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present invention relates to (1) a fire resist-
ant composition, (2) a panel made thereof for forming
externél walls of various buildings, and (3) the struc-
ture of the external wall, wherein the composition is de-
signed to line or coat various structural elements made
of metals, resins and/or lumber to be incorporated in
steel-framed buildings, or to line the sizing parts or
pieces used in ceramics iﬁduétries or cement factories,
and wherein the panel includes those to form stud walls
in wooden houses.
2. Prior Art
Fire resistance of constructive parts such as steel
beams for steel-framed buildings is prescribed in detail

in the Japanese Building Standards Act, Enforcement Ordi-

nance thereof, Article 107. The standards are given in

the term of 'fire resisting time' for each constructive
element such. as walls, floors and pillars. Test method

of judging fire resistance is set forth in 'JIS A-1304' (

Japanese Industrial Standards ) recited in the Adminis-

trative Order No. 2999 issued in 1969 by the Ministry of
Construction. JIS A-1304 is entitledé 'Method of Test-



Strlct yfés' . The test method of JI'S A-1304 consists of I-r)_né iﬁ @p@isr%m
of unl oaded speci mens, THjs Shket HAEB lapg of | oaded speci ngp E’éj

apptyi ng of inpact |rst item (i) above ks f“r*
sggdiyvi ged ingg: reswt}ﬂmuuu"ﬂﬂgﬂ r duration of 30 mn; ditto. for
duration of 1 hour; dit on of 2 hours; and ditto. for
duration of 3 hours. . Specinens each coated mﬁth#%_fire-resistant

lining should not be heated to an average tenperature of [err] within the
prescribed period Cin@OtﬁénFDfeekéQisﬁﬁﬁﬁélﬁ*“cdﬂbéihé%fﬁh“ﬁ&f??te”hith the
perature is about [err]. Many proposals have been nmade in an effoft to neet
the official requiréndetrs beithg éntitledi StMplemeei€icn SOFE Fofe-REBS8TLRAAL
classified in the wet type, wth the others being the dry type.

Japanese Patent Puldftructuresd,. Hei The 28565 mithddset II$iA<1304i cbAsists of
conposition, whose in redlents are a hydraulic cenment, alum num hy- droxide
and a certain carbdnhl e the Qﬁ%ﬁih@a?édunknaﬁﬁdu§9¢g¢man$de(M#DItbe heating

dehydr at ed d the ¢ rb nate_decont posed, both absorbing heat and
respectlvelsggeneréfg-gf ¢ IB9 %*mébﬁiaQQHQiii tﬁﬁcﬁpg&x#@ee¢ﬁ|imyact to

The Chi ckness of 8 %&S”PZQ?@? RSt C%%\'ge' {8 CHEEHERF L cprbpivided
el enments or parts. ejéf‘tél’ﬁ O%Qsisiéé?ﬁé'é totljxl‘.afb ﬁora a,%%em s% h$ﬂ 'agx’gr H‘a‘.%%o.

not only be inprov ITe resrstance

IpOSSi bl e. SuchgoR tHaratibs 6£51 Hdis, 'c@‘@fo)""f&r P&uPELE6HC58! 2! "hours;
ower i ng

and ditto. for duration of 3 hours. Specimens each

10 coated with a fire-resistant lining should not be heated

to an average temperature of 350 ‘C within the prescribed

period of 30'min or else, when kept in an oven whose tem-
perature is about 1000 C.

Many proposals have béen made in an effort to meet

15 the official requirements as to fire resistance, wherein

some of them are ciassified in the wet type, with the

others being the dry type. Japanese Patent Publication

No. Hei.2-28555 discloses a fire-resistant composition,

whose ingredients are a hydraplic cement, aluminum hy-

20 droxide-and a certain carbonate. ‘When heafed, aluminum

hydroxide will be dehydrated and the carbonate decom-

posed, both absorbing heat and respectively generating

Yy

water vapor and carbon dioxide gas useful to extinguish
the fire.

25 ' An enh;nced fire resistance will reduce more or less
the thickAes; of a fire resisting layer covering the

construction elements or parts. In other words, the



thé wei:ght of construction parts and in expediting the dPRffi& BAEEDAASWEEERS
It is however noted Thfsbﬁegt.ﬂag_bgen% pesgal s such as recit abogeMAOED Ot

realized yet a sati sf | stant conposition.
st eel -framed- bui | di ngs : ! den houses or buil dings nust be nore
resistant to fire. Ext I cluding stud walls in wooden houses are

sonetinmes or usually -such outer panels tha& are covi-ered with a fire
resistant lining conmposed of a polystyr- ol foam and a cenent. Those
linings are bond to p oL .t opngal ' h-,cut '
panel s, which are ?grﬁe ﬁ%%#g%ggﬁ g?k%?mﬁgggségﬁrgﬁlﬁbbgu%bﬁgFWE@%gfH’ fire
menber s. Mortar r@giBkanice’ Bukl BEsBPBLI 84 tRint B8 pBkRipvhace of t a
| at h-cut panels. Simlarly to the steel-framed buildings, the exter- na

wal |'s of wooden hourea mize kesappifgedagért fillhebe benefiediadt aife ldwering
accordance w th Japanese Buil di ng Standards Act. They have to cone up
with the standardtbe 'vedghdarf keastmwgctiendphritedand time etpediMixggir che
ment of Fire Resistance of Non-Conbustible Construction Parts' in JIS
A-1302. I t hi sceastryctioncomerksi.ass hd%t i 4§ howeveanpaocted e Wiabnethe
maj or side face of the external wall should not rise above [err] _wthin
a prescribed tinePTRREFLSac 84UCh, agn reckbephabevenhavey not readdedoyT a
SHEET 4 tenperature_of %OOO C. ég;neng%gned above, the conventional
fire-resistant Iinﬁﬁgiﬁ actoryy £dxea reRaptapin SPRPOS ‘| y conmposed of

Not only the steel-framed buildings but also wooden

houses or buildings must be more resistant to fire.

10 External walls including stud walls in wooden houses
are sometimes or usually such outer panels that are cov- -
ered with a fire resistant lining composed of a polystyr-
ol foam and a cement. Those linings are bonded to
plywood plates to form the so-called 'lath-cut' panels,

15 which are to be nailed or otherwise secured to support-
ing members.  Mortar or plaster will be applied to the
outer face of those lath-cut panels.

Similarly to the steel-framed buildings, the exter-
nal walls of wooden houses must be approved as to their

20 fire resiétance, in accordance with Japanese Building
Standards Act. _ They have to come up with the standard
of ;secondary heating' as defined in the item 'Measure-
ment .of Fire Resistance of Non-Combustible Construction
Parts' in JIS A-1302. In this test of second class

25 heating, tﬁe temperature of one major side face of the
external wall should not riée ;bove 260 °C within a

prescribed time, when placed in an atmosphere having a



pol'ystyrol  foam and Cement. ~ Fire resistance of t{FETTII0G ] Vier
not high enough to refif\hed: s Bl Kdpagas | ess than 12 r}wfs&-i%ﬂgg %(%rggﬁ

the plywod base pla Ni |l ining about 12
about 9 mmt hi ck. N%ﬂn : thick nust be applied to the lining
surface when the buil S are con- structed. Due to such

a thick and~heavy external wall, constrUctign wor ks -“tgnnot be done snoot hly
within a shorter period and at a reasonabl e cost, further reducing an

i nternal space adk@ﬂ§gfé¥hgéuafmﬂdoo .. Hghly and specially skilled
workers nust attend to the application of nortar, thus causing nore serious

t he di sadvant ages not ed ab@éntildhe® dbo¥iest ithe Sorfaiitiidnall € saslereS0568At
com prise in general heat insulating walls. The so-called internal heat

i nsul ators w del y ddmipigoyer they extaainan waillle pamalzse d s arsuaskyd walpolsed of
bet ween an outer board and an inner board, wherein the core is usually nmade
of a rock wool or podystyoml GoanaEnkoegendn takdind amsimgtanee | no€r this

face of outer board, at |ow outdoor tenperatures. Such a con- densate
wi Il erode the out dirdag dsrhawesen nopddgh enqugh ko Fander |1ts sthickaess
I nner board rmade fqQr exanple of a decorative plywood. 5 The_so-cal | ed

external heat insul®SH s ¥RaR . { or Fhemgforey Qe RIYHOM c AR noPLERR
NS L0 o A SThe MEutHis atlt 1Y S P E il BE B’ o' "
thick. Mortar about 8 mm thick must be applied to the
lining surface when the buildings or hﬁuses are con-
10 . structed. _Due to such a thick and heavy external wall,
construction works cannot be done smoothly within a
shorter peridd and at a reasonable cost, fhrther_reducing
an internal space adjacent to the wall. Highly and
specially skilled workers must attend to the hpplication
15 of mortar, thus causing more serious the disadvantages
noted above.
In cold districts, comfortable wooden houses com-
prise in general heat insulating walls.
The so-cal;ed internal heat insulators widely em-
20 ployed have each an athermalized core sandwiched between
~an outer board and an inner board, wherein the core is
“ usually made of a rock wool or glass wool.
- Dew condensation takes place on the inner face of
outer board, ﬁt low outdoor temperatures. Such a con-
_ 25 densate wili erode the outer board made of plywood or the

like and will stain the inner board made for example of a

decorative plywood.



avheatrvnsulatlng material such as the so call ed ' styro-|| frASISHEEV IHAS BEEN
trade nane of pol yst Vhio$hedt blagh a pl ywood basg pl atREPLACEDThi s
ingulator will be att mu “ﬂ’ﬁm‘l er face of skel eton

nortar. Since the ins I s di sposed outside the outer board
there will arise no problem of dew condensa- tion. The external heat
insulators ¢6f this type also are di sadvantqageous |n‘Ihat the nortar finish
is not suffi- ciently resistant to fire. They will not be qualified as

heat insulators as presofhdedgdlod] Fod':dBtarnd i 1iSst A ididtn4 Qéﬁét erthere-
work is done by a highly skilled plas- terer to forma considerably thick

outer |ayer, sin | afdyet ptoSossdteCenelydlbeddise no ddw Stehds £BCUEoAden-
| onger tine, a higher cost of and a | arger space for the con- struction

work. It is alsosatedsethéan Utlse solt@itand dirieat cbodxdsm cal | ed
'Autoclaved Li ght - Wei ght Concrete' or 'ALC as the external heat insulator.
The ' ALC boards are hovsveexanple udf i theexternmshthéals ulnsubatowsscomprises

i ncreased thickness thereof rendering them heavier and causing a | onger
period and a°rai se® &Rt o#né%eﬁmm@tpmkwch %r@%ﬁ/eﬁo'cﬂtedboéﬁﬁyro-

The col d season and bR i KLF chsErade Serg o op LYSErEnh AgPn; )CbPBEeHh 40
formed in internal polesuhsalbkehyplgegause Higss £ DRAG{348 SL1ME oElhibee

to an outer face of skeleton and then lined with mortar.

