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W, KRR ORI R B E T ER ICOWTHERT 572, FEBRA I LT-,

5 tifmpk S B A2 R R Ic @& L, B EoBEEEHuE R RS LD | BARB I OT L a—
2L ZRBES . EOBENFTAL L OVEHRZ B OfM, ~ o RVNOERE, o fL
WORBE 72 8 OB Z1T - 1=,

(FBRAE R

PR IOV R VNREICOWTRIEN W2 &R I,

1973-1974 ¢ (K31 48-49 4F) [HSRIT X D ABEFEER V294

(EBNE)

JEBE b oK S(1972 4F) 2520, EERDE SRR L OVE i CRIEER A 1T o 7,
7Ty ad—N"—%OETICETAIRBR L EHEOHNE L, BERR EEEDE
i L7=, B E1X. T — L 400ml O, "RMIK) 2.8t TH o 7=,

(FEBRAER)

HME ST Hm T, IR LS RETEREA L, B L 2 TREFL TV,
R RN THIBA KRN TAE LT HAIE, BT L. bRl sEs 2 &R
AN THDZ EENHER SN,
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AR TR RIS RIS T DA IR OB 2 LB EH R E T A DT S
NTW5, TRRICEDOETAMBOE L HEFT,

FBEBRRINBEAKHARETHRIEE LD
POEDATOTTERT HIE SRR FIESGER (M 48 428 H 28 H~9 A 1 H)

HERFIEHAR (PR 27:12)

— D ENE FES )
IR AEE Fan || GFoan || o RS

G L 0O U O QU Q@ O

PrEBEE D Eimfh KEE (FF/ERRH] 28:42)
HAG. BLEEATONIED « « « AT I AMBBET L IR
BIFHZ A <« «BAND AT A
Wbt - - - T AR

HMEBCEDBE (F/AERFRH 32:21)

NIED « « « 2T I A LHET L IR

JEG - »  BARMEMIEE Sy N, R LY T — A
K- - -8R, b e = KA EA

e o - RU =R Fr—k

Lot A o S |

FEIFHT A« « AV ATT A

WiEbE - - - T AR

TN REERRYER

(7R fa (kg

= RAR—F 492.5
B 372.3
AR 348.8
[z 218.9
VRV RN 184.3
WrEbs (BE4FE~7 =/ b) 140.
Z DA 460.3
G 2,217.1

MERIE b oL & RISER R T L0 Pk
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FRICLHARMEDHESE

EATAREAEH Y
] PR B
il YR - AT B HER 438
(kg)
(kg/m2)
HTER R A AEFn 39 4E 2115 25.5 A
Hh D AE
TR o MEFn 41 48 747 13.7 A
(301 %)
A5
LEad s MEFN 44 1520 25.2 A
(%~ 180)
AITRENE
fr= %0 36 4 1611 26.7 B
(¢~ 58)
FRAEREKH
N WEF 43 4E 3036 52.3 B
(F % 20)
HAERERHE
= WAFN 46 4F 2496 41.4 A
(A% 14)
— 5 R i 75
2 HEF 32 48 92917 40.6 B
(F,~11)
ERE B oL & KCRRR 3R 8 K0 Pk
HAEREH
R 1-1 AR 1-2 R 3 R 2
TR R 32:04- 34:53- 38:09- 50:40-
A 8/28 8/31 9/1
EKH HER L EOE T 11 TR H F 811 TBK
HEHE 20 N— M 40 2—
p R BT 20 ~<— v BEO BEIO
7L 2—,L 200ml 7 )L 22—)L 400ml
1R B LT BH =
BEBIF B =
7% - mE g LT
AE1TIRAE 5 &K% 84y THH FO.E#%IZHHE
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FEB D K 51T S O RBRIBTRIA & N2 C T TR
ﬂ;%k%%ﬁwfﬁkﬁémkﬁg7w:~w%ﬁ
WDGE TV 3 — VI AR O RS A b T
LT IRD, FHETHITKD D,

N 138 KA D | & EDOALED S —E
TREDIAZ A L UE L T-A R O R MR E ST
W5, ZEMD DO W OFRRIL. & KALE DR
JEVZHEPE LTz & & OB DRI 70 & 72 2 R J O -
ICRRE LTV D EHEITE D,

FHAERR
PR 1-1 R 1-2 R 3 R 2

. & KH(F) 25°C 60°C 670°C 1200°C

= | WE - B (HY) — 22°C 24°C 25C

| E - BhEH(HS) — 24°C 26°C 35C

. & KH(F) 45% 45% 100% 100%

% WE - Bh# e (Hy) — R 20% 9%

= | e . bz

3 | HE B H5.(H2) B 99 Q0 390,

i & KH(F) I danRenc I danncncn 4.6% 6%

ﬂéﬁ HIE - Blyat s (Hy) — i 160ppm 220ppm

(@] I . S H §

@ TE - Bt — i fanmca 30ppm 380ppm
N & HE - B #(H) — | 20 B4 TAAE | 20 B4 TAAFE | 20 TERTHELF
B OB s
5 W) WE - Py — | 22 PEA TS | 22 PR TR | 22 PLACAAE

HKO)~@IEEENTORKEZRT,
P 7SENNNE VIRPRNS ) N NUE T
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BABR 1-1 (FFAREfH 32:04-)
HRIROF RO BRDRBE L, £ DIRBEIC & > TH UTakRIT L o THERE £ i 28 B < BE
TETARECASITARE A LT,
BEEE, 75:K14 577 34 B CHIBRONR 2 o & 5 L RIFFC HRBEK LT,
B OBRBER D, I D3 JE R ’ﬂﬁ%awjﬂ“f%oto

i
i

1-1-1 75 k% 1-1-2 HARBKER D) DR

BB 1-2 (FFAMREfH 34:53-)

BRIDHERHRIZ, KRITNCET 2048 L7220 DV OE X ETIER Lz, Fk
JRIE EOMMNCERE U7 v IERE IS 597, KSUT B AREE A U, TS IR 5
ENTH OB BT ET ., ZOBEPEICITIELRE L h o7,

B4 1-2-3 76, BAPEH R FEOHEKRIEEITE KD B 143 TR 50C, MR EEIIE K
BRI 6 4 TRAREIZIZE LI Z &AL 5,

BEE, A% 2540 TRIT/NEL 2D BEETETET O NG /NZ 2R WD
IZH BTz, FRRIETIRE 60°C, HRE 35% CTh - 7c, FHEML@E) D HEN DT
DITERO BT, (FHERE (1347 42 7)) ([ZIXBEAREK L T,

U OBRBEIRTL, JERIZREAICER LIED, M (KU p—FRx— 1) 8A—#RE

L7zl EEolz, ETLTHILR LR -T2,

1-2-1 %5 KB R 1-2-2 HARBEK R DJRJ DR
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3 ] 4
oA

-

ot

£ uik»i
[ 1-2-3 75 KR _EHB o s
HER 3 (FAENFR 38:09-)

KD DB BRI 2 P 5 IS 2 KIFE L OREMICERE L7 v R I ZIERE L
Too BEBE L= AR D KKITKRIFZIN D LOIC L THER L7z, K34 DX Hic, $akFEOH
NEBIZET D&, ML EAKRICE VBB L E3bhd, 202 Lhb, HEE
L7z OB K0 . ZDJEHO f[RDE K L, Kx LESHNMHEMN O /T RY 73
BHRUENSRITHERE L T o TR P TE D, HAkE 8 S TRELEZZ LT, BT
IZ LD EBRBENITIRA Lizizh iy, KR HRETT TR O% GFITREESER L, —Ho
RIFOBALDTEH LTz, B LTSN OPE R G OBNI R b e o Tz,
(FE KD 13:30 TIEHL,)

77 76 A KIEH R B O R RIRE 13 KB 5 43 TKI B00C, £ 9 43 THI 650°C
WL EBRFHARIN D, o, BREIIE KD 5 5 CHERRNCE L2 & 235
AV, COBREEITN 10 43 THROKRME & 72 o 72 2 & AF A B %

ZOREN G EMEUGED RN R DR T X 7,

B, FJGRyom@Mosiy, w30, WIkRY . KADIRIZHERE L. 6 4 50 Bh& i IXEN
WCH LT, 8RR T T v v ad—N"—CELPRE L, ETHIIBHEELLREL,
9 L HENF IR TR H LT, WELE CIIFEZREDN LA L 670CITZE LTz, 17
HIFF (13 43 30 #) 132 230CTh o7z, FHE (18 77) WA T A&Mo7=7, FEK L7220
-7,

LW OBBEIR DL, TRIRT T v v ad—"—ICELTHEAK LI,

a

P

%] 3-2 M D AT I ZHERE L 724k 1
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35 [ IRBIA G2 D3k LT JERE DR 3-6 [ SREIA 1 00 3 KT L RO HDE
T WEMA RIMKeGALE

i { wans § ]

[ 3-7 & I LB oD ) it

HER 2 (F/EWFM 50:40-)

FEKD D 8:30 T FOACEV FIHIIHE Lz, EITIC K D ZRBERNICHA L7,
BRI HHETTIT O IT 1T L < RBE LB O KR BEH LT\ 2, Z D% 9:40 THIHE
L. 2O R CTRBEICE LT H M OB G ORESIF, BIRO—H GBELR?) 7225k
RV LTz, BHKPD 14 5HBICHAKIE K, HAREOENOBIE T, BREEDNH L 2>
ST DOPFNIENREN B BET . RIFTRETEMRAPEH L T\, Eo. FERITE X
TR DHEITH DB TITZE S I-ND 7 v a VMR RITREE LEMANER LTV,
Fo, BROUBLBEL W EBMRTE T,

77 76 KPR EEOIRE X F.O.0 3:30 TH 900°CIZEE L, B H#%IZ— H.,600°C
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KHLWETREMETFT2000, 5 00258 10 57T 1000°C &8 2 72 2 & B3 Fi B
%y

PIEEICRE LT-T v NI SIIFEE DR TE R - 1208, BN A THEm L
7oA, MERAR A LTI E 2O B MR TE T,

R 3 T LEOIEREIT R £ o728, BBk 2 O K 5 IZBR 3 O KR TH 2 HK &
T — )L RMEIZ 720 | W B OMBES B S D &L FOAZE Y KK O AR A KIE I HE N
T5Z LB nmol, SRIOERTIHTON o7z, R 2 EREMH CERMLdSsE Lz
RKHOLGEOERNHIVE, HRLED RN L I TEX =D TIER W EK T 2,
WL, BB TCTEHITKRRITMMNCE L, 30 A% KIRICIERE 2 43 30 A CEIXENIC Tl
L. BN TT7 T yyat—"—lEEo7z, 35 30 THRHE, H97 /5 TNo.8ENT R (t
WA DEGL, KRVSESMIGEAL T, BT AR, WE, BooEHL, %
Ji~fiiviz, 8 43y 30 F0# T No.8~No.11 DR F35, 9 5y 40 A CIEHL, (S84 H 5 Kk H
DKRITIER LTz, 13 47 55 B T K ZFAA L 7=,

B OBRBERIL, EITICE 5T, KBNIB T ~IER L, BACEIIAIIE L D RE Vg%
Z7=, LovL, BOLOBF#EETHMEAD TT AT BNV - T RETRKEDRANZR
L7,
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2-1 & KK 2-2 Ml O R SEHE
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1991 £ (Epk 3 ) AARGGERMHEIC L 2RBEER Y

(FEBRNE)

A ARERIE St o= 3 2 IXTHEERR A TARFEFT O FER b v ROV EBR MR IV, FEH
FEARPLER O R EGRIR I L OV BNRBEFEBR 21T o 7o, KR, FrbiAR M AEREL, —
FAT a3 —/0 300ml £7213% 600ml, HrEHKIS L OUT I 400m] A A&t T HE L7z,
SUKALE I PEREALE & LTz,

(FBRAE R

FRIFEETER O BBV TIPS A ILEAICE FOIRE EAARO LN b
DD, KRDIEAESLHE RFESEDIRDUT A B2 > T,

HNBRABEFEER Tld. KRITIERE T AT A BRE AR, K5 RIZHB W TH 7~9m
DR DPHER ST, B ERE 7 fEE R N2 E 2R Lic, £, BRIBEAER T A1C
DNTHARIZZERFATH -7,

FRBR L B KKOIERIT A<, A-A BHEE G O K SN Tx T 5 RN R Sz,

1993 £ (Fpk 5 ) RAEBLGTIZ X D RBEFEER D

(EBANE)

FORVHBS T S @R A ST AT IC R\ T, AR O b O OIRBEEBR S L OV 72 & D
BRI ORBEFEIRZAT o 72, S BIT, B HATHR #UX TR 2 W RBEFERR 217 -
7o AR OV T, Bl N~OFEH AL AIREZREFH O K JR T, MEDOERRIZH K
ENHLOTHoT,

HENOKKZBELZHDE LT, AT 2L A 5723y bR ML RELFR IS A
NicbDz ke Lic, £lo, BEREMOPERTIZ, 277 70KREZBE L
HLOL LT, MAIZATH 400ml ZYAA 87260, HlKE FOAKERELZHDLE LT
FA NS 2L A A2 b D& KR E U TE L7,

(FEBRAER)

FHEFERTIE, KPR E S W PEGEr & 2 O D DNREE L T2 R EITIEE - 7228,
MOBFEBR T, KRB KR CHBERE MBS NI 35E 1. BBEIE KT 2 "RE P33R
b7,

SR IOV CE, Cs=0.1[1/m] A 8RR IR & L 72356 KOT Ml ClX 2 /3 ~5 /3R T,
B2 B ] C VA TR BRBR i O R AE T 5 43 ~10 43 T L7z, @GO LA RIS 5 2
EDRMETHD Z EPMERI N,

RBEAE RN A%, ERGMSCMRBEMIRIC L > TRE S BB, HAH%E 14530 ~84)
TANBIZKT DY OEENH D Z L PR ST, 7272 L, HifEBE 2 PASH L 72 IRETI,
BERZEL I CORBNTI L A ERD 5T,

KAEOWEE LR EZZE L, HENICRE S LD RE EEELRERA~ORENLETH
HZ RSN,




2003-2004 ¢ (FRK 15-16 4F) 1 FEGE O K KX RRFTSIC K DIRBEFEER V

Wik 15 4E 2 A 18 HICHAE L E KB FEkc i 1 5 kS Filk a2 ), Es5mE
EVEBLIT I, &ﬁﬁ@%TﬁL®k“ﬂ%Lwa@A% R R D BT, THEU I #kE
DRSS RMRI ] ZRE LTz, BatI3 R 15 4E 9 H 30 A & 10 A 1 H I Hupl F25R,
]6$2ﬂ4ﬁumﬁ%%%%mbtoiifi HE SRR O AT D,

