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PREFACE 

This  i s  a  supplement t o  DBR Report  NO. 43 and r e c o r d s  
an ex tens ion  of t h e  work undertaken by t h e  F i r e  Research Sec t ion  
of t h e  Div i s ion  of Bui ld ing  Research i n  a s s i s t i n g  a  subcommittee 
of t h e  CSA Committee on F i r e  Prevent ion  and P ro tec t ion .  T h i s  
Committee h a s  been charged wi th  t h e  p r e p a r a t i o n  of a  new combus- 
' t i b i l i t y  t e s t  s p e c i f i c a t i o n  f o r  Canada and t h e  r e p o r t  now p r e s e n t e d  
i s  a  f u r t h e r  r e c o r d  of i n v e s t i g a t i o n s  under taken i n  t h i s  connec t ion ,  

One of t h e  au thors ,  M r .  Kik Sumi, i n i t i a t e d  t h e  work 
b e f o r e  he l e f t  f o r  Great  B r i t a i n  f o r  s p e c i a l  s t u d i e s  i n  f i r e  
r e s e a r c h  from which he w i l l  be  r e t u r n i n g  a t  ?he end of 1956. 
The work has been cont inued  by h i s  colleagues i n  t h e  F i r e  Research 
Sec t ion ,  n o t a b l y  by h i s  co-author,  D r .  J.R. J u t r a s .  This  co- 
o p e r a t i v e  endeavour i s  a  p l e a s i n g  f e a t u r e  of t h i s  impor tan t  work 
i n  a  s i n g u l a r l y  complex f i e l d .  

Ottawa 
September 1956. 

R.F. Leggst ,  
D i r e c t o r ,  



ADDITIONAL DATA ON THE COMBUSTIBILITY RATING 

OF BUILDING MATERIALS USING THE B.S,I. FURNACE 

by K, Sumi and J , R ,  Jutras 

In a previous report "Comparison of Combustibility 
Test Procedures" (I), resul%s of tests were given on the 
combustibility of seven different building materials for the 
purpose of guiding the Canadian Standards AssociationVs Sub- 
committee on Noncombustibility in the preparation of a new 
specification for the combustibility rating of materials, 

Two of the main conclusions of the work concerned 
the reliability of the criteria used for combustibility rating: 
the maximum temperature rise above the temperature in the fur- 
nqce at the beginning of the test, and the integrated area under 
the time-temperature curve above the line T = Ti, where Ti rep- 
resents the stabilized temperature of the furnace at the time of 
introduction of the specimen, Results of tests seemed to indi- 
cate that the temperature elevations were not consistent enough, 
through repeat tests on a given material, to serve as a basis 
for the grading of materials relative to their degree of combus- 
tibility, The use of this quantity however may be quite valid 
for the identification of materials as combustible or noncom- 
bustible (21, The use of the integrated areas as a standard for 
combustibility rating appeared to be justtfied, as measured val- 
ues were fairly reproducible and led to a classification of mat- 
erials that seemed consistent with experience. 

Subject to the Subcommittee~s approval, a proposed 
specification was prepared by one of the authors (K.S. ), in 
which the integrated areas served as a measure of combustibility. 
This specification provided for the classification of building 
materials within three different groups: noncombustible, low 
combustible, and combustible, Area values of 100 and 1300 min- 
utes-degrees Fahrenheit were specified as respective demarcation 
points between the "noncombustiblen and "low combustible " groups 
on the one hand, and the "low combustiblen and ltcombustiblet' 
groups on the othey, A simflar classification had been used 
previously in German Standard DIN-4102 ( 3 ) ,  It was suggested 
for use in the proposed specification to provide a means of 
segregating from the readily combustible wood-based, or similar 
materials, those composed mainly of noncombustible substance 
which would add sufficient heat to a fire to debar them from 
the noncombustible group, 

The test procedure recommended in this specification 
varied somewhat from that used in tests performed previously with 
the British Standards Instftution furnace (I), The modificatiLons 
concerned the pilot flame burner on the apparatus, as well as the 
method of conditioning the specimens, 



