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A U RBRBOIOND HAFIDEENESRES NZ0IHEN, REOMAFELTIZIATH—R
CHROEEYNERLTERE., ZhoOFHEXAIREROND D XD HXEENSZ-OERETHER
LRThERS T, BT AOERGRZENEHEINTVS[1], Z0EHTIFOAh—ROHEXE
BEMEZBEMNELT. 19 9 0ERWENS, ZINFOh—R > OREAFRDHRITDOWT, FATL .
LEENIEMEBELEHENBACTORTELLZATHS[23.4], TNSOPTHRICERE
DEWHED—DEL T, BRIAKEDNISTIZED C1 RUC2 7 AOH—R > OF#MEBLREET IV
WHEEINEBL LhLAEYNS, ZORBETINERIET SO OERT —FEIRETITRELS, T
B2 IR MBI A ERICE D, REFLORENTHONLILEND S,

INAOH—R Y OREETINERIET 1D DOHEPIRNERT—FD—D& LT, Linteris 5[6]i.
TR RRBICEORELIEAY -8R~ Cl Z)F0A—RREJDOEHRBREEZREL TNV
%, ZHIZDOWT Noto S[7/IRFEHROBEKOBREOKEEGEEZTV, ZINFAOH—RIEZEERNA
& -EZRE[DBHRBIFEEE L OLLTHB LU HE. NIST ORISETIVICL LSRRI Linteris
SOBRMEEEEERVW—RZEZRTIEEZHERLE, ZOMKRIT. MEOBMEZCL 7V AOh—RD
BRRBEEEO FRICH L TNISTORBETIVAEATHASZILEERTHDTHS, LnL, Linters
5DAY -EJREK[OBRBFEEEL., —RICBOSNTVRREENRVDBIEONHETENS,
TNAOHA—RVBEEKOBHRBEREICOVWTESICERT Y 2EET 5 2812, RISETIVREE
DI=DITERATHEELEZ NS,

AHETIE, Linteris SICX D BMEIN-BRAEEZRIEL. SOKKBLAVERLICOVWTER
PRREEORRT— Y ERETIIEEAMELT, BREHBICIZ2EE EHRTEIMNMK_EX
KIEERANWTAY 2R -HFC23 (CHF)RAKOBHRBEEEEERE L. KROT, NISTORKBET
WERWTHEFEICED BRREEREZ KD, RBRERLOUBICI O RBETIVORIEETV. &
ELERBETNVERETS2EEBIC. ZOETIVERAWT CHF3 OBFEAFIZRICOWTRF L8],
T DFER. CHF3 X5 -BRARKP T, RISHDMOKFEFRTFREEZETEIES I LickDENIC
BEZAF L TWDE ZENRDh -7, B2HTHEME RS,

ZINF O =R OBRB(LFITHET 5 BN EXTL T, HAEEOMEEWSIZELEHTZRE
(X L. WA T, REETREORSICLAEiESRENIRI SN TE/[9,10,11], ZDFHER.
NOZ2 1301(CF3BN ZRERH A ERETSZEICLD, HAKEICHEDNRELRBOHENSZE, £2
ZINFOHA—RROFHKFNCIIFEROBHAKEE Of EBR S NARNWT L ENERMICHEREI N,
TIZTAMETIE. BAABOHEERO AN ZZXLZHSMITSHZEEEMNEL T, CF3Br-RNEHE
JIR E£7d CHF-FREH T ZBEWH AR ERMUIAY - ERBRBARICOVT, #LEREE



FIVE RV BIRRERE OFEZITV. BRBEEEOKTFICNT2HAAMOERYNROF EE H
R7ETH, WRABROEBRBREBS T HHRMS/OLNSE. 5. ARPRZHLESLTVS
BERTHDEEZIOLND, HAHAOLENBENH HROBEREFEICOVT, KEFRCIORITL
Je&Z A, CF3Brisnk 4 ol b s DM S 3 KRIBEOETE LBITHERTHDITAL.,
CHF3 IR P TIZREEREENA SRV I E0thh - 2[12], 8 3 HCFMZRN5S,