Since -the insulating material is disposed outside the
10 outer board, there wiil arise no problem of dew condensa-
tion. |

The external heat insulators of this type also are
disadvantageous in that the mortar finish is not suffi-
ciently resistant to fire. They will not be qualified

15 as heat,insulatopg as prescribed in:JIS A-1302, unless a
difficult plaster work is done by a highly skilled plas-
terer to form a considerably thick outer layer, similarly
to the usual external walls. Thié will incur a longer
time, a.higher cost of and a larger space for +the con-

20 struction wofk.

It is also proposed to use a light concrete foam
called 'Autoclaved Light-Weight Concrete' oxr fALC' as the
external heat insulator.
| The 'ALC' boards are however not sufficient in heat

25 insulation,-also an increased thickness thereof rendering
them heavier and causing a longer period and a raised

cost of construction works. Moreover, 'ALC' boards are



An ObJGGt of the preéesent invention 1S therefore to provi Tﬁ@k 13 Boen 1
that T's more resistanhulded hiSeliafalgose known in the aif,’ %EHPEE&' P

the lining of con- str S. Anot her obj ect
panel conprising the TTIE Iﬂmlﬂ ncorrpoleon and adapted to form
external walls which e- nments of fire resistance, so that

said walls .can be constructed in a shorter ginme at & +educed cost and
Wi t hout needi ng any superfluous space, and so that said walls can be h|ghly
heat insul ating fcgo

to provide a novel ﬁ%ﬁ%ﬁﬁﬁgéﬁg%&ﬁgiﬁf%" o‘fe'?%et%x?%‘é??l’é‘?anof:ﬁggrggg{:’ Wflﬁ'é'
desired characterigt I%AV?I?@ ﬁﬂgagéfgegeégﬁ{ e?%{d a&&&:nd y{_ngaBRl EF Due to

DESCRI PTI ON OF THE s a show ng e re flonsh

found between the deghh8fohi fan'ghéhfcé &rﬁe&fiﬂ iﬁ{:érﬁﬁi' sba%s is
conposition lining covering a face of base plate; Fig. 2 also is a graph

showi ng the rel atiDiedly to BEubé\GEﬁEQE Boddds cd asaskhebieparse heating
time and the tenperature of the base plate's face | ocated opposite to the
fire resistant conposition lining; Fig. 3A 1is a schematic cross section
of a panel provided herein for use as the external walls in various
bui | di ngs, Wherein a base plate of GBHIEGRSHOF QHE INVENIION [ gi d board;

An object of the present invention is therefore to

provide a composition that'is more resistant to fire than
those known in the arf, when used as the lining of con-
struction eiements. Another object is to provide a
10 panel comprising the fire resistant composition and
adapted +to form external walls which meet the require-
ments of fire resistance, so that said walls can be
constructed ‘in a shorter time at a reduced ‘cost and
without needing any superfluous.space,-and'so that said
15 :walls can be highly heat insulating for use in the cold
districts. Still another object is to provide a novel-
and advanced structure of the external walls so that the
desired charaéteris;;cs and advantages thereof are en-

sured.

20 BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 is a graph showing the relationship found -

between the heating time and the temperature of a fire

resistant _&omposition lining covering a face of a base

plate;

25 Fig. 2 also is a graph showing the relationship



Fig. 3B-also is a schematic cross section of a panel prdvidSSHiETHIAS BEEN
use as$ the external \iisiSh etHds@aalm lacebase plate of the flanel BBERLAGER of
rlgld board and a flre er; Fig. 4 is a perspective viewof a
panel formed in Exanpl as the external walls of the build-
-Fig. 5alsois a perspectlve vi ew of a panel forned i n Exanpl e 19,
for use as fhe external walls of the bU|Id|ﬁbs Fig’.=B6A is a vertica
cross section of an external wall structure provi ded in Exanpl e 20; Fig
‘6B is an enlarged £60fG BeeweBA the! HBatShgUeimbUbAd theCiemPertlRin® CGF the
groove-shaped cavity extends through sard structure shown in Fig. 6A
Fig. 7A also is a beséipahterssfagacibeated éppoxitentb whel firelClrésistant
provided in Exanple 21; Fig. 7B is an enlarged cross section of the struc-
ture's region whereompgedbionshipddgeavity |ikew se extends through said
structure shown in Fig._7A 8 Fig 8A is a perspective view of a '
further panel formed iRig- nnaﬁflé&t?oﬁcbﬁmﬁﬁéﬁp950§§ S&ﬁGiPPg ofB &5 Panel

Cross secthp t aken alg gg line 8B 8B in Fi 8A. SUMMARY_OF THE -
| NVENTI ON From a fPFeY égse rein; £pr pge; §?aﬁgel extRyPEIELLS dpn various
fﬂg;gg;?rlst%ﬁgng ibéﬁsnﬂ E%%ﬁngltgas lé%eprln%hgapaneqr%%ﬁgtsts of

a rigid board;

Fig. 3B also is a schematic cross section of a panel

provided herein for use as the external walls, wherein a

10 base plate of the panel consists of a rigid board and a
fire resistant layer;

Fig. 4 is a perspective view of a panel formed in

Example 18, for use as the external walls of the build-

i 'ihgs; !

15 . Fig. 5 also is a perspective view of a panel formed

' ih' Example 1§, for use as the external walls of the

buildings:; |
Fig. 6A is a vertical érbss'section of an external
wéil structure provided in Example 20;

20 Fig. 6B is an enlarged cross section of the struc-
tufe's region where a groove-shaped cavity extends
through said structu:e shown in Fig. 6A;

' Fig. 7A also 1s a vertical cross section of an
external wall structure provided in Example 21;

25 Fig. ;B is an enlarged cross section of the struc-

ture's region where a groove-shaped davity likewise -

extends through said structure shown in Fig. 7A;



sissts of: a mxture of 100 parts by weight of ettringitelands syeeT2HE BN 3
by wei‘ght of an inor gamhi shdedas BerRAjIReEOMPOUNd enittingflat [meEdacED
nonconbusti bl e gas; a nj parts by wei ght of‘=sttrtngi-te—and
0.01 - 50 parts by wei g%lwlﬂlltmlwﬂgﬂloxi de powder; or a mxture of 100
parts by weight of ettri ; - parts by weight of the ineorganic
particul ate conpound -and 0.01 - 50 parts by w@ight g~ titani um oxi de

powder. Referring to Fig. 1, there is a graph showi ng'the rel ationship
between the heating tine and the tenperature of a construction el enent

lined with fire resistdam9mat®® 182 ReFIpestdye Vigt Qfdéhc S e | panel

A-1304: ' Met hod of ti t i i St f t ti Parts'.

o 15061 o ol T 'y G AL S BB IS g, 1

boi I'i ng point of water Figo ?ﬁ E L) @’bfdgse%ti@rﬁt@ak%x?@fongfrﬂ@difﬁe ﬁﬁe-
due to e C I'n the

tenperature remains at 1 vaporat1on of water cortalne
construc- tion el @®niin Figl A, final period, the tenperature rises 9in
a nonot onous manner in the course of time beyond 350 [err], so that the
time necessary for the tenperature to rise up to [err] is given as 'fire
resisting time'. As seen in Fig. 1, longer periods 'a' and 'b' as well as
a lower gra8ient in the period 'c SUMMARYODFATHE! INVENTIONOT the el enent
to be heated to [err] indicating a stronger resistance to fire.

Referring to Fig. 2, tiERnomyrapfivst|aspeqghota didey sl steron daylhgat cogpof
a construction elenent, in accordance with: 'Measurenent of Fire Resistance
of Non- sition characteristically comprises ettringite as a
principal ingredient thereof.  The composition may con-

sists of: a mixture of 100 parts by weight of ettringite

10 and 5 - 500 parts by weight of an inorganic particulate

compound emitting at 100 - 1000 °C a noncombustible gas:;

a mixture of 100 parts by weight of ettringite and 0.01 -

50 parts by weightjof titanium oxide powder; or a mixture

of 100 parts by weight of et#ringite, 5 - 500 parts by

15 weight of the inorganic'partiéulate compound and 0.01 -

50 parts by weight of titanium b;ide powder.

Referring to Fig. 1, there is a graph showing the
relationship between the heating time and the temperature
of a construction element lined with fire resistant mate-

20 rial and heated in accordance with JIS A-1304: 'Method of
Testing the Fire Resistance of Construction Parts’. In
an initial period 'a', the temperature rises to 100 °C
that is the boiling point of water. During an interme-
diate stabie period 'b', the temperature remains at 100

25 *C due to evaporation of water contained in the construc-

tion element. In a final period, the temperature rises



Cbnbustrble Cbnstructlon Parts JI'S A-1302) T

JHIS SHEET HASEBEEN AN

rel ati onshi p between tThisS ednd the t enper at i
external wall, the ot he ﬁ bei ng covered wi tlh a fiREPLACEDst ant

conposi- tion |lining ad i n wooden houses. Aso T thrs-
case, there are three periods observed during this test, simlarly to the
test for the construction elenents defined #n JI'S A--£304. I n an

initial period (a'), the f ace is heated to [err], and in an intermediate

stable period (b ini!ar4BR6RBnBLS! fiabher 1n tnbNoBubblabe PEhL OBty D

tenperature will further rise, a longer tine necessary
tenperature to ris®,up k6 [%hhk th'thﬁ@'ﬁéééséa?%rfSBeEhéeStéh§@9%€U}e (f°

fire. The pr esent i nvention utilizes ettrlnglte Is a mneral conmpoun

in the formof a hyilsat edpsaltb c@gpodisgf geé§|§g1a5grglughgg§tin time'.
Ettringite represented wth the formnul a: SCaO [err] i n which Y' denot es
a 10 group sel edsedeénodn| Figl. landohger] periodd hamband ob'l asgweliZeds
fi'ne voids gpread t hroughout the texture and between mcrocrystallines of
ettringite. Thus, lower gradienttydnathenpeciode's’iwild blghghital thd arige
quantity of hydratlon wat er amounting to about 45 - 55 % by weight is
retained in the ni€PBscEPPc GdemEnt ~tRobarheated kan-3RQ et tnddgatingy a
be used, and the v % vary depending on their origins or

the condition of n® ﬁ?gg?ﬁrgeSiS%ﬂnFQMFB By lots of ettringite having
i erent val ues ' mai g BURRIeY k). S3CNRLRCE bl HETESEE b12ech by

desi red.
the secondary heating of a construction element, in

10 accordance with: 'Measurement of Fire Resistance of Non-
Combustible Construction Parts' ( JIS A-1302). There
is shown a relationship between the heating time and the
-temperature of one face of an external wall, the other

i face thereof being covered with a fire resistant composi-

15 tion lining adapted for use in wooden houses. Also in
this case, there are three periods observed'during this
test, similarly to the test for the construction elements
defined in JIS A-1304. - In an initial period (a'), the
face is heated to 100 C, and in an intermediate stable

20 period (b') it remains at 100 °C. In a final period

. (c'), the temperature will further rise, so that a longer

time necessary for the temperature to rise up to 260
"ﬁill indicate a stronger resistance to fire.

