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Concern t h a t  t h e  f lammabil i ty  of p l a s t i c  foam i n s u l a t i o n s  can 
r e s u l t  i n  a c c e l e r a t e d  f i r e  grawth i n  t h e  event  of an  a c c i d e n t a l  
f i r e ,  has l e d  t o  t h e  requirement t h a t  a l l  p l a s t i c  foams i n  
bu i ld ings  be p r o t e c t e d  by a  thermal  b a r r i e r  capable  of p revent ing  

exces s ive  t r a n s f e r  of hea t  from a hea t  source  ( f i r e )  t o  t h e  foam 
dur ing  a  s p e c i f i e d  time. For low bu i ld ings  of non-combustible 

cons t ruc t ion ,  t h e  Nat ional  Bui lding Code r e q u i r e s  a  b a r r i e r  of 
12.7 mm gypsum board o r  equ iva l en t  t h a t ,  when t e s t e d  by ULC-S101 
( I ) ,  w i l l  not  r e s u l t  i n  a  temperature  rise i n  excess  of 140°C on 
t h e  unexposed f a c e  of t h e  thermal  b a r r i e r  up t o  a  pe r iod  of 

10 minutes. I n  t h e  case  of t a l l  bu i ld ings  (>18 m i n  h e i g h t )  a  
much more s t r i n g e n t  requirement of t h e  f i r e  b a r r i e r  i s  s p e c i f i e d :  

v i z ,  a  p r o t e c t i v e  t i m e  per iod of 45 minutes is quoted and t h e  
sugges ted  composi t ion of t h e  b a r r i e r  is  two l a y e r s  of 15.9 mm 
t h i c k  f i r e  r e s i s t a n t  gypsum board o r  75 mm of masonry o r  
concrete .  

The r a t i o n a l e  f o r  t h i s  requirement i s  t o  prevent  t h e  

c o n t r i b u t i o n  of foam p l a s t i c  i n s u l a t i o n  t o  t h e  sp read  of f i r e  i n  



t a l l  bu i ld ings  from f l o o r  t o  f l o o r  v i a  broken windows f o r  a t  l e a s t  45 

minutes, a t  which t i m e  it is  reasoned, o the r  combustibles i n  t h e  f i r e  
compartment w i l l  have burn t  out.  

There is  some evidence t o  suggest  t h a t ,  i n  a  w e l l  v e n t i l a t e d  

compartment, t h e  d u r a t i o n  of a  f u l l y  developed f i r e ,  dur ing  which t h e  

bulk of hea t  evo lu t ion  t akes  p lace ,  i s  l i k e l y  t o  be s h o r t e r  than 45 
minutes. Based on mathematical model l ing of t h e  c h a r a c t e r i s t i c s  of f u l l y  

developed compartment f i r e s  ( 2 ) ,  per iods  a s  s h o r t  a s  20 minutes have been 

suggested f o r  t h e  d u r a t i o n  of f u l l y  developed compartment f i r e s  

conta in ing  t y p i c a l  amounts of c e l l u l o s i c  f u e l  (F igure  1 )  whi le  i n  Europe 

some f u l l - s c a l e  experiments  i nd i ca t ed  t h a t  temperatures  i n  t h e  f i r e  

compartment had peaked wi th in  30 minutes and decay of t h e  f i r e  was w e l l  
underway i n  35 minutes (3) .  

I n  a  more r ecen t  f u l l - s c a l e  f i r e  tes t ,  c a r r i e d  out  i n  C a l i f o r n i a ,  
o rd ina ry  c o r e  12.7 mm gypsum shea th ing  f a i l e d  a f t e r  about 22 minutes i n  a  

compartment f i r e  us ing  a  f i r e  load of about 50 kg/m2 and t h e  f i r e  

temperature  peaked a t  28 t o  30 minutes (4) .  Thus i t  appears  t h a t  t h e  
requirement f o r  a  45-minute f i r e  b a r r i e r  is somewhat excess ive  i f  t h e  

purpose i s  t o  minimize t h e  upward progress ion  of a  f i r e  v i a  t h e  windows. 

It is of i n t e r e s t  t o  no te  t h a t  many of t h e  h igh- r i se  bu i ld ing  f i r e s  

t h a t  l e d  t o  t h i s  concern about e x t e r n a l  f i r e  spread  (e.g., Sao Paulo 

1972, 1974, New Orleans 1972, London 1980) occurred i n  s t r u c t u r e s  of 
r e i n f o r c e d  c o n c r e t e  wi thout  any p l a s t i c  i n su l a t i on .  Thus t h e  r e g u l a t i o n  

is u n l i k e l y  t o  prevent  t h e  sequence of events  it is designed t o  guard 

a g a i n s t ,  even i n  t h e  event  t h a t  i t  i s  j u s t i f i e d .  

To determine what type  of b a r r i e r  is necessary t o  sa feguard  a g a i n s t  

c o n t r i b u t i o n  by foam i n s u l a t i o n  t o  f i r e  spread  v i a  windows, and t o  

e v a l u a t e  t h e  p r o t e c t i v e  va lue  of t he  requi red  two l a y e r s  of 15.9 mm 
gypsum board and poss ib ly  o t h e r ,  less expensive b a r r i e r s ,  two series of 

tests have been conducted, one with t h e  a i d  of a  smal l - sca le  f i r e  test  
furnace ,  and t h e  o t h e r  w i th  t h e  a i d  of a  co rne r  w a l l  tes t  f a c i l i t y .  

