SErk 26 AERE

25 3% fim 3L

HTRERR D JREJFE PABE FZER T X 2 BN OBERE 2 IR AE

2015 £ 3 H

FORERRT
TEEER R MR
dAF =

B B
(FEEE 5 1 5110036)



B1E R evueeessessssnsessssesssssssss s e s ss st st e A ARt e ettt 1
1. 1 R R & H Bttt ssas st st s s s s s sttt st aes 2
1. 2 FASTODBEER ot sss st ss s sesssss s e s st st es ettt s s es s s st s assessssassesassasanses 2
1. 3 FTEEDBRIE K ettt aseas 3
1. 4 SEHEBOKKIEEIEL Z DL ettt sess s ssssssssssssssssessssessssases 3
22 SUMR e vevueereeesssssesasssssssssssassesssssstss s ssssssssse s s s s et s et e e A e s e e AR e e AR e e A e R e e A e e e e R e ee e At et st et nanaenanas 12

HoE BEAE D BRI BT DIRBETZER ..o.veereeerrereerersessssssesessessssesssessssssssssssssssssssssssssssssssssssssssssssssnans 13
2. 1 ARICRU BEEET DOBRBETZBR ..ot ssessssessesessessssesssessssssssssssssssssssssses 14
2. 2 KENTRIT BEEEERDIREETZER ..occveeeeeeeeeereeeressses st ses s sssssssssessssssssssssessssessssesassns 28

P/ R T 1 1T 11T 28
R ] 1 - 11X | DO ORI 44
2. 2. 3 PRASE o aeuiiciicciiceicceercerccerc e e s e e e s s e s e s s s s s s s s s s s n s s s s e nnnnnrnrnnnnnnn 62
B2 TUMR evvueererenessesesssestessests et ssssssesasasaas st st e et s st a s E st A st A AR b sttt A et a e e R e et anaes 68

3 FEBR e veeeeeeeeeese sttt sttt aeas 69

3. 1 0RKRVEA RFBBREFTDOT— B0 Y —R2—F —FBR e 70
. 1. 1 BRI ettt ettt e et 70
3. 1. 2 FEBA R EBRIE I ciecerreresresesssesssssesssssesssssssssssssssssssssssssssssssssssssssssssssssssssssees 70
3. 1. 3 a—rhul—2—F—RBRIEBEDOBEE ..ottt sses s esssenas 70
. 1. 4 FEBETFME oot 71
3. 1. 5 JUTEIHH woveceerererrerersssesessusssesssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssens 72
. 1. 6 BRBRIE oottt 72
B. 1. T BB st 73
. 1. 8 FEBAEIR oo sttt ettt st en 74
BEZE SUMR cvvvvreereseesssesessssssasssssssssssssssssssssssssssssssssssssssssssssnsesassasssssasesassssesassstes s sesesasassesassssesesassssnsasseee 94

3. 2 0FRKUVES BHTEIRIEIE DIRBEFBR ..cvrrereeeeresrssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssanes 95
3. 2. 1 FEBEHB et s s sttt ten 95
3. 2. 2 EBRH R OEBRIE T o sssssssssssssssssssssssssssssssesssssssssssssssssees 95
B 2. B BRBRIK ot 96
B. 2. 4 FBKRITIE ccrrcesreresnesssst s st ettt 97
3. 2. 5 JUEIHE oottt sttt sttt sttt st s senas 98
3. 2. 6 FEBREKRUFHHBEERDBLEIRDL ccovreerreeererererseresresesesesesseessesssessesessesessessssessssesseses 106



3. 2. T FEBIER oot s et ettt 110

R T < T PO 143
BB TR o veneueneerererereseseseess ettt s e e s et a et A A E et e e R AR ettt e e a e a e et s e anans 144
FAE FREE. v veeeeneeusnssessestssssesessssssssastsssssssssssssstsssssssssssessssssssssssssssessssssssssssssssssesssssnsssnsnsssssssseses 145
4. 1 BREEE B ettt sttt s s et e a e e st s s s et et a e et bene et e s e et nnens 146
A 2 BREEAEEE oottt ettt e e et e e a s s e s 146
4. 3 BRFEFT I ceecerresesresestsesssssess s sssss s sss s s tss s st st s sttt et s s snes 146
4. 4 FETEIRDL cereeiersrerisesesessssssssss et ss s s s st ssss st s st ss st st s et e st e a et n st s et e es 146
4. 5 BEEERERT DG ..ot st et as 149
4. 6 JERE TR DB R st s sttt s s 154
S T T - By .3 154

4. 6. 2 BRI2002 DHEEE.....coiieeererereeerereeee ettt tstsssssss s e e sttt ssssssssasassssessssasssassnssessees 154
A. 8. 3 BRIt sttt nans 155
4. 6. 4 KEFEETTIVDHEE et ssss s sesssssssssssssss s assessssssssasssssssessssens 155
4. 6. 5 KEEREZR Y DEH ettt sssssssssssssssssssssssssssssases 156
4. 6. 6 FHEICHWDREBGEEE DHE ..ottt sssssssssssessssesssssssssssses 159

4. 6. T BB R sttt aen 161

Ao T BREERE R ettt e ettt e aes 164
4. 8 B EEADBEERIE ...ccooeerereereriesersssssssssssssssssssssssssssssssssssessstesssssssessssessssessesssssssssessssessesns 164
Ad. 8. 1 FREEH EY oottt eest s s et s e et s e st sss e et s e et sss et stssessssssssenessssasanens 164

4. 8. 2 BHTBURD ettt ettt sttt n e 164

4. 8. 3 FBEEFRDDFIE oottt 164

4. 8. 4 JEBE T EER D E B ettt 166

4. 8. 5 BRAEFER .ttt et et n e 171

4. 9 FRFFFEFE DB LR .t ss s sttt ettt en s sens 171
B2 SR 1 evevurereesnssressssesssssssssssssssssssssssssssssassssssssssasssssssssassses s st s se s ae st e e A s e e an e e s ae et esasaee s e aetnann 172
BHE FE B evseessseesssssusessssessssasesesssssst st st s s A e e e A e E A A e E e E At A E A et e At tes 173
T e v eueteeeeuseeeesssese st s ettt e A e A AR E e E e A A e AR e A e AR A e e e A A e e AR s e e e Ae A e e e s ee s s s e e s s set s anaetnas 175



i
R

e



1. Fim
1. 1 #FEEREAH

Sl HU O BB SALAMEHT, W EDOFH KK TR E 2B E 2 TRE L7
BB TR 72 ST E TSGR IEEIZ Lo THEI S TV 2, ITH 20 577, 2011
£ R ALHBHEABRIZ B W TT ¢ —BASIERBR L, b RN TREET 2 8E KR
LT, ZTOKKTIR, ERNOEERE R & O KSR IEREDPRBENEIZRZ Y T 2 M B3 EE &
7R BER Uz, BUT O KSSERIEHETIR, S OB E Z 102 U8 BN ERER 21TV VR BENE
Dl 2T > TWD, £DI2sd, —EDFHMliZ T 72METH ., RO X 5 ITZE/H OFIFR
RATMEL N EABNCTIFAE L, MERRBR L 1X R A 222 MICB W TIE, HADRICEH A%
BONE Y KRB ZRBREEL S S| RN B 2 6 b, ZORER, Fdo IR 4L

FERROFNEK K TH B,

ZHE L HENOEFER, FEOM TFTEERO L 5 ISR By (70 38) 28H LRVER
V., —EOBBEAIREEE 22820, @HE CETHOFEOEmMNIZIBTRENFE
ELTESE, BlaZeF LS ETRERENZRITHET L2 LN TE L2
AET D 2 ENKRELEMEZHERT D) A TRELRD,

AFSCIE, EEEO BRI ST & AW 2 SR ERZITV. ETHOHEN
TOKKZRE L, LRI TE 50 OMIEEZ1T 9

1. 2 FRSCOMERR

AFRSCIE, FEEROFRIRUICRE S TWT RS 2 W S ER ATV, EITH OB
NIZBWTKERFAE LI BEICZERICHET 2 2 N TE20OMGAEE T 52 & &2 HIY
LT 2,

—E TR, BB KK OB LB R R A EAF T D720 T O $RE HL D K
SRR IST R IR £ L DT, B ETIE, BEOREEREY £ L, H o CHEM
TOHEFEIRA~DENDD & LIz, FH == TlX, BHERFEOFEICHTZD | BENOMERE
TR ZHET DR/ IE L R DB OFBGEREZRE TR, a—r ) —A—F—
RHEA . AHBZRICBITAREERB L OV — Ao —F—REBERBICBI AREER 2 £ &
Wiz, FHUETI, BEZEMAEELZSEICE N LR & | B =2 TH O ER
EEANT, By — T ML DI ab— a2/ 7 b BRI2002 (2 & 0 B L7k
TR AT 52 LT, EfTHOENTREDREAE LG AEOREEEZTE L, HE

TlE, FBUREOFERN D | 4% OEKIE El O K KZERRITONTHRF L, fimme L,



1. 3 EFEOHFEKK

25

DO
e}

—
Ot

—
)

12
10 11

SR L D K S-S

a
a

2004 2005 2006 2007 2008 2009 2010 2011 2012
£

B 1.3.1  FAF D $kE B O K KAFE

#1311 SERE X VB L7z, 2004 4F20° 5 2012 4R & COEKIE U O K S5z 7~ L
ZbDTHD, KSEHRERBERNC X, SGEHE ST M@$aE, MMrgk), €7
V—v), TRNIERERE), [r—T A —), Te—7 T =—) [ hrJ—2] B3R
SNTHEY, AFTHE O —MRAREHE R LSO KK S KA ZENTWD Z LIl
BLRFER S0, ZOERPBITAKOBBUIR TE A0, B L ORI
MNToH 2D EITFEVEE, FFIT. IR ALRE AR OFEA KD & > 72 2011 413 23 1 & 28
LT,

1. 4 SEHEFEOXKIREREL ZOEE
BT OFRIE LI O K FRPREEEL, TBOBEICET 2 8l Lo IEELED 2845 (CFERk 13
FEEZER 151 5) | (Lo THESN TS, TORFIIROEY TH 5,

FOBICET DB LML FED HES (BOEEF O KKK D 2850 % k)
LA HE O K SRR

(BT O K Sk R)

BN =% HEOBEMRIL, Bl BROBBRFICIDAEBELZSILENTEDLHD
TRITHITZR B 7220,

2 T XFBERETLBLNOH DT, WU RRGERHEN RO LT b O TR
EZR B0,

3 REHEOBEMKIT, TRINDKKOBEROELELZ < Z LN TEDIHMERUMET



R IE R S 70,
4 PRI (RAHEBIHE AR, MMEBELOEREENIE T L HELH T 5 EWHEITIL,
KEMMBEAE LT GEICHHIEKN TE 2R E 2R T 72 idZe 57220,

RO X I, TEEEICET 2 Lo FEMEEZ ED 585 11Tk SR EEOBEE A
EINTWD, ZOBMRE T TEGE IR 2 Bt Lo R4 E 0 2 iR ELE(T- Rk 14
FEEE 157 7)) ICHESNTWD, BRI, BB LU 20 K ESERAEEIZ DN
T, THUN80E O kSt R D ELHEIC DWW T (B 50 FFE8kHR 49 500 2) | I KON THL Nk
D KGRI DFEHEDHL Y NSO T(HEFN 50 4E8k+ 9 5)). THU N EEIE 0 kS 58 o0 Jh vt
DEY N DOBIEIZ DN T (IR 57 8L+ 70 7)) 2#EAT L2 L L3N Tn5D, ki, #
BB 2 Bl Lo FEUE 2 T ¥ 2 48 5 5 O R IR E 0§18 HL I 0 K S RIT B4 2 EB 4y i

ZIY

POEIC B DB L0 EEE E D SMREYE (BB O KSR B D 285 & k)

[FEATHH]

1 HEWOKERT, LLFOLE) &35,
(1) H OERR N O E O KK RIT, WORIZLD2bDET D,

B T =7 ERAEE TR D | WERIE (RBMEE ST, ITICFEIL,) OB CED
BENOHDBRITITEE | LTWDH T &,
(EEES TAs AR YD)
SEWY VIR N HERE (RREEAMER OB 2 & T, LLFICFAL,) @
MEFCELDN TS Z &, =L, IRMSUIEKOBZ
NORNE DB T, ZORY TR,
BRM | T BREAEETIIRET D | REEEDGIREEL . SEITE U2 O RIS HEGME DD AR
v BENLD® B PEDBEMR Z 7R T 5 Z &
PR R PRSI IRBESE ) D FREE L LBHTE U T2 ORI ABAE

DORFBW 25 2 &,

PR OMisEE sy L RO BRI Z M D Z &, (HEK
BOMER S FEORBFICIVIFA LSBT
HHAR~OHEBEZ LT OMIEL T2 2 L2000, filx
(TARIRIE D BB 2 5 F T 20 9 )




(2)

JREED KSR, RORIZLDbD LT D,

# AL — Mk & | M Bk | RRERBE (EF 10)
H ik % H# K £ |7 7
[OF
ifiE-aca
Bk BRI | SRR UT, SF L% | ST £ E
#1) LU EDAIRIERES 2) O | # %
SR TeR & %LU R
DRI
RBAR L | OB B TB O TWD 2 L BREEE R (FF O
i) FEOEHEMRAIRLS) KM% ETT DIREEEICRD)
B b | BUTERS ARSI U CHBRR S AL, TR S EHR M O O
I | BN v Bbh D (BRZEERR FFEED
DA | BEREZRS) KEZETT 2REBHRICRD)
b
U4 R
|
S D Lidequs REOB | ARE REOBEWHS | O | E £
E(HHB 6 NI RRIED | 6) ITITABRME DR B2 e %
MEHEERT 5 Z &, THIE,
FZELL | NBMESUIREA AR | A REoOBEE (5 | O | *
g+ HEOMEICTEDLNTZ L | 6) ITIFRRIEDIA % E
DB 3)THY, Kili | 7D L,
DELEMHE 6 NITIT R
PTEDMBZER T 5 Z
Lo
RKIt APRME ST R AR | ANRIE T | RRYE £ | # | O Hh
PEoMEIcEbN G | FAC K T | mowE (fF | % | (F E
DUHE3)THY ., £h | 2B BEYE | % 6) ITIER =z
DBHEMEE 7TNIARRR | 24 L. e | BREED R 4)
PEDOMELZME T2 2 | o MilEmE | 2808352




FYER & 5
ZE, s
5) RO

¥ (H56)

(Rl = O /Y
D R & Al
MysZ L,
B PR RRMES TR E AR | AR REOBIE (HS T T
PEOMEICEDILIE S | 6) ITIERRMEDOR B2 e %
DB 3)TH Y, Kl | $25Z &,
DB E 6 ITIE AR
HEOMBZEMT 2 2
L
W EABS K OS5 5 44 RIRME ® E
e %
R R JER ORANEIE T 2 3TN0 D 72 G T ®
e %
RO L | HERE £ E
5w e %
R %% TSR ® E
/%) e %
B 2L
(fi &
7)
IRAR & BB TR & DL L ® E
DAY (% 2) e %
R | AT REARE | AR SO | Km0 &% T T
(i & | cEbnbD KENL B | H56)I1X e %
8) TE Db | RN
[ 2NN/RSE
i OEEAE (fif
% 6) 1T




P
KT R (i IR, L, MO | O | = ®
9) R RS TR TN [ it i
138 % Yt (T HEA
W | &M | R 0
Gy HEARE ol = ®
i i
T SRR LI ORI RIRE | O | ®
WHH DY AR 5 i i
3L
EARA)
e
ALY | BEG | e # | % ¥ |%| ¥
| e | e || e
135 135 S OO0 £
i

iz 1 [BIR) &, #Eo BE#EEo > SRR L0 b BN E2 09 25, EITRE 0 28
BARHUDERD SRR KIEO =5 0—OHEEL 0 NANCH 2541, BEIRPLR) S ZNFNERR K
D=5y O— DM E TOESE D, 722 L, BIRO—HBEFEROINRE —KE -T2 b DX, 4%
X)) ORF MR ho TFEE L35,

%2 TR RO K] ho TRA%E EORBKRME] Lk, BERBREOHRRICHER L 5488 & F%
XITENLL EORIBREOEREZ AR L TRV | B M O BRBEERE CHET 2 ARIE L1372 5,
%3 [RENTRIEOHEHZ L 0 EDAZ b O 123, NRE TRV B Z & B S TRIEDREHZ L v
FEEbEEb0aEETe,

554 ZRESGERED > b, i FARSEOSGE L R K2 b x24T 868 ICEHT 5 Elo R
Ik, PR EREEOHIEIC LD Z L,

%55  THHBUCSHT DREEEZ A L. 2o, IHARNE MERSH 5 2 &) T 28BN, RIFHMDIF
MEE LIS SN TV D ERREH L AEOEELFHEETe, 72720, MENV NS WEOBIHRIC L
DIEREIERICH B A TSR0 D&KL,

%6 [REOWE) LiX, ZEBREOCEASICIRIIBEOBRIELZ VS,

§E 7 TRLEEHTORRDY L1, F—2 M UfEORICEED D O E W), &8 & &BOM T4
B EREM ORI E Nz N — R R — R ik _=VEL ZOREOHEOIICEEN D,

5 8 IR FIZFRE L7 ORAET HEEADK TmICERELZ X720 L5 IKRTEO FIZE&ERZ Y
fHFTEEICE. Y%y RTHE) & 2727,

%9 TIRTORESRM) 12X, VL —FDOI N~ [TEER,

% 10 QD FE T, FERSHEMOFEOMINL, KO LBV &1 5,

F - MREEAERE KOS O E
7 BNESERE

VAR LIRS

I BISRPE

7 EAEE

3) (VAR VQR)DORF OARPRNE, REEANE K OBEANE &3 BUT O SkE S I I B AR




ORERIE NIV, WEOHKIZED
B B AR O BRIEEME IS

T L 3 — UREE T oL o — LR BETS
X455
Ak | ER | E KB V5373 LA | R’k VN7
100mm LLFDF
NN L 2L L - - - 100mm LLF OEE
T
RO ESIZEL | 150mm L FOE
L L A AN - -
TR IR 20 iz
HY HY /AN T 1 L 2L 30mm LA
RVBRBEF O

AR O BRI ET | IS DB,
% JRIFBAY B L

HER HY Hh Rt bwmEE A | L mL

vy

% - pfb. EROFEE, BERTERT,
RERRT L0, Koz 1 BT,
CHEICA DT, RO LD

BRI |

kil H IR BB ORI E 1T ISR T LB 0 BS HOHEEAFS (182mm X 257mm)
% 45° HAHCERFR L, BREMEZROIEOHL A, 34 o N Lo FEE F 5 25.4mm (1A
YF) DLIATL DL, AT DL D REYREROERVHTE o, M= FL
T3 —) L 0.5cc w AIVTAH KL, BEIDRARE 2 THRIET 2,

PREPHIE X, 770 3 — L OPRBE & RBER (201 T IRBET LR ~ D35 k. B R,
FEELRAE, ROREELBIE L, RBERIT, Rk, ELA. Mk, BRRELHRET D,
LR DOFBRATLEI L, AR Bt OS5 E . P - HEIHE BT e b oz @mRMtE0 H 5
ENCTES A ZBETRE 2D 1m LLEBEEL, 5 UL BB S5, RBENO LI
& 15C~30C

W 60%~75%

TZELKORENI R VIRIEE T 5,




wrunn ge—
#5
/{:«:I-—n@ﬁ

182mm X 25Tmm (BS)

J (HBIT50 X1 0.8t)
N/ BREMETS.4nn
(Af#)eT3

BREA (any%
MEFEOENLD)

(4) (QOFEP. TMHERE TR DL Z L) &3, SEEFTHIECEMEIOREBRITIE 2
BT, T a—)VIRBER OM BRI FREZ SR> TS b D&V ),

(5) (oF . THABEME) L%, LUT o#aE i e BB OB E NI . Kk
KOBUIRIZ L D,

Y/
Vi

REEIMI/m] | A5 kEEf[sec] | R FEEGHE KW/ i)
8 LI — 300 LA F
8 Az 30 LA 60 L E

AERTIE
PRIE H W IESBAMELORBR T E 1 1L, KR T B D 15S05660-1:2002 (ZHE U 72 FiEIC &

0| HERGK 100mm OIE S CIE S 50mm £ TOKRKE & CTREN AR & U, 2
50kW/ m2 “C 10 4347 5,

BRI, A 3 A B R FE B O S E & A HHSARS O Fe RFEBEE D FEDS 10% Al
ThdIZLaER L, 10%RMOHEILEEL 3 HOERAM OT — 2 28 M35, 10%LL 1
LR DG EIITHICMEAM 3 OB ZITV, D DOMEM 6 D 5B, R KRFEBRE
DEFKAE & e/ MEZBRLS 4 OMEM OFT —2 2T 5, REERIE X, RBRRR 5
T S AU 72 HR S8 BV (M) /m2) B OV K38 BGHR FE (kW/m2)3f DN 35 K IRER (D) TAT 9 o

