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PEE LT EH5Z TV 3,

T =Tot-H(1—exp((n) - (1-ert(Vz )))=To—2-7(z) 10
1L, = };—if:— TH 5,

T‘T+LQ~iﬁEv !

ig— 40 h h V ﬂtig J

LK DWW TIRIRD & 5 BIFERTHLNT WS, £, MBEE 7. (K) L5k, () O
FicoW0WTid, BE (1959) ickbh, WEXNEEZ SR TWVWS,

Int,=InB+E/RT, {12

ZIT, ERBDBOEEL 2 V¥ — (kJ-kmol™), R IIKUEEH (8314kJ kmol 1K), BIIA
MOBGEEECLTREREATEBOES, ARMERBRICLVRE IEKTH 2,

BAMBEEOME OFKIC>WTd, ISOBKHRABRERE (SO, 1997a) 3 —vHo ) -2 —%—
(ISO,‘ 1997b) DERIC I VAP EATEYD, T OWEOEERE Y, BABRAUSKAS & (1987) % JANSSENS
OFREE (1991) BEIFHELABROEN TV B, BHEE T & 5K 1 OBFRRB VW 2B REBENT
WAY, MAEOBICRKRDO & BHEEPROII2E L TEARPERKZN TLLOBE BTSN
3, LT, a bIEKTH 3,

I=a-t 13

& b EEERNE, KEMEEZY 2 ¥ RREEOCAEEABEXNOBIVENI N WK TH B (H
gy, 1993), I TO REREATOMFARNETH 3,

T Lo 1

le=7kOA 9 57

HoriMan (197D 2 URERHIC 75 2 F » 7 205 KEEERTERRNE LT, OXRERELTY
N
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(Tig — Tn) 1.04 (kpC) 0.75
(6D*

t:e=1035

AMicoWTd, FIKOEL ZRIECHHABRE Th 2EAMEEESE [, k’W-m™) & LT, LAwsoN
5 (1952) HIORBL IR AEBELTWS L, Buscaman (1961) B~ XEEEL TV 3,

<Lawson DR, >

U—I)t2*=C 19

C=T72(kocx107°+1.19) {1

< Buschman O&,>

U~IDt*=C ’ » 18
[a=17.73—2.09X 10~ koc 19
7=0.975—0.069 X 10~* koc : o0
C:kch(IGSX10“4—1.8X10’4«/1q)_c> : )

I, koc DEAIZ W2 m™ 4K 2sTh3,

TEWARSON 5 (1976) % BLUHME (1987) 3 1/Ty & I DEMBHRICH 2 LA L, TOEHOIE L
OUF %I, & LTW3,

%7, QUINTIERE 5 (1984) i, KREBEEZRET 2EE LRV, ERMIC L, XD, QX T6
=e=1, h=15W-m 2 K" 2RALT T 25tET 2L & biz, WAL, BRERKHTVWE, TTT
SBLV e RIRINEBLUHHEET, ol 2777 - RV Y2 vOFER GW-m 2K, £k, 3
EFRRBICET 2L TOBM () THY, h IURXTERSNSME GW-m2.K™") TH5,

5Icr:h (Tlg' To) +EO(Tjg4 _‘To“) (22)
I 2hi/t

I =F () = [ e o

I (ti) yrkpc te<t

1 ' tig >t )
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I o(Tig* = ToH
———— =0015+ ————~——
(Tig' TO) (Tigk TO)

hig:

& 51T, JansseEns (1991) R WX EB L, BKOP—EORETEI Y, XA TORADIEKIIERNY

THEDEDREDTT, LVHELLTVWWROEMURNE LTHRARBLTWSE, ZoRXIISOT

@ IS0 5657 F K MREBOFRICE T C BMEBEHERORFTICB VLT, ROUBEO I VLU E L TR
nTL‘éO

kpc 0.547
=1.1+073 5
I=I {1+ hgzag> } )

IO, MEOBKICOVWTRINE TICSLRELHESTOOTED, JVBEOFVEMK
EMBREINTVS, LL, ChooREFAVTEKEMZTRAL LS L3584, BHrobkhico
W, T I, PBZERE KD THMBENS BT L0, KDL ST THBEPEBE I IC LY
HAOMES 2 OBELREHE L BR MBI VT, MECIATOBEAMDLE, thooRpEA
TEZMHEIDPRELLICERTVRVE WD HEENH B,

1.2.3 BREEOBEEMRERIC & 5 EEEEM OMREENE LI

MR OB A R L, BB 2 AR INE TRV 2hfTbhTo b, BALERE (JIS) &
THRBHESHES N TV 606% <, BEFEREORBERIC VTS, W 2DEMAEICL
BRERSHEINT VDS, T TR, BEEHESLVCRERBIC L 2BMIEOREFLRITO>VWTED &
EWHBTEET B,

BEIEHER, BT omEREBHEOD &5 T, JIS K 7201-1976 IKEEShTW 5, BKiE
HERd, BEEEA*—TFLABRLAEBATAKSINAMESD, 3406 L3 50mm ORI
T2ETEOMBELFRRET 2 DI MBENRKEOHKRERE (%) TH5,

AM OBEFRIEET, —BICEELPEKREVLEL LR ERESLBBZIMEABHBH, T5>ENKEL,
RMESE OMBHEECHERS ORELEET ILESH L LS TS (FH, 1980a),

HEMRIER T L - AM OB RIERIC oL TIE, BR S (1980D) 28 vEEKFKE T v E= v 4B LU
ANT 7 I VT vEST LATRELIAMEREL, YV vyBKRZ7T Vv E=Y ATRELALSDDN
MANT 7 IVERT VE=Y ATRELLOOLVEVEBRERERT L LTVWEEP, KRETR, &
5 (1995) 2% v (LAY TRER L 7o A OBERIEHEREL TV 5,

FKEASIL, JIS A 1321-1975 WHESNTH D, FERME, ELBME & 7 3EBPE OHIEILH
WENBREKERERBRAED O L0 TH B, BHIKMEREDHIE R, HERD OB RO ELER R dhAR
AR A M TEKEART tc (min), FRBEEEEEIEEEL TV 282 OBERE R & 2
RS N AETREME AR tde (°C-min), BUERKY: O ORERKERT CA B
UMBE I % OBRREERART AL (s) PHIEDEEBAL Z0EMITL > TiTbT 5,

AWM OREREEOHER & Ui, SHEEM 198, LIEM 27T BIco VT b2 (1993a) 2377 - fe k@



R OBREEM B & O X8RI BEd 5 815T (RED — 13—

REMSETF LN, b, LERR CA ARV TEE L FMER OMICEMAR Sy, HEMT
FIRETEBIER S hiE v E LTV B,

¥/, HRMERTOES AR S 3 WEIRBME ORTEBERE, COFBRY, BEMEOK
HREORAB I HEBRBRAECRAIN TV A L L 0B HOMERNNH 5, HZ21E, HraTa (1981)
B, VYBIKEZTvE=9 L, BALTVESY L, ANT s I VEBETVESO L, ANT 7 I VEES
T=Vy, wUBE PRvEF MY Y ABIUEAF MY Y ATRELLS 7 M OoRRERERICO
WTEELTWS L, BETE, /A (1993), FHES (1994a) o+ Y Y YAV - TREL .
LR O (1995) © v Y & REHIC & 2BV ORI BT 2 &N H 5,

1.2.4 RAGEREE

Kt o@D IconT, RILL RS ERRILOE S OBRE T H 2 RAERE b R -
THEITT 3, FRABREGSBERIEL, Wowd MEAKRY ] BAEL S &1, Bl kS Eki s
Tyl EEBKT L L, RILED &R TR, AHOBBIREIE L REBIEPHMONT
W% (SCHAFFER, 1977) L7chi=> T, BEMEOKKZLEHL®KFTT 2 LT, AMORILEREIEER
HFELAlaat, hTTEHELOWEMBTOLA TV B,

A O FRALEREPRAEE OWHBSER IS, HEEPHEFECIVRL > TVB, RILEE
i3, EENCE, BESAREREORBREICERENIENEEZ V1 v 75 vETREEEL LT, R
EREONBEARRL, OE»SRIGERELHETLEMTES, JOK BAESEL TV S
EZONBEBESOIMOFVICOVT, B2 (1986) W, TOWBOBSESRTELTHEI LMD
RGBS TEDZORBEYTHEWVE LTS, BENLLERCE, HBREAABOREZNEL, TOR
BEZEALD SR(GEESHET 5 HEN S b, AMORAGEREQIRE 1 280~320°C O&EICH b, T
T34 288°CTHBELTWS (SCHAFFER, 1966) 2 &2 5, BCEKOHFEICB WL TIE, 288°C 2 RILER
HOREE L, BEBRAENFICED T - BETOEN 288°C 2R LI E &, TOMEBESRICERE &
1otk BBLT, RIALEEEHEL TORHANE V. RALBIRIC S 5 AM O Z@#is BEZAL (CuTTER,
1981) ®, BEESTH OB SN AMOSHTERERDH 300CMITHEL TS (FH, 1995) &
RERTEE, RABRECEER, BB Lo 00CEEORELABLTELIANBEZITH
3, kL, BOSETR, KKEZLE, 260°CE2REEGEREEE L CHABESFREIN TSI Eh
5, 260°C R CEREOER & 475 L THRILEENSTEI N T L 680,

LOED, BECBVTE, 2—vHo ) -2 -5 -OFKIEY, EBEFCHERDEED SR
{LHEEEMET 2 HEPEREN TV S (MIKKOLA, 1991 ; TRAN, 1992 ; HARADA, 1996a), Z OFE®D
R, PUBREEEEET 3 5ECHENE & 023 B TOREE(LL SHEE T 5 HEICH
~, HUEROBEREL L F— I HBBONEIETH B,

RAGEE WA RETHRF & LT, MEARE, &8 BE &KkE KEoHMESETFLns
(SCHAFFER, 1966) 75, N oA L TR LAEFNVRERINIICRERE > TWLIIW,

IEREE-CHEHRE & RALRE DRARE S 2 &, MBEES L BBEEESKE 3213 ERILE
BERRELE2, 20T Ed, BERIICIE ARREENIUS OEEEHR L VHS -~ TH B L, EBRRMICE,
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MBEECKEBEEO LR AL CRICEENEL S LT 2MEMP H 2 (SCHAFFER, 1966 ;
TRAN, 1992),

AV OBE ERGEEOHEFRICOVTE, BEOKE VAN B ERILGEREN/HE L, HEOHEIMC
o T, BALEERESNCEDT S ET2HESES L (B A1, NusssauMm, 1988 OHUCHI, 1990 ;
KoniG, 1992 ; JRH, 1993),

ScHAFFER (1967) i3, MNEEE, HED LUEKRPRICERICKIITREEEZHN, M2y, FHvN
AVvBIUTFETA bA— 20T, BABITORNOERIEREL 72,

<ASTM-E-119-61 TOMEDIZEE >

dx

_ dx _ 1 . .
U= = S{ATBIDrEC) (inch/min) 26)
<FEEMBOHE >
v= dx _ (8.0—x) cxp(——%) (inch/min) ' ’(27)

“dt 2{(A+BM)r+C)

TIT, M3&KR (%), r3bE, A, B, CREHKTH 2, L, ERTA B CofficiiiiEc
FOEBBENRFZoNTED, FLAMDOS 2EHN B> TV,

BIE (1978) i3, FEREEE MBS 2 & 2 ONWWEREERD 2 KERTH SR ONBELEHOE
BREUBLTZOFERETRIET 2 & & i, WM 25 L, BEICHA L TRILSETS
HEALBEBELTVA,

PRI U 2 RALBOFEBEHARAALEETFVE LTR, BECLIAMOBERVEZEE L
7V (WHITE, 1978), = 2V F—BEZR(LE & RRIEAM IR S UTRILES 23k % € 7)1 (HADVIG,
1982) Ehidb 3,

Fih, a-viho) -2 -5 —-0ORICLD, RESEE, BEROFESREATELE T Eh D,
NS DED S RILEEARD 3RA bITONOTEYD, MkkoLa (199D 3, RILEE v (m-s™) 3HEE
WOEEm” (kg-m™s™) EFEp (kgm™) TRLAEZSOTHBEL, Fh, m” RERETEEA
TERIANF~q, kW-m™ D»OFHETEZELT, RILEEERD 2 BAEREL TV 2,

YU T e olc(To—To) +Q.] &

TIT, T, 3EBGRRE (K, To3¥HEE K, Q EAMBLT 2td s0icET 2#& (kJ-
kg™, cix# kJ-kg™-KH) TH5B, o

DR, RALBREOME x; (mm) ENEERR ¢ (min) ORI t=wx!® OBFZMH D, w ke
LRETOEE, BKE RIUBOBTREOBHE TROINIERKXTEMUTES LT 260055
(WHITE, 1992),
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FUTEAM O KK DRALERE 1L, SROMEEICLBHES 2V IRBOBREABRER WA, 4R
1976 : doff, 1985b; F#2, 1994a) » 5, B4 05~07mm TH5 SN TVWbB, COFEREREZAT,
BOEOBEEEE LOIRWITBV TR, AMOTERILEEIZES 06mm & &, BEEYOWE
BHETS Lo [BMALA] ZoERENEE->TVWE, LL, TOER, EPRERSNLE
FEoRECBEONIEETH Y, [AMORIGEE] 2R3 HBT L BEBETEAETIRE L,

1.2.5 HBuEE

BT 2R S & B BAIIRRY 7o b BRI fo b OB T RV F — BRBEE LTINS,
FEGHEE L, MRV LEERS 1 kg MEINZ & X, MEOBEICED ST, H13.1MJ Oz &1
F-mRBEENAZEAEFALT, BRRTOBREBEEEP SHETLII LN TE S, TORER
HUGGETT (1980) iT&k » TEiES N F/, REEEOAUEREL L Ca—vha) —x—% -
BaBrAUSKAS 5 (1982) k- THEF SN, HfE, EEEEMEE (SO ©7 2 U » MBS
(ASTM) DEHAERERFTEE 1 - TV B, BEOTIE D 5, REGEE HEIN O KK ORITICE L <
2RIFTIEMESIcENTEY (FIZE, Hasem, 1993 ; KokkaLA, 1994), Z—v Aol — X —
7 — 2 HOTERY A OO KMERES FRIT 3 HCBEME OB KHEREE ST 5 T B EC
HFEHAEG UD»EETRE STV 5,

BBV TH, F2E~FABTOERIIEL, a—vho ) -2 -5 T XL 3RAREEK
LTWBDT, ZIT, COXBOHKICO>VWTHRNTELIEETE, 9—vAanl)—2—5 -0
RS % Fig. 1 I0/Rd,

COEEIR, OKEBIBER I—J7OFAETT, u— FelkicBhhEBEO XTI 0~100
kW-m 20— EREORNAZEHE L, KT 5 TORMPHEIS T APTOBREE, K5V 2A0E
7 - BE, KBEEESENET 3B TE L, IO DRERRE O REEE CERR/OEE HEE
ENBH, REEEOHBERRWROEBYTHS (SO, 1997b),

J—

g 0
_ Ap %o, %o,
g (&)= (dhe/v)) (110)C / 0o

29

I Tq (&) FMBEER ¢ (s) 1B Z2REBE (kW), dho/vo IMEIPRBET 5 & SBRBRMHEER 1ke
KL TR SN AE T 2 v F — T 131X10° (kJ-kg™), CiEF+ U 7L — ¥ 3 VEHT 0.040~0.046
(m-kg-K)V2 Ap, T.EHRE BB LA ) 74 24— 5 —%BLHKHT ZOES (Pa) EEE (k)
THY, x0,B &k Vxo IBMEEETOPHME (1902095 B X UBMBETNOMREE TS 5,

MECH R, RBEEKEICEE, EE»OMET2E4L, RBRELEEICEE, HHHD SMNE
TEHEBREOBY H B, 180 5660 TRAIESHER I N TV S, MBIPFRE, X7 L RAEICA-K5
kKW OBSKE — 2 —2M#FO a4 VRICEVEEEE T AMERE L TH0, TORR» S,
[a—v ] OZFRB DT oNT WS, BE T 2HEHEOMS 1, HREEETICRBARR O hRIBIiciEY
T HMBICBKETABA L CHIES N 30, EBEOMAEE L TIRRBFDRE 50 mm X 50 mm O#EHE
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FEBE L — Y — e

Laser smoke photometer

P& IREEt

Exhaust flow meter

s ov—
Exhaust blower
K7 —F
Exhaust hood
. d—rb—4—
3~ Cone heater
UM/ B=V &
Spark igniter
K
L& X Sample
Oxygen analyzer n— K+

Load cell

COICOz 44 &t
CO/COz analyzer|

Fig.1 a—vHholy—x—4%—0OfFIKK
General view of cone calorimeter

THHRBOEES 2 22% QT —EILL 5 LS BEtah T3, 4B, RBENELEEE L T, H5k
EERETOREREONEICHEN RS T EE2FRT 5729, 150 5660 TRIEABRARRELE S 2»D 2R
FYLAZ7L—ADERAEHEL TV, T0LE, BEERNEEEZYIEER 94mmX94mm &3
%o

T DD, 1S0 5660 12 (SHFICHRE VA, BT OERE ORIESR, CO, CO, %23 L &7 58N
7 ADESIHT B ERET & B,

KA OFEHGEEE ICBIT 250 1980 ERUBE S A IIThRTE D, F— s BEBSNTE TV
(F 212, TRaN, 1988 ;1992 ; OsTMAN, 1985 ; GARDNER, 1991), C 9 LT, A# ORBGEE Z Tl
T 5HA TN TV B A5 (FREDLUND, 1993 ; PARKER, 1988), {EEMFREshTWA L, £ Ds¥5
A— Y EBETAERB IV — S IL—Ya Ytk Bb0T, ERICET AEHERFRATETIER
<, o, AMOMBEEOBVAEZERLLEFVERL > T,

1.3 KEEERM O AR

BOEI BY 2EEHERM Ot KB 25, SR (1976), thiit S (1985b, 1986) DA
KL BRI NTV S, g7, BATORBEAMEZR AL -BEHMORKEEIC >V THHRS
(198742, 1987b) OERICFE L GRS TV 3,

KUTTHERM %2 H W 2 BEY O XK BREM AR T 2 i ld, BPREERT 5 KIHEERM £ 0
bODMAKMEREE, TN o2Ekd 2 BAWOMKRENBEL 22,

AWTHERM 20 b OO KEREZBED B 720103, WHEEAEL L3 ETHESEEATY
3o FKSATE LI JIS A 1304 CEREREIT O KHERAE) <L 2 MBIV TiE, AM DRt
HER, 124k RcEBD, §4705~07mm & TW5b, UL, W 300cm? Pl T, —&
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73 15cm E#BA 5 & O WAWTEERM 054, BEPRILICX3REBRS > T, RRILOWENS I
DORXETE-TWE, Lhrd, ERMAFCEED FR» OHET 2 & (PN, 1985b), RR({LE
SOBBYBEOHLSRIMBEIE CTCEVWEA 2RI, dE0MBECBSRVEETH ST
22 Eh5, BELVEEShIWERE L, AESHAKETOARMO BALA] 2Mmdnid, &£
SETHKEEEET 3 EABENTV S,

LpL, Thild, vy — VIBESHEA THES N BEREEMOBETH - T, Th
DS ogER B TEE S N ERM 05 A 1], BEROMBMENRNTH 2 LOBEE, 5, 5
RT3 EESN TV 5, ERMEEROBEERL, (EEEREC 12 PEOBEALS, LY LY
/= VB E D 2 BEFIOBESRREN TV S, 5 (1993) 1F, =8+ vHeHERS L 0k
mAF AV YT R — PRESHIRI VY - UEIRICHE L TS L S L IEL TV B, o
L, 5 (1993c, 1994b) 3, KESHF - 1 ¥ ¥ 7 % — P RESH CES S N ERM B O A
BEld, ENHAEAEHENONELBTLARETH->TH, 0 9L O AMEEEE L TEY, i
AESMAOESEHE U TEHERERSVEIER LTV S,

HEOWOMKIEREE S0 272010 id, BEMEMBMETHET 3 L LHWEDTH 5. AMTESRM
DEEMHE E L TRV 5N BEEICE, ERMELS 2 VIESRMLUAOHE EEES AL LTS
B, KETHERM OBEAEIE, —MIciE, #lK, R, FU7hEY, 8, 320K €Y b
Gy P THERIN S, Ch5OEAMOMKERICET 2MAOER E LTid, TS (1985a)
BLUER (1993b) OWEHH 5, EICEL B E, REICESLYHBERT 324 0OM AHRERE L <
KL 5508, - BEGROBEABR—FPET I v 774 5—T 5 vy FEOMETHEAE
2B LY, IPBEEAMTHDAL LItk Y, +OUMARKEEISHEETESZE LTV,

AWTEERM 3, KEEASEEMOBEMHOTERELT, T TRIBESNE T &0 5 EHEA
ShaM, 5% BEYOREENE, (FREREBLUFYS vHEoREEZEIEL, ST STUESHE
PHRREIN TV D EEZSNS, IO, FERHROBEHREDAE ST, KKLZRMICRE LU
wEARMKD OB L LB,

2 KMDFEKE

2.1 RLC®IC

B - W KHERESHE IC B T 2 AM OEER WG, BB s s nsh, Bkbhiz L Th, kKB
RAGEE = —BICES 06mm & LT, MALAZOREZRITI T LLEINTVRIRTELVIEDS
SHOMBLSIT, KMEVLZT LD LAERIZ L, SOMLRBEEOFMIZTbRA TV,
Ld L, MEOBEKECHREEREME L V> KIEE SRR ZIEET 2 LeEERINTE TV AHK
2, BPEENREERICESVT, BECL, 53VEIBEYMSR TCAKLZEUETML &5 &4 28R
ERELD L, Sk, KKZEEOEH SAMAEE LML, BEEMED2VRFTSE2ETEMEE
LT, BUICEEESNAAMEFERHT A LARDONZLIICREZLEELOND, JDRBDITE, #
LWOFHBFETOARM OBBEEICEET 2 REN T — ¥ 2ER T 5 & &b, MROBEEED SRS
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TR 2FEEEKT 2 LEND 5,

LTAT, AMIEFMEETAMETH Y, IPBERT 2 HFRMSEHEA RO L CEAFG R
THAD L DYHESRL D PN TV 5, BEMEICAV SN2 AMIZ, £SHEPHRER
ARENCTHIENBEZVIEMS, THETRITONTELARMOREOBRBEE T 2RI, =
SHEIH 2 VWEREE~OMBERFEE LTEY, ROBMEMEAL & & OREEENBET 2RI
BTV, L L, FMESTROEAERCRENAMEOHTEXTEY, 5% BREESEOBESAL
SAROEMPREICEN SMESHERESNZTREEGH 2 &5, KOEEMAT 2BE&EDAMOD
BREEFZIEL T T &id, KKZeB2ER L MR ET S LTEETH L LBbN D,
W, ISOBKERBREBCI—vh o) — 4 -5 SRS H, —EREOKFNAT IS 24K
DE KL, BEEHOMBORMBEELBEBICHET A ENTELLICE o7z TOLDEEI
BN LDVEST, "NVF AT —VTOERTE SN B KEHICREEE, EKKTOT S5y va
A — N —5f] (KOKKALA, 1993) ©KREHEHEEZ THIT 2 EFNVEPEESh>2H 5 BRI,
SAITO, 1985 ; BAROUDI, 1992),