The preéent invention utilizes ettringite that is a

) 25 mineral compound in the form of a hydrated salt composed

of calcium and aluminum. Ettringite represented with

the formula: 3Ca0 Al,03 3CaY xH50, in which 'Y' denotes a



Br.

Is’ol‘atiiofn of the hydration water fromthe ettringite m QRS 5P w
begi n at  about [err]'mns'snbeﬂﬁssaei%e Mey ation water as a npnco Tfl. @AE‘%

Ettringite abundant ter has a longer int '

b'), thus rralntalned gl l | onger tine. Ettringite can readlly
be kneaded wi th water anmel -1 i kegproduct capable of serving as
a binder. As nentioned above, an inorganic particul ate _com pound may be

bl ended with ettringite to emt at 100 - [err] a nonconbust i bl e gas such

as water vapor @roup [Relecitekitiroyf0,, CORhiandi(NAg)4s deriXedumberm of

the rel ease of hydration water fromthe inorganic conpound or the
deconposition ther é@rge‘Si%r%&% witls apmeashitdwroughauiehectexturel osad

or mxed with any pro aUXI - ary material to provide the inorganic
conpound, prefer- Be %‘?&bl)}“ ’&E@é‘f%#“%l%@wwz‘?ﬁ?n pro we, t s’

noncom busti bl e hydgates an car al um

hydr oxi de for em tt i ng dw&?/ja%ﬁ/ é%qr%g) q'SZ tﬁlaoﬁ" u#?f%?boﬁﬁ?@gg]ty
for emttingscarbo I ofu te

both emtting wat er%isapor at%zout %%&} soé{q(jmam ct;a%rﬁ'gE e e%g g ngl.éﬁt
vapor and carbon dijexiritdBted! bl ﬁféﬂdseéﬁﬂ: : 'UrihaGNE'éQXer man-

emtting water vapor at about 400 C One or any m xture of them nmay be
bl ended with ettri ngxdd t eetediigDie MM BB uded)Sidid ofheaFdigees ' RAVi Rfiereof

average di aneter of about 1.0 mmor | ess. The inorganic particul ate
conmpound wi || contimaye twary depending on their origins or the condition of
manufacture. A few or many lots of ettringite having'
10 _ different values 'x' may be blended with each other, if
necessary or so desired.

Isolation of.the hydration water from the ettringite
microcrystallines will begin at about 60 °C, to release
hydration water as a noncpmbustible vapor. Ettringite

15 . abundant in hydration water has a longer intermediate-
peribd (b, b'), thus maiﬁtained-at 100 C for a longef
time. Ettringite can readily be kneaded with water to
give an enamel-like product capable of serving as a

. binder. '
20 . As mentioned above, aﬁ_inorgahic particulate com-
pound may be blended with ettringite to emit at 100 -
1000 C a noncombustible gas such as water vapor or
carbon dioxide gas. This effect is derived from the
release of hydrétion water from the inorganic compound or
25 the decbmﬁosition thereof. Hydrates and carbonates,
| that may bé used alone or mixed with.any proper auxili-

ary material to provide the inorganic compound, prefer-



release t he nonconbustlble durlng the final period ﬂ ' —
Cbnsequently t he teﬁb shown in Figs. 9}5%35 E BREN
made gentl e. Less Tl“ﬂ' s by weight of the i

per 100 parts of ettrl insufficient to suppress the gradi-

ent. - More than 500 parts by weight of inorganic com pound per 100
parts of etfringite is however too nuch totlassure adesirabl e content
thereof in the conposition, so that it becomes difficilt for themto be
solidified and forabbe |péataedtRéerswalgrtPsyi D0 $btobproiaciethkengbhcom-
ened. Thus, 5 - 500 parts, nore preferably 50 - 400 parts by weight
of the inorganic lprastibleat gasconpoSuchhhydrateseandendedbonakes00 ipalude:
of ettringite. Titaniumdioxide is extrenely stable and will remain
undeconposed at hi#huRiénper hydreside for emzttihgewctg¥ vaporiatr 200at-ed 250
heat so as to | oweg, the heat conductivity of the fire resistant |ining

Al the periods i n&¥udfadc HHsGafaonﬂt? ¥ | epithing orgeRon Ainxide Bﬁﬁ n@t

or panel arg heat e

gltaBIUﬁldISXIde p l?PE|§§°n3§ bg ¥°ngerr$%€e$%ggm£?§8 Eﬁgg ﬁﬁ§?§i@ﬁéﬁ?ﬁﬁf
1 Xi | | |

Fesi atant conpost (YRROE o€ aBotf A60'CY, “aafitin bigarhipste Bl tin|, wate:
oxi de powder fory %gQrMEBP c8§boﬁt5 QQ&& a&”g% aQSF#n Pfﬁ9'eghd qg@g

t he heat conducti vi nor e rove

effect any nore. 1Jmu5hyar8hae5oeﬂimn%rm&stafetrsbabl ¥t5 abé@thaldod byc.
wei ght of titanium oxi de powder have to be m ngl ed

One or any mixture of them may be blended with ettring-

10 ite, each of them may consist of particles having average
diameter of about 1.0 mm or less.
Thé inorganic particulate compound will continue to
release the noncombustible gas, during the final period
(c, c;). Consequently, the temperature gradient shown
15 in Figs. 1 and 2 will be made gentle. Less than 5
parts by weight of the inorganic combbuﬁd per 100 parts
of ettringite will be insufficient to suppress the gradi-
ent. More than 500 parts by weight of inorganic com-
pound per 100 parts of ettringite is however too much to
20 assure a désirable.content thereof in the composition, so
that it becomes difficult for them to be solidified and
for the intermediate stable period (b, b') to be 1length-
" ened. Thus, 5 - 500 parts, more preferably 50 - 400
parts by weight of the inorganic particulate compound .
25 have to beiblended with 100 parts of ettringite.

Titanium dioxide 1s eitremely stable and will remain

undecomposed at high temperatures. It will intercept a



100" 'parts of ettringite. The conposiTion summarized above Vid §GE ] .BE
contain any auxili afyy sh@RQRMH Seplaces A hydraulic cenent [as o&gp%ﬂl @ % EN
ﬂ st 1t AN A~ nf .

conponents w ||l enhan strength and reduce pr
the fire resistant co HWHE"
perlite, burnt vermc n rasu-bal l oon' will render the

ht aggregates such as obsidian pearlite,
conposi tion-lighter in weight. Watier dl2ass rai ses"the strength, while
an al kali-resisting glass fiber, ceramcs fiber or the’like protects the
“agent i mproves. ¢ hESGLEEBAIRRRN £) a5t oL ARUPRGHEY hAR%: BoPARETIIIOLITH drhe
Compos 1 oner i ght Sheeq Raryent T1AI5EC © RYE, Snb BeRESHE tfinatne these

Any t th hhi d |
ny two or nore ofal eﬁe)auiil'ﬁéypiﬂﬁshéeﬁ?ywﬂéna@ﬂé l?ﬁéh%fgggﬁgﬁﬂI are

tion. Froma second aspect, a further subject matter of P '
invention is a pangeatedpr td aad! thehl BBoveCEDO! ANt asCORBAR! HNOFighs 1 and

sumari zed above. In its nature, this panel is designed for
attachnent td suitabl e suppeshiog @@ekede pAreiblekdmag pe oFf ! Qniyol lBvirage
exter- nal wall thereof. The panel substantially consists of a base

plate and a fire res$zeii nhulti maygprefieerabily behabbuti Ag0 maver Ngsshe fmse a
plate is conposed of the fire- resistant conposition proposed herein to
contain et- tringivelfermhemizxing iofgithei dngrefientspdof #heblfd rehatrasistant
bui | di ngs' external walls

composition. Less than 0.01 parts by weight of titani-

um oxide powder for 100 parts of ettringite will be

10 insufficient to lower the heat conductivity, whilst more

than 50 parts will not improve this effect any more.
Thus, 0.01 - 50 parts, more preferably 5 - 20 parts by
welght of titanium oxide powder have to be mingled with
i i 100 parts of ettringite.

