
iEM^ip(n)mir 

Birgit Östman, Ralph Nussbaum 

National Standard Fire Tests 
in Small Scale Compared with the 

FuU-Scale ISO Room Test 

Trätel<nikCentrum 
I S T I T U T E T F Ö R T R A T E K N I S K F O R S I 



B i r g i t östman and Ralph Nussbaum 

N a t i o n a l s t a n d a r d f i r e t e s t s i n s m a l l - s c a l e 
compared w i t h t h e f u l l - s c a l e ISO room t e s t 

TrateknikCentrum Rapport I 8702017 

Key words 

building materials 
fire tests 
flammability 
ignition 
test methods 

Stockholm February 1987 



Rapporter från TräteknikCentrum är kompletta 
sammanställningar av forskningsresultat eller 
översikter, utvecklingar och studier. Publicerade 
rapporter betecknas med I eller P och numreras 
tillsammans med alla utgåvor från Träteknik-
Centrum i löpande följd. 

Rapporter kan som regel beställas kostnadsfritt i 
ett exemplar av medlemsföretag. Ytterligare be­
ställda exemplar faktureras. 

Citat tillätes om källan anges. 

Reports issued by the Swedish Institute for Wood 
Technology Research comprise complete accounts 
for research results, or summaries, surveys and stu­
dies. Published reports bear the designation I or P 
and are numbered in consecutive order together with 
all the other publications from the Institute. 

Member companies may generally order one copy 
of any report free of charge. A charge will be made 
for any further copies ordered. 

Extracts from the text may be reproduced provided 
the source is acknowledged. 

TräteknikCentrum betjänar de fem industrigre­
narna sågverk, trämanufaktur (snickeri-, trähus-, 
möbel- och övrig träbearbetande industri), träfi­
berskivor, spånskivor och plywood. Ett avtal om 
forskning och utveckling mellan industrin och 
Styrelsen för Teknisk Utveckling (STU) utgör 
grunden för verksamheten som utförs med egna, 
samverkande och externa resurser. Träteknik­
Centrum har forskningsenheter, förutom i Stock­
holm, även i Jönköping och Skellefteå. 

The Swedish Institute for Wood Technology Re­
search serves the five branches of the industry: saw­
mills, manufacturing (joinery, wooden houses, fur­
niture and other woodworking plants), fibre board, 
particle board and plywood. A research and deve­
lopment agreement between the industry and the 
Swedish National Board for Technical Development 
(STU) forms the basis for the Institute's activities. 
The Institute utilises its own resources as well as 
those of its collaborators and other outside bodies. 
Apart from Stockholm, research units are also 
located in Jönköping and Skellefteå. 



C O N T E N T S 

Page 

SVENSK SAMMANEATTNING 2 

SUMMARY 3 

INTRODUCTION 4 

EXPERIMENTAL 4 
Small-scale f i r e t e s t s 4 
E u l l - s c a l e t e s t 6 
Test m a t e r i a l s 6 

EIRE CLASSIFICATION 7 
Relation t o f u l l - s c a l e t e s t 8 
Stepwise ranking order 14 

DISCUSSION AND CONCLUSIONS 16 

REFERENCES 17 



SAMMANFATTNING 

Tretton o l i k a byggnadsmaterial för vägg- och takbeklädnad har brandprovats 
e n l i g t de n a t i o n e l l a standardmetoderna i fem europeiska länder: Stor­
b r i t a n n i e n , Frankrike, Västtyskland, Holland och Sverige. Samtliga metoder 
avser provning i l i t e n skala. Resultaten jämförs med t i d i g a r e provning i 
f u l l skala, där väggar och tak i e t t provrum beklätts med samma m a t e r i a l . 
E f t e r antändning med en standardiserad tändkälla, typ brinnande pappers­
korg, mäts t i d e n t i l l övertändning. 

Avsikten har v a r i t a t t underlätta införandet av de nya i n t e r n a t i o n e l l a 
brandprovningsmetoder som f n utvecklas b l a inom ISO, det i n t e r n a t i o n e l l a 
standardiseringsorganet. Härigenom kan tekniska handelshinder undanröjas. I 
det svenska arbete inom området, som bedrivs v i d Lunds tekniska högskola. 
Statens provningsanstalt och TräteknikCentrum, har en uppsättning av 
t r e t t o n o l i k a m a t e r i a l använts. Häri ingår trämaterial och gip s s k i v o r med 
o l i k a y t s k i k t samt några s y n t e t i s k a polymerer. Exakt samma ma t e r i a l har nu 
provats även e n l i g t nuvarande n a t i o n e l l a provmetoder. 

Resultaten v i s a r g e n e r e l l t a t t nuvarande småskalemetoder e f t e r l i k n a r e t t 
långsammare brandförlopp än fullskalemetoden och a t t t i d e n t i l l övertänd­
ning i f l e r a f a l l i n t e kan förutsägas. De v i s a r också a t t vissa m a t e r i a l 
som expanderad p o l y s t y r e n och laminat på spånskiva är svåra a t t prova i l i ­
ten skala och ger missvisande r e s u l t a t jämfört med f u l l s k a l e p r o v n i n g . Om 
endast den stegvisa rangordningen e n l i g t l i t e n och f u l l skala bedöms b l i r 
överensstämmelsen bättre, men även här ger vissa m a t e r i a l stora a v v i k e l s e r . 