It had been noted  i n  former t e s t s  t h a t  t h e  p i l o t  f lame was 
o f t e n  ex t inguished ,  and t h a t  i t  was d i f f i c u l t  t o  r e - i g n i t e .  It was 
f e a r e d  t h i s  might have some bdverse i n f l u e n c e  on t h e  r e p r o d u c i b i l i t y  
of t h e  measurements, The use  of an a u x i l i a r y  flame was t h e r e f o r e  
suggested a s  a f u r t h e r  means of s t a n d a r d i z i n g  the  procedure f o r  
r e - i g n i t i n g  t h e  f lame, Pre l iminary  t e s t s  on a  system %here t h e  
a u x i l i a r y  f l m e  was l o c a t e d  on t h e  same l e v e l  a s ,  and T i n c h  away 
from t h e  f i r s t ,  had proved very s u c c e s s f u l ,  The a u x i l i a r y  f lame 
remained lit,  provid ing  a  cont inuous source of r e - i g n i t i o n  f o r  t h e  
p i l o t  flame, It was t h e r e f o r e  thought  d e s i r a b l e  t o  i nc lude  such a  
mod i f i ca t ion  i n t h e  proposed s p e c i f i c a t i o n ,  

Curing c o n d i t i o n s  adopted i n  prev ious  t e s t s  (1) were, a s  
s p e c i f i e d  i n  B r i t i s h  Standard 476:1953 ( 2 ) .  This  s t anda rd  s t i p u l a t e s  
t h a t  " th ree  of t h e  ( s i x )  t e s t  sgecimens should be d r i e d  by h e a t i n g  
t o  a  temperature  of 1 0 0 ~ C .  (212 F. ) f o r  six hours , ,  . The remaining 
t h r e e  specimens should be kept  f o r  a  pe r iod  of one week i n  a  des i c -  
c a t o r  c o n t a i n i n g  calcium ch lo r ide ,  b e f o r e  t e s t i n g . "  

From exper ience  gained by S , H o  Ingberg,  fo rmer ly  of t h e  
Nat iona l  Bureau of Standards  i n  Washington, however, i t  was be l i eved  
t h a t  c u r i n g  cond i t ions  could be improved by exposing specimens t o  a  
temperature  of 60°C. (140°F.) f o r  a  pe r iod  of 24 t o  48 hours. The 
s e l e c t i o n  of t h i s  a r b i t r a r y  temperature  seems t o  have been based on 
t h e  f a c t s  t h a t  maximum r e l a t i v e  humidity under  such c o n d i t i o n s  
could  no t  g r e a t l y  exceed 16 pe r  c e n t ,  and t h a t  t h e  d i s t i l l a t i o n  r a t e  
of v o l a t i l e s  from some of t h e  specimens would no t  be excess ive  (4), 
Since  t h e s e  c u r i n g  c o n d i t i o n s  a r e  favoured i n  t h e  Uni ted  S t a t e s  i n  
t h e  p r e p a r a t i o n  of a  s i m i l a r  t e s t  method f o r  determining t h e  combus- 
t i b i l i t y  of m a t e r i a l s  ( s ) ,  t h e  use of s i m i l a r  cond i t ions  was suggested 
i n  t h e  proposed s p e c i f i c a t  i on ,  

A t  a  meeting of t h e  Subcommittee, t h e  proposed s p e c i f i c a -  
t i o n  was th rough ly  s c r u t i n i z e d .  The t h r e e f o l d  c o m b u s t i b i l i t y  group- 
ing ,  a s  w e l l  a s  t h e  m o d i f i c a t i o n s  concerning t h e  p i l o t  flame and 
t h e  cond i t ion ing  of specimens, were ag ree4  upon unanimously. There 
was, however, u n c e r t a i n t y  about t h e  s u i t a b i l i t y  of t h e  a rea  v a l u e s  
be ing  s p e c i f i e d  a s  demar8cation p o i n t s  between t h e  c o m b u s t i b i l i t y  
groups,  s i n c e  t h e  s e l e c t i o n  of t h e s e  va lues  had been based on only  
a few t e s t  r e s u l t s  from a  r e l a t i v e l y  small number of m a t e r i a l s ,  
Add i t iona l  t e s t s  were thought  d e s i r a b l e  a s  a  f u r t h e r  check. The 
Subcommittee recomiiended ( 6 )  t h a t  t h e  F i r e  Research Sec t ion  under- 
t ake  t e s t s  on t h e  fo l lowing  m a t e r i a l s ,  adher ing t o  the  procedure 
o u t l i n e d  i n  t h e  proposed s p e c i f i c a t i o n :  

1, 3/8-inch p l a s t e r b o a r d  and mine ra l  wool b a t t  (pape r  backed) 
Both t h e s e  m a t e r i a l s  had been t e s t e d  (1) according 

t o  t h e  procedure desc r ibed  i n  BSI 476:1953 and were s e l -  
e c t e d  t o  permit  an e v a l u a t i o n  of t h e  e f f e c t  of changes 
made i n  t h e  t e s t i n g  procedure;  