KB, BB DO RDHEGR SN TS 10 UL ERBGFEE LS A EE K E B
7L, RGO RANCERD MRS D ETORM & T 5,

(6) MEEHHE(ARSGHEE AR, ). MEELOEVHEFEFENEST DL HOIZRD, )T
. EEORRICEL-EASEHZDZ &, £, HABOIESTZ2RED R 207
WEIICERTDHZ L, 72720, MABARENEEND RZALTWVITMEZ BTV DY



BlE. ZORY ThU,

2 MUT BRSSO, iR B, BRI E e B, B PESERE e L, RISk
TR H (T ARG OFE KR OR KRR h x24T 2808 I T 2 HmIZR S, ) LT
77 B AERIE A B OS5 B A AT E, @R U 5 OE L2 A3 5 His %
AT DHZ L, T2 L, R RBREE LR DY WHADRRIE, BHIZHLLDZ L
INTEDETIY,

RFUTTERL 15 4F 2 A 18 HICHEAE L7cREEIRES T O FERAK 25210 T, PRk 16 4F 12
H 27 BICET25@A 0 bl S o KRR EEOYIER 77 CTh 5,

Z OBATO KKK RIEREIZE D FClE, 1BF 314 5 A OFFIEES: S B R4 L7 FIE#
KK AR L U CEREEI O RNMEORF D ED SN D Z I, 8L R EHED
WEBIOMIEN RSN TETZ, I HIC, ZOWMBITITERIZ L DEEFBRP Tt TV
Do FRITERE KK I T ORI RIEE, RBEFBROZE 214, R OSE KT 1940
ELARRICIEFE % H L T2 8 kK6 L OV IR B E D L 7 o T2 8B KK TH D,

# 131 FBEAKIB I OKKRIRENE, RERROEE |

4 H H B K IS O SIS 56} 58 HEAE PR T R

1940/01/29 | [EIBKTE kML) 11ER WP, BB 191 4 AEHE 92 4
1945 | %L 721Xz, S 8 4 AlhE 654
1947 | JTERZS BARAERIL b v oL WEN, SEH 28 44, AIEHE 64 4
1949 | 4 RERIEL T, EE S5 4

TR L R EHE 9 4

1951/04/24 | [ #k 5T AL HRAHTER Hifk, FoHE 106 4, A5HE 92 4
1953 | 'R B, WWH 6 4 AEE 14

1956/05/07 | FA i vh £ 15 it mE, FE 14 ABE 2L

FLOH A BR-FL O R

06/15 | FEHLD K SEFHOR TN DU C(BRIE 39 5) EAE R TUARN S (A RN ¥
08/06 | FETHLOD SRR O EIC BT AL HAIC OV C(EhE 58 | BRSO EBKRE, B0
) MHEABS R, 45 B~ DVH K ER R
55 4 1l
1957/01/25 | FEHLOD K SEFHOHIC BT D BT IOV T (B 5 5) BRI 22 i3S % 7 D 7o FEHE B H

10




FEELOD K SRS IR 2 LB 7 DRSOV T (BRIE 6 5)

E & THUT kB 5B H O AR
Z oMz BAkALE LTl

07/16

i};‘j

AL A5 P R S A5

B

12/18

FBHO KK FBUTBI T D LI DO— U IEIZ DOV C(RE 136

)

LD K JEF RO N B9 D LB ST D —FRE B IS £ 9 FER IS

DT (FRIE 137 &)

A-AROTRLE L ONEM, HT
3 2 RS 2 HL 0D K S 3R 23
&

1964/09/30

Hr R ERE SR R GEE 7 70 )

1968/01/27

H LT8R A AR

INAARER-AFAR TR

WEEN, FEEER L, A-ABROHE

] 7S E

1969/05/15 | TEHLD IS T O T (K38 81 7 A-ABRORBEL, FlZA-AR
WA BE, BRAELRET DR
2t B PR L OME A ROk
BEMERER 0 71555 & B kAL

1970 | EEIE I L OWSBLITIC & 2 IRIEE TR 2 BT E R
1971 | (Lips Xz, AL ALE 14
1972/11/06 | [E#EALFERRALEE b > 5oL PR B, B 30 4, A5HE 714
4
R AR J % BRBE SR 2 I BRI
EBRIC & 2 BRBE TR
1973 | [ESKIC L A HBEERR(Z D 1) o5 2 I B R
10/11 | FEHLO K S FEHHHE DO —FUIEIZ SN T L b > RV % SR 2 B %
T 5 AR il
1974 | [E#RIC & 2 BRBEFBR(Z D 2) 2RI B R
1975/01/30 | Hii FE&E 0 K SR D ILHELZ DWW C(#hHR 49 B 2) HFBERIS KOV R o R LDk Skt R
02/14 | Mt FERIE D K S D EIEDT Y TSN T (B E 9 5) DI, BEH ORI, Bk E
B - 7 AREEERR S OB F O
HE
1987 | UTEEIUAMRR EHE 14, A5 56 4
1982/04/15 | Hi F#&5E O K SRR O FEUED I PN OSEIEIZ DWW C(BE 70 | BEBEER(E D% E kS & @
=)
1987/03/02 | IFimEkIE M LRI GERE 4 14 ) E gy BIREICE, BRE S

11




FrRSRE ARG HL A 5 19 5) DEA, BH L L TR R
04/01 | FL[IIZ AR 2 3 3 Sl A ML RN B OV BRI BRI O % | ZHE
LT
1988/03/30 | JR I 1A Ikt HEBRNP DR A, HEHERL, K
e BLBR-A S A 2 — SRR W7 A FOVIERRO F ik EEZEET T
Bahib,
1991 | FAREREHAMTHE I X B IR HE KR % 2 BB AL
1993 | HHUHBIFIC & % #AEF R 5 2 BT S AT
2001/12/25 | $EIEICBIT 5 HAT Lo FEHE A E D 58 A (EASE A 151 45) HHERE L L CBEDTRE Z &1
AL HESh WL AR L,
2002/03/31 MERERLEL
WAt
2002/03/08 | $AIE T[T 2 Hffi oo Mt 2100 548 4 S O BULE([E 8k £ | BLRAY e JEE 2 M
157 =)
2003/02/18 | RERFR iSRG LM T 8% 1 54 ek, BEF 192 4, Al53H 148 4
o R R (1 )
08/30 | JR I SR Mok (Besy), 8 14
FERVATR e N
09/30 | M FERIE O K SO HEMATER IS & 2 RHEE SR 5 2 BT AT
2004/12/27 | $GEICRIT 2 500 EOIEHER ED HE A EOMPILEOWE | FHIITKKIEA K Z EE, F R
A EEFEDORKE
2011/05/27 | JR AL A1 B A L AR, R 79
E1==v b3 4
2E IR
P T Sl O kKRR RS THEFEHE O K RRGTawmEE] Yk 1643 A

i Ei R R,

TERSC, FRK 23 43 H

iii .f’.&

A TEBGIT .

TBRIE FL K SR 2 R & 2 A I BT D AFoE

MTEREIZBES 2 Bl LORHELE D 54

| HORERRE R 5 TR JE R S A I

T EDIRIERE] D 5 BT ERE D K KRRIC

BE9- 2 MR EEYE O fiRE ) L ERk 16 4F 12 A (http://www.fdma.go.jp/html/data/tuchi1612/pdf/161227y0264-b.pdf)
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BEAE oD #5318 B D SRIE FBR
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2. BEMEDOSE M DIREEFER
2. 1 HARIZATZBEER ORBEER

HARENIZIIT 2 8E KK FRD 5 5| FHEZ M 7B FEBRITKITRT £ B0 T, 1970
2 (RN 45 48) (ZIEAE o K ONEBA T 23 [ 3L 2 JH U o RIBEFEBR 2 B2 80 0 I BT o dL
T&7

1970 ¢ (FEFN 45 4F) @AY 36 L ONEBHITIZ K 2 PABE EBR

(FEBNE)

B BRI T TR & B X DAVTWHmAREE L2 2 & h il
B ¥ L OVEBLT A3 E B T35S b o kL& kg U E i L7z,

TERD A-A FEHED I U L < PO % M U 72 Bl 4 FEBRICH W T BIER O
RE A E 21T > 70,

(FBRAER)

FHPLER D S OBR &2 FEARSMANZ TN T UVEE IZ T 2 H DS B 21T o o5 R B 125
W, PR EIT X D KRR 2B IR0 R e E sl S Hiz,

1972 ¢ (FETN 47 £F) KRB K 5 PRBEERR |

(FEBRNE)

KRBT 2238 8 28 R PRt U G BRI € Bk DS I8 A4 L 7235812 36 1T D D IR Bk
T, BRI ORI 2B E T 7 Bl oW THER T 5720, B £l L 7=,

5 [ A A B A B NS BE i L, R O SR EUE R R L 0 | AR B L O L3 —
2L ARBESE. MOFENTTAL L ORI 2 BRI Of,  ~ o RVNORERE, kL
NOREE 2 EOREEIT- T,

(FEBRAEIR)

PEMERE RS Z O b o RV NIREEIC DWW CRIEDS 22\ 2 & DNRERB S U7z,

1973-1974 4 (FEFn 48-49 £F) [EFKIT X 2 BRIEFERR 1iiiv
(EBRNE)
FEgRALRE b o R L NICE T B ALK SEH#(1972 4F) & 3% 1) | SRS 2B X OV
B CIRIEER A (T o7, 7T v ad— D EFICET A8 P A EOHN & L.
IR &% B FER LT, AkH7 KIE, T =—L 400ml O, T 2.3t T

>77,

14



(FEBRAE R

ML SV X, A ER L BRE CEARBEA L B L R THAERFL T,

LM A L7127 7 v v a A — =R A L5 EMETIE. S RAVNTOSE
KEDGEIT, ETEMGEL, RSN S 2 ERAENTH D Z & HEDHER

iz,

HEARBFZEE N IISF IR B 1T DN K SRR ORE -2 L 72 B B2 B 7 A0 FTE S
NTWa, FRICFOETAMGEDOE L DA T,

FRBERRYIEA KRR E T T BRBE L O
POEBANIIZERT HIME  FPREIEERER IR IGER (HFn 48 428 H 28 H~9 H 1 H)

RERT|BEAEK (AR 27:12)

. fheE= BENE B 2
HEE AER (F/7\11) (F7\11) (F/\11) RIE=

G QL O Q0o G g U

BhsgE D ENGRE kMBS (AR 28:42)
AR, EEREFTONIED « « « 2T I ABBET L IR
BIFHT A« « « A TT A
WS - - - T AR

M BaE O (FFERFH 32:21)

WIRY « « « A7 I U1EHET L IR

G o BIRVEMIEE 7> b BERIEY L X Tk — A
PRoe - - SR Hifbe =or R A

- - - Y H— R R

M - - - 2R

HRFHTA - - - HAD T A

WL - - - T A
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TN BRERMEER

IZERs Fih (kg)
N—RAR—F 492.5
B 372.3
fA 348.8
&kt 218.9
VRV R A 184.3
Wit (4~ =L b) 140.
Z DA 460.3
ARt 2,217.1

SCERIE bR E KRR R T L0 PR

HFEIC L5 RMEDOHEE
BN RmEAEYS Y
AR
L VR (ko) AR B HEIR
g
(kg/m?)
B E BEFN 39 4F 2115 25.5 A
HTHD ANEE
WEFn 41 4E 747 13.7
(301 %)
Fra kB
BE%FN 44 4E 1520 25.2
(%~ 180)
SITREN
AHEFN 36 4 1611 26.7
(%%~ 58)
FEERER
%0 43 4F 3036 52.3
(F % 20)
FRBERRH
WEFn 46 4F 2496 41.4
(F % 14)
— 5 JEE f 7
AE%N 32 4E 2217 40.6
(F,~N11)

KERIE b oL L RIOHR K8 L ok
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AR

Bk 1-1 Rk 1-2 Ak 3 AR 2
PR 32:04- 34:53- 38:09- 50:40-
HIH 8/28 8/31 9/1
K R boE ) 11 R TN 11 R E
B 20 ~— B 40 ~—
st | KA HBE 20 < — BLU BLG
2 7 V32— 200ml 7 )Lz —)L 400ml
) g BT B =
wEGIF B &
Z2 - s P
EATIRAE 15 H HKT% 8 4y THH FO.E&IZHH
BRI
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FERD I 51T, JEJH O ZE BRI B BAE A 32 C 2 B
HUCE B E W TE KT 5, KIRIZT v a— i H
WDEE ., TV 3 — VT R RO EEE b 7oy

BT R, B THT D5,

MM 1T KALE DB _E &2 OLE D B — I
TRELIAZ AR & ARGE LT AR | DR E ST
WD ZERI S HEM O AT O IR I A& KALIE D R
JEIVZAEE LTz & & OBBRAR 51 & 72 2 e OE.




FEBERF

#HER 1-1 FBR 1-2 Bk 3 FRBR 2
» 75 JCHL(F) 25C 60°C 670°C 1200°C
T2 | E - B EL(H) — 22°C 24°C 25°C
T | HIE - BhE#EEL(H,) — 24°C 26°C 35°C
i 75 KHL(F) 45% 45% 100% 100%
?g\f HIE - BhREEL(H,) — I danncncE 20% 9%
S| B - B ) _ 0% 8% 329%
- & KHL(F) ydanpcnch fanpcach 4.6% 6%
% HE - BHFEHL(H,) — 7 danncncE 160ppm 220ppm
R\ == . gk
o WiE - i) - T daehcarn 30ppm 380ppm
S 4 HFE - Pt H(H)) — | 20 L THAAF | 20 IETHAF | 20 PEATAAF
B S o oo
5 W E - DI () — | 22 PEATHALE | 22 I TALE | 22 IBATHALF

LK) ~BNIFENTORKEZ T,
KEHEE  FKEOWBRICHET 5. Himm 2 SR b dod U7z i,
DS SENNVE VIR /1S o5 BN E 3

AER 1-1 (B4R 32:04-)
FEJIRDOFERED HDRBE L, T DIRBEIC & o TH UTo kRIT Ko TR R A B < B

T DR TR ST A REL LT,

WL, A5 K4 5 0y 34 B CHIMRONR 2 D& 2 L [RIRFIC HAREEK LT,

B OPRBER D, JERE D RENC BB L-RETh o 72,

3¢ “ - e
o

1-1-1 5 ktk 1-1-2 HSREEKFE D LS DRI
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ABR 1-2 (FF4:I5[H] 34:53-)

BERPOERZIT, KRITHEINCET 208 L0 b nOEmI E TR L, B
JRIE L ORI E U7 v IERE IS B &3 KSIT AR U, RS TR AR &
ENTEH Sy OAHBLBETET . TORPFAIITIESE L h o7z,

7770 b, KPR R ORI KD B 1 43 TR 50°C, MUREEIE KD
6 7 CRANMEIZE LT Z &R FEAI 5,

W, HK% 2740 TRITVNEL 2D BHEETETHET Y PRGNS TR0 Wi
IZH BTz, FRRIFEBTHRE 60°C, MRE 35% Th o7, FHEZLEEIE O HMEN DT
DIZIRD BT, R (13 43 42 B) ([TIZAREE AL Tz,

HUE OPRBEIRTL, R X RANCER L2130, M (RY 1—RFx— b)) 83 —ias

LiclizE EE oz, ETLTHILR Lo T,

1-2-1 75 KERD 1% 1-2-2 HRBEKE DO JFEST DR
TTTTTTNERN K2 IRXROREET
R A

-4 4
max

X 1-2-3 75 KIF B oo E i 5
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ABR 3 (FZERFR 38:09-)

RO DER BN KRITNM 2 5 1Tl x . KIRE_E ORI ERE L7 aT I IERE L
2o HEHE LTZ AR O KRITRHZR D LI L TIER LT, M 3-4 DL H 1T, BHAZOH
NEBIEET D&, LY EERKRICEVBEE L bbb, 202 b, Itk
LI R OIS K0 . OO E K L. Rx &R O w4 73
HRKUBENRRITIERE L T o 7R T TIATE 5, A% 8 W CHELILZ LT, ET
XD RPN ENITA LIz 2Dh KR SHEIT OB ITBRBENM L <. —Ho
RIED GG LTz, &K LTI LS O FEFEI T BEOTEBNI R bz o7z,

(G KB 13:30 TIEH,)

X 3-7 22, A KPR EE O BRI EE 1345 KD B 5 43 TR 500C. #9 9 93 THI 650°C

TELLEZEDRTAIIN D, Fo, BREITE KD BK 5 0 TRIERFRICE L 2 & 235
HHLAL, CO JRPEITAI 10 79 TRARME L 2 -7 Z EMRFARN D

ZORERD G | HMEBOE DR R T E T,

WL, &K OO, 30 WIED . KADIAIZIESE L. 6 5 50 PEEIX=EN
R LT, BRI T T v vad—_—CELTRELZ, ETHIIRHBE L SLRE L,
9 /RN IRE TRAED biviz, HERLE CITFHERIEEN EF L 670CIT#E L, 15
HilF (135730 7)) 12230 CThol, 1FHE (18 4)) BH T A& oT=h, FEKLIgho
72

B OBRBEIR DL, % ﬁ77//:ﬁ~A~ E%Tﬁkbto

X 3-1 75 K EAD X 3-2 B O FTRAZSERE L 7K1
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X 3-3 M PTRM) DIERESR D RIFERORET X 3-4 HIRELKIE DN ORI

%] 3-6 [ SREE K% D KR FER ORI

4 3-7 35 KPR _LER O MIE AR

ABR 2 (F/ERFMH 50:40-)

KIS 3:30 T ROACE Y FIHTIE LTz, ETICK Y ZRBERNITHA L2720,
R SHETH IR O%ITITIE L < BRBE LD D KRAEH LTz, D% 9:40 THIH
(TF1E U, ZOR R CRUCR LT M O% T DRERI P, BIRO—E GREZE?) 75k
RMBEH LTz, BN D 14 3H%ITHKIE K, HKRZEDOFENOBIZE TIZ, BB L2
STZDPFIENREPN R BT, KIFTRETHEMAREL LT\, £, FERITE K
BN SHEITHEOBFTIZELT-ND 7 v a U HNERICREE LERANEH L TV,
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T, KABWMLHBEEHE L W2 LR T,

77 70 KRR EEOIRE X F.O.0> 3:30 THJ 900°CIZEE L, FH#ZIZ—H., 600°C
KHBWVWETHREMETT 250D K557 5K 1043 T1000CE 2 72 2 & BRI D,

PHREHLICEE L2 T > NI DI C D ER TEX o723, AN A T L
TeZ WEREs &5 LT BB R O B HER T & 72,

AR 3 CILMEI R OIEREICE £ o723, BB 2 O LS ITKIRTH D FHME T3 —
JVHIERER 3 OfFIZZ2 Y . W HASMIBEABRM S D & FOAZE Y KK DGR A KME (0
T5HZ LR pinots, ARIOEBRTIIITON R o7z, BBk 2 BG4 CHR ks LT
BHEDOGEOFRD DL, BIMEBGEDNRP LV B TE 2O TIHRWN LKL S,
BRI HITKRRITHEMITZE L, 30 PR KIEITIENE 2 77 30 B CHEIX=PICFEm L, 93
DCTTTyvaAd—R_"—IlEo7, 3730 THE, 755 TNo8EHT A (T&ilar) 7
Flav, KENHAMIEAN T2, EATHITE Y RMEAEE, BES, BOomE L, %7~
2o 847 30 F)% T No.8~No.11 DEIR LFELR, 9 77 40 B TIFHL, (FHL & A5 KALD K JITHEL
K U7z, 1347 55 B TIHA & BlhA L7,

EATIC R o T kBIIR G ~IER L, BALEIIAT L W RE WL Z T2, Lol
BALOPEETHHEAY T T Ad e NI - RE TREDRAZIE L7z,

2-1 75 KEFOH 2-2 M O TR T AE R
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v k!

i B .
soadf B b W : Ty
T alaiR b e R Y

2-5 {FHER DIEBELR DR 2-6 {H K& DHELTI5 18114 J7 D FL AL

2-7 KB DRIFOFALDIFEH L TRBL X 2-8 5 K% D AT O-F A A3 8 HY L 7R
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mERR K2 (Nkebate)

e

SRE
ORE

—a

L]
£ nmans f

[X] 2-9 14 k1% D BAR DGR [X] 2-10 75 KIE 380 o0 ) i 5

1991 & (FpR 3 ) HASESMHAIC L D MBEFER

(FEBRNZS)

H ARGRIE BAT i 23 23 AL TR EARWFZERT D FER b o RV FEBHFZICIB VLT, ER
FEIRPL AR O R BRI L O HENRBEEBR 21T o 72, KIEIL, FEbIABRAIRHEHEL, =
F T v m—/b 300ml F 7% 600ml, ik L OUTIH 400ml A fLA~G o THEME L 72, A
KOLEITEFALE & LT,

(FBRAE L)

F A ARG TER O BRIV T, PR EL AL E T OIRE EA SR bl b

v KRROBAERLHE RIFESEORIUL A DR -T2,

HPIRBE SRR Tld, KRITIERE T, ST ZBRE BRE K, £k 5 5H%ICBN TS 7~9m
DOEFDHERZI, B ER X RIEE DR & 2B Lo, £z, BRBEAER T 212
DNTH ARIZZ @ ThH T,

