, phenol
resins, melamine resins, urea resins, unsaturated polyester resins, alkyd resins, polyurethane, thermosetting polyimide,
and the like. Examples of elastomers include olefin-based elastomers, styrene-based elastomers, ester-based elastom-
ers, amide-based elastomers, vinyl chloride-based elastomers, and the like. Examples of rubber include natural rubber,
silicone rubber, styrene-butadiene rubber, isoprene rubber, butadiene rubber, chloroprene rubber, acrylonitrile-butadiene
rubber, nitrile butadiene rubber, butyl rubber, ethylene-propylene rubber, ethylene-propylene-diene rubber, urethane
rubber, silicone rubber, fluororubber, and the like. The non-thermally expandable fire-resistant material may further
contain an antioxidant, based on phenol, amine, sulfur, or the like, a metal deterioration inhibitor, an antistatic agent, a
stabilizer, a crosslinking agent, a lubricant, a softening agent, a pigment, and the like, within a range that does not impair
its physical properties. Further, a general flame retardant may be added. The fireproof performance can be enhanced
by the combustion prevention effect of the flame retardant.
[0042] The coating layer 4 may be made of any material that allows expansion of the thermally expandable layer 2
upon heating. Combustible materials and noncombustible materials can be used. When the coating layer 4 is made of
a combustible material, the thermally expandable layer 2 can be more easily expanded, and predetermined fireproof
performance can be well exhibited.
[0043] Although the combustible material is not particularly limited, it is preferable to use a thermoplastic resin, an
elastomer, rubber, or a combination thereof. Examples of thermoplastic resins include fluororesin, polyphenylene ether,
modified polyphenylene ether, polyphenylene sulfide, polycarbonate, polyetherimide, polyetheretherketone, polyarylate,
polyamide, polyamideimide, polybutadiene, polyimide, acrylic resin, polyacetal, polyamide, polyethylene, polyethylene
terephthalate, polycarbonate, polyester, polystyrene, polyphenylene sulfide, polybutylene terephthalate, polypropylene,
polyvinyl chloride, ABS resin, AS resin, and the like. Examples of elastomers include olefin-based elastomers, styrene-
based elastomers, ester-based elastomers, amide-based elastomers, vinyl chloride-based elastomers, and the like.
Examples of rubber include natural rubber, silicone rubber, styrene-butadiene rubber, isoprene rubber, butadiene rubber,
chloroprene rubber, acrylonitrile-butadiene rubber, nitrile butadiene rubber, butyl rubber, ethylene-propylene rubber,
ethylene-propylene-diene rubber, urethane rubber, silicone rubber, fluororubber, and the like. The thickness of the
coating layer 4 made of a thermoplastic resin, an elastomer, rubber, or a combination thereof is not particularly limited,
but is generally 0.5 to 6 mm.
[0044] Moreover, the coating layer 4 may be made of metal, a metal alloy, or a combination of metal and a combustible
material mentioned above.
[0045] The coating layer 4 may have any appearance, and the color and pattern can be determined depending on the
purpose. In one embodiment, the color of the coating layer 4 is similar to the color of a frame 7 of the fitting to which the
thermally expandable fire-resistant material 1 is attached. For example, when the thermally expandable fire-resistant
material 1 is attached to an aluminum window frame, the color of the coating layer 4 can be aluminum color. The term
"similar color" means that, among three elements represented by the characteristics of color, i.e., hue, brightness, and
saturation, the hue is the same or similar. Specifically, warm colors, cold colors, white and opaque white, transparent
and semi-transparent colors, etc., can be specified as similar colors. Moreover, designability can be imparted to the
coating layer 4 by forming any pattern, such as a wood grain pattern to give visual warmth. Thus, the designability of
black ash color can be increased by coating the thermally expandable layer 2 with the coating layer 4. Furthermore,
coating with the coating layer 4 enhances the weather resistance of the thermally expandable layer 2, and also increases
the long-term durability of the thermally expandable fire-resistant material 1.
[0046] The method for producing the thermally expandable fire-resistant material 1 is not particularly limited. The
thermally expandable layer 2, the non-expandable layer 3, and the coating layer 4 may be subjected to simultaneous
extrusion molding, may be integrally bonded to each other by an adhesion means, such as an adhesive sheet, an
adhesive, or the like, or may be integrally bonded together by physical fixation.
[0047] A molded product of the resin composition that constitutes the thermally expandable fire-resistant material can
be obtained by producing a kneaded product of the resin composition, followed by molding, thereby forming a molded
product suitable for the shape and size of the hollow; or by producing a sheet-like or roll-like molded product, followed