(FBrHAY)

B OBRBEFERR L, FRROIIICINETHEEEIC Lo TEMMINTEN, ZED
TV kIR E LEBRBEERIZIT O Tz, KRR T OB ORREEMR 2
R 25 2 & & B IICRBEFEBR M T hiiz,

(F2BA )

FEBRITIEBARFFE AT O KRB EER IR O 3= F28r s (WNIE118 X 18 X 16m(H X)) TITbiLiz,
FRRIZIE, BUED K SERPRIEREICH A L7 FERHE (B 144 A, IRififE 50.2m2, fiek
SHE 20,000 X 2,856 X 3,900mm(F &), HE 35t) MWz, 72 L, EBRGOHIKNS
B (L EE O R F MO R CUIW L, SINEILEE 2 250223 558 0 A 5% LStk CPRH
Bl M T, BREEOCKRHEHO 7 —TF—2=y M HE L, £ 2.1.1 ICFEBREM O
PRI R R R

KPEN T E R BB T ERICF5 1T D KR FBUTHIY T D AL oA Y U U2 L, £ D
AL, KRIERICEELE KT T B2 oD KIFOFEAME, B0 &M% 02 TERN
Tl (#21.2), 2B, FAIOFHERICL D, FEESHASIKEOHA, BRIZLD
HARSEK DR STz,

&2.1.1 SKEREM ORI FAM

B VA 7
F IR N F A mE T v B
. i% a—F 7
R VT AT N7 —a v s
Tk == S S NIV
IREA) AL B = LS
8. T hu At b= ra—T 4 T
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&2.1.2 EBREH

L L i . 7YY v (L
EEA T4 KAFTE BROSM: | KIENE
7S JEE Ji
%1 3R FIRIT L 2 Fe R e 3.5 0.5
09/30 il
2 FEER FRP A8 B A 1.0 1.0
EmBE HLREER
%5 3 Ehr ElIRI7 L 2 1.0 1.0
Lo/o1 JrARIBE ik £
BaAEBR | AT IVBIIRT VR R R s 3.5 0.5
i
%5 5 FEhr FRP J R BA Jik " 3.5 0.5
(SEBRfE 5R)

BT ICRIERREEZ L 0 KRITFRIFE TEL, B Kk 30 BPREE TRBNIHR K & 72
Sty ZOEEDORIENSERE TOIREIL 800~900CHOERICE LTz, 2 57UNICH Y
U NI Z D& T, BEIRE DA 42 S & ATHERI L72BE72 £ OB R b O ARIRIZ L 5
AEE~DEGRH GHATRSY) 13 R TR 2.6MW &7 o7z, — Iy kST W T, Sk
NI BEOR 6~TERREZ 5D 5 2 Lh, HENORBEIIRKTH AMW BE &
HEWl S 7=, RAFmIChnb 2 2GRt 120~150kW/m2 &, @i O/-M kK TEL D
100kW/m? %8 % % B RN HE STz,

RIFMEHINWTHLOHEIZB W T HIERIERE T, SRR R £ 5 2 & 03 kR
Nic, FERGFR XOBERE, IREIH VU v OBRBEIC XD MEVEZ T THIEREILR LA T2V
EHER ST,

B O RFFE FISHA T 2 BE 0 A ORIE TIX, F B ODILABENIE & FIRFIZER R
wEND L EHIT, —MLRFEIT 2~35%ICEL, AEMORBEBTHIICELRE L Lo
oo T2 L, TOREIIT YV o OBEEL &I {L LIzl — R Th o7z,

%3 FEBRTIL. KKEEM O BB A B L. B R o BB PASE L 7Rk T,
BLFEE 72T Y ) o 2L Z 8o U Bl A~ D IEBEIR I DOWERAAT o 7o, FERIZ, TV U~
Z WA U 7 BAE A AT UT O FERE B X OVR T , WBRoD FIRAMREE L 7= 28, BREEEE I O T A DR
. BIRA~OIMERE/ & BEEEE ~ ORI S ino Ttz 7eds. BEHUE L= Y
U NCE>THUSBRBELTZ2, YU U BMRZ-& 5 L HAHE LT,

IO XD ITEEOBRBEER A TN & FEFENTD XD RERAEEKKNFEAET
5= NT A-A BEOWESE OLRMEOEEZ BRICERPITHILTWD Z LR b5,
Fo, KPRE LTINS, IR F ORI 72 EOMBIT L 55Kk ENFRE IV TWTZH,
RATIZ72 5 & FEBLIAZKIR, FRCHK Z R IC AN RKIEPEESND L 512/ ->T
W5,
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2. 2 XREIZHTHKEEmEODIRBEEER

NIST (National Institute of Standards and Technology: K [EFE#ER T JF)) 13 &% H ik D
KR EMEZREHNGHI T 272 DFEREZITV, 7 = — X I~ IZhT o # 997
FLHl, 72—X1ITlFa—rhul) —2A—%—% R/ ERIZ LD | MEOK
BEtEZ T L T D, 7=2—X Il TR77=F ¥ —Ar ) —A—F—2 =i FE
BRI X0 7 & O BARERAE ORBEME AR L T\ D, 7 = — XTI TIEFEHN 2 Az
BFERERET->TEY, BAENRFMZIT> T\, LLTIZ, 7=—X I~ OERHEY
EFER LI O ELHEHT D,

2. 2.1 2z—XI

7. SUMMARY?
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 1# f#kiE (& #E) ) 1 3HR M %t 551 H#
B EOEBHSNEDO M D, RO DORRBENE & FENEDERTT 1A L OMERERAHEDF]
M EHELET 2 RSN HL D K S a2 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 % 1989 FICUGET LIzfad#t 2 i L7z, £ OFE#TiE, FHOBRGHS L OWEEMIZ,

D BRI 2 RERIX R o 7o, BAUTIIRME Mo T 2 b ~— (&5 MZIK
TLLFD LR D?) ST DREMEOMERERMESL & E i,

Since the guidelines were initially issued, there have been very few serious fires involving materials
which meet the FRA requirements.

RSN SUTLEOR, FRA OBSREMFZ MBI ARG 2 \ER R KTT L AL
RN,

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.

L7z > T, iR TREE SNDRESEZRMO/L—AED OlfED—E & LT, FRA 1%
1989 4FD k J 22 ikl & MERE R EZ T T MBI 2 R L TV 5,

In addition, the conduct of fire hazard analyses would also be required in that proposed rule.

BT, FORE LTI N—VOHRTREIERSIT OFE S LA,
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Considerable advances in fire safety engineering have been made since the original development of
the existing FRA requirements

KRBT FOME 7SR T, WED FRA OFREFOIERE N D2 E N TN D

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

B, FEEUEE (HRR) (ZAKEMEREZRITRENRIBRE L LTEALATVD,

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

b5 —EORIREN-ZEM (B2 IXEGEHERO=EN) Tk, HRR 237 51221 TXUR
T EHT S,

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.

To & AREDKFATEZMN 2 VIRET . REITKERFORIR, PR, BT X
DI END T ATE DT bNDTEAS D,

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

L7723 > T, 26 DOMEORE ~D XK fERIT, BLEDKKO HRR LEESTH 2 &R
TE 2,

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—rHnlY—A—%— (ASTME1354) ® X572, HRR &M 7zikBrikid, LA
WHNTZRBRGIE LY . AL SR D FEARBUEDORBENRZ LV RS FHIL. K0 &M
ROENTTEE LTRSS TWD,

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 #IE X, @O KK A THRARER 25 TR0 . BUE, Bx 2eihs o7z
OITRFEF SN TV 5,

HRR data can also be used as an input into fire modeling and hazard analysis which allows
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 I3 KK ET VBRI DA T) & LTHME D Z &N TE 5, fabRmHr & I3pE
DIRBEVE, TR, KSR - HK T AT L REEERF R 2 & kR & 7ok G1HEE3R OIE 2 7 fhi &
HLTHY, RIA—F—OMBEDLEICLDIREF EO ML — A7 E2FHET 52 & T
b D,
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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.

7 A T3 DfiFHVHLD K GRS D 72 8 D K KE T NEAlT & fERR T, £ LT HRR
ORI IEOMAMEZFHME T 572912, FRA 13 NIST IZ L 0 iThI TV A E#ER 72 32D
7 = — ZAOWFFREHEICE e dRtih A2 LT,

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

FRA (37 = — XM OfirE PR O/ —/AEY O T, ZOHET v Y =27 hORREZS
BT 27259,

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

KEOKRVIX, 72— X1 DIEESROEREZENT 5,

7.1 U.S. TRANSPORTATION VEHICLE REQUIREMENTS AND RESEARCH
oK [ g 25 HL I O SR G & AFSE

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

—HRIZ, ANBUE O RRERTT RIS LD S ERRE LT O K L D BRGEMFITIT L < O BB AFE
ERAR

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

PEREALYEIZAE KB IERP K KD R I JOMEREZ E ¥ 5 2 & & U TR 2 fEfr 5
ZEEEMLHAELTWD,

Small-scale test methods have historically been used to evaluate transportation material fire
performance.
/N D FRR T 1R A B O K SMERE Z Rl 2 70l 2 RE TE S h T e,
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.

ZOFEE, FIFREBREDNE Y DGR Z5E LSRR ER O £ LWillAasbEz
BEZLZAREE T OO0 FEL RIS 2, ZICRY | MBI L TA
B OMEIO KK Z LT 2 Z L8 TE 5,
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7.1.1 U.S. Rail Transportation Vehicle Fire Safety Requirements

oK 25 B O 2K S22 42 D BER A

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 (&kgkifrgimsatt), FTA (7)., KEP k#HE (NFPA) 130 1%, i~ o
W R DI B O IRBEVE & SEPEME D RPEZ 5- 4 2 7212, R — /N0 RERT7 ik &R
PLOPERERAE ZAALERRIICED 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 THEL SN DIREFIERMEDO/L—1AED OO —F & LT, FRA [ZREFIHDOH
BHIZ N O ORBRGIE L MR EA - T RENH D LREL TN D,

In addition, the proposed rail equipment rule requires that various fire hazard analyses of existing,
rebuilt, and new rail cars be conducted.

S biZ, BESNDEERMONL—/ViT, BEAARUIE, € L TH LW ERE B DRk 4 72K
SR T OND Z & 2R LTV D,

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

Amtrak [IMEIO B SN HRORBUZ I T 28 % ORERT — 7 27l 2 L ZME 427
ORI

Accordingly, Amtrak requires that the test data is combined with other information (e.g., quantity
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.

L72h3 - T, Amtrak (3, BEERZ A, B MITHESW TR Z BRI 5 72 00 KK SE RO
EaRRSEDLOIC, RBRT — 2 2oOFH (FLITH B O &PRLE, BER A KK
L) ERESELTLEERLTWD,

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) ([ E %
WL E o 2 7 MBI T 2R 13, SREREONRY LR EITHEM S DB D K
S SGIRA~D BBV IR BB 2 7 5 720 Offi Z b S e e BRI o 2R 55 A T
% MaRAMmoNT Fhead A THD,

16



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

LU B, oD KRSERE 7 VB E, KRSER~DOH B OBEBIZOWT, LY
FRYREHE AR A5 Z LT E D,

7.1.2 Other U.S. Transportation Vehicle Fire Safety Requirements
& DL D A JE B 125 HLE] D K S 2 4 D HR SR

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[E i [E)E 52 #7242 5)
O BEHEOEREM T, WEERROIEE BB/ NI ORER T iEE2 2 /NI OBR 715X
W 2 2 TR SR G VB KT D028 5 WIS B3I BE T 2 0 & i3 5,
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.
Hi7£» FAA(Federal Aviation Administration) GEFFIZER) OHIZEEED NEREH T
T ORBEMED SRR T, AT — NN —F =R A A L3 —J—3lBk, HRR #ABR, JE0E
PEREBR 2 B okk 4 BT L2 BUE L TV D,

The FAA-specified small burner test for ignition resistance is also included in the FRA guidelines
for seat upholstery, mattress covers, and curtains.

FAA ICHUE STV A KPED 728 D 2 F— /)L 3—F—kBR (1T FAA DJEE R o~ » b L
AJNR— =T v OIREHIHL A EN B,

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.

JERG 7 > v a AT DA A NS —F =R O IFIEIL, 90 BLINIZiREREEE N E T LS
IR EIRWNEEZDO LT U AITBIT 5, IO LW KK OIMEE KT,

However, this fire exposure severity is not typical of the majority of passenger train fires.
LU ZORKEDOMBADIL L SITHRE SN K S D RER Sy THAE) 22 6 DO TIXZR Y,
Moreover, the rail operating environment provides an evacuation route with less likelihood for
injury.

S BT, SREOEMBRE TR TEHFICE O TRt L D,

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

FAA IZHES N TS HRR R rikida—r v U — 2 —& —(2 X < Pl7- Bt 2 4
Do

However, the Cone Calorimeter provides a more accurate measurement of HRR.

a—rHnr Y —A—=2—31 0 EM HRR OfEE 52 5,
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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.
BIfED USCG(United States Coast Guard) CKEVRFZAHIR) DIt EM D KK 22D R
FFFFIT, EBEDOFI LI JOHIRRL, FEH O DEF DD, FEEEDM KL & HR LI
D,

Several material tests and performance criteria are similar to those cited in the FRA guidelines.

W OO ERRER & PEREEEIX FRA OfE#t CHIHEN b D EEITW D,

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

USCG (3, &EHED IR OBREL TN S 288 2R % 7o O I BARBIBREHTHRE R 2 2 3
HT EEFFAIL TV D,

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.
:@@%%ﬁﬁbﬁﬁ@\ﬁ%v&W@fé%ﬁix%kﬁﬁ@ﬁﬂ%ﬁtﬁﬁﬁﬁﬁ%
D DOAARZE TR

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 [ZHWNZ, & D Zerk & Mo Bt OPERE 2 7 il §~ 5 7o D FB & L THRR
T=HOFHERBEL TV5,

7.1.3 U.S. Transportation Vehicle Fire-Related Research
K[ i 126 B RE D K KA B Ao B AT

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.

