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Upholstery Fires

Sang-Keun Ham - Hong Kim' - Young-Goo Kang* - Dong-Hyun Kim™' - Young-Seub Yi
Graduate School of Venture, Hoseo University
"Department of Safety Engineering, Hoseo University
" Department of Occupational Medicine, Dankook University Hospital
" Department of Safety Engineering, Seoul National University Technology
(Received July 10, 2001, Accepted March 13, 2002)

Abstract : The toxic gases released from a fire can be classified as asphyxiants such as carbon monoxide, and irritants
such as hydrochloric acid, etc. It is recognized that the combustion characteristic of interior upholstery is one of the im-
portant factors to determine the severity of indoor fires. In this study, several of the mostly used interior upholsteries in-
cluding wallpaper, veneer board, curtain and floor cover, were selected to be evaluated by using the method of NES 713.
The toxicity indices of the experimental samples, which indicate their toxic potentials in a fire were lowered in the order
of Wallpaper (Flame Retardant) 8.5 > Floor Cover(Hard) 4.8 > Polyurethane 4.3 > Floor Cover(Soft) 3.5 > PVC 2.8 )

Veneer Board 2.3 > Floor Cover(flame retardant) 2.1 > Wallpaper(Promulgation) 1.4 > Curtain 0.9.

It is concluded that,

among all the tested upholsteries, wallpaper (flame retardant) would release the largest quantity of toxic gases in a fire.
Key Words : toxic gases, fires, interior, NES 713, toxicity indices
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Table 1. Samples used for the combustion study

SAMPLES

RAW MATERIALS

Wood(Veneer board)

Cellulose + etc

Curtain

Polyester 50% + Cotton 50%

PVC

Polyviny! chloride

Floor cover(Soft)

PVC + CaCO; + etc

Floor cover(Hard)

PVC + CaCO; + etc

Floor Cover(Flame retardant)

PVC + CaCO; + etc

Wallpaper(Promulgation)

Pulp + Ink + Plasticizer + etc

Wallpaper(Flame retardant)

Pulp + Ink + Plasticizer
+ 8b20; + etc

Polyurethane

Polyol 50% + MDI 50%
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Fig. 1. Test chamber by NES 713
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Table 2. NES 713

NES 713

-Volume : At least 0.7m’

-The lining materials : Transparency poly=

Test chamber carbonate
-Mixing Fan : Rapid mixing of combustion
products
-Flame : 100mm height & 1150+50°C tem-
perature
Bumer | Gas . Natural gas (Methane), 40MJ/m®
-Gas & air flow rate : 10~15 / /min
Timing device | -Within Sminutes + Isecond
-Number & size : Entirely engulfed in the
Speci flame during the test
pecimens

-Condition : At 23+2°C & 50+5% RH for
24hours before testing

-CO, CO,, HCHO, NOx, HCN, S0, HCI,
NH;, HF, HBr, CHCHCN.

*NES(naval engincering standard) 713, Issue 3, March 1985. Deter-
mination of the toxicity index of the products of combustion from
small specimens of materials.

Measurement gas
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Fig. 2. Values of maximum toxic gas for wood(veneer board)
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Fig. 3. Values of maximum toxic gas for curtain
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_al -
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BlA A2 g a7kt AU HA
S8l7h22= NOx7} 88.3ppm, CO 282ppm, SO: 4ppm,
HCHO 28ppm, HF 14ppmo] 7% 31ct.
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Fig. 4. Values of maximum toxic gas for PVC
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Fig. 5. Values of maximum toxic gas for polyurethane
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Fig. 6. Values of maximum toxic gas for floor cover
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Soft floor cover toxicity index :

z L Nowt -3 co+ - s0,

42 -0 2l g
+ 500 HCHO+ 200 HCi+ 500 HF=3.5

Hard floor cover toxicity index :
5 B Now+ 18- co+ 2= s0,

2 - 4&
+—5wHCHO+WHCl+ 00 HF=4.8
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5.8 3 _6_
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4 3 JL pp=
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46,4 386 48
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42 3 616 ppo
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Fig. 8. Evaluation of toxicity index with each sample
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Table 3. Components of various mixed samples
[Limit Oxygen Index|
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: Ty
Sample (B) «sevrrrr | Sample (C) A