2 ,  0 
This m a t e r i a l  was inc luded  i n  t h e  group t o  o b v i a t e  

a s i t u a t i o n  e x i s t i n g  p rev ious ly  (1) whereby no conc lus ions  
could  be d-rawn from a comparative a n a l y s i s  of r e s u l t s  of 
t e s t s  on two i n s u l a t i n g  m a t e r i a l s ,  One, minera l  wool b a t t ,  
was paper backed whereas t h e  o t h e r ,  g l a s s  wool b a t t ,  was 
composed e x c l u s i v e l y  of g l a s s  wool, 

3, Asbestos paper  w i t h  organic  b inde r  
This new m a t e r i a l  was s e l e c t e d  t o  o b t a i n  d a t a  on t h e  

behaviour of one w e l l  recognfzed incombust ible  compound 
when t e s t e d  under t h e  p r e s e n t  procedure ,  

EXPERIMENTAL DETAILS 

Apparatus 

The appa ra tus  used f o r  t h e  t e s t s  was t h e  same a s  t h e  
appa ra tus  of t h e  B r i t i s h  Standards  I n s t i t u t i o n  ( I ) ,  except  f o r  t h e  
minor mod i f i ca t ion  t o  t h e  p i l o t  f lame burner ,  shown i n  F i g ,  1. 

T e s t i n g  Procedure 

+ 
P r i o r  t o  t e s t i n g ,  specimens were d r i e d  a t  140°1?.,, S?F., 

f o r  n o t  l e s s  t han  24 hours,  no r  more t han  48 hours, and allowed t o  
coo l  t o  room tempera ture  i n  a d e s i c c a t o r  over  calc ium ch lo r ide .  
S i z e  and d e t a i l s  of specimens, t h e i r  method of suppor t  and t h e  
method of t e s t ,  were s i m i l a r  t o  t h o s e  desc r ibed  p rev ious ly  ( 1 )  
p e r t a i n i n g  t o  t h e  use of t h e  BSI furnace .  

RESULTS 

The p rogres s  of each t e s t  was fo l lowed by n o t i n g  t h e  
sequence of t h e  v i s u a l l y  observable  e v e n t s  wh i l e  tempera tures  a t  
t h e  thermocouple were be ing  recorded  a u t o m a t i c a l l y  a t  r e g u l a r  30- 
second i n t e r v a l s ,  

Visua l  Observat ions  

Since two secondary o b j e c t s  of t h e s e  t e s t s  were t o  
e v a l u a t e  t h e  performance of t h e  p i l o t  f lame when provided w i t h  
an automat ic  r e - i g n i t e r ,  a nd t o  determine t h e  i n f l u e n c e  of t h e  
new i g n i t i o n  system on t h e  p rog res s  of t h e  combustion, t h e  v i s u a l  
obse rva t ions  a r e  r epor t ed  i n  Table I, Although t h e s e  d a t a  have 
been averaged over  a  number of r e p e a t  t e s t s ,  c l o s e  agreement was 
found between i n d i v i d u a l  t e s t s ,  

Good agreement i s  a l s o  ev iden t  between t h e s e  d a t a  and 
s i m i l a r  obse rva t ions  made i n  prev ious  t e s t s  ( a l s o  inc luded  i n  
Table I )  except  f o r  t h e  t imes of r e - i g n i t i o n  of t h e  p i l o t  f lame,  
The d e v i a t i o n  i s  p a r t i c u l a r l y  g r e a t  i n  t h e  case  of p l a s t e r b o a r d ,  



b u t ,  i n  t h e  authorsd opfnion,  t h i s  should not  be of g r e a t  concern 
s i n c e ,  i n  t h e  development of a s t anda rd  method of t e s t i n g ,  one 
must aim a t  a  simple procedure t h a t  can be rnade a s  uniform a s  
p o s s i b l e  through r e p e a t  t e s t s ,  On t h e s e  grounds, t he  use  of an 
a u x i l f  a r y  flame must be  recommended, 