NOF RYKFOWKMEEXEDOOOREM & LTI, REEATZAOMIC, RENBEXFTSDH
BZAMNEZSND, LALBLRSHABRROERTIE. AEBEN 7N FOh—ROOMAEEEZD TS
RASEFEIESZENHREINTNS[13], FHFETIE, CF3Br-kKAK E7zid CHF3-KERIREH
KENERMLUIZAY LR EBREBLKICOVTE Bk ERRICERBFEEE OGS REZTV, BIRREE
EOETICHNTIKRZDO XBEHRANT, TOHRE. KRZIAKBREZETIEL—HT. kKXFD
OHZ VAN BEEZBRIEDZ EICLD. CHF OBREENGEIZIRETD S b ok[12], £k,
MM L T4 > (CoHaCly) -/ F (CoHop) IR B WM DMBBERE T 5EA A KBRADOKBEER EKEFREIC
KORELIEEZ A, CHF3 KR DB/E EFEER. OH T T 7 ) VBEEOBRIT K D HKE OREEVRE
Iha ZEMbhnok[14]. TRHEDOHEENS. NOF D REAAOEEZ KRKOFMICEDEESE
B2 LB TERVLY, NOF AEWOFERUIEITHN L TRARIOBRNEEDLFETHS Z
EAVRRENT, B3I HERE THMERRD,

2. A% -CHF3- %X EAK D B iR BE I & PR IE I H B 1S
ERARFEREOREICIE, MNME—EAREEA WS, £, BEFHICIE Sandia @ CHEMKIN 11
BEUPREMIX O—RZ#EA L=, |
YR 1.0 BRTN0.9 DAY 2 -CHF3-Z KR ERO B RRIERE OREMIZ. CHF3250 %0551
BREOEWEEIC—8 L. CHF3 Z2MAEHEITDWTIE Linteris 5 Of#[6] & BW—&zERLE,
Fig.1 i3, YBILOPREFND/=0D, A¥ > & CHF3 DMELLZE 23 LICHRERMS YL E0.70
514FXTERLEE, BRBRFEEREZERZSNCHEICLORDEMERETH S, #ilo Y &LIE CHF3
DRREBE/UERL, ERERIOVTE, ERMELHFERNFORBREHKITRLE, NISTOR
WETFIVERWEGFERAR (R BURLOLHEETERELIVELLEIREADBSA TSN,
DTER RIEETINHDOT v ROBETEBACUBTREGND DI EERRLTNS,
ERREERE DG FEASRICKES ZET ARG EZ ML T 570, BEMT 2T, 7y ROMEET
CARIEDOE. UTORRIEVWERMRFEEEICKES ZEBL TS,

CHF3 +M — CF; + HF +M (R1)
CHF3; +H — CF3 + H, (R2)
CFO +M - CO+ F+ M (R3)
CFO +H — CO + HF (R4)

NISTORISETNEZHET S/, ThE 4 DORRKISOEEELKICHT 2 XMAEZEITo-&E 23,
RIS(RY) DEEEEIT LB EES HLOICH L, O3 DORISICDNTIE3RWNL 4 FOREEN
BROSN. TNSOREERE, BHFOLBHERENSHBONES KD S T &L, Fig.l Dt
BAER (BB BEREZL<HBRHRLLIICA . BELERBETIVIZ. AY > -B%F- CHF;



