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Study on Fire Resistance in Base Isolated Structure
—— Combustion Behavior and Fire Analysis of Rubber for Base Isolation Devies ——

Nagao Hori  Koichiro Takahashi
Ko Muraoka

Abstract

Base isolation devices are used without fire protection on the assumption that the risk is minimal. In this
study, we carried out a fire analysis for a reactor building and investigated the possibility of a fire spreading to an
adjacent base isolation device. We tested several types of rubber in the base isolation devices using a cone-calorimeter
comforming to ISO. The results showed that if the heat flux against the base isolation device is under 25 kW/n?’,
the covering rubber layer can prevent fire from spreading, and fire is stopped. The fire analysis investigated the
effects of atmospheric temperature on the floor where the base isolation devices are installed, the fire plume, and
the heat flux from the fire. This investigation verified that fire does not spread to an adjacent base isolation device
if the distance between them using high damping rubber and natural rubber are more than 88cm and 70cm,
respectively. This analysis method is useful in estimating fire safety of base isolation systems for intermediate
floors.
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General View of the Cone Calorimeter
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Fastening Method for Specimen by Steel Wire
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Fire Performance of Rubbers for Base Isolation Devices
E ST e K & % B [7FS 1 e K Ty Jee K
i Eh 50 % RO il -3 coz4 B ik CO2 it ¢ cok B it o
(kW/m?) (sec.) (kW/m?) (MJ/m*) (MJ/kg) (1/m) (kg/kg) (%) (kg/kg) (%)
P = 25 77.08 673.72 275. 54 35.11 7.028 2.485 1.443 0.059 0.061
(9un ) 50 17. 54 749.95 268. 54 33. 66 8.962 2.382 1. 615 0. 065 0.079
kv = A 25 120. 61 444.06 209. 61 32.51 4.538 2.603 0.940 0.123 0.036
(8am ) 50 27.06 674.32 226. 45 30. 94 8.173 2. 566 1.469 0.177 0. 068
W L 25 95. 66 373.70 235. 48 36. 31 2.692 2.961 0.793 0. 069 0.031
(Bmm L) 50 20.00 443. 57 247.32 35. 24 4.505 2.798 0.916 0.116 0.038
KT 25 109. 50 475. 33 1429. 87 35. 48 5. 5652 2. 656 0.962 0. 056 0.038
(50mn FE) 50 18.36 629. 56 1387.17 35. 31 7.835 2. 560 1.304 0.062 0. 061
M L 25 169. 44 430. 88 623. 89 34.38 5.122 3. 110 0.857 0.184 0.035
(50mm JF) 50 33.02 475. 50 967.19 32. 46 6.463 3.110 0.918 0.226 0. 041
R R 25 118. 26 270.71 802. 09 36. 44 2.342 3. 295 0.552 0.163 0.025
(50mm F) 50 25.00 406. 22 1424.96 35.53 4, 244 3. 051 0.854 0.106 0.027
=L 25 127, I'F 236.53 81.49 36.49 2,175 3.240 0.528 0.063 0.017
(50mm L) 50 23. 65 841. 85 796. 56 21.50 9. 255 2.174 2.121 0.050 0.103
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Flash Points and Ignition Temperature of Rubbers
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Time of Ignition of Rubbers for Base Isolation
Devices
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Thermal Balance on the Solid Surface
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Smoke Layer Temperature and Height in the Basement
Floor

Table 5 #&7& =1 MBI ORRBERFE

Combustive Property of Rubbers

HH R L | BEES S | BETL | BETL

SlkmBEEr (T) 396 456 420 -

BEHT IO DRBEE (kW/nd) 369 193 202 177

KRR 4, 7.7 5.2 3.7 6.0

FEHFIC X BRKIRET ig (C) 312 257 213 277

REPHEREL (K W/ndK) 0. 026 0.022 0.019 0.024

h/k oc 0.00128 0. 000299 0.000186 § 0.000574

%1 :JIS K2265 7 V-5 FEIARSIAARBHIEC L5

Table 6 fEATRER
Results of Analysis

REEEOERE TEHEER R WEE
SuBERBOBIR El s MR Rk Mtk B ET MiAE Rka" MiAR
- R 53 PSS " AR PSS ))*Z
KROEER ) 0 0. 160 0.210 0.195 0. 080 0 0.794 0. 854 0. 853 0. 652
BRI REBE (m) 0. 88 0.88 0.70 0.70 0.70 0.82 0.82 0. 64 0. 64 0.64
KRBIZEDHME i3 i & Fi3 i = i A #2 H *2 H 2
Bz’ AR 7 V—AEEE (°C) 269 369 470 435 402 317 442 579 538 497
77— AFOE (n/s) 0.816 0.984 1. 207 1.155 1.105 1.247 1.511 1.847 1.774 1. 697
I —LEEFUE (kg/s) 0.157 0.189 0.168 0. 160 0.153 0.309 0.375 0.315 0.302 0. 289
77— LBTRGTRE (nd) 0. 400 0.483 0. 429 0.410 0.392 0.791 0.958 0. 805 0.773 0. 740
Bt AR ED7 WA X (m) 0. 09 0.09 0.08 0.08 0.08 0.12 0.12 0.11 0.11 0.11
FHZIRE (C) 63 63 63 63 63 63 63 63 63 63
SRR EAGARE (kW/ nd) 2.3 2.3 2.4 2.4 2.4 4.8 4.8 5.0 5.0 5.0
FEIEEE Ts (=7, 200sec) (°C) 133 136 138 139 139 209 215 170 222 222
REILE Ts(t=w0) 167 182 155 187 165 280 312 254 392 276