Nya provmetoder behövs således. Det f i n n s redan förslag, men några d i r e k t a 
jämförelser kan i n t e göras eftersom det saknas system för k r a v s p e c i f i c e -
r i n g . Utveckling av sådana system bör få högsta p r i o r i t e t i f o r t s a t t a r ­
bete . 



SUMMARY 

A set of 13 b u i l d i n g m a t e r i a l s has been test e d according t o seven d i f f e r e n t 
European n a t i o n a l standard small-scale f i r e t e s t s . The r e s u l t s are compared 
wi t h r e s u l t s from a f u l l - s c a l e corner t e s t which i s assumed to simulate at 
l e a s t one " r e a l " f i r e scenario. The aim has been to provide a l i n k between 
present and new f i r e t e s t s f o r a given set of m a t e r i a l s which has been used 
i n several studies f o r the development of new i n t e r n a t i o n a l f i r e t e s t s . 

The n a t i o n a l standard t e s t s are from B r i t a i n , France, Germany, the Nether­
lands and Sweden. 

Several of the small-scale t e s t s are able to d i s t i n g u i s h between those ma­
t e r i a l s g i v i n g less than three minutes t o flash-over i n the f u l l - s c a l e 
t e s t , i . e . eight of the t h i r t e e n m a t e r i a l s t e s t e d , but the r e l a t i v e ranking 
i s not e x a c t l y the same, e s p e c i a l l y not f o r the m a t e r i a l s w i t h very short 
times t o flash-over. A l l these m a t e r i a l s show a wider range of f i r e be­
havior i n the small-scale t e s t s than i n the f u l l - s c a l e t e s t . Expanded p o l y ­
styrene and to some extent also melamine-faced p a r t i c l e board e x h i b i t a pe­
c u l i a r behavior i n many small-scale t e s t s and achieve a b e t t e r c l a s s i f i c a ­
t i o n than would be expected from f u l l - s c a l e t e s t i n g . 

Few of the small-scale t e s t s can p r e d i c t the longer times to flash-over f o r 
gypsum board w i t h d i f f e r e n t w a l l-coverings, but i n most cases gypsum board 
without any covering gets the best c l a s s i f i c a t i o n . 

The general r e l a t i o n between small-scale and large-scale t e s t s i n d i c a t e s 
t h a t most of the small-scale t e s t s simulate a f i r e scenario w i t h a less r a ­
p i d f i r e development than the f u l l - s c a l e t e s t . 

Simple stepwise ranking orders according to small-scale and f u l l - s c a l e 
t e s t s provide a reasonable agreement f o r many m a t e r i a l s , but also large de­
v i a t i o n s f o r c e r t a i n others. 

New small-scale t e s t methods are thus needed and i n development, e.g. r a t e 
of heat release. However, no means of how to use the r e s u l t s from those new 
t e s t s f o r c l a s s i f i c a t i o n of m a t e r i a l s are s t i l l a v a i l a b l e . Such a work 
should have high p r i o r i t y . 

The f i n a n c i a l support from the Swedish Board f o r F i r e Research (Brandforsk) 
i s k i n d l y acknowledged. We are also g r a t e f u l to a l l the p a r t i c i p a t i n g labo­
r a t o r i e s . 



INTRODUCTION 

I t has been known f o r q u i t e a long time t h a t d i f f e r e n t n a t i o n a l f i r e t e s t 
methods f o r b u i l d i n g m a t e r i a l s c o r r e l a t e badly w i t h each other (Emmons, 
1974). Ostman (1981) has reported a comparison between some European f i r e 
t e s t s and the ISO i g n i t a b i l i t y t e s t and found a poor agreement between the 
d i f f e r e n t f i r e t e s t s . Vandeveide (1981) has also reported a comparison but 
found a s u r p r i s i n g l y high c o r r e l a t i o n between c e r t a i n methods, but t h i s 
c o r r e l a t i o n i s s t r o n g l y destroyed by c l a s s i f i c a t i o n l i m i t s . Some general 
c r i t i c i s m has been given as w e l l (Clark, 1981). A poor c o r r e l a t i o n between 
the n a t i o n a l methods i s , i n f a c t , not s u r p r i s i n g since they often t e s t 
d i f f e r e n t parameters. 

Most of these n a t i o n a l methods have not been v e r i f i e d by f u l l - s c a l e t e s t s . 
One exception i s the Swedish hot-box t e s t which reproduces a f i r e spread 
out of the doorway from one room to another (Bergström och Larsson, 1958). 

In t h i s r e p o r t , a set of 13 b u i l d i n g m a t e r i a l s has been t e s t e d i n seven 
d i f f e r e n t n a t i o n a l f i r e t e s t s . The r e s u l t s are compared w i t h the r e s u l t s 
from a f u l l - s c a l e corner t e s t which i s assumed to simulate at le a s t one 
" r e a l " f i r e scenario (Wickström et a l , 1983; Sundström, 1986). 

Exactly the same mat e r i a l s have been used i n several studies of new i n t e r ­
n a t i o n a l f i r e t e s t methods, e s p e c i a l l y w i t h i n Scandinavia. 

EXPERIMENTAL 

Small-scale f i r e t e s t s 

The f o l l o w i n g small-scale f i r e t e s t s have been included i n t h i s study: 

The B r i t i s h f i r e propagation test (BS 476:Part 6) i s a box method. An index 
i s c a l c u l a t e d from the gas temperatures at d i f f e r e n t periods of time and 
mater i a l s can be c l a s s i f i e d only as class 0, i . e . a class b e t t e r than t h a t 
from the surface spread of flame method mentioned below. The f i r e propaga­
t i o n method i s t h e r e f o r e used only f o r m a t e r i a l s which e x h i b i t a rather 
slow f i r e propagation. 