EEFEE AKH O CH, OH, CF2 BEL U CF OMEEDH O FRNITDWT H. NIST O RGN & 8L TK
ENRD NI,

RiZ, BELERISETFNERWT, CHF3 OBRBEABIHRICOVWTRI L, BEONOT VRHE
AFNBTAMADOZ L. REMH OEBLEEN (S RIVHEHER) MEY (FR &8, WED
ZNRROBIE) THEINEHASNICT S ZETEANEMINTERE, HIAE Sheinson 51ITLD, N
Oy > REAFOLZNE LU EAMEIZRICET 27— TR RES i, £/, Noto 5(7]
i, BEFBECBVTHARORIGEZEDEHEELERVWERESEUKRT I LICkD, (LEHNBREY
HNROEMNTFESZR/ Rz, TNLMHEROHRITTRT, HAHZEMZ 5 Z LKV EHRRFACR
HEEOETZRARS HEICESD, HAAORMILLERERTOPHRN, ERBLLWHMORR &
BELTWE, KRBEIRITREERETIRDEERRATFTHSH. KRBEOERLOEEZE I
RT2ZEF, TOMORTFOXEEFR(LTHEDICFRARTHDEZZI NS, TITHFHARTIE.
EIDAY > EBBEOBE 2 —EIR DLV FROPDREHSRL., ZRPOERERLITIVIT
JICBEMRASZEIREDKKREEZ —FQRISOKICRE RN S . CHF3 DRBEZRL ICHEMEEE T L
Ik, CHF; OBEEIHICHT BT VNI BREBEOFEZHONCT S ZL&2RAHE. Fg2 i,
[ERRFEREOERER LT RERT, ERER, SHEHEROVWTH LS, CHF3 ORERMICED
2V, ERRFEEERBASMTETLTWS Z &b, CHF3 OBENEML THARIBE EREL
BAFBENBELTVWRNIEN S, Fig2 ICRLNAMBEEEDE T, 5 TVAVEERD 2 WidmE
DHRITEDBDTH A EMEMEIND, YRILOEEER L0, CHF3 DRODDICRIBED XY > ZH
MUEBEICDODVTHEEZITV., Fig.2 iR, AY 2 OHEMICEDRBRWETRRFEEREISRAEKRL.
TOBRYUBILOFLNWEBRICEBRBRWETT 52N, CHF3 ZHINLAEHERDRIEICKREN,

INFOA—R RN LD BRBREEEOE T, KRFOFHRERICBITIZKERFREDCET
ERRLTNAZEN, Noto Ik DEMEINTWA[T]. €T T, Fig.3IZ. Fig.2 D kKICBIT%(a)
KRFPOBRAKRETIRE, (b)S50%AY S HEMEBICHIT 2 KRETERE, ZRBRESKTOCHFs £
FAZERMA Y OBECH LTI Oy bUTKE, KKRPORKKRETFBREIL CHFs ORERMICN LT
FEEANERENRND. 50%AY VIHBMBICBIT 2KEETFRBER. FELIETLTWVS, 506X %
YHRBRMNEICBIT2REIL. CHF3 DBENEML THIELEAEELLZWA020K~1070K) T &N 5.,
CONBIBIZKRETFRECETIE. RERNERICLLZ2DOTHEEEIONS. REMFBX
ORISR ORR. ARORISOHICBN T, RIER2IZMAT. UTFTORBICE D KBFRFIH
BENSZENDho T,

CH2:CF2 + H (+M) — CH3-CF2 (+M)

CH3-CF2 + H — CH2:CHF + HF

CH2:CF2 + H (+M) — CHF2-CH2 (+M)

CHF2-CH2 + H — CH2:CHF + HF

CF3 + H— CF2 + HF

CF2+H — CF + HF
ING OMITHERIZ, CHF3 WEBICT PHIIBRICE D MBEZNH L TBD. L ENNKEDOK
BSOS TREI>TWAZEERLTVS,



3.NOF REEYORERIGIC G X 2B MY DX E

3-1. CF3Br, CHF3 OREEMFIZN RIC G X 5 AEETADZE

ATE TR 7= CHF3 OBRBECBI T B EIE L RKEET )V &, CF3BricBd % Noto 5 ORISETIVIT]
% fIVWT.CF3Br £/ 13 CHF3- RN AR EWAFIZTRM LI A ¥ - L IRRIBE KO B RIRBEERE
EEHELE. BRREREOETICHT2HAXEOHEERAOFEOHEIX X5 - EXBREE
KOBARBREEEEE 10cm/s ETETEELDICHERSHAROBEC (X1B8R) &, BEHAS
FORMAAELDENSRX 55, (DRI9ICE VHEEERANRVERE LB ORSHAFIBE
Cest.ZEH L, ZOBETRHFEMREEEN 10cm/s LOEFTAMEINZR/RET EICKOBRALIE.