15 The composition summarized above may further contain
any auxiliary components. A hydraulic cement as one
those components will enhance mechanical strength and
reduce production cost of the fire resistant composition.
Light aggregates such as obsidian pearlite, perlite,
20 burnt vermiculite,'and 'shirasu-balloon' will render the
composition lighter in weight. Water glass raises the
strength, while an alkali-resisting glass fiber, ceramics
fiber or the like protects the lining 6: layer of said
‘composition from cracking, and a water-retaining agenf
.25 improves the processability of - unhardened paste-like

composition. A certain agent will breferably be added

to avoid the paste-like compositions' high-speed harden-




conposi tion offered epa f| rst aspect. Tﬁéélﬂ;&T Aft BEEN
may. be a rigid integral in Fig. 3A or flternBEPWEED pe

arellned each wthalaﬁﬁr thick of the fire-

a conposite board condi gld base and an organrt foam as snown
in Fig. 3B. Desirably, the panel has a p |phery where the base plate is
not covered”with the fire-resist- ant I|n| so that-*t.he panel can be

nail ed at the periph- ery to the building body The pafiel s P1 and P2 shown

in Figs. 3A and 3BifignwhBths@titidngife ey atbBlelrateNds 1 ang ko or more
respectively, whose conposition is already described above and there- fore

shal | not be repeabfd bhese auxiliaryhiagenessmper bp adtied tBEPNeEMddmposi-
SHEET 14 those linings 1 and 11 is 5 - 20 mm preferably 6 - 15 mm and nost
preferably about 16iem. Thinner linings will render poorer the fire

resi stance, and a Iining thinner than 5 mMmmwi || scarcely be effective to

wi thstand fire. Thi ckne&§¥oMer @ s@conde@Sppel.,286 #HFWPPF ﬁEPéPFﬁ n@aker of

t he panel’ wei gh to an undesirabl e extent. The b 2 and 12 nm
be of any k?hd t hatPPs Pr§SETtodRVensiopafey2sBp GP qg? rEfgg'

al Ler pat 32?’y1#ayr§§9§%‘t%% m%’wsm%o&?f %ﬁﬁ's%ﬁes étb%f"*'fee?hi' it ts
base 13 and a heatnh%ﬁ%két%%gé &% §8§§§ﬁeh ?I%ttachm@&RTQ%S&%gﬁtable

exanples of the base plate and PUd& Farlous

plates; and vari ouguppeded ng Iﬂ@'mbl%ﬂ@' (1% aUplidaidg ¥dad™to form an exter-
nal wall thereof. The panel.shbstantially consists of
10 a base plate and a fire resisting liﬁing, wherein the
lining covering the base plate is compoéed of the fi.re--~
resistant composition proposed herein to contain et-

tringite as the major ingredient.
! It is preferable that the buildings' external walls
15 are lined each with a layer 5 - 20 mm thick of the fire-
' resistant composition offered here;n from +the first
aspect. The base plate may be a rigid integral plate
as shown in Fig. 3A, or alternatively be a composite
board consisting of a rigid base and an organic foam as
20 shown in Fig. 3B. Desirably, the panel has a periphery
where the base plate is not covered with the fire-resist-
ant lining so that the panel can bg nailed at the periph-

' _ery to the building body.

The panels Pl and P2 shown in Figs. 3A and 3B com-
_ 25 prise the fire-resisting linings 1 and 11, respectively,

whose composition is already described above and there-

fore shall not be repeated here. The thickness t; of



%

density+Tiberboard (' MOF') and a particle board (' PB'). Th 'Hﬂ%

rd ) %@%ﬂ;u\l |
are nost preferabl eThisShes HadBeenyReplaeedof a sufficient rigidi (o @da _

y -

strongly and perna- nails used to attach t

bodies of building kness [err] of the base plates 2 and
an

13 i$-desired to be nore preferably 3 - 7 nm since a
t hi ckness | éss than 3 nn1cannot assure a sufficient ¥igidity, with a
t hi ckness nore than 9 nmnerely increasing their weighf. The organic foam

as heat insul atingthasar ﬁﬁma% 1t gnlie1hi g8l ¥ Lnspl bl NBrelredibiy 6 AY mm

and not hygroscop- ic. Préf erabl e exanpl es are poryurethane oam
styro- foam and poasat ibgkepreZ@iradly 8B6uff 10rmAlY M XrHAiAnalr linkndd@M11
may be used to formthe |ayer 14 whose thickness [err] is preferably - 50

mm and nore pref erabgrlOpoofermthel firberbasstaheee andoh Admiogy t €hinner
structure consists of the rigid base 13 and the heat insulating |ayer
14, then the fire FbgnstﬁngmlWﬂﬂﬂgSggrRGWYbbebeﬁﬂeatéVEhﬁp withistand fire.

i nsul ating ggyer as shown in Figs. 3B and 5, or to the rigid base as shown
in Figs. BA“and BBThI?f§PP§§I ¥1 sneaﬁaﬁelthm 3P mm Willympxelyhdnerease 15the
where the base plate Qr 12 .1 % coverg mn th.the fire resisting lining
1 or 11 so that thB2PSheF ¥gi9 Qi PRgunges FﬁQlﬁePﬁﬁﬁBFy to the bU|Id|ng

accor ding tlhlﬁ_ef?ﬁ??‘&eg*%e%%%%?t 85 2. 8n 13, BT bR ok an¥ M sk | e
bel ow. - The vi dt s g4 a5 ahughy 8 Sekly budBol®Y cRE! mtz%sa%a@.caﬂ Tiffig
1l and 11, respectively. The base plate 2 may be used
10 alone, or alternatively may be of a composite structure
12 consisting of the rigid base 13 and a heat insulating |
layer 14 bonded thereto. Preferable examples of the
base plate and the rigid base includé: various plywood
plates; and various wooden fiber boards such as a medium
15 density fiberboard ('MDF') and a particle boérd ('pB').
The plywdod plates are most preferable, since they are of
a sufficient rigidity and capable of strongly and perma-
nently holding nails used to attach them supporting
bodies of buildings. The thickness tz.of the base
20 ‘plates 2 and 13 is desired to be 3 - 9. mm, and more
preferably 3 - 7 mm, since a thickness less fhan "3 mm
cannot assure a sufficient rigidity, with a thipkness
” more than 9 mm merely increasing their weight.
The organic foam as heat insulating layer 14 has to
25 be highly ihsulating, light in weight and not hygroscop-

ic. Preferable exambleé are polyurethane foam, styro-

foam and polystyrene foam, and one of or any mixture of



base pl ate 2 or 12. It is desirable to make waterproof the—exteras—parfers
P1, P2, P3 and P4. ThisSheet HasBeenReplmede, a water- proof adpmHiSSHEEREAGREEN
acrylic, silicone or H ﬂ“um uiﬁ('én may be applied to at| | eastREFMACED
11

surface of base plate 13, insulating |ayer 1= t1T1E€
resisting lining 1 or Al ternativel 5 a wat erproof sheet or film may
be bonded to at |east one of them2, 13, 14, 1 or 1l#-or a waterproof agent
may previously be blended wth the material of fire fesisting lining 1 or
11. Pr ef er abl ethvemh emy coé usgédnte foume the kayenecld cwhobdethickeesst hég
asphalt emul sion, a polyvinyl acetate 16 emul sion and a re-enul sified
synthetic resin poiRicpreferabiyl 5 HupP dnmgand moreprefesaRlyutPed 46 mm.

fin- ished in the foll ow_ ng nmanner usiqg any panel P1 or P2 summari zed
above. The ot her pﬁﬁeggeFBaﬁﬂdplﬁﬁ. E%dﬁgHE?NH@SiFﬂeSBE??EHEFy°9n§FSf§

but shall be det aithd Fé%éfiéﬁi%%%%%}%”:&%e Foat frdufRbind) 114,
t i tion. ' , P i |
Bna ixed 18 the wiien Ehei ELE0 spataBR, Biipg oty e b pifiaef Behe v

resisting linings r 0 0 Sj t RRi i de edges
abut agginst egcﬁégghe%&saig$ﬁéaf?ggﬁ% %%quﬁgéeiﬂggﬁg S ﬁgyégglgénegggiﬁg
usual nails, threaged Piia BAGLORsABnaWleHh Pigs. BRUBAGGBADLIY, seans

of and between the adjacent panels wll be nended by applying thereto a
wat er proof agent or bopdsfigabllgl et €ha pELE1 PP®0br POEcRas a periphery 5 or
15 where the base plate 2 or 12 is not covered with the
10 ‘fire resisting lining 1 or 11 so that the panel can be
nailed at the periphery to the building body. This
feature is advantageous in constructing the external wall
according . to the third aspect of the present invention,
as will be detailed below. The width of said periphery
15 5 or 15 may preferably be about 5 mm for each side of the

. base plate 2 or 12.

It 1is desirable to make waterproof the external
panels Pl, P2, P3 and P4. For this purpose, a water-
proof agent such as an acrylic, silicone or asphait

20 emulsion may be applied to at least one.surfaée of base
plate 2, rigid base 13, insulating layer 14, or fire
resisting lining 1 or 1l. Alternatively, a waterproof

» sheet or f£ilm may be bonded to at least one of them 2,
13, 14, 1 or 11, or a waterproof agent may previously be
25 blended with the material_of fire resisting lining 1 or

11. Preferable waterpfoof agents are a synthetic

rubber latex, the asphalt emulsion, a polyvinyl acetate



fil'm o tape:  FiD@lbotis BRERUAOLE outer surface of thomg &AFNAL peen
panels will be finis I'ng such as paint, or wlth S|§EpgA§E§ces
such as tiles. Fromt mml wﬂ t of the invention, the P P4

) formed fromthe se the invention and each having the

peri phery not covered with the fire resiﬁy'ng lining ( which is conposed
mainly of e€ttring- ite ) are involved to Tonstruct external walls of

bui | d- i ngs. - Side edges of fire resisting linings”™ belonging to the

adj acent panel s, whulsioe dnaed to-dia SIFled R PabtRn ddiah UseWass. 2

pl ane, will face one another to 17 define between them groove-shaped
cavities. These datdrmesl shmiildimdgs lWadd widyh be coristruceed kbhg €0/
pound. This conmpound may preferably of substantially the sanme
conposition as thdshed rigyithe nfpllowing nEnyer Gsing dhy paneal UPL wabrs P2
that are external walls fornmed in wooden houses by using the panels P3 or
P4 in the fol | ow fpmmarised Arahove: , one Penasither @aneilsiP3 ard di Bfosedch

along lath gbars 31 on the buil di ng body 3. Periphery 5 or 15 of base
plate 2 or 2 wil ha betl?%i?%ﬂ"g‘%"fyﬁ(ﬂﬁerlq Mk \eaeerqd wikh | sthepafire

31. h ' s, will Jikew.sse b h h ch

Thei o base b oy oo LR BOT Butlld, L8R A% R it YT, bRl
h s P3 4 ' - [L1€5,6

T6wi 1| appoar borbert RErTod TREEF (un ettt o it MR 4 0 a4b8Ry " B

or 11 and 11, of tdif RAGkenE31WeRbidhal hava hepnal taghieshils P1 or P2

will be placed on and fixed to the whole surface of a

10 building body, such that their fire fesisting linings 1-
or 11 are exposed to the outside and their side edges
abut against each othef. The fixing of +those panels
may be done using usual nails, threaded nails and/or an
adhesive. ! Subsequently, ,seams of and between the

15 adjacent panels will be mepded by applying thereto a
waterproof :agent or bonding.thereto a waterproof sheet,
film or tape. Finally, the whole outer surface of
those external panels will be finished with a coating
such as paint, or with sizing pieces such as tiles.