AETIE, MRHOBERABRESTIEECHETHY, »>, AMOBREEHEEHET 2 LToE
BRGEEESEFEELSNZBEKEIC VTR £ - 7

HERIL, ISOBB60EDOTI— v A0 Y — 2 — & —B XU ISO 5657 FHED 1SO B KUHABREE* W
TiTY, HEBREBEORRELLET L LI, BAKILES T TOAMNBORELE(L, KitDEHE
ol s B, WERZEAROEE V- 2MAFOREVWSEECRETBEIC DLV TEELT-
foo P, EBRLLOEEZRHY, DAFETTEELLERVEONE T TOBRMERNELLSD
THY, FlLEOTRITBI B35 KHYTEEDOTH S, BICHAEEBELLERAT-TVWED
FTIREL, &, EENCEROERETHONIEEEKRHERL TSI NS, AREILBWVT
iE, B0 BB VERY, THKKERL LFERCEET 5,

22 £ B

2.2.1 nEGE
n#uE, ATLAS #8I0D cone2aBa—rvhoy — X -4 — B X UREBSEWERElOF KR ERE
BAE2HVTIT- 7,

I-vHa -2 -5 —DEBEOHER, L.25DFig 1LIRLEZEBYTH B, i H, RBRERIEL
EHEMAINS LI 8B E/NS T2, HBICBELTRE, SREOMBEEIAL T L&A
NVNTEIEEBIC, IEDRFYLRATL—bEEHL,

—7, 1SO B AMEHBEE X, X7 VUL ABICA-32kW 0BSR L — 9 —2HMEO 34 vikic
BOIEEEE T AMBFE TECEREEZEAL, OX7 -2tk 4 R TRREREICOKZE
SRR, BEXKETOHHZHET 260 TH 5, HEOHBERII Fig. 210RT B0 TH 5, il
B, BRENEI Y bo— Vg BT Sk, 10~50kW-m OBECHET 2 L8 TE D, 7
B, EEIF, MEETOKREME LS SER 5em OFANTHOLEDED £3% OLIF, B 10
cm OHFHFENTEE% UINDEEIS & 5 K&t s W Tw 3, HBEBIEM O FLICEE 140 mm O
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Ok T — I

Wk Xy Pilot flame arm
Secondary ignition source
DI hHA BRI VT —45—
Limit cam Radiator cone
ERahh A NAFX T TV — b
Driven cam ' Masking plate
=) —
?Dgr?ie pulley ‘< ) 1
25 S Support framework
X E# <
Sample
ER#E—F —~ -
To drive motor FHEREA
HY U — A b To manual adjustment
Sliding counterweight

Fig. 2 1SO &K MEEREE OBIEX

General view of ignitability test apparatus

2B TETVIRA VTEAK, BHFERP—ETEELL I LI -y — i 1 BHLILEE, REL
720b, FEONEBICHERKEEZ LY P LT, BXETORMER by 7Y 4 v F TEHRIL 720
WEhOEB S I ULMBAREBTZ2HETH S, JIT, SLO20EBXHVTERET-
feoid, DEDSIEEOHBER KL, REEFSERICHETEEa -V I ) -4 -5 -0
BAEMICET 25— s TISOBKAROHKEREZABADLLENTELIDE I PAEWET DT
B, WEOEDE, BRKILELETOAMAMOBRERIERE NS L&, EEO#EL X UHBRED
ST 5, 1SO B KHRBEE O H P HBAENTRICAENEFHATZ20IC#EL TV DTH 5,
WMHABEEOEZESR, KO3ETH 5,

(1) RBEO S & UIMBR OEHREY, 1SO HAHEHABREBOHBKRE W,

(2) kA, a—vhoy—x—g—T3#EkELERA N7 Thi0iIcxt L, 1SO B KR
BTE T 0y H 20K A DR CRBAEERERICE O HFRTH B,

B b—s—BAOHEARHRD, 150 BAERREE T, NRENES L SHETH 5015
L, I—vAHo -2 = —TREELCIZFHEEET TV,
2L, BETRISOEIMEBREEOL -/ — O, 2—vho -2 -y —LEKKICE—% —
ORETHEAT 2 FRACHBSRES N T 5,

0B, EBRTHOWIKEEEIR 20, 30 BL U 40kW-m2TH - 1,
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2.2.2 HBE

EEICIE, HIER S, LEMSEOH BREEOAMBLVITATATF Y YT 47 74 /8—FK—F
(Medium Density Fiberboard, LI MDF &#832¢3) %ML, HALCEES I OERE
Table 1 [T/RY o REIKIZEM D SIEL N, BE 20°C, HHEE 40% icfRicnBEZET 2 »RLULE
HE Lo BB, MDF i/ yEIOES 12mm, FHEHNG60kg m™2D57 Vs 4 7/ 5/ <Zt
vy FTH-7,

a—vHol =4—5—HOKBEOTKIZ, ¥ 100mm GEHEGE) X 100 mm (BEEHE) X 10 mm,
20mm % 7213 40mm CEEAE) TH - 7o 1SO BXHABROABRAE ORI, #7165 mm (HRIE )
X165 mm (B1E) X 10 mm, 20mm % 7213 40mm CEEAR) TH -7z, SO HAMFHER T, R
ERANEHOBRELLGAET 2 L& LicoT, BRofuih 5¥E 26 mm OMFE LICERE 2mm ©
FEDESDRE5EH Y, ThzEh, HEImm O — ABEN K AFAL 72, BESOEER, 2
BIHEABROLEREA Y a— vHIETHE®D 2L Ebic, TV IKEBEF - 7ERVTIT- 1, BEXHMHO
BEEAMEMER, BEX 10mm ORBEIC >V TIRMAREL Y 1mm, 2mm, 3mm, 4mm, 6 mm D
whHAMEEL, EX 20mm B8XU40mm ORBEIC oW T lmm, 2mm, 4mm, 6mm, 8mm D
PEdE Lo, 158, REMAROEE 13 FELoBEST & #)/18 HR-2500 B 57— 5 o7 — o L, 2 B
PR CTHIE L 720

MEEOREOZ VB KR RETHELHENIERE, 1-vHo ) A -9 -ZHVTIT-
Fro ERELRTEIR, 2E, e, 7TATYBLIUTFOLET, BEHEMEAZT 52— 100mm DIE

Table 1. ERICMHEH L ARBREOEEL L UEE

Wood materials tested

L) iz wE S7kE
Species Density | Moisture
(kgm™) | contents

)

<$1HER  Soft wood >

2 Sugi (Cryptomeria japonicaD. Don) 280 - 400 | 5.6-9.8

t ./ % Hinoki (Chamaecyparis obtsusa (Sieb. and Zucc.) Endl) 390 -440 | 76-8.1

t /N Hiba (Thujopsis dolabrata Sieb. and Zucc. var. hondai Makino) 360-460 | 6.2-9.2

7~ Akamatsu (Pinus densiflora Sieb. and Zucc.) 430 - 550 | 54-9.2

#1Z~"Y Karamatsu (Larix leptolepsis Gord.) 530 - 570 | 6.5-7.5

<JLERY Hard wood >

%) Kiri (Paulownia tomentosa Steud.) 260 3850

N>/ % Hannoki (Alnus japonica Steud.) 400-510 | 7.2-82

73 Buna (Fagus crenataBl) 600 - 680 | 6.3-7.6

Z=27)V'X Onigurumi (Juglans sieboldiana Maxim.) 510-630 | 4.1-74

7 A5 E Aodamo (Fraxinus JanuginosaKoidz.) 630-650 | 6.2

7% % Keyaki (Zelkova serrata Makino) 750 5.7

3 X+ 5 Mizunara (Quercus mongolica Trucz. var. grosserrata Rehd. | 810-840 | 5.5-6.1

and Wils) .

71/ Akagashi (Quercus acuta Thunb.) 982-1060 | 5.5-6.1
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FRoEE = HE, WEES X UOAROEE 25 & 2 B BREEER L7, E& 12 10mm, 20mm 8 &
U 40mm © 3FHHE Lic, CORBRICEL TR, BEMoEEE/ DR T5100, A—HBORRKR
10cm AOEMEDOR—D 7o v 7 0 5K L 7o, 5%, HEREZ 20°C, HIHERE 40% T3 »ALILLEHA
BEhimED» SEIETEIRME LY, ¥, BKkEROEEBL/NE T57120, BBRFBANIC 46C 0¥
IEHT T2 B REEIR L ik, 20°C iR BB BN F v — 20 24 BRRIDILERGE L TERAEL
Foo LictioT, REEFOMEIZEHIREEATL S 5,

Ploc by, EROEMHE, HBAESTEE, KHEREN=EME, W&, MDF 285 T 14
B, ABFOESHKERE, SLomBmoEE S HE, REEFA3AKORO=ED TH S,
HMEFZORME L, $NTOHEAEDLEEFERBL TERET-HITREV, BH, RA—D&MHTO
EBREFIZ 1 P54 Th -7,

2.3 # B ,

2.3.1 WEARED OEEREDE KR

SO BABEBEBL LU —vho ) —x -5 —TMAL IBEOHBREEE 0 (kg-m™®) LB K
Bifil 6 (s) OBAFR% Fig. 3 1TRd, BRI, HOAMIEEZEKLBO I EBHMSNTWEA, 10
mm P ORI EETEREROBBETE, ESOBVWKLI2BFAKORIVBEOERIRSNE
Moty £z, BEOKEUAMEEEKEEIENSEANSE SN, MDF bABEOHEEEET 5K
MOE KRR EFIFE UEEZRL 2. BXEEEHEORKIC >V TORRSTHER % Table 2 I0R
T, Fig. 3icid, TOERERKUEHENELONTV B,

BRI 20kW.-m 2 TOMADEER, EORFSOEMNKREL, INREAMMDBVI EiIcb&
B8, AMOBKBROBEHREIR 10~15kW-m™2TH 2 &SN THY (Tran, 1992 ; A, 1993),
20kW m 2 OFVWHEBETOBE KR, MY LIBESEOBE NS vZOTFTTELTWS T iR
HapzLEZXLOND, COI &L, 20kW-m2OHE, BELEBEBRSBLALL, WbWwb, 75
VaBEMHEEICEHANS NI Er LSBT SN D, —, 30 £7/213 40kW-m 2 OIMBADEEITII,
FEBCHVIERMES

BHE (1959) i, BEHOEWEROZERIC L 3ARMOMBIC BV TEHEXPEEOWEMIC >N TENS
LEERVWE L, UL, BKEHOENIERNITERE L, TOHEMBEEESKECKLSZIC2N
THMT2E LTV 5, AFRICBVTS, FFEo D 2RBEHTOERLALEIA, WTFRDEED,
TRACERET 2 &0 SRERBMPETRS BIBRPBONLY, ZOEZTNRBEREIFAL,
BITEHEBERICHE V- TELIABVEETH >, 2L, 30 BLU40kW-m 2 TOMEEFD
TR T 2B AR OZRG, KHORLCEREERK BESKRZIL 200 THEINT 28R
BEOLNOIHL, 20kW-m?TIRINEFOFEERLZ, COREKIK>WTIE, 4%, %M 3
MEDBD B,

BHRE & B XEMOBRICSVWTH B E, BEREL 1I0kW - m BN 2 8IS KEMA K E <
BOLILZ bbb, BKCRETHHBEONRLERMICERT Y, BEREOTHICHLTE
KO E 7oy P LA A, Fig 4IRT L9, MEBFCELSAEENEONI, ThoHD
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Note : HAMHBREE = A VIKHEE 20kW .- m™*
Th#. HBEOES I} 10mm,

Specimens were heated by ISO 5657 apparatus.

Heat flux was 20kW.-m™2
nesses were 10 mm.

100
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+ 5
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# 5 40 -
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e
20
0 1 1 1 1
200 400 600 800 1000 1200

# E o (kgm)
Apparent density

Note : H K HEHABEE = BV BUH@®E 40kW - -m—?
Th#, HBAEOE S 3 10mm, 20mm B & T 40
mm,

Specimens were heated by ISO 5657 apparatus.
Heat flux was 40kW-m~% Specimen thick-
nesses were 10, 20 or 40 mm.

Fig. 3 &K &5 KEFEOBIZ

Specimen thick-

% Ep (kem®)
Apparent density
Note : ZF KR EIEE %+ H VRS EE 30kW . m 2
Thn#, REAEDOE X3 10mm, 20mm 3B & U 40
mm,
Specimens were heated by ISO 5657 apparatus.
Heat flux was 30kW.-m~% Specimen thick-
nesses were 10, 20 or 40 mm.

100
80 }
—~
Vl»
~ QO
= £ 60 +
=
B 5
‘é’i £ 40
X &
Ho
20 f
0 A A . .
200 400 600 800 1000 1200

#Ep (kegm®)
Apparent density

Note: a—vh ol —x—4% —%BAVKESEE 40
kW .-m™2 cm#, HEBEOE 13 10mm, 20 mm
B XU 40mm,

Specimens were heated by the cone calori-

Relationships between apparent densities and ignition times

W x¥ O:es* L
Sugi Hinoki
.:*_’)_ Q:inv)% 1%
Kiri ‘Hannoki
i B:31x453 O
Keyaki Mizunara
——REkERE

Regression line

meter. Heat flux was 40kW.m™% Specimen
thicknesses were 10, 20 or 40 mm.

kb oN A:ThH=Y N2y

Hiba Akamatsu Karamatsu

T +ix=N - TAYE

Buna Onigurumi Aodamo

THAY : MDF

Akagashi Medium density fiberboard

» ZIRENERR

Regression curve of second degree
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Table 2. HE & EKKEOMOENRATER

Relationships between densities of wood and ignition times

B3 B I s n [EI - R
Apparatus Regression formulae

20 [ 12 {16 |1, =2288+0636p 0.75

1, =957+112p-392x107 p? 0.76

1SO BXFABRE 30| 6 [3 |7,=-616+0264p 0.94

Ignitability test apparatus t, =328-00661p+239x107*p* | 097

20 | 13 |81 |1, ——148+00979p 095

1, =199+00394p+453x107° p* | 0.96

J—rApY—A—F— | 40 | 13 |80 |1 =-771+00737p 0.92

Cone calorimeter 1, =468+00245p+428x107° p* | 096

I BB SE Heat flux (kW-m™?), s: 8% Number of wood species

n : REMAE Number of samples tested, R?: PRIEHHE Coefficient of determination

b - 25 KB5S Ignition time (s), o : % Density (kg-m™?)

Note : MDF DB ZEYFROFTEICEE LTV,

The ignition times of MDF samples were not included in the calculation for regression
formulae.

EfEiE Table SIcB A 6N T0E, MERL D, BEEO/NS OHEE CHHHREOEELBIET ST
Ehbip b,
ISOBHKMABEBELI—vH0 ) — 2 -5 —TOFKEHOERICOWVWTIE, Fig. 30 40kW-
mUEMBETOMEOHE,» S, I—vho ) — % —F - TOMBAOHFHEKERBEL, 1Kk Tl
LEBEOEROMEE /NS B AHEBBR O N, FHOMER L, BaBraUSKAS (1987) IC & » THH
HExhTwvi, IORERE LTI, [SOZBXMRBREE TIEOAY 4 HRR TRBREICHEL T % O
L, a=vhuol)—x—3—-TR, BIX -7 LL->TOAKPERNICEZ TR ENS, 7
5y v BEOBERTORPEEMMER T TREVSAEEI SN, £, AEROBE, I
BUFOEIARNPEL > TV T LB L TWAEEbN S, L L, Ostman (1990) % Hu (1988)
RMBAEHSKRE 02 EFKHMRECLBLLT, ThERVBOFEREMEL THY, SO0
MHETH DB, 1L, mRBE S, AREORERBOEFR 5L TEY, MAOEBEREZEVIC
HABRZBILETRETH B LEEALLNS,

2.3.2 WEoOEEEL

MEEEORRE & SICHBRERNHOEBEE 3 AT 3, Fig. 5 BLU Fig 6 ioRd & 2T, —#IT,
TNEE I E WLE 1 SRE O ERARED - 7o, BB, MAOKE, HoEARIC, MRS SEWAE
DEESEVABOEEIDELREILEIF Dol BT HL, TOFRROU &2 MBI & 5%
NoORETHLEEDLNLS, , B

Micqrd &5, BEO LR 100C TERT 2EEY, 2ToRBRE>LTHEHlE M, Th
REEKASORIICE - ThlERI s L EbN 2, 130°C U LoFERIc B 2 BED LAEFH I,
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Table 3. RHIIREL & & KRGO B

Relationships between heat fluxes and ignition times

& BE CIR " B
Species Density Regression formulae
(kg-m™)
e 346 - 356 log tig=59.0/1-0.0335
Sugi
b/ 410-414 log tig=55.6/1-0.0333
Hinoki
NI F 496 - 502 log tig=49.8/1+0.0316
Hannoki
TEYE 636 - 639 log tig=47.1/1+0.440
Aodamo
7F 645 - 676 log tig=44.2/ I+ 0.592
Buna
THHY 982 - 1004 log tig=37.1/1+1.068
Akagashi

e EKEERS Ignition time (s), I: HUNE Heat flux (kW-m™?)

1000
G
g £ ,
£ 100 3
X3
o g5 | MAX Sugi
- 'Ot /% Hinoki
|0/~ /% Hennoki
| =7 F&E Aodamo
X 7 Buna
O THHY Akagashi
10 : ‘
0.02 0.03 0.04 0.05

TSR DFE (m kW)

Reciprocal of heat flux

Fig. 4 HBESEKEICKIETE

Effects of radiant heat fluxes on ignition times

20kW-m™> TINBL 7356, EHFETOIRL,
0KkW -m? T L 7o & EOERVIEDES,
FIHET, IREILECHITHE-TVWS, TOER
ELTH, BAROFRBEORKEIHMHEEG LTV
BHDEELONEY, RBBORIHZSVLTIE
HIETITOI L ET B,

FHIFEAE 20k W . m 2 TINEA L 72354 o
HOES Ilmm ONETORELE/% Fig. 71T
HEL 72, —iic, FEOKX VETEIZ & AREE
EoLAPENSERNELET 5, TORTS,
130°C Ll EofEiRoBE E, FFERMNIC AL
TWwWa,

F7, 0kW-m™ THAL LB EOREEL
% Fig. 8 107 L#zo CORTH, BAEIBED
EREPACEIEBCPEEORE WHERE R

HEANS U BEARTSNT VS, 2L, 7F0BED LR, BEO/ISVWHEOZALY R
A>TV, BEETERVLY, CThRBEEOREMBNLEEENLMETH 2FS lmm L Y EREAI

EWI TRV EHEESN S,

Fig. 8 K @ZOHE TR L L BEABOBELHET 2L, 7+ 2RI, FX Imm TOEKEOR
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Fig.5 EX10mm DOt/ +HE&{E%E 20kW.-m™2
ThE L 72 Ea o NEREEL
Time-internal temperature curves for hinoki at
20kW -m~? of heat flux
Note : BEREROXA» S OFES I ©1lmm,
®@2mm, @3mm, @4mm, ®6mm TH 5,
The temperatures were measured at the depths
of @1mm, @2mm, @3mm, @®4mm, &6mm
from the surfaces.

Eld, 110~130°C D&EFIcH 5 300-
LEBbnB, BB, AXELT 250

FOBE, BEXE BESE-
JIELTHLETL, BEL

(°C)

E
Temperature

200

350

300 r

BE ()
Temperature
—_ N Ny
o o [42]
S & &

oy
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o
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o

o

0.0 20

RS (min)

Time

3.0

Fig. 6 EX10mm Dt / +5B{E% 40kW.m™2
TEL 72 5&0NEEEZEAL
Time-internal temperature curves for hinoki at
40 kW -m~? of heat flux
Note : BERAESOERED SDESI1Z @1 mm,
®@2mm, @3mm, @4mm, ®6mm TH 5,
The temperatures were measured at the depths
of @1lmm, @2mm, @®3mm, @®4mm, &6mm
from the surfaces.

A%  Sugi (356kg m?)

——— l: /% Hinoki (410kg-m-3)
—-—n>/* Hannoki (497kg-m=3)
—~e—=7hH Akagashi (393kg-m-3)
...... 73 Buna (645kg - m)
a7 Z¥E Aocdamo (636kg m?)

! L L L L 1

BLTW3, I, BEBHD g 1o0
BAEAEINOFRE I X DS 100
BHLIHTHS S LEES 50t/
N5, FERITL > TLERKH 0
FEL, AEH»SERDOESD
HRELICAT A L5103

&, BEXROEEAORKR, M
BUR & 5 OIS I EIN
ZBELCTAVRACKROTED

4 6 8 10 12 14
B R (min)

Time

Fig. 7 E& 10mm OHEEE 20kW-m 2 T L 7238 & ONERIE
EZEAL

Time-internal temperature curves for 10mm thick specimens

heated at 20kW -m™2

Note : IBEEORIE @, EFH SES 1mm OFIE TIT - 7o

ZsLOoCNnNBELEILN
%o
30 BTV 20kW-m 2 TOH

the surfaces.

The temperatures were measured at the depths of 1 mm from
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HIT B 3 EKEBEOARMPEEOEESF % Fig. 9 BL U Fig. 10 iZ/RT, 30kW.-m * TOME T,

5007 —@——=x¥ Sugi(340kg'm?)
—=—0O—--t/#* Hinoki (413kg-m3)
—==%-—/ /% Hannoki (496kg-m-3)

- AQQr —--O—- 7#HY Akagashi (982kg'm)
(SN R A= 773 Buna (674kg-m-3) =
s — -k FAFE  Aodamo (633kg m)-

300r -2

4
Temperature

8
/o

-
07y A oRMEEEHEET LI L
B TH B A, 20kW-m 2 TmEAL
KIBEOBEXEORE 707 » 1 Vi,
Fig. 10 1R T & D ICERTEUTE 5,
B L 3RED 07 7 A VDK

200r
e 0 T~ D 5§ {8 13 265~ 285°C D & I
-~ L
100t = A - .
A//// A->TWBIEMS, BXBOAMER
O”~ ; 5 s 4 DEREE, BESHLVIEECLLT—
B R (min) EDMEAE & RSB LHES NS,
Time 7, TROLDEET DT > A VHIKE
Fig. 8 E& 10mm OHEIEZE 30kW -m™* T L
. 3] . DE 1T
AP — (1959) ok iR L HPREE > T
Time-internal temperature curves for 10mm thick A2D1E, AMAREHOEBE FREIEHE S B
specimens heated at 30kW.-m ™2 _ :
Note : IREEOMIER, Eifid >HS 1 mm ORETH - HXEENS & L THRNLKE DM
7o EEGEROFEIC, RMfhokaoi
Temperatures were measured at the depths of 1 mm - . P
from the surfaces. = @ﬁﬁﬁ@ﬂ:lﬁ%a)@ﬁ@mﬁ%b)%kﬁé
Note : @ZFOR GO H I EABREOE KKFHERT, nNTLWHVEHEEZL LN,
The marks indicate the ignition points.
200 300
Qe
A Y
150 | 250
(SR [
T 3 - < 3
oy =100 =0 1 200
o8 3 LE
g W XX Sugi : g B AXF Sugi
= O:/% Hinoki = O:/% Hinoki
50 Fo:~v % Hannoki 150 FO.~i /% Hannoki
- THFE Aodamo R -7 4% Aodamo
x: 7} Buna o x:7" Buna
O T A1H Y Akagashi O T hHY Akagashi
0 1 1 1 1 | 1 100 1 1 1 1
0 1 2 3 4 5 6 0 1 2 3 4 5 6
FEMNODES (mm) FEMNODFEE (mm)
Depth from surface Depth from surface
Fig. 9 30kW - m~? O HE CE X 10 mm © Fig. 10 20kW - m~* OREIRE TE X 10 mm @

RBRELMA L IBEOBEKKORE T 0
77 AN
Temperature profiles of specimems of 10mm
thickness at ignition time (Heat flux :30kW-
m™?