£1 RBREWAACHT ST EHF

Binary Cy (%)* Co (%)* Tad (K)
Suppressant

CO2 — N2 16.1 30.0 1807 - 1900
CF3Br - No 2.05 30.0 1807 - 2185
CF3Br - CO2 2.05 16.1 1900 - 2185
CHF3 - N2 8.69 30.0 1807 - 2137
CF3Br - H20 2.05 21.0 1877 - 2185
CHF3 - H20 8.69 21.0 1877 - 2137

*¥)1/Cest. =X1/C1 +X2/C2 — (1)

CF3Br Z REEA R LIRE LZHE, BRREEZEOEK FICHEDRIR® 5N, /- CHF3 IR
EEARXEDRERLSHEEDRIBO SRR 2. TS ORRIR. HBARZSRICTFREAR
DERBRICOVTOERIERI-11] L —BLTE., NOA— R EREEN MO AELE
HMTHHERHRD, EH—RTAROBITICEOBRATESZ D THAZ EMthhoT,

R1IDESIZ, REEARAOBMIZEDRWNOL—R UV BEEROEBMARBREIRESETFTSZ
L5, CF3Br-72 5 TNC CHF - RGN RREHAA OB RIC RSN S HERDROAEIL. NOA
— R DR NHDROBERFEICEVNS Z D EEZ5NS, TITRIC, CFBrick 2@k
REERERTOREKFEE., CHF3 DHE LB LE, RARBESRHTOBERICF3Br £7/-12 CHF;3
REZEX15%, 1%, SBICETLYURMEN 1 ERZEIAY VBEZBELEEE, REETZZ2E
EPOTINITANBERAS T EWCED KRIBEE 1940K 25 2300K F TR B THRMESEZT-
7z Fig.4iZ, CF3Br B&UCHF3 MBSO BHMBILEE Su 2. B L WKKBEITBT 5 AH &
BRIND AL REKDBRMRBEEEE Su, TH-> TEELLAMERT. CHF; OFRMCL2BRABESE
EOETEHEN, KKREOCKEBEIFEAEZITRND EFMEHIC, CF3Br ICk 3 BHMBEEEE T
EHASNITREDEZEEZZ T TR I EMNDN S, MESKOEEREME I RSDER{LTRILF —
ZUHET 5 &, CHR BELKTIIE#HNBERGEOTNEZFFE L WOICHL., CFBrESKTRERE
THRETZ2EEF ERBIZNTHBESR IR F—NEBEALTORBE LLWNEDEEES, LD
L6, REFEFVEE T2E#EEREONWT A ZREETINSBRWTHERT-> TS, BE
EWEFEEIRHE LRV, KROFBMAMTOME. Fig.5 CRTEBD, REAFTRENMBERTEEBIC
BRT2IEN. CRBrick 2 MFIDROBEKFHICEDRESFELTVA I EMDho -,



3-2. CF3Br, CHF3 OBRBEMHINRICHGZ D2 KEK[DEE

CF3Br £7z12 CHF3 LK BRI DOBRESHAFICTONT, AFIZRITHT 2 W AR EARBRKIOMOHEEE
BOREZ, RO FETRMEFEICED AED o7, CF3Bricx L Tid, KEKZHRZRE O PHE
REE7A, CHF3lcx LT, ARKIEICHFEDREZETIES ZeMbho7, THNHEOFERIE,
AR DHRBFRICETIBEOERERLE LB LTNB[13],

KEKITL S CHF OAFIIRETOREZHES =D, CHF3— AERZIEESMAF &L CHF3—N2 BS
HAF D&% ZERMU IR P OB EBOBEN % Fig.6 It Uiz, KRFETF. BRETFREIC
RKEBBEWERWAL, OH I VAV OBER. KBEKOBEME DA SMIEAL TWS, RIGEREST
BORR. KREIX HO+F—->OH+HF ORIGICED . KEKFDOOH I Vh I BEEZEAKTE, CHF3
OHHHREFTHO TS Z ENhh o7z,