20 - From the third aspect of the invention, the panels (
P3, P4 ) formed from the second aspect of the invention
and each having the periphery not covered with the fire

" resisting lining ( which is composed mainly of ettring-

ite ) are involved to construct external walls of build-

25 ings. Side edges of fire resisting linings belonging

| to the adjacent panels, which are fixed éo éhe building

body and included in a plane, will face one another to



the outer face of buildin

0 3 Surfaces of eachifg Ve-snaped —
cavity 6 or 16 will prp'étfl dﬁ{ Re la"‘C“tder- proof ed by appmlg% il BEEN
pai:=nt or the like or byJ | rproof sheet or thelld LK e_as |l
in the case of each pa tively, the caulking material may be
rendered wat erproof, simlarly to the firﬁjresisting lining 1 or 11, so as
to dispense with the intricate work. Next, the groové:sshaped cavities 6 or
16 shall be filled with cautking material 7 or 17,  which desirably 18
conprises ettringlefings betweenni themngrenirershaped déreitiesking These
material may be of the sanme conposition as the linings 1 or 11, so that
the fire resistancgdvities) sﬁhg]ii-orH@dﬂbh@e‘%‘@ﬁn%laﬁ%é@amt vweaulkihagpacoms
P3 or P4. Such a uniforminternal structure of such an external wall is
advant ageous in tH&PU89t| nj sHhigaconpPeund Jeay i preterally of o gubstaptdally

beauti ful outer faegéfr e fromco

| ,.th | Ki
material 7 or 17 nmay ba-of SOHP??égiﬂ#ng%e q%?f*ﬁﬁ ??%ﬁ%?%gé 5%“$P§?gg Hngr
| ! , ‘ . .
11 In tisis case, a g%gﬁprﬁ @geﬁé éﬁé’tﬁrsgﬁdfxﬂéﬁgk}:ﬂ%{:”E%#s?%l@%tmal

be forned on the caul ke ace, before Tinished w a relative

outernmost coat, SOy@F150 £8EMEA L1HOwS¥88hYndodbds W@éiné“fﬁé¢§anlﬂ§ P33t o§
formed in the describe nmanner to provide the finished surface 1o the

external wall may bé fapthecdoMbhingnMahwsrof tiles or the like, if so
want ed. The panels P3 or P4 as external building wall may not necessarily
be nailed to the body 3Atbfiirkt,f entepanel P3 or P4 will be disposed along
' lath bars 31 on the building body 3. Periphery 5 or
10 15 of base plate 2 or 12 will then be nailed 4 at proper
intervals to the lath bars 31. . The succeeding _panels
will 1likewise be attached thereto, such that their base
plates 2 or 12 have sides in close contact with those of
the other panels P3 or P4!a1ready secured in place.
15 Groove-shaped cavities 6 or 16 will appear between
the facing sides of fire ¥esisting linings.l and 1, or 11
and 11, of the panels P3 or P4 that have been attached to
the outer face of building body 3. Surfaces of each
groove-~shaped cavity 6 or 16 will preferably be water-
20 proofed by abplying a waterp:obf'paint or the like or by
bonding a waterproof sheet or the like,'likewise as in
the case of each panel. Alternatively, the caulking
™ material may be rendered waterproof, similarly to the
fire resiéting lining 1 or 11, so as to dispense with the
25 intricate work. |

Next, the groove-shaped cavities 6 or 16 shall be
filled with caulking material 7 or 17, which desirably



fire resisting linin e shall be disposed outsilile_th

thefetofby means of_threaded nails or bolts and/or an adhegfve; A
case wherein the pa'wgiﬁleﬁ mi’ laceds the rigid base 13 covprEf i{'&ﬁ; %%H:N_
insulat- ing layer '1 HH " 8A and 8B ). It will now be apparent that
the fire resistant conposition provided figrein fromthe first aspect of

the invention characteristically conprises ettringit€, whose hydration
water starts to be released at about .[err] to 19 émt water vapor.

Since ettringite cepmpiiges O ctRTANGiRBAt adUeits ewaRAr alingredidmtdr ati onphe
water, the lining or panel formed of this conposition wll be kept at [err]

for a time in thecadikimed dlateldal0thagbbebo¥f. the sahél &ompdition as the
remar kably | onger than that of the prior art conposition disclosed in
t he Patent Publi caliodngs?283550rhddguse ¢hati thet €ire neresdisitandechels i ralso
hydration water ( 45 - 55 % by weight, as conpared with 25 - 35 % in

al umi num hydr oxi de@f flordedl sdostthe: boandariesebetwepsr Fhet paneals B3 @r e P4.
the hydratign water. The in?g%_ ticul ate conpounds used in conbi na-

tion with ettringi BRI @ al ; %%&eﬁyﬁiaﬁﬁaﬁcﬁw& ofn@ueh J&bnRernal
e oy o o o ee s ThE Seeopeiie fe. Sbf o saptey it Wy pon, be
Mmor ganic. compound ARG s TS (19 FAPVEER EnRERLEIENE FHtPT cdaganciree
of the ConpOSitiOnfr@ﬂﬁ%&ié%"tﬁ@@éﬂﬁéé&@ b“ihghagé@%'wﬁe caulking material
7 or 17 may be of a different composition from <that of
10 lining 1 or 11. In this case, a waterproof agent layer
or a thick primer layer may be formed on the caulked
face, before finished with a relatively' thin outermost

coat, so as to ensure the evenly painfed wall surface.
; The coat 8 formed in the describe manner to provide
15. the finished surface to the external wall may be replaced

| with a number of tiles or the like, if éo wanted.

The panels P3 or P4 as external building wall may
not necessarily be nailed to the body 3, but be fastened
thereto by means of threaded nails or bolts. and/or an

20 adhesive. In a case wherein the panel P5 cémprises
the rigid base 13 covered with the fire resisting lining
11, this base shall be disposed outside the heat insulat-
ing layer 14 ( see Figs. 8A and 8B ).

It will now be apparent that the fire resistant

- 25 compositioﬂ provided herein from the first aspect of the-
invention characteristicaliy éomprises ettringite, whose

hydration water starts to be released at about 60 C to



The'nop-’éc’inbusti bl e '"g_éises from ettri"n'g'i te and the inorgani ﬂ WW%@BEENJI

not only absorb heat Wmetmereeakﬁd)duced, but also foflma RepLACED
et
;

Ilm he panel . Thi s gas

non- conbusti ble gas |l
decel erate heat condu enhance the resistance to fire.
Ti t ani um oxi de powder w reflect the heak9radia- tion incident upon the

panel, to thereby |ower heat conduction therethrough. Thus, use of
titanium oxide 20 powder together with ettringite,” possibly in addition
to the inorgani c cemieuwdtdy Wvaporabout s3fcel Bterdnki el }sphﬁglh%\é"sdt?éfag&éérb
of fire resistance. In sunmary, the fire resistant Conposition provide
herein fromthe fi heatagpecttc @vaporatichi b€ hgaratids WateRy R@IQgthidy or

t hi ckness and inproved in fire resist- ance. The slimlining decreases
the wei ght of str panedyr fioxrgiesheoft $hdsdcempbbdtioapwdldobst kepti @t aAGD °C
curing thereof. The auxiliary ingredients added to ettring- ite raise

strength, reduce WEPEh@ oftidg dnerthes indezmedppsecperindmiby ol ’dr.acki ng,This
t hus rendering easi gr anq%nexpensi ve construction works. The panel
d

provi ded from the $&86h pdemarkablyelonger; thans that, efi sthiece Prir  Art
o hebese"SphoRL S e, ATRRE, Bt b 4445,
o gani o conpoundSCisad EINRHY 4% BRCLPEtcE HER AR PHGGHidon prater
well as the lini ng'(s r4ggul_at5gj%1 ty'yc%q_%,t’f ygt BSanQQQﬁ”%‘itH b% r_'esi:%t ange.y
aluminum hydroxide ) but also starts at a lower tempera-

10 ture to releaée the hydration water. |
| The inorganic particulate éompounds used in combina-
- tion with ettringite will also release hydration water

and/or decompose to absorb heat at raised temperatures

; from 100 to 1000 C. = Thus, the temperature gradient in
15 - the final period (c, c¢c') ( see Figs. 1 and 2 ) is made
smaller. Ettringite advantageously cooperates w:i.th

the inorganic compounds in this manner to further enhance
the fire resistance of the composition, panels and exter-
nal building walls. '

20 The non-qombustiblé gases from ettringite and the
inorganic compounds do not only absorb heat when they are
produced, but also form a non-combustible gas layér

" around the panel. This gas layer will decelerate heat
conduction to further enhance the resistance to fire.

25 Titanihm oxide powder will reflect the heat radia-

m tion incident wupon the panel, to thereby lower heat

conduction therethrough. Thus, use of titanium oxide



Thi’s pariél rendering 't hi nner, conpacted and lighter the gK Egpg Ab%%:
not be plastered w t'hus'igh\éeti{bﬂ'&eﬁ lased tiNng nortar or thejli 3ACED.
realizing an easier, | nd I nexpensi ve constriuctigon,

skilled work is requi ﬂ“ ‘gm ny wet material. If the base plate
conprises the rigid b e organ|c3ﬁbat-|nsulat|ng | ayer, then pane
witl not only 21 be. fire resistant but also intercept heat
conduction. The organic foamis not hygroscopi c so that the panel is

protected from cr aﬁbwaarc%"lzt;%‘éh& ?fil%ﬂ”ég’i!{‘ éﬁaoztaaspgbggs in a8¥ %1 o

hi ghly heat-insul ati ng panel" can Dbe use fn"co ricts.

pol yuret hane foanthetyinbegandt e %hii&Q'bi-Qﬁgbaéﬁoﬁ%”hﬁU' ainter Gtively
preferred, because they can readily be regulated in thickness to realize
desired heat insul improvellf effifecganelf fasei tespethpbaLy or fringe not
covered with the fire resisting lining, it is easy to secure the panel to a
bui | di ng body by naiIingntBammamysakuepéirehreeistantfcbmpesifﬂanst@u&hﬂﬁﬁuﬁ
of external |l's provided fromthe third aspect will be constructed using
the panels of f er edhereint hfromcthe £ipett aspectheanf foemaapr ifilaiepalreisiattirgy
simlar to those diicrlbed above. G oove-shaped cavities each appearing

bet ween the adj acent™ QﬁeFGdHE?dbé“fFPFEH“&P?haPﬁeiGQEPNPﬁgi&g darepf nepdst-

t s_t he pane fire resista i s ensured
over tho ol & oxiSPRAT halt The,81dm 1iall: farreaare EhR BELERR Gfaq Struc-

evenly and beautifylza) elements and enables rapid construction and curing

thereof. The auxiliary ingredients added to ettring-

10 ite raise strength, reduce weight of said elements and

protect them from cracking, thus rendering easier and
inexpensive construction works.