by cutting.
[0048] The kneaded product of the resin composition can be obtained by mixing and kneading the above components
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using a known kneading apparatus, such as a Banbury mixer, a kneader mixer, or a kneading roll (and further a Raikai
mixer, a planetary stirrer, etc., in the case of a thermosetting resin, such as an epoxy resin). Moreover, in the case of a
two-component thermosetting resin, particularly an epoxy resin, the kneaded product may be produced by separately
producing kneaded products of each of the two components and a filler by a kneading method mentioned above, supplying
each kneaded product by a plunger pump, a snake pump, a gear pump, or the like, and mixing them by a static mixer,
a dynamic mixer, etc.
[0049] As the method for molding the resin composition, the above kneaded product can be molded by a known
method, such as press molding, calender molding, extrusion molding, or injection molding. Moreover, as the method for
molding a two-component thermosetting resin, particularly an epoxy resin, a known method can be suitably used de-
pending on shape, such as roll molding of a sheet molding compound (SMC) etc., coater molding by a roll coater or a
blade coater, etc.
[0050] The thickness of the molded product of the resin composition is not limited, but is preferably 0.1 to 6 mm. When
the thickness of the molded product is 0.1 mm or more, sufficient fireproof performance can be exhibited due to the
thickness of the expandable heat-insulating layer formed by heating. Moreover, when the thickness of the molded product
is 6 mm or less, insertion into the hollow can be easy.
[0051] Fig. 2 shows a state in which the thermally expandable fire-resistant material 1 of Fig. 1 is mounted in the frame
7 of a window sash or door sash as a fitting. In this embodiment, the thermally expandable fire-resistant material 1 is
placed in a space extending along the longitudinal direction in the inside of the frame 7. The frame 7 may be made of
any material, such as metal, resin, wood, or a composite material thereof, but is preferably made of metal. The upper
end of the frame 7 is provided with a pair of opposite rail-like raised portions 7a and 7b extending along the longitudinal
direction of the frame 7. A groove 8a is formed between the two raised portions 7a, and a groove 8b is formed between
the two raised portions 7b. The two projections 5 of the thermally expandable fire-resistant material 1 are fitted to the
respective grooves 8a and 8b. The thermally expandable fire-resistant material 1 may be pressed into the frame 7 by
applying pressure from above so that the projections 5 are fitted to the grooves 8a and 8b, or the projections 5 may be
fitted to the grooves by inserting the projections 5 from the end of the frame 7 along the longitudinal direction of the
grooves. A space 8c is formed among the thermally expandable fire-resistant material 1, the raised portion 7a, and the
raised portion 7b. The contact between the thermally expandable fire-resistant material 1 and the frame 7 is prevented
in a portion of the thermally expandable fire-resistant material 1 in contact with the space 8c.
[0052] According to the structure of the first embodiment, the thermally expandable fire-resistant material 1 is in contact
with the frame 7 by the non-expandable layer 3 (specifically, a portion of the body of the non-expandable layer 3, and
the projections 5), and the thermally expandable layer 2 is apart from the frame 7 through the non-expandable layer 3
and is not in direct contact with the frame 7. Accordingly, acids in the thermally expandable layer 2 can be prevented
from being transferred to the frame 7 to corrode the metal of the frame 7.
[0053] The thermally expandable fire-resistant material 1 of the first embodiment is not limited to the structure explained
above, and can be modified in the following manner.
[0054] As shown in Fig. 3, the thermally expandable fire-resistant material 1 may comprise the thermally expandable
layer 2 containing thermally expandable graphite, and the non-expandable layer 3, and the coating layer 4 may be omitted.
[0055] The shape of the projection 5 is not limited, and may be an approximately circular cross-sectional shape, an
approximately oval shape, an approximately rectangular shape, or the like. Moreover, the maximum width W2 of the tip
portion 5b may be equal to or less than the maximum width W1 of the base portion 5a.
[0056] The number of projections 5 is not limited, and may be singular or plural, such as 3, 4, or 5. Moreover, when
a plurality of projections 5 is provided, the projections 5 may have the same shape or different shapes.
[0057] The grooves 8a and 8b of the frame 7 may be provided, not only between the two raised portions 7a and
between the two raised portions 7b, but also between one raised portion 7a or 7b, and a portion of the frame 7 that is
not a raised portion.