A. FURNACE TESTS 

Test  F a c i l i t y  

The test furnace  used is shown i n  F igure  2. It was b u i l t  mainly 

from i n s u l a t i n g  f i r e  b r i c k  and high temperature  mortar,  and was hea ted  

e l e c t r i c a l l y  us ing  twelve 19 mm diameter  "Globar" s i l i c o n  ca rb ide  h e a t i n g  
elements  placed behind an Inconel  p l a t e .  The fu rnace  chamber was 760 mm 

high ,  790 mm wide and 210 mm deep. S ix  p o r t s  cu t  i n t o  two oppos i t e  s i d e s  

of t h e  fu rnace  made obse rva t ion  of t h e  whole exposed s u r f a c e  of t h e  

specimens under test poss ib l e .  The ou te r  (narrow) ends of t h e  p o r t s  were 
c losed  w i t h  mica shee t s .  (A more d e t a i l e d  d e s c r i p t i o n  of t h e  t e s t  

fu rnace  is  given i n  r e f e r ence  5). 

Tes t  Procedure 

The hea t  input  t o  t he  t e s t  fu rnace  was c o n t r o l l e d  i n  such a  way t h a t  

t h e  average temperature  i n  t h e  fu rnace  chamber c l o s e l y  followed t h e  



s tandard  temperature  versus  t i m e  curve s t i p u l a t e d  i n  ASTM El19 and ULC- 
S101. The tempera ture  of t h e  furnace  was measured by f i v e  B & S 

gauge 16, Chomel-Alumel Ceramo-type thermocouples with Inconel  shea th .  
The ho t  j u n c t i o n  of each thermocouple was kept  i n  c o n t a c t  wi th  t h e  

Inconel  p r o t e c t i n g  p l a t e  on the  specimen s i d e  by c l i p s  welded t o  t h e  
p l a t e .  A l l  of t h e  f i v e  temperatures ,  a s  w e l l  a s  t h e i r  average were 

recorded on a po t en t iome t r i c  mul t ipo in t  r eco rde r ,  t he  average being taken  
a s  t h e  tempera ture  of t h e  furnace. 

The test specimens, which were a t t ached  v e r t i c a l l y  t o  t he  opening o f  
t h e  furnace ,  c o n s i s t e d  of a s h e e t  of t h e  foamed p l a s t i c  790 x 840 mm i n  

s i z e ,  covered on one s i d e  by the  p r o t e c t i v e  thermal  b a r r i e r  t o  be t e s t e d ,  
and on t h e  o t h e r  s i d e  by 12.7 mrn t h i c k  r e g u l a r  gypsum wallboard t h a t  

served a s  a back suppor t .  The whole assembly f i t t e d  i n t o  a welded a n g l e  
i r o n  frame and t h e  p r o t e c t i v e  b a r r i e r  was mechanically f a s t ened  t o  t h i s  

frame t o  s imu la t e  t h e  mechanical a t tachment  p re sc r ibed  i n  t h e  code 
requirements.  

During t h e  test ,  temperatures  were measured a t  f i v e  l o c a t i o n s  a t  t h e  
i n t e r f a c e  between t h e  foam and t h e  p r o t e c t i v e  m a t e r i a l  (one i n  t h e  c e n t r e  

and the  o t h e r  fou r  i n  t h e  c e n t r e  of each q u a r t e r  s e c t i o n  of t h e  
i n t e r f a c e )  and a t  two l o c a t i o n s  on t h e  back s u r f a c e  of t h e  foam ( i . e . ,  

between the  foam and t h e  back suppor t ) .  These temperatures  were recorded 
a t  one-minute  i n t e r v a l s  throughout t h e  t e s t s  on a Monitor Lab Model 

9300 Data Logger, which provided a d i g i t a l  p r in t -ou t  a s  t h e  test 
proceeded. The p rog re s s  of t h e  tes t  was a l s o  observed v i s u a l l y  by means 

of t he  p o r t s  i n  t h e  furnace  wal l .  

The f a i l u r e  c r i t e r i o n  i n  ULC-S101 is  def ined  a s  a tempereature  rise 
of 140°C a t  t h e  i n t e r f a c e  between t h e  p ro t ec t ed  and p r o t e c t i n g  m a t e r i a l .  

A secondary end po in t  considered i n  t he se  experiments  was t he  development 
of f laming i n  t h e  furnace  chamber r e s u l t i n g  from a crack o r  f a i l u r e  p o i n t  

i n  t h e  p r o t e c t i n g  l a y e r .  

Tes t  R e s u l t s  

The m a t e r i a l s  t e s t e d  i n  t h i s  series of experiments  a r e  l i s t e d  i n  
Table  I and t h e  r e s u l t s  ob ta ined  summarized i n  Table  11. A s  Table I 

shows, two kinds of p r o t e c t i v e  b a r r i e r  were used: r egu la r  gypsum board 
and f i r e  r e s i s t a n t  gypsum board. 

I n  a l l  cases  some flaming of t he  exposed paper s u r f a c e  of t he  gypsum 
board was observed i n  t h e  furnace  chamber about  t h r e e  t o  fou r  minutes 
i n t o  t he  test. The flaming stopped wi th in  one minute,  and was no t  

cons idered  a s  a f a i l u r e  of t h e  p r o t e c t i v e  b a r r i e r .  