The panel provided from the second aspect is excel-

lent in fire resistance, due to its fire resisting lining

15 formed of the composition provided from the first aspect.

The base plate as well as fire resisting lining can be

made thinner, without undesirably impairing the panel's

fire resistance. Inorganic compounds and titanium

dioxide blended with ettringite, as well as the 1lining's

20 regulated thickness, further enhance 'firé resistance.

This panel rendering thinner, compacted and lighter the

external wall need not be plastered with any fire resis-

LY

ting moxrtar or the like, thus realizing an easier,
smooth, rapid énd inexpensive construction, wherein no

] 25 ski;led work ié fequired to handle any wet material.
If the ;ase pIaté'éomérises the rigid base and' the

organic heat-insulating layer, then panel will not only



|y mnth a finish coat free fron1any col or unevenness. DETALLED DESCRIPTLON—;
OF THE PREFERRED EMg é&ﬁE&:&r@ﬁ bl e exanpl es of the f|lrgsepietraMs BEEN -
¢ED

conposi - tion, the p external walls of buiI:|ngs REPLA
structure of said wal ;

ed by the present
now be. described in F| re Resistarl Conposition ] EXAVPLES 1 - 17
Used as the nmain |ngred| ent of fire resistant conpo- -"S-Itlon was: ettringite
havi ng 46 % by wei ght of hydration water. | nor gani ¢’ “conmpounds used
together with ettrbeg- fire wesistEntTibutNalEd @Htdrdept Nhedt avEsdiection.
particle diameter of 0.1 nm calciumcarbonate also having av. dianeter
of 0.1 mm bent oni Thehariganiay faimnixs aotohygrodcupic an dhdte tteyipsnal/. is
di aneter of 1 mm sodium bi'car- bonate having av. dianmeter of 0.1 mm

magnesi um hydr oxi dPr@testesd/i Myrav. ciiashding calus@dl hymexpahgiagraniofn frozen

di oxi de having av. dianeter of 1 [err]. Vol untary ingredients were:
white cenent: pear WAt®Thavi nFhus, dihiethdohdy @e@ﬁnﬁnwtémaaman@slgwngbe
gl ass. These5| ngredients were used ih vario corrbl natlons to are
conposi tions as E seyen 17"'&&?%% m ‘?1 e foam,

GOm0t on was. knEIYROTR, O T E ) '473%?"5 a2 25 k" W Tirtarred,
subsequent |y s a@aldesh t gy h %&%a@iﬁ?ﬂé%@osl%tl%gq "Bl BT to

wi de, 100 mm | ong an
realize a desired heat insulation.

If the panel has its periphery or fringe not covered
10 with the fire resistihg lining, it is easy to secure the
panel to a building body by nailing thereto said periph-
ery or fringe.

The structure of external walls provided from the
third aspect will be constructed using the panels offered
15 from the second aspect ﬁas therefore a principal feature

similar to those described abéve.

Groove-shaped cavities each appearing between . the
adjacent panels may be filled with the caulking agent of
the same composition as the panels' lining, whereby fire

20 resistance is ensured over tﬁe whole external wall, and
such a uniform wall can be finished evenly and beautiful-
1y with a finish coat free from any color unevenness.
"n
DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
Preferhble examples of the fire resistant composi-

25 tion, the panel usable as external walls of buildings and

the structure of said walls, all provided by the present



cured t O

TIRISEHRE
ron HeﬂéggﬁégééN

'caﬁe';ffhus forned'on the iron plate to be 15 nm thich
harden at [err] a of zp%)RH for 28 days, so af
pi eces. Therm)co m"ﬁi‘if were secured to the

and the cured conp viz, fire resis- ting
test piece, and th | aced " irf%n oven. Subsequent |y,
tenperature of this oven was rai sed such that the sdl{ace tenperature of
said test piece had a tenperature prescribed in the JI'S A-1304 while
measuring tenperatnventiohhewilbmow!6é edescribedhin ddseaipn of tinme until
the iron plate had reached [err] was defined as 'fire resisting hours', as
seen in Table 1. TABLEL IFExenBéeistant Tompbsitiion5] 6 7 8 9 10

11 - Ingredients - ettringite 100 100 100 100 100 100 100 100 100
100 100 Al (OH) 3 # EXAMRbﬁszbo-e,b'b - - - 150 200 [err]
- - - - 200 - - bentonlte

- 200 - - - - qﬁgdsgﬁlgpgt%ain ingredient of fire _resistant gggpo-

i i i [%fr] _ sition was: eEEBingite_hT¥}qq %ﬁiggb%éﬂ%ﬁth of hykraf&on
T DT TR estepriefid tifounts ysed fogetner with extrigg-
ite were: aluminum hydroxide having an average particle
diameter of 0.1 mm; calcium carbonate also having av.
diameter of 0.1 mm; bentonite having av. diameter of 0.2
10 mm; sepiolite having av. diameter of 1 mm; sodium bicar-
bonate having av. diameter of 0.1 mm; magnesium hydroxide
also having av. diameter of 0.1 mm; and titanium dioxide
having av. diameter of 1 um. Voluntary ingredients
were: white cement; pearlite having av. diameter of 2.5

15 mm; and alkali-resisting glass.
These ingredients were uséd in various combinations
to prepare compositions as EXAMPLES 1 - 17 and REFERENCES
1 - 5 as shown in Table 1, and their fire resistance was

tested as follows.
20 . 25 kilograﬁs of each composition was kneaded with 13
liters of water to form a paste, which subsequently was
applied to both sides of an iron plate fhat was 100 mm
wide, 100 mm long and 1.5 mm thick. The composition
'céke' thus formed on the irph plate to be 15 mm thick
- 25 was then cured to harden at 25 C and humidity of 70 % RH
"~ for 28 days, so as to provide test pieces. T

Thermocouple electrodes were secured to the iron



wi || be seen in Tab EXAMPLES form ng the

excellent in fire Et- tringite had better be used
together with the inorgani c conpounds andRE§ titani um di oxi de powder,

rat her than“used alone. In contrast, REFE CES 1 - Breach conprising white
cenment in place of ettringite showed shorter 'fire-resis- ting hours', thus
proving inferior tgn &XAVPAES $héhchpsdesoimpesitienreskst anetz. TABLE 1resis-

gl ass frber Fire- re5|st|ng 9 68 67 65 64 64
hours Not es: Cont%mﬁhwglm‘mm he termof 'parts by M’égﬂii%i _A%@EEN
i —

(conti nued) Exanpl es References 12 13 14 15 16 17

R 1 R2 R 3 R4 R€ingl nhindhgnt 3 ofdeachmgeste piece, and 1tbelodatBeriowas
100 - - - - [err] - 200-200 200 200 %1
150 200 - [err] placed in an oven. . 2@@bsequently, temperatufgoof t

bentonite sepi ol
- - - - - - oven was raised such that th?espfface temperatur% f said

-3 [errFeSt piece kad algemggra§gre38re§6rigﬁd in the JIS A-1304

20 mhlte cement 50 50 001 1 00. earlit

- - - _ whjge measuring te?aeratgrﬁagf %gglg?P#g Q?g%%g 5 fﬁ?
> > 5 5durgtion of5time until the iron plate had reached 350 %
was defined as 'fire resisting hours','as seen in Teble

1.

TABLE 1

Examples
1 2 3 4 5 6 7 8 9 10 11

- Ingredients - .
ettringite 100 100 100 100 100.100 100 100 100 100 100

AL(OH)g - 100 200 300 - - - - - 150 200

CaCO3 - -4 - - 20 - - - &£ 150 -
bentonite - - - - - 200 - - - - 100

sepiolite - - - - - 200 - - - -
NaHCOg - - - - - - - 200 - - -

Mg(OH) - - - - - - - - 200 - -

Ti0, e

whité cement
pearlite .- . e m e e e e e e -
+,alkali-resisting :
glass fiber

(4]
a
(4]
4]
o
(4)]
(4]
a
(4]
(6]
a

Fire-resisting 61 69 68 67 65 64 64 66 65 70 71
hours :

. Notes: Content is given in the term of 'parts by weight'.




gl ass fi'ber Fire-resisting—— 70 72 "80 82 79 80 BHéQﬁ T EEN
hour s 25 [ Panel s aﬁ‘*ﬂ%ﬁe@hﬂ? co@lliac@f Buildings | # %ﬁgﬁa 4
IS a perspective view 0 r use as the extéepal—y )

bui | di ngs. Thi s panel Hmmﬂ m ywood rigid base plate 2 which was
900 mm.wi de, 1800 mm | on . hi ck. Afire resisting lining 1
whi ch was 10"mm t hi ck and of the conposition ffcordingnjo EXAMPLE 14, was
bonded to the base plate. A periphery or inge 5 0f the base plate 2
was 5 mmwide and not covered with the lining 1, so as to be nailed to a
bui I d- ing body. A WakewRN120bNgesh! 1A0PELEAULSI AD1heHe RRAMPIMD ifRfbnlihg
the base plate 2, before the lining 1 was forned thereon. The periphery 5

i s exaggerated in Fthe 4lihdngapreeedecexcellkentandi fgref irbesistamcielre. # Et-
EXAMPLE 19 Fig. 5 is a perspective view of a further panel P4 also for use
as the external wal tringbtiel dhagsbettAr besesedategéfhetr whith hecl inorganic
consisted of a rigid plywod base 13 and a heat insulating |ayer 14, both

of the sane di nensi eampaYndshaandfoexAvbtanigm dioxidef ppwdergsi gther than
lining 11, which was 10 ytmthick and of the conposition according to
EXAMPLE 14, WRas adjBPREd2L8P€he heat insu- lating |ayer 14. A periphery

or fringe 15 of the basgnpLabe al?, “AeeRabEb?S "4 URbnoQRLSY Y ikt

cement in place of ettringite showed shorter 'fire-resis-
ting hours', thus proving inferior to EXAMPLES with

respect to fire resistance.