Second Embodiment

[0058] Next, the thermally expandable fire-resistant material according to the second embodiment of the present
invention is described with reference to Fig. 4. In order to simplify the explanation, the explanations of the same member
numbers as those of the first embodiment are omitted.
[0059] As shown in Fig. 4, the thermally expandable fire-resistant material 1 placed in a fitting frame comprises a
thermally expandable layer 2 containing thermally expandable graphite, and a coating layer 4. The thermally expandable
layer 2 and the coating layer 4 are integrally molded in a sheet form. Moreover, projections 5 are provided on the surface
of the thermally expandable layer 2 on the side opposite to the surface on which the coating layer 4 is provided. Each
projection 5 has a base portion 5a projecting from the thermally expandable layer 2, and a tip portion 5b closer to the
tip of the projection than the base portion 5a. The projections 5 are made of the same material as the thermally expandable
layer 2.
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[0060] The materials constituting the expandable layer 2 and the coating layer 4, the materials constituting the base
portion 5a and the tip portion 5b, and the sizes thereof are as described in the first embodiment.
[0061] The thermally expandable fire-resistant material 1 of the second embodiment can be produced by simultaneous
extrusion molding or the like, as explained regarding the thermally expandable fire-resistant material 1 of the first em-
bodiment.
[0062] In the thermally expandable fire-resistant material 1 of the second embodiment, each projection 5 has a length
L that is larger than the depth Dep of a corresponding groove 8a in the frame 7 to be fitted with the projection 5. Therefore,
the body portion of the thermally expandable fire-resistant material 1 extending in the longitudinal direction of the thermally
expandable fire-resistant material 1, other than the projections 5, is apart from the frame 7. The thermally expandable
layer 2 in any part other than the tip of each projection 5 is not in direct contact with the frame 7. Accordingly, acids in
the thermally expandable layer 2 can be prevented from being transferred to the frame 7 to corrode the metal of the frame 7.
[0063] The thermally expandable fire-resistant material 1 of the second embodiment is not limited to the structure
explained above, and can be modified in the following manner.
[0064] As shown in Fig. 5, the thermally expandable fire-resistant material 1 may comprise the thermally expandable
layer 2 containing thermally expandable graphite, and the coating layer 4 may be omitted.
[0065] As shown in Fig. 6, the thermally expandable fire-resistant material 1 of the second embodiment may also have
a structure in which the non-expandable layer 3, the thermally expandable layer 2, and the coating layer 4 are laminated
in this order, as shown in Fig. 1 regarding the thermally expandable fire-resistant material 1 of the first embodiment. In
this case, the projections 5 are made of the same material as the non-expandable layer 3, the non-expandable layer 3
in any part other than the tip of each projection 5 is not in direct contact with the frame 7, and acids in the thermally
expandable layer 2 can be prevented from being transferred to the frame 7 to corrode the metal of the frame 7.
[0066] As shown in Fig. 7, the coating layer 4 may be omitted from the embodiment of Fig. 6.
[0067] The shape of the projection 5 is not limited, and may be an approximately circular cross-sectional shape, an
approximately oval shape, an approximately rectangular shape, or the like. Moreover, the maximum width W2 of the tip
portion 5b may be equal to or less than the maximum width W1 of the base portion 5a.
[0068] The number of projections 5 is not limited, and may be singular or plural, such as 3, 4, or 5. Moreover, when
a plurality of projections 5 is provided, the projections 5 may have the same shape or different shapes.
[0069] The grooves 8a and 8b of the frame 7 may be provided, not only between the two raised portions 7a and
between the two raised portions 7b, but also between one raised portion 7a or 7b, and a portion of the frame 7 that is
not a raised portion.
[0070] In the second embodiment described above, the length L of the projection 5 is formed larger than the depth
Dep of the corresponding groove 8a in the frame 7 to be fitted with the projection 5, whereby the body portion of the
thermally expandable fire-resistant material 1 is apart from the frame 7; however, the present invention is not limited to
this embodiment, as long as the body portion of the thermally expandable fire-resistant material 1 can be apart from the
frame 7.