The B r i t i s h surface spread of flame te s t (BS 476:Part 7) separates mate­
r i a l s i n t o four classes: class 1, 2, 3 and 4 according to the extent of the 
spread of flame along the surface of the specimen a f t e r 1.5 and 10 min. 

The French radiation method ("épiradiateur") (French standard) i s the only 
method used here which t e s t s both sides of the board simultaneously. Four 
ind i c e s are c a l c u l a t e d : f o r the i g n i t i o n , the combustion development, the 
length of flame and the gas temperature. According to a number of maximum 
values f o r these i n d i c e s , m a t e r i a l s are d i v i d e d i n t o s i x classes, MO to M5. 

The German chimney t e s t (DIN 4102) i d e n t i f i e s class B l a f t e r the length of 
undestroyed sample and the gas temperature measured i n a chimney. M a t e r i a l s 
which do not f u l f i l the requirements are tested i n a separate m i l d t e s t f o r 
class B2. Both methods have been used here. 

The Dutch contribution to flash-over t e s t (NEN 3883) i s a box method. The 
required energy supply f o r flash-over a f t e r 5 and 15 minutes i s measured. 



M a t e r i a l s are separated i n t o four classes, class 1, 2, 3 and 4. For a d e f i ­
n i t e c l a s s i f i c a t i o n , the m a t e r i a l s have to be t e s t e d also according to a 
surface spread of flame t e s t (5 classes) s i m i l a r to the B r i t i s h standard. 
C l a s s i f i c a t i o n i s made on the basis of the l e a s t favourable c l a s s i f i c a t i o n 
o f the two methods. Only the c o n t r i b u t i o n t o flash-over has been used here. 

The Swedish box method (55 02 48 23) separates test e d m a t e r i a l s i n t o three 
classes, I , I I and I I I , by c l a s s i f i c a t i o n curves f o r the exhaust gas tempe­
rat u r e versus time. The o p t i c a l smoke density i s included i n the c l a s s i f i ­
c a t i o n , but i t i s not c r i t i c a l f o r many m a t e r i a l s . M a t e r i a l s which do not 
f u l f i l the requirements f o r class I I I are considered outside the c l a s s i f i ­
c a t i o n . 

The t e s t r e s u l t s are, however, not expressed on a continuous scale, which 
i s necessary f o r a comparison w i t h other t e s t methods. The area under the 
time-temperature curve has been used i n some cases (Wharton 1984, Ostman 
1981) but i t mainly r e f l e c t s the thermal p r o p e r t i e s , e s p e c i a l l y f o r f a s t 
burning m a t e r i a l s (Holmstedt 1984), and does not give an acceptable measure 
of the heat release r a t e (Vandeveide 1980). Another drawback w i t h using the 
area under the curve i s the d i f f i c u l t y to r e l a t e i t to the c l a s s i f i c a t i o n 
l i m i t s i n a proper way. Therefore, another parameter, the r e l a t i v e peak 
height, has been used i n t h i s study. The r e l a t i v e peak height i s the r a t i o 
between the temperature peak and the l i m i t i n g curve I I I at the peak. The 
class l i m i t s are expressed as the r a t i o s between the l i m i t i n g curves at 
d i f f e r e n t p o i n t s a l l over the time s c a l e . Average r a t i o s f o r each class are 
used i n order t o get constant l i m i t s , since the l i m i t i n g curves are not 
p a r a l l e l . The parameter " r e l a t i v e peak he i g h t " i s s i m i l a r to the "area 
under the curve" and p r e f e r a b l e j u s t because i t i s more easy to r e l a t e to 
the class l i m i t s . I t i s not suggested as a new type of t e s t e v a l u a t i o n . 

The ISO i g n i t a b i l i t y t e s t (150 DI5 5657) i s a new d r a f t i n t e r n a t i o n a l s t a n ­
dard t e s t and has been included f o r comparison. I t determines the time to 
i g n i t i o n at a number of constant r a d i a t i o n i n t e n s i t i e s from 10 to 
50 kW/m̂ . C l a s s i f i c a t i o n l i m i t s have not yet been suggested. 

The B r i t i s h , French, German and Dutch t e s t s have been conducted on c o n t r a c t 
by Warrington Research Center, Mr Deakin, U.K.; Centre S c i e n t i f i q u e et 
Technique du BStiment, M. Touchais, France; I n s t i t u t f u r Holzforschung, 
Dr Topf, West Germany; and I n s t i t u t e TNO f o r b u i l d i n g m a t e r i a l s and s t r u c ­
t u r e s , Mr Zorgman, Holland. The Swedish box t e s t and the ISO i g n i t a b i l i t y 
t e s t s were performed at the National Testing I n s t i t u t e i n Sweden (Holmstedt 
and Wetterlund, 1984; Magnusson and Andersson, 1987). 