REBEE NS L B0 B KEOERE T
o7y AN

Temperature profiles of specimems of 10mm
thickness at ignition time (Heat flux : 20kW-
m™?
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70
—QO—:=X B Radial section

60 .. x--:4x B Tangential section
@ ARME Cross section

& NBER (s)
Ignition time
s & 8

N
(e}
T

—_
o
T

200 300 400 500 600 700
BE kg'm™)
Apparent density

Fig. 11 MBEHOMEEDE A KB R 8

Effects of surface types of specimens on ignition times

2.3.3 MBEEOZEVHIEKFEICKRIE T

¥ XHE KEEBLOAROEE ZNLEN, 40kW-m 2 THAL 723828 O RMOEE & Z kR DR
% Fig. 11 iIZ/8 7,

FHLICHER, 2%, b, Thwy, 730488 TH 5, 2, BERERAIFICLY, xHE
REEBSLUAROEBI L, ThENEEp (kg-m™) EHFEKEH G, () 0BEFIXERH/IERE
Table 4 IZ7R T,

FEORL 2 I3HEOREmORRAL SO EXHHABEEE 3o —vH oY) -2 — 5 —TH#E
Lict & BELEXFRHOMICE, BBLREREFRSS 2 Lakicd~Nich, Fig 11 8T
Table 4 75, £ & HAE, REES X CROEOVWTHhOBEE S, BE LEKFHOMIB B RERM
BRont, £, 1RRED b 2RATEYF L ENEEREIETEL L->TVAE T & bRAKT
B -7,

Fig. 11 B& U Table 4 & v, FESEERECTH T, FxHEERKBEEOZKEBIZZAENL L
B, KOEOBFEKERIZI AL LV ENZHEEMSRONI, 22T, COBREOENS LD EFENS
fewic, FXHEBIORBEZMEAL LI5S 0EKEMICHT 2 KOMMADHEOE XK OHLE
Kdd L, WTFNOKBEICIOVTH, ROEMMAOEKEMEE HEF 2 3REF@NAOFED 1.6~
LTERBREICH->TWA I Ehbh o1,

2.4 £ B

2.4.1 FBKFEEIC R THAEEOR

Fig. 4 8 XU Table 3 1Z/R3 & 512, HETEE O & HKEH O OMICERMEEIEET 3 &
HicBbhd, BH (1959) REKFEOSH 2EKCBEL T, KMAIcB T 2 B0 @Y 0lEixs ZEY S
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Table 4. #EE & FXEEOMMKICKIETMATOBEOE

Effects of the type of surface on the relationships between densities and ignition times

HIZAEIORESE | n | okE X R
Type of Regression formulae
surface
F=HHAE 38 | 1A t, =—985+00701p 0.92
Radial .| 1storder equation
section 2 ;K t, = 680-000837p+880x107p* | 0.93
2nd order equation
REE 39 | 1A t, =—851+0.0660p 0.86
Tangential 1st order equation
section 2 WA 1, =168-00537p+135x107 p* | 0.8
2nd order equation
AROMH 37 | 1A t, =—226+0126p 091
Cross 1st order equation
section 20K 1, =501+000300p+133 x107* p* | 0.9
2nd order equation

n : AERAE Number of samples tested, R?: BREREK Coefficient of determination
tig - & KBRS Ignition time (s), o : %FEE Density (kg -m %)

Note : INEEE OHKEH B3 40kW - m 2 Th 3,

The radiant heat flux was 40kW.m™2

AMAOBRESTHIGEEIC L > THEFRENB L L TRDLEEAHVT, ORXTREANIEELIE K
e O O U EE O 72 @D,

Intiy=InB+E/RT, 12

CIT, T 3MEEE, B 3AMORCEELTMBEATBOES, AHMEERAICL > T2 E
Hcds,

BRDOEXD 5 OBERIC & » TAMAMBE M BEGT RS Ehhicoicd L, KHETR
BHHT & » TAMB A S e L L, MBAEASRL > TV T, TRIERAKOLKEEIIZED
LIRRVWEEZOND, Lichi->T, BHEMADESIC bEREC L AMADEAICER 5 h 2 KM OK
TEE T.CHYT 2EREIEET S L BbN S, Fig. A 0EE 70 v b id 2 ORIEER A H e
BB LERTRL T3, FKA (1959) BEEMEGC & 2 AMEREH S HEE~ OB DT HB5E
WKk5&ELT, ROBFRREE N,

Ioc T Ty !

SR IIBEHEEE kW-m™) T, TWRU ToRZThZhEREE (K) ROTHEE K) TH 3,
BUXIF T DHEE AT 3 —FlERLTWV 3,
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2.4.2 BXEECRETEEEAECEROHE

A DB KN Z OBE L FEEEBRICH BT L, Fig. 3BXUFig 11 X0HELATH 55
Fig. 11 ieBVT, AO@MEMA L LFESOE AR, FsEmMEAEREEmEMALLBEDZNE
D &5 16~17 EREEEL B AEANR S,

KA OEOBE LI ED 2 BEESHEFOO & DItAMOBMEERNH D, M & B A
HETEBRIL D T SN TOVS (KOLLMANN, 1951 ; MaKU, 1954 ; 7 E, 1981), Maku (1954) &
WAHEH OB IBHEEA AR OBMEEED 2~25f8TH 2L LTWVWAE L, 1z, H LS (198D
12, 8 KT OBME AT, R AN B & UERAE OBREE R ERIICRY, BEMSEL THNE, EE
HHEB L CEHEIEOBEERICEIEZN TV, s icHd 2B MOBRERDE, 13125
THBELTWE,

& AT, MEOYBEMHEESEKEERICRETERC O VWTA S L, 1.2.2 TR XS, WEM
BOTToOKITL 32FKE, BUEE SN 2BUZEE R, BE o, t#lc O koc DB E L TED
ENBTENBBL, BROHEELEH RO & LT, Hd (1993) 13, HHEFREEO RS —E OHRETE
I (kW-m™) 221 5% L&, RELOORBEER L CAREFBERLH O THI N ZERERRED
RITE KR 1 (), BAKROEERE T, K) 2RALLWREET TV @il

by =rkpe( TETY 1

TCT, ToRHYERE K), k3AEER (W.-m™ K, o 3EE (kg-m™, c @& kJ kg™
K™, I REFREICESL 5N 288 W-m™®) ThY, § GREDHEHBIETH 5,

BEASE L TonE, = HE KEES 5L RANEOVFNENET 3BATH, RBEoE
o EHBCBI—ELALE D, T, BH (1959) I LN KEL T TORM DE KIZAM DESSHR A
R EESH OB BRIV AREEICETACLICIVAELZDT, BOBEELESSEEDL YK
BETLEKITEET, BAKEE T, ZAENTLOTEROELTWSY, BFERE» SAMEE
BT A 2 LA BIRE§ B IR I 270~280°C OFERHTH 5 T ML MicaNTWA T & (P, 1995) B
LTV o DEKABOERY» SRRV —EBECELLLZLEXT IfAPHESh TR E
(AAARMINTEAM %4, 1984 ; THOMAS, 1959 ; SiMMs, 1960 ; ATREYA, 1983 ; TrAN, 1992) 5, AZE
BROFUHTICBO TR T2 —ELABLTELXALVEEZONE, Ln-T, BESELTS
i, t BREVMEEE k ORBEZY, BHERTARICRALSBEE T 3 AROENAO LY, FxHEEAE
WEEEMEA L 72BA I N T i MREL BT EBHFTE B,

% T, ROEMEE S 7o AR OREINEE O F KK (s) 5 koc (kW?-s-m™. K™% OB E L
TEROEIPEPICDVTRET L, ERZEIT2 ETR, B4 OREBREDE, p, c DAIEEEHWVWS C
ENEE LS, FRIRELTS TR, EROBEBDBOHENRTFE LV, 23T, AMOLBIIHTE
KESF—ETHDEREL, TOEINEE ELRIER, 1992) TH5 1.25kJ-kg™ KT EHW»
5lEE Ll £, AMOBMRERIIOWTIE, BEORMKE L TROES I &P, Maku (1954)
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WS (198D WX DHALHIISNTVWADT, P e

ﬁ&{iiﬁ%ﬁ%?{@ 1 &E@ﬁf%b b & {EE 70 -“ X EE Tangential section |
|@ADE Cross section |

L, KOEENEd %54 0BRERIZ Maku O 60 |

ko WHXAE, sEHETcIRKEBENEADOS
S0BREERIH EOKRDI-B)RE, ThEh
BwsIEEli, hEr2%8E 0 (kgm™) I

(S
(o]
T

& AEER (s)
lgnition time
3

30

FABA, BMcEE L OBMNS W.-m KT T 20

BEORKEEEHD I L, TNLORFOIRK o |

BLUOBREE 5, 0 e
000 005 0.10 0.15 020 025 030

HHEEIT A « kyy=0.0232+4.02X107%0  BD BB koo kWP rs m™-K?)

Thermal inertia

HHEE A AT - k. =00174+186X107'0 (32 Fig. 12 KM OBIENY koc & & KEH OB
Relationships between thermal inertia koc and
ignition times

G—vHE Y —A— -, HEEE 40 Note : MEEF O KGR 13 0KW - m > TH 3,
Heat flux was 40kW.m™?
kW -m™2 Tl# L& 2o&FKEMICBET 3

F=FRTIKDOWVT, HKEFE t, (8) & BB koc (kW?-s-m™*- K™% OBff% Fig. 121TR7, 177,
tig & koc D 1 IRBKTERT %5 &£ QEBE LN,

te=1.88+236koc (n=181, R?=0.91) 33

INHOIELD, KOENAOBEOBEE I 25 KM, Bl cRBREENAL
FEADEFNICHNTPREDOEFEKER LM - TVWE b0, BEH L EXEBRIFEVERESS 5T
Labins, F7, Table 2 BLU Table 4 TR LA BE L &HAEEOBFRICBVT, bFhTIEHS
s, BEO 1REYERE D & 2 KEWRXOFCHEEENED - 72 2 & id, BEERNERLHICIEEED
IR THEbELEILEZLDEEZ LN B,

PbocEhs, HEMHEBBEEEL, BRECERICNT 2401 X 0 BSEA 2 DEIEEE R
BEEwbhs (SaU, 1984) AMicBWTH, MECNATORBEEHL T, ERMICIEE KRS
koc IKEREN B T EDBELM EM -1, 1.2.2 TN LS, AMPBEBEKT 3 iczaB{itREasE
DBERICALBREEL SVICET L EBEMEB L E00, BNRICE - TEL 2 BERESSE
DERBRE» SBEKERE L S LLERRERRE LTEREA TV S,

FH®B X CFEH (1994b) &, Tk 5 WS SBSBERYT OB T 208 & KDOBFRERT
HRRERD TV AL, EREDICERNICKRD B EOTERVWEFSEEENE &S, TOHER
REMBCICRE->TOLRL, TOXIBBENLLOT 7o —FREBRCBSNIRETH 5,

T, RAMEMEAT 2L, BEARICERACENOREPEESN L, BEKANCHICRA % &5 5E
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NORRET A ERBIELAETVY, BAAICBVTS, BETEITEHLENSRE L TV 5 TR
HREETEE . BXERE koc & OMBNIEEICE VD, Fig. 3WRTEBD, EHrokELS 3
L, HmCRBOPRELGNE, BholEI DT S AV T405, BBICL-TRAZLHEES
haDT, IH LB 30HORI DEROEREOV 5L LT, ENOREEZH T LI ENT
F3LEZOND, COFCHLTHSBROWRFEETH %,

2.5 #® #

REMEIC X 2 AM O RABRE TRAE L LBKIC W TROERER

1) BAEREIMEOEIREEINLE L7z, TNREBRECEES R I0mm L ETH 57272HT
brEEDLN B,

(2) BT O & B KR O E OB X T EREES RV ans,

(3) MAEmOREEMSE U ThiE, BARFHEAMBEOEINC E 720, JIZERICHEINL 7255
FEO 1 RERRE 2KRERBRELR T 2L, bFrTRH B4, 2KRERROHHSHESE V&R
Boht, 72750, 30 T3 40kW. m~ 2 TME L iBe, BEOMMcd 2B KEEE(LEI K X
KM ofzDicxt L, 20kW-mP AL 2 G& I 3o R o ni, £/, MESECTHNIE
ROHEAME L 2B AOF KM, £SHEZ/ARIREREZMNEAELBEDENICHNT, 1.6~17
EEEENS EPEBEINT,

4) —fic, EBHKEERBIEN koc LHEBBEVWE SN TV AL, EESHEBBELZEL, BB L
D, FRERISHT ZHMICL DBSRL A OERFESEL L EEL NI A MIcBLTH, BEK
koc LB KEIORIC R BB O RERBENIELNL I &h 5, BEYNAmMOBEHIcL ST, ERANY
a:_ti:abr’aé{%bffﬁbilvc EDHHOMER s, L > T, AMOBFKIIRARBTOESEE, 4
bbb, XKAREO LRICFE SN I Ehbh -7,

(5) ISOBAKMRABRE T~ A0 ) -2 — 5 —CXEFKEREK ST 2 L, A—EEOSRAKLE
UHESE T L 72354, ISO EAMEBRTOFKREOLNE BrERBR SN, BELE
KEEEOMOMBEIZIRERICTH Y, BEOHERIEREOS 2HETHE T LB, L1851,

3 AMORIEEES KURBREELZOFR

3.1 1RLsIic
AMORAGEE S, REROEMEL F 7 E0MAKRY, BEMHEOBREERT L L - HRLECH
HoTHY, BEMBOMAMELRET 2 LTHEELRTTHD, ThETELOHESITOOATY
Bo RAL L oM DM 1F, Fig. 13 IRT LI =20 ICXSTE I EMBTEZ, TDEHITH
TLUOHETIIT O,

RAGEE IS EERITRT E LT, EEMCIAMOMEER, B8 ®E ScER ZKE,
HBEDES, KHOARELHET S LPTE, BELEKELEEH LTI THEFLVFENL 21D
FHleFUBRESNTOED, IUOLORTETEERL-EFVRREEEINTE LT, &b,
FELAOKTEICL B3EVICDVWTRIEEAETFESITHOR T,
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Fig 13 RALBEFREOBER

General view of charred wood

—7, BEERFOMEORBEE L, DRIRAIESAEREE S TWED, a—-vho)—2x—F =78
FFEH, MENBRICE LI Eh s, REEEICTHT AMENE L OFEHEIC L OREIINED S
NTW3, ZOFR, FRABEHNEEYOXKOETICHELREITHD TEELRTTH S &M
SHTENTEY, REAEEPEKEMN® L7 7y ¥at— " —HEHPKLEEIEETFRLLD, B
EMR OB KMEETIc I~ a0 ) — X =y —FHBAEAEAL LD LT ERLBTOATVE, Ko
REBEFEETFRTI2HAABTONTVEY, BLONTIA— I A2 BETIEBBL I a2 -5 v I L—
Ya itk Bb0T, REOREVWEEREL, £ OMBICERAELGELTRE S VERE STV
W (PARKER, 1988 ; FREDLUND, 1993),

LIAT, a-vihal—2A—%—-0HREE RILEZEOHRSVTOHLTHRFEEIRT 50
BN H B, TNZE TOR(IEEOMESEE, BREBBRICENS N2 RIEREOMES L 3R
AR DRIERE RS o RILEE 2 RD 2 HEN B TH - 724, ThoOHETR, RESHRESH
TWBDT, FRALES PRACEE 2 FHAERE L TIRET 2 L 3RETH -0 L L, 73—
oY —x—3—FHRTEONIRMBEPHEERDEE D O RLEEEFHET 2 2 & pTENE, B
FIROER L RILEEPRILES OF— 5 %285 EHAHEL 2 %, MikkoLa (1991) % TRAN 5
(1992 i3, 73—y AHo ) =2 —F —FLRTIEMLEEE AV TAMOBREER TV, HEE
DEEPRIGERE 2 RBEE D SHET 2 HEERT LTV 3, HER, RRAESPRILBATOE
BRED G L, BEESOBRRBOHIE S RIUERE TIEC 2 LKE L, FLEE v (m-s™) HBH
DEEm”(kg-m~2-s7) REE e (kgem™®) TRLALBDOIKELWVWETZURAERL TV 3,
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T, REEE ¢ GW-m™) SEERDEEm” (kg-m™%s™) O id@FRCRTEFRLH D, B
NEERBRVBY - ORBBL RN TEHIREREE dhew (kJ-kg™) FEBICLD—EDOHEEZL ST
EMFHILNTWS (PARKER, 1988),

g'=dhcex-m” 3

BL, BIRAMELVETAE, T— a0 - — 5 —RBIC LD, HEICHECMEET 2 RAEE,
BREBDEES L OR(IEEE2— RO b0 & LTHELED 3 T EHTHEE 3,

ZIT, RETWE, a-vaol)—A—5-HBE{TV, KMOERBDERED SRIGEE % FHld
BLEDNTHETH BN EIDERRTZLE I, ThETOWRTHTVEROLNTIHD - iiFE
OEWVWP, FaHE WHEZZEKROEOVWTNEMBATEhE V-T2l &8, AMOREEE, &
BRAERE B L URILEE I RIETHEII SO WTEEE T - o & 5iT, MROBAMRESTET 5
TEEMEE L 23 FERSETT O R R IR EEE IS FRT 2 FEC >V TR AT - 7o

3.2 £ B

3.2.1 HEEB L UmERYE

FEERCH O SER{EIL, 2.2.2 D Table 1 & [EHEOSHER 5 #i7E, KEH KB O I3KETH -
too Fho, ABEOTEE, BEMBAEZZY 2HMOKNES%E—E 100mm OEFEE L, B 10mm,
20mm B X T40mm O 3L L, MATOBEOHELHANDS bOLANORRBRE R, BHETHE
VWS, TEAESRER LS5 LRI &S h, BF 20C, HAEE 40% OERZEc2, AL EHEES
b DTH B, TOOLORBEBOEKERIZ, 4~10% T, FELE KJEAMEREICE LTS, £177,
MEBAEOEESRBAAFE LRI THELFH 2 ERICAVEBREE, @S s B, RE@ES
SUROED SEEEBALSIARND T2 F, £, THARYBLOTF0RBMETH D, Kk
EOPRAER L UTBESRMEIZ 222 KRB L LABETH S, CnL0RBEEFEELE 2EAME
FRisl & &9 2,

MGz, ATLASH#lo cone2afla—vhn) -2 —s—H\i, EBEOHMES L UHIEER
FL25IEE L LBDTH B, MBI, HEEzkFicEE, HEBRELRHSERE -5 — T2,
30, 40 F 7213 50kW -m 2 OFEEBE BT 2 C LI L DT 1o, BB, BMEERICEE L T3, RERIEH
EVREEL T, HBARE TOMBEREONE BN KRS T L aHd 5 70w, IS0 5660 TEFHZHELR
LTVWBRF Y LRI =i LI, Likti-1T, EEBRHESHEZZS EEE 94mmX94mm T
b -t BB, REEORBRES LURBEEE Ic> VT, MEMAEEZ 2@ LT 720 &5,
MEOBE L ERMEEOBREFENS 25, W< Db DBEERERICE WV T IR 0k i B %
0.32mm @ K #E XA 1, BERBRhoBmEEZ/E L 7.

Plbxb, RERICBY 2REEB R, HAER (), BAEEY D ORBEF ¢ kW-m™), B
BIDEEm” (kg-m2s™) BLUEHEE (C) D4HATH »7c, B, MEEDPI v Ea—5~
DOE Y ALTERRE 27 & Lic,
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3.2.2 PALEEBLURLBE X ORIE

BB DRERA % £ OHEFAEENS L O ICHHEEA A RICTN L, DREE X OhR» S E
4 15mm ONETORIBEESLERECESBIURILBE 74 ¥ 75 Vv TRE L - B ORE
(LS OES: ) FZATRE LIz, ThZho 38 HE% L0, BEABTTIORBREOES » SRKAL
FAOES 25|V RSZHRIES, RUB2EUCREABK TROHBGOE S S RRILE S OB
SEFVWIRSERILBES & L,

3.2.3 AMoHEEEOEHE

FERICH W AAM OAROE OB EL LEEME 2 AV CBE Lz, ABREGESH 20mm T 40
KW.-m™2 OHSHEE TME L oA E R U BB &R/ UARM R D SRR S hico AMEET 5 &
MHBOEIE I, BMEHEEE FOREROERLY» SR L,

3.3 HRLER

3.3.1 BALERE L EERDEE

Ex 20mm © 13 MEBOREEARIY OKEAMZ 40kW - m™2 ORI HE T 10 SHMEAL /2 & &
DAV OEE & RALES DRA%R % Fig. 14 1K7RT, CORL Y, MBFEMSE L ThohiE, BEOHVA
MiEE, RIES NS L -oT0BIEbh b, Lichi-T, —BNESERE LTE RLESD
Ao, BEOSVLODHMRAKIKMEIKELLE2L0WE 5, LirL, rcOBEIIO>VWTH
B, NV F, TEASEBLXUOTFORMESIEREOTNICRKELBEEL-TED, AHFOEE
P2 THRALEESRZE 2b I TRV EHERAIE N B,

i, RALEE CHEROFEEOMI, R TRLUCHERMSEKO LM E I b A HET 200, Bk
HBRR TRROHERDE M. (kg) 2EE e kg-m™) BIUMAERES (mb) THRUME (mm) i
U THRALES OFERFIME Cp (mm) 27 oy b Lic, ZOBE%E Fig 1510RT, 4, mHEOERRKIL
BORDEBYTH - oo

M
o0-S

Cp=1.045x103X +1.023 (n=62, R?=0.98) K

INoDl iy, RECLST, MERBD THVHEBETERBRICH 2 ENHGLTHD, &)
KR UBEFRSRBIZERD IS T EXHRE N, Ld->T, a—vho)—» -5 -TESNh3E
BREORICHET 27— 9 — 0 0 RLBESPRILERE ICBT 2R AEON B T LIt B,

wic, BRI & 2 RILEE OB AT 5, Fig. 16 13, 13HEOE X 20mm OKEHAM % 40kW.-m™2
TW@Lt&%@E%ﬁ@%@E%%%Ltf%7?%60

07578, WThOBBEII LTS, MEGKE 3 SLKE, HERVESEHMIE/LLT
VBT LMD, DS & SINEBEEE 35405 10 43 TOFRILER R, BEESIE- HEIIINE L0
D, —ETHDLABBLTELXARVEELOLND, 20T, BRERDEEORBH TOLEAETS
fzd, COHMOERRMDEEOEHEm” (kg-m™?.s7) 2EEp (kg m™) KHLTToy b T3
& Fig. 1T BB LNt
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Fig. 14 BLES CRIZITHEEOE

Effects of apparent densities on char depths
M 2% Sugi [J:t./# Hinoki 4: b~/
Hiba A: 7# <Y Akamatsu A: A F<vV
Karamatsu @ : + Y Kiri O: v/ #F
Hannoki X : 774 Buna + : #& =73
Onigurumi — : 7% ¥ % Aodamac —: /7 ¥
*+ Keyaki 31X+ 35 Mizupnara O:7H
77+ Akagashi

Note : RILE S ZE X 20 mm OREAREY 0K
HARMAE OKW - m 2 TI0AEMALLEZD
BTH 5,

Char depths were measured after heating for
10 minutes at 40kW.m™2

Specimens were 20 mm thick air-dried tangen-
tial sections.