TABLE 1 (continued)

Examples 'References
12 13 14 15 16 17 R.1 R.2 R.3 R.4 R.5
; - Ingredients - i
ettringite 100 100 100 100 100 100 - - - - -
Al(OH)q4 ' - - 200 200 200° 200 - 200 150 200 -
CaCOg - - - 200 - - - - 150 - -
bentonite - - - - - - - - - - -
sepiolite - - - - - - - - - - -
NaHCOg = = = e e - - - = = -
Mg(OH) S - - - - -
- Ti0, 10 20 20 30 30 40 - - - - 20
», white cement - - - - 50 50 100 100 100 100 100
pearlite - - - - 20 - - - 20 -

o
()}
(4]
(41
(4)]
()1

alkali-resisting
glass fiber

5 5 5 5 5

Fire-resisting 70 72 80 82 79 80 31 45 46 50 35
- . hours




11, <A waterproofing polyvinyl acetate enulsion had ? l %ﬁg
s

the lining 11, bef orrﬁustgggemgsgeg,ﬂ(e labhaS 26 applied to t S BFJ:N
still further panel P; B‘ 8A and 8B is a nodi Rat

shown in Fig. 5, wher 11 was applied to the r|g|d base 13 of
base plate 12. The pe al so exaggerated in Figs. 5 8A and 8B,
for an easier understandlng of the structure. [ Strutture of External Wal

of Buildings ] # EXAMPLE 20 A stud wall for a wooden house was for nmed usi ng
the panels P3 provided if kiRl ol Surehtnadeial] BoBuidasaiyh O, the

panel s P3 were dlsposed on and along lath bars 31 attached to a buil ding
body 3. The peri phery ExaMprihagoase plate 2 of one panel P3 was
fixed to the lath bars 31 by means of nails 4. The ot her panels were

| i kewi se fixed to said Higr.s, 4 nssuclperspectdve Rdlew lof @ Yatee@PESEOET cuse
in close contact with those of the one panel which will have been secured

to the lath bars. Wserthes extteammloofalig ity batiddingsas c@hdisepanal feomphised

boundari es bﬁtmeen t he panel s P3 covering the whol e outer face of the body
3, by applyifg thePed¥¥ond |rcj(g"ﬁéi dafss |Ri|¢te|\|@xmhig:*bm S04 aum cyeMm e51300

appearing between the fire SIS |.inings' sides faci her
were filled with a"‘(‘,‘h&%% ﬁté'f“??:tﬂf*t *he saﬁ\a r}?qﬂ'ng 1in ng 1,
which was 10 mm thick and of the composition according to

EXAMPLE 14, was bonded to the base plate. A periphery
or fringe 5 of the base plate 2 was 5 mm wide and not
10 covered with the lining 1, so as to be nailed to a build-
ing body. A waterproofing silicone emulsion had been
applied to the base plate 2, before the 1lining 1 was
formed thereon.
; 1+ The ?eriphery 5 is exaggerated in Fig. 4, for -an
15 eagier undérstanding of the structﬁre.
. # EXAMPLE 19
Fig. 5 is a perspective view of a fﬁrther panel P4
also for use as the e#ternal wall in buildings. A Dbase
plate 12 of_this panel consisted of a rigid plywqod base
20 13 and a heat insulating layer 14, both of the same
dimension as that in EXAMPLE 18. A fire resisting
liﬁing 11, which was 10 mm thick and of the composition
’ according to EXAMPLE 14, was adjoined to the heat insu-
lating layer 14. A periphery or fringe 15 of the base
25 plate 12 was 5 mm wide and not covered with the 1lining
11. A waterproofing bolyvinyl acetate emulsion had

been blended with the lining 11, before the latter was



asthe fire resisting lining 1. 27 Finally, a finish cqar & d@as-ag QL@Q&”
LA&EB

to thé  whol e surfac&hip$hessHacBeen Rplased as t o conplete the
LE 19. As seen in Figs. 7A and 7B, the

stud wal | . # EXAMPLE 2 um“ E wal | for the wooden h
e builTding bodyzg so as to cover the mhole

usi ng the panels P4 pr
panel's P4 were secured to t

outer face thereof, simlarly to EXAMPLE 207" Next, g#pove-shaped cavities
16 appearing between the fire resisting |inings' S|des"facing one anot her
vere filled with asppilidd iRt iglsd pruhief.antially of the sane
conposition as the Iining 11 but containing a water- proof agent. Finally,

a finish coat 8 was appla eseixl tfio-tHed %qugesq{ovﬁgrlq{ FiR sqmlg,g& l?ois
EXAMPLE 20. [ Test of Fire Resistance of Panels for Form ng t er nal va

of Buildings ] Nexta aodixigateicrd foff e-thay showee if Fayel $,f Orwﬁé’féiﬂg the
external wall of buildings provided by the pres- ent. i nvention will be
descri bed in detai Rirding d hlwamapglizEd tocatie hdigigl IAsaM3Nce, badd NPlate
long and 5.5 nmthick were prepared as the base plates, together with
polyurethane5foam[ﬂ%ﬂes each being 300 mMmm wi de, 300 mm | ong and 25 mm

t hi ck. Sone of the mood | ates were bonded to the latter to

provi de the other base M THripbdia @lsppexaggerated in Figs. 5, B8A

and 8B, for an easier understanding of the structure.
.[ Structure of External Wall of Buildings ]
# EXAMPLE 20 |
10 : A stud wall for a wooden house was formed using the
. panels P3 provided in EXAMPLE 18.
As seen in Figs. 6A and 6B, the panels P3 were

disposed on and aldng lath bars 31 attached to a building

body 3. The periphery 5 of the base plate 2 of one
15 panel P3 was fixed to the lath bars 31 by means of nails
4. The other panels were likewise fixed to said bars,

in such a manner that their side edges were in close
'contact with those of the one panel which will have been
secured to the lath bars.
20 Then, a waterproofing treatment was carried.ouf for
the boundaries between the panels P3 covering the whole
| outer face of the body 3, by applying thereto a silicone
" emulsion.
Next, groove-shaped cavities 6 appearing between the
25 - fire resisting linings' sides facing one another were

filled with a caulking materiél 5 of the same composition

as the fire resisting lining 1.



28 'O1 the other hand, the heat resistant conpositions of : ' < ]

types Wwere prepared, 1ﬁggh§ﬂmgﬁﬁmmglhﬁdEXANPLES 1 - 17 ant'ﬂﬂgémgggggﬁBzE@
25 kil ograms of each c kneaded with 13 |lit#rs ofRMB}%QE?o
provi de pastes for for “

urn

reS|st|ng | i ni ngs. These 2Z T1ni ng

pastes were then appI| of each,pinple base plate, or to the
heat insulating |ayer on each conposite base plate “5Q as to form paste
cakes each 8 mm 12 mmor 16 mmt hi ck. These paste cakes were

subsequently cured to heidgmigt [8" Einf8H dOato &BdErapfriiddsto thd2 Whdlle

pi eces of external wall panel were prepared in this manner. A thernocouple
was placed at a bosurfagebofvnpa&nelscpPBase # ate Gofiplétefl the FORMIhgNGf the
lining, with the later being heated for 30 m nutes according to the
secondary - heati ng ®bwdi wabh.as prescribed in JIS A-1302 ' Measure- nent of
Fire Resistance of Non-Conbustible Construction Part'. The maxi num
tenperature appearing at cEEAMBBENn@l ary was detected. Tables 2A, 2B and 2C

( respectivegly for the thlcg ness Qf 8 nnggr nm and_16 mm as nenti oned
above ) show a result ofPREREH oftHE vatt OE?°|H°%€%BrBSH§§ we® J formed

RS2 e o Tocgh EREpRRATh B DEbFLRBTrAR ERRApg, 1T Do LU

oL (F" WBE )b BPEHCL S EERE" A°hRa%fac! fne’ ahBLH"™ e Yl
secured to the building body 3, S0 as to cover the whole
outer face thereof, similarly to.EXAMPLE 20.

10 Next, groove-shaped cavities 16 appearing between
the fire resisting linings' sides facing one another were
filled with a caulking material 7 substantially of the
same composition as the lining 11 but containing a water-
proof agent. ;

15 3 Finally, a finish coat 8 was applied to the whole
surface of panels P4 similarly to EXAMPiE 20.

[ Test of Fire Resistance of Panels for Forming

External Wall of Buildings ] |

Next, an example of fire-resistance of panels for
20 forming external wall of buildings provided by the pres-

ent invention will be described in detail.

Rigid plywood plates each being 300 mm wide, 300 mm
™ long and 5.5 mm thick were prepared as the base plates,
together with polyurethane foam plates each being 300 mm

25 | wide, 300 mm long and 25 mm thick. Some of the ply-
wood plates were bonded to the latter to-.p;ovide the

other base plates of a composite type.



ﬁir"QZdeﬁQ i um ¢ e LK %as e"RE efan Tor!] . whet her [ PAS Sl 3568
8 mm 12 mm or 16mnm1]“ met the requirenent |nlE
f

proved excellent in Ettringite had better be used
together with the inorganic conpounds and/gr titani um di oxi de powder,

rat her than used al one. TABLE 2A ( Fire Re |st|ng Li A-ng 8 nm Thick )

Maxi mum Rating by tenperature JI'S A-1302, secon- ( [err] )

dary heating EXAMPLES * *
142 di tEOn the o%ﬁéﬁ %and, the heat PQQ%%??%t4 %ompositfggs

ditto 5 14%f 22 (twenty-two tyfed were prepdfed, correspondin
ditto 7 145 ( y-twol tyfed PTeRTY ponding  to
ditto 9 143EXAMPLES 1 - 17 adﬂtREFﬂﬁENCES 1129, 25 kilograms of
ditto 11 121 ditto 12 120

ditto 13 lil€ach composition wastkndaded with 180liters of water +to
ditto 15 5 100 ditto 16 100

ditto 17 1@rovide pastes fordformimFFERENCESe resisting linings.

- These 22 lining pastes were then applied to one side
of each simple base plate, or to the heat insulating
layer on each cOmposite base plate, so as to form paste
cakes each 8 mm, 12 mm or 16 mm thick. These paste

10. cakes were subsequently cured to harden at 25 C and 70 %
"RH for 28 days. 132 test pieces of external wall panel
were prepared in this manner.

A thermocouple was placed at a boundary between the
base plate and'the fire resisting lining, with the leter

15 beigg heated for 30 minutes according to the secondary
heating condition as prescribed in JIS A-1302 'Meas;re-
ment of Fire Resistance of Non-Combustible 'Construction
Part'. The maximum temperature appearing at each bound-
ary was detected.

20 " Tables 2A, 2B and 2C ( respectively for the thick-
ness of 8 mm, 12 mm and 16 mm as mentioned above ) show a
fesult of measurement carried out in accordance with JIS

N A-1302. Since the.same level of fire resistance (
viz. the maximum temperature at the boundary ) was dé;-'
25 . ‘tected whether the base plate was of the simple or com-

- posite ~structure, each Table 2A etc. recite the result

inclusive of the two types of base plates.