Third Embodiment

[0071] Next, the thermally expandable fire-resistant material according to the third embodiment of the present invention
is described below with reference to Fig. 8. In order to simplify the explanation, the explanations of the same member
numbers as those of the first and second embodiments are omitted.
[0072] As shown in Fig. 8, the thermally expandable fire-resistant material 1 placed in a fitting frame comprises a
thermally expandable layer 2 containing thermally expandable graphite, and a non-expandable layer 3 laminated to each
other. A coating layer 4 is laminated on the surface of the thermally expandable layer 2 on the side opposite to the non-
expandable layer 3. The thermally expandable layer 2, the non-expandable layer 3, and the coating layer 4 are integrally
molded in a sheet form. Projections 5 are provided on surfaces (in the drawing, side surfaces of the non-expandable
layer 3 in the width direction) approximately perpendicular to the surface of the non-expandable layer 3 on which the
thermally expandable layer 2 is provided (the wide surface extending in the longitudinal direction of the thermally ex-
pandable layer 2). Each projection 5 has a base portion 5a projecting from the non-expandable layer 3, and a tip portion
5b closer to the tip of the projection than the base portion 5a. In the present embodiment, the maximum width W2 of the
tip portion 5b is larger than the maximum width W1 of the base portion 5a. The shape of the tip portion 5b is not particularly
limited; however, for example, the tip portion 5b may have an approximately triangular cross-sectional shape tapered
toward the tip, as shown in the drawing.
[0073] The frame 7 of the fitting has a pair of rail-like raised portions 7a and 7b. The two projections 5a extending from
the side surfaces of the non-expandable layer 3 in the width direction are each fitted to grooves 8a and 8b provided,
respectively, in the raised portions 7a and 7b of the frame 7.
[0074] The thermally expandable fire-resistant material 1 may be pressed into the frame 7 by applying pressure from
above so that the projections 5 are fitted to the grooves 8a and 8b, or the projections 5 may be fitted to the grooves by
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inserting the projections 5 from the end of the frame 7 along the longitudinal direction of the grooves. A space 8c is
formed among the thermally expandable fire-resistant material 1, the raised portion 7a, and the raised portion 7b. The
contact between the thermally expandable fire-resistant material 1 and the frame 7 is prevented in a portion of the
thermally expandable fire-resistant material 1 in contact with the space 8c.
[0075] The materials constituting the expandable layer 2 and the coating layer 4, the materials constituting the base
portion 5a and the tip portion 5b, and the size thereof are as described in the first embodiment.
[0076] The thermally expandable fire-resistant material 1 of the third embodiment can be produced by simultaneous
extrusion molding or the like, as explained regarding the thermally expandable fire-resistant material 1 of the first em-
bodiment.
[0077] According to the structure of the third embodiment, the thermally expandable fire-resistant material 1 is in
contact with the frame 7 by the non-expandable layer 3 (specifically, a portion of the body of the non-expandable layer
3, and the projections 5), and the thermally expandable layer 2 is apart from the frame 7 through the non-expandable
layer 3 in a direction approximately perpendicular to a direction (horizontal direction in the drawing) supported by the
projections 5, and is not in direct contact with the frame 7. Accordingly, acids in the thermally expandable layer 2 can
be prevented from being transferred to the frame 7 to corrode the metal of the frame 7.
[0078] The thermally expandable fire-resistant material 1 of the third embodiment is not limited to the structure explained
above, and can be modified in the following manner.
[0079] As shown in Fig. 3, the thermally expandable fire-resistant material 1 may also comprise the thermally expand-
able layer 2 containing thermally expandable graphite, and the non-expandable layer 3, and the coating layer 4 may be
omitted.
[0080] As shown in Fig. 4, the length of each projection 5 may also be formed larger than the depth of the corresponding
groove 8a in the frame 7 to be fitted with the projection 5. In this case, the side surfaces of the thermally expandable
layer 2 can be prevented from being in contact with the frame 7.
[0081] As shown in Fig. 5, the thermally expandable fire-resistant material 1 may also comprise the thermally expand-
able layers 2 containing thermally expandable graphite, and the coating layer 4 may be omitted.
[0082] The shape of the projection 5 is not limited, and may be an approximately circular cross-sectional shape, an
approximately oval shape, an approximately rectangular shape, or the like. Moreover, the maximum width W2 of the tip
portion 5b may be equal to or less than the maximum width W1 of the base portion 5a.
[0083] The number of projections 5 is not limited, and may be singular or plural, such as 3, 4, or 5. Moreover, when
a plurality of projections 5 is provided, the projections 5 may have the same shape or different shapes.