P r o t e c t i v e  B a r r i e r :  Regular Gypsum Board 

When 12.7 mm r e g u l a r  gypsum board was used a s  t he  p r o t e c t i v e  
b a r r i e r ,  an average r i s e  i n  temperature  of 140°C was recorded by t h e  f i v e  

i n t e r f a c e  thermocouples a t  15 t o  16 minutes i n t o  t h e  test ,  r e g a r d l e s s  of 
t h e  na tu re  of t h e  foam i n s u l a t i o n .  Cracks had developed i n  t h e  gypsum 
board, and about t h r e e  t o  four  minutes a f t e rwards  flames were observed 

emanating from t h e s e  cracks.  The fu rnace  tempera ture  a t  t h i s  p o i n t  was 



about 800°C. The average temperature  a t  t h e  i n t e r f a c e  was 550°C and t h e  
temperature  on t h e  back f a c e  of t h e  i n s u l a t i o n  200°C i n  t h e  c a s e  of 

po lys tyrene  foam, but on ly  100°C i n  t he  ca se  of polyurethane foam. 

The r e s u l t s  wi th  r egu la r  gypsum board i n d i c a t e  t h a t  foam i n s u l a t i o n  
might be expec ted  t o  c o n t r i b u t e  some f u e l  t o  a  compartment f i r e  a f t e r  a  

per iod of about 18 t o  20 minutes exposure t o  a  f u l l y  developed f i r e  
( i . e . ,  i n  a  s h o r t e r  t i m e  per iod  than  t h e  expected d u r a t i o n  of a  f u l l y -  

developed compartment f i r e )  and on t h i s  b a s i s  12.7 mm r egu la r  gypsum 
board may be cons idered  u n s a t i s f a c t o r y  a s  a  thermal  b a r r i e r  f o r  h igh - r i s e  

bu i ld ings .  

P r o t e c t i v e  B a r r i e r :  F i r e  Res i s t an t  Gypsum Board (Type X) 

Two s e t s  of t e s t s  were done with t h i s  m a t e r i a l .  I n  t h e  f i r s t ,  t h e  
recommended thermal  b a r r i e r  l i s t e d  i n  t h e  1980 Nat iona l  Bui ld ing  Code, 

i . e . ,  two l a y e r s  of 15.9 mm t h i c k  F i r e  R e s i s t a n t  Gypsum Board (Type X), 
was used wi th  a  range of po lys tyrene  and polyurethane foam i n s u l a t i o n s .  

I n  t he se  tests, t h e  time requi red  f o r  t h e  average i n t e r f a c e  tempera ture  
t o  r i s e  by 140°C was between 58 and 60 minutes r e g a r d l e s s  of t h e  type  of 

foam. A t  t h i s  t ime the  furnace  temperature  was 925°C and t h e  tempera ture  
on t h e  back f a c e  of t h e  i n s u l a t i o n  was t y p i c a l l y  30 t o  35OC - a  r i s e  of 

less than 10°C dur ing  t h e  course of t he  one-hour test. This  f a i l u r e  t ime  
was w e l l  i n  exces s  of both t h e  45-minute per iod  s t i p u l a t e d  by t h e  

bu i ld ing  code and t h e  expected du ra t i on  of a  we l l -ven t i l a t ed  compartment 
f i r e .  As t h e  exposed gypsum board was observed t o  be i n t a c t  and f r e e  of 

any c racks  a t  t h i s  s t a g e ,  t h e  t e s t s  were allowed t o  cont inue  f o r  a 

f u r t h e r  15 minutes  be fo re  te rmina t ion .  A t  t h i s  t i m e  t h e r e  was s t i l l  no 

evidence of phys i ca l  f a i l u r e  of t he  b a r r i e r  o r  the  development of f lames 

i n  t h e  furnace ,  a l though t h e  temperature  a t  t h e  i n t e r f a c e  between t h e  

thermal b a r r i e r  and t h e  i n s u l a t i o n  had reached 500°C. 

Some decomposition of t he  polyurethane foams was ev ident  du r ing  t h e  
ex t ens ion  per iod ,  a s  i n d i c a t e d  by t h e  e v o l u t i o n  of l i g h t  fumes, but  no 

i g n i t i o n  occurred.  A t  t he  end of t he  test t h e  foam showed c h a r r i n g  t o  a  

dep th  of about ha l f  t h e  o r i g i n a l  th ickness .  The back f a c e  of t h e  foam 

was unaf fec ted  and t h e  maximum temperature  r e g i s t e r e d  a t  t h a t  s u r f a c e  was 
on ly  50°C. 

I n  the  po lys ty rene  foam t e s t s  no fumes were evolved dur ing  t h e  

ex t ens ion  per iod ,  but  t h e  tempera tures  recorded by t h e  two thermocouples 

l oca t ed  a t  t h e  back f a c e  of the  i n s u l a t i o n  ro se  more r a p i d l y  than wi th  
polyurethane,  and had reached a  l e v e l  of 250°C when t h e  test was 
terminated.  This  behaviour was ev iden t ly  due t o  mel t ing  and shr inkage  of 

t h e  po lys ty rene  foam, l eav ing  a n  a i r  space  behind t h e  Gypsum X p r o t e c t i v e  

l a y e r s  t h a t  tended t o  equa l i ze  the  temperatures  throughout ,  a s  t h e  test  
progressed.  A f t e r  t h e  tes t ,  t h e  only po lys tyrene  remaining was a  t h i n  

f i l m  around the edges of t h e  assembly. 