20

RALRE (mm)
Char depth

0 L 1 L
0 5 10 15 20

M/(p +S) X 10%(mm)

Fig. 15 EERVE, BFEBIURLESOHM
%

Relationships between mass losses, apparent

densities and char depths

M, : BEER/D EMass loss (kg), p : HE

Apparent density (kg-m™3), S : NE\HE K Heated

area (m?).

Note : fthd LB Fig. 14 &[F Lo

Other legend is the same as Fig. 14.

RALZE X ZE & 10, 20 #7213 40 mm O B AH

D DEE A % 40kW - m™? T 10 SfEmE L 728

DBETH 5,

Char depths were measured after heating for

10 min at 40kW.-m™2

Specimens were 10, 20 or 40mm thick air-

dried tangential sections.

TORE D, —BMEERE L TE, SBEEOAMIEE, HRBDBOUKREVI E0b, 5, BRT
B&IIT, REFETIERMDEELESVEBRESZOT, O LR, AMOEENIKELS L,
EXkEMRENLZ b O, —BE KT L, BORABTRET I LAEEWRT %,

WEDEDIITHBINZ LR, BELHERVDEEOROEMIEZNELEEEBL, Ny #,
TAYE, TFEVSHEETE, BEEOINCIERBBDEEPRES L > TVERTH S, DL
WERNE L BEEN, AMOBBEEOEVICHZOTREE VWA EEZ, FALALAMORORESEN
FEME THE L, SRR B L o, Table 5 iz DFERETRT,

IOHRLY, EOBELERRVEEOBRICIBVT, EEOEICKXIEERDEEEAR LY
JF, TEBLUTASER, CCTHOWMOEERMCEANTEEERO D 2EHEHER A -TY
B EMbhrb, T, BREABROEHBREZUMN L, zoRIERAMEIZEMETERES 2L, &
ENEE > TV RS BEHMIENET > TO TSR TRILOETHRENT Edibh - i,

ZIT, HEBICSWTREDPTOEEL, £/, EEHIC DLV TREEEROLEL w 2L, 1K
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Fig. 16 13 ¥ OKEM OHERDEOZEL
Time-mass loss curves for air-dried thirteen
speciese at 40kW -m~2 of heat flux

Note : AL@liZ Fig. 14 £FE Lo

Legend is the same as Fig. 14.

Note : REE IZE & 20 mm DK B AE Y O K&,
AW THGINEGRE 12 40kW - m 2T 5,
Specimens were 20 mm thick air - dried
tangential sections.

Heat flux was 40kW.m™2

BB EVIRFERS £3185
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Fig. 17 HE S EERDEE OBR
Relationships between apparent densities and
mass loss rates

Note : L#liE Fig. 14 LB L TH 5o

Legend is the same as Fig. 14.
HER/DEE ZE S 20mm O A Y OKRFLAK
A AOKW -m ™2 TH#EL /2 & 2D 3~10 3R oD
SEETH Do

Mass loss rates were the averge values from 3
min. to 10min. Specimens were 20mm thick
tangential sections. Heat flux was 40kW-m™2

IVFHEINIBESAMOBIESRE ) & LT, COBEEE (kg -m™) 104 L CEBRDHE m”
(kg-m~2.s) 7oy bd B E, Fig 18 10RF & 5 HHEIIE S 2 X008 WEHEMESE SN,
COEYRERIBRICTTEBYTH S, 455, FSREORIEEE L Table 5 IR LI EBDTH 5,

’_ 1Y
PO

m”=(529X107%p’+3.78) X 107* (R*=0.91)

30

38

Lichino T, XBLOBRLY, BEX 20mm OAM OREE % 40kW-m ™ TINAL, BEESH/cE
&, MEGARRE 3~10 Sfic B 1 2 FN 7 RIEE v (m-s™) BEIKXOKBRATEZ 505,

v=(529X10"2p"+3.78) X 10~%/p

(39

bz ho, AMOBERDEES JUREER, BEOLLE LT, KMOMEHEE L0b
O, BEEEROHEHEELTVWATENELMENL 572, TOERICOWVWTIE, AMOREEHERER
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Table 5. K#f O ERFAEEHIREE

Micro-structural features of wood tested

B o BE p EE EE e B2 il BB | FERRE
Species Apparent | Tracheids Vessel Fibers Axial Ray Revised
density elements parenchyma density
(kgm™) ) ux100%) | (%) ) ) | d=p/ (-
(kgm™)
2% 270 924 76 270
Sugi
e/¥ 390 92.9 7.1 390
Hinoki
[=VAY 460 91.8 82 460
Hiba .
ThaTY 490 90.3 83 490
Akamatsu
oY 500 92.7 6.9 500
Karamatsu
XY 250 14.8 34.5 432 74 290
Kiri
NI F 500 30.9 485 20.6 730
Hannoki
s 670 417 46.3 11.0 1150
Buna
b gty 9 VRS 640 17.2 70.9 11.8 780
Onigurumi
TIYE 640 280 55.4 16.6 890
Aodamo
Tvx 710 182 451 20.8 15.9 870
Keyaki
IXFT 800 10.7 59.3 30.0 900
Mizunara
FHHY 1000 _ 88 40.0 20.0 1100
Akagashi

u: BED LD 3B HE Ratio of vessel elements
o o' =p/(Q—u) PSFEINLFIESE Revised density calculated from p’=p/(1—u)

LHbETEET 5,

3.3.2 REGEE

BRE S REERE IC RIETEEERL 20, ES20mm OE/Y, TAHTY, THBLUF Y HRE
OWREEE 20~50kW -m 2 THE L7z & EOBFKERICRENZERFEZOE v — 7 EEHE L 7o,
Fig. 195, HMESKE M5 L, RBEEOFE - /7 EOEIZHEE SERIYICRE L -
TWBI Ehbhd, IOMERAIR, REEESHENZET 3B TORBEREOLRKICE W T bE
’C‘é’oof:o

Wi, BRBOSEAMBLY, MARORLSZF, £/, THTYBIUT FO2EMZ K@
FEA0KW . -m 2 T L7z & 2 ORBEE ORIERRE Table 6 £ U Table 7TICZNENRT,
F7, REEEOREZEEALLY, EXDORNEEAF¥F S HREREL X OKRORREDREET
% Fig. 20 BX U Fig. 21 R L, MBAGOBHORN 5 "BLU7FDEE 20mm OFEERADHE
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WEEE p ke'm
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Fig. 18 #HIEEE o’ L HERDEE ORI

Relationships between revised densities p” and

mass loss rates

Note : FLBli3 Fig. 14 EELUTH 3,

Legend is the same as Fig. 14.
LIEMMOBETRE R, OX»oitEsh3ET
b0, HEMOZNIEZELTOBEIKEL WV,
The revised densities of hardwoods were
calculated by Eq. 37, and those of softwoods
meant the apparent densities.
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350 F ——— : JEX 10 mm Thickness 10 mm
- =« - .: JEX 20 mm Thickenss 20 mm
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Fig. 20 2¥ 0% x HEHZKH®E 40kW. - m™?
THE L 7z & X OFEEHE

Heat release rates for radial sections of sugi at

40kW.-m™
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Heat release rate
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BWRETHRTTARS H 3785
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A 7= Akamatsu

First peak heat release rate
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Fig. 19 HEIoREF & RERE ORHR
Relationships between heat fluxes and heat
release rates

Note : SEK(ZE X 20mm THREKREY TH %,
Specimens were 20mm thick tangential sec-
tions.

350 | ———— : JEX 10 mm Thickness 10 mm
----- : JEX 20 mm Thickenss 20 mm
: JEX 40 mm Thickness 40 mm

150
100
50
0 1 L 1 L 1
0 5 10 15 20 25 30
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Fig. 21 ZX¥OKROE%KHEE 40kW - m™ 2T
MELL 72 & & OREGEE

Heat release rates for cross sections of sugi at

40kW.m™?
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Table 6. MG 40kW - m 2 THEL 72 & F OKEAM ORBGEE

Heat release rates (HRR) of air-dried wood specimens heated with 40kW.m™?

Ex i wE |#lr—2 s (M)
Thick- Species n | Density | D& K& Average heat release rate Ahgest
ness st Peak [ ¢"sol ¢"1a0 |9 300} 9" 180-300 | 9" 300-600
(mm) (kg-n®)| of HRR (MJ/ke)
¥ Sugi 13 329 156 | 95 76| 85 11.8
b/ ¥ Hinoki 2 397 154 | 104 75
[PAY Hiba 5 370 157 1113 98| 96 14.3
7Hh=y  Akamatsu | 6 441 191 (118 85| 87 12.1
HZ<Y  Karamatsu| 1 534 152 (114
10 ED) Kiri 1 262 173 (114
N Fx Hannoki 1 506 175 | 131
va Buna 2 651 172 | 142 111 | 109 10.8
Z=%7)VX Onigurumi| 2 514 161 (114 86§ 77 9.4
FAHFE  Aodamo 1 636 211 (144
IXFZ Mizunara | 1 806 180 [125
FHHY  Akagashi [ 1 1024 174 142
FES Sugi 2 361 153 | 106 83 67 56 11.8
v/ ¥x Hinoki 2 399 156 | 98 74 72 67 12.9
|<VA Hiba 2 365 162 |110 831 77 66 12.6
|<UAY Hiba 2 456 208 | 130 110} 110 97 14.6
THhHIY Akamatsu | 1 432 167 | 119 103 { 100 95 12.9
‘ #Z<vY  Karamatsuf 2 550 155 [112 89| 95 92 13.1
20 x) Kirt 5 263 174 {117 86 77 63 13.2
PAV A< Hannoki 2 399 152 {115 106 97 94 12.2
7+ Buna 5 623 167 1126 114 | 112 110 10.8
A =7V Onigurumi} 2 603 171 {128 97 93 80 11.3
TAYE Aodamo 1 656 187 (132 110 97 7 10.3
i Keyaki 1 749 178 1138 118 | 106 90 11.7
R &b Mizunara | 2 826 189 [ 141 115] 116 108 11.6
FhHY Akagashi 1 1014 170 | 145 132 120 103 12.1
| WA Hiba 4 418 168 115 81 74 63 13.9
Fhw Akamatsu | 1 553 ] . 177 |116 87] 79 65 12.4
40 HhS=<w  Karamatsu| 1 554 168 | 126 96| 82 70 12.8
A=2)VI Onigurumi| 1 613 181 138 104 92 61 13.0
IXF+Z Mizunara 1 821 198 | 155 133 | 120 84 13.6

n : BRRIEK
Number of specimens tested
Q"0 - F K% 60 BT O FEBORRE
The average heat release rate over the period starting at ignition time ending 60s
later
q" 150 : B K% 180 ORI O R BGHE
The average heat release rate over the period starting at ignition time ending 180s
later
q" a0 : B K% 300 OEI O FBGERE
The average heat release rate over the period starting at ignition time ending 300s
later
Q" 180300 : 5 KT 180~300 PP O RBGHE
The average heat release rate from 180 s after ignition to 300s after ignition
q" 300600 * B KR 300~600 FRE D FIEF Bk
The average heat release rate from 300s after ignition to 600s after ignition
Aheer 1 BHKER 300 WO BRIRER AR
The effective heat of combustion over the period starting at ignition time ending 300s
later
Note : MM IZ TN THREETH %,

Surface types of the specimens were all tangential sections.
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Table 7. JIEAEOEEDEVHSRITTHREAFENDOTE
The effects of types of specimens’ surface on the heat release rates

BEx HE JNZATH WE |BHMEE  Heat release rate (IRR) (kW-n%)
O v—71{& EHE
Thick-| Species | Type of | n| Density [Peak value Average value A b, etr
ness surface E— B (060 [9 180 |9 300 |9 180-300 |9 300-600
(mm) (kg-m™)| 1st | 2nd (MJ/kg)
pES R 3] 313 171 | 192 {120 | 105 | 117 14.2
Sugi T 3] 311 201 | 191 {112]104 | 119 14.2
C 3] 344 201 | 342 (144 { 146 | 139 14.5
[«WA R 3] 430 190 | 193 |128 {1114 | 122 14.3
Hiba T 3] 403 179 | 182 |130 | 123 | 133 14.7
10 C 3] 435 200 | 302 |150 | 152 | 182 15.3
FTheY R 3] 443 176 | 285 135 | 117 | 148 13.9
Akamatsu T 3] 419 161 | 232 |127 | 114 | 133 13.9
C 3] 431 201 | 300 1147 [ 150 | 176 14.6
7+ R 3| 573 192 | 404 |153 | 157 | 197 13.0
Buna T 3| 572 189 | 422 1145 | 144 | 195 12.7
C 3| 567 195 | 453 {140 139 | 201 13.1
2¥ R 3] 299 158 | 156 [110 | 88 | 84 78 13.0
Sugi T 3] 290 208 | 178 |111| 94 | 91 86 13.1
C 3] 329 190 | 274 [133 {101 | 88 69 12.3
|<WAY R 3| 424 180 | 160 {125 | 104 | 98 88 14.4
Hiba T 3| 422 180 | 163 |127 | 108 | 104 97 145
20 C 3] 428 193 | 189 |143 | 118 | 103 81 13.8
TAaAITY R 3| 429 171 | 181 |128 | 106 | 97 84 13.5
Akamatsu T 4] 429 165 | 184 |127 | 108 | 100 87 13.2
C 3] 428 196 | 193 147 [ 118 | 102 79 12.7
7+ R 3| 589 174 | 300 |137 | 1238 [ 123 124 11.0
Buna T 3] 582 182 | 268 |136 | 120 | 114 107 11.3
C 3| 582 194 | 358 |142[112 | 99 78 10.9
2¥ R 3] 303 160 | 127 |109 | 86 81 70 13.7
Sugi T 3] 297 198 | 132 |107 | 79 76 76 13.7
C 3] 336 189 | 199 1133 [ 99 | 86 57 13.0
|=WA R 4| 444 190 | 132 |123 | 99 93 86 15.6
Hiba T 4] 410 176 | 121 [122| 97 | 90 80 15.4
40 C 3| 419 193 | 111 [141 | 114 | 99 65 15.3
FhTWY R 3} 440 165 | 135 |125 102 | 93 78 13.6
Akamatsu T 3| 434 156 | 146 [120} 104 | 97 80 13.6
C 3| 428 190 | 112 |145}115 | 99 63 14.0
7T R 4| 577 170 { 194 128|113 | 110 97 10.9
Buna T 4| 581 179 | 217 |133 | 109 | 102 84 11.2
: C 4| 581 193 [ 240 |142 111 | 96 63 11.5

R : ¥ & B Radial section, T :#XHM Tangential section, C: AKOM@E Cross section
Note : TNE\EF ORKEBEE 1 40kW - m™2TH 5,
Radiant heat flux of the test was 40kW.m™2
HDEF 3, Table6 EFLTH %,
Other symbols are the same in Table 6.
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400 400
- ¥XHME Radial section ___E=XBE
350 .....:3#BE Tangential section | Radial section
}— :AOME Cross section KEIV S AREE
Tangential section
& 300 o~ 300 te———:AOE
0 e < ) c 3 Cross section
L ~250 F - 8 L
23 z 420 A
~ @ x i H
i S 200 w2200 F S\
i W = ol
& 3190 g 5150 | / :
® #® T :
100 100 A :
50 50 | '
0 0 i 1 A
0 5 10 15 20 0 5 10 15 20
] (mir) BER (min)
Time Time
Fig. 22 [E & 20mm @ b /N& G RE 40 kW - Fig. 23 B & 20mm @ 7 F % G 8E 40 kW -
m7ETIBL fo & & OFRBGERE mT2THEL 7z & & OFRBGEE
Heat release rates for 20mm thick hiba Heat release rates for 20mm thick buna
specimens at 40kW.m™? specimens at 40kW.m™?

B OHF A Fig. 22 B LU Fig. 28 10K 7,

INSONEY, KORBEE I, FBKERCE Y- PENH LREICHED T 2580, 1313
—EDORETHRT 2R, S5IT, BUEIMIEL, FE- /PR REO=Z>OBRBEICXST
X3 Ebhrbd, TNHOoDEEE, ThENEIERE BIBERBLOFMERE LT, DTIRE
HEEOWKETI,

3.3.3 EI1BROFRIEERE

BIBEBORBEREOMERR, BEABLENIE Y -7 BB I UEKE 60 BWEORBEE DFY
Eq"s &W-m™®) ZHWTIT- T, :

B—v— 2@k, F—HETR—MARORBRE BV TLLB OO E>ENE LY, KOE%E
B L 72BE0E,s E < HlE 72 IIRKBEZMA L BE0ZNICHANTPP R E L EERTERLR
bk b 00, HEPHBREE S OMICHBSEEHERONEh > 1, HooENREVEBLE LT,
F=—FDAVE2— I ~OMDALERH 2 HTHD, FAE SACET -7 ENERCE DS
AN TOWRVWAREHNEZ Sh 5,

Table 6 3 &£ TF Table 7 & 0 Z#HE, RMAED ¢" ZHET 5 &, %£7, HREOESOEETH,
Ex10mm OREED ¢" B PP RERBEERT OO, MEBSIUMAEOBHI LICRE—ED
BLIE>TWEL EWbh s, HEBCIZHETE, BEOBVAMOD ¢"aPELLIERIESNS
B, TOHEBRENEETRTV, T, MAFOBEL ¢« tRETHEEC >V TR, WFholRE
KBV TLE SHAMMEREEMATIRIEEAE o ltERNR NS -7, KORMEAD ¢7 (3
X HEPKEEMAOZNL D KE HAERSREON, 720, 2 SBEBLCREENED
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e X T AROEMBD F O IIBRBIC L - TR, XFIF 123, o, 7H<ViRLY4, 7+
102 135> THY, 7+ TRAOEMEAD ¢ o EOEEME L BEICHANT, bEhicKETESE
ALTVWRRBELDP -7z, 7FOMBCBWT, MAEOEHDOEVICL S ¢ DEB/NS 12
Hhid, FIREOEETENG LI, KEHOZxHETIWBHEANEAT 254 EEND S
oD I RBEESEP T OBEICLRTRELNEIEICLZEELOSN S,

FEIBRBICBVWT, SEEOAMIEERBEEIAE B IERMSR SN ERAE X OCROENED
FEAEEHE SHES Z3REEL D RECSI3BHIC VTR 5700, FEREEROFEEE I
BOEF VD ORICEEERD ZREFHE L TEREEITOIL LT B, T, ¥ERBEEDETLVE
RAuWwicoid, FHKEEPE KK 60 DHBEORBMEE I RIZTHHES ORESLBENNE 72T
D5, BETHOROBEILEREFEEREL TOLI VLK LD TH S, AMERESE 3
ERALOEITPREOBITHEL B L, RIUBOYHEE b RRICOAM LRI 1L, EBROBR 2R
ST, TOEFVRAELARTEGS 50, AMOEEPESHOFELR I3 +4TH5 80
N3, ‘

BETIEE OV OEEEELAMET 5 &, 40kW-m 2 TMEL -84, BERZEICLFEL, X
BOMEEEELT, RBEFOE -/ EENI R 650C TLE S Oi—FIcRichi,
Z T, HKE FHHRE T, (K) OMHORAPEREE T- (K) $TEY SO iREBERET 3 &
Eh O EEREFEONSMEE IR, ®ROoL>uRXTEL SN TS (EF, 1995),

al j m
%Wat

T, TREM: () ik 2xRE» 5D x (m) TORE (K), o 3BYEHE (m*-s™) THDY,
erfc IIFIRZERINTH 5,

ScHAFFER (1966) 1= ki, KM ORICEE T 3B L 59 288CT—ETHZELTVEIE
D5, RIBREOBE T b2—ELAR L, T=Ta LEBL & WRE x SRERMOBE ICET 55
MAERDIBERRE BB, COLE, WROLEDEERLD S x/20at bEHC EANT I ENTE B,
x/at =C %Rt THS L, a=k/oc ZRA L TRERY 3 & ${LE R O THE 472 b b B L
v (m-s7) BUKXTHEIOhELLENS,

—

R
v= Wc @1

FPEE ¢” kW-m™), BHERRBDVEL O ORBBTE 2E6VMBERBE Jhew (kJ-kg™) B &
VHEEBRDEE m” (kg-m™2-s™) BRERIRIBRICH D, 1z, FidO LBy, BREDEE m” @
RIGEE v BLUEE o OBICHFIT2EEA NI &0 5, BIRBORBIEFE IO TEDLY
%o
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k
q"ocdhc.eﬁ \/ﬁct— (42)

IRy, FIBEORMEE L, BHEOBBIEK > TREIEDT S L, MAEOBESE LT
HNE Jheer BELUBESRE VAN T ERBFEIRZB2EALRLN 2L, A—METHN
W dheer, 0 BIT AL EATLTEI VDS, BUZEE R ORE WAROEMB DG HFEEGEE 12K
ELBBEWHMTES, Bk, FEOEREDE KK 300 WHIOEZRBEF-EE Jh. o 13 Table 6
BLU Table TR LA EBY TH B, PARKER (1988) 1T X 1T, Jheon BAM OILFEMBRICIKET 2
BT, MBCLOVEFOELRED, — i) /= ryEEROZVHEMOHMLER L b bEIKE W
LLTHY, TITRLNELBBUREROERMSR SN,

3.3.4 BIRMEOREEE

39, HBEOCEINEIRBORBER OHBICRIZTHEEICS>\WTAS, Fig 20 XU Fig. 21
v, MEBLUNAEGOEELE L THONIE, B 1 ERORIMEEISBREOEXICX 5 EH U iHE
AR, BBREOESICL D BMBEM~OBTORHNRL 3 /00, REEEHRIZBEOES I
BLTHEL TV T EBbp b, £, oo LD, ES 10mm OFBRE T4 5 0 RE~
BITLAVS bIENRBE~OBTEFEGBL TV I hdbi b,

wic, MEEOBEIEIREORBER CRIZTHEICOVWTE D, ERTE SN REEE R
%5 &, Fig. 22 BL U Fig. 23 10T & 5, ROMMBATIEELER~DOBITHEE 5 £ TR
REHIT 5 &5 cipax i REEREOELRD L THY, FSEEPREENAOCEED X I TSR
BOEE S —E L AR P -, L L, BE 20mm OFRERETIEE KK 180~300 Fhick W
T, g1z, BE&40mm OHEBETIIEKE 300~600 itk \WT, 2K, 2MEAMEE b KR
BAPHENTWE0T, IN>OBHOFEELETREICET 3 RBEFE LCEL, MEE T & OE
ERETHLELT, WThoBRAD, HEFARREEEZMEAL 56 0REEE D HHAD
HEAEMEL BA L D REHEETR L, BS 40mm ORBEEMBAL LB VT, FIBRECE
A ROBEMEAORESEE ICH T 2 S BHEBS L OCRBEMAD £ hDbERD 2L, 2F 142, b3
135, 7A=Y 130, 7+ 150 TH- 710