Fourth Embodiment

[0084] Next, the thermally expandable fire-resistant material according to the fourth embodiment of the present inven-
tion is described with reference to Fig. 9. In order to simplify the explanation, the explanations of the same member
numbers as those of the first to third embodiments are omitted.
[0085] As shown in Fig. 9, the thermally expandable fire-resistant material 1 placed in a fitting frame comprises a
thermally expandable layer 2 containing thermally expandable graphite, and a non-expandable layer 3 laminated to each
other. The thermally expandable layer 2 and the non-expandable layer 3 are integrally molded in a sheet form. Moreover,
a plurality of projections 5 (three projections in the drawing) extends from the surface of the non-expandable layer 3 on
which the thermally expandable layer 2 is provided (the wide surface extending in the longitudinal direction of the thermally
expandable layer 2). In the present embodiment, the projections 5 include two projections 5 extending from both ends
of the non-expandable layer 3 in the width direction, and a projection 5c extending apart from the two projections 5.
Each of the two projections 5 has a base portion 5a projecting from the non-expandable layer 3, and a tip portion 5b
closer to the tip of the projection than the base portion 5a. In the present embodiment, the maximum width (the horizontal
length in the drawing) of the tip portion 5b is larger than the maximum width (the horizontal length in the drawing) of the
base portion 5a.
[0086] The upper end of the frame 7 is provided with a pair of opposite rail-like raised portions 7a and 7b extending
along the longitudinal direction of the frame 7. The raised portions 7a and 7b, and the two projections 5 have an
approximately L-shaped cross-section in the longitudinal direction of the thermally expandable fire-resistant material 1.
The raised portions 7a and 7b are engaged with the two projections 5. The groove between the two raised portions 7a
and 7b of the frame 7 is divided into spaces 8d and 8e by the projection 5c. Because the distance from the thermally
expandable layer 2 to the frame 7 across the spaces 8d and 8e is equal to or larger than the length of the raised portions
7a and 7b of the frame 7, the contact between the thermally expandable fire-resistant material 1 (thermally expandable
layer 2) and the frame 7 is prevented in portions of the thermally expandable fire-resistant material 1 (thermally expandable
layer 2) in contact with the spaces 8d and 8e.
[0087] According to the structure of the first embodiment, the thermally expandable fire-resistant material 1 is in contact
with the frame 7 by the non-expandable layer 3 (specifically, the projections 5 of the non-expandable layer 3), and the
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thermally expandable layer 2 is apart from the frame 7 and is not in direct contact with the frame 7. Accordingly, acids
in the thermally expandable layer 2 can be prevented from being transferred to the frame 7 to corrode the metal of the
frame 7.
[0088] The thermally expandable fire-resistant material 1 of the fourth embodiment is not limited to the structure
explained above, and can be modified in the following manner.
[0089] A coating layer 4 may be further laminated on the surface of the non-expandable layer 3 opposite to the thermally
expandable layer 2.
[0090] The shape of the projection 5 is not limited, and may be an approximately circular cross-sectional shape, an
approximately oval shape, an approximately rectangular shape, or the like.
[0091] The number of projections 5 is not limited, and may be singular or plural, such as 3, 4, or 5. Moreover, when
a plurality of projections 5 is provided, the projections 5 may have the same shape or different shapes.
[0092] The number of projections 5, which have a base portion 5a and a tip portion 5b closer to the tip of the projection
than the base portion 5a, and in which the maximum width of the tip portion 5b is larger than the maximum width of the
base portion 5a, may be not only 2, but also 1 or 3 or more. For example, one projection 5 may have such a structure,
and another or other projections 5 may have an approximately constant width along the full length.
[0093] In Fig. 9, the projections 5 extend approximately perpendicularly from the surface of the non-expandable layer
3 on which the thermally expandable layer 2 is provided, but may extend obliquely from the surface of the non-expandable
layer 3 on which the thermally expandable layer 2 is provided.
[0094] Two or more projections 5c may be provided, or no projection 5c may be provided.