#2 : Tl R E 2R OEEE Aok 2 B8#ERIT L D
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3.4.4 REOBE HBEEEORRKITLHORELSE
BCIRKENIETIRR L ol BEIT2RAKRIC
BBEESNESIIAEDRESO0CEE XD L AHAE
1E68kW/ i & 22, m— BB CII50kW/ i OINEMEE C
FEBAORBRAEI4 0 DEBETE AL, MREENESL R
Pz aEBER/TH LEEOTREIIRENEE R
bhb,

4., F&H

AT, ABEERILDREEREITY, £ED
LB OBREEMEIZ BT A AL EET D L L b,
T DF— B B EIKREIRET 21TV, BT S RRE
BA~OIEETS M%7 oTr, T DOBEERE I UK
R ORERE VLT O RIE LT,

1) m—rlml)—A—XIZ X AREERBREER L
FER, KKSHRAT ORIIR & e D BB EROE KRS 72 £
BHEA OTLRHT — X 2585 Z LN TET,

2) RKAAMZLBIEE T LIL25kW/ of TSN
B, BREOWETACTRIIEEY, 50kW/ o TIIBEL
Tro THLEY, KEFHZEEE T AR DA ERINEGR
B25kW/ it AT ChiLiE, BB =25 OEHER R K STLR
DFHEMIIB D THRNWI LA LT,

3) FEIALDRBIELNDIWETLIL, L VER
PBREOBVHEERAWD I LI Lo THEE T LD kM
AEDDIENHFTE S,

4) fENFTORER, EERETIE, T3TOr—AIB
WCBHEABEBICERE LW EBHBA LE, —7F,
BEEE T BT SRR b, BEET LT
BCIIERBIC XY, RA D MMEFTIARBEIC L
Do 7oL, a— B G EMEGAE 25kW/ of T
TRZIEE>TVBE ), BEEIAFETIIELLT
LRXIEEBEEZEND,

5) fENTRESRH DIRELEO T EMEARIR ST, i
WEEL LTEEZ2NOEEEZ AV AT, ERIC
IE A AR R RIS E B RIS R VW EE X DR
B, UL L7anb, FAgHZEMICRIT 2 XKMERIZ-OWT
IERZERHDES BE L, SEOEFERNLITTFET
ERVHEENRBIIAHEELHD L VED,

a—ra ) — A= FIREMEORERET -5 (8
KEFRE], REEES) L ERICAETE 5709, HEDN
RAMRHRERBREE & L TEBRNICEAS 25D
B, ZORBEBILIVELNET—FEANWT, AR
BECEL B SN A BER O XRMERBZ2MTTRTE
DT LAVHE LT, BUE, —REBEICBTIRBERET
1, EBESICEDNSHEICRo T, RRIDKKD#
HFE L COEABRD LN TND D, PREPEREL
MfEbh 2 RBHR CAREEZEAT ORICE, o
FESGEEBOAKZLAFMAATHLEEXD
nd,
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on : HEREERE (kg/nin)

Qmax H K?ﬁ@%%}\l‘%g (kW/Inz)
As : BHOEHE (of)
H BOES (m)

Le o AkEHS (m)
D : KADOREZES (m)

y,n o EHK

po  :AHDEREE (kg/ni)
Cp s EBHOLEY (k] /kg K)
To : AFAESIRE (K)

g t BIIEE (n/s?)

S :FEE = AREE (o)

L. D RKEOBIEE (m)

He BB I LESNSRFETTORES (m)
R D KIEDD OBEEE (m)

Ty  IA—LRE (K)

8] : I—LEE (/s)

m  IN— DB ETE (kg/s)

d : FI—AEEX (m)

k BRI OBYRER (kW/m-K)

p ATEL OB E (kg/ni)

c MR HER (k] /kgr K)

h MBOFREEEEE KW/ ol K)
he T SREMRERE (kW/nf- K)

€  APRIRERA R (-)

tig : AEKEERE (s)

Tie EHXKEE (K) )

Ts(t) : BAt 2B aHEBE T LARERE (K)

qy  PRLEEASETR W/ i)
qr, P EKRAHERE (kW/nf)
o : Stefan-BoltzmannEZK (5. 667 X 1071kW/ niK?)

# O

ZOMEITAART AR BHRRSTIC LV EFLRES
FBREE H4L5@A 28 TR 7T v MEBLIIE (20 2)
KEGRBRBHRFHCETIHE ORREDO—EHTHD,
72, BIEOERCHZY BAREEREELLE D
FREEXE Lz, BREMIIEROEEZRLET,

SE W

1) JEfth : FBRABREHCEATDHE (2—rAHa Y —2
— & DRE T LB OBRBEMETE) , RAARRERE
S REFITHEEEMLE, PL047~1048, (1997)

2) FEMfh : FBRAEZREHIBT 2170 (KKMATIC X D
SoREB OIEREE) , BAREZSRSFIHERE
BEEE, P1049~1050, (1997)

3) BARBE L F—  BREMOREVIARIE H2E
HK AR R B iR 3R ETHE

4) BARE ¥ —  JERE K CBEEIER TRIOTZ DD
ERHET ST LERE E2iR) FR4E

5)Alpert, R. L:Calculation of Responce Time of
Ceiling-Mounted Detector, Fire
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