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FLAME SPREAD OF CARPET SYSTEMS INVOLVED I N  ROOM FIRES 

King-Mon Tu and Sanford Davis 

Ab s t rac t  

This s tudy w a s  designed t o  test t h e  hypothes is  t h a t  given 
a s i t u a t i o n  where a c h a i r  o r  o t h e r  i t e m  of f u r n i t u r e  becomes 
t h e  f i r s t  i t e m  t o  burn i n  a room (providing t h e  c e i l i n g  and 
w a l l s  are noncombustible), t h e r e  i s  l i t t l e  reason t o  expect  
involvement of t h e  c a r p e t  i n  t h e  f i r e  beyond t h e  immediate 
v i c i n i t y  of t h e  burning o b j e c t .  Four s m a l l  s i z e d  ca rpe t  f i r e  
tests and e i g h t  f u l l - s c a l e  burn room f i r e  experiments were 
conducted. Experimental d a t a  f o r  temperature d i s t r i b u t i o n  
and i n c i d e n t  h e a t  f l u x  t o  t h e  f l o o r  covering were measured i n  
t h e  rooms. General  a n a l y s i s  of t h e  experimental  r e s u l t s  
obta ined shows t h i s  t o  be  t h e  case. It a l s o  i s  evident  t h a t  
t h e  c r i t i c a l  radiant: f l u x  of t h e  f l o o r  covering system is pre- 
d i c t i v e  of t h e  e x t e n t  of burning. From t h i s  s tudy,  ca rpe t  
systems used i n  rooms w i l l  no t  normally spread f i r e  provided 
they meet t h e  requirements of DOC FF 1-70 ( t h e  p i l l  t e s t ) .  

Key words: Carpets ;  ca rpe t  systems; f i r e  s a f e t y ;  flame spread;  
f l o o r i n g  r a d i a n t  panel  t e s t ;  f l o o r  coverings;  i g n i t i o n  sources ;  
p i l l  t e s t ;  room f i r e s .  

1. INTRODUCTION 

The ques t ion  of f i r e  s a f e t y  of f l o o r  cover ings  w i t h i n  a room involves  
t h e  ease of i g n i t i o n  i n  a " f i r s t - t o - i g n i t e "  s i t u a t i o n ,  and t h e  degree t o  
which t h e  f l o o r  covering system p r e s e n t s  a f i r e  propagation l i n k  i n  t h e  
room of f i r e  o r i g i n .  

The test  method descr ibed i n  t h e  "Carpets and Rugs ( P i l l  T e s t ) ,  
Standard f o r  t h e  Surface  Flammability of Carpets  and Rugs" [ l ] l ,  i s  
be l i eved  t o  be  an a p p r o p r i a t e  and v a l i d  measure of i g n i t i o n  ease under 
l o c a l i z e d  cond i t ions  from small i g n i t i o n  sources .  
p a s s  t h e  p i l l  test would b e  expected t o  provide  adequate " f i r s t - t o - i g n i t e "  
p r o t e c t i o n  i n  rooms i n  a l l  occupancies. 

F loor  coverings which 

This  r e p o r t  addresses  t h e  ques t ion  of t h e  e x t e n t  t o  which t h e  f l o o r  
cover ing w i l l  act  as a means of f i r e  propagation.  
systems w e r e  examined; a l l  c a r p e t s  passed t h e  p i l l  test .  
having v a r i o u s  l e v e l s  of c r i t i c a l  r a d i a n t  f l u x  (CRF) [ 2 ]  (defined as t h e  

A number of c a r p e t  
The c a r p e t s  

'Numbers i n  b r a c k e t s  r e f e r  t o  t h e  l i t e r a t u r e  r e fe rences  l i s t e d  a t  t h e  
end of t h i s  paper. 
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i n c i d e n t  r a d i a n t  f l u x  level below which a flame w i l l  no longer propagate 
under test  condi t ions ) ,  were exposed i n  a room f i r e  s i t u a t i o n  t o  i g n i t i o n  
sources  of varying s i z e s .  
f o r  t h e  var ious  sources  and c o r r e l a t e d  t o  t h e  s i z e  of f i r e  source  and 
t h e  CRF l e v e l  of t h e  ca rpe t .  

