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Influence factor analysis on the measurement of smoke density from
floor materials in rolling stock
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Abstract 1In this study, we investigated the effect of factors that influence the measurement of smoke density using
synthetic rubber flooring. The characteristics of rolling stock in an enclosed environment can cause enormous loss
of life by smoke inhalation during fires inside passenger cars. The amount of smoke generation from interior materials
for rolling stock is strictly restricted domestically and in other countries. Precise measurement of smoke density is
therefore required to assess the fire performance of interior materials. Major factors that influence the measurement
of smoke density include the uniformity of the specimen, the variations in conditions and instruments, and the
operational and maintenance environment of the instruments. The contribution of factors was analyzed by estimating
the uncertainty to investigate the contribution ratios of the major factors. The results show a contribution ratio of about
86% for the variation from the measurement of light transmission using a photomultiplier tube. Thus, this factor was
the most representative for the measurement of smoke density. The contribution ratio of the other factors was low
at about 11%, including irradiant flux conditions (+ 0.5 kW/mz) and the influence of the operational and maintenance
environment of the instrument. These results were obtained using specimens with high uniformity.
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Table 1. Regulations for fire protection of railway

vehicles
Nations Regulations
EN 45545
EU (Railway applications - Fire protection on
railway vehicles)
NFPA 130
u.s. (Standard for fixed guideway transit and
passenger rail systems)
Technical specifications
Korea . .
for railway vehicles
Amapeke] 4, wle] B spAaba 27l 54
So) obag o)Ak Shug 98] 22 ol g o
7S 9FFE o|SHE Table 29k 7ol Al
itk Hrh ZFAE] B EUSIA= ISO 5659-2 iF A&
7k g Ao SAdel wel 25kW/m® EE 50
kWim® =41 2delA QrjdE AR AR

=

[

(DSmax), S71HA T 45 A 23H(Ds(4)) E= VOF,
S 53 1 BAES AEta Tt [2,4].

VOF,= [Ds(1)+ Ds(2) + Ds(3) + Ds(4)/2] (1)
(VOF, : 57 F 4%7149] 74 a7dx,
Ds(i) : & 73 3 A7|EE)
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o e En] ASTM E662 T12S 7|5Ho 7 &fo]
SR Aol S 27|09 GRE 8 -9
A ERE 25kWm' BAFG 2ol Avjwy 5158
(Ds(1.5)), 45-(Ds(4)) 2 10%(Ds(10)) A3 3 7]
== grAlska ok [1,5].

Table 2. Smoke density criteria for representative
interior materials of railway vehicles
(Highest regulation level) [1,2]

Categories EU Korea

Ds(1.5)

Ds(4) <150

Interior

panel Ds(4)

VOF, =300

Ds(10)
Ds(L.5)
Ds(4)

Floor
materials

DSimax <150
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Table 3. Influence factors on measurement of smoke
density

Classification Influence factors

Specimen Uniformity of specimen

Radiant flux

Measuring Instrument Photomultiplier tube

A Environment (Maintenance &
Environment .
operation)

o,
m
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e
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X
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7}el= A 7] Z(Radiant heat furnace)ol| A W8I

Hapel e Avle o Fahs HAE SAS

= h=4
dol Adz17lel 7A= 9FE we A

221 Ng Rz Het

A A AMES A FuE A Y AR, =
3 FAE FE AXHAFNE o= AL Aol 7t
AEA Fsr] 93] Age Fdsiank ddE 39
< Y ARAEF o 430 AA 3T 3N AlEE A
ZY% & 5d A7) L AEA 2heA 1 Hod
7HEE S7439 ) (Table 4).

Table 4. Maximum smoke density of floor material to
confirm the uniformity of specimen

No. 1 set 2 set 3 set 4 set
1 243 244 240 222
2 237 235 236 238
3 240 238 246 236

v ARR A VAT Ay #EEE I
Q1at7] flal Ll H(one-way ANOVA)ell 9|5 &
YHEA(Frol 4 5%)E Ttk 2 23, Table 594
20| F-value(1.464)7} F-critical(4.066) .t} ko
P-value(0.296)°] 0.05:t} & Aoz YEllt) 3, 12
A vk Alsel o3 AArE = S ATl E A
o7t gl ¥AEI & ARR ddEth e f9
TFE 5% AR A T AEE A E 3
TEH(238) WMl - 16.0(6.7%) 1A +8.1(3.4%)2] A7|™

T AAE Hola Q)

Table 5. Results of variance analysis by one-way

ANOVA
Variance ss g | s F- P- .F‘—
source value value critical
Between | s | 3| 481 | 1464 | 0296 | 4066
groups
Within groups| 262.6 8 | 328
Total 406.9 11

SS : Sum of squares, df : Degree of freedom,
MS : Mean square

2 EH7|7|of| st HE

U SA77160A4 HA7Fss AR 2
ZA}eH= 717] Z(Radiant heat furnace) 2 4
=43t 34X (Photomultiplier tube, PM
& 4 Ak WA dre] A, 78R A

#3149 ASTM E 6629014 25 kW/m® BAFE S + 0.5
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Fig. 2. Variation of smoke density due to the change of
radiant flux from 24.5 kW/m’ to 25.5 kW/m’

THE O %2 PM tubeell 99t dS A9ny] flE o
A F3&S 7FAa 9= ND(Neutral density) filter
(Kodak, Japan)& 17 ¥ AM&-3te] PM tube®] &4 H
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Fig. 3. Calibration of PM tube using N.D. filters

(one-way ANOVA)dl| 93t HAHEA(fol5E 5%)E
Faich

Table 6. Maximum smoke density measured by 4
different smoke density chambers

No. | A chamber | B chamber | C chamber | D chamber
1 223 216 237 222

2 237 228 238 238

3 236 221 224 236

71 A3}, Table 72 %] F-value(1.468)7} F-critical
(4.066) 5T} B0 Povalue(0.295)0] 0.05K.TF 2 510,
2 Yet 47) 717)1E o] &3 SAA A & Atolr) ¢l
Ak AL E Hh230)S 7IFo2 o HAj
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Table 7. Results of variance analysis by one-way

ANOVA
Variance ss m MS F- P- F
source value value critical
Between | g 3 86 | 1468 | 0295 | 4066
groups
Within -\ yos7 | 8 | 86
groups
Total 726.7 11

SS : Sum of squares, df : Degree of freedom,
MS: Mean square
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Table 8. Summary of uncertainty calculated

standard
uncertainty (U;)

Sensitivity
coefficient (C;)

Contribution
(%)

Source of
uncertainty

1.83
(uum‘f)
222
(“rud,)

9.30
(utr(ms.)

Uniformity of 1

- 33
specimen

Radiant flux 1 4.9

PM tube
(Transmission)

Environment
(operation & 1
maintenance)

2.45

(u 6.0
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