Temperature Records 

The recorded  tempera tures  were r e a d  o f f  t h e  c h a r t  a t  
each minute mark and p l o t t e d  a g a i n s t  t ime f o r  each  t e s t  on each  
of t h e  fou r  m a t e r i a l s  t e s t e d  (Fig3,  2, 3, 4, and 5 ) ,  The a r e a s  
under t h e  c m v e s  above t h e  i n f t i a k  fu rnace  temperature  T ( c a .  1 3 8 2 ' ~ ~ )  
were i n t e g r a t e d  from t h e  graphs,  u s ing  s p lan ime te r ,  ~ h & i r  va lues  
a r e  t a b u l a t e d  i n  Table I1 (column A )  wfth  t h e  corresponding 
maximum temperature  r i s e s  measured d i r e c t l y  o f f  t he  r e c o r d e r ' s  
c h a r t  (column D), S i m i l a r  read ings ,  obtafned i n  prevfous  t e s t s  
on t h e  same m a t e r f a l s ,  have a l s o  been Yfsted t o  permit  a comparative 
a n a l y s i s  of r e s u l t s  from t e s t s  on a given m a t e r f a l  under v a r i o u s  
cond i t ion ings ,  

It i s  noted t h a t  t h e  r e s u l t s  g iven f o r  g l a s s  wool 
b a t t  do n o t  r e f e r  i n  a11 c a s e s  t o  t h e  same commercial product ,  
The specimens t e s t e d ,  under t h s  c o n d i t i o n s  d e t a l l e d  i n  t h f  s 
r e p o r t ,  were backed wi th  paper ,  whereas those  t e s t e d  former ly  
were composed e n t i r e l y  of g P a ~ s  wool, 

I n  F i g s ,  6 and 7 ,  use f s  made of t ime-temperature 
curves  publ i shed  i n  DBR Report  No, 43 t o  measure t h e  i n f l u e n c e  
of c u r i n g  c o n d i t i o n s  on t h e  e v o l u t i o n  of t h e  combustion w i t h  
t ime, These cu rves  have been obta ined  from tempera tures  aver-  
aged a t  each minute mark over  r o p e a t  t e s t s  on p l a s t e r b o a r d  and 
minera l  wool, I n  ~ i g ,  8, s i m i l a r  curves  a r e  gfven f o r  g l a s s  
wool t o  e s t i m a t e  t h e  h e a t  c o n t r i b u t e d  by t h e  paper  when such 
m a t e r f a l  i s  used a s  backfng, and a l s o  t o  measure i t s  i n f l u e n c e  
on t h e  maximum e l e v a t i o n  of the  temperature  du r ing  t h e  t e s t s ,  

DISCUSSION 

Although t h e  maln o b j e c t  of t h i s  work was merely  t o  
t e s t  f u r t h e r  t h e  s u i t a b i l i t y  o f  t h e  a r e a  va lues  t s n t a t f v e l y  
s e t  a s  l i m f t s  be-bween t h r o e  a r b j t r a r y  c o m b u s t i b i l i t y  groups 
f o r  b u i l d i n g  m a t e r i a l s ,  additional conclusf  ons on secondary 
a s p e c t s  of the  work can a l s o  be drawn from an a n a l y s i s  of t h e  
t e s t  r e s u l t s ,  Such conclusions concern t h e  v a r f  a b i l f t y  of 
a r e a  va lues  through r e p e a t  t e a t s  on a given m a t e r i a l ,  t h e  
e f f e c t  of t h e  modi f fca t ions  t~ t h e  prev ious  z e s t i n g  proeedure 
on t h e  r e s u l t s ,  and the  h e a t  contr2ibuted by the  paper when 
paper-backed specimens of o therwise  incombustible m a t e r i a l s  
a r e  t e s t e d ,  



Limit Values f o r  t h e  Combustibi l i t g  Groups 

O f  t h e  f o u r  m a t e r i a l s  t e s t e d ,  t he  a sbes tos  paper i s  
t h e  only one known t o  be of a  noncombustfble n a t u r e ,  Zero 
va lues  (Table  11) f o r . t h e  a r e a  under t h e  curve,  a s  w e l l  a s  f o r  
t h e  temperature  r i s e ,  a r e  t h e r e f o r e  t o  be expected f o r  t h i s  
m a t e r i a l ,  

The t h r e e  o the r  m a t e r i a l s  had a paper  backing which 
w i l l ,  under normal cond i t ions ,  impart  t o  them some degree of 
c o m b u s t i b i l i t y  a l though t h e y  a r e  mainly composed of f n g r e d i e n t s  
accepted  a s  noncombustible, Never the less ,  t h e  paper  backing 
forms only  a  smal l  p ropor t ion  of  t h e  p roduc t s  a s  such, and could 
no t  c o n t r i b u t e  enough hea t  t o  j u s t i f y  the  c l a s s i f i c a t i o n  of t h e s e  
m a t e r i a l s  w i t h  such combustible b u i l d i n g  products  a s  wood and 
wood fibreboard, I n  a l l  f a i r n e s s ,  t h e r e f o r e ,  a  c o m b u s t i b i l i t y  
t e s t  method should a l low f o r  a  s p e c i a l  c l a s s ,  w i t h i n  which 
m a t e r i a l s  of low c o m b u s t i b i l i t y  could  be grouped, 