FRER & b KKOIERITZR <L AA EIEBE S O KSR 22BN ER Sz,

1993 £ (FRR 5 £F) FIETHBSTIC X 2 MREBEEER |

(FEBRNE)

FORTHBG 7 D3RR BT JEFT IC BN T AT Z O b O DIRBERER IS K OVEESF 72 & 0
BARRRAE OIRBEFBR AT o 72, S BT, EHITERE X TR 2 AW ToRBEFER 21T -
Too FIBRIZDOWTIR, BN A~OR HIAGZ D FIRERHIFH O KR T, BEDOERIZH K
ENWHLOTHoT,

BHENOKKEZBELTZbDOLE LT, 2L B A-T=2y FR MV ERELTRITISICA
NlebDx kP E Lic, £7o, EREMOPHERTIZ, N2 77 T70OKKEBE LT
HOE LT, M 400ml ZYBGAERT- b D, BHER TFOKEZBELIZBDE LT
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FA NI 2L EAi A AT b D& kPR E L THME LT,

(F2BRAE L)

SEHL SRR TId, KIEANRRIE S VT PERE 50 & 2 O I ANREE L TR EE I Ak F - 7223,
MBFFEBR T, KB KR CNBEREB A S -5 A 1L, BBENIERT 2 ATREMEN AT
ETERVNEDE LTz,

JEPREEIZ DUV TR, Cs=0.1[1/m] ZBEEERR AR & L7256, KOTH M ClL 2 43 ~5 ST,
A 22 Ll C U RS R BE B AL DR BEC 5 73 ~10 4 TiE L7z, WS EROBE & NPT 5 =
EIMWETH D Z LRI N,

WRBEA R A%, FEBRGAEORBEIER I L o CRELS BA D03, B K% 1530 B~
TANBITHT DG OENH D 2 L DR S LTz, 7272 L E@ifsBE & PASH L 72 IRBE I,
BEEEE I COEENIZ LA ER)o T,

KAMMOMWE FHZFBE L, FERNICEHE S DR EEERERASORESLETH
D LR S LT,

2003-2004 £F (SRR 15-16 £F) Hi T EKIE DK K RBRETSIT K DRBEFER |

R 15 4 2 H 18 HIZHsA Lo mE REN T FEkIC I 1T & KK Fl A =21, B 2wy
EWBAIT I, S E O T ERE D K KXIRIZ OV TRAEBITHET 2D 72, THF#hE
DKRISTRRRI ] ZixE L, Mat=I3 15429 J1 30 H & 10 H 1 HIZHETFE, 16
204 HIZRIEFERAZFM Lz, 22 Tid, EmMFEROATLHT D,

(FZBRERY)

Bl OBBEFERIL, EREOIIICINETHHEBICL s TEBINTEX N, ZED
BV kR E LTRBERBRIIIT O TR o oo, KKIR T O H i O BErIR 2
R+ 25 2 & & HIICBBE R M Thiviz,

(TR o)

FEERITIE BRI FET O KHBEFRIR D 35BS (N1:18 X 18 X 15m(fi &) TiTbhiz, &
BRI, BUEO KSR & U FEkEE (EE 144 A, IRMEFE 50.2m2, e KT
1% 20,000 X 2,856 X 3,900mm(i= &), HE 35t) Vo, 72720, ERGOHIKING, HE
THEEORFH M OPHE TN L, UIKmEIIE 2 S22 50 0 25% LA TR L
Too MAT, BEMORHHDO 7 —F—2 =y MR L, & 2.1.1 ([ZFERELH OHE5]
AR 2 7R T,

KPR TR E R ER T FERICH1T 2 KT ST 2 4L 0T Y ) U ERA L, ZOH
ANLE, KEIERICHELZ RIET EE2 LN RIEOMEMAMEL, B OS82 2 TERM
oz (F21.2), 2B, FAIO THEIERIZEL Y . REESHASREDOS G, BXICK
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HARBK DMERE S T,

211 FEBRER OMALRIME A B

v ook
il R Z XA a4 b
Hhok a—F 7
JEE i -
Y VT RAT T =1y s
Tk tomg X —RY
RE b v = VB
% VAN =IVZLEE: B Y [l =l = S A /4
#21.2 EBS&MH
10.5 } VY A L
FER 4, KHHEE IO | KIRALE
7S JRE Jis
1K EN TN 7 (% BE 3.5 0.5
09/30 Uit o
o2 FHEER FRP Jr AR B Jik 1.0 1.0
=BG RS
%3 Ehr FIR 7 L 2 1.0 1.0
Jr A8 BA Jik (Rpin
10/01 —
AR | AT IURIIET VR Rl B s 35 0.5
Vi ]
%5 5 B FRP Jr A8 BA ik 3.5 0.5
(SZBRtEk AL)

BHXHT ICRBMRBEC X0 KRITRIFE TR L, HATk 30 R CABIIR K & 72
ST, ZDOEZXDORAENDREE TOWRMEIL 800~900°CHOBIRIZE LTz, 2 SSENIZH Y
U NI A D& T, BMEIRESAMEZ S &ITHER L72BEZe & OB 0#EH 5 ORI X 2
SN ~DOEGRH GREFERLSY) 13K TR 25MW & 722 o7, — 72 K SIZ BV T, kil
IVTRRTEBE DK 6~7 BIRLE A H0 D 2 L h, BEENOREAEITRKTH AMW FEE &
HEW X A7z, RIFHEISIND 2 B 1E 120~150kW/m? & il O - k5T L 5 100kW/m?
%2 D BURR N IIE S Tz,

RHIHMEHIWT O AW T BIERILRE T, AR £ 2 2 & 2 iR
Mo, JERGFS L OMEm, IRMEII AT Y U o OBRBEZ X 2 MEEZZ T THIEREILR Ld7onwz
LM ER ST,
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HL D RKIFE T T D BRBE T A DRIE T, 55 Kk O BIL7REE & [RIREIZ R 23
BEINDEEHIT, —BLRFEIL 2~35%ICE L, AR OBRFECTHLIRICEDIRE L 2Tz,
2L, ZTOREEIAT YV OBREEE EHIZE L LTz —RTh o T2,

53 EBRTIE, KSKEMMOBEEEE A B L. BB 0 EUmBE X PASH L 72 REE T
HAEER ST Y ) 2L A AT LB EEEL I A~ DREFER DL O MERR 21T o T, FERIT, Y U
Z AT U 7ol S T DR 36 K OVRIE . WROD TEANANE L7223, BREZELI DT T 2 DK
B, BRA~OEEEe £ BHER I~ ORI SN e o T, Teds, WRILHME L=
VAT THMUSIRBELT=S, BV U UNRZS& D L HEMER LT,

ZOEIITHEOMREEFERRE A TN & FBEHENTD K DR ERKREE KN RAES
DTN, A-A BEOSESZ DL EMEOHEGR 2 HIZERPITONTWD Z E RN D,
Fio, KIRE LTUIEY), R T OBRYIERe & OBEINC X 258 K7 EREE I TWT283,
BTIZ72 % & FHIAZKIE, FRTHKZ I AN RAIEDEEESND KO- T
W5,
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2. 2 CKEITRIT 2 HEEM ORBEER

NIST (National Institute of Standards and Technology: K [EEUEFATR) 1L 8kE Bl 0 k S22
PEEERAIINCHET 27O DEREITV, 72 —X I~NIZbhblbHEEICE LD, 7
=X TlEa—rhu ) — X —x—% R/ EZERIZ X0 | MBI BENE A 3T L
TWo, 7=—X Il TEZ77=Frv—hnl—RA—=F—2H\hEBRERICID .,
JiE 72 & O BRI OBRBEMEZ 3T L TV D, 7 = — X Il TILEHM® 2 Ao 5 KR Z1T
STHEY ., MEMRITHEZIT> TS, LLFIZ, 72—X I~ OERER S ZFIRR L7 b O
ZELHT D,

2. 2. 1 Phasel
7. SUMMARYY

7. B

In 1984, the FRA issued passenger train fire safety guidelines that recommended the use of certain

flammability and smoke emission test methods and performance criteria for intercity and commuter

rail cars.

1984 4, FRA (Federal Railroad Administration 3 F3&kiE (& BE) 7)) 13RI &2 f S A H KO
WENH O BT T D, BONORBENE & FIENMEDOFABR T 153 KL OWERE AL HE DRI ] & H#E

B D IRE SO KK ZFas 2 H LT,

The FRA issued revised guidelines in 1989 that used terms and categories to more closely reflect

passenger train design and furnishings; smoke emission performance criteria for floor coverings and

elastomers were also included.

FRA 1% 1989 4FIZEZGT L7cfadtZ2 i L7c, TORE T, BHEORB L UOWNEMIZ, XV

BRI 2 HEERC K 2R o To, IR EMR= T 2 b~— (G5 FtE R =

LEITAD LR 5?) T 2SO EEL B T,

Since the guidelines were initially issued, there have been very few serious fires involving materials

which meet the FRA requirements.

FEEI D RANT H S TLEDR, FRA D AERAF 23 BB 5§ D Rk SUTIT L A L

Mol

Accordingly, as part of the passenger rail equipment rulemaking process required by Congress, the

FRA has proposed that materials be required to meet the 1989 fire safety tests and performance

criteria.

L72MRoT, R THELE INDRESEREDONL—NAEY OBFEO—F & LT, FRA X
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1989 4E Dk 2z 4xahli & VERESLME AT T M B 2 1R L T 5,
In addition, the conduct of fire hazard analyses would also be required in that proposed rule.

S BT, ZTORE LN — N ORTKRESERHT OER S LETZS D,

Considerable advances in fire safety engineering have been made since the original development of
the existing FRA requirements.

KRBRETHOMY 7R IT, BED FRA DERGFHEOER YN H RSN TN D,

Heat release rate (HRR) is now considered to be a key indicator of fire performance.

BIE, FEEVEE (HRR) [XAKKMERZRITRBIURIFEL LTEZ LA TN D,

For a given confined space (e.g., rail car interior), the air temperature is increased as the HRR
increases.

D —EORIR S L7z ZEM (B2 IXBEE I O=EN) TiL, HRR 23T 51224 TRIR
T EHT D,

Even if passengers do not come into direct contact with the fire, they could be injured by high
temperatures, heat fluxes, and/or smoke and gases emitted by materials involved in the fire.

T2 & AREDKGATEEMAR2VIRIBE TS, REILKEFFO SR, BRSPS K
DI SN T ATE ST ONDTEA D,

Accordingly, the fire hazard to passengers of these materials can be directly correlated to the HRR of
a real-world fire.

LIZi3> T, 2D DB ORE~DKESERRIT, BEEDKI D HRR & BE ST 5 Z & 73
T&E D,

Test methods using HRR, such as the Cone Calorimeter (ASTM E 1354), have been shown to better
predict the real-scale burning behavior of materials and assemblies in a more cost-effective manner
than previously used test methods.
a—rfnul—A—4— (ASTME1354) D X 57, HRR Z AW /ZRABRGIAIL, BIATIC WG
NI GE LD . BB L O BB OB BEM IR A LV B FHIL. K0 BHRR
DEWHEE LTURSATND,

HRR measurements have gained worldwide credibility for the regulation of building fire safety and
are now being examined for a range of transportation vehicles.

HRR HIEIL, B O KKZERA TR RENEZH TR, BUE, e Rk dEmo /-
DITHFT STV D,

HRR data can also be used as an input into fire modeling and hazard analysis which allows
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evaluation of a range of design parameters, including material flammability, geometry, fire detection
and suppression systems and evacuation time, as well as design tradeoffs which may arise from
combinations of the parameters.

HRR 7 —Z X KKET NRMEROFTDOATI L LTHME S Z N TE D, fabrotr &1, #
BEOBRBENE, TR KB « KT AT b REEERF R A5 Tobk 2 70 R GHEEER D T 2 FEATh
THZETHY, NIA-FOMETIZL DA LD N L= AT 23 HET52 4 THH
2o

To assess the feasibility of applying HRR test methods and fire modeling and hazard analysis
techniques to evaluate U.S. passenger train fire performance, FRA has funded a comprehensive
three-phase research program which is being conducted by NIST.

T A Y T DIREFNED K KVERERTAM D 72 D D K ST T NN & fERRSHTEAT . % LT HRR
DFRER 71O 2 Tl T2 72912, FRA I NIST IZ K VAT TWH a7 3 D7
= — AOWFERHINICE SfEfta LTz,

FRA will consider the results of this research project in Phase II of the passenger rail equipment
rulemaking.

FRA X7 = — XM DREFRERX D /L—/AED O T, ZOWET 1Y =7 FOFEREZEE
TH1EAH9,

The remainder of this chapter summarizes results of the Phase I work effort.

REOFEVIX, 72— 1 ODIEERROBREZENT 5,

7.1 U.S. TRANSPORTATION VEHICLE REQUIREMENTS AND RESEARCH
KN 2% FRL IR 0D MBS & AFFE

A considerable overlap exists for transportation vehicle fire safety requirements which are generally
based on small-scale test methods.

— I ANBAE D RRER T I IS < ik L O KR D LRI Z < OEBENFE
ERAR

The performance criteria are prescriptive and intended to prevent fire ignition, retard fire growth and
spread, and provide evacuation time.

PERESLYE TG KB IR KK DR B L OIERE AR S5 Z & £ L CREEERF R 2 fEfR 5
CEEBRLHAEL TS,
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Small-scale test methods have historically been used to evaluate transportation material fire
performance.

NI DRI 7 1 T AR D K RMERE A Tl S 72l ZiE T SN TE T,

This approach provides a screening device to allow interested parties to identify particularly
hazardous materials and select preferred combinations of components; material suppliers can
independently evaluate the fire safety performance of their own materials.

ZOGIEE, FIFRBHRE D LV DT AR 238 LR ER O £ LG DE %
BEZLEAREL T 50D FEAREMET 5, Tk, MEMEEE IS L TH
H OMEBIO K FE 7 MRz il 5 2 LN TE 2,

7.1.1 U.S. Rail Transportation Vehicle Fire Safety Requirements
K [ i 2% BT O KSR D WL

FRA, Amtrak, FTA, and National Fire Protection Association (NFPA) 130 all specify identical

small-scale tests methods and similar performance criteria to evaluate the flammability and smoke

emission characteristics of individual component materials.

FRA, Amtrak (4 KEREREE@IEAT) . FTA (2). KEP KEZ (NFPA) 130 (I, fE 4 OHf

FR SR DM B ORIBENE & FEMENEDFME 2 3 I 5 72018, [Rl— /N D FBR T5 15 & FA 1
DPEREFEHE 2 AARBIIZE D TV D,

As part of the passenger equipment rulemaking process required by Congress, the FRA has proposed

that passenger train materials be required to meet these test methods and performance criteria.

R TR L SNDIRE BB O/ —AED OEFED—FR & LT, FRA 1T SIEOF L

TN ORBRSTiE LR EA 2 T ENH D LIREL TV D,

In addition, the proposed rail equipment rule requires that various fire hazard analyses of existing,

rebuilt, and new rail cars be conducted.

S 5T, BESNDEERM O — VT, BEFERUE, £ LT LWBGE B Ok~ 72k

RIGRAT B ATOND Z EZERL TN D

Amtrak recognizes the need to evaluate individual test data in the context of the intended use of the

material.
Amtrak (I EFO X S V72 i@ ORI BT Dl 2 OFERT — & 2 507 % LB Z R
60

Accordingly, Amtrak requires that the test data is combined with other information (e.g., quantity
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and location of material, potential ignition sources, etc.) to develop a fire hazard assessment to select
materials on the basis of function, safety and cost.

L7e2i»> T, Amtrak (3, BERECL A, B ICE SO THE 2 BIRT % 12 00 K S SERR D)
ErRRESELDIC, ART —Z 2MmofFd (B2 3B OBCRE, EER 28 KR
RE) LHAIEDLILEBERLTND,

NFPA 130 includes a “hazard load analysis” method which is an attempt to provide a simplified and
semi-quantitative analysis to assess the overall contribution to fire hazard of the materials used in
rail transit interior linings and fittings.

NFPA130 (Standard for Fixed Guideway Transit and Passenger Rail Systems) ([l & 22 PN #L 4% 2 &
VAT LT DR 1, SHERREOWNR D LEBITHE S DM B KSR~ 4
A2 H KA Rl D 720 Dl Bk ST E B R o 22T 2 A TH D [fERA
o] FlEzEA TN D,

However, current fire hazard modeling techniques and correlations can provide a more realistic
assessment of the contribution of materials to the overall fire hazard.

LInLen o, BB KESERE TV Eir L FRBIE. 2072 KESERA~ OB O H#RIZ
DOWNWT, KV BENRFHEZREET D N TE D,

7.1.2 Other U.S. Transportation Vehicle Fire Safety Requirements
Z DA, D A [E g 125 HLE D K I FE 4 D WL BELRA:

NHTSA motor vehicle requirements use a small-scale test method for all interior nonmetallic
materials to provide a screen against those which ignite easily or initially burn rapidly.
NHTSA(National Highway Traffic and Safety Administration) CK[ELEfH4E [EE B 4)F) © H#)
HOMLBRMIR, NEERR OB EHZ I UL ORBR GIEEZ V5, /IO RER T
TR %A 2 T BRI B G A6 KT D 538 2 WITHIINC BORITRBE S 2 &2 i+ 2,
Current FAA aircraft flammability requirements for interior materials specify a variety of test
methods including small burner tests, oil burner tests, a HRR test, and a smoke generation test.
BiTE D FAA(Federal Aviation Administration) GEFRFTZER)) OMLZERED NEEREHI HT 5 BRIGE
PEDOMBESMFIT, AT — N —F = RO A A 3 —F —3 R, HRR #Bh, R %
Gtk a BT EEZ HUE L T D,

The FAA-specified small burner test for ignition resistance is also included in the FRA guidelines

for seat upholstery, mattress covers, and curtains.
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FAA ICHE SN TV D EKIEDIZ DD AT — L Xx—F—ikBR T FAA DEFE L~ v b L
A= =T ORI bEEN D,

The oil burner test method specified for seat cushions represents a severe initiating fire exposure in a
post-crash scenario where passenger evacuation must be accomplished within 90 seconds.

JEI 7 v a TR DA A NN —=TF = BRO AL, 90 LIRS 52 T L7221
MR D IRWEREZEDO YT ) BT 5. FIFOH LD KK DOIMEZ £,

However, this fire exposure severity is not typical of the majority of passenger train fires.

L L72Rin s, ZOKREDIMERDE L SITIREHIELK FEDRER 7y THAE) 70 6 D TiEAev,
Moreover, the rail operating environment provides an evacuation route with less likelihood for
injury.

S BT, $RiEOEHBREE TITBEEER I CEEFICE O WREMEIE. KD,

The FAA-specified HRR test method uses an apparatus similar to the Cone Calorimeter.

FAA IZHLE STV D HRRERER T EIZ 2 — o n U — A — 2 =2 L P a 3 5,
However, the Cone Calorimeter provides a more accurate measurement of HRR.

A=l —A—=Z— 3L IEMER HRR OWEEL G2 5,

The existing USCG passenger vessel fire safety requirements primarily rely on passive structural
barrier fire endurance and separation to prevent or limit fire spread and allow for emergency egress.
BITE D USCG(United States Coast Guard) CKEVRFEAHIK) DFREM D KR ZLE 2O VB IFT
T, FEFEDOB LI LIRSS, EH A DBE DI, EEEDT M & HRIEITH S,
Several material tests and performance criteria are similar to those cited in the FRA guidelines.

W DD OFPEERER & MHEREEETEIL FRA OFESFCTHIH SN b D LTV 5,

The USCG permits designers to submit an engineering analysis to evaluate materials used in relation
to the vessel environment.

USCG I, RFTHE D MOBREE TN S 288 2 3l 3 2 72 O I BT R R 2 12 H 3 5
ZLEFALTWD,

This case-by-case approach allows the use of alternatives which provide an equivalent level of safety
and meet the intent of the fire protection regulations.

Z OEBIA 72 B0 M AT, R LV O A . BIKRE DB 25z TR b
DOAARZFED Do

The FAA and USCG have both accepted the use of HRR data as a means to evaluate the
performance of certain aircraft and marine vessel materials.

FAA & USCG (XA, & D MTZEr & A O BEOMREZ FE T 5 72O D FE L L CTHRR 7
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— 2O ERBL TN D,

7.1.3 U.S. Transportation Vehicle Fire-Related Research
K [ g 325 L 0D kSR BE o B AR

The 1993 FRA-sponsored NIST study, as well as several other previous studies conducted for FRA,
NHTSA, and FTA, have concluded that the impact of material interactions and changes in real-scale
passenger vehicle interior geometry are also critical factors to be evaluated in predicting actual fire
behavior.

FRA <> NHTSA, FTA O 7= OIZE T2 HER DN DD DRDHFFE & [AIAEIZ 1993 4D FRA 73
BT 2 NIST OAFFEIT, FERBUE DR K B O NFRIZIRIZ I W THEL O AR R L D
R T IG5 EERO K IEMR TR 2 NS BERRERTH L Lilima T LT,

These factors cannot be evaluated through small-scale tests alone.