Sample (A)
Veneer board g Veneer board Ig Veneer board 1g
Curtain lgmﬁ Curtain 1g Luna.m Ig
PVC 1g[30 1] PVC 1g[30 1] ;’VC 1g[30 7]

Soft floor cover | Flame retardant floor | Flame retardant floor

1g[27] cover 1g[29] cover 1g[29}
Promulgation Promulgation Flame retardant
wallpaper 1g wallpaper 1g wallpaper 1g([30]

CO7} 986ppm S22 FHHoM SO0 H$-
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Fig. 9. Toxicity indecies for various samples with and without
flame retardant components, sample(A) : without flame
retardant components, sample(B) : with flame retar—
dant floor cover, sample(C) : with flame retardant floor
cover and fiame retardant wallpaper

66

4. 2 &

AL WA F vihE Rogx]= ¥z,
A, AE 2 AH 58 Adsie] NES 7139
A oR 7} Alge] 54 B3 da} thga) 2
< FAEE Ak

1) A1&9] Toxicity index: 7] E(curtain) 0.9, ¥ =]
(promulgation wallpaper) 1.4, YA} v} Al(flame re-
tardant floor cover) 2.1, $(veneer board) 2.3, PVC 2.8
2 njn e -8 ¥ o, Polyurethane 4.3, 1}
GAll(soft floor cover) 3.5, B} Al(hard floor cover) 4.8,
HelAd H=)(flame retardant wallpaper) 8.5 5-0] B
A & e HYoh

2) FAS 1Ol Test2 H7}sle] PVCS Flame
retardant wallpaper 30, Flame retardant floor cover9}
Hard floor cover 29, Soft floor cover 272 =343}
t}. Floor coveroll A+ Wd =9} Toxicity index T+
Aol A kol Flame retardant wallpaperoi] 4]3=
FAL 15302 ¥9kon Toxicity indexs 5o
#HE vERIACE

3) FAGRo] e TFAIEY} Ay Fol 9
AR vt AP A7 BIgRol 3l
E3HA 59| Toxicity index7} oF 38) A Ve ow,
53] JYAZ7} =& Flame retardant wallpaper”’} 3
7te EF ANE7F =4 JeRdth

A 1

Ao

PN

1) ' SANFADE : FFARAT L=, 2000.

2) J D Innes and A W Cox, “Smoke, Test standards,
Mechanisms, Suppressant,” Journal of Fire Sciences,
Vol. 15, pp. 227~239, 1997.

3) Marcelo M. Hirschler, “Smoke toxicity measure-
ment made so that the results can be used for im-
proved fire safety,” Journal of fire sciences, Vol.
9, pp. 330~347, 1991.

4) Tokio Morikawa, Eiji Yanai., “Toxic gases from
house fires involving natural and synthetic polymers
under various conditions,” Fire safety journal, pp.
257~274, 1993.

5) F. H. Prager, “Toxicity of the combustion and de-
composition products of Polyurethane,” Fire and
Materials, Vol. 18, pp. 107~119, 1994.

6) John R. Hall, Jr., “Whatever happened to combus-
tion toxicity,” Fire technology, pp. 351~371, 1996.

Journd of the KIS, Vol. 17, No. 1, 2002



A oizixlel FE7RS WEo B8 SMTL

7) Phillip L. Williams, {F37558% ARG, pp. 427
~462, 1995.

8) David A. Purser, Toxicity assesment of combus-
tion, SFPE Handbook of Fire protection engineer-
ing. pp. 1200~1245, 1990.

9) Naval Engineering, “NES 713 (Naval Engineering
Standard 713). Determination of the toxicity index
of the products of combustion from small speci-
mens of materials,” Issue 3, March, 1985.

10) & ¥ o), Bk &, BRI pp. 15~101, 1993.

1) BB & W, (LAVZS 18 ABE3AY, pp. 83

Attobmists|x|, H17H M1E, 20024

~93, 1994,

12) Burning rates, Vytenis Babrauskas, SFPE Hand-
book of Fire protection engineering. pp. 21 ~215.
1990.

13) Gordon E. Hartzell, Advances in Combustion Tox-
icology, Thechnomic Publishing Co. Inc. PA., Vol,
3, pp- 8§~18, 1989.

14) E. S. Wilkins, “Review of toxicity of gases emit-
ted from combustion, pyrolysis of municipal and
industrial wastes,” J. environ. SCI. health, A20(2).
pp. 149~175, 1985.

67