Mean a r e a  va lues ,  r e s u l t i n g  from t h e  l a s t  s e r i e s  of 
I 

t e s t s  on p l a s t e r b o a r d ,  mine ra l  wool and g l a s s  wool (pape r  
backed),  ex tend  from 331 t o  913 minutes-degrees Fahrenhe i t  
(Table  11, column A ) ,  t h i s  range being increbsod t o  l i m i t  
v a l u e s  of 222 and 1280 minutes-degrees Fahrenhe i t  when r e s u l t s  
from i n d i v i d u a l  t e s t s  a re  taken irf to c o n s i d e r a t i o n ,  Most of 
t h e  r e s u l t s  ob ta ined  p r e v i o u s l y  on the  same m a t e r i a l s  ( i n c l u d i n g  
g l a s s  wool without paper backing) ,  under o t h e r  t y p e s  of 
cond i t ion ing ,  f i t  w i t h i n  t h a t  range of va lues ,  Therefore ,  it 
becomes ev iden t  t h a t  t he  t h r e e  m a t e r i a l s  would f a l l  i n t o  t h e  
"low combus t ib i l i ty ' '  group should  the  p r e s e n t  t e n t a t i v e  l i m i t s  of 

100 and 1300 minutes-degrees Fahrephe i t  be accepted  as demarcat ion 
v a l u e s  between the  t h r e e  c ~ m b u s t i b f i i t ~  groups, 

Under t h e  c o n d i t i o n s  of t h e  p r e s e n t  t e s t s ,  d i f f e r e n t  
va lues  of c o m b u s t i b i l i t y  were ob ta ined  f o r  t h e  two paper  backed 
m a t e r i a l s ,  minera l  wool and g l a s s  wool, T e s t s  on t h e  m i n e r a l  
WOOL specimens r e s u l t e d  i n  a mean a r e a  va lue  almost t h r e e  t imes 
a s  g r e a t  as t h a t  obtained f o r  t he  g l a s s  wool specimens, T h i s  
may be due p a r t l y  t o  d i f f e r e n c e s  i n  t h e  t h i c k n e s s  of t h e  paper 
backing,  the  n a t u r e  of t h e  adhesive compound used t o  hold t h e  
paper  t o  t h e  m a t e r i a l  and t h e  type  of b inde r  i n  the  wool proper ,  

With r e g a r d  t o  t h e  p l a s t e r b o a r d ,  i t  must be emphasized 
t h a t  t h e  specimens were made up of fou r  t h i c k n e s s e s  t o  conform 
t o  t h e  p r e v i o u s l y  s p e c i f i e d  specimen s i z e  ( 1) , Therefore ,  spec- 
imens of t h i s  m a t e r i a l  conta ined  e i g h t  l a y e r s  of paper  i n s t e a d  
of t h e  two o r i g i n a l l y  found i n  t h e  commercfal product ,  Although 
t h i s  procedure may not  render  f u l l  J u s t i c e  t o  p l a s t e rboa rd ,  t h i s  
p a r t i c u l a r  m a t e r i a l ,  being p a r t l y  composed of paper,  would f a l l  
somewhere w i t h i n  t h e  nlow combus t ib f l i t y"  p o u p  even under i d e a l  
t e s t  cond i t ions ,  I t  f e l l  wi th in  t h i s  range when t e s t e d ,  a s  des- 
c r i b e d  prev ious ly ;  t h i s  procedure f o r  p repa r ing  specimens i s  
t h u s  cons idered  s a t i s f a c t o r y  f o r  the  p r e s e n t ,  



V a r i a b i l i t y  of R e s u l t s  

I n  DBR Report  No. 43 ( l ) ,  t h e  v a r i a b i l i t y  of t h e  
r e s u l t s  was i l l u s t r a t e d  on ly  g r a p h i c a l l y .  Curves from r e p e a t  
t e s t s  s5owed c l o s e  s i m i l a r i t y  and i t  was assumed t h a t  a r e a  
vg lues  from individual t e s t s  were of a  ~ o o d  r e p r o d u c i b i l i t y .  I n  
t h e  p r e s e n t  s tudy,  t h e  v a r i a t i o n  of t h e  t empera tu re  w i t h  t ime  
d u r i n g  r e p e a t  t e s t s  on a  g iven  m a t e r i a l ,  fo l lowed  ve ry  c l o s e l y  
t h e  same g e n e r a l  p a t t e r n  ( F i g s .  2,  3, 4 and 5) excep t  t h a t  t h e  
p l a s t e r b o a r d  specimens showed l e s s  cons i s t ency .  It was t h e r e f o r e  
thought  wise  a t  t h i s  s t a g e  t o  check more c l o s e l y  t h e  v a r i a b i l i t y  
of r e s u l t s  by measuring a r e a s  under  t ime- tempera tu re  curves  f o r  
e ach  t e s t .  