1 389 fkd ,a 373 | distte—3
391 " dT‘ll ce Hod 5t  THlS SKEET HAS BEEN
ditto 30 TABLE 2B ( “%“H L| ning 12 nmm Thi ck VexRERIACED ]
Rating by tenperature secon- ( [err] ) gary
heating EXAMPLES 1 132 _ * approved * 2 123
ditto 3 - 120 - ditto 29 ¥]8
ditto 5 126 ditto 6 125
g:%tg ; }gg As seen in QbBiQS8ZA - 2c, &fi othe panels provided
ditto 11 108s EXAMPLES 1 - 17dl héﬁkJ&BtEeZEaxiﬁﬁﬁt téﬂﬁér&(%&hr@u M ower
Rating by tenperature JI'S A-1302, secon- ( [err] .) dary
heati ng EXAMPLES 12than 260108l whether the thickhéss wds 8 mm, 1208m or 16
ditto 14 100 ditto
mm. Thus, they met the requirement in A-1302 -and
5 proved excellent in fire resistance. Ettringite had

better be used together with the inorganic compounds

and/or titanium dioxide powder, rather than used alone.

TABLE 2A ( Fire Resisting Lining 8 mm Thick )

Maximum Rating by
temperature - JIS A-1302, secon-
(C ) dary heating
EXAMPLES 1 153 * approved *
2 142 . ditto
3 140 ' ditto
4 139 ditto
5 145 ditto
6 144 - ditto
7 145 : ditto
8 142 : ditto
9 143 ditto
10 120 _ ditto
11 121 ditto
12 120 ditto
13 116 ‘ditto
14 100 ditto
15 100 ~ ditto
16 100 ' ditto
17 100 . ditto
REFERENCES
, 1 389 * failed *
' 2 373 ditto
3 391 - ditto
4 375 ditto
5 370 ' ditto




| Sy arel

5.7 »'+.» 100 “ditto 16 100 -
17 - 100 HasBeenRi: m¢e¢ REFERENCES 1 Hs%'s %ﬁﬂf’éﬁgew
* failed * 2 ditto 3 :
ditto 4 364 u Hlll ditto 5 360
ditto 31 TABLE 2C esl S |ng Lining 16 nm Thick ) Maxi mum
Rating by tenperature. JI'S A-1302, secon- ( [err} ) dary
heati ng EXAMPLES 1 110 30 * approved * 2 100
ditto 3 100 ditto 4 100
ditto 5 105 L4t 06
ditto 7 Tos ~ TABLE 28 ( Fif¢ fedisting Lidfhg 12 mm Thick )
ditto 9 100 ditto 10 100
ditto 11 1Q0 ditto 12 100
d! tto 13 100 Od st Tnuind 100 Rating by
ditto 15 100 témpérature JIS A-1302, secon-
( C ) dary heating
EXAMPLES 1 132 * approved *
2 123 ditto
3 120 ditto
4 118 ditto
5 126 ditto
6 125 ditto
7 125 ditto
8 121 ditto
9 123 ditto
10 100 ditto
11 100 ditto
TABLE 2B - continued
i Maximum Rating by
temperature JIS A-1302, secon-
(C ) dary heating
EXAMPLES
12 100 ditto
13 100 ditto
14 100 ditto
15 100 ditto
16 100 ditto
17 100 ditto
REFERENCES :
1 378 * failed *
2 362 ditto
3 379 ditto
4 364 ditto
v, '5 360 ~ditto




16 © 7 100 i 100 T
REFERENCES 1 Jupsuestmmpedned] 200 3l SHEETA%RE%E e
ditto 3 332 “ll "I“ Illl ldltto 4 315 REPL

ditto 5 310 ditto In contrast, REFERENCES 1 - 5
each conprising white cenment in place of ettringite were heated to
tenperatures” higher than [err], thus failifjg to meet-the requirenent and
proving inferior to EXAMPLES Wi th respect to fire resistance. 32 d ains:
1. A fire resistant conposition for formng a fire resisting lining,

consi sting essentially of TdBKR T € FiAP ALY iy QI.@QHPOPW:géka’S'd
titani um oxi de, where+h—sad—corpositioncontal parts by wei ght

i norgani c particul ate conpounds and 0. (Maxinnfir parts by melgmtiﬁﬁ bytanlum
oxi de powder, both said conpounds andtempersatidtended Wi AOD302) t sebyn-
wei ght of ettringite; with the prOV|sb'Fhat)sa|d |nor@mmych$m¢ingulate

conpounds rel ease nonconmbustT e ygases—at—41060—ferri—and—are—at—t+east—on
of the group consi st iFEPMRLERI ¢} um car bonkt@®, bentonite, s¥tpeRPrewvedssdi u
bi carbonat e and rmagnesi um hydroi de. 2. 100 A panel attachabl @t80a
bui | di ng body so as to form an gxternal wll® thereof, the par@tttenpri si ng:

a base plate; and a fire resistIng Iim|¥£8 r med thereon, wh 'ﬁ°the

€
um

PR
('l'( L33

lining consists essentially of Bttringit nor gani ¢ parti cul Bonpounds
and titanium oxi de, wherein saig conposit contains 5-500 p E by wei ght
of inorganic particul ate conpougpds and O. - 50 parts by wei +Of
titani um oxi de powder, both saigl conmpoundgpgnd powder bl ende g8 100
parts by weight of ettringite,jgith the p{@ylso that said ditto
11 100 ditto
12 100 ditto
13 100 ditto
. 14 100 ditto
15 100 ditto
16 100 ditto
17 100 ditto
REFERENCES
; 1 331 _ * failed *
2 313 ditto
3 332 ditto
4 315 ditto
5 310 ditto

In contrast, REFERENCES 1 - 5 each comprising white

.cement in place of ettringite were heated to temperatures

higher than 260°C, thus failing to meet the requirement

- and proving inferior to EXAMPLES with respect to fire

5 resistance.



[ norgam Tt particul ate conpounds rel ease nonconbusti bl e gafeBHISISHEET HAY BEIEI‘]I
and are at | east Onehlesheb eeo l@@fhm sting of cal ci um cfr bonaREPLACED ,

bentonite, sepiolite, onat e and nagnesi um hyuroxuue 3
n the fire resisting lining is 5-20 m*n
e |ne

panel as defined in cf
thick. 4. A panel In claim2 or 3, wherein the base plate is

conposed of a rigid base and an organic ﬁ@amformed thereon as a heat
i nsul ati ng('lamgys: 5S- A panel as defined in claim4, wherein the heat

insulating | a onposed of at |east qne.of t.h f

st yr of oam or ygry ﬁ/%%gg?%s&?ﬂt Ggmposition B%\?@F“‘%s %e?/l}qu‘g@g‘a Bigj O%Pgracm%, n
tlhe hezzat |bylettamghqcbmmbd as a main figrediertiin die. compositionA panel as defined in
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the sane c f t
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her ei nbef orggsddgsqou) bElOOW"C‘ﬂ reference to any one of the exanples but
excluding the 5oMPY %tallle atta)ilagpl i building body so as to form an external wall thereof,
20 the panel comprising: a base plate; and a fire resisting lining formed thereon, wherein the
lining is composed mainly of ettringite.

6. A panel attachable to a building body so as to form an external wall thereof,
the panel comprising: a base plate; and a fire resisting lining formed thereon, wherein the
lining is composed mainly of ettringite and further contains 5 - 500 parts by weight of

25 inorganic particulate compounds blended with 100 parts by weight of ettringite, the
inorganic compounds releasing non-combustible gases at 100 - 1000 °C.

7. A panel attachable to a building body so as to form an external wall thereof,
the panel comprising: a base plate; and a fire resisting lining formed thereon, wherein the
lining is composed mainly of ettringite and further contains 0.01 - 50 parts by weight of

30 t1tamum oxide powder blended with 100 parts by weight of ettringite.

.8. A panel attachable to a building body so as to form an external wall thereof
the panel comprising: a base plate; and a fire resisting lining formed thereon, wherein the
lining is composed mainly of ettringite and further contains 5 - 500 parts by weight of -

_ inorganic particulate compounds and 0.01 - 50 parts by weight of titanium oxide powder,
35 both the compounds and powder blended with 100 parts by weight of ettringite, the
inorganic compounds releasing non-combustible gases at 100 - 1000°C.

9. A panel as defined in any one of claims 5 to 8, wherein the fire resisting

lining is 5 - 20mm thick.
-
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11.

t hereof” substantially .as herei nbefore described with refer nce
accogpanyi ng draw ngs. 12. A structure of a&aexternal
substantially as herei nbefore described with r

“~A"panél ‘attachabl e to a building body so as to form

gﬁ& i

erence to the acconpanying

draw ngs. 10. Apamlasdeﬁmdinanyanaofclmms&tos.whmiuthebaseplatema

o, rigid bage.
i 11, ApanelasdeﬂnedmanyoneofclaxmsSws wherein the base piate is
vl . composed of a rigid base and an organic foam formed thereon as a heat insulating layer.
5  12. A panel as defined in claim 11, wherein the heat insulating layer is composed
_ of at least one of polyurethane foam, styrofoam or polystyrol foam.
. 13. A panel as defined in claim 11, wherein the heat insulating layer is 5 - 50inm
thick. | * -
14, A panel as defined in any one of claims 5 to 8, wherein the base plate has 2
10 ‘periphery not covered with the fire resisting lining so as to be nailed to the building body.
15. A structure of an external wall of buildings, the structure comprising: a
plurality of panels attached to a building body to form a plane and having their sides
adjoined one to another; each panel comprising a base plate and a fire resisting lining
formed thereon; the base plate having a periphery not covered with the lining; the
15 adjacent panels having their fire resisting linings facing one another to define
. therebetween a groove-shaped cavity; and the cavity being filled with a caulking material,
o 16, A structure as defined in claim 15, wherein the caulking material is
, i substantially of the same composition as the fire resisting linings.
i 17. A fire resistant composition for forming a firc resisting lining, substantially as
' 20 hereinbefore described with reference to any one of the examples but excluding the
comparative examples.
- 18. A panel attachable to a building body so as to form an exterval wall thereof,
substantially as hereinbefore described with reference to the accompanying drawings.
. 19. A structure of an external wall of buildings, substantially as hereinbefore
25 described with reference to the accompanying drawings.
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