F u l l - s c a l e t e s t 

The f u l l - s c a l e room f i r e t e s t f o r surface products has been developed w i t h ­
i n the IS0/TC92/SC1 (1986). I t has been standardized by Nordtest (1986) and 
i s s i m i l a r to the ASTM version. The dimensions of the room are 3.6 m x 
X 2.4 m X 2.4 m ( 1 x w x h ) . To allow v e n t i l a t i o n i n t o the room there i s a 
doorway (0.8 m x 2.0 m). Walls and c e i l i n g are covered w i t h the surface 
l i n i n g m a t e r i a l s being t e s t e d . An i g n i t i o n source of 100 kW i s placed i n 
one of the corners. I f flash-over does not occur w i t h i n 10 minutes the i g ­
n i t i o n source i s rais e d to 300 kW. The r a t e of heat release, the smoke den­
s i t y and gas components are also measured. In t h i s comparison, only the 
time to flash-over has been used f o r c h a r a c t e r i z i n g the f i r e behaviour of 
the te s t e d m a t e r i a l s . 

The f u l l - s c a l e t e s t s were performed at the Swedish National Testing I n s t i ­
t u t e (Sundström, 1986). 

Test ma t e r i a l s 

A l i s t and d e s c r i p t i o n of the m a t e r i a l s t e s t e d are given i n Table 1. A l l 
the t e s t samples o r i g i n a t e from the same l o t which i n i t i a l l y was selected 
f o r s tudies on r e a c t i o n t o f i r e w i t h i n Scandinavian f i r e l a b o r a t o r i e s . A l l 
m a t e r i a l was i n moisture e g u i l i b r i u m w i t h the climate s p e c i f i e d i n each 
t e s t . 

Table 1. Test m a t e r i a l s . 

M a t e r i a l Thickness Density 
mm kq/rn^ 

R i g i d polyurethane foam 30 32 
T e x t i l e w a l l - c o v e r i n g on rock-wool 42 + 0.5 150 
I n s u l a t i n g f i b e r board 13 250 
Expanded polystyrene 49 18 
Medium density f i b e r board 12 655 
Wood panel (spruce) 11 450 
Paper wa l l - c o v e r i n g on p a r t i c l e board 10 + 0.5 670 
P a r t i c l e board 10 670 
Melamine-faced p a r t i c l e board 13 870 
P l a s t i c w a l l - c o v e r i n g on gypsum board 13 + 0.7 725 
T e x t i l e w a l l - c o v e r i n g on gypsum board 13 + 0.5 725 
Paper wa l l - c o v e r i n g on gypsum board 13 + 0.5 725 
Gypsum board 13 725 



FIRE CLASSIFICATION 

F i r e c l a s s i f i c a t i o n of the 13 teste d m a t e r i a l s according to each n a t i o n a l 
method i s l i s t e d i n Table 2. The ISO i g n i t a b i l i t y t e s t i s not represented 
since no c l a s s i f i c a t i o n r u l e s yet e x i s t . 

Table 2. C l a s s i f i c a t i o n according to f u l l - s c a l e room t e s t and small-scale 
n a t i o n a l standard f i r e t e s t s . 

F u l l - s c a l e 
time to 
flash-over 

min :s 

B r i t 

F i r e 
prop 

a i n 

Flame 
spread 

France Germany Holland 

Flash-
over 

Sweden 

Rigid polyurethane 
foam 

0:14 Unclass 4 M4 B3 4 Unclass 

T e x t i l e w a l l - c o v e r i n g 
on rock-wool 

0:55 Unclass 4 M3 82 4 Unclassi 
{ 

I n s u l a t i n g 
f i b e r board 

1:07 Unclass 4 M4 

- 2) 

B2 4 UnclasS; 

Expanded polystyrene 2:12 Unclass 4 

M4 

- 2) Bl 1 

Medium density 
f i b e r board 

2:14 Unclass 3 M4 B2 4 I I I 
1 
1 

Wood panel 
(spruce) 

2:18 Unclass 4 M4 82 3 I I I 

Paper wa l l - c o v e r i n g 
on p a r t i c l e board 

2:22 Unclass 3 M4 82 3 I l l ' 

P a r t i c l e board 2:30 Unclass 3 M4 82 3 I I I 

Melamine-faced 
p a r t i c l e board 

7:45 

10:15-'-̂  

10:37^) 

0 1 M3 B2 2 T T 

i 
P l a s t i c w a l l - c o v e r i n g 
on gypsum board 

7:45 

10:15-'-̂  

10:37^) 

Unclass 3 M3 81 2 I I I 
1 

T e x t i l e w a l l - c o v e r i n g 
on gypsum board 

7:45 

10:15-'-̂  

10:37^) Unclass 4 M3 82 2 I I I 

Paper w a l l - c o v e r i n g 
on gypsum board 

No 0 2 M2 B2 2 I I I 

Gypsum board No 0 2 Ml 81 1 

1) Flash-over was reached a f t e r increase of burner heat output at 10:00 
2) Not c l a s s i f i e d since supplemenary t e s t s were r e q u i r e d . 

min 



Relation to f u l l - s c a l e t e s t 

The r e s u l t s from the d i f f e r e n t small-scale t e s t s have been r e l a t e d to the 
f u l l - s c a l e corner t e s t to get a b e t t e r i n t e r p r e t a t i o n . 

In f u l l - s c a l e , flash-over occurred before three minutes f o r e i g h t mate­
r i a l s , a l l wood based or s y n t h e t i c polymers, except a t e x t i l e w a l l - c o v e r i n g 
on rock-wool. Melamine-faced p a r t i c l e board reached flash-over a f t e r about 
e i g h t minutes. Gypsum board, uncovered or w i t h d i f f e r e n t w a l l-coverings, 
d i d e i t h e r not reach flash-over at a l l or j u s t a f t e r the increase of the 
i g n i t i o n source to 300 kW a f t e r 10 minutes (Sundström, 1986). 