FRAX°NHTSA,FTA O 7= DIZE N T 0K D < DO OBFSE & [FFEIZ 1993 4D FRA
D %EET S NIST OWFZEIL. FERBUL O k& L D NFTZIRIZ 3 T ORI AR O
LD TS L REROKKMAR TN T 2 NS ERRERTH D Effama T L7,
These factors cannot be evaluated through small-scale tests alone.

O DOER T/ PN ORERZ 38 U772 TIEEHME T E ey,

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.
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NFPA & ASTM CKEMERRERHZ) 13, RESIEOM B 27 03 5 72 0 OB FE 4 17
e D72 DITHFESS 1 21T > T %,

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.

BURF AT FRA 23248 9 2 WFZE5THENZ N 2. T, > HRR At o> BidE 4 2 Kk SKMER
J1IZ FAA R° USCG (2L » TIThit T\ 5%,

Although the fire hazards and evacuation environments are different, the results of the NIST

DIFFE5S

o

research will assist the FRA in formulating comparable material performance criteria using HRR.
KSR &REEEER BT 13 5 72 % 75 NIST OBFFERERIE FRA 3L OB O MERESL 2 HRR
ERHWTARILT 5 2| T D559,

7.2 EUROPEAN FIRE SAFETY REQUIREMENTS AND HRR RESEARCH
BRI D K G2 D ER G & HRR OAF5E

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

approach.

FRE BN D K2~ DEEAFORIN D FEIT, KEOFEZBBEMA TN D,

However, concerns about material interaction have led several European country efforts and

coordinated European Railway Research (ERRI) and Commission for European Standardization

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

L L7236 MO AR OV TOREIL, £ < OBINFEEIZS 14 b7 5 L, ERRI
(European Rail Research Institute(WN #E £/ 7 FT)) & CEN (European Committee

for Standardization(FRINIEHE(V Z2 B 2%)) D KK SERREEAT O FHAG F1E & BRI 2158 4 £ &

iz,

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 OE ST KIEROKREINED L AT LOTHF A BN TOKERLBERE T LIC
9 EL AT 272D RIERNT —FR=2ADREICH D,

This database uses:

DT —HR=AFTKDO LD EFERHT 5,

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

M EE O/ NIRRT — 2 it d 23— hn ) — A —2 —

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

ERHEOER iR T — 2 2 27 7 =F v —Imn ) —A—2—
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. Fire hazard modeling as a means for evaluating and predicting system
VAT LOFHE & FRIOTTEE LTOKRESERET LV

Large-scale fire tests to verify predicted system performance and material interaction.

TFHLIZV AT LN T =~ A EMBIOMEEANER 2D 25 72 O KRB D

K GERAER

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 DORBUED KEGRBR D FEfil1Z, Pk AT LOFHM & R FHIESLO$E b

FI DT DR IR KIRO BT IR AT 2,

7.3 AMTRAK MATERIAL TEST DATA EVALUATION
Amtrak OMEHRBRT — % O

Materials selected reflected a broad range of interior materials as used in the Amtrak fleet.
BTAVIAEHZ, Amtrak OLRA HHl O T CHH S 2 IRHEFH O WNIER B2 S 5,

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

S HIZ, MOMEHE, BEOHLDITH LT, HiLnd s WIIHOMEE LTHEASRD
ZlEEBEZTRBRIND,

All the materials are classified into five broad categories:
ETOMEHI S SORENREBIIHEESN D,

. Seats and mattress assemblies (foam cushions, with upholstery or other covering);
JEfE &~ L ADE (AR VRO 7 vva v ROl AL oW
ERM D PR A E i)

. Wall and window surfaces (composite plastics, carpet);
BESLEOKE (BT I7AF v 7, H—v })

. Curtains, draperies, and fabrics (windows, sleeping car doors, bedding);
H—=T 2 BFEOH—T M (B, BEHEORE, BE)

. Floor covering (carpet, resilient rubber); and

WAL bR (= b, 2T A b~—(NEOH 2 = L))

Miscellaneous components (diner/cafe/lounge tables, pipe wrap, air ducts, elastomers).

Fix ML 70 b DIN B IR B ¥ (RERMRRIKEEOT =TIV AT T w7,

TTHI b, =T Av—)
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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 D 5 ODIEA L Amtrak 2SPEERBHE O EHI N 45 HH & FRA 2MEM - 25 B (2
TN, LLRRS, BEOWS O0IFEA ML b O bR 2HEBICHAG D S L7z,

7.3.1 FRA-Cited Test Method Data
FRA O5|H L= B kDT — X

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 OMDHFIINBED B2 T — 213, B4 Amtrak OEkiE H il OFEFD K Z 0T
PR S FUBRBENE & I BT 2 BLRF R O FRA OMRERLMEICH 72 L2 Z L 2R LTz,
However, there were exceptions:

LinLaann, Bisnd -7,

. A graphite foam seat material had a dramatically higher test result than the FRA
performance criteria.
AR RO BEDOFETEAMEHE, FRA OVEREIRHUE X 0 BRI m OB R0 H
27,
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 OMEFOIEREAENZ & 1X ASTM D 3675 OFRBRCTH Sz Sz, &6
(ZHEATEWFTRIT, FEER D Al AR COMRE A R 35 7212, KREURIZ
WTZOMEHZ RIS D 2 L ITRDER,
European operators report that they do not see this poor performance when the foam is
tested with a fabric covering.
BINDOEEIT, ZOAR PRO ORI OB LIRS 256, 2
DR ZRMERRIFTFED RN L #ET LTV D,

. Polycarbonate is used both as a window material and as an interior space divider.
RN =R = MIBOMERCNEZER Ofg)0 & L Tflibh s,
As a window material, the material meets FRA performance criteria; however, the

material does not meet the performance criteria for interior space divider application.
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EOMEE LT, FOMBHT FRA OMRERMEZTET-3F, LI LAENRL, FOM
BHINERZER DT & LT Ttk 2T - S 720,

. Several materials did not meet the FRA smoke emission performance criteria.
WL OO EHE FRA OFEEVEDOPEREIEE 2 7o S 7200,
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= MR=NEA YT TN (BEHDOZ v a SEELZDR?) . L RED
Ny Ry Y= b T v = (BRBEOEEOY A RHA=D X570 H0D?)
BROEEBFEDO = /WIFEMEOHELE SNTZIREE D — 28 2 WX T 27 S
720N,
These materials represent a small part of the fire load and it is unclear whether they
would contribute to the significance of the fire.
ZNEDOMEHIKEMEOO T e —fMaR L, KEODERIICHRT 201 E
DM BT,
Amtrak is investigating the use of other materials which will meet the smoke emission

requirements.

Amtrak [ZFEME O ZR G 2w - T OM B O A 2 A L T\ 5,

7.3.2 Cone Calorimeter Test Data
a—rhn ) —AA—2—RBEDOT—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—rAn ) —A—=F—3RPEE (HRR). BtOE R, FEOAERIS I OWRBET 2 %
Rt 2 H—DRERTH 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.

Iz, a—rhnl—A—=2—WlB7T — 21T, EEERRITOREKD KKESER~DH
BtOR B OFEZFMT 5 Z &N TE D KKERET VO HIEGRD DI RINERNT —
X it T 5,

These data include:

ENHOT =X IIRDO b DEEL,

. ignition time, a measure of how easily a material can be ignited;
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KR, ENIZTEG MBI AE KT D 0 ORE

. time-to-peak HRR, a measure of the speed of fire growth;
I RFE B |2 28 D IR, KSR d B D I E

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

RFEBORE | RBET DM B D ENIZIT RE WDKK DBAE L 2 D0 HE

. specific extinction area, a measure of smoke production of the material.

e B DI KELDH, MEHO A K O I E

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

50kW/m2 D #FE L~UE, ZOWFETITbza—rhn ) — A =2 —OMERRERO 720
W7,

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

ZOLYUIROED L —H LTV, 1) BEFED FRA (25 & 7ciBRGIE CORE L
UL 2) FEBED KT DR L~

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

for wall fabric.

FCRFEBGEREE X AR RO B 65k W/ m2 7> HEEFR DA o> 745 kW/ m2 £ TEL L7z,

In general, lower peak HRR were found for the seat and mattress foams, and higher values for wall

surface materials.

— R, ARV R BB 1T~y P AT 3 — LA TROMNY | mO R RKIEEGHE 1T

BE OMEFC oD o 7,

Other fabric and thin sheet materials display intermediate values between these two extremes.

L DA HIRHE N — MEEN S Z O DOMEO R D2 7R LT,

This performance is consistent with the current FRA which specify flame spread index (/s) for seat

foam, intermediate criteria for most other materials, and least stringent for window glazing materials.
OPEREIZ, ¥ — N7 4 — ADKRAGHE index(T) # HE L TV D HEES O FRA & —# L,

k%i}i@ﬂﬁ@ﬁﬂ W2k LTI OB EETH Y . BT ZOMBHIX L Tk bk L

<7,

Cone Calorimeter smoke emission data shows some similar trends to the HRR data.
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a—rHn ) —A—=F—ORENED T — 21T HRR OF — & LAa 570 K < Bl Z2 =4,
The lowest values were noted for the foam and interliner from the seat and mattress assemblies.

B IRVEIIES &~ > b L ADERGDD 74— b & IO EMCRiER S iz,

Highest values were noted for several thin materials (a seat support diaphragm, seat track cover,
PVC wall material, and rubber floor covering).

b EWEIZW S D0V EE Rt S e = P R— A YT T A = b
T w7 in—_ KU = VOB 2 ARLOKME ER),

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

Z 5 OO BHIRER ] TE Wi KB 2 R A3 5 %,

Most of the wall materials were between these extremes.

BEM DI L A EIRENBEDORIZH 5,

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

density of the materials.

T 4 — b EREMEOVERE IS BRI & BB ORI BT D,

7.3.3 Comparison of FRA-Cited Test Method Data and Cone Calorimeter Test Data
FRA IC5I &N DT — 42 L a—rhn ) — 2 —2—REBROT — % O ik

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

MBHAERE ZRHN 3 27202, a—rin ) —2—2—aRBrD7— %1%, FRA IZX->T5IH
SNTHe A OB ORER T 1L DR b NIRRT — & L i s vz,

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

ZNHOEIE, BUEFEM S TO DM ERORBR OB OM B e tERE A2 L 0 B < BfEd
LZEEEXRLE,

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

R SN EHIRE SN TB A SN2 b D aR TR, L2 < DIENOMEIOMAE D
EREBRITHEH S G5,

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.

L7eio T, ZOHBITHIZ, a—r v ) —A—% =/ BROJ1ET FRA IZS5IH s vzl
BT K » TRE SN D THITBTREINEONEM B 2 A+ 2 720 D F & L TR
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fIN2 2 LarnTZLEBRLTND,

For the majority of materials, the relative ranking from “best” to “worst” was similar in both test
methods.
REBOMEOTDIZ, g Lo TRE] 76 ] £ TORMTIE. W5 oRER 7k
THM LT,

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—rn ) — A= —FRBROFERE L TORMEN S IZMORBRFIE LV IKWR, £2To
A ORBIFIEIZOELODORENSICE ST, ENOLOHEHOEKRERC 5,

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 B, 8 LB & BRI RIR D KR 2RI BV T OB L RGO BIR D B A
BETDIVAT LT IR —FIlLo TRV BRHWEND,

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

FREFN I S MG TO HRR 7 — 2 O IR, &R0 27 L5HE & L Tk
THZENTE,

7.4 APPLICATION TO PHASE II TASKS AND OVERALL PROJECT
7 == XM OIEEADISH & R

The HRR data developed in Phase I will be used in Phase II of this research program to:
72— 1 TR IN/Z HRR 7 — X L Z ORI O 7 = — XM TROHBTHEH S
e

. evaluate the ability of computer modeling techniques to predict fire hazard in a rail
environment; and
BREICB T KK ERE FRIT 5700y v a—F —2 T LT O %5
fifi4~2 H A9

. to mitigate those hazards through combinations of material selection and design features.

MEFOIRIR & %3 ORI OMBAEDOREIC L > TENS OfERZ BT 2 B

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 analysis
of passenger rail car configurations.

Zo7uY=zy bOT7 2 =AM T, REFNEOREP T OO DIZ, a—Anl
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— A= F = RN O/F LN KEMERED T — Z IIXE KK DDA B a—F—FET b
(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 ORBRT — & 23 2GR OB AR IERE L, Bl O IET A > Bn &k
VAT LT LTHER N LR L R B O ZE ORI H THh D,

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.

ZTOEFRT, SREREE 3 DO F U A (BHNOKK, BHOKE, Fr RN TOEN
DRI) POV IL-TEY ., TOREE T TOKREEROTH &, MEOZRIR & EREFOFF
HMON ONOMAEDLRIZL > TENL DR EZEINT 7DD &+ 252 & T
H 5D,

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.

. N2 HRR ORIEN BB T — 2 R+ 2 KGRI, B S 7o ics
BN DK G TV AT D KESER~, — D OB H 2 WM OEE Y O R Bk Z EHE
(RIS 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.

ZD XD NI BAWZRDRBE OBG| & RIERIZSHEFM & 2 27 ARG, B & ]
VAT LE LU CHERFR ORE G 2 LN TE D,

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.

B2, MBI O EIEACR R D XETRROZRIT, BUE, AETHLI L LD, B
MRS L TO DB O K FERDOBIRDBNEIZOW TR 2 2 & 27T 2,

Quantitative fire modeling and hazard analysis techniques have the potential of providing significant
cost savings.

B 7R KT T ESEBRIIHTHATIIA Y 70 = 2 B HIEE R 2 WTRENE N B 2
Alternative protection strategies can be studied within the hazard analysis framework to give the

benefit-cost relation for each.
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B LWREEERIE 1T 2 L2 e B OBtk & 52 2 72 DI fEBR AT O PR 7 N THIFFE T
&5,

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

S bz, HIEIWEELNBEOM GO EE2GLTN L OMAEERZRM LY R T A
E LTRSS,

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

Z o ORI ORI, R T 52 LR LICEAM E B 2D LIcEt 0%
P2 RET 5,

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

B LOEINITERICH 26 SNOANCHETE . T K > T RICHFRICLEREN A
R %

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.

ZOEDIT, ERZREBRIITIE, BEFEOIREFIE D K GENERE D BRI I 722 &
Y, L OEREFET SBICER Y =i,
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2. 2. 2 2z—XI
6. SUMMARY?®
6. EiY

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.

TREHNE O EHEE O 72 8 OBIRF D FRA 7351 L T2 KRR DERGA D H A DBR
LSk, KRR TP S E R LT D,

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.