3-3. KEKIC K2 MBSy > WiEREE D2

ENOT MY OBRERBICEZSKBLDOEEZ IS ICHANS Y, BRFHKPICBT2MHE
{t % 2 (CoHoCly) -/ F > (CoHop) IR B DMRBEHEE T 5 X 2 ARG O K B2, EREKEHEICE
DR, BRI 1200z y bTU DY —ELRBOFECEDRKEZIOHI > BB EEFRIIC
AREE, FHAROERIAMPEEZETIEA T LICLVEAETE, EARRBICIVRBEREOHE D
HEEZAELE. 5tEIX REAORRBEZS DR, Sandia ® PREMIX 2 — FZ2ERFHEEATER
UZz. CoHoCly iKW TIRFEMRIGET I EA WL, /F D0 TIR/ =I5 Vh)ILd C3Hg . CoHy B
SV CH3 DO EEEDH R ERE L.

B DR KFEA LITEVWHE. PEROKRIOEFEICE DIEFO REEEEIZE L <HBAL.,
BFAEEEMABEILCETTE I ENERICI VRO ONE, FEERIERERELS—KL.
X7z CHF3 BMA R DHE Lk, HRFRFAKBRERBLUTOH SVANEERT ST EITED,
HHOBRBENREZINA T EZHSHICLE, ZTHASORRERNS., NOT 2 REAFOHEEZKERID
RICE DA LIS BB TERVR, NO T ALY OEANE & L TIARLOEMIZHE
MEFETHAH I ENFREINE,

ZE

(1] 57EEE. &I % 35(6), 452-459 (1996), [2] Miziclek, A.W. and Tsang, W. (Ed.), Halon Replacements,
ACS Symposium Series No. 611, 1995, [3] Proceedings of Halon Options Technical Working Conference,
Albuquerque, NM, 1994, 1995 and 1996, [4] Saso, Y., Saito, N., Liao, C. and Ogawa, Y., Fire SafetyJ. 26:
303-326 (1996), [5] Burgess, D.R.F., Zachariah, W., Tsang, W., and Westmoreland, P.R., NIST Technical
Note 1412 (1995), [6] Linteris, G.T. and Truett, L., Combust.Flame 105: 15-27 (1996), [7] Noto, T.,
Babushok, V., Burgess, D.R.F., Hamins, A., Tsang,W. and Miziolek,A., 26th Symp.(Int.) on Comb., p. 1377
(1996), [8] Saso, Y., Zhu, D.L., Law, C.K., Wang, H. and Saito, N., Combust.Flame, in press (1997), [9]
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(10] o, HEE 4R, BRI, MEEOF 2 Ll BIRD (1997). [11] Ogawa, Y., Saito, N. and Saso, Y.,
Proceedings of Halon Options Technical Working Conference, Albuquerque, NM, 1997, [12] (@) &%, &=
B BN FROFEHOFRKKFEAMAREZIMER pp.28-31(1997), (b) &£5=, FE. Wang, 5535 EMRIES >
TIOT LRERXE pp.196-198 (1997), [13] i, Hi. B, P&, B/, #£%. HUASeE 5838,