ZI 6 OEF /B OFER 2 18 U 72720 TR T & 7220,

The NFPA and the American Society for Testing and Materials are also conducting research efforts
which are intended to provide additional tools to evaluate passenger train materials.

NFPA & ASTM CKREMERABRIGZ) (3. fREFIE OB B2 M3 5 72 8 O3B & 4 ik
T DO 12 AT > T D,

In addition to the current FRA-sponsored research program, other HRR and other related fire
performance research efforts are being conducted by FAA and USCG.

BF AT FRA 28E T D WFERTIIC N A T, o> HRR SCLod B3~ 2 K MERE DIFSESS )
1% FAA <° USCG IZ L » THTHhI TV %,

Although the fire hazards and evacuation environments are different, the results of the NIST
research will assist the FRA in formulating comparable material performance criteria using HRR.
KESEIR & BEEBRBEIT IR D705 NIST OBFFERERIT FRA 2NRELOM B OMERERL HEZ HRR %
AWTARILTHZ L 2T D759,

7.2 EUROPEAN FIRE SAFETY REQUIREMENTS AND HRR RESEARCH

BRIN D K 2 42 D LEEGAF & HRR DAIFSE

Existing European approaches to passenger train fire safety have been generally similar to the U.S.
approach.

TRESNED KK 2B~ DBAFOMRIN D FEIT, KEDOFEZBBENMUA TV,

However, concerns about material interaction have led several European country efforts and
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coordinated European Railway Research (ERRI) and Commission for European Standardization

(CEN) activities to develop assessment tools for fire hazard evaluation.

LU B, MBI EERIZOWTOREIE, £ < OERINGEEIZE /I &2 b7 5 L, ERRI
(European Rail Research Institute(RK/N &k1E ﬁfﬁﬁju”ﬁ)) & CEN (European Committee for

Standardization(BRMNAEHE(LZ B 2)) O K S SEBREH O 7T F15 2 B T Hi5Eh &2 £ L Tz,

The current focus is on developing the database necessary to utilize successfully fire and hazard

modeling in the design of next generation passenger train systems.

B R OERIL WIEROREINED S 2T AOT WA BN TORERLHERE T VT
) ELHAT 2 TeDICRPERNT =2 X—= 2D H 5,

This database uses:

DT —HAR=RFKROLDOEEHT 5,

. Cone Calorimeter to provide small-scale test data on materials and assemblies;

M E O/ NIRRT — 2 it S o a—r ) — A — 2 —

. Furniture calorimeter to provide real-scale assembly test data;

FERBEDOER AR T — 2 2ty 57 7 =F v —In ) —A—2—

. Fire hazard modeling as a means for evaluating and predicting system

Al & PRI AT KD TIEE LTOREERET )V

. Large-scale fire tests to verify predicted system performance and material interaction.
FHILTCS AT LR T g —~ U A EMBI O AN Z MDD 2 726D D KB
DK FAR

This large-scale fire testing has resulted in the development of several design fires for
train tunnels that can be utilized in the design and evaluation of fire protection
systems.
Z ORIED KRR D FE il L, Bk 2T L OFM & R FHIE L O8GE -
TV DI D& IR FHKIRO BT IR AT 5.

7.3 AMTRAK MATERIAL TEST DATA EVALUATION

Amtrak O EERER T — & DR

Materials selected reflected a broad range of interior materials as used in the Amtrak fleet.
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BTN AEHT. Amtrak OLRATHI O B TR S 4 2 IRHEEPH O AR 2 I3~ %

In addition, other materials were tested because of their possible utility as new or replacement
materials for existing applications.

SIS, MOMEHE, BEDOLDIZH LT, LS L WIEMRHAOME L LTSS
ZEEREBZTHRBREIND,

All the materials are classified into five broad categories:

ETOMEHL S DORENLREHICHEEIN D,

. Seats and mattress assemblies (foam cushions, with upholstery or other covering);
JERE &~ v B L ADERG (AR RO 7 v a | fifomk) AR OM 7R
ERMh D R A Gt e)

. Wall and window surfaces (composite plastics, carpet);

BESCWOFEH (BT T AF v, IH—v })

. Curtains, draperies, and fabrics (windows, sleeping car doors, bedding);
N—=T 2 BFON—=T XM (B, BEEORE, BH)
. Floor covering (carpet, resilient rubber); and

Rt bdf (—_y b, =T A h~—( DO H D T 1))

. Miscellaneous components (diner/cafe/lounge tables, pipe wrap, air ducts, elastomers).
T2 ML 72 b OB D (BRER/MKE/REEDT =TV, "L T Ty
7. =T EI R, =T A Rv—)

These five categories are similar to the categories used by Amtrak for interior furnishing materials
and to those used by the FRA; however, several of the latter have been combined into the
miscellaneous category.

ZH 5 5 SOOI H T Amtrak 23PNEERBAE OMEHIE 2 HHE & FRA M4 ST HICIT
WD, LNLRRL, BEOWS ONTRAMLZ R L ONLRIERICHAGD I,
7.3.1 FRA-Cited Test Method Data

FRA D5 L7eiBR G IED T — ¥

Data collected from several sources showed that the majority of the selected Amtrak rail car
materials tested met current FRA performance criteria for flammability and smoke emission.
WS OMDOHFTNHED HALTe T — 21X, #IT 72 Amtrak O E B H OO K ZHU TR
Bk S AUBRIGENE & FEMEMEIC BT 2 BlRE R 0D FRA OMEREREIC /- Lo Z L 2R LT,
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However, there were exceptions:

L Lens, iSRS -7,

. A graphite foam seat material had a dramatically higher test result than the FRA

performance criteria.

AR RO BEROFEFEAMEHL, FRA OPEREFEYE I 0 BRI @ WO BB B3 &
-7,

Although the rapid flame spread of this material was demonstrated in the ASTM D
3675 test, further study is necessary to evaluate this material in large scale to evaluate
the performance in actual end-use conditions.

Z OMBFOIERED RN Z & 1E ASTM D 3675 ORER T O I L7z nd, EHIC
HE A TERFFEIT, FERRD BB ANRIL T OMERE 2 AT~ 5 726012, KBURIZ I
TZOMEZFHET 5 Z LT REZR,

European operators report that they do not see this poor performance when the foam is
tested with a fabric covering.

BRI DT, ZDAR RO OB OEN LTRSS N D56,
DHRZRMERRITRRD RV E#E LT D,

. Polycarbonate is used both as a window material and as an interior space divider.
WU T =R R— MIBOM BRI ZERI O D & LT b,
As a window material, the material meets FRA performance criteria; however, the
material does not meet the performance criteria for interior space divider application.
BOMELE LT, TOMEHT FRA OPEREREEZ 29, L LA b. O
BHIAF 2R O 0 & U T o i TlItERe A E ATl 72 S 720,

. Several materials did not meet the FRA smoke emission performance criteria.
W OO EHT FRA DFEFEMEDPEREFEAE 2 72 S 720,
A seat support diaphragm, armrest and footrest pads, seat track cover, and window
and door gasketing do not meet one or both of the recommended limits for smoke
emission.
V= IR EAYT T L (BEOY va FEELZDHR?) ., L RE
DRy Ro—=R~ T w7 "= (HBJHEDEF DA RAN—=D L 572 H D)
BROEEFEDO—/VIFEEOHER SN RED—28 2 VN LM 2 72
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SYANAN

These materials represent a small part of the fire load and it is unclear whether they
would contribute to the significance of the fire.
ZNODOMBHIKEMEO DT R —MER L, KKOEKRSICHBRT 2008
2 MBI BINTRUY,

Amtrak is investigating the use of other materials which will meet the smoke emission

requirements.

Amtrak (ZFESEME D LB ATl 72 T OB O 25 A L T D,

7.3.2 Cone Calorimeter Test Data
a—rhnl)—RA—=2—RKRDOT —H

The Cone Calorimeter is a single test which provides a measurement of heat release rate (HRR),
specimen mass loss, smoke production, and combustion gases.

a—rn =A== 3EHEE (HRR), #BtOE &R, oL L OWREET 2 &
T2 H—-ORBRTH 5,

In addition, Cone Calorimeter test data provide the necessary data for fire hazard modeling
methodologies which can evaluate a material's individual contribution to overall fire hazard in the
context of its end use.

IHlZ, a—rhn ) —A =2 =@ BT — 21, mAEME PRI T ORI D K KSR ~D
BtORADOFEZFTMT 2 2 LN TE D KEERET VD HERD IO R IERNT —
S gty 5,

These data include:

FNHDT—HITKRD b D EGTe,

. ignition time, a measure of how easily a material can be ignited;

FKIEH, ENTETEL MBI KT L ONE

. time-to-peak HRR, a measure of the speed of fire growth;

B RFEEGRFE (B D W, K SRR R O &

. peak HRR, a measure of the how large a fire will result from a burning material; and

RFEBHE , IRBET DB D ENTETRE VKRN AEL L 00 E
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. specific extinction area, a measure of smoke production of the material.

ReaE DIHKELPH, AEHOEA R ORNE

An exposure level of 50 kW/m2 was chosen for the Cone Calorimeter material tests conducted in
this study.

50kW/m? Oz L~LiX, O TiThbnlca—rhn ) —A—2—OMEEEBRO -0
@I,

This level is consistent with: 1) the exposure levels in the existing FRA-cited test methods, and 2)
exposure levels in actual fires.

ZOLYUIIRO D E—FLTW5DH, 1) BEFO FRAICHIH SRR GIETORFE LN
IV 2) KERD KK TORRE L~y

Peak HRR varied over an order of magnitude from 65 kW/m2 for the graphite foam to 745 kW/m2
for wall fabric.

I RFEBGRE 13 AR 2 MR D EER D 65kW/ m2 7> b BEF O A Hil D 745 kW/ m? & T L 7=,
In general, lower peak HRR were found for the seat and mattress foams, and higher values for wall
surface materials.

—RIZ, ARV IR RIEBGE LI LR~ > ML AT — A TROMY | @ K EGEE 1T
BEIR OB T RS- T,

Other fabric and thin sheet materials display intermediate values between these two extremes.
DA HLHE N — MIZEN S Z o OMEO R OEEZ 7R LT,

This performance is consistent with the current FRA which specify flame spread index (IS) for seat
foam, intermediate criteria for most other materials, and least stringent for window glazing
materials.

ZOVEREIZ, v — N7 4 — LD KKALEE index(l) 2 BUE L TV DBLIREA O FRA & —F L, K
ZEOMOIENT S L I OHBTRETH Y . WU 7 ADMEHNI L Tldm bk L <
20N,

Cone Calorimeter smoke emission data shows some similar trends to the HRR data.

a—rhn ) —A =2 —OFREIEDT — 2 [T HRR D7 — & &5 L P 7l %2 Rm 7,
The lowest values were noted for the foam and interliner from the seat and mattress assemblies.

R HIRVEITER &~ > BV ADOERDND 7 4+ — A L interliner (P OIMI?) Tridk S i
7o
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Highest values were noted for several thin materials (a seat support diaphragm, seat track cover,
PVC wall material, and rubber floor covering).

®bEWVEIZW S Do B CRtgk s (— M AR— M AY T T L U— b
T w7 A= RY BT =L OBE R 2 ABIO R ER),

These thinner materials tend to exhibit high peak values, over a short period of time.

TN 5 OECEHT R TR W R KEZ R T EHIA 23D D,

Most of the wall materials were between these extremes.

BERFDIZ L A LIXE N DREOMICH D,

The performance of the foam and surface materials is also consistent with the relative thickness and

density of the materials.

7 F— b LRI EIOPERE AR 7R IR 2 E M B ORI — BT D,

7.3.3 Comparison of FRA-Cited Test Method Data and Cone Calorimeter Test Data
FRAIZSIH SNl T —42 L a—rhn ) — A —2—R BT — X DL

To evaluate material performance, Cone Calorimeter test data were compared with test data resulting
from individual small-scale test methods cited by the FRA.

MEHERRZ PGS 57202, a—rhn ) = A =2 —3BRO7T — X%, FRAICE > THIHE

NIRA O/NRBLORBR T IEN DR DR T — 7 L i S iz,

These comparisons are intended to provide a better understanding of the relative performance of
currently used and prospective materials.

D DOHEIE, BEMEH STV DMEFORER DM B OB 72 tisE 2 L 0 B < BfFS
L2 EEERL,

While the materials tested represent a range of those currently used in passenger trains, many other
material combinations are possible in actual use.

B S UM BHIR B SN CTEAEMH SN2 b DERT N, Z< DIENOMEIOMAE D
ENFEBIHEN S 55,

Accordingly, the comparisons are intended only to show that the Cone Calorimeter test method
provides an approach to screen passenger rail car interior materials similar to that provided by the
FRA-cited test methods.

L7eDo T, ZORBIIHIZ, a—rhn ) —A—2 =3 BROJFIET FRA IZ5IH S
BROTIEIZ Ko TR S N 5 LTI R E SN O NI B 2 880 - 5 7o DFB & LT
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ENDHZEERTZEEZBKIL TS,

For the majority of materials, the relative ranking from “best” to “worst” was similar in both test
methods.

REBOMEI DTz, it b TR 5 ThE] ETORMITIE, Wi oRE Gk
THEM Lz,

While the uncertainty for the Cone Calorimeter test results are lower than other test methods, the
uncertainty inherent in all individual test methods make their use “less meaningful.”

a—rhn =A== EBROFMR L L TORMN SIIMORBFITIEL VKV R, £2TO
FHORBITEIZOZT L DODAENSIZE T, ENOEDOHEHOE®REL D,

However, new materials and designs are better judged through a systems approach which considers
the impact of material and design choices on the overall fire safety of the system.

LU 60 8 LWATEE BREHIBED KK ZRIZBWTOME L RETORIRD L E %
BT DVAT LT T —FIlLoTRYRHWEND,

The use of HRR data in a hazard analysis applied to passenger trains could provide such an overall
system evaluation.

JREFVHIZ G S T faBR T TOD HRR 7 —Z DAL, R0 v A7 L5 & L Tt
THIENTE,

7.4 APPLICATION TO PHASE II TASKS AND OVERALL PROJECT
7 == XM OVEE~DIS & ARG

The HRR data developed in Phase I will be used in Phase II of this research program to:
7 ==X 1 THFESNIZHRR T — X [T 2 ORI O 7 = — XM TRO B THEH S b,

. evaluate the ability of computer modeling techniques to predict fire hazard in a rail
environment; and
PRIEIZB T D ARG AE TRT A0y Ea—2—FF VEIRORET %
At H Y
. to mitigate those hazards through combinations of material selection and design features.

B RIR & 3REH DR DOAA B DRI L > TEN S OfERZ BT 5 By

In Phase II of this project, the fire performance data obtained from the Cone Calorimeter tests will

be used as an input to a computer model (Hazard I) for compartment fires, to prepare a baseline
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analysis of passenger rail car configurations.

Zo7aYel FOT7 2— AN T, REFNEORESHITOREEDT-DIC, a—rTnal

—A—=F—FHBRNOE LN KEMERED T — X XK B KK DIZdDa v B a—F —FT )L
(NF—=F1) b s,

The mathematical basis of the hazard analysis using the HRR test data will allow for the assessment

of changes in materials, as well as car structural design, detection and suppression systems, and

emergency access and evacuation.

HRR DFRERT — 7 24l 4 2 fE R AT OECF R RIS, M OMET Y1 >0 L iHk

AT LZ LTI A Lk & RRICH B OZEOFHKIZH THh 5,

The intent is to demonstrate the prediction of fire hazard in a rail environment consisting of three

scenarios (interior fire, exterior fire, and interior fire on a train in a tunnel) and the ability to mitigate

those hazards through any combination of material selection and design features.

ZOEFRIL, BHEREIL 3 DOV F VA (BHNO KK, BHDKE, LN TOERN

DRI MHMYIL->TEY, ZORE T TOXRKMERO TR E | HEORIR & FEFOFF

BMON ODPDMAEDLEICL > TENL DERAZER T 720D 2T 52 & T

B,

Ultimately, fire hazard analysis utilizing necessary data from small-scale HRR measurements may
provide a true assessment of the contribution of a material or assembly to the overall fire hazard for
identified passenger train fire scenarios.

fhiR, BUEEZR HRR ORIEN B MEER T — 2 M+ 5 kS fabntrid, @ik S otk
FIBD KK TV AT D KEJER~. — D DB 2 WM B O £ W OFE R & 1EHE
(Rl 5725 9,

Such analyses can include the effects of rail car and system design, detection and suppression
systems, and evacuation time, as well as any tradeoffs between multiple effects.

Z DX D p0miE, EERRDRB OS] & FERICEERT & o 27 KFkEE B & 3l
VAT LE LU CHERHORE G I LN TE S,

For example, the interaction between materials and the effects of different compartment geometries
can be assessed to provide a better overall measure of the fire hazard of materials and component
assemblies than is now possible.

Bl 2. BRI O EAERRLR 2 2 KB OB RIT, e, RETHLZEED, BV
B LR L T DB D K FER DO BIRDRIEIZ DN TR 2 2 & 27 T 5,
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Quantitative fire modeling and hazard analysis techniques have the potential of providing significant
cost savings.

ERIN IR KT TV L fEBROHTEAR I 2 72 = X MR AT 5 PR tED 6 5,
Alternative protection strategies can be studied within the hazard analysis framework to give the
benefit-cost relation for each.

B LRGBS 13X 2 2 Ofa T B OBER 2 5 2 2 72 DI fERR AT O Mt AN THFFE T
&2,

In addition, measures are evaluated as a system with their many interactions, including the impact of
both structure and contents.

I DI, FEIWE L NEOW GO EE2 TN 6L OMAERZFH LI AT A
L LTGHEish 5,

Providing these alternatives promotes design flexibility which reduces redundancies and cost
without sacrificing safety.

TN O OBRPILORUT, ZEEZWIEICT 52 LR LICEHEEME LB 2D LRG0
PRS2,

New technology can be evaluated before it is brought into practice, thereby reducing the time lag
currently required for acceptance.

B LUWEMRIIERICL 720 SNDANIFHMITE . £ XK » TRICHFRICKLERENZ
T %,

Thus, quantitative hazard analysis can be a powerful complement to existing passenger train fire
performance requirements and a useful tool in evaluating improvements to them.

ZO LI, ERNZRERIITIE, BEFOIREFNE O K KNERE D EREMF IR 722 &
Y, ZTNOOWREZFHETOERICARRY —rE D,
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2. 2. 2 Phasell
6. SUMMARYY
6. )

Considerable advances in fire safety engineering have been made since the original
development of the current FRA-cited fire safety requirements for passenger train
material selection.

ik SN DOIENRIE D72 O DB .00 FRA D351 L T2 KR 22 2D BLR G D e ) DB
FELR, KRZET LT Y RS Z R LTV 5D,

Better understanding of the underlying phenomena governing fire initiation and
growth has led to the development of advanced engineering fire analysis techniques
using HRR and computer modeling.
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These techniques have gained worldwide credibility for the regulation of building fire
safety, and have recently been examined for a range of transportation vehicles.
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This Phase II interim report documents the use of fire hazard analysis techniques
applied to three passenger rail car designs.
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Using fire modeling, the relative importance of materials and other rail car system
design parameters were quantified.
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6.1 SUMMARY OF PHASE II RESULTS
Tz— XN OFEROFE LD

Data from the Cone Calorimeter tests conducted in Phase I of this research program
and from assembly tests conducted for Phase II were used as input for baseline fire

hazard analyses conducted for a single level coach car, and bi-level dining and sleeping
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cars.
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The results of the analyses are summarized below for the assembly tests and the three
different passenger rail car designs.
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Although based on existing passenger rail car designs, the baseline analyses are only
examples demonstrating the use of fire hazard analysis techniques.
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They do not represent an evaluation of any particular existing car configuration or
actual hazard.
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6.1.1 Assembly Tests
HEANT T Al O FRER

Real-scale component material assemblies currently in use in intercity passenger train
service were tested in a large-scale Furniture Calorimeter.
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Like the small-scale Cone Calorimeter, the primary measurement in this test is the
HRR of the burning assembly when exposed to an ignition source.
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Trash bags taken from overnight service were characterized as a representative severe
ignition source that may be present on passenger trains.
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The total peak HRR from actual trash bags from an Amtrak intercity
overnight train ranged from 55 to 285 kW, including the ignition source,
with an uncertainty of approximately +35 kW expressed as 1 standard
deviation.
T bR T w7 OFRHIH A A SEATHE TOERED ZHREN G LT RKD
RFERHE T, B KIRE S 7, FRUERZE TR L& £35 kw DO RHERM: 2 A
27T, 55725 285kW ICB L AT,
Heavier and more densely packed trash bags had lower HRR values than
lighter bags.
FVES, mEEICHOsnT
LT,
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All of the assemblies tested were extremely resistant to ignition.