I n  view of t h e  wide margin of s a f e t y  i nhe ren t  i n  t he  recommended 

thermal  b a r r i e r ,  a s  a t t e s t e d  t o  by t h e  foregoing  r e s u l t s ,  t h e  second 

s e r i e s  of s i m i l a r  tests were c a r r i e d  ou t  wi th  a  s i n g l e  p r o t e c t i v e  l a y e r  
of 15.9 mm F i r e  R e s i s t a n t  Gypsum Board (Type X). I n  t h i s  s e r i e s ,  t h e  

average temperature  rise of 140°C a t  t he  i n t e r f a c e  between t h e  p r o t e c t i v e  



l aye r  of Gypsum X and the foam Lnsulation was recorded a t  22 t o  
23 minutes,  and a t  t h a t  time t h e  temperature on t h e  back s i d e  of t he  foam 

sample was 25 t o  30°C. Since v i s u a l  observa t ion  showed no obvious damage 
t o  t h e  gypsum b a r r i e r  and no flaming i n  t h e  furnace  chamber, t he  t e s t  was 
continued f o r  a  f u r t h e r  10 t o  15 minutes t o  determine i f  the gypsum board 

would s t i l l  cont inue  t o  a c t  a s  a  ba r r i e r .  When removed from t h e  furnace  

a t  terminat ion of t he  t e s t ,  the gypsum b a r r i e r  was examined f o r  any 
evidence of c racking  o r  f l a k i n g ;  none was found. 

The p a t t e r n  of temperature inc rease  i n  the  in su la t ed  c a v i t y  dur ing  
t h e  10- t o  15-minute per iod  a f t e r  t h e  i n i t i a l  f a i l u r e  poin t  was reached 

was s i m i l a r  t o  t h a t  noted with the double l a y e r  of gypsum, and t h e  
cond i t ion  of t h e  foam i n s u l a t i o n  was a l s o  comparable, i .e . ,  t h e  ure thane  
specimens charred t o  a  depth of about 10 mm on the  su r face  f ac ing  t h e  
furnace,  and t h e  polys tyrene  was reduced t o  a  t h i n  f i l m  around t h e  edges 

of the t e s t  assembly, leaving  e s s e n t i a l l y  an a i r  space behind t h e  
p r o t e c t i v e  gypsum ba r r i e r .  

B. CORNER WALL TESTS 

Test  F a c i l i t y  and Procedure 

The appara tus  used i n  t h i s  s e r i e s  of t e s t s  i s  i l l u s t r a t e d  i n  

Figure 3. It c o n s i s t s  of a  modified 1.2 m corner  w a l l  conf igu ra t ion  and 

i g n i t i o n  source a s  descr ibed  i n  ULC S127-1978 (6) .  

In  the  t e s t s ,  the  wa l l s  of the  corner  were l i ned  with the  i n s u l a t i o n  
m a t e r i a l  and covered by t h e  thermal b a r r i e r  t o  be t e s t ed .  The thermal 
b a r r i e r  was mechanically fas tened  t o  the o u t e r  s h e l l  of t he  corner  
through t h e  in su la t ion .  An a i r  space of 38 mm was maintained by wood 

spacer  s tuds  between the  i n s u l a t i o n  and the  o u t e r  s h e l l  of t he  appara tus  
(F igure  4) .  The 38 mm a i r  space was i n s t a l l e d  t o  provide a  conf igu ra t ion  

i n  which flames can spread r ap id ly  i f  t h e  foam i n s u l a t i o n  is i g n i t e d  
dur ing  t h e  test. The c e i l i n g  of t h e  corner  was formed by a sbes tos  boards 

and insu la t ed  from above by 85 mm f i b r e  g l a s s  b a t t s  t o  minimize l o s s  of 
heat .  The f l o o r  of t he  compartment was covered by a  shee t  of r e f l e c t i v e  

aluminum f o i l  t o  provide increased thermal feedback t o  the boundaries of 
t h e  assembly. 

The burner cons is ted  of a  ho r i zon ta l  sand bed, 220 m i n  d iameter ,  
through which n a t u r a l  gas flowed t o  produce a  d i f f u s i o n  flame. The f u e l  

flow through the burner was maintained constant  and a t  a  l e v e l  t o  produce 
a  hea t  input  of 45 kW f o r  t h e  du ra t ion  of t h e  t e s t .  In  a  r e a l  f i r e  
s i t u a t i o n ,  the i g n i t i n g  source would probably be smal le r ,  r e s u l t i n g  i n  a  
considerably longer  f i r e  period before  t h e  maximum temperature is reached 

(Figure 5) .  

Thermocouples f o r  the measurement of temperatures  were loca ted  a t  
s e v e r a l  po in t s  below t h e  c e i l i n g  and a t  t h e  i n t e r f a c e  between t h e  thermal 
b a r r i e r  and the  foam i n s u l a t i o n  a s  shown i n  Figure 6. Visual  observa t ion  

of t h e  thermal b a r r i e r  was made throughout t h e  t e s t s  t o  check f o r  t h e  

development of cracks o r  s igns  of phys ica l  f a i l u r e .  The a i r  space behind 
t h e  i n s u l a t i o n  was monitored through v e n t i l a t i o n  ho le s  i n  t h e  a sbes tos  

s h e l l  f o r  any s ign  of i g n i t i o n  o r  flames. 



Tes t  Resu l t s  

Two p r o t e c t i v e  b a r r i e r s  were eva lua t ed ,  one c o n s i s t i n g  of 12.7 mm 
r egu la r  gypsum boards and t h e  o t h e r  of 15.9 mm f i r e  r e s i s t a n t  boards,  i n  

combination wi th  both polyurethane and polys tyrene  foam i n s u l a t i o n s .  