The r e a d i n g s  s5owed v a r i a t i o n s  g r e a t e r  t h a n  suspec ted  
(Tab l e  11, column A ) .  S i m i l a r  measurements were made on g raphs  
from p rev ious  t e s t s  c a r r i e d  o u t  on t h e  same m a t e r i a l s  u s i n g  t h e  
BSI appa ra tu s  (columns B and C ) .  Although d e v i a t i o n s  h e r e  a r e  
n o t  a s  l a r g e  a s  t h o s e  exper ienced  i n  t h e  p r e s e n t  t e s t s ,  some 
c l o s e r  r e p r o d u c i b i l i t y  i s  d e s i r a b l e ,  s i n c e  t h e  p r o p o r t i o n  of 
t h e  s t anda rd  d e v i a t i o n  of i n d i v i d u a l  a r e a  v a l u e s  t o  t h e  mean 
va lue  i s  almost  a s  g r e a t  a s ,  and i n  some c a s e s  g r e a t e r  t han ,  
t h a t  of t empe ra tu r e  e l e v a t i o n s .  Th is ,  it  i s  b e l i e v e d ,  i s  of 
g r e a t  importance  i n  t h e  development of  a  s t a n d a r d  method of 
t e s t i n g  and a  f u r t h e r  s t u d y  of t h e  s u b j e c t  w i l l  be  made i n  a  
f o l l o w i n g  r e p o r t .  

E f f e c t  of PIod i f i ca t ions  -- i n  t h e  T e s t i n g  P r o ~ e d u r e  

V a r i a t i o n s  i n  t h e  method of c o n d i t i o n i n g  t h e  specimens 
seem t o  have a n e g l i c g i b l e  e f f e c t  on t h e  sequence and n a t u r e  of 
e v e n t s  observed d u r i n g  t e s t s  (Tab l e  I ) .  The on ly  appa ren t  
d i f f e r e n c e  between t h e  two s e t s  of o b s e r v a t i o n s  i s  t h a t  t h e  
o i l o t  f lame s t a g s  ou t  f o r  a  l o n g e r  pe r iod  under t h e  c o n d i t i o n s  
of t h e  p r e s e n t  t e s t s .  Th is  was a t t r i b u t e d  t o  t h e  m o d i f i c a t i o n  
mud.e i n  t h e  p rocedure  f o r  r e - i g n i t i n g  t h e  p i l o t  f lame.  The 
g e n e r a l  p a t t e r n  of t empe ra tu r e  v a r i a t i o n s  d u r i n g  t e s t s  i s  
s c a r c e l y  i n f l uenced  by t h e  type  of c o n d i t i o n i n  i n  t h e  c a s e s  
of m i n e r a l  wool ( F i g .  7 )  and g l a s s  wool ( F i g .  8 , c u r v e s  B and 
C ) .  With p l a s t e r b o a r d ,  a  d i f f e r e n t  p a t t e r n  was observed f o r  
e ach  s e t  of c u r i n g  c o n d i t i o n s  ( F i g .  6 ) .  

O f  more concern ,  however, i s  t h e  e f f e c t  of c o n d i t i o n -  
i n g  on t h e  a c t u a l  r e s u l t s  of t e s t s .  Table  I1 shows t h a t ,  
r e l a t i v e  t o  c o n d i t i o n i n g ,  t h e  t r e n d  of t h e  v a r i a t i o n s  between 
a r e a  v a l u e s  i s  s i m i l a r  t o  t h a t  of t h e  v a r i a t i o n s  observed 
between tempera tu re  , r i s e s .  It d i f f e r s ,  however, from one 
m a t e r i a l  t o  ano the r ,  i n d i c a t i n g  t h a t  m a t e r i a l s  a r e  n o t  a l l  
a f f e c t e d  i n  t h e  same way by t h e  method of c o n d i t i o n i n g  used. 
Some m a t e r i a l s ,  if d r i e d  i n  an  oven a t  a  t empe ra tu r e  of 212O~ . ,  
w i l l  l o s e  inflammable v o l a t i l e s  and consequen t ly  w i l l  show a 
lower c o m b u s t i b i l i t y .  I n  S r l t i s h  S t anda rd  476:1953, t h i s  i s  