KEDRIME KO EZ EE T EANRBLRICHONTO LY BWEEL, HRR &2t
=8 = FT V72OV ERBEM O KK EIR OB Z b= 6 L,

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

NS OHEME, B0 KK EORENCOWTHROERELEES L, £, KT
2 7R B 2 ST L7z

This Phase II interim report documents the use of fire hazard analysis techniques
applied to three passenger rail car designs.

207 =—X 11 HEEEIR, 3 DO EEO Hm R FHIE ] S 7z kB HrEdfio
fEH Zsiek L T D,

Using fire modeling, the relative importance of materials and other rail car system
design parameters were quantified.

KKET IV BB ORI E L 5 X UM O $RE #LE & 2 7 L DRRGH T A —Z O AN
EREfL ST,

6.1 SUMMARY OF PHASE II RESULTS
72— R OFEROE L

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
cars.

ZOMFEFEO 7 =—X 1T Tiigbivlca—rin) —A =4 =07 — 2B L07 =
— X I TIT R DTS TR OO T — 23, —FE#ETOWRIBE HR 5 N T
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BEHBEL IO ZEETOEREDIZOITAT 9 AN KESER GO A T E LTHEM S
7

The results of the analyses are summarized below for the assembly tests and the three
different passenger rail car designs.

FHSZ T o OFRERF L O 3 DD 72 2 ik $RE O B G O Mt R FRLICER S D,
Although based on existing passenger rail car designs, the baseline analyses are only
examples demonstrating the use of fire hazard analysis techniques.

BEAF DR % 8518 O B s FHI I DNy FEARI 22 55 AT 1K S AEBR o3 A Bl D ] % SE3LE
T 561725 TH %,

They do not represent an evaluation of any particular existing car configuration or
actual hazard.

ZIHIE, BEFOFFE D R OFM & 2 WILFEE O LR OFM 2~ LT\ Dbl Tl
720N,

6.1.1 Assembly Tests
FHAT T O ER

Real-scale component material assemblies currently in use in intercity passenger train
service were tested in a large-scale Furniture Calorimeter.

—RICER I 2K SIRE SN HE DY — X THMA SN D ERO  (RLEROMED) #Ar
Thh (assemblies) 1, K¥E 7 7 =F ¥ —hnl) —RA—F—TT7 X 3l

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.

IR ma = n ) = A =2 =D X HIZ, ZOT A M TOEERREITAEKFIZS S S
TR OASZ T HRR T,

Trash bags taken from overnight service were characterized as a representative severe
ignition source that may be present on passenger trains.

BATH—EATHIR SN ZHRIT, REFNETHET DNENRB LA XKETH D &
RipshvE L,

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 ATy 7 O A R SEATHIE T O EERD ZHEN 5 LN RO K
RFEEGHE T, &K Z G A, BERAETBB L L35 kW ORHEFEMEAL o
T, 55 025 285kW IZHB K AT,
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Heavier and more densely packed trash bags had lower HRR values than
lighter bags.

FVELS, MEEICIE I T I8E, BT IR IV IRV EEGERE O %
RLTZ,

All of the assemblies tested were extremely resistant to ignition.

AR SN TR O TEEKITIBE ORI A R LTz,

The tested assemblies required an initial ignition source ranging from 17 kW
to 200 kW to ignite.

AR S NUTHENT TERIEAE KU 1T kW 25 200 kW 1236 X ST D 4 KR % 04 22
L L7z,

Some of the materials did not contribute to fire growth even with these

ignition sources.

WL OPDOMEHT, 2 b DEFEKFE TS ZKKDRRICHTH S LTz,

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.

AN TR ORBRIZIWN T, B, HlEE. B LOXKIEOEY., BROREFD
=T oDWNNET T A N =T —T 72 b N DR D AR D K
BUS IR T b,

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.
EROERBEEGEE L, 17 kW O H AN—F— D7 KiF % G e LR ORNLC b
D 30 kW 7> 5 FEMNH 7 Siv7z 3 I EOE KA G T FiEd 5 V0% B
> ROMNETED 920 kW 2B L AT,

6.1.2 Standard Design Fires
PEUERR E

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

Ty =Fx—hn ) —A—Z =@ BROKE RO S T2 72 KR ES KON TELIT
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BT 2R EDEARIR KK T U AITINA T, TEEHE ] SREH KPR — MR 72 ik & 8l oD HLf]
VAT LOKEVERE R IR ET D IZOITBAIE SN,

A design fire is a specific theoretical fire curve.

FREE IR E O BRI SV kKR CTH D,

The shape of the curve is generally realized by simple mathematical expressions to
facilitate engineering analysis.

Z O MBIGIRIT IR, Bt 22T 5 -0l S e BRIc L > TEHIN D,

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.

(X & EDEATHTIZIB DT, BEHRIRMFER O — MR 3B KOS 52 bz v
FTUATTFRINDFEEO KR DO W S RREITITE T E AT, 572 seat it
THHuThd,

In general, a design fire is a simple representation of fire growth from ignition, through
growth, steady burning, and decay.
— I, BREIKIRITE K DR EFREER JORERICE D £ TOKKRER £ 51

ICRHEL TV D,

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.

ZOPRREIZBIT 20O ERERIE, #RTOREBIOFMELELETHLHD T,
KGR @%ﬂﬂ;ﬁﬁxﬁbb (T b BURTR U,

During this early growth phase, fires can be reasonably represented by a power law
relation, which is expressed as:
Z DX DR BEBEDOR . KT EIEAIBIRIC L > TR D WS REICKR T LN TE

Do

q = at™
where ¢ is the HRR (kW), «a is the fire intensity coefficient (kW/s»), t is time (s), and
n 1s a power chosen to best represent the chosen experimental data.

Z 2T, gIEFEEGEE (W), alT K SKERREREGW/sn), tIEFE(), & L TnidERT — ¥ % R
SELEBETH D,

For most flaming fires, the socalled t-squared (n=2) growth rate is an excellent
representation.

& AV EDHERKKIZONTIE, Wb Lt Fm=2) DI ERIIENT-ERH TH D,

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.
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t—FAJED 5B 600 . 300 £, 150 B LV 75 T 1IMW(1000 BTU/SIZET 2 K
DREEFR(@WEAT—, ITA4T L, T77—AMELTUN T T 7 —A MIGHEL,
FILFIL, ZDOHHTTHERH S7-, (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.

INb 4 OOKERERIT, BOAEOBEYRE H H O TROIE R 7 — vk S5E T,
R 72 K G DTSR A SR PH I M 5,

6.1.3 Baseline Fire Hazard Analyses
FEARB) T2 K S SR HT

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.

EEARH 72K SSERR AT ORI, FrE OHES T 2k SEE O Tk #, REHEBIOER
HOREL LOEMEDRE~D, MEHBE X OO K EMERROR LT OREL T 5
7o O D— B I FEfilAr & U TR S 47z,

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.

REHR X OEGEO IR EHE TROVFEMI RSN TV D05, FFE OB @E HO$IE
HLW] DR D T2 D DFERMO 3TN STV D,

The fire hazard analysis consists of four steps:

KESERINTIE 4 DD AT » TINBRLD,

- Step 1 defines the performance objectives and passenger rail car design.
2T v 713 MR B AR KL ORESE O HlER G A2 ERT D,

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 DT D OPERE B IEIX, ZRICHIH T & HBEEEREH 234 T o A 038kE Bl D5 5> H
HC B D L ~hEE T D 7o O I LB i IR LD REWZ L sl 0 Z Lo 7z,
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.

Tl E, REHEB I OCERED 3 DOREFEDHETRFHIDHT DI DIC BB LU
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P OREE2 b NCRENT D RE OEOMI; 212t Lz,

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.

HERFREERIE O il ORI B2 —IREFEET D720ic, a—rhn ) —A—F—R o
T ST S BRI S X ORIED EIREE | O 3 SO BRSO % ~ TIb
iz,

For all configurations, the wall carpet, wall and ceiling linings, and windows constitute
the majority of the hazard loads.

3 DDOEET X TITHWT, BEOEW), Bl JUNKHOWNIEY 72 & N RITEIREE D FE 7
T %,

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.

VERED 7 v v a B RIOEEOREMEI ZH5 L LT, %0 ONEDHEITIEBRIZZ X
EHETIERW,

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 DAL Z O Fi ikam DREAE T, BEAFO R E Ok & $aE O i & & 2 WILFERED K
SAEBRDIRFAE LRI S 41 5 R & TIERWY,

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

BB L OEDOHREOFHRIZ, A7 v 7 2 BXO3 TIrbhicHoakaiiicEEh s &
LA IS e il

- Step 2 used the specific performance criterion of minimum necessary egress time.
ATy 7 20%, B R/ NROEEEERF [ O R E OPEREELME 2 L7z,
The passenger rail car fire performance was calculated in terms of available
egress time and compared with that criterion.
TR &SRB D L O Kk SEMEREIT . FIF ATRE 72 REEERF R I CHA TR L CRMR S, £ o kEYE
Sl Y W
This calculation involves the creation of fire performance graphs for each rail car

design.
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OB, BEREEE OB DT OO KRR ST 7 OIERRE G 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.

BRI ONWT, BRI, EAEROETED 1 SO A%l > TAKITA > TOZR W BERE
DHEEA~EDLH O EE 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.

DT & LT, ZRIRFIE DM~ D REEE 2 B O il & 5 WAL O BE 2> B Ok #E IR
MOFHFICLVBET DL b TEnb Ly,

The minimum necessary egress time was estimated using three different simple
evacuation models.

VB NROREEERFH] X 3 DD R DS Gl 7L A L CHERE ST,

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.

EHEE, REEBSINEREOHRIOD O, #EICLEREEREITIZELERB L2
88, BB MBI TOMTH D LHEE S NT,

All of these estimates assume an upright car with unobstructed egress.

INDOHEETT T, P ST AR UWEREEER 2 FF S 7 (R oD Bl 2 Jii g & 972,

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.

BT CTORSTHY TR VR B YED Z O AT I STz, o> 72 0 ik % 538 o =il
BEEIZIR -T2 S 1.6 m (5 ft) OV R DIFANTE N TS LIRS 65°C (150°F) & 2
TR, REOREEEDS R DD EE BT,

It 1s 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.

XREAE A/H A D K D e O FEHIWTEAEIAAES D25, BE LRSI UMHIZ L 56
RAARENRORTFOBREETCH L ZLICHEETHAZENEETH D,

For the same design fire, the calculated available egress time can vary by a factor of 4,

using different tenability criteria.
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[ CRREEAKIRIZDOWT, GHAE S U7 T RERF[IR, 72 2 FEO VI AL MEZ ] L C 4
BT DB D 5,

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.

KEMERE Y T 7 13K E DARVER G KR D TZDIZBAFE S 4, %@ﬁ?7@@ﬁ%@ﬁ%ﬁ%
S e/ NFIR] & [RARRIC R Z2 M 28Ry MERF A AT REZ0IRBISE T 5 00 2R,

For the baseline analyses, the available safe egress time calculated for the three
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.

FEARHI 725007 T 8 B DR ERIE O HMI R FT O 72 DI FHR S V7222 4 72 80 rTRERFRE 13, 300
BTIMWICHET 2I7 4 7 2Dt “RKFEDO L L TENLN, 675 127 B E TEH)
ERAE

For faster or slower growth rate fires, the calculated available egress time is naturally
shorter or longer.

FVHNH DT LD EBORERD KK OWN T, FHE S R AT RERE I I 48872 08 &
IVEIHLWITLY R D,

- Step 3 evaluates specific composite fire scenarios for each of the passenger rail
car designs to determine representative HRRs.
27 w7 3 1E. REMRFEEGEE Z2DET 2 72 OITR& $RE O T Z D
HWEW IR KK T V) A ZFIT 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.

BEWRKK T VA ZNENORBHEEIHIL, 23— In ) —A—F—BL7 7=
Fx—Ar ) —A =2 =M TRRBRIZZ > TRE I, HERNRAKS TV A& ER
T DT TEEAERR RHKIR & i S Tz,

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.

ZF AN D IIRNEIEL, WEM T X THRRERICRET 2 LW O b BEWNEGHRY T
AIZIRY . X7 4T Lot RREFHAE DV ESEEL TV D,
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In most of the specific fire scenarios, untenable conditions were never reached.

& EDRFEDKEL T VA TR, ZITFTANLLNROFRIFITEE L 2h o T,

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.

KKMERE Y T 713 G2 RET 2 b DT, BUAFDRE DR $KIE O HMEIE b 5 VN EFE
BROXKfEmERET D0 L LTRSS RE TR,

- Finally, Step 4 evaluates the suitability of each the passenger rail car designs.

R%IZ, AT v 7 4 [ TREPE OB B G LN OB YMEZFHE Y 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.

BT 3 DORESEOHEM T TIE, REBIOREEIT, MURRAMEY V77—
DKSEREB L OREBGEE IR, 2T 4 7 LDt LV LLF O KRR ERZ R~ 4k
& DHWTES A ZLWNEAKIZ L D, AEERFEGDIERN O RZETH D,

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.

%%%LP%KWH%COwT WIS Tz 3 DOFREERIED HlERFHT X TITBIT H 5
RZ, ZRBRFER L ORB B OBHICEI Y Y T2 DI+ R T& o R (121X
D<OW@%QT10\%tZéﬁW)T%é

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.
PN ﬂﬁﬁ%@bfwéﬁ\:W@T®EA$®*%#6%%Lk$ﬁiﬁ@ﬁ%%
T BN ONDEGATTOKKEDAHEME L BHR L TV 5

The sleeping car analysis also assumes that all persons are aware of the fire which may
not be true in actual train operation.

ZEEOHHT T, EEOFIHEDOETH TIIE TIEARV, 2 TOARKKIZKINTND
LIEL TV D,

The quantity, arrangement, and fire performance characteristics (ignitability and fire

growth characteristics) of items brought aboard by passengers as baggage and
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materials brought aboard as supplies such as packaging materials associated with food
or cleaning supplies could affect the analysis.

BMELITZ U —=0 7 BRI 2 0SB O X 5 22 a8 S OB R b TN Firmi
REIZESTHOIAEN, ZOT7 AT L0, BiERS L OISR G MR LUK
SERRERAFIE) 1TSS S b Lhveuy,

The impact of items such as baggage could be quantified with additional testing and a
more detailed analysis.