30-36 (1997), [14] Wang, H., Zhu, D.L., Saso, Y. and Law, C.K., 26th Symp.(Int.) on Comb., p.2413 (1996).
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#1 BEMHAFOFRI Ay IN—F—HRBE (%)
_— H K A -
)\ >1301|HFC-23 HFC-227ea FC3-1-10 1G-541 1G-55 N,  Ar | CO,
n-A7¥ > 3.4 12.9 6.6 53 354 37.8 336 433 [ 220
A% 2.4 10.6 4.8 3.4 30.9 40.4 | 20.2
)75 7 2.3 9.7 4.6 3.6 25.7 36.2 | 16.9
A% ) =) 7.8 19.0 9.4 8.0 435 555 | 29.3
IH )=\ 4.3 16.0 8.2 6.9 36.8 48.6 | 24.3
BE i 3.4 12.5 6.4 50 310 29.8 20.7
ki 2.3 12.8 6.6 5.4 28.3 27.0 18.7
£2 BRAEN—FT—EBREC2L vy MCXDRBERA (%) DOLEB
R A Iy Janzr 74
WRBERTR | gh s 26 HRTE o AR A S BT U o | BR K SE M RE U | BRK KRR E
N=F=lloyp  [=g=ileyl ==k W=y
ERA | 154 | 150 | 134 | 124 | 98 9.5 8.3 8.4
TERA | 48 5.0 2.8 3.0 2.1 2.1 1.7 1.8
ANTH A% )= IH )=
RBERF | BERAA|BRE | BRAR|BREL|/ERARBRE 2
N—F—|Ly b [N—F—|Lyb [N—F—|Lyh
EBRR o 6.7 s sy . i
TR 1.1 1 6.5 6.7 3.6 3.3
&3 BRARN—F—ICEBEMYHAFOE—2 BE (%)
_— H X A
NO 21301 |HFC-23 HFC-227ea FC-3-1-10 I1G-541 IG-55 N,  Ar | CO,
i 6.2 20.5 11.6 9.4 455 488 417 554 | 29.6
2RI 7.6 20.5 12.1 10.0  51.9 494 6.7 | 36.9
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MEHGEE (m/min) b (5) RICKVREHTE S,

F1 WkR{EARMDOE N
¢ =0.2, T=1173(K) Df
Weight loss Water ignition time
ratio density
Experimental Calculated

¢ p (kg/m) 7 emp (sec) 7 calc(sec)
0,183 0.0 2.8 =
0.239 0.0 3.4 >
0.165 0.13 6.8 3.2
0,202 0,201 9.2 4.9
0,285 0.215 9.6 9.2
0.236 0,434 13.2 10.6
0,261 0,465 12.8 11.4
0.238 0.474 15.0 11.6
0.218 0.539 15,3 13,2
0.298 0.823 25.0 20,0
0,235 1,350 38.0 33. 1
0,244 1,804 41,5 44,0

#2 RAEFHEC K DB ENEREDLLER

Crib Observed critical Theoretical critical
dimension rate(g/min) rate(g/min)

Weight loss Heating

when applied Temperature (°C)

(%) .

20 40 60 800 900 1000
3* X33-6X12 130 = — 92 132 184
3" X21-4X8 35 40 72 41 58 80
4* X36-5X10 155 225 400 114 162 226
3" X33-6X%X8 120 225 = 94 134 186
2° X 33-6X24 240 — — 140 200 276
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Effective Gathering of Earthquake Damage Information

OER &1 #alll

B2 ML g BER E CHBABTZERT)

Shinsaku ZAMA, Masafumi HOSOKAWA, Ken HATAYAMA, Ai SEKIZAWA

National Research Institute of Fire and Disaster, 3- 14- 1, Nakahara, Mitaka, Tokyo, 181

For effective and adequate emergence responses just after an earthquake, it is necessary for a municipal corporation to grasp
accurate damage information at an early stage. Results from hearing and questionnaire conceming the damage information collection
to the damaged area due to the 1995 Hyogo- ken Nanbu earthquake, lead to the necessity of an earthquake damage prediction system to
be useful just after an event, of a tool for easily gathering damage information in the form of digital values, and of a system that can
predict a whole damage from limited real information. Thus, we have developed such a system and a tool. Furthermore, we propose

how to gather damage information effectively using these tools.

Key words:earthquake damage prediction system, gathering damage information, Hyogo- ken Nanbu earthquake
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Fig.1 Normalized cumulative frequency for the number of deaths
grasped al municipalities damaged by the 1995 Hyogo- ken
Nanbu earthquake.
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Fig.2 Time needed for emergency summons of staffs in
munucipalities after the 1995 Hyogo- ken Nanbu earthquake
vs seismic intensity,
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Fig.3 Weibull dustribution fitting for the normalized cumulative
frequency of the number of deaths grasped at municipalities
damaged by the 1995 Hyogo- ken Nanbu earthquake.
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Fig.4 An example of output of the simple earthquake damage

estimation system.
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Fig.5 Handy- type collection and communication terminal of

earthquake disaster information.
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Fig.6 Framework for a system to effectively collect and transmit earthquake disaster information.
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