circumvented by cond i t fon ing  some of t h e  specimens over calcium 
c h l o r i d e  ( 7 ) .  On t h e  o t h e r  hand, m a t e r i a l s  which have a tendency 
t o  combine water  w i l l  show a  lower c o m b u s t i b i l i t y  i f  condi t ioned  
over calcium c h l o r i d e  and a  h igher  one i f  d r i e d  a t  2 1 2 ' ~ .  A 
comparative a n a l y s i s  of t h e  r e s u l t s  l i s t e d  i n  Table I1 i n d i c a t e s  
t h a t  t h e  c u r i n g  c o n d i t i o n s  used i n  t h e  p r e s e n t  t e s t s  ( d r y i n g  a t  
1 4 0 ~ ~ ~ )  a r e  c l o s e  t o  be ing  n p r a c t i c a l  medium between t h e  two s e t s  
of c o n d i t i o n s  s p e c i f i e d  i n  B r i t i s h  Standard 476:1953. 

Heat Contr ibuted by t h e  Paper Backing - 
Curves a r e  given i n  ~ i g .  8 t o  i l l u s t r a t e  t h e  e f f e c t  of 

paper  backing on temperature  v a r i a t i o n  du r ing  t e s t s  on g l a s s  
wool. When t e s t i n g  paper backed specimens, i t  i s  t o  be expected 
t h a t ,  under t h e  severe  c o n d i t i o n s  of t h e  t e s t ,  f laming w i l l  t a k e  
p l ace  a s  soon a s  t h e  specimen i s  p l aced  i n  t h e  fu rnace ,  a s  
evidenced by t h e  small  peak appear ing a t  t h e  one-minute mark i n  
curve A .  This  causes  t h e  maximum tempera ture  r i s e  t o  be much 
g r e a t e r  t han  t h a t  measured on unbacked specimens; it a c t u a l l y  
t r i p l e s  t h e  value i n  t h e  case  of g l a s s  wool (Table  11, columns 
D, E and F ) .  Since t h e  paper burns  r a p i d l y ,  however, i t s  
presence has r e l a t i v e l y  l i t t l e  i n f l u e n c e  on t h e  i n t e g r a t e d  a r e a ,  
t h e  h e a t  c o n t r i b u t e d  by t h e  paper be ing  e q u i v a l e n t  t o  l e s s  t h a n  one 
t h i r d  of t h e  t o t a l  hea t  produced by t h e  whole specimen ( ' l ' abb  
11, columns A, B and C ) ,  

CONCLUSION - 
The r e s u l t s  ob ta ined  from these  t e s t s  show t h a t ,  under 

t h e  cond i t ions  and procedure descr ibed ,  t h e  f o u r  m a t e r i a l s  w i l l  
e x h i b i t  mean a r e a  values  a s  fol lows:  

a )  Asbestos Faper .................... 0  Min. x O F .  

b )  Glass Wool B a t t  (pape r  backed) .... 331 Min. x OF. 

C )  Plas t e rboa rd ,  ...................... 833 Min. x OF. 

d )  Mineral  Wool Aa t t  (pape r  backed)..  913 Min. x OF. 

The p r e s e n t  method of t e s t ,  however, has  t h e  disadvan- 
t a g e  of a l lowing  s t anda rd  d e v i a t i o n s  from mean va lues  t o  be 
l a r g e r  t h a n  expected,  which sugges t s  a need f o r  f u r t h e r  r e f i n e -  
ment and d e f i n i t i o n  of t h e  t e s t  cond i t ions  

F i n a l l y ,  t h e r e  were some i n d i c a t i o n s  t h a t  t h e  c o n d i t i o n s  
adopted f o r  t h e  c u r i n g  of  specimens a r e  c l o s e  t o  s imu la t ing  a mean 
of t h e  two s e t s  of c o n d i t i o n s  s p e c i f i e d  i n  B r i t i s h  Standard 
/+76:1953, whereas t h e  h e a t  c o n t r i b u t e d  by t h e  paper i n  t h e  t e s t i n g  
of paper backed g l a s s  wool amounts t o  on ly  FI smal l  f r a c t i o n  of t h e  
t o t a l  hea t  l i b e r a t e d  by t he  specimen under t h e  c o n d i t i o n s  of t h e  
t e s t .  
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TABLE I 

VISUAL OBSERVATIONS 

PREVIOUS TESTS PRESENT TESTS 

PLASTERBOARD 

P i l o t  flame goes out a t  s t a r t  of t e s t .  P i l o t  flame goes out a t  s t a r t  of t e s t .  