FRDD X 5727 AT L OFEITBMNRARL L O XV FEMR O L > TER(LTE 20
H Ly,

6.1.4 Impact of Passenger Rail Car System Changes on Fire Performance

JRESRAE O HLl o AT NS KRR B % 5 8

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.
FRA BUEDERGMOERIT, FHKRZBE, FREFNHOKKDLGEITREL LORFED
HEEERTRERFH] 2 e RIRICT 2 2 & ThH D,

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.
B/ED FRA TSI S 2 KEGRER I L OMERBREIOE & 2Bt KOEIZ, 747
LDt LNV LD NSWNKEREFRZRTOT, RICEAREZATHKLEZ ]57/:1\“(‘%
Md /2 Rz RE T2 Z L IThb R bR,

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.

BELWASKE STV AOREIL, 7 47 Ot L0 ENKKREFRO KSR SR
WEOIZT DI & WS AT ADOEIEET D 2 EOm G EIFVTRA—HIT Ko T, M
SNDAREMED & D,

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.

FTRTOHMPRENTHIZ L > TEKT 2HEOR LAk ST U A3 Amtrak (2 &
L ZHDRE iﬁ%%ﬁﬁiﬁﬁﬁ)%&ﬁ% ZED BRIV D T & A MEEICT D EAEFIROEEZ T
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T, ZTHMOHRFHI L > TR E T,

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 DHFFRIZIE RS L7 K S SEBRHT OFHRIE, 3 DOFRE#IE O H G LW < D70
KK FVFI—BELIEEARZ 0T,

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

WL/ NROBEFERFEIE 8 DO A L CHES =, ZNoOEMDHI b 2 D3k
WIZBRFE SAv. 1 DIIMIZERE A BR%E STz,

However, the accuracy of the estimates has not been studied for passenger rail cars.
LU B, FREERE O HLE ~OHEE OFF LTI S TR0,

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

S HIT, B Uo7 IR OO $E s~ Bl 0B S T N B R S vz,

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.

LD DONT, % & 3l B 2NRE O $alE HLl O R do 5 WM D BE & 2270 5y
AT ~HEEET 2 DIZ LB RERFE OFHREIZ LY | FIHEABCOMEELBEST 5 LN TE
L0 LIV,

The calculation of egress time, whether from a building or passenger rail car, involves
many assumptions.
EMETTREFEOHETD EH LD ThA D & BEER R OF R ITZ < ODIREZ & A
TV,

Therefore, the calculated minimum necessary egress time should be considered only the
minimum time necessary for actual evacuation.

L7zii > T, FHE STz B e/ N R oD e BRI ] 1 3 52 BR DR B 2R B I R 72 L B 2 D
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.

S HIZ, ZORE SN LB/ NROBEER RIS DR, = 7 R ERIE O 3L
DFA DIGIRF L OMEE, 222 OFHIZE S 1T > T2 Tt & 2 W3R X 0 ATl & (RkE
FEEFRFOTANLIZETOKKOEELEERVWZ LICHWNER T2 ZEDNEETH 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.
FIHANER T DL RIRIGFT~D X 0 G EERR B O E AR b . FEERO K K BIE D FFfg
Tl CHE R B AL 52 5 2 LN TE T,

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

LU, 26 ORI, T OFFETHENM L 725 2k #aH E o 28 2 THE
S,

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

7 VIFHNCEH SN2 W2 ORMIT, O XD RHKAHHTELRETH D,
RPN SN DL ERIT2 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.
FRE$E O IR FEORER O R AT T 2 72 OICHa SN R EHRIL, Rk e
AL TH D) ThH Y | ZRITHEE TR R 28NS i,

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.

Bk & G ORI T L RN rTRE R P Z T 2 2 L3 H 0 | fER L L TAKRL 2
DBV AT KT HIEADEEEZ L6,

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.

KEDEMB LOHK AT LD L D 7a, REHER TERIEOM B O 022 0/ & 7
EHEID bREHRIRESE OB E O KK L BMERRIZ LY KEREEL RIFTTHEN
BDH T LN, EARRGHIKT 20Tk L TREBRE T2 2 L THLMNITR 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).

FHEAT T, SREEW O3 5 BE2RBEOPE R L O 2T S0%, #RM
DM EHZF1T 2RI 72 R (+3-6 F0) L V) S ORERED 72 3D OB AN 4 12 4k(+200 ) &
W) R REREELRITTHERH D,
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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.

E ARG OREER 2 T O RIREZRBEEERF R D 5] & LIFIE, FEERD KK DR RITKAF
THLIEICHERTRETH 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 BT, FRCEZRZOIIRICI W T, BLER B 2 KD 5 DIZE LW ARHEEMF
ET 5L EHIT, BREEBORDBHS 2T LAAKR~OZN b 6T HEZERE(LT D
ZEEIRETH 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.

FeH B ORI L ORE OFRBIE @& FERIC, Fo28B LORE SBAHEICFE RSN
FEE O WIEZRIEE R RWLEOH 0 T MERI KOYEFERE O &9 RERIT, RE
& WS BNk $E O B 2 W S OIS MBI A BiE T 5 2 LN 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 O3RFeAfF JOIEFHRIRBANE, {HAR. JER O, FEFRB, RBE IR LU
REDIEHRD L 5 7o/ NROBSR 2R 5,

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

program.
S 51T, FRA ITHEITH D& S B OB FEF T O AR P —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.

bR D KD IR AERNITSERRZRBREE T CHEAT T 2 IRESNHIZ OV T, RESIEDIE T
LRI ~OREEL & AR THNERICANRTIUT R 7220,

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.
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KINZBIT D N2 ORIER LOBEO TRNTEDICH LT L TWDH2, £ X9 7T
TNV D WNET — Z OFEFRTRESNFI 5 L THFEL 7RV,

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 LEEARM 70 KK Salm AT T &4 d CFAST O KKET L&A S, SalH¥s S
7o BRETEIATZE R ) O FEF Rk = o B 2 — & — 7 L (airEXODUSTM) I, #7225 Jik & #k
EOHMIZR THRR D KK TV FOGRMTIZRT D EBREORE OBEEERFH 2R ES 572
WICHIHAT2Z LM TEDH1EA D,

Additional research is recommended to address passenger and crew evacuation times in
the actual passenger railroad operating environment.

FEEROFRE$RE O EITEREEI 1T 2 & I LU B OBEEERF 256 54 2 72 8 B AN
FENHER SN D,

6.2 APPLICATION TO PHASE III TASKS
7 2 — X I OEE~DISH

From the hazard analyses performed for this report, the obvious question that arises is
“How good are the model predictions?”

ZOWEEDTDIAT RN fERSHT DO AL U 2R EMIT 7 M X2 FRlTE
DL HBWEW] ThD,

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

ET ML D TFHEZMAET DME—DTiEIT, EEOHBSHEERIIBL LEbETZN
bLarHiid o2 & THD,

Phase III of this project involves full-scale experiments using an actual Amfleet I
passenger rail coach car to examine the model predictions.

o7V bO7 ==X, T7 /ML D FRZFHET 2 72 I FEEROIRE$hE D
Wi % o Amfleet I 2 {7 2 ERHEDOFERE G AL TN D,

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.

16



TZx2—ZA UL O—FE LT, rV=r hD7 =—R II TR DAL KK SERRIIHT DR e
DIEME S 23T 5728 _\w%&iZO@ﬁﬁé@%@ﬁﬁﬂﬁ@bnto

1) EEROEEEH O IR T O K EMERE B O LM & 25T 5 7212 T2 bz —#E D N
AN —F— Bk
m%bﬁ@%@k%:é%ém5%@@%§%ﬁ@$ﬁm%@§ﬂmﬂﬁéﬁﬁ%;Uk
KR % T % 720 O —HOFRER

The results of these tests are documented in the Phase III interim report.

NS ORBEERIT T = — X oFEEETCE LI TV A,

6.2.1 Real-Scale Gas Burner Tests
FERFED H AN —F —F Bk

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.

ZOHERE TR ARSI TV D KERMEREIIRR T, BRx AR AR REZ AL LT
Jiki%E S AT BRE O H ﬁ&:ﬁ% X U‘E BHOTIR O TR S T UG & 7R,
They also estimate the available safe egress time from a passenger rail car exposed to
standard design fires.
S HIT, ENDITEEERFHAIRIC & & SN D& SRIE O HLfI ) b 022 42k r] e 72 RF ]
2HEET 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.
TS OFEIE, FEEOSE M OREICTFA SN ORRKDKEKFEFRL L ORE S 2 H
ET D720, FEOBEEHE DT DI i fRE & i S vz,

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.

KRPERERIFR DB TV EI RO IEME S 27T 2 72012, Frx R KD R E S I KUK IAL
E%%ﬁ“*#égL@%ﬁﬁ@@ﬁXN*T*@kﬁi\%%ﬁ@%gﬁﬁ@%kgi
ORBO—H L LT = — X1 TfrbiLi,

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.
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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.

PRIE HLE O —EUSARIEONIR D 2SI 1T B, e, BABRIZ 2 S OB H 23
K 2 DB <72, HERFRTRER BRI E T 2 £ TLMThiLRw,

Prior to the tests, the rail car was characterized in terms of dimensions, interior
materials, and leakage.

ARBRIZJEN - T, BREHEMIIRE S WM I JOUERIEICE LU TREHI 2 & 023 IXn
7

6.2.2 Full-Scale Fire Growth and Spread Tests
FEWR D KSR I K ORERE D AR

Several tests were conducted in Phase III to study the fire growth and flame spread
patterns in a realistic fire scenario.
R RKK T U AT BT 5 KEKERB L OKRRIGFED /N — e D720 A
< OPORERIT 7 = — X111 TIT72bii,
The large-scale Furniture Calorimeter tests conducted during Phase IT demonstrated
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— XL TN KB 7 7 =F ¥ —Hm U —A—F—{BRI%, BIED FRA @ kK
PEREDBR BT AT DM B L OMREIIAE KB LW Z & Ik BB CTR.ON 5K
LLoOME R LR ZEKSE DI 2~10FOFKIRORE LB RS2 2 & 2 FEIE LT,
Still, it was also evident from the large-scale Furniture Calorimeter tests that
significant fires can develop with sufficiently severe ignition sources.

ZRCH b LT, HERASIE, FOCBLWEKBICE > TAELD Z L&A REIUE R
Tr=Fry—An )= A=4—WlBRr5bHAKE S,
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.

KHEpRFRB LOIEBED BRI OWTE, ) DOE K E LT TB 183 TAN—F—=nHRE
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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.
INHORBRICE T, KR 7 7 =F vy —An ) —A—Z =TT LML T Dk
Bl RIS L OBEMEIOITE: S OZRIT L o THRBGEE BT 2 $EFHEN T O
FERERDO KK R & DA IREL 725,

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 I OHEEE I, RESIEOE @& O Amfleet I TIT 2L 7o EARMIURLD 77 A
PR F =B £ OB A A KR ORI OB TS & & AT 5,
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2. 2. 3 72xz—XII
5. SUMMARY?
5. 2

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.
KKLZET O YR T, IRESIE DI EREE D 7= 6O DHED K JL D ER GO
TERE R0 5 DA TIEM B LIz,

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

KK DBIhRE L OER 2 BT DIRARRBRICHONTO LY BOCBRT, & T
Hriefi OBIFEIZ D72 s o 7z,

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

INDOHEMIT, B DK S Z A OMREZ2Z A 2845 L, TR > TR 7ol

B O ST,

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.

D7 =— XD P &L, EEROFRE $RIE D@ & HL TIT 72 D e BRI D K
BRaCEE L, Y — FICFAST= B = %5’%%?/&%%11\7”:' SSCRITHT DRI & et%ﬁ
fERZ T 5,

5.1 FULL-SCALE RAIL CAR TESTS
SRR O 3 H it D 5IBR

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

17D FRER 7S Amtrak O ik 2 8518 Ol 2 LN TIT LT,

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

ENENOREH 2t ZFe D KERREFRITH L TDI DO DO EERIL, MIEDRHEE S DOFF
fili & 5 % 7=,

The uncertainties for all measured quantities were reasonable and suggest that the data will provide
the appropriate baseline for verification of the modeling from Phase II of the study.
TARTOWEEDAHER S ITEBI T, 7 —F N7 = — RXUDHTEN D DET VU > 7 ORERE
DI DI R EIEEE 52 57259 L) Z L aREE LT,
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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.

25kW 7> 5 KI200kW D KR DO K & & &7 LIz B KIROTRE OFPHIL, & LWEREA R S
ELDITHEARRIRTH Y | ZHUTHRE ERIE O L FE 0D & KR O R EE DS R 7 A7 ¢
AFEL02~10FERE NV E VD 7 = —XNOF RS O & — T 5

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.
LINLenh, REWIHROBUED 5K EEZD L FH LWOKRISENBIES L, 8
T HLE N2 2 SR VIREBIS 22 5 720 h LavZawy,

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.

FTRTOIHBMPRENWZT AL > TERKENDGEDOE KT Y AL, AmtrakiZ L5 2
HFDHFFTB L NTHAOREREBRPEG LI FRND Z & ZMEFITT D72 O
TEFIRDEEIZ L > Tl STz,

5.2 COMPARISON OF FULL-SCALE TEST RESULTS TO EARLIER RESEARCH
KRR DRI R & 1 DOBFFED S

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.

BT a— o a Y — A — & — P RERBR O R & SRR O A B O RN Tl
FONRE $0E OE@ & # A T2 FERBULORER & O i TIE, ARV IEBGHEE > B @3
Bl T F CTHEHI R DNARLAT T 27”7,

For the materials studied, small-scale tests in the cone calorimeter provide an appropriate tool for
material screening for heat release.

WEFE S IIZMPEHZ OWT, = U —A—=F —O/NT 2 Md BRI 2878
BEDWEY R FBRE G525,

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.

KDL ZAHIZ, a—rHn ) =2 —F—D LI REENLHBLNDREEE DT —H D
RERFRIZ, BRBMEOMREL TRIT 272D O RET L TCINHDT —Z Z 5
ZLENMTEDLHTH D,
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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.

ZOHREEOHP TIZAVS, ZOHEOT 2 — XI5 7 = — AMTTHRFE ST — 4 1%
ZD XS e TURENERIET DD DG ERR R T — 2 %525,

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

BIEDWTFE & W13 00 i i sl oD il R Ll 13 FRAIZHEL U 72 B O 145 S 7z stk g &
—&H L7,

Peak temperatures in the current tests were lower than comparable fully-furnished rail vehicle tests

with older materials.