COXIICMBAEOREE I X W RBER CESE U LFERE, RRCRET28/MEAE LTV E
Eiond, s SHEE-EWEEEMBURES S L, FAH-> TREICBREBFEEL, BED
BT - TRBROEEARICHD » THE . REERRR, JBRELUN 5L, BRIZIIRER
METET 2 EPBESN, 7, BROFIIHER & LEMTRL Y, HEMTRIIEESHIC
UWiT 2L IRKREBBHESKEEL LKL, REMTIHAIEATE L L{dBFROBRMSAL
too —7H, AROEMETEHIES, LIS MBI OBRBEIEEICHE» VY, RETEESELZETK
ERBBERE LT -7,
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RoBErTs (1971) it & id, BRHORE L EHLBEL TORBVERTRAOBESHHEL Y, B8RO
RE LB TRBERSESEMERTICEL, SHICAGARIEESNS L& biT, AFICREL 25
DENASBRHMEBL CEBCARICHRBENE & CEGESRES NI ELTVE, TDRY, &
Bz 2 @i EENATIE, BRENIRIBI L 2B8EERORBD EBRORE K X 2 HHEBOHE~D
HEEPSHERE N, 220 L, RBEEL—ERR OIS BESESETL VIS EELSND, —F, BRO
HEOFRELGCOWAOEMEATE, BRI IEIBENEM & LTERL, RENOBREEREMNE (XD
BIHBAREREN/NES 12, NI B HRABH I OREESNIEENESCTEEVIEBRE2ED
7, BE 20mm Ll EOEBRMEOE DRI 2 KOEMEBAORBEE L, 3 BREE IRETENR
LiclBE i /N BsctEZL 5N 3,

iz, HREOEWHSE T BREORBEE L

r e BERVEECSABZEBIIHODVLWTEET

Toto b . %o WEHEZMEL BEOHE BRI B
v % BB OHRE & ERBEE ORI

E Fig. 17 8 X U Fig. 1812773 & 5 5 BAZHH

§ S H o1, RBESEGRAE S HELADEEN

'« 6 ‘% BUBAAEEINAHEINESL DL
60 B, EX20mm ORF, £, THARYEX

4 ' ' . ' U7ro4fiBo: s i, WERS LUK

200 300 400 500 600 700

Of% £ WENMEL 2B >\WT, BE
2 L TE K& 180~300 #PHH
DB B RAEE OFEE m 500 (kg-m™2-
s 27wy b LicbD% Fig 24 IT/RY,
3 F& VT ¢"1s0-300
POFTELETH 5, BREDEE ORIE
BT, BXD o 0FHE/EY AW/ EHh
i3, MBAEOBBEOEELTNLDICfT-
BB 5 b, BmMRELHE L ok
REHMNEZEDTED, ThoDRBT
BB BRI D [ T, IEHE

FE (kgrm™)
Apparent density o (kg-m™2)
Fig. 24 FEESIUMAEHOBHEOEVWHKEIREDCE

BRDEEICRITTE
Effects of densities and surface types on mass loss
rates in Stage II V
@ = ¥ % = Hfp Radial section of sugi
A t~F X Hifg Radial section of hiba
B 7 % <% XHm Radial section of
matsu
€ 7'+ % & HA Radial section of buna
Z ¥¥y Hifd Tangential section of sugi
t /% i Tangential section of hiba
7 7 4 < v #EHE Tangential section of aka-
matsu
7'+ #X i Tangential section of buna

Z T TD m”1g0-300 1

aka-

O = FAK0OM Cross section of sugi
A\ E/SRIOM Cross section of hiba
7 # < v AKOM Cross section of akamatsu
& 7'+ KOm Cross section of buna

Note : m" 150300 3 F K% 180~300 W 0 E5E E R/

RBERVEEXFAET I EMNTEE M
17D TH B dheer DIER, EEEE R
E LMD - BREBERR D 58 517 ¢ 000

E M g0 P OETE LT, ZF, BN, TH<

HE,
m” 1s0-300 Mmeant the average mass loss rate from 180s
after ignition to 300s after ignition.

VBEVTF D dheos DB ENZER,
134X10°kJ-kg™', 14.8x10°kJ-kg™?, 135X
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100k kg ' BLU 114X10%kI-kg ' TH » 720

Fig. 17, Fig. 18 B V' Fig. 4 L0 FIBEROEERVEE L BEOMERES D L, S SERZ I
WEBEENEL 2 BEOERBDOEE L, BEMETEIRELENRRONS DD, LEET
3, BEDH WD ORAOETHHMHEDOEA O FNICHRTREENTOVE &0 D, ELiTOFEE
DEICRERBBOEENRE L >TVE, UL, KOEMATE, EECRBRESHLY, BEL
BERVDEERIZZERMRICH 2, COCLLBAEOREICIOHELTE 3, EEEZ LM OMER
WHNRTELSHRERSAE VWY, TSEERZ ZEREmNATIE, BEXARICHLE K0 RE—
TIKBEICIE - T3, LIcdd»> T, BRVEFICRET 5L, BREZE > THE S W 2R ESEE
HRAD S ORATELEERETHMOMIGE I EEEHE SN, EEDH5LIATHADEDLYHBRLA
57, HERVDEEIEEPEVE LTOALSHEINIBEEE e kg m™) chpldzrc e
Ei-fcEFEL OGNS, Chicxl, KOmEMAL LGSR, BEIHRICE T 2 8#E 0 g—
HSERENE W &5, FEHAS 2 VEIIREAMBCRIN L3 BEEOEENRLNT, &
B LERBRBDEEOMICERBRSBOINIEELSN D,

FIERICBVTE, VINOEBREKORBFE S BE —EOETHRBL TWE I Lh 6, RILEE
b—ETHBLVWA L, RIBREMEERAE L, RREOESARICx % & - CTHEIREICEY 3%
FREE LG 5 &, BERAGRIGHE v TRBRECEEAMICHEH L V20T, R t, EBiEZ
FEp b REICH D > TEEREORN G S 2 £ 5 1CRA 3, chid, —EEE TRESET T 2i#kE
BRI OERBBEL UL ABREAB T IENTE D, BIFREOEEREEF VARV &, x HH
TORIINF DT WRTEDLEN, x=00 L & T=T, GERAOEE), x=c0DEE T
=T, (ZR) EBRLHELLTIhEECL, WROEISRBRAShZ IEBHSATVWS (A,
1993)s T Tp WEE, c i3, kr REEERTH 3,

oo 2DV 1( 2 1)=0 @
7{;7,:;0 :cxp<— p—C:EC— “

LicoT, RALERAAETOREARBGORDO LS IcXbE 2006, RIUERAIC BT 2 BFHE g,
GW-m ™ FUWRI o R0 X 5 IcEREN 5,

OTN gy oey
<6x >z=0" (Tch TO) k (45)

— (9T
a=—H3-) . » 5

qe=pcv(Ten—Ty) : @n
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O

S 7> ” N B2 s -
:__,‘Bv % O : %X E® Radial section E%O&’/]ﬁgm %Eb U’@%fgp T%Lfkﬁé
5 _qc) 2000 | « 1% B i Tangential section 3( ®) ‘iﬁﬂ:ﬁfg v _H:WIJ LT &E» L;, qe 149 ﬁ@
- O @ : KO Cross section

gs LSIEDTTENTESDT, RIHREEE
jo © 1500 | o
wé B9 5 BGREITERRDERICHSIT 5 T a0
R
—= @
£ & 1000 } »%o
S8
e 500 f geocem” (Ton—To) )
{HK E 0 L L —_ Il

3 3.3.5 SEIEPEDFRE

0E> 0 500 1000 1500 2000 FUREOFRRERE

= REEEDE_E—IUHNBRNBEM ) FIRBLBE S &, REEFIHUEMCER

Time of second peak heat releas rate

U, 8Zv-7502 %, ChidMEoESHE
e ?gﬁggigg—yﬁﬁﬁnéﬁﬁ RBeors>BEASHEIN TV 0T, MRS
Relationships between times of second heat DOEEFELEESN, BOESEEINS LD
releae rale and Teu e lemperares i THB. RETSBAUDRY OREHHBII X
40mm THRESREE 40kW-m™%, h—HETIRVicw, HEGERES ERICE U M
Ii‘;jji?j;;‘:ﬁ;ﬁ;i“_vfre 10,20 or 40mm. PEE -/ EOBRERSE VBRI T,

L L, RUEREOREDLR 300°C & HEE7

TEDD, BIE - BRIt () SEMMIBEA 300°C 10 L 7/ e () ZHEKT 5 L&,
Fig. 25 IC/RT LB, MBEREODTIC K L1, DT Lh s, FHEEE IRIEREMfETOR
BB I N, RIBARSEmICEL THAKBOMBEERNIENE L, BORET2EE
A6 b,

FNREOFHMEIUTOL L LH o b, ZREESOEE >V, RBREOEISHETIE
EFETE— I BHENAEEIEL LD RBRDOIETHIM, TOE— 7 HIRREBEL L Z1EE
NS BBEABR SN, T, MAROCEHOPZEIC > VTE, ROMMADRBEZE DL L
DHEL, E-rERESBAERASR S, BBILLZ2ZERICOVWT, 2F, b, ThHTYE
FUOTFOARBEERET L, THOBE -/ HRBOBBICHANTE L EWVESL - T,
g7, 2¥b, FHEEAIREAEZMALBEEGOEY— BRI 27 AT v LRERUESE
KUY, ROEMBEOEESRZENBLUETATVICHNTAEDEVEERL 7,

D& S AR S BRI S W TEREROEEEBZEE S VERVWTEEET O, FIHE
E T (K), Bs L (m) OEREFROKRED T (K) OMEAEZ T 54 0BREHER DR ITEEY
CREREEOME LTEsA o5 (EF], 1995), EBROEHIBVLTZOoNENET 2 L3b T
DEHTRIBTVOT, 2OBRERICE EDINA R —BREFBETE LD, EHLE BERTH S,
CORFZ20R» 530, DEDREREDFEOAX KB 2 AW B LIRE 6/6, DBIRERT
LOTHY, VEVEOREROBIILBF R 7 - ) 2 F CEERE 6. 0BfEERT LD TH S, L
BOEERPUTOL S IcERS N3,
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_ L—x ._ hL _a
X= 7 Bi= k. Fo= L? 4
o= ;0:77}; =Function (X, Fo, Bi), 6,= ;‘0::;: =Function (Fo, Bi) w

IIT, x FEAE» > OERE (n), L 3EBEOES (m), h BEEEE (W-m %K), k 3B=EH
L (W.m K™D, a BEEE (m?s™), Tidx TORE K), T-3ETMRE K), T, 3REED
gEE K), T.3EEEE ®) T3,

Bi & 6/6. ORRfR%ERT 75 75, BiWNREFNIEEROES X TOEE /6. 852605, 0E,
To% 650C, To%220C &L, X TORET2RIEREOBETH S 288C L35&0=0575&L1
D, 0/, DEDPSLIDEED O HBRD SN, O, RFEFNE, FEDO BT L F, & 6: ORFRERT
AR5 —BR» S F, BRE B, Fo 3EOBRTHEEOT, TNRMEED X BSRAVERTOBRREITE
THRREAKRE L LEERT 5, X oW T 5 F, DEEREICEED &k x OB 288°C ic&ET 5
KR 2R, dx/4t #5THET 5 ERIGERTOETEE v (m-s™) BRDoh 3, COXIRLTES
N5 X=025HmHoEELY lmm OFEE TOFFHTOMBERR & v OBFRERT & Fig. 26 21553,
FSHEFAZRAOEMATHZILAERTIRFEREALRICERDTIEELT, U T 2 —
SERRTHBELUTOLEEBYTH 5,

ag=02X%10"°m?s7}, a.=04X10"%m?.s7",

A=20W.m 2K, kg=01W.-m - K7}, kc=02W.m'.K~, §=0.58

FKEDLTVE, L L, HBEESHE
B-oTHEmP SEFREICHIMBEBTD v IE
BELLE-TBY, EOBBIFRHPTENR
Vo EBROBRSERTHBACES ST IZLE

o
[N

o
=

. o= TP - X 0.7
75 7 BioRE N RALEE OB IR AM 2 5E % t ;EélOmm@iiéEﬁ%ﬁﬁ(ﬂ
R . 3 - s 2 < 10mm thick radial section |
BRSBTS X OMEE 3R AN, RS =0 06 ﬁémm@ﬁaﬁ%}
SEL ~ 2 N - - N - 20mm thick radial section
REPEEITE D >N TRBEE AKX < §§ 05 SO B AR
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Zziohb, Charring rates calculated by Heisler charts
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3.3.6 EEFRBEEO T

INFEF TREFEOEBR T = >OBRBIRS L, TNENOBRBICBY 2BEFRNZBERICO 0T
ZEL I, I1SOZTIIE KK 60 RO TGREEE 0", 180 WEOFIRHEERE ¢" 10 B LT 300 B
RIS R EGHE ¢7s00 2 MBI OB DOIEE L T2 L EBRFENT VB, T T "0 & "0 2ME
OYHEAED SEEIC TR TE L EIPRRF L, FRICY - TH, BEEBEOSEREMO 7 V-
7, Mo SHEBIOREEO S V- 7BLUAROABO S V= 7D=Z2D 7 V— it &
7o, BEDEL THNERTEERRDEE ¢"/dhcer (kg-m™2-s7) @AM ORIERE 0’ (kg-m™)
AL, £, B X UNB@oBESE U Tthdhid, B 0@ 1/L (m™) HbIT 2 EHAEHR
Sl &md, 1I/L (m™), /L (kg-m™) 8LV (kg-m™) O=Z->%HRATK E T 2 EEFR
ERDI, FTECHWIHESE e 3, REMOF <BES L OREENARCEE LA, S5HES
NBHEEE L, ThRAOLEMORIEMNEL L UCHEROMBDBEIR»TOEEe L L, 4
B, dheor i3, 13HBOKEAMIZ OV TIE Table 6 TES 20mm ORBFIC>WTHEON{EE:, &
fz, @MV TRELRILEERZAZNEH W, THh 5 0HRMAEKE BHNEKOMHRE% Table 8 i
RL, Boh/cEMRFNKZE Table 9 IT/RT,

Table 8 &1 ¢"s00/ Ahcen l& p'/L EHEBRDBE VDS, e/ dhecer (3 0° EFEBADE L, EBEE s OF
PINSWT EHbh b, £, ThoOERRIF[EM ORBEMESL X CLEHM ORDEMNEAD ¢"s/
Ahees ZBRVT 08T LI LORVHHEHRBE TSR R Z/R L TH Y, EROFEHAA THELERBR
Bohi, EBRADLSBONT ¢ B LU ¢ 00 OFRIE & KRB O L% Fig. 27 8 & U Fig. 28 1T/
To @500 OFAIEIFERAME & KB K —B L T Y, KM OFE, BEE, SOBRBERAERS L URR
FEOEEIHBEZ ST, ¢ w DFRDBTRETH 2, "o DBEE, BLZOMEOFHIITRETH 545
PRREOOEHNKREL, %, BELEOTTHT AR L TRIT ILEND 2,

8.3.7 MAKDHEEOTH | |

FRBGEE OMIC, MROMABIELZELSZ LTEELLIHEEDVO L& LIHMBOBRAIKT 1S
%o WA TR OIS ER I3 Vs, BEREERS O KRR AEEED 2 JIS A 1304 kbW Tid, B
B L UROM KHEREOHERELED D &5 & U TMBARERICER L TEmIBEN 260C #BAL VI E055E
BENTVWE I EDD, ABIER T, EEREH 260°C 102 L7 BRI AR S B oo (&) & L, #
BlowtEns o2 KT EMZ FRITE 308 ) bREET - 7, BEBOSHMIc Wi, BimE
EFEEZAELTWRWI &b, BRENREI4EEOR2TMOA L L,

AMOFRALBE L 288°C L WbN TV EDT, BBRIEES L (m) % feee (8) THRLUZBERAM DX
LEEICEE-HT 3LBLLTEIVEZEZ SN, KILEE v, BE 0 BIUOHRRDEE m” O
FOIRITRLBFRMS S0, i, HRBEFEEOFACBVWTERBRDEE R 1/L (m™), o/L (kg-
m™) BLUp (kg-m™) ZHEIAZHKE T2EORFRTROERL I ED S, Lo/twc b 05 EFHEAZE
HET2ERRFRTEDLEEZEELOND, £C2C, FEEFEOTHILEH, FxHEABIURERED
TN —F EROMED 7V — 7o) TEEYFR 2 KD % & Table 10 ITRTHERNE SNt

INSDEPFRE Y tosec DIEERDERE LB L 2 DA Fig. 29 TH 5, FilME & ERMEIR £ <
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Table 8. A# OREFE & itk & v/ JFicBId 5 1EBEFTS

Correlation matrix between heat release rates and factors of solid wood

BRI VL | AIL ] g IAh, &
Type of specimens
SEH VL 1
Air-dried wood plIL 0.57 1
) 5 0.30 0.95 1
gIA . | 034 087 088 1
=71 VL 1
Ged Ah, o Oven-dried wood pIL 0.69 1
®, T) 0 -0.04 0.60 1
d 1Ak o | 019 076 091 1
o7 1/L 1
Oven-dried wood pIL 093 1
© g -0.03 0.29 1
q /Ahc,eﬂ 0.08 0.31 0.81 1
KEK 1L 1
Air-dried wood pIL 043 1
M el -0.36 0.67 1
q 1A, g 0.11 0.82 0.82 1
o771 VL 1
G'scdl AR, Oven-dried wood pIL 0.70 1
®, T 0 -0.04 0.60 1
dIAh o | 059 095 068 1
2R UL 1
Oven-dried wood pIL 0.93 1
© yod -0.04 0.28 1
g iAh . | 081 092 036 1

R : ¥ X HE Radial section, T :#HME Tangential section, C: AKOM Cross section

Q"0 EKH 60 ORI OSSR EGEREE Average heat release rate from ignition to 60s (kW -
m™?)

Q" w0 @ K 300 RO FHEFEGRE Average heat release rate from ignition to 300s (kW -
m™?)

Ahe o - BIREEFEE Effective heat of combustion (kJ-kg™)

L Bk DE & Specimen thickness (m), o’ : #IEZE Revised density (kg -m™?)

Note : [EM D Ahe o 13 Table 6 TOEE 20mm RERMEOEEFEHR L 72,

Values of 4k for 20mm thick specimen in Table 6 were used for those of the air-dried
wood.

LEHEARMDRF, N, THATYBICETFD dhegld, THEN 13.36X108kI-kg™!, 14.82X
10°kJ-kg™}, 1351 X 10°kJ - kg ' B L U 1144 X 10°kJ - kg ' A L 72,

Values of dh..s for sugi, hiba, akamatsu and buna were 13.36 X 10°kJ-kg~!, 14.82X 10°kJ -
kg~!, 1351 x10°kJ-kg~! and 11.44 X10°kdJ - kg ™! respectively.

FEMMOE SHBIURBEOBIEERE I 37 R veTELLETH Y, ThlAoHERE
OHIEFEE IR, T OEEOE LBV,

The revised densities of radial and tangential sections of hardwoods were calculated
from Eq. 37, and those of others were the apparent densities.
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Table 9. &K% 60 #35 X ¢F 300 RO EEFEAFEE OBERIFR

Regression formulae for average heat release rate

HEREOEE | o BEERER R*
Type of specimens Regression formulae
L SEM 63 | g'eol Ah, ¢ = 5.96 x107+4.45x107/L-3.64x10"*xpl L+6.07x107x5 | 0.76

Air-dried wood
4]

E3-77) TT | qedd Ah, g =6.71 x107-2.05x 107/ L+2.54x 10" x o/ L+4.09x107x5 | 0.80

d's0 Oven-dried wood

(R, T) }

7. 37 | ged Ah, g =508 x107+2.42x10°L-4.61x10"xp/ [+1.24x107x5 | 0.66

Oven-dried wood
©

[EH 34 | g'xol A, g =202 x107+7.28x107%L-1.05x10"x 4/ L+1.17x107xg | 0.87

Air-dried wood

- V)]
EHM 69 | g'sl Al 5 =4.54x107-9.76x107/L+1.06x107x g/ L+1.58x107xg | 0.92
¢'s0 | Oven-dried wood
®, D
E5-7%8 33 | g'a/ A, o =5.42x107-5.76x10Y/[+3.17x10"xp/ L-2.15x107xg | 0.87
Oven-dried wood .
©

n : ARER{AE Number of samples tested

R*: HHEHBEZ SR Coeflicients of determinations adjusted by degrees of freedom
Note : fthod N#F11E, Table 8 ic[E U TH 5,

Other items are the same as in Table 8.

—HLTBY, AMOEE, BERBIUVEBEKOESSEZ SANE, BRAKTEMSTFRATESC

LML ER 5T,

34 # W

1) BERVBEREEOMIIIE VNG EpD, a-vaul) -2 -5 —HRTHELN
BERBARO T — 5 2FAVNIE, BB O AR ORLES LI RLEE X BBERTTNT 5 2 &
DHEET D B,

2) AMOBEES L UHBHE VDI BEEERD LD 2EEIREROERB/VEE ICHELR
BLTVBIEMHEShER -1, TEHEE L RIRE@EMAYT 254, HEM>LVTRE,LTO
EE, RERC OV TREEERS BV EEEL TR oW IHMEEE ICR LT, BERDEESE T
oy b5 E, HEOEVWERBEGESE SN,

(3) ARMAEMBL IBE ORBUREHF L, BAEE—-E-7EEZRL, TO®RRBRLCHEHENFEDT
PEEABIBEE L, ~EOERETHE T IRBABIERE, 3517, BUBMKEGELE Y- E
ETTRBASNREETI=>ORBICRATE 20T, HEKEED D 2 REEE, BERDE
BLURIEE R, CO=BRISY THTEITILESS S, BIEREICET 28E, MEROEH
T & BREEE OERIPEERBEEXOEETERZEOETF L L ELNLREER X VRETE 5,
LB T, HEFARIREEMAORMEE S KOEMBAD X NITHNTRECU -720E, &
éaﬁitiﬁﬁﬁ%mﬁbt%u,ﬁ@uk%m%n@%EL,a%wxﬁuﬁienTmam%ﬁ
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Comparison of calculated average heat
release rates g”g with experimental results at
40kW.m~? of heat flux

O : K& (WBrHm) Air-dried tangential sec-
tion

X 28 (FXHm, H®EMm) Oven-dried ra-
dial or tangential section

@ : 2%k (KIOM) Oven-dried cross section

Table 10. R Z kT B O FRIZ

Regression formulae for fire endurance times

%
200 x
L]
& L]
: .
Z .5 x
= ‘5150 |
2 3
1]
e = o gx
87100 (o
o0 )
50 1 I 1
50 100 150 200

‘7"3000)%3&”{[-5 (kW m—z)
Calculated g5

Fig. 28. FHHEHREE A0kW -m 2 Th#L & & D
q" 0 O T HIE & ERME D LI

Comparison of calculated average heat
release rates ¢”sp with experimental results
at 40kW.m~? of heat flux

O K%M (KHEME) Air-dried tangential sec-
tion

X . %M (FHME, WEm) Oven-dried ra-
dial or tangential section

@ : 2%# (KOm) Oven-dried cross section

Bk n EhE R*
Type of specimens Regression formulae
M
Oven-dried wood |25 | Lp/fasec=4.82 x107+3.57x107%/L+1.82x107xg/1+2.11x10%0 | 0.98
® T
£ 7770
Oven-dried wood | 13 | Lp/tacoc=8.72x10™+1.49x 10/ L+9.54x10*x g/ [+1.48x10%x5 | 0.97
©

n : RER{AEL Number of samples tested

tasoc : BT EAH 260°C 124 585 The times when the rear face temperature reached

260°C

Note : fiod LB 1Z Table 9 1c[E U T& %, Other items are the same as in Table 9.