Appendix A i nc ludes  a s e l e c t i o n  of photographs i l l u s t r a t i n g  t h e  

appearance of t h e  corner  assembly fol lowing t h e  tests. 

P r o t e c t i v e  B a r r i e r :  Regular Gypsum Boards 

I g n i t i o n  of t h e  paper f ac ing  on t h e  gypsum board i n  t h e  v i c i n i t y  of 
t h e  burner occur red  about  3 minutes a f t e r  t h e  s t a r t  of t h e  test  and 

burned off over an a r e a  t h a t  extended about 300 mm from t h e  corner  a long  
each  w a l l  t o  t h e  f u l l  he igh t  of t h e  enclosure.  An a r e a  of c h a r r i n g  

extended a f u r t h e r  100 mm over much of t h e  he igh t  and 200 mm nea r  t h e  
j u n c t i o n  of w a l l s  and c e i l i n g .  S l i g h t  s u r f a c e  c r ack ing  i n  t h e  co rne r  was 

noted about 25 minutes i n t o  t he  test ,  but t h e  b a r r i e r  remained i n  place.  

No f laming developed a t  t h e  c racks ,  nor d i d  any i g n i t i o n  of t h e  foam 

i n s u l a t i o n  i n  t he  c a v i t y  t ake  place.  The test was terminated a f t e r  
30 minutes ,  a t  which t i m e  t h e  gypsum b a r r i e r  was s t i l l  i n  place.  The a i r  

temperature  i n  t h e  enc losu re ,  a s  recorded by t h e  t h r e e  thermocouples a t  

t h e  c e i l i n g ,  r o s e  r a p i d l y  a t  t h e  s t a r t  of t h e  tes t  and reached 585°C 

wi th in  4 minutes. The rea f t e r  t h e  temperature  increased  only s l i g h t l y  

u n t i l  t h e  t e rmina t ion  of t h e  test. The temperature  i n  t h e  "doorway" a l s o  

rose  r a p i d l y  a t  t h e  s t a r t .  It reached 200°C w i t h i n  4 minutes then  
inc reased  more slowly t o  a maximum of 240°C. 

When the  i n s u l a t i o n  was polyurethane,  t h e  maximum temperature  a t  t h e  
gypsum-insulation i n t e r f a c e  was 330°C, and was recorded by t h e  

thermocouple i n  t he  corner  near the  c e i l i n g  (No. 4 i n  F igure  6) .  The 

tempera tures  recorded by t h e  o t h e r  i n t e r f a c e  thermocouples reached a 

maximum of 140°C dur ing  t h e  tests. 

With polys tyrene  foam i n s u l a t i o n ,  t he  i n t e r f a c e  tempera tures  

recorded by thermocouples Nos. 4, 7 and 9 reached a maximum of 200°C 

while  t he  remaining i n t e r f a c e  thermocouples reached only 100°C. 

I n  n e i t h e r  ca se  was any burning noted i n s i d e  t he  cav i ty  when viewed 
through t h e  v e n t i l a t i o n  h o l e s ,  nor  was any heavy smoke, c h a r a c t e r i s t i c  of 

burning polyurethane o r  po lys tyrene ,  observed. I n  t he  case  of 

polyurethane,  some l i g h t  fumes evolved i n  t h e  l a s t  2 t o  3 minutes of t h e  

test ,  due t o  i n c i p i e n t  decomposition of t h e  m a t e r i a l  a s  t h e  i n t e r f a c e  
temperature  r o s e  above 300°C. These fumes passed through t h e  v e n t i l a t i o n  

ho les  i n  t he  o u t e r  a sbes to s  board s h e l l  and had not  pene t r a t ed  t h e  

compartment a t  t h e  t i m e  when t h e  test  was terminated.  No fumes evolved 

during the  tests wi th  polystyrene.  

When t h e  gypsum board was removed, t h e  ure thane  i n s u l a t i o n  was found 

t o  have been char red  i n  the  corner  i n  an a r e a  approximately equa l  t o  t h e  

a r e a  of cha r  on t h e  gypsum board. I n  t h e  co rne r  nea r  c e i l i n g  l e v e l  t h e  

cha r r ing  extended t o  t h e  f u l l  th ickness  of t h e  foam; elsewhere on ly  

s u r f a c e  c h a r r i n g  was v i s i b l e .  With po lys tyrene  i n s u l a t i o n ,  mel t ing  and 

shr inkage  had occur red  i n  the  corner  a long  t h e  upper q u a r t e r  of t h e  two 
wa l l s  forming t h e  co rne r ,  l e av ing  t h i s  p a r t  of t h e  c a v i t y  empty. No flow 

of t h e  melted m a t e r i a l  through j o i n t s  i n t o  t h e  corner  a r e a  was observed. 



P r o t e c t i v e  B a r r i e r :  F i r e  R e s i s t a n t  Gypsum Boards 

I g n i t i o n  of t h e  paper f a c i n g  on t h e  gypsum a g a i n  occur red  a t  3 t o  

4 minu tes  i n t o  t h e  test and t h e  paper  burned o f f  i n  t h e  co rne r  over  an  

area ex tend ing  about 350 mm a long  each w a l l .  I n  a d d i t i o n ,  over  t h e  upper 
t h i r d  of t h e  w a l l s ,  c h a r r i n g  extended t o  t h e  f u l l  1.2 m width  a t  t h e  

conc lus ion  of t h e  t e s t s ,  which w a s  a t  52 minutes  f o r  t h e  u r e thanes  and 
60 minutes  f o r  t h e  po lys ty renes .  