B S TN TR DR TITE KITHRE Ot 2 R LTz,
The tested assemblies required an initial ignition source ranging from 17
kW to 200 kW to ignite.
FRBR T DML T IEAFKIT 17 kW 525 200 kW 12368 ISR 00 35 K 2 i &
L7,
Some of the materials did not contribute to fire growth even with these

ignition sources.
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In the assembly tests, the total peak HRR of seat, economy bedroom, wall and
ceiling carpet, window drape/privacy curtain, and window assemblies were
characterized.
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Total peak HRR ranged from 30 kW for a seat assembly, including a 17 kW
gas burner ignition source, to 920 kW for a lower and upper bed assembly,

including a newspaper-filled trash bag ignition source.
RO RFEEHEFE 1L, 17 kW D H A8 —TF— D35 KR % & de LR OFSL T il
D 30 kW 2> 6 FTRIRE i 72 S 7 T IO EF KR ZETe T d 5 W id B
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6.1.2 Standard Design Fires
FEHERR F IR

In addition to specific composite fire scenarios involving various ignition sources and

assemblies developed from the Furniture Calorimeter test results, “standard” design

fires were developed to determine the fire performance of the overall passenger rail car

system.
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A design fire is a specific theoretical fire curve.
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The shape of the curve is generally realized by simple mathematical expressions to

facilitate engineering analysis.
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For most engineering analyses, a simple design fire curve is sufficient, assuming that

the general shape and magnitude of the design curve reasonably approximates the real

fire expected in a given scenario.
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In general, a design fire is a simple representation of fire growth from ignition, through

growth, steady burning, and decay.
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Since the primary focus of the analyses in this interim report is passenger and crew

safety during evacuation, the early stages of fire growth are of most interest.
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During this early growth phase, fires can be reasonably represented by a power law

relation, which is expressed as:
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q = at™"
where ¢ is the HRR (kW), « is the fire intensity coefficient (kW/sn), t is time (s), and
n is a power chosen to best represent the chosen experimental data.
2T, qUEEEGEEE (kW) ol kSRR (kW) tiEEEE(s), L CnidERT -2 &2 R
SEHLERETH S,
For most flaming fires, the socalled t-squared (n=2) growth rate is an excellent
representation.
Z L&A EDHRKEIZONTIE, WD Lt n=2) DRERIFENT-RITH 5,
A set of specific t-squared fires labeled slow, medium, fast, and ultra-fast, with fire
intensity coefficients (a) such that the fires reached 1 MW (1000 BTU/s) in 600 s, 300 s,
150 s, and 75 s, respectively, were used for this analysis.
tAJED 5 H 600 £, 300 Fb, 150 B LT 75 BT 1IMW(1000 BTU/S)IZEET % KD
KEREFR@EAT— IT7 4T AL 77—ARELTUNL T Ty =R MIHHEL, £
NEN. ZOaHT i & 47z, (BTU : British Thermal Unit)
These four fire growth rates span a wide range of representative fire types from slow
growing solid wood fires to ultra-fast liquid fuel pool fires.
Ihb 4 DOKRERRERIT, BORE OB 7> b 15D TRV 7 — K GEE T
R 72 K DRI A INFEPH 1 M 5,

6.1.3 Baseline Fire Hazard Analyses
FEARBY 70 K SR

The baseline fire hazard analysis process was used as a general framework to examine
the impact of materials and other fire performance design changes on the safety of
passengers and crew for specific intercity coach, and dining and sleeping car
configurations.

BAR 2K GSER T OIBFR L, FRE DT 2 # SBEOEFEE ., BREHEBLOEA
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A detailed analysis has been presented for a specific coach rail car design while the

dining and sleeping car analyses are presented in less extensive detail.
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The fire hazard analysis consists of four steps:

KBIGRRIHTIL 4 DD AT » T ER D,

- Step 1 defines the performance objectives and passenger rail car design.

A7 v 7 1M B AR R L ORESIE O Bl G 2 £ T 5.

For the example analyses, the performance objective was to ensure that the available
safe egress time was greater than the minimum time necessary to evacuate all persons
out the end of the rail car to an adjacent car.

FHIHT D720 OVERE BARIE, LRITFIH T & 2 B R 2342 C o0 A 23§kl B D ¥ >
HCREE O M~ 5 72 DI BRI AR L D REWZ 2R T2 L1207,
Three passenger rail car designs, a coach, dining, and sleeping car, provided both single-
and bi-level geometries and a varying number of occupants for analysis.

TR E, REEBIOERED 3 DOREHEDEWHFHIZIT OOl B LU
PEOHEIL 72 b N EBY I DEERH RO T 2 2k L7,

To provide an initial screening for important passenger rail car component materials,
an analysis of the HRR and smoke emission “hazard loads” based on Cone Calorimeter
test data was conducted for each of the three car configurations.

R REERE OB O M B 2 —IREFEET D720, a—rhn ) —2A—2—$lEo
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For all configurations, the wall carpet, wall and ceiling linings, and windows constitute
the majority of the hazard loads.
3ODHERTIZEWT, BEORW, BER X ORIHFONIKRD 72 6 N BT PR D K&y
KT %

With the exception of seat cushions and sleeping compartment bedding materials, the
relative contribution of the remainder of the interior furnishings is significantly less
important.

JERE DT v a v B XOEEOBEMEZFI4AE LT, &Y ONIEOMHMBIE BT CHIE
EEIETIIRW,
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The hazard load values are representative of the methodology and should not be
interpreted as representative of any particular existing passenger rail car configuration
or actual fire hazard.

FERREE DAEIL Z O IEGR ORTME T, BEAF OREE DR SR8 O Hl i & 2 WIXEEE O K
SAEROREFAE & RS 5~ & TiEAuy,

The heat and smoke hazard load calculations identify important materials to be
included in the full analysis conducted in Steps 2 and 3.

BB LOMOEREDOHEIL, A7 v 7 2 BLO 3 TIihbilic o atric g £ 5 H
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- Step 2 used the specific performance criterion of minimum necessary egress
time.

ATy 7 2E B R NRO R ] O E OYEREHE A AT L7,
The passenger rail car fire performance was calculated in terms of available
egress time and compared with that criterion.
k& $kIE 0O Hm O Kk SEMEREIE, T ATREZR I R IS AR U CRHR S 4L, £ oL
L s,
This calculation involves the creation of fire performance graphs for each rail car

design.

ZOFEIT., BEEERORE OO DO KSEMEES T T OIERE T,

For each of the analyses, egress was assumed to occur through one exit of an upright car
to an adjacent car not involved in the fire.

BT HOWT, BRI, EEROEMO 1 SOH A 28> TRKIT/ > TOZRVBEE
DHB~EDH D ERE ST,

For other analyses, egress to a point of safety outside the train could also be considered
by calculating egress time from the end or side doors.

D3t & LT, LR INH O~ OB A HE O b il &> 2 WO ARE O BE A & O il R
FMOFFEIZLVEZBET D22 L L TE b LRV,

The minimum necessary egress time was estimated using three different simple

evacuation models.
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For the coach, dining, and sleeping car designs, the minimum time necessary for egress
was estimated to be approximately 88 s, 85 s, and 70 s, respectively.

WERHE, BEEBIOEEEORGOLOO, BN EREERRITZERB L2
88 b, 85 WB LUV 70 B TH D L Sz,
All of these estimates assume an upright car with unobstructed egress.

IO OHEFEITT T, T IV TV R WEEERR 2 FF- D RO Hl & Jife & 35,

A simple, conservative tenability criterion was used for this analysis: when the upper

level temperature exceeded 65°C (150°F), at a height of 1.5 m (5 ft) anywhere along the

passenger rail car path of egress, impaired occupant evacuation was assumed to have

occurred.

B TR ) TRER VWD Z 0TI S e, B o 72 8 DR % $k0E o B D
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It is important to note that although alternative tenability criteria such as convected
heat and toxic gases exist, elevated temperature and smoke obscuration are the most
conservative criteria.

SHREN & A AD X5 Te o FEVHIWTEEEIIAAET 2205, IBE ERB L OISO
AERBEP R BIRTHREECTH L Z LICHEET L2 ENEETH D,

For the same design fire, the calculated available egress time can vary by a factor of 4,
using different tenability criteria.

[ CRREHAIRIZ DWW T, BHR S 7o BERErTRERF I, 2272 2 FEL VHIBTEEZEH L T 4
HCEAT D HENH D,

Fire performance graphs were developed for the specific standard design fires that show
when the occupied compartment space examined reaches untenability, as well as the
minimum time necessary for unimpaired occupant egress.

KRMERE T 7 1 TRFE DIEMER G KR D72 DICBIF S, £ D7 T 713 & ORI 2%
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For the baseline analyses, the available safe egress time calculated for the three
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passenger rail car designs ranges from 67 s to 127 s, respectively, for a medium t-square
fire that grows to 1 MW in 300 s.

FARB) 725307 T L 3 B OSRE$RE O HLM R G D 72 O FHE S 4172 22 4270k rT RT3, 300
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For faster or slower growth rate fires, the calculated available egress time is naturally
shorter or longer.
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- Step 3 evaluates specific composite fire scenarios for each of the passenger rail
car designs to determine representative HRRs.
AT v 7 313, REMRFEBEE ZRTET 5 72 DIREFRIE O MR G E LT o
BERIIRKET TV T HFHNT 5,

The HRR curves for individual composite fire scenarios, determined from Cone
Calorimeter and Furniture Calorimeter assembly tests, was compared to the standard
design fires to define composite fire scenarios.
BERRKK TV A ZNENORPEEHHRIL, 23— In) —XA—F2—BLO7 7=
Fyx—dhnm ) =2 =2 =M THABRIC L > TRES N, EEWRKKT T U A% ER
T LI OITIERER AR & el a7,
Untenable conditions are reached in a time faster than the medium tsquared design fire
only in the worst-case composite scenario where all interior materials are burning
simultaneously.
ZTANDNRWRME, NEM TN THRBFICRET S LW O R bENESRY T
FIZRY . T4 T Ot FFREIAIR L VESBEZEL TV D,
In most of the specific fire scenarios, untenable conditions were never reached.

LA EDRFEDKE STV A TR, ZTANLNBRWRIFICERE L o7z,
The fire performance graphs are representative of the methodology and should not be
interpreted as representative of any particular existing passenger rail car configuration
or actual fire hazard.
KEMEREZ 7 7137w a2 RET 2 b DT, BEAFORE Dk ki D B IS & 2 VM T HE
BEOKRKSfERAENRKT 2 b0 L LTRSS LD RE TIEAR,
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- Finally, Step 4 evaluates the suitability of each the passenger rail car designs.

W&IZ, AT v 7 A 3REBOE O B EHE N Z L ORI A2 TG T 5,

For the three passenger rail car analyses conducted, passengers and crew are safe from

unreasonable hazard of death or injury from interior fires involving materials or

components exhibiting fire growth rates at or below a medium t-squared level, similar

to the growth and HRR of a typical upholstered sofa.

HLle 3 DORREBEOHEM M TIE, REBLORFAIT, WNARMRD V7 7 —
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For all but the most severe ignition sources, conditions in all three passenger rail car

designs studied remain tenable sufficiently long enough to allow safe passenger and

crew egress, e.g., more than 10 minutes in some cases.

e bk LW AEKJRLIIMZ DWW T, WS hie 3 SOREEED ik < TlcB T 55
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The exceptions are associated with the potential for fires in some locations that block

egress from the lower level of bi-level sleeping cars to an adjacent car while the train is

moving.
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The sleeping car analysis also assumes that all persons are aware of the fire which may

not be true in actual train operation.

EHEBEDOOH TIE, EEROFIFEDOETFIITIE TR, 2TOABRKKIZKSNTND

EHUEL TN D,

The quantity, arrangement, and fire performance characteristics (ignitability and fire
growth characteristics) of items brought aboard by passengers as baggage and
materials brought aboard as supplies such as packaging materials associated with food
or cleaning supplies could affect the analysis.

B ETIT7 U —=2 7RISR 2 M B O X O 2 G d OMEHR O NS TR
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The impact of items such as baggage could be quantified with additional testing and a
more detailed analysis.

FRO XD 2T AT LOFEITEMNRRIS L OE VMR SHTIC L > TEEILTE 57
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6.1.4 Impact of Passenger Rail Car System Changes on Fire Performance

JREERIE DHLE] > 2T WS KRMERBIZ B 2 D588

The intent of the FRA rule requirements is to prevent fire ignition and maximize the
time available for passenger and crew evacuation in the event of a passenger train fire.
FRABUE DESROEIE, AR EZE | FREFIEDO KK DGEITRE I L OFE B OREEEIC
FIAATRE 7 e & e KIRICT 5 2 & TH 2,

Materials and components that comply with the current FRA-cited fire tests and
performance criteria exhibit fire growth rates below the medium t-squared level, and
therefore do not represent an unreasonable hazard if ignited in the open.

BUED FRA IZHIH S5 Kk SGRER TS K OMERBEEMEIZ I &3 5 A0kHs J UYL XTA4T
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fidin 72 fafiR 2 AR5 2 LT Beuy,

The effects of severe fire scenarios may be potentially mitigated by either precluding
any fire having a fire growth rate faster than medium t-squared, and/or modifying the
egress system.

BELWKK STV A ORI, I7 47 LDt RV BRONKKFRERD KK AR ESER
WEDIZTHZ L, Y AT ADEBEZ T 25 Z L ORIV Thn—JICE-> T,
S D WREMED B 5,

The severe fire scenario where all components are ignited by a large trash bag has been
addressed by Amtrak a redesign of trash containers as well as modification of
operational procedures to ensure that large accumulations of trash are frequently
removed from the cars.

TARTOMEBPRENZARIZ L > TERKT DGO LVKIES T U AiE, Amtrak (2 &
5 ZHDRE IR ERMET A HIEITIY RN D 2 L 2 MEFRICT DBEFIROEIEZ T
TR, THRDOBRGHI L > TR STz,
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The fire hazard analysis calculations described in this study provide a consistent point
of comparison for three passenger rail car configurations and several fire scenarios.

Z DOWFFETE RS T K ISEBR T DFHRLIL, 3 D DOFRE#IE O B G L U< D70
KTV AIC—B LR RE BT 67,

The minimum necessary egress times were estimated using three techniques, two of
which were developed for buildings and one for aircraft.

VB B/ NROBHREIL 3 DOHANZEH L THEE Sz, N6 0HEIND 95 2 i3t
WRICBAZE S 4. 1 DIIMIZERETICBHIE S T,

However, the accuracy of the estimates has not been studied for passenger rail cars.
LU B, JREHE O Bl ~OHEE O R ITAFTE S TR0,

Moreover, only a simple evacuation to an adjacent, upright rail car was considered.

S HIT, BhEE L TCE RO SRIE HL ~ 0 Bl 20072 T N B R S T,

For other analyses, egress outside the train could also be considered by calculating the
minimum time necessary for passengers and crew to evacuate a specific rail car from
the end or side doors to the point of safety.

DZFHTITHONT, e & ek B AR E O FRIE LT O K &> 2 VM TR TE D BED & L4270
FT S 2 OIS BRI R OFHRIC L 0 | FIHEAS CORHAZEE T LN TE
L0 LL7Zauy,

The calculation of egress time, whether from a building or passenger rail car, involves
many assumptions.

B E L IIRESFEOEMO EH 6005, BLHRHOFREIZZ < OREZEA TV D,
Therefore, the calculated minimum necessary egress time should be considered only the
minimum time necessary for actual evacuation.

L7eho T, FHE S 7o B i/ INR oD R[22 BR 0 e 0 BE AR B IR 72 & 5 2 %
RETh D,

In addition, it is important to again note that this calculated minimum necessary egress
time does not include impact of the fire on the train occupants, panic, the unique
geometry and configuration of passenger rail cars, scattered luggage in a post-crash rail
car, or bodily injury to persons prior to evacuation.

BT, ZOFEINTLER/NROB RIS EOIEEE . =y 7| REFEDO R
W OKEA DRI L ORI, 225 OFIFIZH D (T > T Fm & 2 O 308 L 0 BiNC SR
PEEEZF S TALICETOKKOZE LG ERN I LICHTERTL ZENEETH D,
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Any effects of more complex egress strategies to points of safety outside the train could
have a significant impact on evacuation in an actual fire-related accident.
SIHANER T DL~ X0 EHER RS O & ARG FERD K GBI O 3
TITREE R A G2 5 Z LN T,

However, those strategies were considered beyond the scope of the simple evacuation
calculations conducted for this study.

LNALRRG, b OIKIT, Z ONFFECHEM L 7-@5 ZkE R ofiH 2 8 2 TH5E
sz,

The appropriate design margin applied to the model time should account for such
limitations; 2 is the safety factor typically used.

FTVERICEH SN D@ R ORMIT, Z2D X9 RElKNEHHT & TH D5,
MICEHSh D RERIT2 TH D,

The primary factor that was assessed to evaluate the effect of passenger rail car design
alternatives is the change in tenability and thus increased available safe egress time.
JRE $E O B OMREROZNR 2l 2 72 DITRE S e BB T, fwak iTREZR
BAETHDLINTH Y, LRI RTRE /2R 2 8 X H 7=,

Various design alternatives may increase or decrease the available safe egress time
resulting in either a positive or negative impact on the overall system fire safety.

BRx Te Rt OBINBA T Z R T RE R SR 2 ¥R 2 Z L 0 . Rk & LTk LA
DRET AT BT HIEADREL L1257,

Alternative analyses to the baseline analyses show that design features, such as fire
detection and suppression systems, can have a greater influence than the use of more
fire-retardant materials or small changes in geometry on the resulting fire safety
performance of the overall passenger rail car design.

KFEDREINE LKL AT LD K ) 7piRGHESR L, &0 #IRIE DR B Off 022 /)y
SREREELD bRENRIKESE DO BEMGRGO KK LRI, RERPELRITT
i D T &N, HARRGHIH T 20 L TRERZ 02 2 L THLMNZR D,
For the example analysis, automatic smoke venting and suppression systems in the rail
car compartment can have a greater impact on providing additional time for occupant
evacuation (+200 s) than dramatic improvements in the already fire-retardant
materials (+3-6 s).

FHIEMTTIE, SREEMOXEIZIT 2 AENZREOPEH I LUV AT L0, EERE
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DIEHZ BT 5 TREBHY 728 B (+3-6 #) K 0 {ERE A bk #E 0D 72 80 03BN fE] D42 (+200 D) & W
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It should be noted that the increase in available egress time using any of the alternative
designs depends on the growth rate of the actual fire.

ENTeRGETOIE R 2 A\ T O R O 5| & B, EERO KK DR HRITEKLF
THIEIWERTRETH D,

In addition, quantification of the impact of changes to the rail car emergency egress
system itself is difficult as significant uncertainties exist regarding realistic egress
times, particularly in a post-crash geometry.

S I, FRICHETZEE OTPIRIZIBN T, BLEA ZRREEERF ] 25K D 2 DIZ3E L WA EME D7
ET 5L LbHic, BEERMOBERPH S AT AEER~OER T b T RELERIT D
ZLIREETH D,

Factors such as clearly marked emergency exits of sufficient number and size, adequate
emergency lighting, low-location exit path marking, and public address systems, as well
as crew training and passenger awareness information could reduce the time necessary
for passengers and crew to evacuate passenger rail cars.

FeHs B ORI L OREOBMER & AR, FoRBBIORkE SAREICE RSN
FEH B, WEIEZRIEF R, ARWZEOH AL MFRR LOYEFEEDO X O REHRIT, RE
& T BN IRESRAE O B 20 5 OISR R A BT S 2 R TE T,

The FRA passenger equipment and emergency preparedness rules provide minimum
requirements such as fire extinguishers, emergency exits, emergency lighting, crew
training, and passenger information.

FRA D Z a3 KL UGER R RN, k8. FEH 0. ER IR, A OIS & OF
BOWHHD & 9 I/ NROER 272395,

In addition, the FRA is sponsoring an ongoing passenger train evacuation research
program.

S BT, FRA [T TH OFRE Y E OB ICH B DO AR —Th D,

For passenger trains operating in a potentially hazardous operating environment, such
as a tunnel, evacuation outside the passenger train to a point of safety must be

considered in any analysis.
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While he prediction of the reaction and movement of people in fires is well established
for buildings, no such model or data resource exists for passenger trains.

KFENZBT D N2 DOROGE X CEEOTHITEMIT S L THZLTWDR, DX 5 7RE
FNH BT — 4 OFERITIE SN HIH L TELE LRV,

If coupled to the CFAST fire model used in the baseline fire hazard analyses, the
recently developed emergency evacuation computer model for commercial aircraft
(airEXODUSTM) could be used to determine actual occupant egress times for different
passenger rail car configurations under different fire scenario conditions.

b LRI K S SEBR T CEH 415 CFAST DKKET L &G S U falrbiss S vz
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Additional research is recommended to address passenger and crew evacuation times in

the actual passenger railroad operating environment.

FER DR HE OIETERERIC BT 5 R I LU B OREEER a3 5 72 o B
LIRS LD,

6.2 APPLICATION TO PHASE III TASKS
7 = — R ODVEE~DGH

From the hazard analyses performed for this report, the obvious question that arises is
“How good are the model predictions?”
ZOWEFEDTOIATRDONI RO H AT 28R ERMIT TE7 Ik 2 PR E
DL HWEWA) ThD,

The only method of verifying the model predictions is to test them against actual
controlled experiments.

