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Fire Hazard Analysis of Typical Materials for High-Speed Trains
Wang Zihao' Bi Haiquan' Song Lei> Wang Jing!
( 1.School of Mechanical Engineering, Southwest Jiaotong University, Chengdu, 610031;
2.CRRC Tangshan Co., Ltd, Tangshan, 063035 )

[ Abstract] In this paper, the combustion test of non-metallic combustible materials at typical positions of high-speed trains is
carried out by using a cone calorimeter based on the ISO 5660 standard, and the ignition time, heat release rate, total heat release
and CO yield of non-metallic materials at rated irradiance are obtained. According to the test results, the fire hazard of different
combustible materials was analyzed by analytic hierarchy process. The results show that the fire hazard of the materials at 25kW/m?
radiation intensity is as follows: polyurethane high-resilience foam> hemp fiber > polyester; The fire hazard of the materials at
35kW/m? radiant intensity was as follows: EPDM> silicone rubber > composite cold-proof materials; The fire hazard of the
materials at 50kW/m? radiant intensity is ranked as follows: aramid honeycomb composite panel> plywood + paper honeycomb >
cross-linked polyolefin. This study provides a theoretical basis for the selection of interior materials for subsequent high-speed
trains and the design of fire safety in carriages.
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Table 1 Radiation intensity used at different locations
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Table 2 Test materials for typical components of

high-speed trains
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Fig.1 Conical calorimeter physical picture
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Fig.2 Conical Calorimeter Schematic




-512+ il %4

G| 2025 4F

RBEIE L VAN KR R AR RE, —
Tt 2l 80 A3 I [ ZK A itk 5 BRI FL i kT
FERUREL T T HEZ 8 #X (Cone Calorimeter, ff]
PR CONE) , HH Tz A AR S R e 24 1 42
T HSREIAEE, Kk CONE BIitegs K5 K
JUBE MR oe i e 4 SR 2 [ A DG 3t 2 AN ek
1, CONE I O AR} K R AR PEATE 72 1 BELAR
1% CONE [Jsed R B 1 A 2 fiow,
FE R MRS B R RS DL RS
PP AR, Ferr BT I B s A v 51 s T LA B AN
ARSI RERE, WFFEH Tid MR R 2284, HEE
4T HERR IR oe A2 B A, AR A3 BT ASCRT UK
WRIGE T A () 28R — SRR — S S U
TEEATIE .

PRIE I R b 1 RT3 10emx10em, &
FE N ZEAR B SR JEL RS o R A B T ot T 1
BEZSS A, HAKMSAAHEEE. 7%
A, KRB TE 23°C L AR E 50%3 55 T
48 N R EEE (RN T 0.1g) o A
P = AR R e, BTG, AR
BT 3 Ik, AL R = AR A ME . BATI
AR ], = kEZ RS R WA 3 s, =ik
Xof AR 1 22 S A /0N, G Hp = 5% it 2 () IR 3 K
LN 2.3%.

350 ¢ L
300 |

(]

LIRS (kW/m?)

800 1000 1200

4] 200 400 600
W ()

3 ESIREXEE

Fig.3 Comparison of repeated experiments
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Table 3 Combustion characteristics of samples at a

radiation intensity of 25kW/m?

FE i A-1 A-2 A-3

RUKET A/ 56 103 105

R JIGH R I AE IV 8] /s 76 140 352
UEE (] AR T 2R /(kW/m?) 25.9 362 2184

PRI E/(MI/m?) 2.6 2.8 61

T4 5 R A5 2R T 4/ (g/m?s) 2.7 0.3 6.7
FH4 CO A pE 2/ (kg/kg) 0.091  0.082 0.133

I LEE O AR/ (mP kg) 42338 17935 4174

B AL AARL I B T A ok B AR S, SR
AR Y 35K W/m? B 4 5 B B A A REEEAT
s, B st Rk 4 fos.

R4 RHRE 35kW/m? THREIMRIREFE

Table 4 Combustion characteristics of samples at a

radiation intensity of 35kW/m?