BHEDRBR TORKILEIL, HWMERZ A L7 F B & OB H T OFRER L 0 Ko7,

5.3 IMPLICATIONS OF FULL-SCALE TESTS ON FIRE HAZARD ANALYSIS
KRR DR AN K ISR K F S5

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.

KESERRIIMT DA ~DFH302 0 1%, FRESE O Hilj N O Kk KIEROFEE Tl Z2 5 2 572
OITRFES IR KET VT D,

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.

FBRIZ L DWEMED HIRE SNT AR A R KK ORE SITHR U CREERBEZRILIZ 2 5 £ T
DEFH & CFASTKK T T /T & o TR ST BFH & ORI P B L 213/8—k v b
D—H &R LT,

With experimental uncertainty in the measurements typically less than 10 percent and typical
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.

FBRIZ BT 2 ANHEE S R0 — & > PR, KEET T X 5Tl & EBROM T
20035258 —F L FO—BHHE LT, 133—% 2 bO TS DOFREOFE OB
NTNDHEEZLNDRETH D,

5.4 FUTURE WORK
A B OTES)
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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.

ZOWFRD T = — ANE, FRESE O B T S 4D R B0 K MR & R 2 726
Da—rin ) —A—=F—fH O ZHH L,

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.

7 = — A1 & FRBULDOHE A B DAL T i DFEEHE OB L 27— 2 2 L T,
7 = — RIIFREERE D FN BRI~ KR SaBR oA B ity o0 3 51 2 Sk U 7=,

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.

BBIZ, 207 2 —AMOPMHEEIL, 2 Ea—¥—F7 VU T E2ERT 2 KBRSy
PR ESE D IO K KL REFMOFEL LTINS Z LN HDICIEHRTH D Z
& & SHET D,

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:

ZOHEFD, FREERIE O B O 72D D K SSERGHTEAT O RLEh L 72@ Iz & - THEE R
WS OOV E R ST Z EICHEETHZEDREETH D,

*  Accurate estimation of passenger rail car conditions and evacuation in an actual emergency
situation.
FEROIEFHRE IS 1T B iR & §alE O B iR AR F L ONRERE O IE e 7o HEE,
No verification of the calculation of the time necessary for passenger egress in the event of a
passenger rail car fire was included.
Jik % $kiE D B K SR IS 1T 2 e DR MR R DR R OMGEIT & e o
7o

*  Development of appropriate HRR performance criteria.
) e FEEHE O VERR L HED B,
Appropriate small-scale (cone calorimeter) and full-scale (furniture calorimeter) test
acceptance criteria for materials and component assemblies were not determined.
MBS L OHANZ Th D720 DY) e/ (2= n Y —A—2—) BLOKRHE
B (77 =Fyv—Anl)—=2A=4—) QROFFAEETIRE SR -1,

*  Evaluation of unique characteristics of fabrics, structural flooring, and electrical wire and
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cable.

W, MG EORK 72 b N BRI L OV — 7L DR O KGR,

The fire endurance of floor or wall partitions and the impact of electrical wire and cable were
not considered.

IRETIFBEDAED) Y Dif KYED 72 b N E#I L O —7 NV OREITEE SN2

277,

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.
INOLORITE VEATEHITEZ R L, ik #kE 0 HL 36 L OB IE gk 00 B~ D K ¢
fEBR BT EART O 0 7B MO R T 2 52 5725 5,

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.

49 CFR, /X— 1238, 78— 1238 « 10312 K - THER S 7z BUEDFRADRER $5 L OWERE
AHET. FTADS 19844 I BB Bk O B A B D 72 DI IR L 72 b D7 BifidE S 7,

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-III of this FRA-sponsored study to rail transit vehicles.
[FERDZ < ONEM OMAIZE Y | ZOFTAD SRS 5 Bl ik O Bl OfF IR0 7 = — X1
o7 == AMTaHli S5 K O KRG 28 5 2 L ICFTAIZERZ R > T\ %,
Accordingly, the FTA has contributed funding to the Volpe Center-directed fire safety research
program.

> T, FTAIZR A~ o Z — 3R 5 KL EOWIERH IS E & 2L L7z,
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RIS DR ML, 3 R THEKIZED | ZOWHFEKERIX 103 B Th -7,
BIROFERAE D L B4 BHFRIRETG DFHIT L 0 RBrEpHRENTE O 2 #oD 25 KIRFE 23
B, BKLRTUVEB D HER TE %, 30kW/m2 O U INEBGRE 12 51F 5 B4 Rk
JiE DFMOFE KD O SRATHEBRERS D FRHD Z UL~ & 7 > 72K & LT, E4
SRHTERIERE 0D 2 MU TMBNEL % I LR 2Pt L (1K 3.1.8.10) . FIT/E D KU INENGH B
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Z EEIDIMEE S, S HICIERME A NR—=27 L OBEEENELS oo 2 MBI LILD,

VAR Ve

[ 8.1.8.2 127 L& » ORGHINEGREE & 35 KREH OBfR 2 =3,
50kW/m2 O i INBREE (2 B\ T, 0 2B L O B4 BB O 7 L & 3 3tic 25k
Wﬁ%kKEOKO0%%%ﬁ@ﬁ®ﬁv5/2W®$@%kﬁ%136@?\E4ﬁ®%
46 Tholz,

30kW/m?2 O S IFASREEIZ 51N T h 0 R KO B4 SREHEIE O 7 L & 233k s 4
BRIRDE KIZE 572, 0 RHRIESE DO 7 L& 2 2RO 5 KR 14.8 BT, E4 520D
THIT 129 B TH -7,

10kW/m2 O S IMBRFE 123\ T, 0 7k KL OV B4 R REE D 7 L &7 i3 3kic 42
BRAKDSE KIZE DRI > T,

k=111
SF

- KB 2 EREE RO E L

FHB IO T L& i@ 5 50kW/m2 & 30kW/m2 O fil INEGEEE 12 35 1) 5 75 KFERE
WCEBTHE, RMMEV LT LE U DFEKRHNES, UL Z UREFEKLRTWI &2
BT D, —J7. B0kW/m2 <2 30kW/m2 & Vo 7= i InEGH B |2 bb BRI AD 55V Y 10kW/m2
DEIMBGREEZ 725 &, U7 L Z XHFEIC L 6T 2REBRENE KET . 0 RHERIREESE O
T 3 (RH 1 ARFEK LT, FERABMITEETUE, FAkO LT I1E 50kW/m?2 <2
30kW/m2 &\ o 7o BURINBREE DI & 1T R L TV D Z Ll d, 22T, U LZ U3
E\BRAA L RIRFICBA R 2 4D . NBNE S TR BIG R S5 Z L ICEEBE LR TR B 20
7o, BHKE TR 229, FiA 59 WS IR BE CIIIEMEZR & kD LRod S I3H)
L#EV,

(2) FEEGHEE

B 3.1.8.3 ([T MSITINEGREE 2 351T D 0 RATHRFRIERG OFXHOFEEGHE % | X 3.1.8.4 (T
B INEGREE |2 351 5 B4 i O RMORBHE 2777, F72. X 3.1.8.5 IZH MK
%mﬂﬁﬁ*‘760%%%%Wﬁ@?v&y®%ﬂ%§%\E3LmsK%W%Mﬁﬁﬁ

BT D B4 FdfpERs o v v a2 v OFREBGEE 2T,

%%ki@?V&/kwokH@@Oﬁ%iUE4ﬁ%%%@ﬁ&mokﬁﬁﬁi6f\
G INBABREE 23 K Z W ME E I R EGEE N K E < R D BIRNRH -7, 0 %EB LU E4 28
BREERE & B2, RHUTER Y L U ORRFEEFHEN R E S RLMEMRH -7,

0 % $ L N E4 RHFTEHRAE T OFHIZ 5895 50kW/m2 & 30kW/m2 O HUFH N EAGR FE 12 45
T HRBGKREE D L EINEGREE 50kW/m2 81T 5 0 7B L O B4 REHREERE T
%M®Wk%ﬁﬁf@$wjﬁ%mmmuﬁm&wmﬂ&ﬁésﬁim%m@ﬁfamwmﬂ

BIF5 0 2B IO E4 ZJH MR E N Z I O R IREEGHE O X 174kW/m2 &
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235kW/m2 & 72 V) | [Fl— O G INBGRE ChiviE, 0 RFEHREF ORMIZ L~ B4 250
BRIEJS DRHD R BAHEN R E S RLEM N o7z, T, —EEKTLE 0 R
FRRRIEE G DR HIZ R B4 RFTHHRIE S O R HABRE IR E R ERDHZ L EZRLT
W5, ET. O RHEREE OFMIT, (R — ORI INEGR B 230 T IRBGEE OHER IZELIL
WAL TNDDIZKR L, B4 RFTEIRERE OFHIL, [F— O HEHMEGE I 3\ TRV
DOHER O ELNITENTH - 72,

(3) BREEZL
AT LV RBERVA B L. B L7 RO BREEEVA [ 3.1.8.7 12, 7 L& L OPREEE A
%] 3.1.8.8 1271”7,

AH=—"4A

SES

AH RBEEMI kgl | Q : ¥ 7E & [MI/m2], M : SRR E Sl i [kgl | A - BRBEREFE 0.01[m?2]

Felids KOV L & RS NBGEE 30kW/m2 & 50kW/m2 (238 THE 7 — i D IRBEER
Lo T D, 0 RHTERRRESS ORIIZIB N T, S INEGRE 30kW/m2 & 50kW/m2 Dk
BEE D)1 18.86Md/kg 720 . E4 ZDZ T 16.81Md/kg & 7eo7-, £io. 0 RFE
BRIERE DD L2 B LT, i MESRE 30kW/m2 & 50kW/m2 O BABEEL D - %) 1
23.27MdJ/kg & 720, B4 ZOZ U 21.38 Md/kg & 72> 7=, 0 R 3 L OV E4 2o
ERRR RIS, RHUTHE R Y L XV OBBEBR RE WER E ooz, o, BB L O
L& AT B4 SRBTE R (TR O RIS OBMEB R R EWER & 7o 72,

725, RHUTBI L T 30 kW/m2 & FIE] 2 HURAINEGREE TIIIRBER MK 725 2 & 3 LT
BN, ZhuE, BEREENEL 25 2 L TEHEKETOR., MEOBSRNESR, EEN
B9 52 &, EHNEGEEE 30kW/m2 <2 50kW/m2 D X 9 2 REEBMC 2 B 7o T &
bbb,

(4) Zofh

# 3.1.83 b 3.1.88 [Fa—r ) — XA — —FEREEE ) O ) S FERRFER T
b, TNOLDOERFOEKIIEL RN TRHB IO Y L2 o Offpr (FEHUZEE L TIEE#R
3.1.8.3 H1 0-10-1 B L0 0-10-3, W N 3.1.8.5 F E4-15-1, E4-15-2 B LN E4-15-3
MEDEFNZEET D, VL Z B L TIE# 3.1.8.7 1 0-10-1 3 LT 0-10-2, I NT
# 3.1.8.8 1D E4-10-1 B LN E4-10-2 BNZDOEANIHE YT 5,) ORFEEECIEGHE )N
RS TWD DX, BXICESL T & HRBRIKD B INEE 1T 2 Z & THAE LIz w ki
HAPNTAGHTENTNDETH D, aREN ZADRAITRF ORBREEEWICE - T
MTE S,
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#£3.1.8.1 RbOa—rh0Y—»—42—HBHER

e 0k HERAEDTELEE HERBAIRRIDIRIEE BREEEEOEHDEALAR | ERERRELTOEM
T;iﬂ’,) it m  BEH | EE mE imE TS InERsR E & KB HHOTEAR | FHEEE i EERH
mm] | [mm] | [mm] | [g] [°’C] (%] (kW/m] [s] [s7] (kW/m] [s]
0-10-1 103.30 | 101.75 | 3.50 | 8.03 19.5 68 10 BEAKET - - - | 2014/09/08
0-10-2 100.60 | 10155 | 350 | 7.84 19.5 68 10 357.7 0.0529 154.80 380.4 [ 2014/09/08
0-10-3 100.50 | 10045 | 350 | 8.10 19.5 68 10 BEANET - - - | 2014/09/08
0-15-1 100.60 | 100.50 | 2.50 | 11.69 20.3 80 15 128.0 0.0884 113.20 151.4 | 2014/06/12
0-15-2 101.70 | 10210 | 2.25 | 13.53 204 80 15 119.8 0.0914 134.72 135.8 | 2014/06/12
0-15-3 101.45| 10230 | 2.00 | 12.09 204 84 15 1401 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 | 2014/06/12
0-30-3 101.75 | 10210 | 2.75 | 11.32 204 84 30 60.8 0.1282 183.18 108.8 | 2014/06/12
0-50-1 10245 | 101.25 | 245 | 10.76 20.3 83 50 8.3 0.3471 29429 470 2014/06/12
0-50-2 100.45 | 102.75 | 245 | 11.62 20.7 82 50 8.5 0.3430 31340 546 | 2014/06/12
0-50-3 103,50 | 100.70 | 285 | 8.73 20.8 80 50 14 0.3676 409.68 36.4 | 2014/06/12
E4-15-1 10225 | 10355 | 210 | 8.39 204 85 15 BENET - - - | 2014/06/12
E4-15-2 10180 | 103.00 | 2.70 | 8.54 20.1 86 15 BEAKET - - - | 2014/06/12
E4-15-3 102.05 | 102.75 | 250 | 8.34 20.3 87 15 BENET - - -| 2014/06/12
E4-20-1 9780 | 10285 | 3.50 | 8.80 205 68 20 101.3 0.0994 188.70 117.7 | 2014/09/08
E4-20-2 101.85 9955 | 350 | 895 20.3 67 20 100.2 0.0999 209.92 119.0 | 2014/09/08
E4-20-3 100.10 | 102.65 | 350 | 9.12 204 68 20 108.0 0.0962 232.57 1345 | 2014/09/08
E4-30-1 101.75 | 10210 | 280 | 8.29 20.3 81 30 454 0.1484 248.63 67.0 | 2014/06/12
E4-30-2 10210 | 102.20 | 280 | 8.13 204 82 30 454 0.1484 260.97 68.0 | 2014/06/12
E4-30-3 101.80 | 10095 | 2.70 | 8.32 205 84 30 43.4 0.1518 194.27 70.0 [ 2014/06/12
E4-50-1 101.15 | 10280 | 2.75| 8.24 20.7 80 50 19.2 0.2282 350.02 39.0 | 2014/06/12
E4-50-2 10255 | 10285 | 2.65| 848 20.7 80 50 19.3 0.2276 348.26 37.0| 2014/06/12
E4-50-3 103,55 | 101.85 | 225 | 8.30 20.8 81 50 21.7 0.2147 335.81 41.0| 2014/06/12