Frame and Fitting

[0095] The following describes a frame and a fitting, to both of which the thermally expandable fire-resistant material
1 of the first embodiment, the thermally expandable fire-resistant material 1 of the second embodiment, the thermally
expandable fire-resistant material 1 of the third embodiment, or a thermally expandable fire-resistant material 1 that is
another example of these embodiments and is included in the scope of the present invention, is applied.
[0096] Fig. 10 is a front view of a sash 50 of a double sliding window according to the present embodiment, and Fig.
11 is a main part cross-sectional view taken along the line A-A of Fig. 10. In Figs. 10 and 11, the sash 50 is to be fixed
to a rectangular opening formed in a structure, such as a house, and comprises an outer peripheral rectangular opening
frame 10 having an opening, and two sliding screens 20 that are double-sliding screens horizontally movable therein.
[0097] The opening frame 10 as a fitting frame comprises left and right vertical frame members 11 and 12, and upper
and lower horizontal frame members 13 and 14. The inner space surrounded by the frame members 11 to 14 serves
as an opening. The two sliding screens 20 as fitting frames close the above opening, and structurally have approximately
the same structure. Each sliding screen is formed in a rectangular shape by left and right vertical stile members 21 and
22, and upper and lower horizontal stile members 23 and 24, and has a meeting point where the vertical stile members
on the center side overlap each other forward and backward. The opening frame 10 is composed of a combination of
the vertical and horizontal frame members 11 to 14, and the sliding screens 20 and 20 are each composed of a combination
of the vertical and horizontal stile members 21 to 24.
[0098] In the sash 50, the two sliding screens 20 are slidably supported by the opening frame 10, as described above.
The vertical and horizontal stile members 21 to 24 that constitute the outer peripheral frame of each sliding screen 20
support a windowpane 25, which is made of wired glass and is positioned in the inside of the sliding screen. The
windowpane 25 constitutes a fireproof plate material to configure a parting plane between the interior and exterior sides
of the sash 50. The fireproof plate material is not limited to a windowpane having translucency, but may be a metal plate
material, a calcium silicate board, or the like that has a light-blocking effect.
[0099] The structure of the sash 50 is not particularly limited, and may be in any well-known form, as long as the
vertical and horizontal frame members 11 to 14 and stile members 21 to 24, which constitute the sash, have hollows
extending along the longitudinal direction, and the cross-section orthogonal to the longitudinal direction has one or more
hollow spaces. In addition, the material used for each frame member and stile member constituting the sash may be
any material, such as metal, resin, wood, or a composite material thereof; however, metal is preferable.
[0100] The vertical frame members 11 and 12, which constitute the opening frame 10, have hollows 11a and 12a
extending and penetrating through the vertical frame members 11 and 12, respectively, in the longitudinal direction.
Although it is not shown, the horizontal frame members 13 and 14, which constitute the opening frame 10, also have
hollows extending and penetrating through the horizontal frame members 13 and 14 in the longitudinal direction.
[0101] The left and right vertical stile members 21 and 22, which constitute the sliding screen 20, have hollows 21a
and 22a extending and penetrating through the vertical stile members 21 and 22, respectively, in the longitudinal direction.
Although it is not shown, the horizontal stile members 23 and 24, which constitute the sliding screen 20, also have
hollows extending and penetrating through the horizontal stile members 23 and 24 in the longitudinal direction. The
windowpane 25 made of wired glass is inserted in the internal space formed by the vertical and horizontal stile members.
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The windowpane 25 is positioned in a stepped part of the vertical stile members 21 and 22, and is fixed by a rubber seal
material or a sealing agent 26.
[0102] The thermally expandable fire-resistant materials 1 are inserted into the hollows of the frame members 11 to
14 and the stile members 21 to 24, which respectively constitute the opening frame 10 and the sliding screen 20 of the
sash 50. In the frame members 11 to 14 and the stile members 21 to 24, grooves 8 are provided between two raised
portions 7a or two raised portions 7b, or between one raised portion 7c and each of the frame members 11 to 14 and
each of the stile members 21 to 24. The projections 5 of the thermally expandable fire-resistant material 1 are fitted to
the grooves 8.
[0103] Further, the thermally expandable fire-resistant materials 1 are also inserted into the hollows 21a and 22a of
the vertical stile members 21 and 22 of each sliding screen 20. The thermally expandable fire-resistant materials 1 each
have flat portions other than the projections 5, and are inserted into the hollows in a state in which the thermally expandable
fire-resistant material 1 is in mutual contact with the wall surface of each hollow parallel to the glass surface. Although
it is not shown, the thermally expandable fire-resistant materials 1 are also inserted into the hollows extending and
penetrating through the upper and lower horizontal stile members 23 and 24 of each sliding screen 20 in the longitudinal
direction.
[0104] If a fire breaks out on the interior or exterior side of the sash 50, the thermally expandable fire-resistant materials
1 inserted into the hollows of the frame members 11 to 14 and the stile members 21 to 24 of the sash 50 are heated by
the heat of the fire. The thermally expandable fire-resistant materials 1 expand quickly and immediately exhibit fireproof
performance.
[0105] Figs. 12 and 13 show a second embodiment in which the present invention is embodied into a fireproof door.
Fig. 12 is a schematic view showing an example of a fireproof door 52, and Fig. 13 is a main part transverse cross-
sectional view taken along the line B-B of Fig. 12. In Fig. 12, the explanations of portions other than parts necessary for
the explanation of the present invention are omitted.
[0106] In Fig. 12, the fireproof door 52 comprises a rectangular frame 30 as an opening frame having an opening, and
a door part 40 rotating around a hinge 35 in the inside of the frame 30. The door part 40 has frame members 41 to 44
as an outer peripheral frame, which is a fitting frame, a door body 45 whose outer periphery is supported by the frame
members 41 to 44, and a handle 46. The material used for each of the frame members 41 to 44 may any material, such
as metal, resin, wood, or a composite material thereof; however, metal is preferable.
[0107] The door body 45 is generally made of glass, wood, metal, resin, or the like, and constitutes a fireproof plate
material.
[0108] The frame 30 as a fitting frame comprises left and right vertical frame members 31 and 32, and upper and lower