A gra p h i c a l comparison between the small-scale t e s t s and the f u l l - s c a l e 
corner t e s t i s given i n Figures 1-6. In a l l the diagrams, ma t e r i a l s w i t h 
slow f i r e development w i l l appear i n the upper r i g h t corner and materials 
w i t h r a p i d f i r e development i n the lower l e f t corner. Below some comments 
are given. 

The B r i t i s h f i r e propagation te s t i n Figure 1 seems t o d i s t i n g u i s h between 
mat e r i a l s w i t h r a p i d f i r e development, but not so w e l l between materials 
w i t h slower development. Peculiar and unexpected behavior i s observed f o r 
expanded polystyrene which i s close t o class 0 and f o r melamine-faced par­
t i c l e board which gets the best c l a s s i f i c a t i o n of a l l m a t e r i a l s tested. 

The B r i t i s h spread of flame t e s t , also i n Figure 1, gives a f t e r 1.5 minutes 
a s i m i l a r r e l a t i o n t o f u l l - s c a l e as the f i r e propagation t e s t (except f o r 
polystyrene, which m e l t s ) . The f i n a l spread of flame gives less separation 
between the m a t e r i a l s . Only melamine-faced p a r t i c l e board i s i n class 1. 
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F u l l - s c a l e : Time t o f l a s h - o v e r , m i n . 

0 - 1 

-̂ m 

: E E E 5 E E E E E E E E i E E z 

.6H 

.9H 

F l a m e s p r e a d 
a f t e r 1.5 m i n . X 

B r i t i s h c l a s s 1 

( A ) m e l t s 

F u l l - s c a l e : Time t o f l a s h - o v e r . m i n. 

F i n a l f l a m e 
Q s p r e a d 

m 

.3H 

.6H 

B r i t i s h c l a s s 1 x 

a 

A 4 
. 9 - -• (r4-melfs 

- I 1 1 r ' • ' • lb V/-

F u l l - s c a l e : T i m e t o f l a s h - o v e r . m i n . 

• P a r t i c l e b o a r d 
• I n s u l a t i n g f i b e r board 
a Hediun d e n s i t y f i b e r b o a r d 
B Wood p a n e l ( s p r u c e ) 
• Paper w a l l - c o v e r i n g on p a r t i c l e b o a r d 

X M e l a m i n e - f a c e d p a r t i c l e b o a r d o Gypsum b o a r d 
+ T e x t i l e w a l l - c o v e r i n g on r o c k - w o o l • Pape r w a l l - c o v e r i n g on g.b. 
A R i g i d p o l y u r e t h a n e foam « P l a s t i c w a l l - c o v e r i n g on g.b. 
A Expanded p o l y s t y r e n e o T e x t i l e w a l l - c o v e r i n g on g.b. 

Figure 1. B r i t i s h c l a s s i f i c a t i o n s i n r e l a t i o n to the f u l l - s c a l e room t e s t 
Â b£vê : F i r e propagation. Both index i and index 1 should be f u l ­
f i l l e d f o r class 0. 
B̂ eĴ ô : Surface spread of flame a f t e r 1.5 minutes and f i n a l 
spread a f t e r 10 minutes. Both c r i t e r i a should be f u l f i l l e d . 
The v e r t i c a l l i n e s at 10 minutes mark the r a i s e of the i g n i t i o n 
source from 100 to 300 kW at f u l l - s c a l e t e s t i n g . 
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The French radiation t e s t requires c r i t e r i a according t o four d i f f e r e n t i n ­
dices which should be f u l f i l l e d simultaneously, see Figure 2. For some of 
the i n d i c e s there are a l t e r n a t i v e c r i t e r i a . Only gypsum board without w a l l ­
covering f u l f i l s class Ml. Expanded polystyrene i s not c l a s s i f i e d , since i t 
melted during t e s t i n g . A d d i t i o n a l t e s t s were then required but not per­
formed. The r a p i d flash-over i n f u l l - s c a l e f o r t e x t i l e w a l l - c o v e r i n g on 
rock-wool i s not detected by the t e s t . 

The German chinney te s t measures p r i m a r i l y the undamaged length which has 
no r e l a t i o n to f u l l - s c a l e f l a s h - o v e r , see Figure 3. Only three m a t e r i a l s 
are i n class B l , two gypsum boards and expanded polystyrene, which has the 
longest undamaged length of a l l m a t e r i a l s t e s t e d . Other parameters measured 
i n the chimney t e s t were not c r i t i c a l f o r the 81 c l a s s i f i c a t i o n . 

M a t e r i a l s which do not reach German class B l are t e s t e d i n a separate ver­
t i c a l spread of flame t e s t . The r e s u l t s from t h a t t e s t , also i n Figure 3, 
d i s t i n g u i s h w e l l between mat e r i a l s w i t h a r e l a t i v e l y short time to f l a s h -
over, but not so w e l l between those w i t h longer times. Only r i g i d poly­
urethane foam i s i n class B3, the others are i n class B2. 

3 O 
to 

1-1 Undamaged l e n g t h 

. 5 ^ 
German c l a s s B l 

B2 X 
0 • 5 ID 

F u l l - s c a l e : Time t o f l a s h - o v e n m i n . 

180 

120 H 

60 H 

Time f o r f l a m e s t o 
r e a c h 150 mm 

i d 
B 
a 

3 0 

German c l a s s B2 

B3 
é • • • ' lb "/^ 

F u l l - s c a l e : Time t o f l a s h - o v e r , m i n . 