When t h e  i n s u l a t i o n  w a s  po lys ty r ene ,  t h e  t empera ture  of t h e  
e n c l o s u r e  atmosphere,  as y i e l d e d  by t h e  c e i l i n g  thermocouples ,  reached 

500°C w i t h i n  3 minutes ;  t hen  i t  r o s e  g r a d u a l l y  t o  approximately  600°C 

a f t e r  30 minutes  and remained a t  t h i s  t empera ture  f o r  t h e  rest of t h e  
test. The tempera ture  at t h e  "doorway" i n  t h e  canopy reached 200°C 
w i t h i n  1 minute  of t h e  s ta r t  of t h e  test and i n c r e a s e d  t o  a maximum of 

285°C a f t e r  50 minutes .  I n t e r f a c e  t empera tures  near  t h e  c e i l i n g  and 
c l o s e  t o  t h e  c o r n e r  ( thermocouples  4 ,  7 and 9) r o s e  t o  about  250°C. The 

remaining i n t e r f a c e  thermocouples y i e l d e d  peak tempera tures  of about  
180°C. 

During t h e  60-minute t e s t  pe r i od ,  no c r a c k s  developed i n  t h e  gypsum 
board,  no burn ing  w a s  observed i n s i d e  t h e  c a v i t y ,  and no smoke o r  fumes 

evolved. When t h e  gypsum b a r r i e r  was removed, mel t ing  and sh r i nkage  of 
t h e  p o l y s ty r ene  i n  t h e  co rne r  and a long  t h e  upper  t h i r d  of bo th  w a l l s  
were noted ,  as i n  t h e  t e s t s  w i th  r e g u l a r  gypsum board,  and a g a i n  t h e r e  
w a s  no s i g n  of i g n i t i o n  hav ing  t aken  p lace .  

With po lyure thane  i n s u l a t i o n ,  t h e  t empera ture  of t h e  e n c l o s u r e  
a tmosphere  w a s  g e n e r a l l y  similar t o  t h a t  f o r  po ly s ty r ene ,  a l t hough  t h e  

i n i t i a l  t empera ture  i n c r e a s e  w a s  more r a p i d  and 500°C w a s  reached w i t h i n  
1 minute  from t h e  s t a r t  of t h e  test. The t empe ra tu r e s  recorded  a t  t h e  

insulation-gypsum board i n t e r f a c e  reached between 140°C and 160°C a f t e r  
about  35 minutes  and excep t  f o r  thermocouple No. 4 ,  remained a t  t h i s  

l e v e l  f o r  t h e  r e s t  of t h e  test. The i n t e r f a c e  t empera ture  i n  t h e  c o r n e r  
n e a r  t h e  c e i l i n g ,  y i e l d e d  by thermocouple 4 ,  began t o  i n c r e a s e  a f t e r  

about  44 minutes and reached a l e v e l  of 350°C a t  t h e  t e r m i n a t i o n  of t h e  

test. A t  about  t h e  same t ime as t h e  t empe ra tu r e  i n c r e a s e  s t a r t e d ,  fumes 

began t o  evo lve  from t h e  vent  ho l e s  c l o s e  t o  t h e  l o c a t i o n  of 
thermocouple 4 and t h e  r a t e  of e v o l u t i o n  i n c r e a s e d  as t h e  test cont inued .  

A f t e r  some 48 minutes  t h e  fumes began t o  p e n e t r a t e  i n t o  t h e  compartment 
through t h e  j o i n t s  between t h e  w a l l  and t h e  c e i l i n g .  A f t e r  50 minutes  

i n t e r m i t t e n t  f l aming  w a s  observed,  as t h e  fumes accumulated below t h e  

c e i l i n g  were i g n i t e d  by t h e  bu rne r  i n  t h e  c o r n e r  and at  t h e  52-minute 
mark, t h e  test was te rmina ted .  Examination of t h e  gypsum board a f t e r  t h e  
test  r e v ea l ed  no c r a c k s  o r  f a i l u r e ,  i n d i c a t i n g  t h a t  t h e  l eakage  of 

decomposi t ion fumes i n t o  t h e  compartment w a s  s o l e l y  v i a  t h e  j o i n t s  
between w a l l s  and c e i l i n g .  During t h e  tes t  no i g n i t i o n  o r  f l aming  w a s  
observed i n  t h e  a i r  space  between t h e  i n s u l a t i o n  and t h e  o u t e r  s h e l l  of 
t h e  corner .  

When t h e  gypsum boards  were removed t h e  po lyure thane  i n  t h e  c o r n e r  

w a s  found t o  be  s e v e r e l y  cha r r ed ,  p a r t i c u l a r l y  n e a r  t h e  c e i l i n g .  The 
remainder of t h e  foam i n s u l a t i o n  w a s  una f f ec t ed .  