horizontal frame members 33 and 34. The internal space surrounded by the frame members 31 to 34 serves as an
opening. The material used for each of the frame members 31 to 34 may be any material, such as metal, resin, wood,
or a composite material thereof; however, metal is preferable.
[0109] Referring to Fig. 12, the thermally expandable fire-resistant materials 1 are placed in the frame members 31,
32, 33, and 34 of the frame 30 along the longitudinal directions of the frame members 31, 32, 33, and 34. The thermally
expandable fire-resistant materials 1 are also placed in the frame members 41, 42, 43, and 44 of the door part 40 along
the longitudinal directions of the frame members 41, 42, 43, and 44. The arrangement of the thermally expandable fire-
resistant materials 1 in the frame members 31 to 34 and 41 to 44, which form a door sash, is as explained above in the
embodiment of the window sash.
[0110] If a fire breaks out on the interior or exterior side of the fireproof door 52, the thermally expandable fire-resistant
materials 1 inserted into the frame members 31, 32, 33, and 34 of the frame 30 of the fireproof door 52, and the frame
members 41 to 44 of the door part 40 are heated by the heat of the fire. The thermally expandable fire-resistant materials
1 expand quickly and immediately exhibit fireproof performance.
[0111] In this drawing, the thermally expandable fire-resistant materials 1 are provided in both the frame 30 and the
door part 40; however, the thermally expandable fire-resistant materials 1 may be provided in either one of them.
[0112] In Fig. 13, the projections 5 of the thermally expandable fire-resistant materials 1 are fitted to the grooves 8 of
the frames 31, 32, 41, and 42.
[0113] The embodiments of the present invention are specifically described above; however, the present invention is
not limited to the above embodiments, and various modifications based on the technical idea of the present invention
can be applied.
[0114] In addition, the present invention can also employ the following structures.
[0115] [Item 1] A fitting frame comprising a frame provided with one or more grooves, and a thermally expandable
fire-resistant material fitted to the one or more grooves of the frame,
the thermally expandable fire-resistant material comprising a thermally expandable layer containing thermally expandable
graphite, and a non-expandable layer provided on one surface of the thermally expandable layer,
one or more projections being provided on a surface of the non-expandable layer opposite to or approximately perpen-
dicular to the surface on which the thermally expandable layer is provided, and
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the one or more projections being fitted to the one or more grooves of the frame.
[0116] [Item 2] A fitting frame comprising a frame provided with one or more grooves, and a thermally expandable
fire-resistant material fitted to the one or more grooves of the frame,
the thermally expandable fire-resistant material comprising a thermally expandable layer containing thermally expandable
graphite,
the thermally expandable fire-resistant material being provided with one or more projections, and
the one or more projections being fitted to the one or more grooves of the frame so that the thermally expandable layer
and the frame are apart from each other.
[0117] [Item 3] The fitting frame according to Item 2, wherein the thermally expandable fire-resistant material comprises
a non-expandable layer, and the one or more projections are provided on a surface of the non-expandable layer opposite
to a surface on which the thermally expandable layer is provided.
[0118] [Item 4] A fitting frame comprising a frame provided with one or more grooves, and a thermally expandable
fire-resistant material fitted to the one or more grooves,
the thermally expandable fire-resistant material comprising a thermally expandable layer containing thermally expandable
graphite,
one or more projections being provided on a side surface of the thermally expandable layer in a width direction, and
the one or more projections being fitted to the one or more grooves of the frame.
[0119] [Item 5] A fitting frame comprising a frame provided with one or more grooves, and a thermally expandable
fire-resistant material fitted to the one or more grooves,
the thermally expandable fire-resistant material comprising a thermally expandable layer containing thermally expandable
graphite, and a non-expandable layer,
the non-expandable layer being provided with one or more projections projecting toward the thermally expandable layer,
and
the one or more projections being fitted to the one or more grooves of the frame so that the thermally expandable layer
and the frame are apart from each other.
[0120] [Item 6] The fitting frame according to any one of Items 1 to 5, wherein the thermally expandable fire-resistant
material comprises a coating layer.
[0121] [Item 7] A fitting comprising an opening frame having an opening, a plate material that closes the opening of
the opening frame, and an outer peripheral frame that supports the outer periphery of the plate material,
at least one of the opening frame and the outer peripheral frame comprising the fitting frame according to any one of
Items 1 to 6.
[0122] [Item 8] The fitting according to Item 7, which is a window or a door.
[0123] [Item 9] A thermally expandable fire-resistant material comprising a thermally expandable layer containing
thermally expandable graphite, and a non-expandable layer provided on one surface of the thermally expandable layer,
one or more projections being provided on a surface of the non-expandable layer opposite to or approximately perpen-
dicular to the surface on which the thermally expandable layer is provided.
[0124] [Item 10] A thermally expandable fire-resistant material for being fitted to a frame provided with one or more
grooves,
the thermally expandable fire-resistant material comprising a thermally expandable layer containing thermally expandable
graphite,
the thermally expandable fire-resistant material being provided with one or more projections, and
the one or more projections having a length that makes the thermally expandable layer and the frame apart from each
other when the thermally expandable fire-resistant material is fitted to the one or more grooves of the frame.
[0125] [Item 11] A thermally expandable fire-resistant material comprising a thermally expandable layer containing
thermally expandable graphite, and a non-expandable layer provided on one surface of the thermally expandable layer,
the non-expandable layer being provided with one or more projections projecting toward the thermally expandable layer.
[0126] [Item 12] The thermally expandable fire-resistant material according to any one of Items 9 to 11, wherein the
thermally expandable fire-resistant material comprises a coating layer.
[0127] [Item 13] A thermally expandable fire-resistant material comprising a thermally expandable layer containing
thermally expandable graphite,
the thermally expandable layer having a base portion projecting from the thermally expandable layer, and a tip portion
closer to a tip than the base portion, and
the maximum width of the tip portion being larger than the maximum width of the base portion.