3 P a r t i c l e board 
• I n s u l a t i n g f i b e r b o a r d 
a Medium d e n s i t y f i b e r b o a r d 
o Hood p a n e l ( s p r u c e ) 
* Paper w a l l - c o v e r i n g on p a r t i c l e b o a r d 

X M e l a m i n e - f a c e d p a r t i c l e b o a r d 
+ T e x t i l e w a l l - c o v e r i n g on r o c k - w o o l 
Å R i g i d p o l y u r e t h a n e foam 
• Expanded p o l y s t y r e n e 

o Gypsum board 
• P a p e r w a l l - c o v e r i n g on g.b. 
9 P l a s t i c w a l l - c o v e r i n g on g.b. 
o T e x t i l e w a l l - c o v e r i n g on g.b. 

Figure 3. The German chimney t e s t f o r class Bl ( l e f t ) and the German t e s t 
f o r class B2 ( r i g h t ) . The v e r t i c a l l i n e s at 10 minutes mark the 
r a i s e of the i g n i t i o n source from 100 to 300 kW at f u l l - s c a l e 
t e s t i n g . 
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Index i o O-v 

F u l l - s c a l e : Time t o f l a s h - o v e r . min. 

Index h 

• ' Ö ' ' ' • i b /A 
F u l l - s c a l e : Time t o f l a s h - o v e r . B i n . 

Index s 

• ' é • • ' ' i b /̂ 
F u l l - s c a l e : Time t o f l a s h - o v e r . min. 

o O n 
Index c 

F u l l - s c a l e : Time t o f l a s h - o v e r . min. 

Figure 2. The French r a d i a t i o n t e s t . The c r i t e r i a according t o a l l indices 
should be f u l f i l l e d simultaneously. Since there are a l t e r n a t i v e 
c r i t e r i a , see t a b l e below, only the class l i m i t s are given i n 
the diagrams. No data are given f o r polystyrene because of 
m e l t i n g . A d d i t i o n a l t e s t s were then r e q u i r e d . 

Class 
i g n i t i o n f i r e development flame length combustion 

MO* 0 0 0 < 1 
Ml 0 0 0 < 1 
M2 anything < 0.20 < 1 < 1 

or <1 0.20^ s C l < 1 < 1 
M3 anything 0.20 ^ s < 1 <1.5 < 1 

or < 2 1 <• s < 5 <2.5 < 2.5 
M4 ^ 5 or >.3 or -^3.5 
M5** ^ 5 or -^3 or -^3.5 

* + t o t a l heat of combustion .^2.5 kJ/g. 
** i f flame spread according to separate method > 2 mm/s. 
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The Dutch contribution to flash-over t e s t ranks the mat e r i a l s i n a s i m i l a r 
way as the f u l l - s c a l e room t e s t except f o r expanded polystyrene which gets 
a much more favorable ranking i n the small-scale t e s t , see Figure 4. How­
ever, a surface spread of flame t e s t , s i m i l a r t o the B r i t i s h t e s t , i s r e ­
quired f o r the f i n a l c l a s s i f i c a t i o n i n Holland. I n th a t way, the c l a s s i f i ­
c a t i o n w i l l probably be changed f o r polystyrene (compare w i t h Figure 1 ) . 
Some other m a t e r i a l s may also change c l a s s i f i c a t i o n s l i g h t l y . 

2^ 

E n e r g y f o r f l a s h - o v e r 
a f t e r 5 m i n . 

Dutch c l a s s 1 o 

' ' ' i ' '' ID 
F u l l - s c a l e : T i m e t o f l a s h - o v e r . min. 

• P a r t i c l e board 
• I n s u l a t i n g f i b e r board 
a Medium d e n s i t y f i b e r b o a r d 
s Hood p a n e l ( s p r u c e ) 
o Paper w a l l - c o v e r i n g on p a r t i c l e b o a r d 

X M e l a m i n e - f a c e d p a r t i c l e b o a r d 
+ T e x t i l e w a l l - c o v e r i n g on r o c k - w o o l 
A R i g i d p o l y u r e t h a n e foam 
A Expanded p o l y s t y r e n e 

o Gypsum b o a r d 
• Pap e r w a l l - c o v e r i n g on g.b. 
9 P l a s t i c w a l l - c o v e r i n g on g.b. 
o T e x t i l e w a l l - c o v e r i n g on g.b. 

Figure 4. Dutch t e s t f o r c o n t r i b u t i o n t o fl a s h - o v e r . For a f i n a l c l a s s i f i ­
c a t i o n , a separate t e s t i s r e q u i r e d , s i m i l a r t o the B r i t i s h 
spread of flame t e s t . The v e r t i c a l l i n e at 10 minutes marks the 
ra i s e of the i g n i t i o n source from 100 t o 300 kW at f u l l - s c a l e 
t e s t i n g . 
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The Swedish box nethod (as evaluated by the parameter " r e l a t i v e peak 
height" j u s t to get a continuous measuring value) d i s t i n g u i s h e s f a i r l y w e l l 
between m a t e r i a l s w i t h short times to flash-over, except f o r expanded poly­
styrene which i s i n class I , see Figure 5. M a t e r i a l s w i t h longer times to 
flash-over, e.g. gypsum board w i t h d i f f e r e n t wall-coverings, are not so 
w e l l detected. 

R e l a t i v e p e a k h e i g h t 

CO 

Swedish c l a s s I 

U n c l a s s i f i e d 

F u l l - s c a l e : T i m e t o f l a s h - o v e r . m i n . 