Flaming accompanied by l i g h t  smoke Flaming accompanied by l i g h t  smoke 
du r ing  f i r s t  minute of t e s t .  du r ing  f i r s t  minute of t e s t .  

P i l o t  flame r e - i g n i t e d  manually a t  E i l o t  f lame r e - i g n i t e d  au toma t i ca l l y  at 
t ime 4 minutes and about 2 inches  high. t ime 8 minutes and about 1* i nches  high.  

Specimen glowing between l a g e r s  a t  Specimen glowing between l a y e r s  a t  
end of t e s t .  end of t e s t .  

MINERAL WOOL 

P i l o t  f lame goes ou t  a t  s t a r t  of t e s t .  P i l o t  f lame goes ou t  a t  s t a r t  of t e s t .  

Flaming w i t h  gene ra t i on  of b l ack  smoke I n t e r m i t t e n t  f laming  w i t h  gene ra t i on  of 
f o r  over  1 minute a t  s t a r t  of t e s t .  b lack  smoke du r ing  f i r s t  30 seconds of 

t e s t .  

P i l o t  flame r e - i g n i t e d  manually a t  P i l o t  flame r e - i g n i t e d  au toma t i ca l l y  a t  
t ime 1 minute, 15 seconds and normal. t ime 2 minutes  and 1& i nches  high.  

Specimen glowing a t  end of t e s t .  Specimen glowing a t  end of t e s t .  

GLASS WOOL 

( paper  backed) 

F l a s h  i n s i d e  furnace  and p i l o t  flame 
goes out .  

Flaming accompanied by b l ack  smoke du r ing  
f i r s t  30 seconds of t e s t .  

P i l o t  f lame r e - i g n i t e d  au toma t i ca l l y  a t  
t ime 40 seconds and about  1; i nches  high. 

Glowing of specimen a t  end of t e s t .  

ASBESTOS PAPER 

P i l o t  f lame about 1 i n c h  h igh  a t  s t a r t  
of t e s t .  

P i l o t  flame goes ou t  a t  t ime 30 seconds. 

P i l o t  f lame r e - i g n i t e d  au toma t i ca l l y  a t  
t ime 3 minutes  and about  1 i n c h  high. 

Specimen f lows between l a y e r s  a t  end of 
t e s t .  

d 

No d a t a  a v a i l a b l e .  

No d a t a  a v a i l a b l e .  



INTEGRATED AREAS AND TEMPERATURE ELEVATIONS -- 
AT VARIOUS CONDITIONINGS 

MATERIAL I n t e g r a t e d  Areas 
jminxte li "F) 

Temperature 
Elevat ions  (9 )  

Conditionfng: (A] i' 13) ( d l  (D > $El ( F )  
l&o°F 21'2OF over 1409 2 1 2 9  over 

6a@P2 CaC12 

PLASTERBOARD 

Test 1 roqo 1x53 '778 110 306 158 
Test  2 824 PO20 1065 85 216 
Test  3 8h.3 1065 8 36 

rn - 72 296 
Test  4 594 65 I 

:;; - 
MEAN - 8 3 3 ,.::&-.i - "1 '7 ",:- O ,;, 2, L!2 a -.-. . ,3 cj -?  

Standard 
Deviation- 2 .  6% 14% 20% 14% 13% 

MINERAL WOOL 

Test  1 708 ' I  841 
Test  2 2280 5 1020 
Test  3 872 65'1 935 
Test  & 792 (P) - 
MEAN - =-. (9 c12! . 

&'"7 - 932 - 
Standard 
Devi a t 1  on- a% 13% 8% 

GLASS WOOL With No Nc With No No 
PB(?g= PB 

cv-  

PR 
="cw. 

PB -- PB - PB - 
Test 1 4 36 29$ 3 r j 1.12 

2212 r b S  T,79 162 
42 58 

Tes% 2 - 50 - 30 
Test  3 3% 298 125 38 

MEAN - 
Standard 
Deviation- 26% 22% 23% 

ASBESTOS PAPER 
-,-- 

~ e s t  1 e DD - 
Teat 2 0 - LD 

MEAN - 0 m - - 

(*) PB = Paper back. 
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FIGURE 2 

VARIATION OF TEMPERATURE AT THERMO- 
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VARIATION OF TEMPERATURE AT THERMOCOUPLE 
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