FE i B-1 B-2 B-3
RUKETE)/s 95 39 59
PR JBCH AR B I (8] /s 154 84 176
VA RS TG 2 /(kW/m?) 2993 3129 1915
PR B/ (MI/m?) 0.2 72 102.4
P35 o B A R T 2R M (g/m>-s) 35 1.8 3
T CO AR/ (kg/kg) 0264 0291 0.087

S5 L G AR/ (m2/kg) 343.9 845.6 786307

C LA} 32 ZEAR A v 51 4 1 TOET R
50kW/m? 5 5 9 X C IR REEAT 56, BAR
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Table 5 Combustion characteristics of samples at a

radiation intensity of S0kW/m?

L C-1 C-2 C-3

R T /s 42 31 26

PR TR IE AR AR I [R)/s 178 200 166
VS A AR T 22/(kW/m?) 206 2314 3258
BRI R/(MI/m?) 110.5 1347 1263

S $5) i B AR O/ (g/m?s) 5.1 72 8.8
P51 CO A= iiE %/ (kg/kg) 0.088  0.033  0.031

LG TR AR /(m¥/kg) 65.6 54.2 413
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Fig.4 Heat release rate curve
B 4 25 T =2 R AN R4 5 i BT AR
JEGH Z BE I ) A AL 2. A 2 A-3 BPRH HuRE

T A R R, R VR 2 218.4kW,
LR 2 2978 35250 A-1 FT A-2 AR JHCIE R I H
HIE ) ERAR IR R, (HIGAE /N T A-3. B 41FE S
(Ve P AR TR 56 HE L PR e TR T B, {ELRE A B-3
(e (B R JHGH RN, B T AT B K
o C ZHH C-3 R B0 22 0 AR HH 31T B i) 9 EL
AR B K, BEAE C-1 F1 C-2 [V O R I B
T 6 L BB T e I E 8K

(3) MBS

PRI R TR AE TS 1 B GRS B T
PARE M R 2] 76 4 K0 K BITRE AR HE () #4
— B LN HAEBOR, KR B E T R . IR
5ol LIS =2 R A-3L B-3. C-2 AR
SRR K, 4358 61MI/m?, 102.4MJ/m?,
134.7MJ/m?, 1 [FJZH R KR I 340G F P

(4) FEHRR

JR AR R TR AR T R A e 2 . 7E
SEREOL T, 0T B R R K 1A o KA I A B
Bk o 7E JCR PP T AR SR F BT E LR 10%
FI| 90% X [0 (T35 i S 2k 26, KM A-3. B-1.
C-3 5[EHMEHE L B A BRI R EIR S, 7K
KIGE KIGERED, KR e .

(5) EeyH AR

Fb Y G T AR R s BRI B2 T AW 3 i R
KRR ST, R R I R 2 D
TH 55 P90 = & (ORI 2> S 80 B T e PR
AR N NN N - A K S S P NA
B AL, FER A-2. B-3 F C 4 C-2 [IFEN T35
BB TR A =Nl E B Ry p S @ v e vp SY O
R 2 A, TER A KR JE N TR B A
EAE YN

(6) CO BEJUE R

FIESCHRER I, KK A 70%-75% M N ARG T
TN T REMS L EES RS0, H
CO =& T S AR e F b i WL 21
i, B A RMR D B E E ot E A AT
#, Bk CO MWl A R EE LR — A
PERF TS R ISR PR G &5 T LA R
A-3. B-2. C-1F CO 4R #E N 0.113kg/kg
0.291kg/kg. 0.088kg/kg, 7E[FZH+ CO =&,
KGRI N A B AR B