DBEEAMATICEEL 5h, BO@BMEEShLHLEIONL, £,

T O BB DRSS AR MRS

OEBEBREOEFNVEROVTHET A EHTE D, BOEET, AOEMMAOFKIMEF OIS EHD
DR, BOE—JEERLEI &R, MEASHOEVCLZAEEEOEILLDEELLON, O
L3N 27— FEREROCTEINZRILEED 7 5 7 L HHATE 5,

4 z—vho)—2—5-RBRTERINIEETH 5E KK 60 Wi LU 300 WO FIHFREE
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X
2000 | O:%=EME Radial section

D X :#R BE Tangential section L4 )?
\é' _g @ KA Cross section 0
?7;: § 1500 r
g
8o
oy c
= © 1000
e
Rl X
B
Ir< a 500 2 (Y
e

=

O 1 1 A 1

0 500 1000 1500 2000
BRZ R (T BF R OO F RUE ()

Calculated fire endurance time

Fig. 29. BRZ K J R O RIME & FERIE O B
Comparison of calculated endurance times with
experimental results

Note : B H 260°C 1o L - BRI 2 M AR I B &
Lo

Fire endurance time is the time when the rear face
temperature reaches 260°C

SHEREDOE 1310, 20 713 40 mm T, HREHEE T 40
kW-m™2Td 5%,

Specimen thicknesses were 10, 20 or 40 mm. Heat flux
was 40kW.-m~?

ERAMOBE, EE, HBEESSLOMEBIC L EBEOTSRRERARSEA SN, BB
FRRXEHVTFRTZENTE S,

(5) KKZE FBETHZEIND 260C CERAESET 2R OAMOEE, EEEBIURB
FEIHSEZ SN NEEERTFHRERAVWTFRT S 2 &8 TE 5,

4 J—rH0U—X—%—[CKDEHNIEARR O BB SR
4.1 FL&HIC

1987 > 5 D—HOBEREEFEDEIEBIC L 0, KNEMEOFERER IIEH - 1225, REME
B, B - WEKEERED &, RERDEL SRR, ERAMREICX S s h, RIS U TERASHIRS h
TVBIERBELIDBREV, IOk, KEMRZEMELL, B - ikEEEZED LS LT 2641
SHbIOoNBEELIOND,

—7, MEOB - TKEREEFMT 2 FFcowTiE, HAMCINEZRET IS 5, BEES
KBUAREO /0 - ILOBEBZOERICHZ L RIEIT TRV, KESKORKEBRFED
KD, KREHRICBET 2 TENARNS T VBRI NBVWEBICHE I - bOTH D, HE IS
DD EKKBEEA TSR LR AEE L > TV EDITREVEVIEHRGERE CERTVWERD
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OEDTH B BRI 6 HET 20 I RIME OB KEBR T - R EMHEICHR L e 23, ZORKE
JERRE LD EHE BT, 5ETHRVFMZZY MED, HOETREVEHMLA»ZFTVWED
FEBECILCER, T5 LEHELZMERT 6D THS (Lyons, 1980),

RBRSEOER L ZED 5 LT, MENICAERO S 2B BRAEOERENAGRTHEH, 3 -V
o) —A-5-HEBEOBEHERLTEBAEL L CEEINTHY, ECEE2 UL LT EE
KOET, a-vhay—2—5 -k 2BEZRERE» S, BEMB O KEREESET L08R
HEINTLE, ZBEICBWVTS 1993 FEL SBRARAHRE 70 Y 2 7 + [ - iARBAEOR
1 Mgy, EBMLESTIC BV KR LTHEY 2 7 A OHESED SN TEY, 2-vAha ) -
A=y —HBORFAFEHDV LD LT 5TV B,

FLOFEFEORBICY - TR, BITHEEORSEE VAN L HPEELL Y, EARCS
WTbHHEOa-vhn ) -2 -5 -HEBR L BEOHEREE L OUERE 2T - tBWENLR OIS
(OsT™AN, 1995), AFETIE, —BONSHRER TUEI N 1 EARB LU 5 7 v okt 0—
vHIO ) A= —HRTEDII A TEZ200 2o 5 & & bic, BITOHKRBEED
VEDELT, INFTR, RMREHRF cERS W REMEBER (HiraTa, 1981 ; #, 1994) & @
HE AT - oo

42 £ B

4.2.1 HE&

RN, EX 12mm © 15 7 &K (Shorea sp) BLPEX 10mm OV v F35 7 v (Shorea sp.)
OHRER VI, 1 BHERBLTPLy FS 7 vOoBERIZNTH, F510kg-m™, #450kg- m™® ¢
Hotoo WENS 6 MALILEERTENE, £ 0% 40°C T 72 B, & 51z 22°C, MR 65% OiERE
TIHUEBAELLZODTH 2, RREOMATmDOTHE, KEABRIMELSOB® 220mm, 2—
HoY— 2= - IHEBOBD 100mm TH B, I—vhol—2—5—0RBEKT, REARAIC
SER O S WERLE S iRy SErEOTEITE B,

RBRAEANOEROFEAMNE R, ZEAARBRHEOTHOS 7 vAREU 7 7 vHicEEMEEEB VT
7ot MBEHERLTOEBDTH 3,

F1UERE: ¥ — YF 600mmHg T 30 4R,

B 2B bkg-cm™? T 30 Sy REINE,

% 3 B¥BE : 600 mmHg T 30 S R%EER.

FEAMER, HBEEE=— vy - icEd 4 BELUERE Lo b EEENAE L, COE» &
AFHBZHE L, 20k, ABREEEREZTI I TOM, 22°C, BE 65% THREs N/, FALL
AN, ) vBRIKET vE=v A (NHMHPOY, Y vBIKEZ7 vE=v 4 ((NH),HPO,), &(L7T
v&=9 s (NH,Br), &9 (Na,B,O;), wv# (H;BOs), 2N7 > I VEET vE=v 4 (NH,SO;
NHp), AN7 7 3 Y7 v Y v (CHsNsHSOs;NHy), BX /LS + V) v 4 (NaCD) T, QUEFERO
BEW, 5%, 10%, 15%BXU20% TH -1,
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4.2.2 SR

a—-vHuy—x—5—HERI3 SO 5660 icEE L TIT- 1o, HEOHES L UCRIERER 1.2.5 18
HLAEBOTHB, %8B, 1SO5660 ICBHESNTWIEWLA, FEHLK ATLAS #8Id cone2a &Y
T—vAuY A= —TR-FEERAVCTRBEROEBEANET 5 LM TE, 0RNTER
XN B5EOLETRE (Specific Extinction Area, LI T SEA EHRECT %) 2K 5T &M TE 2 (OsTMAN,
1992),

SEA=kVy/m 50
n:(l/D)-1n{§— 50

I T, SEA WHEEE (m® kg™, « BEOLHRE (m™), Vi SBMRHY 0 KA L2 ER YT 54
A 2 (AR (m®-s™), m ZEREDEE (kg-s™), D, LRV J G L —F—KEOEBER AGHLE
RUBBNYBTH S, Lrl, RITOXRBAB LK T 5103, BNERRVEY O CRETIER
ARBT 2RV ERERZTOLOEUKT 2ANERETHELEAOND I LD L, FERKBVLTH,
RORD HEHEI N BBFREE (Total Smoke Production, PIF TSP &B&iET 3) #REEDEBEE L
7z (OsTMAN, 1992),

TSP:z/chdt:ZSEA.MAt (62

HIERE & KR e (), REGEE ¢ kW-m™), HERDHEE m” (kg-m~-s™) B L BOLH
e (m™) T, F—sR2BHERBTIvEa -2 iclvAThic,

INBGEHEIE, BOHTRIE 40kW-m™2, JKEE % T 10 43 RmE L 72, 1SO 5660 T3 0 #RIc RS
L TIRHENE V. ASTM T2 25 U 50kW -m 2 2R L TV 245, KEZROEMME £ s 548
&, 0KkW - m 2T CTRE—HMRTH - THEBEKCE S EHELEBThNH B L%, 50kW-
m 2 TEEENET X CTHEHMOZESHBICE ST VO TIREVLL & OBED 5 40kW -m ™2 DS
BEEEIR U 7o

—7, ZERERE, JIS A 1321 [EEMORZEMES L O TkoSRERR %) RS h 3885
BICHEL TT - 7o, 58, BRI 6 23 & L7, RIEIAE RSEBREONREE M EENIKERE +H
% toW5RH tc (min), FR-—IREEHERS tdo (°C-min), FHERE CA B X UBAIEL AT () TH 5,

PEERER I3 1 HBRAIC VLT 2T OHB AT~ Foo BB, W DhDI—vHoY —4—5—HE
FicowTi3, BEIKER032mm © K BEGEEY 1, 2 BB TRELE L 7.

43 HRLEE

a-—vihn)-2—5—HABBIORAABOER I Table 11 IKRLIcEBD TH D,

7 HMEERAOEAUSEL, SRETOEHEERE, 1 EARO 25D 155350 2BET
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Table 11. BMRMEIL7 57 v BEUAKOI—vho ) — 2 — & —REE L URERBER
Results of cone calorimeter tests and face tests for plywood and red lauan treated with
chemicals

J—-rhny—A—F—iKE (IS0 5660) |X@EXE (64, JIS Al321)
-3 Cone calorimeter test (ISO 5660) Face test (6min, JIS A1321)
Chemicals K RRAEE RIEE
B |Heat release rate (HRR) {(3min)
BELILEEE | 25E BRI | TORBRE  |Total | Af CA | tc | td6
Ignition [First |Average HRR |smoke
Type & concentration | Amount| time |Peak of| ¢'¢ q" 1y |prod-
] HRR uction
] kg/my | (s) | (kH/mh)| (kM/m) ] (ki/m) | (of) | (s) (min) |*C-min
LR 0 0 31.5 184.5 1259 98.2 0.73 420 1182 1.25 550
No treatment
5 19 18.0 1230 675 663 0.15 85 769 3.20 385
Y UEE—7VEI9h {10 38 20.3 1132 61.1 522 0.22 60 355 8.50 271
NH.H,PO, 15 56 232 636 428 215 084 45 300 345 271
20 82 12.6 6.0 6.0 176 18 44.4 4.10 97
5 21 16.9 1325 923 625 0.11 47 411 3.35 359
PEAIR | U UBZ7/EDL |10 37 177 1159 61.3 540 0.4 50 364 3.30 389
Plywood (NH,),HPO, 15 57 187 825 271 33.0 050| 275 302 350 265
(Type 1) 20 73 22.0 279 5.1 48 089 33 332 3.50 239
(12am) 5 26 158 1384 765 736 1.02| 405 1132 265 237
B7PyEZYL|L0 43 20.0 69.9 408 38.1 1.48| 17.5 106.1 3.75 111
NH,Br 15 53 476 418 225 213 2388 18 90.3 3.70 113
20 63 16.6 6.3 9.3 3.94 0 1010 8.75 90
b2 RN 5 16 33.3 155.0 109.4 88.7 0.27 35 966 2.00 266
Na;B,0,+ 10 44 353 961 744 635 0.09 30 547 3.30 181
H,B0 15 50 430 709 580 577 0.9 31 496 3.15 246
5@ 0 0 215 167.1 1168 901 065 3125 525 165 269
No treatment
5 9 155 130.7 78.3 628 0.12| 625 409 3.13 353
Y UBIPVEYL |10 18 123 1137 634 534 009| 385 164 3.38 293
(NH,),HPO, 15 28 139 101.0 59.0 543 013 455 250 345 254
20 34 155 100.4 555 542 0.10| 385 287 3.50 256
BEFPCEZSL| 5 11 12.2 1558 1098 895 0.83 180 81.3 1.20 387
NH,Br 15 33 116 1100 759 603 054 8355 61.8 3.30 235
20 42 11.3 919 604 480 066 35 62.6 3.45 141
2 VR 5 11 25.3 1546 987 707 026 65 327 155 402
ST Na;B,0,+ 10 19 25.3 1380 898 658 0.23] 505 225 2.03 367
Red lauan H,B0, 15 33 27.2 113.0 780 580 0.8 44 141 3.28 327
(10mm) 20 38 269 1151 785  59.0 0.12 36 13.8 3.30 321
%2 i I 12 12.6 129.1 822 652 009( 475 341 265 370
NH,SO0,NH, 15 35 145 87.3 585 493 008| 275 174 335 285
20 39 199 846 576 499 012 325 188 3.38 272
5 11 163 1365 924 736 0.15| 895 567 125 417
WITIVERY =YY |10 21 133 1233 767 632 0.9 46 310 290 356
CH;N;-HSO,NH, |15 34 154 100.8 647 551 006] 425 282 335 313
20 37 165 1086 678 561 0.3 37 292 3.38 288

q" e B K 60 P O RBGEE
The average heat release rate over the period starting at ignition time and ending 60s
later ’
q" 180 : E KR 180 B O PR BOERE
The average heat release rate over the period starting at ignition time and ending
180s later
Af BRI
The lingering flame time
CA : BIBHH
The fuming factor
te : BESUR B HIRR A ZHE IR FE BR % 8 2 2 BT
The time when the exhaust temperature curve exceeds reference temperature curve
td 6 : BEURFE AR O AERE B iR A8 2. 3 B SR i

The area enclosed by the exhaust temperature curve and reference temperature curve
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Fig. 30 NH,H,PO, THLE L 7z 1 AR DO FHE
HE

Heat release rates of plywoods (Typel)

treated with NH,H,PO,

—— : $EMLE No treatment

—: 5% 5% solution

-------- 1 10% E#E 10% solution

—: 15% /&R 15% solution
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Fig. 32 NH,Br THLE L 7z 1 HARORBET
Heat release rates of plywoods (Typel)
treated with NH,Br

Note : L#id Fig. 30 LB TH 5,

Legend is the same as in Fig. 30.
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Fig. 31 (NH,),HPO, TAE L - 1 AR DO
Heat release rates of plywoods (Type 1)
treated with (NH,), HPO,

Note : ALfjiZ Fig. 30 £[@ L TH %,

Legend is the same as in Fig. 30.
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Flg 33 Nag BA, O7+H3 B03 Tﬂﬁbf: 1 ﬁéﬁ
D FEBGERE

Heat release rates of plywoods (Typel)

treated with Nay;B;O;+H;BO;

Note : NFid Fig. 30 &[5l TH %,

Legend is the same as in Fig. 30.
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Fig. 34 B 15% OHBRERTURE L o5 7 VM OFRBERE
Heat release rates of red lauan specimens treated with
15% solution of chemicals

. JEALFE No treatment

~— : NH,Br

-------- : (NHy)HPO,

——: NH;SO;NH;,

----:NayB,O;+H;3;PO;

Hotio OV, EULRBEOEHTIIEL TS L EHARD ZIHEETIEREBHE L, SRR
RELIB->TVWBR T EMbhd,

4.3.1 a—vhol—i—4%— Tk 5REEHM

(1) RBEEOHK

RO R T L - | BARORBEF 0Z LI Fig. 30~Fig. 330 : B0 TH %,

WENOEH GUIRBENE B, EETIERENS BT LM -T, B, I, BIER
BEOVWTFNORBEE /NS B ->TVWEI &M, Fio) vB_AkR7TvE=v 4, Bib7 vz
=T LD 20% FERTUELL 1 BERIFKE T, RAFEEORAMBETAHTH 30kW-m 2L T O
TN fEER U, $h, w0 - doBAR MO 3TEHD 15% FR TR L 72 pEHg, R
CIKEKET 200D, HKER 1 SHOFEEREEE L IRT ¢ & 20~40kW - m™> TELELD 4 530
LEIFTH - 1o,

—F, HBERTHRELL S 7 Y HORBEEIL, ERLk S0 L EARICH A TER DA
Buoicy, MEEHOBEORVICLZFNESE(LIRONEL >, TOTH, BE 15% OEH TR
BL7co 7 Y MORBGERE & EIENM S 3 &, 8L b Y v AR E, LW O3 b EN
EMO3HD2EBEORBER L > T, EXOHRSEN TS Epbh b (Fig 34),

(2) &HKEsfE

Table ITH1R L7z & AT, VB KkET Vv E=T A, BTV E=D LD 20% KAEKRTHEL 72 1
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Fig. 35 HBEFRTUEL 2 | BERKOEHFE
L BEARDOFRBEE ORAG%

Relationships between amount of chemicals

BAFEEE W-m™?)
Maximum heat release rate

BB ETRIIIIIRE HF3185
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Fig. 36 HMERTUE LIS 7 vHMOERE
E B R DR BHE DRER

Relationships between amount of chemicals

of plywood (Typel) and maximum heat of red lauan and maximum heat release rates

release rates i O : #ALE No treatment A : (NH,), HPO,
O : #ALHE No treatment A : NH,Br X :Na;B,0,+H;BO; -+ :Na;B,
® : NH,H,PO, A (NHy), HPO, O; * :HsBO; [J:NH,SO;NH, W : CH;
A NH,Br X : Na;B4O;+H3;BO; - N; - HSO;NH, < : NaCl

B Ea—vho) -2 -5 —RBRTEREKLBVERGE S & - 208, BREROEA LY ST
LB KEHESEN S DY TREL, ZHOEE, BRI X > TRELEM LD b B KFRHISELES
BabsRoni,

(3) BAFBGEE B & U REGEHRE

HHAGHERLBXRCHNIRBEFEOHE -7 (RAFRBEE) OBFR%E Fig. 35 B LU Fig.
36 IR T . BALIBWVHDIKOWTIE, MEBRLSEER 5 HRORKEE L, &K1k 60, 180 3L TF 300
MRDOFERMEE S, TNEFN, ¢ (e BLUP T HE, Th5b, RARMEY RO
FlERLice Hb: b Y 9 o TOMEERE, FARMER IEREFEOHIIC & & VEHRKICE
Wlie LEH-T, T, EHIERLAEMEEOMREZEL I LTBIE, FEFIEH & REHET
DOBRMEPEEEOFRHIARETH 2 EEZ SN B,

LEARTIE, BRED A0kg mP 28R 5 &, FAREOEABIT L, FARMEETER/LT v €
SU LAY VBTAKET vEZD L, FUW - FUEBE<Y VBBKE T v EZ T L, ¢ TRELT V
T LAY VBTART VE= LS VBKFEZ T vE=DLALF U - FOBOIEEE T, F
fo, FUlb- AUvEBEKRE, HO=>0ER DO 20% KEK TUEL - 1 FHARE, SARRBGEE T30
kW-m 2PTF, ¢"e TR I0kW - m 2T EXODTHVERMELRL TWS, AFRICHERL KR
HD5b, BEMENCHEYSTI0R, )V VBOKRT v ES Y LD 0% KEK BETryEZv LD
15% Wiz 20% KiEE T s W LEHEERTH 2, Indid, ¢ e 20kW-m 2 EBELTOEY
BE>TWE, LL, VVBIKEDT VE=9 LD 20% KIEKRWED & 512, REGEESME M
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SRNTVRICbhhbod, RAARBRTRIERSD
THICHEERMAEBA 2 onlc, SR Eiasn
WHDbH T,

—H, 77 VMEERERERMDTVLD, 15
EIR I AR TREEE ORDE D - 1o, L
F by MLEERE AR & b ERTEAIR R
B OBRERLTEY, 156~20% KiER THLE

XN, 30~40kg- mPOBREOCEABASET IR

Bk, SARRBEEE, ¢ & SEAEM O 35
D2BEDOHE LT - 1,

4) REE

HRIEFH (15% KIEHR) THIEEL 7 1 AR
FEBOHERE % Fig. 37 I0/RT .

— R DB B KT & AT ORTR TE
BAEESRLNG, U VBUKETT vE =Y LD
Hohor—7EEALTVEOR, 9B TEKL
7otk 60 W TIHAK, 110 W THEKX, 300 W THBEAL,
MOPHTHEBKEVI LI KB K EBERERYK

4

w
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3 RD K SIE R (D)
Total smoke production
- N

O

EHEHE kem)

Amount of chemical in wood

Fig. 38 EHAEA TR L 72 1 AR OEHE
& 3 I ORRFEER ORI B

Relationships between amount of chemicals

of plywood (Type 1) and total smoke pro-

ductions for 3 minutes

QO : EMNFE No treatment

@® : NH,H, PO, A : (NH,),HPO,

A NH4BI' X N32B4O7+H3803

1.6

HI RS (M ™)
o

Extinction coefficient
o
o

o
FS

00 ! .
0 120 240 360 480 600
BERA ()
Time
Fig. 37 HRERITHOE L 72 | HEROBOLEAE

DR
Extinction coefficient of plywood (Typel)
treated with chemicals
— : &AL No treatment
"""""" : (NHy);HPO, —— : NH,Br
- N32B4O7+H3B03
Note: EBRER OKIBRBEIZTNTISB TH 5,

Concentrations of the chemicals were 15%.
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Fig. 39 HMERITHME L7257 VHOEHE
, & 3 ORFBROMIT
Relationships between amount of chemicals
of red lauan and total smoke productions
for 3 minutes

O : L No treatment A : (NH,), HPO,
AINH,;BI‘ X IN32B407+H3B03 +: Na2B4O7
* : HyBO; [J: NH,SO;NH, I :CH:;N;-
HSO;NH; < :NaCl




— 60 — AR AMATIERE F37185

600 . 600
550 550
A
500 500 r o

PR Z 3R T EERS (s)
Fire endurance time
NN
3
PR Z R 1T BSRS (o)
Fire endurance time
E =N
g

400 400
350 | 350 &
300 1 1 I 1 300 L 1 L
0 20 40 60 80 0 20 40 60 80
EHEEE kem ) EHEEE kgrm™)
Amonut of chemicals in wood Amont of chemicals in wood
Fig. 40 HEMEH OB L 2 1 HAROER R Fig. 41 HBMERTUEL 57 Y HOEHE
ERA IRV BRI OB LR AR T R O BER
Relationships between amount of chemicals Relationships between amount of chemicals
of plywood (Type 1) and fire endurance times of red lauan and fire endurance times
O : #\ALE No treatment O\ No treatment A : (NH,),PHO,
. N NH4H2PO4 A : (NH4)2HPO4 A N NH.A, BI" X Naz B4 O7+H3 B03 [l . NH4
A . NH4BI' X Na2B4O7+H3B03 SOsNI‘Iz . : CI‘I5N3 . HSOgNHz

LicicdThH b, &/, BIL7 v E=0 b3 BHTEKRI LSOO OKDOE D K TN BEKEHT
ARRESZFKREG MG L 7o, BRISHE & ME3 S OBFKER ORI Fig. 38 8 X U Fig. 39 i<
Al REELZMASSBEOKREE Lo, RTERERBRERLUKTE D THE, AV - &
VRTHUEL: DR, EREABROEINCME - TRERBSDEIE-TED, RELZWAZ0RSEH
BLEMOP B, Tz, BALT v E =0 MUERENEL Y S REBVEINT 2EEAPR S50, 15% Ll
TOBREOEHTHUEL - | HARORER R, MUED 4~5E LBV HWVHEEL >TWV3, T O
OEFICOVTIE, EHEL 0kg- m P LT CRENBICHERTEWVEERICIIZ SATWEH, 40
kg-m P EHA, REGEESEDT 2o TREBIHICENT 3EANRS M,