Claims

1. A fitting frame comprising a frame provided with one or more grooves, and a thermally expandable fire-resistant
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material fitted to the one or more grooves of the frame,
the thermally expandable fire-resistant material comprising a thermally expandable layer containing thermally ex-
pandable graphite, and a non-expandable layer provided on one surface of the thermally expandable layer,
one or more projections being provided on a surface of the non-expandable layer opposite to or approximately
perpendicular to the surface on which the thermally expandable layer is provided, and
the one or more projections being fitted to the one or more grooves of the frame.

2. A fitting frame comprising a frame provided with one or more grooves, and a thermally expandable fire-resistant
material fitted to the one or more grooves of the frame,
the thermally expandable fire-resistant material comprising a thermally expandable layer containing thermally ex-
pandable graphite,
the thermally expandable fire-resistant material being provided with one or more projections, and
the one or more projections being fitted to the one or more grooves of the frame so that the thermally expandable
layer and the frame are apart from each other.

3. The fitting frame according to claim 2, wherein the thermally expandable fire-resistant material comprises a non-
expandable layer, and the one or more projections are provided on a surface of the non-expandable layer opposite
to a surface on which the thermally expandable layer is provided.

4. A fitting frame comprising a frame provided with one or more grooves, and a thermally expandable fire-resistant
material fitted to the one or more grooves,
the thermally expandable fire-resistant material comprising a thermally expandable layer containing thermally ex-
pandable graphite,
one or more projections being provided on a side surface of the thermally expandable layer in a width direction, and
the one or more projections being fitted to the one or more grooves of the frame.

5. A fitting frame comprising a frame provided with one or more grooves, and a thermally expandable fire-resistant
material fitted to the one or more grooves,
the thermally expandable fire-resistant material comprising a thermally expandable layer containing thermally ex-
pandable graphite, and a non-expandable layer,
the non-expandable layer being provided with one or more projections projecting toward the thermally expandable
layer, and
the one or more projections being fitted to the one or more grooves of the frame so that the thermally expandable
layer and the frame are apart from each other.

6. The fitting frame according to any one of claims 1 to 5, wherein the thermally expandable fire-resistant material
comprises a coating layer.

7. A fitting comprising an opening frame having an opening, a plate material that closes the opening of the opening
frame, and an outer peripheral frame that supports the outer periphery of the plate material,
at least one of the opening frame and the outer peripheral frame comprising the fitting frame according to any one
of claims 1 to 6.

8. The fitting according to claim 7, which is a window or a door.

9. A thermally expandable fire-resistant material comprising a thermally expandable layer containing thermally ex-
pandable graphite, and a non-expandable layer provided on one surface of the thermally expandable layer,
one or more projections being provided on a surface of the non-expandable layer opposite to or approximately
perpendicular to the surface on which the thermally expandable layer is provided.

10. A thermally expandable fire-resistant material for being fitted to a frame provided with one or more grooves,
the thermally expandable fire-resistant material comprising a thermally expandable layer containing thermally ex-
pandable graphite,
the thermally expandable fire-resistant material being provided with one or more projections, and
the one or more projections having a length that makes the thermally expandable layer and the frame apart from
each other when the thermally expandable fire-resistant material is fitted to the one or more grooves of the frame.

11.  A thermally expandable fire-resistant material comprising a thermally expandable layer containing thermally ex-
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pandable graphite, and a non-expandable layer provided on one surface of the thermally expandable layer,
the non-expandable layer being provided with one or more projections projecting toward the thermally expandable
layer.

12. The thermally expandable fire-resistant material according to any one of claims 9 to 11, wherein the thermally
expandable fire-resistant material comprises a coating layer.
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