The e x t e n t  of f i r e  propagation w a s  measured 

2 . EXPERIMENTAL DETAILS 

2.1.  S m a l l  Carpet Tests 

A pre l iminary series of experiments w a s  c a r r i e d  out  u t i l i z i n g  four  
d i f f e r e n t  s m a l l  c a r p e t  system samples i n  t h e  corner  of t h e  burn room 
oppos i te  t h e  door. The ca rpe t s ,  measuring 0.9 by 0.9 m ( 3  by 3 f t ) ,  
had CRF va lues  of 0.26, 0.23, 0.12, and Q 0.04 W/cm2 and w e r e  bonded t o  
cement-asbestos board of t h e  same s i z e .  
polyethylene wastepaper baske t  (capac i ty  6.0 R )  l i n e d  wi th  a disposable  
polyethylene t r a s h  bag and f i l l e d  wi th  32 pages of folded newspaper, 
t h r e e  s h e e t s  of 22 by 28 c m  (8-1/2 by 11 i n )  w r i t i n g  paper,  one 0.71 R 
(1/2 p t )  milk ca r t on ,  two empty c i g a r e t t e  packages, t h r e e  paper t i s s u e s ,  
and t h r e e  89 cm3 ( 3  oz) paper cups; t h e  t o t a l  weight of t h e  i g n i t i o n  
source  w a s  0.5 kg (1.1 l b ) .  The basket  w a s  placed i n  t h e  corner  7.6 cm 
( 3  i n )  from each w a l l ,  on top of t h e  ca rpe t .  

The i g n i t i o n  source  w a s  a 

Color movies (16 mm) and c o l o r  video- tapes were taken t o  document 
t h e  f i r e  event.  . 

A match w a s  used t o  i g n i t e  t h e  paper;  t h e  f i r e  i n  t h e  wastebasket  
i g n i t e d  t h e  ca rpe t .  
30 c m  (6 t o  1 2  i n )  from t h e  wastepaper basket  edge, and 43-56 cm from t h e  
corner.  The burned areas are shown i n  f i g u r e  1 f o r  t h e  d i f f e r e n t  tests. 

The burned area of t h e  c a r p e t  extended about 15 t o  

2.2. Large Carpet Tests 

2.2.1. Ins t rumentat ion 

Based on t h e  r e s u l t s  of t h e  s m a l l  tests, i t  w a s  decided t o  c a r r y  
ou t  some tests i n  a f u l l y  carpeted room, i n  which d i f f e r e n t  ca rpe t  
systems w e r e  exposed t o  f i r e  sources  of l a r g e r  s i z e .  I n  a d d i t i o n  t o  
v i s u a l  documentation of each test ,  d a t a  w e r e  taken from thermocouples 
measuring gas  and f l o o r  s u r f a c e  temperatures and from t h r e e  p a i r s  of 
t o t a l  hea t  f l u x  meters and radiometers measuring i n c i d e n t  h e a t  f l u x  t o  
t h e  f l o o r  covering.  
t i o n  system a t  a rate of one full scan every 20  seconds. 

The d a t a  were recorded on a paper t a p e  d a t a  acqu is i-  

The dimensions of t h e  f l o o r  covering test room are: 

Burn room width and leng th  - 3.4 by 2.7 m (11 by 9 f t )  
Burn room c e i l i n g  he igh t  - 2.4 m (8  f t )  
Open doorway width and he igh t  - 0.9 by 2.1m ( 3  by 7 f t )  
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The w a l l s  and c e i l i n g s  were cons t ruc ted  of 1.6 cm (5/8 i n )  t h i c k  type X 
f i r e  proof gypsum wallboard on s teel  s t u d s  covered by 1.3 cm (1/2 i n )  
t h i c k  low d e n s i t y  (928 kg/m3 o r  58 l b / f t 3 )  cement-asbestos board. 
cement- asbestos boards were o f f- s e t  s l i g h t l y  t o  t h e  seams of the  gypsum 
wallboard beneath i n  o r d e r  t o  i n s u r e  an  a i r - t i g h t  room. A l l  j o i n t s ,  
both  gypsum and cement- asbestos were spackled.  The sub- floor ing of the  
room c o n s i s t e d  of 13 cm (5 i n )  concre te  and i s  74 cm (29 i n )  above t h e  
l a b o r a t o r y  ground f l o o r .  I n s i d e  t h e  t e s t  burn room, t h e r e  were 1.3 cm 
(1/2 i n )  t h i c k  cement- asbestos boards r e s t i n g  d i r e c t l y  on ‘ the concre te  
sub- flooring.  Pyrex g l a s s  windows were b u i l t  on the  s i d e  w a l l s  f o r  
photographic and viewing purposes.  