£3.1.8.2 yLAavDa—rhnY—+*—42—KHBRER

e 0k HERADTELEE HERBAIRATDIRIEE BAREEEEOEHDFEAR | RRERRELTDOEMHE
(LA it m | BEH | EE mE imE ST InEAsR & KB HBHOFEAR | RBEE e ] XERH
[mm] | [mm] | [mm]| [g] [°’C] (%] (kw/mi] [s] [s™] (kw/mi] [s]
0-10-1 102.00 | 102.00 | 29.65 | 11.46 19.3 66 10 BENET - - -1 2014/09/12
0-10-2 99.65 99.80 | 28.70 | 11.22 19.3 67 10 BENET - - -1 2014/09/12
0-30-1 102.35 | 100.00 | 28.20 | 11.04 204 67 30 10.7 0.3057 331.28 426 | 2014/06/12
0-30-2 102.40 99.60 [ 28.90 | 11.29 204 68 30 18.9 0.2300 43.78 553 2014/06/12
0-50-1 100.80 | 101.00 | 28.05 | 11.41 204 67 50 34 0.5423 44712 395 2014/06/12
0-50-2 100.50 | 101.70 | 27.75 | 10.80 204 67 50 3.8 0.5130 498.11 425 | 2014/06/12
E4-10-1 99.60 | 101.70 | 28.70 | 16.01 20.3 72 10 BXET - - -1 2014/06/12
E4-10-2 9940 | 100.25] 29.00 | 15.98 204 69 10 BXET - - -| 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 13.5 0.2722 429.31 840 ( 2014/06/12
E4-50-1 100.75 9985 29.10 | 15.98 204 68 50 46 0.4663 464 .51 532 2014/06/12
E4-50-2 100.10 | 99.05 | 28.40 | 15.60 204 68 50 46 0.4663 512.86 541 2014/06/12




#*3.1.8.3 it (0-10-1~0-15-3) Da—>rHh o) — ;-5 —HEBEER

AR (A (FH) 0-10-1 0-10-2 0-10-3
BB E(THR) 0.15 MdJ/m? 5.78 MdJ/ m? 1.39 MdJ/ m?2
3.30 kW/m? 154.80 kW/m? 9.44 kW/m?
e R BGEE(HRR)
at 101.60 sec at 380.40 sec at 34.40 sec
% EGE EE(HRR) 0.13 kW/m? 18.16 kW/m?2 1.15 kW/m?2
SEEFEEGHEE T60 1.02 kW/m?2 85.40 kW/m?2 7.16 kW/m?2
SRR EGEE T180 0.85 kW/m?2 30.77 kW/m?2 3.27 kW/m?2
B TEFERGEIE T300 0.51 kW/m? 18.52 kW/m? 2.29 kW/m?
i AR IR B 4.83g 3.83¢ 5.06 g
% PR A J R 3.20¢g 401g 3.04¢g
;'T‘Z B KIRFH] - sec 357.7 sec -~ sec
PEDNE T TNy g 6.59 g - g
EEL ] - sec 439.4 sec - sec
RIGERRF ] -- sec 81.7 sec -- sec
200Kk B AkoE I [ 0.0 sec 0.0 sec 0.0 sec
200k 1 R RF ] 0.0 sec 0.0 sec 0.0 sec
SR s EAE(HOC) 0.43 MJ/kg 12.74 Md/kg 4.04 MJ/kg
SEYE B R 0.394 g/s*m?2 4.785 g/s-m? 0.346 g/s*m?2
AR IA (i) 0-15-1 0-15-2 0-15-3
#7e# i (THR) 11.00 MJ/m2 17.68 MJ/m? 15.15 MJ/m2
113.20 kW/m? 134.72 kW/m?2 209.22 kW/m?
B R EGEE(HRR)
at 151.40 sec at 135.80 sec at 156.70 sec
% EGE EE(HRR) 16.97 kW/m?2 37.67 kW/m?2 24.71 kW/m?2
SRR EGEE T60 73.72 kW/m?2 108.48 kW/m?2 123.95 kW/m?
SR EGEE T180 48.27 kW/m?2 79.47 kW/m?2 68.29 kW/m?2
B TG T300 31.70 kW/m? 56.11 kW/m?2 48.23 kW/m?
E MBI B 3.62¢ 3124 2.77¢
iﬁﬁ BRI B 8.07g 1041 g 9.32 g
- 7 I ] 128.0 sec 119.8 sec 140.1 sec
* 7 KRR BRI & 10.34 g 12.09 g 10.26 g
TP IRFH 304.4 sec 280.8 sec 309.7 sec
JRIGERRF i) 176.4 sec 161.0 sec 169.6 sec
200Kk B AkoE I [ 0.0 sec 0.0 sec 4.5 sec
200k 1 FR R ] 0.0 sec 0.0 sec 4.5 sec
VYR BEA 2 EEE(HOC) 12.04 MJ/kg 15.01 MJ/kg 14.36 MJ/kg
SEEE R SR 2.017 g/s-m? 4.691 g/s-m? 4.093 g/s-m?

78




#*3.1.8.4 R (0-30-1~0-50-3) Da—>HhOl) —+;—5—HEBER

ARBRA (S ) 0-30-1 0-30-2 0-30-3
I E E(THR) 23.59 MdJ/m? 17.67 MJ/m? 20.03 MdJ/m?
209.63 kW/m? 129.06 kW/m? 183.18 kW/m?
fe RFEBGEE(HRR)
at 105.40 sec at 125.40 sec at 108.80 sec
SR EGE FE(HRR) 32.85 kW/m? 15.26 kW/m? 17.38 kW/m?
SRR EGHEE T60 181.83 kW/m? 76.93 kW/m? 134.64 kW/m?
SEEFEEGEE T180 100.62 kW/m? 62.16 kW/m? 80.30 kW/m?2
N B T300 70.06 kW/m? 46.77 kW/m? 57.17 kW/m?
i B KR I e 1.37¢g 1.36 g 0.98 g
Eﬁ BRI R 13.15¢g 10.55 g 10.34 g
- H KIRFH] 64.1 sec 65.5 sec 60.8 sec
* 7 KRR BRI & 12.87 g 10.03 g 10.09 g
TH S IRE[H] 211.4 sec 262.4 sec 202.8 sec
PR IFEF ] 147.3 sec 196.9 sec 142.0 sec
200k ke REE 24.1 sec 0.0 sec 0.0 sec
200k B AR 24.1 sec 0.0 sec 0.0 sec
SERIRIER 2h 3 BB (HOC) 15.86 MJ/kg 14.81 MJ/kg 17.12 MJ/kg
SERYE S 3 4.597 g/s-m? 2.689 g/s-m? 3.386 g/s m?
AR A () 0-50-1 0-50-2 0-50-3
B FsEE(THR) 19.95 MJ/m2 20.84 MJ/m2 16.89 MJ/m?
294.29 kW/m? 313.40 kW/m? 409.68 kW/m?
e RFEBGEE(HRR)
at 47.00 sec at 54.60 sec at 36.40 sec
5 BUE E(HRR) 23.11 kW/m?2 33.39 kW/m?2 21.59 kW/m?2
YR EGHEE T60 208.74 kW/m? 211.83 kW/m? 208.23 kW/m?
VR EGHEE T180 97.27 kW/m? 99.29 kW/m? 87.09 kW/m?
B SR EGEE T300 63.71 kW/m? 67.32 kW/m? 54.41 kW/m?
’ B KR I e 0.51g 0.65¢g 0.54 g
% E T UNES % 10.25 ¢ 10.97 g 8.19¢
;;TZ A5 K 8.3 sec 8.5 sec 7.4 sec
7 KRR BRI & 10.57 g 11.50 g 859g
VH 2% W] 120.0 sec 128.6 sec 110.4 sec
SRR ] 111.7 sec 120.1 sec 103.0 sec
200k e fkfoe I [ 41.2 sec 31.9 sec 30.1 sec
200k B HARER 41.2 sec 31.9 sec 30.1 sec
SELIRIEA B3 B (HOC) 17.20 MJ/kg 16.79 MdJ/kg 18.23 MJ/kg
SERYE S 5.098 g/s-m? 6.193 g/s-m? 6.200 g/s-m?
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& 3.1.8.5 R (E4-15-1~E4-20-3) Da—>HhOl) — A -2 —HBRER

BRI (F 1) E4-15-1 E4-15-2 E4-15-3
It EE(THR) 0.36 MJ/m? 0.33 MJ/m? 0.48 MJ/m?
T 1.10 kW/m? 4.55 kW/m? 4.10 kW/m?
at 114.10 sec at 18.10 sec at 19.50 sec
5 EGEE(HRR) 0.30 kW/m?2 0.27 kW/m? 0.40 kW/m?2
SRR EGHEE T60 0.46 kW/m? 2.78 kW/m? 2.17 kW/m?
VR EGHEE T180 0.54 kW/m? 1.61 kW/m? 0.78 kW/m?
- PR EGEE T300 0.32 kW/m? 1.06 kW/m? 0.60 kW/m?
# B KR I e 591g 5.97¢g 5.97¢g
% E T UNES % 2.48¢ 2.57g 2.37g
i A5 K -- sec -- sec -- sec
7 KRR BRI & g g g
TH S IRE[H] -- sec -- sec -- sec
PR IFEF ] -- sec -- sec -- sec
200k ke REE 0.0 sec 0.0 sec 0.0 sec
200k AR R 0.0 sec 0.0 sec 0.0 sec
PRI BEA 03 B (HOC) 1.30 MJ/kg 1.14 MJ/kg 1.81 MJ/kg
SRV S 3 0.218 g/s*m? 0.223 g/s*m? 0.211 g/s*m?
ER A (1) E4-20-1 E4-20-2 E4-20-3
B FsE S (THR) 11.01 MJ/m2 11.13 MJ/m2 9.49 MJ/m?
188.70 kW/m? 209.92 kW/ m? 232.57 kW/ m?
e RFEBGEE(HRR)
at 117.70 sec at 119.00 sec at 134.50 sec
5 BGE E(HRR) 16.18 kW/m? 28.42 kW/m?2 33.69 kW/m?2
SRR EGHEE T60 126.45 kW/m? 147.56 kW/m? 140.01 kW/m?
VR EGHEE T180 52.76 kW/m?2 57.84 kW/m?2 51.90 kW/m2
) PR EGEE T300 33.96 kW/m?2 36.47 kW/m?2 0.00 kW/m?
’ B KR I e 1.99¢ 1.81¢g 2.72 g
% ARER A R 6.81g 7.14¢g 6.40 g
;; H KIRFH] 101.3 sec 100.2 sec 108.0 sec
7 KRR BRI & 820g 8.42¢g 852¢g
VH 2% W] 184.7 sec 169.0 sec 176.5 sec
SRR ] 83.4 sec 68.8 sec 68.5 sec
200k #8108k e 0.0 sec 23.1 sec 19.7 sec
200k H i HRREH 0.0 sec 23.1 sec 19.7 sec
SRR BER 2076 E i (HOC) 14.28 MJ/kg 13.78 MJ/kg 13.12 MJ/kg
SEEE B 3 6.594 g/s-m?2 12.951 g/s*m? 14.907 g/s*m?
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& 3.1.8.6 it (E4-30-1~E4-50-3) Da—>HhOl) —A—52—HBRER

BRI (F 1) E4-30-1 E4-30-2 E4-30-3
It EE(THR) 12.19 MJ/m? 11.88 MdJ/m? 12.80 MJ/m?
248.63 kW/m? 260.97 kW/m? 194.27 kW/m?
Fe RFEBGEE(HRR)
at 67.20 sec at 67.50 sec at 70.40 sec
5 EGEE(HRR) 20.36 kW/m?2 24.37 kW/m? 21.69 kW/m?
SRR EGHEE T60 147.17 kW/m? 146.31 kW/m? 135.00 kW/m?
VR EGHEE T180 62.50 kW/m?2 61.73 kW/m?2 62.52 kW/m?
B PR EGEE T300 39.56 kW/m?2 38.98 kW/m? 41.29 kW/m?
# B KR I e 1.19¢ 1.08 g 0.85¢g
?ﬁ PR (AR J ) 710 g 7.05g 747g
" A5 K 45.4 sec 45.4 sec 43.4 sec
* 7 KRR BRI & 7.90 g 771g 7.93 g
TH S IRE[H] 110.2 sec 152.5 sec 141.4 sec
PR IFEF ] 64.8 sec 107.1 sec 98.0 sec
200k ke REE 19.7 sec 21.0 sec 0.0 sec
200k AR R 19.7 sec 21.0 sec 0.0 sec
SRR 23 B (HOC) 15.18 MdJ/kg 14.90 MdJ/kg 15.15 Md/kg
SRV S 3 7.832 g/s*m? 8.696 g/s-m? 5.976 g/s-m?2
ARBR A (2 H) E4-50-1 E4-50-2 E4-50-3
s (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?
e RFEBGEE(HRR)
at 39.10 sec at 37.30 sec at 41.20 sec
5 BGE E(HRR) 25.60 kW/m?2 15.37 kW/m? 21.98 kW/m?2
SRR EGHEE T60 165.51 kW/m? 157.50 kW/m? 164.65 kW/m?
VR EGHEE T180 67.19 kW/m? 64.20 kW/m?2 67.83 kW/m?2
B SER)FEEGHE T300 41.02 kW/m? 39.81 kW/m? 41.80 kW/m?
’ B KR I e 0.77¢g 0.78 g 0.79¢g
?ﬁ AR ED 747 g 7.70 g 751g
;; A5 K 19.2 sec 19.3 sec 21.7 sec
7 KRR BRI & 7.96 g 822¢g 7.95¢g
VH 2% W] 81.1 sec 95.3 sec 78.2 sec
SRR ] 61.9 sec 76.0 sec 56.5 sec
200k /A 1t e IR ] 21.9 sec 21.4 sec 22.4 sec
200k i A HRF ] 21.9 sec 21.4 sec 22.4 sec
SRR BER 2076 E i (HOC) 14.64 MJ/kg 14.31 MJ/kg 15.01 MJ/kg
SEEE B 3 12.624 g/s*m? 8.279 g/s*m? 10.678 g/s*m?
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#3.1.8.7 9L%22(0-10-1~0-50-3) Da—>HhAY—F—52 —HERER