ETNTREZBREET DME— O TIAIT, EBEOFIE S W 2EZ RIS LEbETEN b &5f
flid22&Ths,

Phase III of this project involves full-scale experiments using an actual Amfleet I

passenger rail coach car to examine the model predictions.
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As part of Phase III, two different types of tests were conducted in 1999 to evaluate the
accuracy of the results of fire hazard analyses conducted in Phase II of the project: 1) a
series of gas burner tests conducted to evaluate the accuracy of the fire performance
curves for an actual rail car geometry, and 2) a series of tests to evaluate fire spread and
growth for actual passenger rail car interior furnishings exposed to a range of initial fire
sources.

Tx—=XMNO—HFE LT, 7RV xS hOT x—X | TR K SER M Ot
IERfE S 2RI 2 726012, 1999 HEIT 2 D F 732 5 FRIHORER T 2 bz,
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The results of these tests are documented in the Phase III interim report.

ZHOREFERIT T = — X N oG TGRS TW D,

6.2.1 Real-Scale Gas Burner Tests
FERIRED H A R—F —RER

The fire performance curves described in this interim report show the predicted
response of the selected rail coach car, dining, and sleeping car configuration to a range

of typical fire growth rates.

Z OHFRHRE TRANHI TV D KOEMERERIBR T, A& BRI KK R R LA E LT
R SN BHEOEEEE, BREEBS L OEBEORO TRl SN KR E 7T,
They also estimate the available safe egress time from a passenger rail car exposed to
standard design fires.
S HIZ, TN O IIEAERFHKIIC S b SN D FRETIE O H 2> b 0022 42| ZhEEE ] HE 72 I ]
EHEET D,
The calculations were compared to the minimum time necessary to evacuate occupants
from the car to estimate the largest fire growth rate and size that are allowable for the

chosen rail car configuration.

IS OFEIL, FEEOBIEFW ORIEIZTFA SN ORRKO KRR R LUK E Sz
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To evaluate the accuracy of the model calculations of the fire performance curves, a
series of real-scale gas burner fires covering a range of fire sizes and growth rates were
conducted in Phase III as part of the full-scale passenger rail coach car tests.

KEMEREIMHR DE T N EHR D IEME S 27T 272010, xR kKD RE S8 ZOKKRL
FRE D N—F 25 —HOERBRELD T A= —D kKT, EYRO K EEE O % H
DORRO—HF L LT =—X Il TIrbiT,

The gas burner fires provide a carefully controlled and known HRR to match the slow,
medium, fast, and ultra fast t-squared design fires used to develop the fire performance
curves in Phase II.

HAN—=F—=IZ L HkKIT, 72— 11 CTREMERIMBRABRE T 572l shiz, X
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A portion of the rail car was fitted with non-combustible surface linings, and the tests
run only until selected tenability criteria were reached, to prevent major damage to the
car during these tests.

FRE L O —FUSABRPEONIR Y AR AT b, o RBRIT I 6 ORER I H A
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Prior to the tests, the rail car was characterized in terms of dimensions, interior
materials, and leakage.

AR JeNL > T, BREHREMITRE S, NEM I JU@mRPEICE U TR b o2& T
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6.2.2 Full-Scale Fire Growth and Spread Tests
FEW R D KRR F L OVIEE O 3R

Several tests were conducted in Phase III to study the fire growth and flame spread
patterns in a realistic fire scenario.

BEMRKIE T U AR T 2 KEERL T OKRIGRED T = e 272012, W
ONDORBRILT = — X Il TITig bz,

The large-scale Furniture Calorimeter tests conducted during Phase II demonstrated
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that materials and products that comply with the current FRA fire performance
requirements are difficult to ignite, requiring ignition source strengths of 2 to 10 times
those used for similar materials and products found outside of the transportation
environment.

72— AN THTONT KRR 7 7 =F v —m ) — A —2 =3 BE, BIED FRA DK
PERED MBI AT 2B KORGITE N LW & mikREA TR O DM
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Still, it was also evident from the large-scale Furniture Calorimeter tests that
significant fires can develop with sufficiently severe ignition sources.

TR H DD bF HERKIIE, PO LWEKRICE > TAEL D Z LA RBIE
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For the fire growth and spread tests, initial ignition sources ranging from the TB 133
gas burner to and including large trash bags, were used.

KEERR LOIEBEDOFABRIZ OV TIE, PIOEKIRE LTTB 133 HANN—F—=nbERE
WIEHRRIZ RS OBER ST,

These tests allow the comparison of the assembly tests conducted in the large-scale
Furniture Calorimeter with actual fire growth inside the rail car where the HRR may
change due to the effects of the car geometry and/or proximity of materials to each
other.

INHDORBRICE T, KB 7 7 =F v — A0 U —A—=Z =TT LM ThDR
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The Phase III interim report contains a detailed description of the real-scale gas burner
tests and the various full-scale ignition source tests conducted in an Amfleet I
passenger rail coach car.

7 == A ORI, RESIEOE B O Amfleet | TIT AR DAL ERBULD T AR
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2. 2. 3 Phaselll
5. SUMMARYYi
5. B

Considerable advances in fire safety engineering have been made in the decades since the original
development of the current fire safety requirements for passenger train material selection.
KT FZOM Y IR T, RSO B E D 72 8 DBED KK LD MR
TERL S R0 & DA TIED b ALz,

Better understanding of the underlying phenomena governing fire initiation and growth has led to
the development of advanced engineering analysis techniques.

KL DRI KO 2 XS 2 RANZRBRIZOWTO L) RVBERIL, & TR
HrET OBIFEIZ D72 3 5 72,

These techniques have gained worldwide credibility for the regulation of building fire safety and
have recently been examined for a range of transportation vehicles.

IO OEMIT, D kKRR OMRAZRAZH 2815 L, T 72 > TR ek
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This Phase III interim report documents full-scale fire tests conducted in an actual passenger rail
coach car and compares the test results with calculations from a fire hazard analysis using the
Hazard I CFAST computer model.

ZO7 = —RNOH AT, FEERO R $RIE 0O % H Tl T 72 AL 7z F2R KU 0 k SR
EICE(L L, ~P— RICFASTa U B o — % —F T )L & [ T2 K SERR AT O FHE & 3G
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5.1 FULL-SCALE RAIL CAR TESTS
SRR D BRIE HL ] D F R

Seventeen tests were conducted within an Amtrak passenger rail coach car.

17 D FRER 3 Amtrak D Jik & $k18 DIl & N TIT L7z,

Three replicates for each representative t-squared fire growth rate provided an estimate of
measurement uncertainty.

ZNENDREH 22t D KRR L TO3- DD A FERRIL, HIEDAfHEE S ORI
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The uncertainties for all measured quantities were reasonable and suggest that the data will provide
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the appropriate baseline for verification of the modeling from Phase II of the study.
TRTOMEMDO AR SITEHT, T =2 N7 =—XNDWFENHDET Y > 7 O
DD E 52 57259 L9 Z L AR LT,

The range of ignition source strengths indicated that an ignition source size between 25 kW and
approximately 200 kW is necessary to promote significant fire spread, which is consistent with the
conclusions from the Phase II interim report that the ignition source strength of passenger rail car
materials is 2 to 10 times greater than typical office furnishings.

25kW7> 5 KJ200kW D & KR DK & & &7 LT KIRORE OFIPHIL, & LW IERE 2 1 <
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However, given an ignition source of the magnitude of a large trash bag, significant flame spread
may be observed and resulting conditions within the rail car could become untenable.
LInLZRIZD, REWIAROBMD ikIiE B 25 L, FLWARGRHENBLE S L, 8
EHF NS 2 HALRVIRIBIZ 2R 2705 LiL7Ru,

The ignition scenario where all components are ignited by a large trash bag has been addressed by
Amtrak through a redesign of trash containers and modification of operational procedures to ensure
that large accumulations of trash are removed from the cars.
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5.2 COMPARISON OF FULL-SCALE TEST RESULTS TO EARLIER RESEARCH
SRR OTABRIE R & Y OBFFED Ll

A comparison of small-scale cone calorimeter material test results with full-scale component
material assembly tests and full-scale tests using a passenger rail coach car shows similar ranking of
materials from low HRR to high HRR.

IR a— i m U — A= Z — P REABR O R & IR OE B OFLNL T S ik s
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For the materials studied, small-scale tests in the cone calorimeter provide an appropriate tool for

material screening for heat release.

RS NI MEHZHOWT, a—rhn ) —A =2 —0O/NET 2 ME, BEUCBET 286
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In practice, a major advantage of HRR data from a device like the cone calorimeter is the ability to
use these data in an appropriate model to predict full-scale performance.

EBEDL AT, a—rhn ) =2 —=F =D X REENCHBONDIRBEEDT — XD
RERFRT, BERHEOMREL THT 720 0HETRET LV TINLDOT—F 25
ZEBTEDLRTH D,

Although not within the scope of this report, the data developed in Phases I — III of this project
provide the necessary data for an analysis to develop such a predictive ability.
ZOWEEOHBETIZARVA, ZOFBEOT 2 — X106 7 = — XNTHRRE ST — 41X
DX THREN ZRFET 21O OGN MER AR T — 2 2525,

Comparison of the results from the current study to earlier rail vehicle tests was consistent with
expected high performance of FRA-compliant materials.

BIAE DR & W) O $kiE B RABR O BT, FRAICYEL L 72 B O HiFF S 7z iSitkie &
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Peak temperatures in the current tests were lower than comparable fully-furnished rail vehicle tests

with older materials.

BIE DR TORKIEEIL, SO 2] L 72K BAF & O @B #il 05 & v K272,

5.3 IMPLICATIONS OF FULL-SCALE TESTS ON FIRE HAZARD ANALYSIS
FRBUEL D G705 K SSEBRATIZ RAE S

Key to the application of fire hazard analysis is a verified fire model to provide accurate predictions
of the fire hazards within a passenger rail car.

KESERGHT DT ~DOFD 020 13, FREFIE O HF N O KESEROKEE T & 5 2 57
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Comparison of times to untenable conditions for a range of fire sizes determined from experimental
measurements with those calculated by the CFAST fire model showed agreement which averaged
approximately 13 percent.

SR KD WEE SIRTE ST ER % 72K DR E SIS L TREEERRE 2R BUT 22 D &
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With experimental uncertainty in the measurements typically less than 10 percent and typical
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agreement between fire model predictions and experiments of 20 to 25 percent, the average
agreement for these calculations of 13 percent should be considered excellent.

EERIZRIT D AHEE S HER10/ 3 — 1 > MR, KEEET /T LD T & FBRO R TR
2075258 —F L FO—ENHHBT LT, 133—F 2 hDO N L DOFHEDOFEO—BuIE
NTWNHEEILNDIRETHD,

5.4 FUTURE WORK
At DI

Phase I of this study described the successful use of the cone calorimeter for evaluating the fire
performance of component materials used in passenger rail cars.

ZOWFZED 7 = — AN, FREHRE O B TR S 40 DR B K SRNERE 2 5T 3 2 728
Da—rn ) =i = —HORIZHH LT,

Using data from Phase I and additional HRR tests of full-scale component material assemblies, Phase
II provided examples of the application of fire hazard analysis techniques to the passenger rail car
interior environment.
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Finally, this Phase III interim report demonstrates that fire hazard analysis using computer modeling
is sufficiently accurate to be used as a tool in evaluating passenger rail car fire safety.

BB, 207 2 —XMOFRREIL, 2 Ea—2—F7 V7 &2 2 KEERSHT
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It is important to note that this report did not address several areas important to the successful
application of fire hazard analysis techniques for passenger rail cars:

COWMEFTD, FREIE O HW O 72 80 O K ESERD P BIF ORL) L7 i#HIZ & > THER
WS OO E o2 Z EICERTAZENEETH D,

»  Accurate estimation of passenger rail car conditions and evacuation in an actual emergency

situation.
EESOIEFRFIZ BT D HREEE O B RRE RS L ONBEEE O IE e 7o HEE,

No verification of the calculation of the time necessary for passenger egress in the event of
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a passenger rail car fire was included.
k% $R1E 0 HL K SRAT F3 1T D e DREFEIC A BLRRF O FH R ORI S e h o
7o

*  Development of appropriate HRR performance criteria.
1 B 72 5 B B D RE FEVE D PR RS
Appropriate small-scale (cone calorimeter) and full-scale (furniture calorimeter) test
acceptance criteria for materials and component assemblies were not determined.
MERR L OMNZ TaO 72D O@Eg) 2/ (a—r ) —2A =2 —) BIUKRH
B (77=Fyv—hnl—r—4—) fBROFELEITIRE S NRN T,

»  Evaluation of unique characteristics of fabrics, structural flooring, and electrical wire and
cable.
. HEE EORM 72 b NZERE L O — 7 L OFA ORFEEEH,
The fire endurance of floor or wall partitions and the impact of electrical wire and cable
were not considered.
IRETITREDLEG) Y DI KNED 72 5 NZEME LT — T VOB EE S 7ah

ST,

These areas are suggested for further research and would provide additional resources for the
application of fire hazard analysis techniques to passenger rail cars and rail transit vehicles.
TNEDOEIT I VA TERIFEZ R U ik $E 0 BT I I OMKIE Hhi 2% 0 B~ 0D K S
fERR AT BT O 7B IO F T 2 52 5725 9,

The current FRA tests and performance criteria required by 49 CFR, Part 238, Subpart 238. 103,
were adapted from those that FTA first published in 1984 for rail transit vehicle materials.
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Due to the use of many similar interior materials, the FTA is interested in the potential application of
fire hazard analyses as evaluated in Phases I-1II of this FRA-sponsored study to rail transit vehicles.
DL < ONIER DMEIZ LV . Z OFTAN ST 2 B ik O Hilj OBFFED 7 = — X
NS T == ATl S35 &9 7 kK SaBR i &2 5 Z L ICFTAIL, B ZFf-> T 5,

Accordingly, the FTA has contributed funding to the Volpe Center-directed fire safety research
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program.
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(1) &Kkl

< K

%] 3.1.8.1 (ZFRKHIDFH IMBIREE & 35 KR O BIfR & 7~ 3,

50kW/m? DK INEREE (23N T, 0 R3S KUY B4 SRBTERRREEE O M3 312 3B IR A3
BHXICE STz, 0 RHEMREREOFHIL 3 (KDOFKIFHZFH LT 8 BTHEKAKIEY, B4
RDOZNIT 20 THKICES T,

30kW/m? DR INEEREE 2B\ Ch, 0 /B KON B4 SRFTERRREERE O F T I I A5 KIZE
ST, O RATEMRALTE DFHIL 3 RO KRR Z T LT3 B THEKIZED | B4 RDZN
X 45 B THEKIZEST,

15kW/m? D INEGREE (2 3V T, 0 RBTEIRAEF OR ML 3 A2 THEKICED . D
T KIRFENT 129 BT o 72, B4 SRBTERFRENT DR ML 3 AR THEKICEL R o7z,
PLEORER LY | 0 RBrapfREEN ORI B U TS INEREE 10kW/m? OB IEkER 2
Fehit L. E4 SRABTHBHERE DFHUTEE U CITHE AR E 20kW/m? DB INERER 4 50 L. ik
SHINBGRSE & A5 KBERE OBIRMEIC DWW T, T—F DRI E X -T2,

10kW/m? D B INEREEICH5 1 % 0 SRATHEIEET ORI, 3 R 2 (A3 E KITE LT,
D LRITAE K E TR 6 O A Z L7z, 20kW/m? O BURINEAREEIZ 5 1F % E4 Rofis
RRPEJE DFRHIUL, 3 BB THEKIIEY | O E KT 103 B Th -7,
BIRORERE T D L E4 RHRRRLIG ORI 0 RBTERBRILI 0 2 #1075 K B3R 23
B, BRLRLTWHB DR TE 5, 30kW/m?2 O T INBGREE IS 1T 5 E4 RHTERHRIAL R
DFMOFE KK DS 0 RHTRBREERE DFH D Z U LRI & 72 o 72K E LT, E4 R
BT MRREEE D FHMBNE 14 | IS L R w2 FEke L (B0 3.1.8.10) , FIFE O B INERGRE %
LRI INEEZ T, S HITIERME A NN—7 LOREENEL o2 ENEZBND,

AV 8%

[43.1.8.2 (27 L & O RBEIINEGREE & & KIRFE O BSR 2 7=,

50kW/m? DG IBREE I\ T, 0 /B KON B4 SRR D 7 L & 33z 235
KRB KICE -T2, 0 RERLERE DT L& v 2 (KD k1L 3.6 T, E4 ZRDTH
X466 ThHoT,

T 129 TH o7,
10kW/m? D FURIEVR L IZ 35U Tk, 0 Rds KON B4 RBTEBRIERE O 7 L & 133k
BRIKISAE KICE S e h o7z,
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.« WA

FTHIFB LY L& AZIGET D 50kW/m? & 30kW/m? O G INEAREE IZ 351 2 75 K IREfE LT
EFEHT DL, RHEV LY L X OBFEKFERMNELS, VX URERLRLT NI &R
TE 5D, —J7, 50kW/m? <> 30kW/m? & o 7o B INERGR FE | b~ BRI S5 0 10kW/m?2 O i
SMBGREEIZ /25 &, U LA ATHERIC X DT RRBIESE T T, 0 RATEPIRET O H
133 AR LARDSAE K U 7o, A R 2 BRI I3 iE & kD L3 S 50kwW/m? K2 30kW/m?
&V T INEGREE DR L 3R LTV D Z SIS D, 2T, U LA AN &
FRFICEA R Z 00D . AR D TRLBENHH Z LICHE LT blenied, &
KETITR A2 ZT, A58 O U INER B CIXIERME 72 5 K O L3 S I L,

(2) FEBHRE

¢ 3.1.8.3 [T U INEREE I35 1T 2 0 SRBTERHRIAEIT DR MOFE PR 4| X 3.1.8.4 [T4
TS INBBREE |2 33T D EA IR HRIEERS DR MO FEENHFE 273, 72, X 3.1.8.5 [TK HSHN
BURIZIZISUT D 0 RHTHPIAEST D U L Z L OFEGEEEZ | [43.1.8.6 [T GINEVREEIZ IS
(T % E4 BRSO v L& L DOFEGEE &R T,

KHBLIOT L X LW o MFER 0 R LN B4 RFTHRESS & W o Tm B L 57,
T IMBBRE 3R & VME ERARFEGEE N K E < R HHEMRH -7, 058 L E4 ZH#
PRBEST & BT, RHUTEEANT L FZ o ORRIEBREN KR E S ROEMNH -7z,

028 L UVEA RBTERFREEE D FHZ L3895 50kW/m? & 30kW/m? D Fh INERGR FE 12 331
DFRBGEE & 2D & | JFHINEREE 50kW/m2 I281F % 0 7B KON E4 RFTRIER Z 2 h
DI RIEEHGEE D FHI1E 339kW/m? & 345kW/m? L 72 %, 7o, HUFMEGEEE 30kw/m? 1235
T2 0 FI LT B4 BHEBEE Z N E I DR RISEGHFE O 174kW/m? & 235kW/m?
L7220 A= OBETIMBGREE THAUR, 0 RAFTEBHEET DM L~ B4 SRBTERHRIALIT DFR
DR KRIEFHREN R E S ROMBMMR Do To, Tt —EHEKT DL 0 RBEBRILR D
FHUZ AN B4 RFTERERE O R MABRHAIC KR EBRX ERHZ EERLTWD, Fio,
0 FABTHRHRIE G O HIL, Rl — DG INEGREE |2 I W THRBEEE OHERB ICEL N A E T TV D
DIZRT L. B4 RFREIE OF ML, [ — OB BRI 123 TIEEE OHEB D ELN
IXENTH -T2,
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(3) JRpEE
WRAT L VW RBEEA B L, B LR REEEA [ 3.1.8.7 1T, 7 L ¥ DREEE A
3.1.8.8 IZ7~T,

Q
AH=_"-A
M

AH : BRBEEAIMI/Kkg]. Q : FRFEELE[MI/m?], M : FRBERIAE B iE[ke). A : BRBEMFE 0.01[m?]