*514 - VA

G| 2025 4F

3 KRERMEEN

RUBRET (] AREBUE . ABEUS R, CO 7
R EIURER, IH TR TP AR K R
a1 B SR, H S SR RARL K fE RS
PERYFE—T7 T, T30 R0 K R S 1 2 b3k 22 i A
FRILFEER TR, FICEEAT 2250 K R fa i
INTI R BLLE S Z TR R . B R Hrik (AHP)
X FIBEFFT 20 tHad 70 FACHR H i —Fh e
HeBMa &M Ranthiik, st
B NREK UK EW WAL &, Geis 2oty
B H bR RIZ KT B AE 5126 &, B RO E % [
RIE LN, HMX 2 R RGHT LRGN,
3.1 Vi fEdR

LA SCRR XS K o SE B P PN Fe b b 4T T M
KWL, Petrella3 4 tH£%-5& PHRR/TTI 1 THE W
AFRFRIPA KR IASE I, (BB T RS SE R .
Hirschler!" 15 t 2 $4RE Als 28 U . KBRS ]
CRUED AR TS % CHLIE e T AR B $0E) K
FERLY N 5 AN KR S K 36 16 1 25 2%, {H I 3% % &
A FM, S RgE EIR R, 2 Tk
KB RAEH BCRIREL. R BRI S AR A
FIH Z AR H A R Ko SR I PR FE b, (20 T
RUBRET (R S H sz . Rk, TERT AT SRR
AN RE IR SERE Y 3 A B R B 1) #8 fe s 1
R EHA B S S B E AN 7 T, S 2 B A
THI TN RS VA 2505 K R S B

(D Hfapatt

FIRIEE (TD = XIRPRLEUBRIT [8]) (TTD Ak
RS IR E . sURTREGEOR, MR Gk, &
BRI fEF RN . RIE N

TI =log(1/TTI) (D

KABERAREL (FGD « BRI JBOE % 1 06
{8 (PHRR) SUEAH HILEI TR I ECAB . A BRI K
PSR AR H RS SR B K TR IG KR () BRAg:, K
FIGKARHHR, KRFERRR . RIEAN:

FGI =PHRR/T 2)

R EL (THRD : 3% AT 40min P4
FeI s (HRRaomin) o PVBEGREGEOS, MEFRAL
IS TB) PRE T R B, K R S K o ik XA :

THRI =log(HRR,,..) (3)

(2) JHfE ks

RIRHEEL (TSPLiowin) = RKHT 40min P4 M
A (HHRTER SEA 5 EHK % MLR )3
RO O EUE o AR EOER, FERLE I T AR
BRI R . R AN

TSPL,.;. =log(SEAx MLR) (4)

40min
BATRIEE (ToxPlomin) : 1 IR5HT 40min

W CO MAERGER (CoY) 5 #HKiEZE (MLR)

IR E TRV SR A O R e 8. Rk
ToxPl,y,, =log(COY xMLRx10*)  (5)
Xof HE T B IS e Bt 12 R R A kAT

AEFRTHERL, B AR B =R L B TS PRAN PR AR A R

6-8 7.

£6 A BHMRIPNEITRE

Table 6 Values of material evaluation indicators for

group A
FE b THRI ~ FGI 71 TSPI  ToxPI
A-1 0.41 0.34 -1.75 3.06 2.39
A2 0.45 0.26 -2.01 2.73 1.39
A-3 1.79 0.62 -2.02 3.45 2.95
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Table 7 Values of material evaluation indicators for
group B
Ffdh THRI ~ FGI I TSPl ToxPI
B-1 -0.70 1.94 -1.97 3.08 2.97
B-2 1.86 3.73 -1.59 3.18 2.72
B-3 2.01 1.09 -1.77 6.37 2.42

*8 CARMRITMIEREIE

Table 8 Values of material evaluation indicators for group C

FE b THRI ~ FGI 71 TSPI  ToxPI
C-1 2.04 4.90 -1.62 2.52 2.65
C-2 2.13 7.46 -1.49 2.59 2.38
C-3 2.10 1253 -141 2.56 2.44
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Fig.5 Material fire hazard assessment model
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Table 9 Indicator importance scale and meaning
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Table 10 Average random consistency indicator R/
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Table 11 Material fire hazard values
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A-1 1.58
A-2 1.03
A-3 1.99
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