AER A (TL52) 0-10-1 0-30-1 0-50-1
wEE(THR) 1.04 MdJ/m? 24.08 MJ/m? 26.57 Md/m?
3.47 kW/m?2 331.28 kW/m? 447.12 kW/m?
Fe RFEBGEE(HRR)
at 779.20 sec at 42.60 sec at 39.50 sec
SR EGE FE(HRR) 0.87 kW/m?2 77.41 kW/m? 22.14 kW/m?
SRR EGHEE T60 1.93 kW/m? 208.86 kW/ m? 293.14 kW/m?
VR EGHEE T180 1.47 kW/m? 132.59 kW/m? 139.00 kW/m?
- SEHFEEGEE T300 0.97 kW/m? 80.24 kW/m2 85.19 kW/m2
# B KR I e 791¢g 0.68 g 0.00 g
Ejﬁ PR (AR J ) 355g 10.36 g 1141 g
i A5 K -- sec 10.7 sec 3.4 sec
7 KRR BRI & g 10.85 g 11.39 ¢
TH S IRE[H] -- sec 197.6 sec 117.5 sec
PR IFEF ] -- sec 186.9 sec 114.1 sec
200k ke REE 0.0 sec 33.6 sec 63.4 sec
200k AR R 0.0 sec 33.6 sec 63.4 sec
SRR 23 B (HOC) 2.60 MJ/kg 20.55 MJd/kg 19.95 MdJ/kg
SEEE B 3R 0.355 g/s-m? 8.778 g/s-m? 11.495 g/s*m?
RERIK (TLH) 0-10-2 0-30-2 0-50-2
B FsE S (THR) 0.49 MJ/m? 2.46 MJ/m? 25.15 MJ/m2
5.14 kW/m? 43.78 kW/m2 498.11 kW/m?
e RFEBGEE(HRR)
at 33.40 sec at 55.30 sec at 42.50 sec
5 BGE E(HRR) 0.41 kW/m?2 16.72 kW/m? 42.27 kW/m?2
SRR EGHEE T60 2.61 kW/m? 23.82 kW/m? 307.31 kW/m?2
VR EGHEE T180 1.27 kW/m? 0.00 kW/m? 136.34 kW/m?
) SEHPFEEGEE T300 0.76 kW/m? 0.00 kW/m? 83.01 kW/m2
’ B KR I e 7.49¢ 0.93 g 0.00 g
% FRERIRE Bl 3.73 g 10.36 g 10.80 g
;; A5 K -- sec 18.9 sec 3.8 sec
7 KRR BRI & g 10.73 g 10.94 g
VH 2% W] -- sec 133.3 sec 105.5 sec
SRR ] -- sec 114.4 sec 101.7 sec
200k #8108k e 0.0 sec 0.0 sec 48.7 sec
200k H i HRREH 0.0 sec 0.0 sec 48.7 sec
SELIRIEA B3 EE(HOC) 1.16 MJ/kg 2.10 MJ/kg 20.37 MJ/kg
SEEE B 3 0.373 g/s-m? 15.434 g/s*m? 13.442 g/s*+m?
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#3.1.8.8 L% 2 (E4-10-1~E4-50-3) Da—>Hhn ) — A —2 —HBRER

AER A (TL52) E4-10-1 E4-30-1 E4-50-1
wEE(THR) 0.69 MJ/m? 33.17 MdJ/m? 33.01 MJ/m?
3.42 kW/m?2 358.36 kW/m? 464.51 kW/m?
Fe RFEBGEE(HRR)
at 35.30 sec at 67.70 sec at 53.20 sec
SR EGE FE(HRR) 0.56 kW/m? 113.60 kW/m? 106.47 kW/m?
SRR EGHEE T60 1.77 kW/m? 211.14 kW/m? 290.52 kW/m?
B EGHE T180 1.55 kW/m? 183.23 kW/m? 182.94 kW/m?
B TEPFERGEE T300 1.66 kW/m? 0.00 kW/m? 110.01 kW/m?
# B KR I e 1851 ¢g 0.64 g 0.34¢g
% E T UNES % 2.50 g 15.25 ¢ 15.64 g
i A5 K -- sec 12.2 sec 4.6 sec
7 KRR BRI & - g 15.64 g 1591 ¢
TH S IRE[H] -- sec 196.7 sec 157.2 sec
PR IFEF ] -- sec 184.5 sec 152.6 sec
200k ke REE 0.0 sec 73.1 sec 75.9 sec
200k AR R 0.0 sec 73.1 sec 75.9 sec
SRR 23 B (HOC) 2.45 MJ/kg 19.23 MdJ/kg 18.66 Md/kg
SRV S 3 0.280 g/s*m? 11.880 g/s*m? 16.027 g/s*m?
AERA (TL5) E4-10-2 E4-30-2 E4-50-2
B FsE S (THR) 0.43 MJ/m? 32.63 MJ/m?2 32.57 Md/m?
5.71 kW/m? 429.31 kW/m? 512.86 kW/m?
e RFEBGEE(HRR)
at 36.00 sec at 84.00 sec at 54.10 sec
5 BGE E(HRR) 0.35 kW/m?2 119.53 kW/m? 122.92 kW/m?
R EGHE T60 2.59 kW/m? 241.64 kW/m? 306.92 kW/m?
VR EGHEE T180 0.88 kW/m? 181.09 kW/m? 180.73 kW/m?
) PR EGEE T300 1.17 kW/m? 0.00 kW/m? 0.00 kW/m?
’ B KR I e 13.36 g 0.51g 0.40 g
% E T UNES % 2.62¢ 15.36 g 15.20 g
;; A5 K -- sec 13.5 sec 4.6 sec
7 KRR BRI & g 15.59 g 15.53 g
VH 2% W] -- sec 153.0 sec 123.1 sec
SRR ] -- sec 139.5 sec 118.5 sec
200k #8108k e 0.0 sec 80.3 sec 75.8 sec
200k A REH] 0.0 sec 80.3 sec 75.8 sec
SELIRIEA B3 EE(HOC) 1.44 MdJ/kg 18.78 MdJ/kg 18.94 MJ/kg
SERYE i3 0.270 g/s*m? 17.600 g/s*m? 20.574 g/s*m?
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K ITEE, 1972(08F0 4AT)FOAbkE b o R VK 5 a5 0T AR 1973(RFN 48) 12 gkiE £
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ki 200 HHAE 20 X— LW B LW
T v a—L 200ml T V32— 400ml
52 PAL b =
KELF B &
2R+ 18 A PAL
ERRING (= 5 oKtk 8 4y TR HL FO.[EHZIZHEHE

106



FE AT 5 F2BR AR S B A SRR © 7 A oD i Lk T %
Y7 TF ¥ —Thd, 20X, FEREITHEM AL T
T RRE L HT R L O30 o B b R ITE
22 TV =)L I TR A K VTR K
ERAR

(93.3.5.1 FPEERERMRSIE N KEHERDE K

3. 3. 6 HIEHEAE
0-Free / E4-Free
- IR FRVHEVEC X 5 RN E
- EEAL
« B E IR
KRR OB (RE - HUH)
T UANAATBILRT VX NVET I L DHRiEk

0-Room
- PR FRVHEVEC X D R B
- KRIE FIREE
- R
- JERE DN D OBGRR (2B - KU
- FO.OHHE L 2 DI H
T UBENAATEBIRT VX NVET HI L DL

107



(1) BREEBZRICLHHBRE
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BT Eeyk &1k NAEPH O — X 72 REHC B W T, 1B SN AMBEBEOHENEEHT- D OBREE
BNEIE—EG 18kd/g) TH D ESE I VITITREH STV D,

— B OFEBRBAATNITIEAT A 2 AW T AW OBIEZ 1TV, O | BIERSEE % i
T D T DITIRIRIRE 2 W TR EBR &2 1T o7z, 7272 L, 25 H OfERERIL, i1l
i U7= E4-Free OEBRATIC 32cm 4 OA A VX b2k ) —)L 1L ZfEH Ltﬁﬁm
Bra 118, 4822506 L7 0-Free O SEERHTIZ 50cm A DI A A LN & ) < )b~ T X
v oL HfER U7-feB IR A 3 [T o7, 26, 27 H ORERERIL 50cm 4 DS A A1 /L3
VEININANTHE L EERALTEH 1 E T2, 25 BITHRD R U ﬁ%ﬁé’ﬁo 7=
Bl & LTIX, E4-Free OERATOMERFEROBRICHEHE 2 FiET 2 HFENUITIRY b
D, ZD%D 0-Free D FEFRANIHFENZFTIEL, FEE, ﬁﬁ?ﬁ%%ﬁ%ﬁot%f&;é

728, E4-Free DEBRATOMEZRFERR & E4-Free DEBRTHEONTREY OH HEAXTH
E SNV REGEE L, % H, HERXZETE UREELZIT o2, Tl s EE e A AR
BT, REORPBRSTHEXNTHY . ZnEELWEERICR D L OFTIEE{T - 724,
FEERE DA 21T o 72,

---------- BN P R E L START -+
ch(00055)
%ch(00055) : excel 7—# DX 7 N 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— % @ CO2[%]
¥OE LW EE T ch(99006)= ch(00052)*2
M T, excel 7—% D CO2[%]% 5 TR L TIE LWHEAXOEIZETIE
ch(99007)= ch(00053)*5
%ch(99007) : excel 7— % @ XCO[%]
¥IE LW EFE U ch(99007)= ch(00053)*5-0.002
MEHE CIL, excel 7—# D XCO[%]%-0.002 L TIELWEHEXOEIZETIE
ch(99008)= ch(00057)*623/2.5
$%¢ch(99008) : excel 7 — # @ Delta-P(Setra239)[Pal
ch(99009)=0.756*sqrt(ch(99008)*2/(1.293*101325/101325%273/( ch(00055)+273.15)))
$%ch(99009) : excel & —# ® Vellm/s]
ch(99010)= ch(99009)*1.293*101325/101325*273/( ch(00055)+273)*3.14*0.8*0.8/4
%ch(99010) : excel 7 —# ® VFR[kg/s]
ch(99011)= ch(99019)*(1-( ch(99007)+ ch(99006))*0.01)- ch(99005)*0.01*(1- ch(99020))
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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)

%ch(99018) : FEH E [kW]

¢h(99019)=20.9148/100
$%ch(99019)=20.9148/100 M4y 1~ 20.9148 ILHIEHE RO 02 JEE(EBROE LT+ 5)

FHHEE T, ch(99005) DM ERRMAE % OfE. 20.9148 & L7

ch(99020)=0.219/100
%ch(99020)=0.219/100 M43 0.219 (FHIEERTD CO2 JFECER O EIZEE T 5)

BB Tl FTIEFEO ch(99006) DHIEREEZ OfE,. 0.219 & L7z

e FEBROT 2 ) — L ILB L L~ ~T F 2 2L OMRFEEECELGRL 2 Fitlord,
- =X ) —/L 1L ORI G
PRBEEN 26.8MdJ/kg X % FE 0.790(kg/L] X i & 1[L]= 21.172[MJ]
« VIV NTH L L DRI G
RBEEN 44.6MdJ/kg X % FE 0.684[kg/L] X i i & 2[L]= 61.013[MJ]
&2 DIRBEBVISTIR 122 BB L, =& /) — L OB IR S RS S LTV Bl &
FER L. /v~ ~T X OBEEL wikipedia 2255 A L7z,

VU FICHERFEROFR A R T, BEEEIIT AW OZA LT T HER L, excel 7 —H
DAEKEM, Marked 75 27 & A FEBHEDAE K L Lz,
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5
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(Z: 8. 8. 7 BBRASIUVFHAMBORERKR)
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HEEILBIONRE, RO T — 2 IEITREEREOBIER LT —2 e h—
& FIBEFR(RE) | B MX100) 2 L7z, £72, T— X I3EKOKIK 2 38105, SkHE
B 1 BRI LT,
(6) EREH L UBRIEHF
TUHNT A TITTERAL, EBRP. ERBZEOWRNERE L-, £72. 150 RICOH #
FUH NI AT TEBRBORIE 20 BEEOA v Z — IAREE{To 12,
FUANETFTHICTERTORMEZ, 2 5O SONY HF V& LT 4 TRBR KO RO AT
FEBELORDEZ GO L,
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(7) RiEE
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FEF X ONMRE % FRLIC R T,
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3. 3. 8 EBR#ER

PITICERBR R 27

%3.3.8.1 EERERME1
B KR BN i
KR4 B H | SRR %
(kW]
E4-Free 06/25 425 | 38y 12 #
0-Free-R-1 06/25 102 | 4545 40 ¥
0-Free-1o9 06125 o . 0-Free-1-R D88 k2844 D
-Free-L- 73 %
710 I F— R R
0-Free-C-3 06/26 o1 | 46 5 05 7 0-Free-2-L O Kz 1% DK
-Free-C- 73 2
18 HRefEl £ (2[R — B Jifs T EBR
0-Free-L-4 06/26 792 | 4243 09 B NG ARA
-Free-Li- A Y , . L
TN oYL T IR RECER
0-Room-R-1 06/27 85 | 454y 22 b
0-R C-2 06/27 143 | 68 43 38 ¥ 0-Room-1-R MIHE, 30
-Room-C- 73 v
Sy e \Z IR — R S T IR

M IRFRTIT RS BARIC K0 R T & 7oV iR & 70 o T IRgf,
&3.3.8.2 EEREREME2-1

KRB DERENGTEH [kW/m2]
HEEL
EX 724 kel JHETH] ~y FL A | ~y FLZ kK
(22 (22 (et D 7)

E4-Free -5.35 8.9 (4.5) (5.8)
0-Free-1-R -1.96 2.1 2.4 2.7
0-Free-2-L -1.58 2.0 2.6 2.9
0-Free-3-C -2.29 4.0 4.1 4.5
0-Free-4-L -1.61 2.7 2.8 3.4

$E4-Free D~ KU A M OBGREHRITFIERIRFIZ over Bon & 20, T—E B ELN2o
72 TOD, BT —XDOEKIEE B~ aNIRT,
#%3.3.8.3 EEREEME?22

D B D f KB AR [k W/m?2] [—
e P ~y KL AR ~y KL A K tC]
(=2 (it > 77)
0-Room-R-1 2.2 2.3 194.8
0-Room-C-2 4.0 3.8 231.3
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