DISCUSSION 

The r e s u l t s  of t h e  furnace  t e s t s  c a r r i e d  ou t  i n d i c a t e  t h a t  a  12.7 mm 

r e g u l a r  gypsum board p r o t e c t i v e  b a r r i e r  over  foam p l a s t i c s  i n s u l a t i o n  may 
not  be adequate t o  de lay  t he  i g n i t i o n  of i n s u l a t i o n  f o r  t h e  t i m e  r equ i r ed  
t o  evacua te  t h e  r e s i d e n t s  of a  h igh - r i s e  b u i l d i n g  i n  t h e  event  of a  f i r e ,  

o r  t o  ensure  t h a t  t h e  foam p l a s t i c  does not  c o n t r i b u t e  f u e l  t o  flames 
which may e x i t  a  broken window and spread t o  t h e  f l o o r  above. On t h e  

o t h e r  hand, two l a y e r s  of 15.9 mm t h i c k  f i r e  r e s i s t a n t  gypsum board i s  
exces s ive ,  even i f  t h e  allowed temperature  rise of 140°C a t  t h e  i n t e r f a c e  

is  considered a s  t h e  s o l e  c r i t e r i o n  of f a i l u r e .  I n  f a c t ,  i t  is  known 

t h a t  f i r e  r a r e l y  spreads  by h e a t  t ransmiss ion  through t h e  compartment 

boundaries;  spread u s u a l l y  occurs  by hea t  f l u x e s  emanating from t h e  
f lames ( 7 ) .  I f  t h e  i n t e g r i t y  of t h e  b a r r i e r  i s  maintained,  no i g n i t i o n  

of t h e  foam behind t h e  b a r r i e r  l a y e r  is  l i k e l y  t o  occur.  The f i r e  
r e s i s t a n t  gypsum board i n  a l l  tests c a r r i e d  ou t  i n  t h e  fu rnace  remained 

sound f o r  a  per iod s i g n i f i c a n t l y  longer  than t h e  " f a i l u r e "  t i m e  measured 
by t h e  p r e s e n t l y  de f ined  140°C temperature  rise c r i t e r i o n .  The 

conservat ism incorpora ted  i n t o  t he  temperature  r i s e  f a i l u r e  c r i t e r i o n  can  
be understood i n  t h e  l i g h t  of t h e  r e s u l t s  of thermogravimetr ic  ana lyses  
of t he  foam p l a s t i c  i n s u l a t i o n  m a t e r i a l s  used i n  t h i s  s tudy (Table  111) .  

A t  a  temperature  of 160°C, corresponding t o  t h e  e s t a b l i s h e d  f a i l u r e  

c r i t e r i o n  (20°C ambient + 140°C temperature  r i s e )  t h e  weight l o s s  i s ,  i n  
a l l  c a se s ,  very small, and even a t  260°C i s  s t i l l  only 10 per  c e n t  o r  

l e s s .  Thus t he  amount of hea t  t h a t  can be r e l ea sed  by the  combustion of  
t h e  p y r o l y s i s  p roducts  of t h e  foam i n t o  t h e  room dur ing  t h e  per iod  t h e  

160°C temperature  l e v e l  i s  reached is  minor r e l a t i v e  t o  t h e  h e a t  

genera ted  by t h e  f i r e  w i t h i n  t h e  compartment. 

The r e s u l t s  of t h e  corner  wal l  t e s t s  co r robora t e  those  of t h e  
fu rnace  t e s t s  and emphasize t h e  conse rva t ive  n a t u r e  of t h e  accepted  
f a i l u r e  c r i t e r i o n .  Even wi th  12.7 mm of r egu la r  gypsum board p r o t e c t i v e  

b a r r i e r ,  a  3 0 m i n u t e  p r o t e c t i o n  was i n d i c a t e d  by t h e  tests,  confirming 

r e s u l t s  ob ta ined  by Lie  ( 8 ) .  I n  t he  case of corner  wa l l  t e s t s  w i th  
15.9 am of f i r e  r e s i s t a n t  gypsum board p r o t e c t i v e  b a r r i e r s ,  no i g n i t i o n  

of t h e  foam i n  t h e  c a v i t y  wa l l  o r  c o n t r i b u t i o n  of f u e l  t o  t h e  f i r e  w i t h i n  
t h e  compartment was observed up t o  60 minutes i n t o  t h e  test  i n  t h e  ca se  

of po lys tyrene  foam, and 48 minutes i n  t h e  case  of polyurethane foam. 

On the  b a s i s  of t he se  experimental  r e s u l t s ,  it is  bel ieved t h a t  a  
s i n g l e  l a y e r  of 15.9 mrn t h i c k  f i r e  r e s i s t a n t  gypsum w i l l  provide an 

e f f e c t i v e  and r e a l i s t i c  p ro t ec t i on  f o r  foam p l a s t i c s  i n s u l a t i o n  i n  high- 
r i s e  bu i ld ings .  Such p r o t e c t i o n  w i l l  a l low s u f f i c i e n t  time f o r  
evacua t ion  of t h e  f i r e  a r e a  before  t h e  foam becomes involved and prevent  
i t  from c o n t r i b u t i n g  f u e l  t o  t h e  f i r e  and thus  from promoting t h e  spread  

of f i r e  v i a  broken windows t o  t he  upper s t o r i e s .  
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TABLE I 

Test Materials 

Protective Barriers 

12.7 mm Gypsum wall board 

15.9 mm Fire Resistant Gypsum 

2 x 15.9 mrn Fire Resistant Gypsum 

Plastic Foams 

Polyurethane/Isocyanurate Laminate 
FSC - 45 
Polyurethane Laminate 
FSC - 450 
Polystyrene Bead Board 
Density 16 kg/m3 

Extruded Polyst rene Board 
Density 32 kg/m 7 

FSC = Flame Spread Classification 



TABLE 11 

Foam Material 

Polyurethane Laminate 
FSC=- 450 

Polystyrene Bead Board 
Density 16 kg/m3 

Polyurethane Laminate 
FSC - 450 
Polyurethane/Isocyanurate 
Laminate FSC - 45 
Polystyrene Bead Board 
Density 16 kg/m3 