Figure 5. Swedish box t e s t . A s p e c i a l parameter " r e l a t i v e peak he i g h t " i s 
used i n order t o get a continuous measuring value. The class l i ­
mits are mean values during the t e s t time. The v e r t i c a l l i n e a t 
10 minutes marks the r a i s e of the i g n i t i o n source from 100 to 
300 kW at f u l l - s c a l e t e s t i n g . 

ISO i g n i t a b i l i t y , here expressed as time to i g n i t i o n at a r a d i a t i o n i n t e n ­
s i t y of 30 kW/m2, has a c e r t a i n c o r r e l a t i o n w i t h the f u l l - s c a l e t e s t f o r 
most m a t e r i a l s w i t h short times to flash-over, but no c o r r e l a t i o n f o r mate­
r i a l s which r e q u i r e longer times, see Figure 6. I t i s worth n o t i n g t h a t po­
l y s t y r e n e has the longest time to i g n i t i o n ( i n s p i t e of h o r i z o n t a l specimen 
at t e s t i n g which reduces the e f f e c t of m e l t i n g ) . A s i m i l a r p a t t e r n i s ob­
ta i n e d at a r a d i a t i o n i n t e n s i t y of 50 kW/m̂  (no f i g u r e ) except f o r p o l y ­
styrene which then gets the s h o r t e s t time to i g n i t i o n . 

2 O 

Time t o i g n i t i o n 

100 H 
• 

o 

10 
F u l l - s c a l e : T i m e t o f l a s h - o v e r . m i n . 

Figure 6. 
ISO i g n i t a b i l i t y at 30 kW/m2 



14 

Stepwise ranking order 

The t e s t r e s u l t s have also been evaluated as a simple stepwise ranking 
order from 1 to 13 according to f u l l - s c a l e and to d i f f e r e n t small-scale 
t e s t s . The d i f f e r e n t c r i t e r i a f o r each t e s t have then been considered t o ­
gether and only one diagram per t e s t i s given i n order to s i m p l i f y and get 
a b e t t e r overview, see Figure 7. 

Test i n f o r m a t i o n outside from what i s given i n Figures 1 to 5 have been 
used i n some cases to d i s t i n g u i s h between m a t e r i a l s w i t h very s i m i l a r t e s t 
r e s u l t s . The stepwise ranking i n Figure 7 and the preceding f i g u r e s may 
the r e f o r e be s l i g h t l y d i f f e r e n t . For the B r i t i s h f i r e propagation t e s t the 
stepwise ranking i s based on the two indexes I and i ; f o r the B r i t i s h 
spread of flame t e s t on the spread of flame a f t e r 1.5 minutes and f i n a l 
spread of flame and f o r the French épiradiateur on the sum of the d i f f e r e n t 
i n d i c e s w i t h i n the same class. I n the German chimney t e s t , m a t e r i a l s w i t h 
the same c l a s s i f i c a t i o n (B2) were d i s t i n g u i s h e d w i t h the t e s t parameter 
time f o r flames to reach 100 cm. In the Swedish box t e s t the distances to 
the l i m i t i n g curves have been evaluated as the c l a s s i f i c a t i o n system pre­
scribes . 

For a f i n a l c l a s s i f i c a t i o n (and ranking order) according to the small-scale 
t e s t s , a d d i t i o n a l t e s t i n g i s needed i n some cases: i n France f o r melting 
m a t e r i a l s , i n Holland a supplementary t e s t f o r spread of flame and i n 
Sweden a f u l l - s c a l e t e s t f o r m a t e r i a l s w i t h p e c u l i a r behaviour i n the 
small-scale t e s t . 

I t should also be noted t h a t m a t e r i a l s w i t h a slow f i r e development w i l l 
appear i n the lower l e f t corner i n Figure 7 i n contrast to f i g u r e s 1 to 6. 

A stepwise ranking order w i l l of course overemphasize some small d i f f e r e n ­
ces and conceal l a r g e r ones. However, the general agreement between s m a l l -
scale and large-scale t e s t s i s s u r p r i s i n g l y good. Only one m a t e r i a l , expan­
ded polystyrene, e x h i b i t s a p e c u l i a r behavior throughout a l l the t e s t s , 
while others are d i f f e r e n t from t e s t t o t e s t . 

• P a r t i c l e b o a r d 
• I n s u l a t i n g f i b e r board 
o Medium d e n s i t y f i b e r board 
B Hood p a n e l ( s p r u c e ) 
• Paper w a l l - c o v e r i n g on p a r t i c l e b o a r d 

X M e l a m i n c - f a c e d p a r t i c l e b o a r d 
+ T e x t i l e w a l l - c o v e r i n g on r o c k - w o o l 
A R i g i d p o l y u r e t h a n e foam 
A Expanded p o l y s t y r e n e 

o Gypsum board 
• Pap e r w a l l - c o v e r i n g on g.b. 
• P l a s t i c w a l l - c o v e r i n g on g.b. 
© T e x t i l e w a l l - c o v e r i n g on g.b. 
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Q. 
Cd 

Small-scale: 
Ranking o r d e r 

England 
f i r e p r o pag. 