FeHls L OV U & SR NGRS 30kW/m2 & 50kW/m?2 (233U TR A —E DR BEEL &
7o TUND, 0 RATERHEING ORMITISUNT, BETINEGREL 30kw/m? & 50kW/m?2 DRABEER
D)% 18.86MI/kg & 720 . E4 ZD T 16.81MI/kg & 72 o7, FT-. 0 BHEHRERE D
7 LA AT U C L R INEGE S 30kW/m?2 & 50kW/m?2 DIRBEEL D 11T 23.27MI/kg E 7R D |
E4 RDZ L 21.38 Mi/kg & 72 o7, O RATHRIAENT I KO B4 RAFTEpHEIN IRIT, RHIT
AR L2 OBBEBRRE VR E o7, Fo, RMBIO U L 3R, B4 RH
HRIEFE T HE 0 SRBTERBRIEIE DIRBER N K E WRER & e o 72,

72, RHUTBI LT 30 kwW/m? Z FEl 5 BURIMBGREE TIIBBEBMEL 725 2 L 8 AL CHR
NHMN, Zhid, BARGHENEL D2 L TEKETOM., MEIOBRS NS, FEEMN
W95 Z & T R INEGREE 30kW/m?2 <> 50kW/m?2 D L 5 7R RBERMZ 72 B le o T & B %
Lo,
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3 3.1.8.1 FHDa—rhr ) — X —x7 —RERHER

S8Rtk HEBRADTELEE HERBAIR AT RIE E BEREEETOERDIEAR | RAFKEEE & O
() it ¥ | Ex | BEE BE BE IREHINEGRRE 7 A B BHOTEAR | RBERE 5 REH
[mm] [mm] | [mm] | [g] [°C] [%] [kW/m] [s] [s0°] [kW/ ] [s]

0-10-1 103.30 | 101.75| 3.50 | 8.03 19.5 68 10 ERET - - -12014/09/08
0-10-2 100.60 | 101.55| 3.50 | 7.84 19.5 68 10 357.17 0. 0529 154. 80 380.4 | 2014/09/08
0-10-3 100.50 | 100.45 | 3.50 | 8.10 19.5 68 10 ENET - - -12014/09/08
0-15-1 100.60 | 100.50 | 2.50 | 11.69 20.3 80 15 128.0 0.0884 113. 20 151.4 1 2014/06/12
0-15-2 101.70 | 102.10 | 2.25 | 13.53 20.4 80 15 119. 8 0.0914 134.72 135.8 1 2014/06/12
0-15-3 101.45 | 102.30 | 2.00 | 12.09 20.4 84 15 140. 1 0.0845 209. 23 156.7 | 2014/06/12
0-30-1 102.10 | 101.90 | 2.60 | 14.52 20. 1 85 30 64. 1 0.1249 209. 63 105.4 | 2014/06/12
0-30-2 100.90 [ 102.25 | 2.30 | 11.91 19.9 85 30 65.5 0.1236 129. 06 125.4 1 2014/06/12
0-30-3 101.751102.10 | 2.75| 11.32 20.4 84 30 60. 8 0.1282 183. 18 108.8 | 2014/06/12
0-50-1 102.451101.25| 2.45|10.76 20.3 83 50 8.3 0. 3471 294. 29 47.012014/06/12
0-50-2 100.45 1 102.75| 2.45 | 11.62 20.7 82 50 8.5 0. 3430 313. 40 54.6 | 2014/06/12
0-50-3 103.50 | 100.70 | 2.85| 8.73 20.8 80 50 1.4 0.3676 409. 68 36.4(2014/06/12
E4-15-1 102.25 1 103.55 | 2.10| 8.39 20. 4 85 15 BNET - - -12014/06/12
E4-15-2 101.80 | 103.00 | 2.70 | 8.54 20. 1 86 15 BNET - - -12014/06/12
E4-15-3 102.05 [ 102.75| 2.50 | 8.34 20.3 87 15 BNEYT - - -12014/06/12
E4-20-1 97.80|102.85| 3.50| 8.80 20.5 68 20 101.3 0. 0994 188.70 117.7 | 2014/09/08
E4-20-2 101.85| 99.55| 3.50 | 8.95 20.3 67 20 100. 2 0. 0999 209. 92 119.0 [ 2014/09/08
E4-20-3 100.10 | 102.65| 3.50 | 9.12 20.4 68 20 108.0 0. 0962 232.57 134.5(2014/09/08
E4-30-1 101.75(102.10| 2.80| 8.29 20.3 81 30 45 4 0.1484 248.63 67.0 ( 2014/06/12
E4-30-2 102.10 | 102.20| 2.80| 8.13 20.4 82 30 45 4 0.1484 260. 97 68.0 [ 2014/06/12
E4-30-3 101.80 | 100.95| 2.70 | 8.32 20.5 84 30 43. 4 0.1518 194. 27 70.012014/06/12
E4-50-1 101.15(102.80 | 2.75| 8.24 20.7 80 50 19.2 0.2282 350. 02 39.012014/06/12
E4-50-2 102.551102.85| 2.65| 8.48 20.7 80 50 19.3 0.2276 348. 26 37.012014/06/12
E4-50-3 103.55101.85| 2.25| 8.30 20.8 81 50 21.17 0.2147 335. 81 41.012014/06/12




#3182 UL F L Da—rhnl)—RX—F —REER

SR HEBADTELES HERFARATDRIEE BEXEFREZOEHDEHIR AR FEHEE &T D
(LA it B EH | ER mE i BT I ARk FE & N B HHOFELR | FRBERE Bl e Y=
[mm] | [mm] | [mm] | [&] [°C] (%] [kW/m] [s] [s7°] [kW/mi] [s]

0-10-1 102.00 | 102.00 | 29.65 | 11.46 19.3 66 10 BENEY - - - | 2014/09/12
0-10-2 99.65| 99.80 | 28.70 | 11.22 19.3 67 10 BEXET - - - | 2014/09/12
0-30-1 102.35 | 100.00 | 28.20 | 11.04 20.4 67 30 10.7 0.3057 331.28 42.6 | 2014/06/12
0-30-2 102.40 | 99.60 | 28.90 | 11.29 20.4 68 30 18.9 0.2300 43.78 55.3 | 2014/06/12
0-50-1 100.80 | 101.00 | 28.05 | 11.41 20.4 67 50 34 0.5423 44712 39.5 | 2014/06/12
0-50-2 100.50 | 101.70 | 27.75 | 10.80 20.4 67 50 38 0.5130 498.11 425 | 2014/06/12
E4-10-1 99.60 [ 101.70 | 28.70 | 16.01 20.3 72 10 BREY - - - | 2014/06/12
E4-10-2 99.40 | 100.25 | 29.00 | 15.98 20.4 69 10 BEAET - - - | 2014/06/12
E4-30-1 98.75| 99.00 | 28.80 | 15.89 20.3 67 30 12.2 0.2863 358.36 67.7 | 2014/06/12
E4-30-2 99.00 | 100.90 | 28.55 | 15.87 20.2 67 30 135 0.2722 429.31 84.0 | 2014/06/12
E4-50-1 100.75 | 99.85 | 29.10 | 15.98 20.4 68 50 4.6 0.4663 464.51 53.2 | 2014/06/12
E4-50-2 100.10 | 99.05 | 28.40 | 15.60 20.4 68 50 4.6 0.4663 512.86 54.1 | 2014/06/12




% 3.1.8.3 ##1(0-10-1~0-15-3) D= — > H 1 U — A — X —HERFE R

RER A (FH) 0-10-1 0-10-2 0-10-3
FEFEENEL(THR) 0.15 MJ/m? 5.78 MJ/ m? 1.39 MJ/ m2
3.30 kw/m? 154.80 kW/m? 9.44 kW/m?
I RIEEGH L (HRR)
at 101.60 sec at 380.40 sec at 34.40 sec
44158 B EE (HRR) 0.13 kW/m? 18.16 kW/m? 1.15 kw/m?
PR EGHEE T60 1.02 kwW/m? 85.40 kW/m? 7.16 kW/m?
R EGHEE T180 0.85 kW/m? 30.77 kW/m? 3.27 kW/m2
) PEPERGEE T300 0.51 kW/m? 18.52 kW/m? 2.29 kW/m?
i BB & 483¢g 3.83g 5.068
%ﬁ AR IAE B 3.20g 401g 3.04g
i 75 KRR ----sec 357.7 sec ---- sec
& KRR (VY & —g 6.59 g —
4 4 5 ----sec 439.4 sec ---- sec
PRI ] - sec 81.7 sec - sec
200k A itk e e L] 0.0 sec 0.0 sec 0.0 sec
200k it fR R 0.0 sec 0.0 sec 0.0 sec
SRR 25 B # (HOC) 0.43 MJ/kg 12.74 Mi/kg 4.04 MJ/kg
SR R # 0.394 g/s*m?2 4.785 g/s-m? 0.346 g/s* m?2
AR (M) 0-15-1 0-15-2 0-15-3
RSB E(THR) 11.00 MJ/m? 17.68 MJ/m? 15.15 MJ/m?
113.20 kW/m? 134.72 kW/m? 209.22 kW/m?
e R ZEENH L (HRR)
at 151.40 sec at 135.80 sec at 156.70 sec
S H4) 5 A JEE (HRR) 16.97 kwW/m? 37.67 kW/m? 24.71 kW/m?
SEIFEEEEE T60 73.72 kW/m? 108.48 kW/m? 123.95 kW/m?
R EGHEE T180 48.27 kW/m? 79.47 kW/m? 68.29 kW/m?
i PEPEHGEE T300 31.70 kW/m? 56.11 kW/m? 48.23 kW/m?
i AR BRI 3.62¢ 3.12¢g 2778
Bjﬁ EST AN e 8.07¢ 10.41¢ 9.32¢
" i KRR 128.0 sec 119.8 sec 140.1 sec
* KA I & 10.34 ¢ 12.09g 10.26 g
TH A IRFH] 304.4 sec 280.8 sec 309.7 sec
PRBERFI 176.4 sec 161.0 sec 169.6 sec
200k B ke HR I 0.0 sec 0.0 sec 4.5 sec
200k RS IFE 0.0 sec 0.0 sec 4.5 sec
SRR A 256 Bl (HOC) 12.04 Mi/kg 15.01 MJ/kg 14.36 MJ/kg
Y B == 2.017 g/s-m? 4.691 g/s*m?2 4.093 g/s*m?




3 3.1.8.4 FH#1(0-30-1~0-50-3)Da—rH 1 U — X —F —RBRKEE

iRk (FHh)

0-30-1

0-30-2

0-30-3

FRTE IR (THR)

23.59 MJ/m?

17.67 MJ/m?

20.03 MJ/m?

I KFEEHE (HRR)

209.63 kW/m?

at 105.40 sec

129.06 kW/m?

at 125.40 sec

183.18 kW/m?

at 108.80 sec

SR ENGH FE (HRR) 32.85 kW/m? 15.26 kW/m? 17.38 kW/m?
SEEPREGEE T60 181.83 kW/m? 76.93 kW/m? 134.64 kW/m?
SRR EGETE T180 100.62 kW/m? 62.16 kW/m? 80.30 kW/m?
SERREEGETE T300 70.06 kW/m? 46.77 kW/m? 57.17 kW/m?
%
BB & 137g 1.36¢ 0.98¢g
N N e s 13.15¢ 10.55¢g 1034 g
b
2 KR 64.1 sec 65.5 sec 60.8 sec
5
& KRR (VY & 12.87¢ 10.03 g 10.09 g
MEPIE] 211.4 sec 262.4 sec 202.8 sec
PR IFE R[] 147.3 sec 196.9 sec 142.0 sec
200k 1k f AE FH 24.1 sec 0.0 sec 0.0 sec
200k R IEHAEFR 24.1 sec 0.0 sec 0.0 sec
SRR 25 B E (HOC) 15.86 MJ/kg 14.81 MJ/kg 17.12 Mi/kg
SR B # 4,597 g/s-m? 2.689 g/s*m? 3.386 g/s*m?
AERIE (FHh) 0-50-1 0-50-2 0-50-3
FOFEENE(THR) 19.95 MJ/m? 20.84 MJ/m? 16.89 MJ/m?
294.29 kW/m? 313.40 kW/m? 409.68 kW/m?
I RIS ENHE (HRR)
at 47.00 sec at 54.60 sec at 36.40 sec
S 5% 03 B (HRR) 23.11 kW/m? 33.39 kW/m? 21.59 kW/m?
S EGEEE Te0 208.74 kW/m? 211.83 kW/m? 208.23 kW/m?
SERREEGETE T180 97.27 kW/m? 99.29 kW/m? 87.09 kW/m?
SRR EGEE T300 63.71 kW/m? 67.32 kW/m? 54.41 kW/m?
iR E & 0.51g 0.65¢g 0.54g
AR IAE B 10.25g 1097 g 8.19g
25 KRR 8.3 sec 8.5 sec 7.4 sec
S
75 KR N 10.57 g 11.50 g 8.59g
MNP 120.0 sec 128.6 sec 110.4 sec
PRI IR FE) 111.7 sec 120.1 sec 103.0 sec
200k B Sk E R [ 41.2 sec 31.9 sec 30.1 sec
200k AR HA R 41.2 sec 31.9 sec 30.1 sec
SERIBER 5h % BN (HOC) 17.20 Mi/kg 16.79 MJ/kg 18.23 MJ/kg
Y B =R 5.098 g/s*m? 6.193 g/s-m? 6.200 g/s*m?




% 3.1.8.5 FHlI(E4-15-1~E4-20-3)Da— 1 Y — A —F —REBRFER

RERA (i) E4-15-1 E4-15-2 E4-15-3
KPS ELEL(THR) 0.36 MJ/m? 0.33 MJ/m? 0.48 MJ/m?
1.10 kW/m? 4.55 kW/m? 4.10 kW/m?
B RFEEGHE (HRR)
at 114.10 sec at 18.10 sec at 19.50 sec
P45 38 B0 B2 (HRR) 0.30 kW/m? 0.27 kW/m? 0.40 kW/m?
IR EGHEE T60 0.46 kW/m? 2.78 kW/m? 2.17 kW/m?
SRS EHE T180 0.54 kW/m? 1.61 kw/m? 0.78 kW/m?
i SR FEEGEE T300 0.32 kW/m? 1.06 kW/m? 0.60 kW/m?
* IR I E & 591g 5.97g 5.97g
%ﬁ FRBR AR ) 2.48¢ 257¢g 2.37g
;; K IRFH] - sec - sec - sec
KRR I g —-g —-g
T4 2 HR - sec ----sec - sec
SR e R ] - sec - sec - 5ec
200k i fe e ] 0.0 sec 0.0 sec 0.0 sec
200k I HR IRF ] 0.0 sec 0.0 sec 0.0 sec
SERIR e 2 BV E (HOC) 1.30 MJ/kg 1.14 MJ/kg 1.81 MJ/kg
S wE D R 0.218 g/s*m?2 0.223 g/s*m? 0.211 g/s*m?
RERR (i) E4-20-1 E4-20-2 E4-20-3
FEFEELEL(THR) 11.01 MJ/m? 11.13 MJ/m? 9.49 MJ/m?
188.70 kW/m? 209.92 kW/ m?2 232.57 kW/ m?
He RFEEGHE (HRR)
at 117.70 sec at 119.00 sec at 134.50 sec
4138 B0 (HRR) 16.18 kW/m? 28.42 kW/m? 33.69 kw/m?
SEEPREGEE T60 126.45 kW/m? 147.56 kW/m? 140.01 kW/m?
AR EGHEE T180 52.76 kW/m? 57.84 kW/m? 51.90 kwW/m?
i S FEENGEE T300 33.96 kw/m? 36.47 kW/m? 0.00 kW/m?
" AR I & 1.99g 1.81g 2.72¢g
%ﬁ B AV 2 6.81g 7.14¢g 6.40 g
ﬂ% KRR 101.3 sec 100.2 sec 108.0 sec
* KRR IAE & 8.20g 842g 8.52g
NEp i 184.7 sec 169.0 sec 176.5 sec
PRI R R 83.4 sec 68.8 sec 68.5 sec
200k i R 0.0 sec 23.1 sec 19.7 sec
200k BT HE IR 0.0 sec 23.1 sec 19.7 sec
SRR h s EAVE (HOC) 14.28 MJ/kg 13.78 Mi/kg 13.12 Mi/kg
SERE B =R 6.594 g/s-m? 12.951 g/s*m? 14.907 g/s* m?




3% 3.1.8.6 FHfI(E4-30-1~E4-50-3)D a— 1 Y — A —F —REBRFER

HER R (Fehh) E4-30-1 E4-30-2 E4-30-3
FRFEEAE (THR) 12.19 MJ/m? 11.88 MJ/m? 12.80 MJ/m?

248.63 kW/m?

260.97 kW/m?

194.27 kW/m?

B RFEEGHE (HRR)
at 67.20 sec at 67.50 sec at 70.40 sec
SEHE B T (HRR) 20.36 kW/m? 24.37 kW/m? 21.69 kW/m?
YR EGEE T60 147.17 kW/m? 146.31 kW/m? 135.00 kW/m?
SEYREEGHE T180 62.50 kW/m? 61.73 kW/m? 62.52 kW/m?
SR FEEGEE T300 39.56 kW/m? 38.98 kW/m? 41.29 kW/m?
st
IR I E & 1.19g 1.08g 0.85g
PR IR &) 7.10¢g 7.05g 7.47¢g
e
& KRR 45.4 sec 45.4 sec 43.4 sec
S
B ERBRAE & 7.90¢g 7.71g 7.93g
2% HEF 110.2 sec 152.5 sec 141.4 sec
PR S R [ 64.8 sec 107.1 sec 98.0 sec
200k itk R 19.7 sec 21.0 sec 0.0 sec
200k B I R 19.7 sec 21.0 sec 0.0 sec
SERIR e 2 BV E (HOC) 15.18 MU/kg 14.90 MJ/kg 15.15 MJ/kg
SEEE B 7.832 g/s-m? 8.696 g/s*m?2 5.976 g/s* m>
HERE (Feih) E4-50-1 E4-50-2 E4-50-3
KOFEINEL(THR) 12.37 MJ/m? 12.46 MJ/m? 12.76 MJ/m?
350.02 kW/m? 348.26 kW/m? 335.81 kW/m?
He RFEEGHE (HRR)
at 39.10 sec at 37.30 sec at 41.20 sec
S5 B FE (HRR) 25.60 kW/m? 15.37 kW/m? 21.98 kW/m?
Y EGEE T60 165.51 kW/m? 157.50 kW/m? 164.65 kW/m?
S EEE T180 67.19 kW/m? 64.20 kW/m? 67.83 kW/m?
SEYFREEGHE T300 41.02 kW/m?2 39.81 kW/m? 41.80 kW/m2
IR & 0778 0.78g 0.79g
B AV 2 7.47¢ 7.70g 751g
5 KRR 19.2 sec 19.3 sec 21.7 sec
PS
KRR IAE & 7.96g 8.22g 7.95g
2% W 81.1 sec 95.3 sec 78.2 sec
TR J3E PR R 61.9 sec 76.0 sec 56.5 sec
200k B il R RS 21.9 sec 21.4 sec 22.4 sec
200k R e e 21.9 sec 21.4 sec 22.4 sec
SRR h s EAVE (HOC) 14.64 MJ/kg 14.31 Mi/kg 15.01 MJ/kg
SERE B =R 12.624 g/s*m? 8.279 g/s*m? 10.678 g/s* m?




% 3.1.8.7 7 L' ¥ (0-10-1~0-50-3)D 2 — b r J — X —F —REpER

REE (L&) 0-10-1 0-30-1 0-50-1
KPS ELEL(THR) 1.04 MJ/m? 24.08 MJ/m? 26.57 MJ/m?
3.47 kW/m? 331.28 kW/m? 447.12 kW/m?
B RFEEGHE (HRR)
at 779.20 sec at 42.60 sec at 39.50 sec
P45 38 B0 B2 (HRR) 0.87 kW/m? 77.41 kW/m? 22.14 kW/m?
IR EGHEE T60 1.93 kW/m? 208.86 kW/ m? 293.14 kW/m?
SRS EHE T180 1.47 kW/m? 132.59 kW/m? 139.00 kW/m?
i SR FEEGEE T300 0.97 kW/m? 80.24 kW/m? 85.19 kW/m?
* IR I E & 791g 0.68g 0.00g
%ﬁ PR IR &) 3.55g 10.36 g 11.41g
v & KIRER ----sec 10.7 sec 3.4 sec
* B ERBRAE & —g 10.85¢ 11.39g
T4 2 HR - sec 197.6 sec 117.5 sec
SR e R ] - sec 186.9 sec 114.1 sec
200k i fe e ] 0.0 sec 33.6 sec 63.4 sec
200k I HR IRF ] 0.0 sec 33.6 sec 63.4 sec
SERIR e 2 BV E (HOC) 2.60 MJ/kg 20.55 MJ/kg 19.95 MJ/kg
SEEE B 0.355 g/s*m?2 8.778 g/s+m?2 11.495 g/s+m?
REE (L) 0-10-2 0-30-2 0-50-2
FAFEENEL(THR) 0.49 MJ/m? 2.46 MJ/m? 25.15 MJ/m?
5.14 kW/m?2 43.78 kW/m? 498.11 kw/m?
He RFEEGHE (HRR)
at 33.40 sec at 55.30 sec at 42.50 sec
S5 B FE (HRR) 0.41 kW/m? 16.72 kW/m? 42.27 kW/m?
YR EGREE T60 2.61 kW/m? 23.82 kwW/m? 307.31 kW/m?
AR EGHEE T180 1.27 kW/m? 0.00 kW/m? 136.34 kW/m?
) S FEENGEE T300 0.76 kw/m? 0.00 kW/m? 83.01 kW/m?
" AR I & 7.49g 093¢ 0.00g
* B AV 2 3.73g 10.36 g 10.80 g
il
KI5 - sec 18.9 sec 3.8 sec
* KRR AR —g 10.73 g 10.94 g
TH 2% ] - sec 133.3 sec 105.5 sec
PRI R R - sec 114.4 sec 101.7 sec
200k i R 0.0 sec 0.0 sec 48.7 sec
200k BT HE IR 0.0 sec 0.0 sec 48.7 sec
SRR h s EAVE (HOC) 1.16 Mi/kg 2.10 MJ/kg 20.37 Mi/kg

Y B =)

0.373 g/s*m?