(5) MR $h i B

BB 260°C IS L& &, MEMSBRAKT L EREL T, BHESERELRAIKI B OGRS
HRd4 % &, Fig. 40 BL U Fig. 41 852 51 3, B

VTN OEH S EASHFEOHIMIC L 1V, RAKITERISBERNICENZEHMP RSN 5,
1EHARTHE, VYyB KRBT VEZTLABIUN VBIKRIT VE= T LD 20% KIS TUE L /-
REEORENRL, BUEOD DI, 13~14 BEBRARIERSEI TV S, INOORBET
3, BAHHEC S VD, BT - TORELESRIET, BRHEEHSNS CMALNTOS T &4, #2
KIEEEELETWEEEL 5N,

F, SUVHTIR, ANT I VBT VESDLATREALT > I VEES T =Y v D 20% KB T
MBS N o BB A OB A KT ER S, MhoIEH TR L 72 B O M AR BRI R TEBC - 7,
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Relationships between exhaust temperature Relationships between td 6 and average heat

rise (tc) and maximum heat release rates (first release rates (g” 1s0)

peak value) ® 1 5E5% Plywood (Typel), O: 3w v

@ : 1 Jg&IR Plywood (Typel), O: 357 v Red lauan

Red lauan

4.3.2 KREREBFHERLDHR

wic, RRERBRRELI—vAn) -4 —5 —HEEEE 2K T 5, BHEE40KkW - m?Ta -
vhoy =2 =5 —HBET - K FREOETMRESRARROK THTH 2BHGEHR 6 H0E
HEE L RREEICET 208 MEHE 2~3 3 Th -7 tpd, HKE BIBEEEDs—-va0 ) -
*— 7 —HBROBREREABFEREOLBICHVWA I & E LT,

(1) HeKURE LS (to)

KERROHRERE LA ERT tc 3—RICHMEIOBXKMOIRETH 2 L bh T3, LAL, tc
FHREBREOBUBEIR S EEREMEL EA BB TE 2505, MEOBKEOIREE VS L kE
KERORBBOEEL V- KAPBELTH B, FE, BEKRILLLODBRSBE LTV HD L,
EFHLAME TR te BB KREL B 7, Fig. 42 i3 tc LB KBTS ICHNARAFEEORAME (B
1E—7{8) OBRERLIODTH B, iH, BEKLBVHDIMES SHEOKKEEZDEE L,
i ORI BRSPS R o 0, RAFEED 120~130kW-m 2RI Rz 5 & te i 343 Rl »
T3,

2) FEM—REERE (tdo)

R AR ISET H 5 IR — R TR tdg 13 tc DI Lo BT Ic BV THERUR T & SRR
Mg THENAESHOEETH S, 5, 3—vAao Y —2— 3y —RBTO—ERBNOBRAR IS
g5 EEZ LN B, Fig 4313 tdf & &K% 180 HRIDORBGEE O EIE ¢"15 PBAFRER LD T
b, T—vhHvY—x—5—HBRTREKE 60 BHOEIFREGEE " 180 BHIOFEFRAEE
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Fig. 44 ERZEEH] (AD CNBAGALE 3 5 TOFH
BoREE O %

Relationships between lingering flame times

(Af) and heat release rates at 3min

@ 1 EA&| Plywood (Type 1), O: 57 v

Red lauan

RIEFRH (Ch)

Fuming factor

Fig. 46 FfERE (CA) LBEFREE G4
DR

Relationships between fuming factors (CA)

and total smoke production for 3min

@ : 1 &K Plywood (Type 1), O: 57 v

Red lauan

¢ 130 3 & T 300 PORE DN FEBGHE ¢"g00 THEIOBRBEME 2 T 5 2 & 8% <, 18O 5660 T & #RJEM:
DIFEL L THITFON TV, £IT, 3NHORERETHET 200D ¢" e & td8 ZHET 5
&L, 1HEAROBRIIDVTRERABOREREOSENRONEN, 2L LTHENVD S S
7EMSTHBY, BRIPOREMELIT S tdO<350 G2 T ¢ 10 IHEARRTHLEEZZ oM 5,

(3) FEZHER (AD

BRKRFE AL 13, REAZBK TLURICKROELET 2T, BESBRESNICEROELRED [REH %=
RYIEETH B, —EERHEEER ORBGERH ZAISKIET 5 & F A, MEABTHE 3 4 DS T DR BE
BL Af ORKEIT -/, Fig 4 1R T & D ICHBFOMICIIHEHNROHEBESR S0 503, FEEHE H
INEL THREEM 0 MEBZ L6005 %, Lrl, REEESTH/NES FhiE, EHEOAEEN I3
FNFRF/NEBBEDOT, REEE & KK L2 ORTFHEEEEMNEHs hnd, BEREICED S
BIEL LT, —EOMBKLEERORBERELAHVE I LLTHETHEEEL NS,

(4) FELHRE (CAD

FHELE CA & 3 53D FEIER TSP DORAfR% Fig. 45 10" T, —ERBORERICED SN/ED
BELS 7 P EBEBET AR ROEEEORMELEZLE L TVIOTH SN, B I HARDER
KOWTCTHMEOMICE»PB O REBEE>EBNR LN, 2L, CAo>VWTIRVWTFNOHRE S
I MOBEREAB L TBY, SEOEE, S IIEELBL 3MHORRERS CAOBRIC>VT
OHIRBRIF SN - 7,

4.4 ¥ =

HRFERCUE L2 1EERR TS 7 v Hic-oWT, 1SO 5660 IcilEashza—van Y — 2 —
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7R EE JIS A 1RV KHESh 2 RAABRETL, UToRBESB SN,

(1) BRERTUEL2ARSL VT 7 Y MOBFIMEC I BERAEICET 27— s 55k,
Ol BREEEERTSICED SN ZERMENCHYT A MES, a—vho) -2 -5 -
KBOWTEDOX IS N 2055 ETEEBLAMR L4 5,

(2) BEHERC-OWT, EHEFRSAHEE, REES L OCRAKTEEOMIC dERRBGRSE
LNBTEPD, To, BRAEAMOEASGHLE LI, EAEERLEINSORTOREGEHSHL
THIFE, BREERD, SBENEEE FRIT 2 L aREiTh 2L EL LN 5,

(3) B IGEHMER O L AARBEMEHC > W Ta—vao ) — 2 — 5 —REB L ERRAROER S
BB L-b0THYD, BEMH—FIC VL THETRIILELISBROMTICERONLEIATH A
P, FEEKAERRARROBEIC VTR, I-vAu)—2 -5 —HB»HS5BELNE7— 5 &4
Baksl nlRohEilot, £, SEIOHEE, ERME L Vv ToRAMEBEI—vH0 Y —
A=y —RBEDOUKTH - 7288, 51, BABME LV TOmMEDOLEKETILENS b,

5 EEESINICERMBOM XL
—FRP HRiEAN £ v MEBRSERM O X HERE—

5.1 FLsIC
F2E~FAETE, WMEE L TORM QBB IS D O TRE 21T - 7o, RETHE, &M
ke UTAMTRERM 280 £F, ZOMXEEEC>LTRFAETI & & bic, BAMHEBRP I — v
o) —2—y -HRBROBREEIC, KFHESRM OBRIEBRIC OV T ORI ET I,
C KWTESERM % W o S O KRR I, B £ D b O Ot KRR & AT O K HEREIC S T
ERABNEWD B,

KMEERM 2 D & DDA >V TIE, L3I bil~<fiy, £< OWELREIATED, AVS
NAMBECEBENMES N TSI Ebd-T, [BRALA]&ETc L, LEAMAEEENE5T 3
T &, BNHIC bHIERIC b AREL M - TV B,

—7h, BARE, EEMEL, H20RERMESORMEESEIShE L EL5, BIRPE L
ZOBREEMETLETIHEEERVESHKERER L T, INSEFRVERMERSOES
R AMESEHIRES N TV S UM, 1992a),

f1, SMERVEEATEOES SUrBEHEL TV L, EAWOMKIIETE L CETT 525
L - EBIROS A TESMAERB LD, KU MRELARMTIEDZ B EICLD, BEAHT
DO KHREAZD B L EMNTEEEHESNTVS (L, 1993b),

LIAT, YL 3EEE, BETRRTHERRELE T E, OLBLEETESRKEL,
QEEMTH58MERHILOHEBTOMITPHETICBI 3 TEREN LBV, @LBHRYHEHE
KEH UREEREAROZEBOSELOLNE V> tHBEEAND D, T LABBESERRT 5709,
EESENESHEOREMESRACITONTEY, BHLTLEEFELAVAEAAER, ko
BEHECBVREEERT 0L LT, &, FER2EDTVE, COFEOFIELTE, =&+ v
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featmH v S (A, 1986) M%7 4 v W —Va A v M ETHEHERST 2 HE (B, 1990, £
Foekmn (Zo, 1989), Flb =Mk MR, 1992b), Rk — 7 v (oo, 1992), ##Ew({b7 7 2
5 2 (Fiber Reinforced Plastics, EI'F FRP &#&EES %) R (BE, 1995) 2HMic@BALTIn%
BEETLLOEND B,

INLOHLWEAHERERT 2ICH > Tid, ToOEEERENEOND LHFETEITH>C L
BV ETHR LS, KREKEENDREOREARTH 5, TIT, AETE, FLVEEHEO—H
E LT, BMREHIERFcCHRES N [FRP RIEAN € v MEERESTE (BER, 1995) ] THAES M
EEM AR L1, ERERMBOBRFNARBEERT 2 £ L b1, ToMKEREORBHEIC -V
TR AT > 7o

L oBEBEAHER, EEMOBSERETICEIIORY v b EZS, TDR Yy M FRPRA ¥
FEFEAL, FRPIRA £ v b ERMOBEIC = #+ v BIIEER L2 HE L CTAEMZEEEST b
DT, BIVNEST, THEEIOIVESHREERD, LrbAEsLERCEREZRT L6
, TEREOBRVESREBRT LML TH I E V- KEEEFLTVS, LML, FRPEB
FU T HFF URIEEERII L bIT, BEY, BCFOMETEE LEbhTEY, KXLRLEOBRHA,
53, tTABKRABBELN S, Ld->T, BAWMOBRFEIRT L L0k, LERRAEREE
M54 2 EepnTENE, ERBEMOME 2RV CEAHELMRE TS LT, EESMRBLINZEER
5h 5,

5.2 £ B

5.2.1 FRP#oOHt

#/fd 3 FRP i3, EEETHORMOMEERIEVSOBEE LV, 22T, AR TE, HEL
BEMHREE S D RKHAEA v FED 200cm X 100cm X 0.2cm OEIFEMA L, ML THV 2, TOEE
A5 ABHERETT 10 E = R+ Vg B L, BVERBE L /b0 TH S, IO FRPIROWEK,
FEHHHEfE % Table 12 1079,

FERR UM IARM O 15~20 (5 TH 2 Dicxd L THMERKIE 2~4 S L -TWw5, 7/, B
HWHEICOWTIE, BREEIRMO 7 REEE, BERENAYM (BHEERLED © 24540 1 BE L LK
FIARMICGEWMEE > T W5, BB, #7 REHEDO N 5 2EBERE L, 800°CLIETH 545, FRP 21K
By zoicHoonicz#+ v EiEORETEE I3 50~55C TH 5,

5.2.2 HEA

FRPRB L UAM &L DESICHV LN 2SR ICIE, MBEBOEEED L, MEELSRH LN B, &
7o, BEERIORENEV EBEEREZFATIE, BhOE LR EEERNBEI RIS, HED
HEOVELSADVEERNEE LV, 22T, #EN, MEAMESLUHEOESD» S Table 12178073
EEOBEESE R o, BEH 1135 70 v 8o EH| NIDEK 603, B/LH H603 Th 5. BEHEIE
#1100 Wizt L TEALF 13BTH o 7o THIF, IR T 7 A N—EOEEMMBB VI &5 5 FRPIR
OREGHIE L THAINACEEHTH 3, BEA T IMEMEERI T2 ) —F v FEOEH 2002, Bt
#2163 Th 5, BEHLTIIER 100 Hicst L THLAI 13 HTH - 7o, HEAMEEHEEERN T2 =
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B E209S T, = OEAHERIZER 100 Fioxt L THE{LAI50 BT H - oo KEEFOMHE T Table
120EBYTH 5,

5.2.3 HERIKDIER

AHETE, BELFCLIBEAMOBEET ZFHNE 0D O/NREBE S KRBT 5 2D OEKR

R RABREEER L 7o
1) NEBRE

INRERIA D ERR % Fig. 46 127”96
25mm CERAE) x25mm GEEHR) x185mm G AE) O ~<41 <V (Pseudotsuga mensiesii
Franco) #% A& L, HAMIC FRPIKEZHATZLHOEImm ORY » 2RI L ORNAK, R

Table 12. FRP iR, #HEFBLUD 5 < v EERM ORHEE

Specification of fiber-reinforced-plastics (FRP), resins and glued-laminated timber

FRP | #8531 | #5511 | B855I | Ao~ vEss
Resin I Resn Il | Resin I | Glue-laminated
timber of karanatsu
BE kg-md) | 2700 1200 1100 1100 400-600
Density
5T RSt R (X10°kegf-ca®) | 250 22-25 .= — -
Tensile elastic modulus
HA TR RRIK (X10'kgf-cm?) | 250 35-40 - - 90-110
Bending elastic modulus
FlER bR (kgf-cm® | 4000 | 750-800 950 597 255-315
Tensile strength
HiiTRx kef-co?® | 6000 | 900-1100 1200 546 330-465
Bending strength
R keal-m'-n'-°C" | 0.70 0.08 - - 0.09
Thermal conductivity
TR (x10%ChH | 18 20-60 56 - 30-40
Coefficient of linear expansion
HS ZEFEEE O | >800 - 148 — -
Glass transition temperature
BITAEE €O | 50-55 50-55 — — —
Thermal transformation temperature

Note : FRP 3 KAA A v 8,
" The FRP plates were made of Dainippon Ink & chemicals.
BEH 11257 2 8T, NIDEK603 (EFD, H603 (BE{LFD.
Resin I was NIDEKG603 (base resin) and H603 (hardener) made of Devcon.
BEEAT IR ) —F v FEIT, 2002 (FHD, 2163 (FE{LHED,
Resin II was 2002 (base resin) and 2163 (hardener) made of Three Bond.
BEFIMIZ o =8, E209S,
Resin III was E209S made of Konishi.
FRP O 4 7 REBEE A5 ABHEOETH 5,
The glass transition temperature for FRP was the value of glass fiber.
FRP OBZEEE R = K+ L HIEOMETH 5, '
The thermal transformation temperature for FRP was the value of epoxy resin used.
FRP 8L UEEROF— @A s 0 /BT, 7 7< VvEBMOREMEIZ JAS DEICL -7,
Data for FRP plates and adhesives were from their catalog, and the values of karamatsu
glue-laminated timber were in accordance with the Japanese Agricultural Standard
(JAS) for heavy timber construction.
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Vo FOESREAT S FRPIROAKES 2L D, 25.5mm 713 38mm & L, FRPRIZTFHEED
KESIHENL, SMOBEAEKRET LD, B vy —%50b0, AFVZFAT v THELTS
P2 ok ABEAE ALY, BEEROREMIEEABREORIED DD, MEKVERICE =~
NF— TR T, KIT, KRS T #F VRIEEERERLAATR ) v F NEEER TN S
LicDb, EERIE%A L7 FRPREFEA L7, 5/ LcHERIE, Table 12 OBERIT, HEAI L
FUOBERNTH - oo Ch A 20C, MR 66% T BRILIEE (L, BESETNAREE Ll
AT 3 FRP RO}, B 2mm, 18 25mm, £&1350mm 73 75mm THo7o TNHDRE
BREBEME VO 1.0 /12 15 {5104 2, FRPROES 2EA O BEEEROMRERS 700
TH D, NREEDOH A0 ~TER 25 mmX25mm X370mm TH %,

(2) SFEREERA

FERABREOEE% Fig. 47T 12K T,

G L fERhh i, E& B5mm 05 3+ %, 12 ERE L EBEAM TERD N 5 < v EEMT, 18
15cm, & 30cm, HX240cm Thd, < OERM 2 AOEATERKRIC, FRPHFFARDOEFD 2
Doy P AERICEVHS, BATESDET, NEREOHALABOLTETEG LI, 272L, FRP
ROBALEOEELXF~NL 1w, Fig 47T 1R d £ 51, FRP RAEFEEAEIC 2em BfRT 7HEEA T
BEEIATE, KEHAICE L 2cm BIRT 4KIHEAT ZKES 1 TD2 54 7%fFk Lt &
7o, BETBRODRERD B0, HATEFRPIROKESE2EZLDILEL, EHIA 7 TR 40cm
x30cm (A-1) & 50cmx30cm (A-2) @ 2 ¥, /KF ¥ 4 7Tid 40cmx15cm (B-1), 60cmx15¢cm
(B-2) @ 2 ¥AD FRP KA Z h ZhAE L 2, B8, FRPROF5RE X UHITBEIAM O 15~20 £

‘ BTV EEM12754) E

Karamatsu twelve-ply glued-laminated timber Load

25 mm

*—/ 480 cm

FRPIES Ut e R
l _— FRP plate and epoxy resin i e FRP plates

(FEEF AT Vertical type)

FRPAR DA EIL 74T, ~HEIE, 40cm X 30cm X 0.2cm&50em X 30cm X 0. 2cm,
The number of FRP plates was seven. The dimensions of FRP plates were
40cm X 30cm X 0.2cm and 50cm X 30cm X0.2¢m. -

HE

+ = ) Load

25 mm

'
v i 23

370 mm
(7](3;5’};;; Horizontal type)
. N = FRPARDHEILI440 T, “FE4L, 40cm X 15¢m X 0.2cm 60 5 .2cm,
FlgA 46 FRP ﬁj%}\ ;)J + V- " &%%éd\ﬁigﬁ'ﬁi The number of FRP plates was fourteC:enn. Tl:ien;jmens?;s orclglf:}; lpl:?;sxv(v)erzm
@ﬁlﬂ% 40cm X 15cm X 0.2cm and 60cm X 15cm X 0.2cm.
General view of small test specimen jointed Fig. 47 FRPEA A« v F BEEAERM O
with gasset plate made of FRP B

General view .  of glued-laminated timbers
jointed with gasset plate made of FRP
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5B EMSES 2mm O FRP IO BE RE S 3~4cm OAM IS T 505, KEMEEEELEA
MRS 2em & Lo BB, EEFIE, NRBREOMBBSOMEABERLEE A, HEAIZEHL
720

5.2.4 HEBAESLUEE

(1) /NRERAOINZE B

M L 7o 3578 % Fig. 48 1T T,

S, —ERE TR OME OBRIGRE £ K 570, SEEEFRIO 1S-5000 BT fERERRE
T B RO BERBRMBE A HAAbE L EBTH 5, JOEBELXHVTHREOHRARKE %
IR B A S, RSVE30mm T, JIS Z 2113 [AM O RE A HERY B 3 il R
BFT 1o, RERIEEE, 17°C, 40°C, 50°C, 60°C, T0°CH LU 100C TH -1, BB, ABREARTORE
B S ERRE & —d 3 & O FIEDEE T 30 ARME L TH SHERBRET - 1o (1R, 1992),

(2) BEEROBRREEEORIE

BEX OB ORIE I, HEX -V KU« vEOBEZRIAHEERERE TH % Vibron DDV-
IAFEWTIT» 720 EBSM I, EXRFHEKH T, BEKE 110Hz, FEFEEER 2°C-min™' TH -
Foo REARTIHE LOB(EFEE—CBE LABEMSMmI 27 70y v — bR T ARICHE
TL, AREOF T AT EPSIESATT s vaRicL, BE - FRETEBRELLOOERAV I, HABRE
<1208 038 mm, £ X 3mm, EXH003mm Th-7, BB, HARIESEH LoV T3ET-
1o

(3) St KR

EARSRERAOMN KRB L, JIS A 1304 [EEMETHM O KRB A E | 1ICERL TTL, BIEETO

o—K+)l
Load cell —k
ad ce s o— kN
Recorder Load cell
HE BBk (R)

Load Test piece (beam)

WK

Cooling water e

6 o [@

©]

R ; .
Fulcrum § N=F=

Burner

Y

Furnace

B

Test piece

Fig. 49 FXn KRB OHIEN
|| - General view of apparatus for JIS A 1304 fire

[ | test
rBoZx~v F Cross head t

Fig. 48 mIFRABRERE OB

General view of apparatus for bending test
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B3 & R LEE 2 RE L oo REREEE 13 Fig. 491078 L 7.

EBREMILTOEBD TH B,

HE: 5 7 < VEMRORFEMFICIEICAEY T 3 4050 kgf

MEAR 4 ffigsRT, FESARERR 80cm

X & RAEEHE - 380cm

HEBREOMBR s FREK 200cm

TNk < T & AR

REREERD - ROSHIET 5T

% 7z, KRB OERMAROEEZE(LERD 3 720, EEMATOFREDOMB ICER 0.32mm D
K #EX 20 3 2o BIEEE RO HR-2500 7 — s oA —ic L b I0WRR T v E2a— %
Kl A s i, BES A 70> W TIREEHIEE 3T - 7o, 1 BIEI 50 BATHIE S i, T OB
&, BENOBAI L » TREAOBRBIGREAET LTV 25 5 3 0T, e 4 30 43HENE
L, BoRBEESHGORTICERE BV, tho 2 ik, |ERETORARBRTITLI, AESR
10 HTH »7co BB, BARBREEIERT 28T, ThEEAWTICEEV T 50, 53 FRP
WRE—HEIZZY v MCHAT 2 Ltk » THBRENOENE ICHED AT N, BH, BREOHET
REEXNOWMAMEBENTNEBENLNH 50T, RBRKTHRUM L CERESMBEHE L, KES A
ZIDOVT BB EMA 2 SFHA L TRBRCRECRELRKS o4, RBAENTORE L BEL LV
BEEWREMBLELY, ST NBREANETZI LR TEEML o7, TR, KES A 7OREBRE
it KEBREE AN TIET 2 &, ABREOAED SABICs|EHIh T 28EXTIE, EEERVM
BRICBRBINIOT, TOWENBELT, fAor0BIMBESHERENIILDTHEEEDN
%o

5.3 BRLIER

5.3.1 BEAMOBREI X ZMERT

FRP{REZHAWVWTH & v MES LI/NEBREO T RERE R % Fig. 50 IR 7,

25mm x50 mm @ FRP #{ %\, BEH 1 °Es LaEBREoMT#E R, FE TR 350
kgf-cm 2 Z/R L, XA 2 1 BEBRMOBMTHREE TH 5 430kgf-cm 2 IC i3 2851 < v &R
OMEIEE TH 5 370kgf-cm 2 I IZIEHEY T 2 HREE R L, L L, EE»0BES ERT ZICLE
B TEEANCHRSAMET L, 70°C T, #115kegf-cm™, 100°C TI3KI 61 kgf-cm ™22 - 7o,
CNLDEFETNTNERTOEND 32%, 17% ORETH -7, Fi, MAMEOHEBANOEE I
i, BRIEBVTT S HDUHRENELNT, FRPIRIEEFBORATOMBIC I DBIEL 2, Th
3, RF UEIEOmMBME DR LIt~ T, MIEOHEHSERL i, BEUMSET LccnEEb
hz (BaTE¥EE 1989, SHEOEEFN*HVW-RBREDES IR, TRBL U 100C & bEEH 1
L0 HEDDEEZRL T,

BEER Lico0T, AT 3 FRPROKE S HHIBRELRETHREZA 5L, 26mmx50mm O
FRPiREHWBE&ICH~, 26 mmX75mm @ FRP | THES L 1/hEERETH, ZERICBLVTLH
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ARE OERBEVE B & O KRR BE S 25158 (RHD

500
400 £
%
5300 |
=1
3
w0
£
T 200
[
m
100 +
0 . 1
0 20 40 60 80 100 120
RE (O
Temperature

Fig. 50 FRP#HA*HWVWTES L/ NEBREDOEE
ERfES TR E o4t

Bending strengths of small test specimens

jointed with gasset plates made of FRP

—O—: #EZHF T & 25 mm X 75 mm X2 mm D
FRP %\ THEA L REBRE
Specimens jointed with resin I and FRP
plate (25 mm X 75 mm X 2 mm)

@ BEEF I & 25 mm x50 mm X2 mm D
FRP 2 W TS L . EHERAE
Specimens jointed with resin I and FRP
plate (25 mm X 50 mm X 2 mm)

A HEERII L2 mm x50 mm X2 mm D
FRP f% BV TS L HBE&
Specimens jointed with resin II and FRP
plate (25 mm X 50 mm X 2 mm)

X ¢ EEEHERIIE 25 mm X50 mm X2 mm D
FRP % AV THE L 2 5BRE
Specimens jointed with resin III and
FRP plate (25 mm X 50 mm X 2 mm)

Note : #EHFI 1 137 7 2 » & T NIDEK603 (&

#0), H603 (BE{LFD.