Extruded Polyst rene Board 
Density 32 kg/m Y 
Polyurethane Laminate 
FSC - 450 
~olyurethane/Isocyanurate 
Laminate FSC - 45 
Polystyrene Bead Board 
Density 16 kg/m3 

Extruded Polyst rene Board 
Density 32 kg/m 7 

Furnace Test Results 

Thermal Barrier 

12.7 mm Gypsum 
regular 

12.7 mm Gypsum 
regular 

2 x 15.9 mm Gypsum 

Type X 

2 x 15.9 mm Gypsum 
Type X 

2 x 15.9 mm Gypsum 
Type X 

2 x 15.9 mm Gypsum 

Type X 

15.9 mm Gypsum 

Type X 

15.9 mm Gypsum 
Type X 

15.9 mm Gypsum 

Type X 

15.9 mm Gypsum 
Type X 

15.9 m Gypsum 
Type X 

2 x 15.9 mm Gypsum 

Type X 
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A I R  F L O W  R A T E ,  k g l s  

F I G U R E  1 

F l R E  T E M P E R A T U R E  A N D  D U R A T I O N  

1 TEST S P E C I M E N  

2 C L A M P I N G  BARS 

3 F U R N A C E  

4 H E A T I N G  E L E M E N T S  

5 I N C O N E L  P L A T E  

6 C H A M B E R  

7 V I E W  P G R T S  

D i m e n s i o n s  a r e  g i v e n  

F I G L l R E  2  

C R O S S - S E C T I O N  O F  T E S T  F U R N A C E  



12.5 mm ASBESTOS BOARD 
STEEL CELLULAR 

'ON BACK WALLS AND 

12 .5  mm ASBESTOS BOARD 
FLOOR DECK-. 

CEILING ( II4SIDE FRAME ) 

O N  CANOPIES 

( INSIDE FRAME ) 

12.5 mm ASBESTOS 

( INSIDE FRAME ) 

COARSE SAND 

/I BETWEEN N O .  8 AND 
2 2 0  "Im 'IA 

, /  N O .  12 SIEVE SIZE I 

STAINLESS STEEL 

BRASS WIRE MESH 

ASSORTED SIZE 

CERAMIC BEADS 

I i 
+ 75 mm 4 

43 HOLES, 2.5  mm DIA 12.5 mrn 0 D. COPPER TUBING 

ARRANGED I N  PAIRS, FORMtD INTO RING 145 mm 1.D 

EQUALLY SPACED AROUND 

THE UNDERSIDE OF THE RlNG 

F I G U R E  3 

1 . 2  m C O R N E R  W A L L  T E S T  C O M P A R T M E N T  A N D  I G N I T I O N  S O U R C E  



1 2 . 5  x 3 8  mrn 1 2 . 5  rnm A S B E S T O S  

S P A C E R  \ I / M I L L  B O A R D  

k \ d  

3 8  rnm A I R  G A P  

F I G U R E  4 

C O R N E R  W A L L  C O N S T R U C T I O N  

- 

W A L L  T E S T S  
- 

- 

T Y P I C A L  C U R V E  F O R  A  

R O O M  F l R E  - 3 0  k g / r n 2  F l R E  L O A D  

T I M E ,  m i n  

F I G U R E  5 



C E I L I N G  

C A N O P Y  791 
L E F T  W A L L  G'A s R I G H T  W A L L  

B U R N E R  

F I G U R E  6 

T H E R M O C O L I P L E  L O C A T I O N S  

T H E R M O C O U P L E S  1 ,  2 A N D  J M l i A S U K E  T E M o E K A T U K E S  2 5  m m  

B E L O N  C E I L I N G .  T H E R M O C O U P L E  I 1  M F A S U R E S  TEMPERATURE 

2 5  m m  BELO*'/ D O O R W A Y .  R E M A I N D E R  MEASURE 

B A R R I E R / I N S U L A T I O N  I N T E R F A C E  TEMPERATURES 



APPENDIX A 

A Selection of Photographs Showing 

the Appearance of Specimens After 

1.2 m Corner Wall Tests 



FIGURE A1 

Protective Barrier: 12.7 mm Regular Gypsum Board 

Insulation: Polyurethane/Isocyanurate Laminate 

Duration of Test: 30 minutes 

Appearance of Protective 
Barrier After Test. 

Protective Barrier Removed. 
Appearance of Insulation. 



FIGURE A2 

Protective Barrier: 12.7 mm Regular Gypsum Board 

Insulation: Extruded Polystyrene Foam 

Duration of Test: 30 Minutes 

Appearance of Protective 
Barrier After Test. 

Protective Barrier Removed. 
Appearance of Insulation. 



FIGURE A3 

Protective Barrier: 15.9 mm Fire Resistant Gypsum Board 

Insulation: Polystyrene Bead Board 

Duration of Test : 60 Minutes 

Appearance of Protective 
Barrier After Test. 

Protective Barrier Removed. 
Appearance of Insulation. 



FIGURE A4 

Protective Barrier: 15.9 mm Fire Resistant Gypsum Board 

Insulation: Extruded Polystyrene Foam 

Duration of Test: 60 Minutes 

Appearance of Protective 
Barrier After Test. 

Protective Barrier Removed. 

Appearance of Insulation. 



FIGURE A5 

Protective Barrier: 15.9 mm Fire Resistant Gypsum Board 

Insulation: Polyurethane Laminate 

Duration of Test: 52 Minutes 

Appearance of Protective 
Barrier After Test. 

Protective Barrier Removed. 
Appearance of Insulation. 

Aluminum Foil Facing Removed 
From Insulation. 