15.434 g/s+m?

13.442 g/s*m?




% 3.1.8.8 U L ¥ (E4-10-1~E4-50-3) D a— > F 1 J — A —F —RERFER

HERIE (D& V) E4-10-1 E4-30-1 E4-50-1
FRFEEAE (THR) 0.69 MJ/m? 33.17 MJ/m? 33.01 MJ/m?
3.42 kW/m? 358.36 kW/m? 464.51 kW/m?
B RFEEGHE (HRR)
at 35.30 sec at 67.70 sec at 53.20 sec
SEHE B T (HRR) 0.56 kW/m? 113.60 kW/m? 106.47 kW/m?
YR EGEE T60 1.77 kW/m? 211.14 kW/m? 290.52 kW/m?
SEYREEGHE T180 1.55 kW/m? 183.23 kW/m? 182.94 kW/m?
SR FEEGEE T300 1.66 kW/m? 0.00 kW/m? 110.01 kW/m?
s
IR I E & 13.51g 0.64g 0.34g
FRBR AR ) 2.50¢ 15.25g 15.64 g
e
PPN - sec 12.2 sec 4.6 sec
P
B ERBRAE & —g 15.64 g 1591¢g
2% HEF ----sec 196.7 sec 157.2 sec
JRIGERER - sec 184.5 sec 152.6 sec
200k itk R 0.0 sec 73.1sec 75.9 sec
200k B I R 0.0 sec 73.1 sec 75.9 sec
SERIR e 2 BV E (HOC) 2.45 MJ/kg 19.23 Mi/kg 18.66 MJ/kg
SEEE B 0.280 g/s*m?2 11.880 g/s*m? 16.027 g/s*m?
HERfE (v V) E4-10-2 E4-30-2 E4-50-2
FATEENEL(THR) 0.43 MJ/m? 32.63 MJ/m? 32.57 MJ/m?
5.71 kW/m? 429.31 kW/m? 512.86 kW/m?
He RFEEGHE (HRR)
at 36.00 sec at 84.00 sec at 54.10 sec
S5 B FE (HRR) 0.35 kW/m? 119.53 kW/m? 122.92 kW/m?
Y EGEE T60 2.59 kW/m? 241.64 kW/m? 306.92 kW/m?
S EEE T180 0.88 kW/m? 181.09 kW/m? 180.73 kW/m?
SEYFREEGHE T300 1.17 kW/m? 0.00 kW/m? 0.00 kW/m?
IR & 13.36¢ 0.51g 0.40g
B AV 2 2.62¢ 1536 g 15.20 g
A KRR ---sec 13.5 sec 4.6 sec
P
KRR AR —g 15.59 g 15.53 g
TH 2% R - sec 153.0 sec 123.1 sec
TR J3E PR R ----sec 139.5 sec 118.5 sec
200k B il R RS 0.0 sec 80.3 sec 75.8 sec
200k R e e 0.0 sec 80.3 sec 75.8 sec
SRR h s EAVE (HOC) 1.44 Mi/kg 18.78 Mi/kg 18.94 M/kg
SERE B =R 0.270 g/s*m? 17.600 g/s* m? 20.574 g/s*m?
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500 - —— 0101 ---0102 =--- 0-10-3

—— 0151 ---0152 —--0-15-3
450 1 0-30-1 0-30-2 0-30-3
400 4 —— 0501 ---0502 — --0-50-3
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3.1.8.6 FHFIBGREEIZRIT D E4 RITEBREEFED 7 L K v DRBGHEE
MAEKIZE D 7o T BR IR O BGHFE 13 50H L TV,
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3.1.8.7 RHAHIMBGREE & R HEDBRBEE
30 7
o0V L&
25 OE4-v L &
0] (@)
20 ]
“on
'M -
=~ 15 A
z 4
g 10 ]
5 _
(o)
0 i T T T T T T T T T T
0 10 20 30 40 50 60
TG NS FE [k W/m?2]
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3.1.8.9 0 RFTEMRIER DEMOE KEE (0-30-1)

3.1.8.10 E4 RIFTEMRESE ORMOBINE (E4-30-3)
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X 3.1.8.12 RBAZOFRH (GEHINBGEEE 30kw/m?)
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E4-50-2

e i~

3.1.8.13 RERBOFHL (S NZEEE 50kw/m?)

- - “ag)

P S :

E4-20-1 . % E4-20-2

e

X 3.1.8.14 RBRLDOFEH (B IMBGHREE 0 : 10kw/m2,E4 : 20kw/m?)
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3.1.8.16 REBR%Z D E4 RFBREFOY L F
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BE W

"James G. Quintiere % KE=3C - HAE R, [HERE KRBIGURGR). HSTHIRR, 2009
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3. 2 0FRKEUEA RITEMRELRE OBREEER
3. 2. 1 ZEBREWN
H 2RI T 0 R KON E4 SRBFTRARIERS 2 5 Kk U, R DOFEEGEFE &\ o T BRBERFI:
ZEHHIL . EATH OB AN TORERAEOFRICH -0 | HRETRHZRET 280
T — 5 L35, o, EljZEM & RE L 72 1509705 L— A 32— EREE NI BN T
0 BHTERRROPEN 2 ZFRE L, 05 b 1N B HZEM OBRBERER & [F— D& K FiET
XK UFSBGEEE 2 3HAIT 2,
ZZTC, FEEOFEREELDD, By AN L7z EBRA,
- O SRBTERHRIAENT O B ZERIT I 1T D IRBEFER  (0-Free-45 KL E-5EHR No.)
- E4 SRATHBHERE O B 2RI 31T DIRBEFEER (E4-Free)
- HZEM ERE LTz — A a—F—REBREENICBIT S
0 SRHTERHREE T DIABEEER  (0-Room-75 K7 1E-FZBR No.)
MENXMIEIZS. 2. 3 X3.231%H

3. 2. 2 ZEBRHREKOEBRRGHT
LB H 2014406 H 23 H (H) ~ 2014406 H 27 H (&)

25 H + - <+ E4-Free, O-Free-R-1, O-Free-L-2
26 H + + - 0-Free-C-3, O-Free-L-4
27 H + - + 0-Room-R-1, 0-Room-C-2

KRG HOERRLR SRR H & v SRR KRR TE v S — BRI SRR =
KERIEHEE (WPrIg)
SR R EAREE EBRCKSERATTTER 2 4

b EE [ [EIFR K SR FER) 1 47
- R EE] [ [EIER K SR 2 FER) 1 47
- JEET [ TEEER S AR 4 4R
SiEAK [ TERERSE AR 4 4R

-l FarE AR
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X 3.23.1 RHEBREIZHAWEZ0%R (B) LR (B) FepROEE

P

#3.23.1 RABREICHWTZHER O O otk

i BRI 4L A S 5 1 A JEE Jis P AE
0% HAREAPE (NR) 1981 4 WIS 3 ANBNT
E4 % HWHARESGE (JREast) | 1997 4 T = 1 NENT

RERIARIT T2 0 SROBTERBRIERE 13

YT VHEOT — 7 X OV = ~ b A3EL

DAINTEY, HEIIMTEZ LN TWD, B4 RIERERIL, a—r el —2—X%
—REBOY 7Y I TV REOT v I AX L REMET7 Y FUARNEIDALT

Ho,
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3. 2. 4 FHKFHE

HEKFEX, 1972 (BBF047) FodblE b RV kK& 50T TRA 1973 (HF0 48) I8k
TE AT TR T 03 SRR 5\ T I L 72 BT HLK SRR O N o, 3Bk 2 (T2 35 K07
% (1 By OB 40 X—2 L 7L a— L 400ml) EEAT D,

% 3.2.4.1 FPBSEBRYIE A KRRORBREM:

R 1-1 R 1-2 AR 3 R 2
PR 32:04 34:53 38:09 50:40
HIH 8/28 8/31 9/1
B KH HER LN 11 TRR FoN11 FEEH
BTHIAL 40 ~
BrHE 20 X— -
e KR Bri#HE 20 X— &0) JX30)
Bk 7 /L 31— )L 200mL TV a—)b
ES 400mL
as ¢ PAC b &
wEGIF B =
& - EE PAL
EATIRRE {5 HL BT 8 4y CHH F.O.E (25
H

77 B VI s S BR AR A B K S BRBR 7 A oD e L [y
XTI TF ¥ —Thd, TOXIIT, JEREITHEME LT
2T RRIE LTI B o0 370 o B b R
IR T A=)V T DT CHTREARI S A kAR VD TRE K
e R

—

X3.24.1 FFBHEERRIIEXKABROEK
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3. 2. 5 HEHEE
O-Free / E4-Free
- WEFRIHEEIC X D I B
- HEZAAL
s A KRIE RIREE
© KRRDO DRI (BF - )
T UENNATBIOTVENET A K L5k
- R
0-Room
- R FRIHEEIC X D FEGHE
C A KRIE RIREE
- JEJE IR
* JEJE DO OBNFR (BEN - )
* FO.OA HE L Z DF[H]
CTVINAATRBEIOT VAN ET AT K DR
- {1 AL
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(1) BERMHBEIEIC X 5 RBGEE
5mX5m OPRBERERIE M 7 — FIC X0 IR L 7oRBEA KT A DlSR, “WRALIRR . — Bk
EIRFWRE, &7 FAOIREROBEZRE L, BREHEIRICESSRABRELHE LT,

FEEAGEE DFLE ORI U7 EE: 2 3R 3.2.5.1 IZRT,
7 3.2.5.1 REEHERTEOBRICER L-HIEM#ES
HIESEH T E R s HIER T 5=
i S WA CE ey
PR
(‘E kR
Y AE S o
i IR 3 ]
)q6)
L (® )
—ERLIR R E =
\ SR T VAT 2=t — 2 =
57 N DB \ - b
(Y XA 8l DP103-08) X |
-
— AENE RS
X7 SNOIREE
(% A B AL
: F—Znuli—
T — XN
(BRI &M% 5L MX100)

X HERSRTEITIS A — I —HP 55|
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F o, BBBEHEE ST VAGRHO — MR EHI B W T, HE SN DABBEDHNE &L
72 0 ORBERN X E (K 13kl/g) THDH| EWHFHETH D,

— H OEBRBIARTNC TR IE T 2 & JHAWTH A0t DEIE 2TV, ZD%, BRIERKEE
sl 2 7o DITHR IR EL 2 T8 3B 21T o 7, 7272 L, 25 H OfERERIT, PRl
ek U 7= E4-Free D EERATIZ 32em A OFARIA A Lo b X 7 — L 1L ZAEH L 7o iR I8k
% 18], F£IC5E0 L7z 0-Free MEBRANIZ 50cm A DEBLA A L/ & ) )L )b\ 2
2L ZEH U7 iR I8k A 3[fT o 72, 26, 27 H OfEREERIL 50cm A OFTLA A Lo b
INNANTZ A EHEHLTEH 1T 70, 25 HIZHED IR UGB IR AT > 2Bk &
L ClE, E4-Free DEBRENHAX AT EL, HE, MREREIToTE-OTH D,

7235 E4-Free D FEBRATOMETR TR & E4-Free DEBRTHOLNZFRY O b H AN THE S
MNTERBGREIX, %A, HEXEZITE UBERE AT 70, TRt s B B e A
KT, RFORDPESTFHAEXNTHY ., ZNEIELWHARIZ/Z: 2 KX 95T EEITo 7214,
FEBOHE DFHE 21T o 7o,

---------- 56 B B B E I 53 3 START ---------
ch(00055)

$¢ch(00055) : excel 7 —X% DX 7 ~NIREE[C]
ch(99005)=ch(00051)*25*20.85/20.92

$%ch(99005) : excel 7 — % @ 02[%]
ch(99006)=ch(00052)*10

$ch(99006) : excel 7 —# @ C02[%]

IE LW E B T ch(99006)=ch(00052)*2

XA TIE, excel 77— M CO2[%]% 5 TR L TIE LWHEXOEIZELE
ch(99007)=ch(00053)*5

ch(99007) : excel 7 — 4 ™ XCO[%]

$IE LU E B AT ch(99007)=ch(00053)*5-0.002

M T, excel 77— D XCO[%]%-0.002 L TIE LW EFEAXDOEIZETIE
ch(99008)=ch(00057)*623/2.5

$¢ch(99008) : excel 7 — & ® Delta-P(Setra239)[Pa]
ch(99009)=0.756*sqrt(ch(99008)*2/(1.293*101325/101325*273/(ch(00055)+273.15)))

$:ch(99009) : excel 7 — 4 @ Vel[m/s]
ch(99010)=ch(99009)*1.293*101325/101325*273/(ch(00055)+273)*3.14*0.8*0.8/4

100



$%:ch(99010) : excel 7 — 4 @ VFR[kg/s]
ch(99011)=ch(99019)*(1-(ch(99007)+ch(99006))*0.01)-ch(99005)*0.01*(1-ch(99020))
ch(99012)=ch(99011)/((1-(ch(99005)+ch(99006)+ch(99007))*0.01)*ch(99019))
ch(99013)=(13000*ch(99012)-(17600-13000)/2*(1-ch(99012))*ch(99007)/ch(99005))
ch(99017)=ch(99010)/(1+ch(99012)*(1.1-1))*32/28.8*ch(99019)
ch(99018)=ch(99017)*ch(99013)

3¢ch(99018) : F&EIHE FE kW]
ch(99019)=20.9148/100

%ch(99019)-@ @ @/100 D45 1- @ @@ LME [ERI D 02 L (BRI FT HiATefH)

MFFEF TIE, ch(99005)DHEFLAIE# DIEZ 77 T O@@ L LT
ch(99020)=0.219/100

%¢ch(99020)-@ @ @®/100 D45 1- @ @@ LHE E AT 0D CO2 I AL (FEBRATIZ A5 4T HIA T ofH)

XEHE TIX, FTEFD ch(99006)0>?ﬁﬂﬁf%ﬁﬁélﬁ?‘ DiEZ 7T O0@®L LT
---------- 8 B i B T T B 5 END--- -

MR FEBRDOTH ) — L IL B LN v~ L~T H 2 2L ORFEEE (FRIE) 2 FitloRd,
c X ) —)L 1L ORRFEEE
BRBEEN 26.8MJ/kg X Z £ 0.790[kg/L] X {3 A £ 1[L]=21.172[MJ]
© JIVRIIANT H 2L DRRIEEVE:
PRIGEZL 44.6M)/kg X % i 0.684[kg/L] X f8 H & 2[L]=61.013[M]]
o x OERBEBUISCER (20 HBI L, =& ) — VBB TR AR S N TV T B &
EHL, /=T 2 o OFEEIL Wikipedia 7255 H L7z,

LITFICHER IR OAER 2T, REHE I T AR DOZ A LT T aBE L, excel 7—4
DFEKEK, Marked 225 27 FOi& 2 FEGHE DEF K E LT,
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£ 9200

# 150
100

50

400
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£ 9200
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I I
——ethanol(1L,32cm 4 41 /LX)

Y o W N =
M N g EE23[MJ]
0 2 4 6 8 10
B[ [min]

X 3.2.5.1 2014/6/25 #8EER (E4-Free EEREN)

——n-heptane(2L,50cm 4 41 /LX) 1A H

%

n-heptane(2L,50cm 4 41 /L/X>)2[a] H

——n-heptane(2L,50cm 4 41 /LX) 3[E] H

i
T

18] B a3 v 42[MJI] -

3[A] B A E73[MI]

4 6 8 10

fE ] [min]

3.2.5.2 2014/6/25 ##iRFEH (0-Free-R-1 FEERHI)
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400
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50

——n-heptane(2L,50cm £ 41 /123 )

FEE64[MJI]

X 3.2.5.3 2014/6/26 ##32EER (0-Free-C-3 BRI

8 10

——n-heptane(2L,50cm 4 41 /L/%)

R EEe62(MJ] |

3.2.5.4 2014/6/27 iR EE (0-Room-R-1 FEEREI)

8 10



(2) HEZ{L

O-Free & E4-Free DEFRTIL, 50kg L' > Do — K&/L 3 HAMH L TREEIC L 2 EEE
fbAERE LTz, m— REE 3 A3~ CfnE ¥R LUB-50KB(IX] 3.2.5.5) 4 ffH L7z, = — R
BARBIEIT +—7 V7 MEOWMEEETHEMNT 550y b EIZ 25mm EO®T7I v o v
—VEEE . FD I 25mm B A BNV T ARERE L TER LT, BB, 2— K
TAOBESEMR LD LT DD, n— B/ E Ly FORIT 3mm JEDO N & HE20A A
72, (B 3. 2. 6 RBRERUFRESROREIRD)

X 3.2.5.5 FEFEER T — K&/l LUB-50KB IFIEZE HP /5 5 H
(3) iEEE

BEBRE O AKRIPIROMRE DT, FHKAE RICBERY U —43E L CREZFHIIL
720 FEKGRE FIREE Z G 2 BGERHY U — 3R A 5 20cm FEEE L 7 A7E 0> 5 20em &
C Free ®FEERIL 10 A, Room DEBRIT KA OHAIT LY 9 mEkE LT,

Room O FEBR CIIMEE IR EE DR DT 91Z, 1509705 /L— 2 = —F—a B E OB 0 4 A
DEFETOM (BEHE D5 30em [REE) ([CEVEXTY U — 23R E L QREZFHII L7, Mg IR
ZEHT D EERHY U — XK A D 20cm MR T 12 SGRE L7, F7o. IEHE KR O
HREZZEMEE LTEL72D, ROEE, HT0. ~y FLA MR, FT0EmMOC
D~y FUZA BN EEL LY (BRERE =) (ICTEVER 2RI ZE LiATe K O IZFRE LT,

BVESHI TR CIRAEIRD ¢ 0.32 D CABVEXT (F 7 A8 2#HA L,

(B . 3. 2. 6 ﬁ%ﬁﬁiﬁoﬂﬁ%ﬁﬁ@ f‘ﬁ#ﬂﬁ)

X 3.2.5.6 CA ZExt (¢>032 7771?&%) Y O EBEVHP /58|
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(4) BJK

Free DEBRTITRKN S OB AR, B XA HACEIERE 1m, & S 135

(O-Free : 36cm, E4-Free : 40cm) &~ KL A h L#} (0-Free : 100cm, E4-Free : 120cm)
O 2 EETCRHI L 7z, FEIE O S 2310 D BAFTRIE VATELL SO BGiEF Okl — R 28,
BELAT) HEHAL, ~» FLA b EEICHT 28GRI CAPTEC O EEET Okm=F
B, BB B2 A7) A LT,

Room DR TITAR D b OEGRAULFHHIE T, 1509705 /b— L = —F —plBREEN O L
FLT AR OBRBEIZ K 0 EFET D LEE D & OB IR 2 CAPTEC OBRET OKMFEARAL, &
B st 2 A7) IR R LT, BUREF OB ENEIZAR O OB RE TE LR 5
Lo, £z, Mg L OMENFEL ., BN OBWREN R bZITRTWVWEB LN
FHHE KBGO~y RUA b EEMEICZ22 X5 EEKERD L L ¢ D~y R b L
DN LA E IZERE L7,

(ZM 3. 2. 6 HEBRERUGFHABKESEORERD)

3.2.5.7 VATELL ®EGRE () & MCAPTEC BBWRE (£)

(5) F—XINE

HERERACEORE, BUEROT — 2 EITRBEEREORIMER LT —F e h—¢&
[FIRERE (BB MX100) 2 L7z, £/, T —ZI3EKOKIK 2 /58105, $UkH
W1y EIEE LT,

(6) HERKOBMBRIE

TUHNT A TITTHERA, ERh, EBREORNAEREY Lz, £/, 1H? RICHO #
TUHNT AT TEBRPORGLE 20 EROA o Z — AR 21T > T2,

TIUANET AT AFITTERPORIA, 250 SONY 7 DX LT 47 A 7 THER
RORLORITT R ORI 0 D Lz,

(ZM: 3. 2. 6 HBREROFASSORERDT)
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(7) R@EE

& F2ER B ORI 10 BRI EERBINIC I T TANITA SO TR EE 3H(TT-532) N For LT- 1R K&
O 2 FREICR T,

«25 0 IRJE : 23.9[C]. M : 78[%]

-26 H JRJE :24.9[C], 1B : 73[%]

- 27 B IREE : 23.4[°C], A - 77[%)]

3. 2. 6 BRBRERUGHAIEOHREBEIRGR
PRI M OVEH IR 2R DR BRI 2 R E > B R T,
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A —=NILIBERAAS

_ EFANAS
BTE (28 - KD O—FELEE
e . . L '.’:-' Lt
B (280 N, =l .
A oo BERYY—EAAELEERE) IS
(@A 50, 2mRAfR, 10:)
EFthAS

HEI7—F Smx5m

E4-Free FEE #HR1/50

$£EIJ—F 5mx5

! B U — (kA LR )
i (BT 0. 20BAF8, 108)
A (28 - Hsh) )
. X
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