Resin. I was NIDEKG603 (base resin) and H603

(hardener) made of Devcon.

BEEATIZRY —F v FRIT202 (EHD, 2163

(BELAD

Resin II was 2002 (base resin)

(hardener) made of Three Bond.

BEXI 30 = o8, E209S,

Resin III was E209S made of Konishi.

and 2163

tand

1010
=
o
~
o
c 9
510-
W
w
10% b \ ~~-10.01
L s 1 1 1\ L
=50 0 50 100 150 200 250
B2 E (C)
Temperature
Fig. 51 #EH| 1 OBkt O fHIERZ R

Dynamic viscoelastic properties of resin film
(Resin )

E': Ikt Storage modulus

E” : {B5%# iR Loss modulus

tan6=E"/E’ : {8%1EH Loss tangent

Note : #E&EH 1 1357 72 v &I, NIDEK603 (F
#D, H603 (BE{LED <R, ®HETEl,
Resin I was NIDEK603 (base resin) and H603
(hardener). It was cured at room temperature
and under atmospheric pressure.
FHEKIERP T, FEEEIZ2C/4,
Atmosphere was in nitrogen, and heating
rate was 2°C per minute.

390kgf-cm 2 ERRFHWVEERL, i, 50CHEE TR, ERKAOVESHESHREINS I E&PD
D5, 50°C L EIciBES LR 2 L2RICEABEMET L, 70°C T4 170kegf-cm % 100°C T3 86
kgf-cm™2 &7 0, FROD 4%, 22% 1K T4 50, Wb 25mm xX50mm @ FRP KA W 15K E
FELOBVEERLTWS, COTEDS, BATMBENIRES S E, BEEFICHESHIFRSDET
BEHEDLDZEVL B, i, BBRROBEROREEZHE T2 L, FETRESHOICHMIELT
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W7o, 40°C~50°C THRABEAES FRP OHMMEL, S SKERICK S EHUESHO R CREVEH
Zxhi,

5 L DRBEOREERT 0¥E)id, A, FRP B L UBEHOEE LRIC & &2 5 BEREOZ
{bar SIBEIIC & 5 X BHLENSH B, EFZ (1992) 1wk hid, BRSO AMOEFES ZERINCE
TL, 95°CTRERDHNEE% BB EWMELTWVWS, FRPIZSOWTR, # 7 2@ N 5 REBERE
2 800°CLLETH 24, ChiEMBT L2 E+F VREVPEEE 2B TERERNCEETHLI LD
5, 50°C & Z % L H R BWTIE A Ib 3 &, FRP RO 4 5 2GHMcThrsE L, T3
BENDD B, T, TRFVEIEICOVTE, Ao sEICLB S, TBMENE 2 E L THWES
HOTH, £OHS REBEERIM8CTHS L, BRI TIRS0~5C TRER sELCZ L LN
%3, Lok T, /NEBEoMEM TR I B VT, 50°C L ETaELHTRs o T4 UL ERA,
BEXBLUFRP 0z R+ VRHEOBIC X 2L TH 3 LRSS N2, 22T, FRICL b7, BE
DIETPBREOZL A S hic T 3 ko, HER I OBRREEEEHIE L 72858 % Fig. 51 13777,

MR E 13 -50C BB h I TRD Lcdb &, EE»S50C A3 TLERL, 50°CTES
EER L. & SIRENERT S EABICED LS, 100C A2-A 7257200 SRUDOERICE D,
130°CLLETRENSRDICE EE sk, T Lc—BEOZAIZ, BERIT « VANKERD S 50T ITh
FCHEBMELS L, BBIc T ARECESE, S5ILHRICE S ENBICEBEEENERENS LY
KHEUABREEIONE, IO LD, 40~50C TNABRMEN AR %L > FRP ORI & b BE
L7 BRI, B & 2 BER OB L& EE EFICfE S FRP RS 2 L I3ARM OMEET & 0B%H
HBRICE - TEF N EEI SN S, SOLXFBVERETIE, FRP P AMO#L LI ~, #EH O
ZAHELSREVWLY, PNRBREOHIARIPEEICET ToL b, BEMOREEEL S X
SITH - EBEN B,

Procéhs, BERHIEHAOVTHty MEALIES, BEETRANA < v EIH SO ICH
Y rfidms AL, TOSEERBRSHERS A TOVAR0CEEE CREFR LABREOEAHRE
BRIENB T EBb oz, Lk L, 50°C PLETIRESHORESEc & » BERIICEESET L, 70C
TRERDOZNOH4E], 100°C T 2ERBEORBIE T T 28 S ICES S RE NI T, &
FAILD, BEAILICOLTLESECHEMICRHIELD D, EEHOBRISHOFETH 5.

L L, AMEEEEERINS O E, BB - TERS h 3 RILESERMEE T 20T, WK
BRELBNEEHOESO b2 STWEGIRIC L b, RElICEESEb D IC W (BN, 1985b), L
Fots - TRMAIESRM 2 4+ v PEGLESIE, KEBIBLTOAREE SED LR LGV O
T, BAKOME X ZMERTIEENNS Wb DEEI 0B, T2 T, BEFE LTI, FRPK
EoBEEMME, FEE3BEOEEHNORTERMEC & 3HMEE T ALER/ NS VEER 1 2T 3
CEDBERBETIIEY TS S LYWL, IhERVTES LLERERMBEFRLT, % OMKHER
T > 7,

5.3.2 SEARHERIC B B KRS

iy b S LIEREBMBROM KSR %E Table 13107R7,
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Table 13. JIS A 1304 ic T { EXERMB O KABER
Results of JIS A 1304 fire test for glued-laminated timber beams

FRP#R®D | FRP RO | FRP RO | IREEHE i AR AL
HWAGE pore:s Adhesive | Fire resistance Charring rate
Direction | Dimensions Number | areas tomes (mm-min™)
of
FRPplates | of FRP (cm) | of FRP (cm? (min) SCR BCR
=] 30 x 40 7 16800 30.2 0.60 0.54
Vertical 30 x 50 7 21000 36.1 0.55 0.65
K 15 x 40 14 16800 24.8 0.53 0.51
Horizontal 15 x 60 14 25200 24 4 0.49 0.55
BEEORVERME 53.5 0.54 0.54
Glued-laminated timber with no Joints

SCR : BoflE SHE D RIL#EE Charring rate at the side of the beam

BCR : BOEED 5 OF{lL#E Charring rate from the bottom of the beam

Note : fif kBRI 13, EHEMBICRBFENAEHYORELMA 1OKEET JIS A 1804 12ED<
INEEFT - B OBE E TORR,

Fire resistance times mean the time when the beam was ruptured in the fire test
according to the JIS A 1304 with long time loading.

FEEIAF, KES A 7ESRUTEDS 5 < vEBRMOR KRR 3RV, EES A 7,
30cmx50cm @ FRP#RAEB LD T 3643, 30cmX40cm O FRPRAFHL 2D TH 3050
it kEREE R LU ice EHEY 4 7OWERREZBEET 2 &, WAL THRO FRP RO 3 5A{O 2103
FRBE LSOO, hRO IMIZOESHOPBVEMICEVWMEE TEH BT 5 Lu(EEs
RESHE SN TV, £, BBREAOHBERIABOCANICL 2 D TH 7o —4, KFEIATT
i, S TORMEEE S 1 7R TPORE N -0 b 0D, ThTH 20~25 HEEOM AMEREE
Rt BETREMAEBOBERTIR, BEEROKXE WEREOLSIHARREIE T, EEY
A7 OEEEIHOBRER L, BERRN 245 &, ER»S THEFZTO FRPESHEEL THD
I WEEZ XA 3 LTEESLRO HoBEHsE L CBHILEZ T TV,

RAGEE ISV T, |ES 47, KESA 7, EAEEFLETVERE L b RIBEREOBIENSR
Shtc, Fh, KEAHETE, BASYERVIEAICRONS XD BEAT TOMASORE (L
%, 1993b) REOhBH -7, TNHDI &5, MEAEOERMANMORE LRI, V iy MESD
FEPESIA TICL-T, dFVELLIBVEHEEINS,

B|EHY A T EKES A 7 TREKERIcELSE U BRI, Oty P EATESR U TH L, KE
4 7REEMBAKICEE SN A EATOEEIELE S 1 7IKEXT4ELRE S, ZAENOROE
BLZFEWT E, QIS 2WE RS ERA (KD omEIck - TXEEINE Lo, B
AR ESMGERT 2FEE Y TOHMWKES A TICANTHIT I L TESCBH 2D EEI SN
%o

BEEEROKEZ S AMKEEICSI ZEEIC>VTE, COERD» S RFELSHERBSRS NS, -
AP ' ’
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5.3.3 HAMBROMEEEE

R T » - AR OBET AR TIE, Fig. 52 0 s iR e JIS A 1304 HEOREHEMBAE R
BT Ll TIEMSTOR TV S, ORI, EENTAKBOERBEOL/ILERT DL SN
THY, MARBICEL TR, LS, ARELVIMAEEMREEHRAL TV 5, JomkEERTIE,
HEBEEH 5 0 TEPNEMED 50T It X2 LOERINICEEZ ERS€ 20T, H2HOAHMOEKS
BT 2EEEHE A2 L, SBHABR 2~3 B L, SRMOEREREN 200~300°C IS 7 &
REKkTEIb0LEbN S,

A ORI B 2 RBEECERBDEE L, F3BCBRN L3I OBBXSENn 3
AR OB L, SREOESOHETE, —EHEETHR T 2B NRBOBMIR 3, T,
NS LEBICED S RIGEE RN BREIR AR, AERIR, a-vao) -2 —s-HBRE
MBEHESRE 2 0 THMICHET 2 T R TV, KBRS 10 5L O EENAEE R 36
S5~ CREEOHBIBLHM B LATHZ &P, +OREIEZHT 2ERME 30905 1 KRR
EMAT 288 TH 5 LEEET 5 &, MARBTOESM ORBERE, HBREDEES L URE
B, SBEGROBSHELERVT, —EOEETHBTIFIBRBICH 2 LA LTELITARVE
EioNB,

HEIETELALI—vHo ) — A — 5 —HBOERIC LN, ES 40mm THEES54kg m P Oh S
< v ORBHEZ REHE 40kW - m™2 TIAL 13546, BLRBOREICH S L4108 25K%5~10
AEOPHEERAEE I3 554X 10 kg- m 2. s Thotee COMEEICURTRLIzv=m"/0 &
DRAGEEAETE B L 0.6mm-min~' &7 0, Table 13 IZRLcH 5 < v SR O RAEE I2F W&
BRONDE, T ENS, 0kW-m 2 ORSTHRE T, BN EEE L 2R T T OMR oM EE
BEANUET 2 LT, BUUBEHBE L -/2E VA B, £, EX40mm OAM%E 40kW.-m~2 Tl
B, BUBRMCHEYT 2EEBMRDER RO NIE, EARERM O KRR B 2 RIGEEE TRl
TEILENARETH B EELON B, '

5.3.4 HEBMMAEBOBRES T & KRS

EHIA T7DA £y MEAERMAMORELZ(LE Fig. 52 07T, W EEE LREMNS Y,
HMHADOESLD G 7 & THIBEEIRIC X D BHSRHICED DI L -TVWE T EMbh 5,

LI AT, TKERBRET S BOERMBORMEEL —ELABTIENTE, 334 TEELLELD
I, TOLEOBBELKAR T EES—EOREBREOEERREEFVTHITA LN TELZ TN
E, WA TRAERE & 0 RO REIIRS OFS LEEORBIKRE 5T LIKis, VE, @)
REBEN T (C) L2 MUEx (m) 2RDIRCEERZIZEHAROL S CEDYE B,

x=—;)%ln %) i : ' 63

N5=YOHEKEp E550kg-m P E L, QRIOFEINIHEERE % 012W.-m™ K™, H#c

%125k kg™ K EEE, RILEE v 2 054mm-min~' £ 0 9.0X10°m.s”!, RILBRROEE
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AW ORI B £ O KRR B 2 B158 (FRED
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0 5 10 15 20 25 30 35 40
BER (min).
Time
Fig. 52 JIS A 1304 OfEH#EREEHIFRIC & b NSk
Ui & & ORI oREZE/L

Time-temperature curves for internal glued-
laminated timber heated according to the JIS
A 1304
Note : BEOHIENE 1T, ERMBOEI» 5
& 90mm T, fifnd S#ES a) Tmm, b) 25
mm, c) 45mm, d) 65mm Td %,
Temperatures were measured at the depths
of a) 7mm, b) 25mm, c) 45mm, and d) 65 mm
from the lateral face, and all points were at
the depth of 90 mm from the bottom face.
JIS A 1304 OEEMBABERRIE s TREN B,
Time-temperature standard curve of JIS A
1304 is indicated as s.

BE (C)

Fig.
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RICEREASDEE (mm)
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53 E@HRALORD 5N ZARAMALOERES
7 & ERE O R

Comparison of calculated temperature profiles
with experimental results

1 (53) &L VKD SN BZERMALOERES
ki

Temperature profile of glued-laminated
timber calculated by Eq. 53

:(54) XTo=3L LTCitBEENIHI<Y
ERM AT OBE S

Temperature profile of glued-laminated
timber calculated by Eq. 54 (¢=3)

CH ey MEEEAERMRE JIS A 13041
Eo0TE L 2B flims SFE 15mm O
MEHH290°C IE L & 2OKERHEOR
Bt

Experimental temperature profile in
horizontal direction when glued-laminated
timber beam was heated according to the
JIS A 1304 and its depth 15mm from the
lateral face attained 290°C

TEX4A0mm OH I vHMOKEmAE ISO &
KEEABREEE A AV TS ME 40kW/m? T
mEL 7 BRic, & 2mm DOALE D 290°C
LK & & OB S HEOREST
Experimental temperature profile in hori-
zontal direction when glued-laminated
timber beam was heated according to the
JIS A 1304 and its depth 2mm from the
lateral face attained 290°C

Ten % 288°C, #IHHERE Ty % 20°C & L, T KBEYREEERALTZOBO x 23kD 5 &, RILERE
& D AR ORI E Fig. 53 OFE TR LA LI BEESHREL I ZTTH 5,

CONREHE & BT B, Fty MES L RERMB O KRR TE S N NENRE O ER
fEH LUES 0mm OH 7= OREAHE%E 1SO HAUHABREE &\ TREEE 40kW - m™* TH#HK
LB oNIRE O EKRMMES Fig. 53 1X/R L1, Fig. 53 IcB80T, @3, MAEBRTOMEZRT,
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iy NES L ERMBOERD o5 S 100mm, fE»SES 15mm OB 200°C s L2
QKL HEORESTERL TV %o

7, OISO BAMRBRTORATEET, [FX 40mm OF 7 < YHORE, SES 2mm OE
PEEENE 200°C 1o L & X OES HEOBREN AR LTV 5, RIERE» SFLVES TOR
E%ﬁﬁ?é&,.&owﬁﬁ%ﬁwﬁﬁ%ﬁiﬁ,:n6®ﬁ§u,ﬁﬁﬁ#6§mnéﬁﬁ$b6
EVEICHE > TWh, Th, AMBOKADBTILT 5 & X BHSBONL TP, HEICE - 7KK
SHORBIEOAMICEIEN S T EICL YV RBORAMBKDNS LD TERVR LRSS,

2T, 0Lk bic L ABIELEERT B0, K¢ 2MATEIRE )RcED, RASFE
DIFOBESTOHEENEANEE X —BT 5L BEREED S L ¢=8 LT, CDLEDE
B EER 13 Fig. 53 OBR TR LIcE BV TH %o

COTEDD, HHKREBREEOERMASORESHE, MERKENALERRAL S FUEARETD 5
LEZ LN, 121 L, FHE ¢=3 L LIz SICHRIfEE £< —F L EEBICOVWTIRESER, BT
BTH D,

x:—i~il (TATO) 54

¢ pev T N To— T
Wi, MNEOBESTHSRBREOT AR RIZTHEBIC >V TR T 5. ARENIICIND £
FRETC L VRS N BEARER, RBREBER0SICEY B0y M EEMEORBE S E
Fig. 54 IT/R T,
chick s s, BE»S5ES 3~35cm T 1007,
FExdem KORBAITRBOCLUTTH -, Fi,
Efb SES 25cm T 100°C, X 35cm K OW

BITR0CUTTH 7, LEH-T, 531 0K —
B
SHERARE 2 5 &, 30 AfHKERcBLWTRIC K S Temperature
a.
BEET A2 TV VEAROMmEL, 1807 e
cm, BE¥26em OWERE TS B LEESND, g L) ~aoc
o ; . e - 20~ 30°C
Wic T DBESTHIN KR R TREBIC DL &
' o L 30~ 50°C
TEET 5, EEMBIC 4 H5fFAERICLVAEE
50~100°C
b AN Y = 3 e
Mz e OREEIGHOBRIIBRNTRIN S, 100~ 160°C
- B 160C~
o= "5 6 W e
Char layer

CoT, o RIGT, PIME, | 3 A EHEADE  Fig 54 fNEERE 30 S B 2 EEMAMORE
8 | LERM O, [ ERH OB S Th B, R BESH

Temperature profiles of a beam at 30 minutes

MRaME®RES FE 2R KMFIEIEEEL 5 & of heating
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SUHMENEMEN EEPITEEEIONETELD, o CMBOBIHREL52 5 LB O
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A Study on the Combustibility and the Fire Resistance of Wood

Harapa, Toshiro®

Summary

The purpose of this study was to clarify the combustion mechanism of wood and fire
resistance performance of jointed heavy timbers in fire.

In chapter 1, past studies concerning combustibility and a fire resistance of glued-
laminated timber were reviewed.

In chapter 2, the ignitability of wood was investigated. The radial, tangential or cross
sections of thirteen species of wood were heated by means of the ISO (International Organi-
zation for Standardization) ignitability test (ISO 5657) and the cone calorimeter test (ISO 5660).
Ignition times and the internal temperatures of specimens were measured. No effects of the
specimen thickness were observed. Linear relationships were found between reciprocals of
radiant heat flux and logarithms of ignition times. The ignition times approximately in-
creased linearly with the increases in sample densities if the type of the heated sections was
the same. However, in the case of the same species being heated, the ignition times of the
cross sections were longer than those of radial or tangential sections. In the same species,
although apparent density p and specific heat ¢ were the same, thermal conductivity k& of the
longitudinal direction of wood was larger than that in the transverse direction. Consequent-
ly these phenomena were explained by the equation where the ignition time was in propor-
tion to the heat inertia, the product of k, o, and c

In chapter 3, the cone calorimeter test results mentioned in chapter 2 were analyzed, and
the charring rates, the heat release rates and mass loss rates of wood were discussed. Up to
now, it has been popular to estimate the charring rates and char depths of wood by means
of direct measurement or estimation from the internal temperature rise. However, there was
a good correlation between mass losses and the char depths, and this showed that the
charring rates and char depths were calculated from the amount of the mass losses in the
cone calorimeter test. The heat release rates of wood specimens under constant radiant heat
flux were divided into three stages, and Stages I and III were explained by using the models
of unsteady-state thermal conduction in a semi-infinite solid and in an finite flat plate. The
heat release rates in Stage II could be explained with a stationary combustion model in
which a large amount of liquid fuel burns stationarily, and the liquid-level drops at a steady
rate. In Stage II, the apparent density p, the rate of vessel elements %, and the occurrence of
cracks caused differences of heat release rates among species and surface types (radial,
tangential or cross section). Good correlation between the mass loss rates of Stage II and the
revised densities o' were obtained, where the revised densities o’ of radial and tangential
sections of hard woods were calculated form the equation p'=p/(l-u), and those of other

cases were the apparent densities p. Moreover, the average heat release rate from ignition to
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60s or 180s and fire endurance time could be predicted easily by means of equations formed
from the apparent density p, the rate of vessel elements «, thickness of the specimen L, and
the effective heat of combustion 4dh, .

In chapter 4, the combustibility of the fire retardant wood was dealt with. The chemi-
cals used for treatment were NH4H,PO,;, (NH,);HPO, NH,Br, Na;B;0; HsBO;, NH,SO;NH,, CH;
N;-HSO;NH,, and NaCl. The cone calorimeter test (ISO 5660) and the face test (JIS (Japanese
Industrial Standard) A 1321) were conducted and both data were compared. These data were
important in understanding how the materials which correspond to class 3 defined in the face
test are evaluated by the cone calorimeter test. Moreover, the heat release rates, the smoke
productions and the fire endurance times could be estimated according to the amount of
chemicals.

In chapter 5, the fire resistance of glued-laminated timber jointed with gusset plates
made of fiber-reinforced-plastics (FRP) and epoxy resin were examined as one of the
examples for the fireproof performance of jointed heavy timbers. The fire tests were con-
ducted in accordance with JIS A 1304, similar to ISO 834. Two types of specimens were
prepared for the fire test. One was a vertical type and the other was a horizontal type.
Vertical type means inserting the FRP gusset plates vertically into slits in the glued-
laminated timbers. An extreme change of bending strength was started at 50°C, linearly
decreasing with temperature rise. The test specimens lost 60% of their strength at 70°C. It
was derived from the thermal properties of the epoxy resin. The fire test showed that the
vertical type had 30 minutes of fire resistance, and the horizontal type had 20-25 minutes of
fire resistance. Investigating the internal temperature of the specimen in the fire test, the
temperature of the area (TcmX26cm) of glued-laminated timber beam was estimated as
being less than 50°C at 30 minutes of heating time. This area was in accordance with the
calculated section size of a beam which was ruptured by a long duration load.

The results presented in this study indicate that the combustibility of wood materials
can be predicted from the physical properties, the micro-structural features, and the quantity
of chemicals used for fireproof treatment. Moreover, the fireproof performance of the jointed

glued-laminated timber can also be forecast from the behavior of the joint materials to heat.