F u l l - s c a l e : R a nking o r d e r 
d 1 i i 4 3 6 ? fl 3 l b 12 13 

Small-scale: 
Ranking order 

Germany 

i ^ i 4 é é ^ d ^ l b 1^ 1^ 

Small-scale: 
Ranking o r d e r 

H o l l a n d 

i ^ i 4 é 6 7 é § l b 11 12 13 
F u l l - s c a l e : R a nking o r d e r 

Small-scale: 
Ranking o r d e r 

England 
flame spread 

F u l l - s c a l e : R a n k i n g o r d e r 
i ^ i 4 é é ^ é é lb I'l 1^ 1^ 

Small-scale: 
Ranking o r d e r 

France 

F u l l - s c a l e : R a nking o r d e r 
1 ä 3 4 3 é ^ å § lb 1^ 1^ 

Small-scale: 
Ranking o r d e r 

Sweden 

i i i 4 é é i é 4 l b l i ife 1^ 
F u l l - s c a l e : R a nking o r d e r 

Figure 7. Stepwise ranking order from 1 to 13 according to f u l l - s c a l e and 
small-scale t e s t s . A d d i t i o n a l t e s t s are needed f o r f i n a l c l a s s i ­
f i c a t i o n i n some cases: i n France f o r melting m a t e r i a l s , i n 
Holland a supplementary t e s t f o r spread of flame and i n Sweden a 
f u l l - s c a l e t e s t f o r m a t e r i a l s w i t h p e c u l i a r behavior i n the 
small-scale t e s t . 
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DISCUSSION AND CONCLUSIONS 

Several of the small-scale t e s t s are able t o d i s t i n g u i s h between the mate­
r i a l s w i t h less than three minutes to flash-over i n the f u l l - s c a l e t e s t , 
i . e . f o r e i g h t of the t h i r t e e n m a t e r i a l s t e s t e d , but the r e l a t i v e ranking 
i s not e x a c t l y the same, e s p e c i a l l y not f o r the m a t e r i a l s w i t h very short 
times to flash-over. Generally a l l these m a t e r i a l s show a wider range of 
f i r e behavior i n the small-scale t e s t s than i n the f u l l - s c a l e t e s t . Expan­
ded polystyrene e x h i b i t s a p e c u l i a r behavior i n many small-scale t e s t and 
gets a b e t t e r c l a s s i f i c a t i o n than would be expected from f u l l - s c a l e . In se­
vera l cases i t gets the best c l a s s i f i c a t i o n of a l l m a t e r i a l s t e s t e d . Mela-
mine-faced p a r t i c l e board i s also somewhat p e c u l i a r , since i t gets a b e t t e r 
ranking i n several small-scale t e s t s than expected from f u l l - s c a l e . 

Few of the small-scale t e s t s can p r e d i c t the longer times t o flash-over f o r 
gypsum board w i t h d i f f e r e n t w a l l-coverings, but i n most cases gypsum w i t h ­
out any covering gets the best c l a s s i f i c a t i o n . 

I t deserves to be noted how w e l l a l l the small-scale methods (and the f u l l -
scale t e s t ) can d i s t i n g u i s h between t e x t i l e wall-paper on gypsum board and 
on rock-wool, i . e . the importance of the thermal p r o p e r t i e s of the backing 
m a t e r i a l on the f i r e behavior of very t h i n m a t e r i a l s . 

The general r e l a t i o n between small-scale and large-scale t e s t s i n d i c a t e s 
t h a t most of the small-scale t e s t s simulate a f i r e scenario w i t h a less 
rap i d f i r e development than the f u l l - s c a l e t e s t . M a t e r i a l s w i t h short time 
to flash-over might have been b e t t e r d i s t i n g u i s h e d i n f u l l - s c a l e by a 
smaller i g n i t i o n source. On the other hand, m a t e r i a l s w i t h longer time t o 
flash-over i n the f u l l - s c a l e f i r e scenario used here might need another 
type of small-scale t e s t to p r e d i c t the time t o flash- o v e r . A new small-
scale t e s t w i t h a range of d i f f e r e n t f i r e exposures, e.g. the cone c a l o r i ­
meter (Babrauskas, 1984), might be h e l p f u l , but a range of f u l l - s c a l e f i r e 
scenarios i s probably also necessary. However, i f j u s t one f u l l - s c a l e f i r e 
scenario should be used, the one used here seems to be appropriate. 

Simple stepwise ranking orders according t o small- and f u l l - s c a l e t e s t s 
provide a reasonable agreement f o r many m a t e r i a l s but also large deviations 
f o r c e r t a i n others. 

New small-scale t e s t s are thus needed and i n development. The most promi­
sing of these t e s t s i s the cone ca l o r i m e t e r which measures the r a t e of heat 
release as a f u n c t i o n of time at d i f f e r e n t r a d i a t i o n i n t e n s i t i e s up to 
about 100 kW/m2. Other parameters as time t o i g n i t i o n , mass loss and smoke 
density may be measured simultaneously. Rate of heat release determined by 
oxygen consumption as i n the cone ca l o r i m e t e r i s a basic f i r e parameter 
which i s f a i r l y independent of t e s t apparatus (Ostman et a l , 1985). The 
cone calorimeter has been proposed as a new standard t e s t w i t h i n both the 
ISO and ASTM. No means of how t o use the t e s t r e s u l t s f o r c l a s s i f i c a t i o n of 
mat e r i a l s has yet been proposed, but should have a high p r i o r i t y i n f u t u r e 
work. 

Mathematical models are also needed to l i n k s m a l l - and f u l l - s c a l e f i r e be­
havior together. Two new approaches have been presented r e c e n t l y (Magnusson 
and Sundström, 1985; Wickström and Göransson, 1986). Both make use of r a t e 
of heat release data from new small-scale t e s t s . 
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