The 

F igure  2 is  t h e  schematic diagram of t h e  burn room showing a stand-  
ard ized  wood c r i b  i n  t h e  room corner  and t h e  arrangement of t h e  i n s t r u-  
mentation.  The w a l l s ,  c e i l i n g ,  and f l o o r  were cons t ruc ted  of non- 
combustible materials. 

2.2.2. T e s t  Specimens and I g n i t i o n  Sources 

The f l o o r  cover ing tests were c a r r i e d  o u t  us ing e i t h e r  wood c r i b s  
o r  c h a i r s  as i g n i t i o n  sources ;  c a r p e t  systems had CRF va lues  ranging 
from Q 0.04 t o  0.33 W/cm2. 
range.  

Four c a r p e t  systems w e r e  used t o  cover t h i s  

Acry l ic  c a r p e t  w / o  pad 0.33 

Acry l ic  c a r p e t  w/hair  j u t e  pad 0.23 

Polypropylene c a r p e t  w/hair  j u t e  pad 0.14 

Polyes te r  c a r p e t  w/hair  j u t e  pad Q 0.04 

Two types  of s tandardized wood c r i b  were used. A s m a l l  s i z e d  wood c r i b ,  
measuring 30 by 30 by 27 c m  (12 by 12 by 10-1/2 i n )  h igh and weighing 
approximately 6.4 kg ( 1 4  l b ) ,  cons i s ted  of 26 p i e c e s  of 3.8 by 3.8 by 
30.5 c m  (1-1/2 by 1-1/2 by 12 i n )  long hemlcck s t i c k s .  
wood c r i b ,  56 by 56 by 55 c m  (22 by 22 by 21-1/2 i n )  h igh,  weighing about 
29 kg (64 l b ) ,  w a s  cons t ruc ted  by p i l i n g  34 pieces  of 3.8 by 8.9 by 56 cm 
(1-1/2 by 3-1/2 by 22 i n )  long hemlock s t i c k s .  The d e t a i l e d  arrangement 
of t h e  hemlock s t i c k s  i s  shown i n  f i g u r e  3. The mois ture  con ten t  of t h e  
wood c r i b s  w a s  measured wi th  an e lec t r ica l  r e s i s t a n c e  mois ture  meter and 
t h e  v a l u e s  ranged between 8 and 10 percen t .  

A l a r g e r  s i z e d  

Two c h a i r s ,  weighing 14.5 kg (32 l b )  and 19 kg (42 l b ) ,  were burned 
on c a r p e t s  having c r i t i c a l  r a d i a n t  f l u x  va lues  of 0.23 W/cm2 and 0.14 
W/cm2, r e s p e c t i v e l y .  
over c o t t o n  and polyurethane foam padding; t h e  seat cushion w a s  a l l  ure- 
thane.  
w i t h  a polyurethane foam seat cushion.  

The 14.5-kg c h a i r  had a wool/nylon (88/12) cover 

The 19-kg c h a i r  had a 100 percen t  nylon cover over c o t t o n  padding 

3 



2 . 2.3. T e s t  Procedure 

Eight  experiments were c a r r i e d  out  i n  t h i s  series of l a r g e  f l o o r  
cover ing tests. 
sou theas t  corner  of t h e  burn room and was 15 cm (6 i n )  from each w a l l .  
The test  w a s  s t a r t e d  by a p p l i c a t i o n  of an open flame t o  i g n i t e  80 m l  of 
e thano l  i n  a 20 by 20 by 2.5 cm (8 by 8 by 1 i n )  deep steel pan placed 
underneath t h e  smaller wood c r i b .  I n  t h e  case  of t h e  l a r g e r  wood c r i b  
and t h e  c h a i r s ,  120  m l  of e t h a n o l w a s  used. 

The wood c r i b  (o r  c h a i r )  w a s  s i t u a t e d  c l o s e  t o  t h e  

T e s t  l w a s  a c o n t r o l ,  i n  which t h e  6.4 kg c r i b  w a s  t h e  only combus- 
t i b l e  i n  t h e  room. I n  t h e  subsequent tests, t h e  ca rpe t  o r  ca rpe t  and 
pad w a s  placed i n  t h e  room without  t h e  use of adhesives o r  n a i l i n g  
s t r i p s  along t h e  room perimeter .  

3. EXPERIMENTAL RESULTS 

3.1. Large Tests 

3.1.1. Crib Burning T i m e  

I n  a l l  of t h e  tests, t h e  wood c r i b  (o r  c h a i r )  was placed d i r e c t l y  
on t h e  c a r p e t  i n  o rde r  t o  provide a d i r e c t  flaming i g n i t i o n ;  a load cell  
p la t form w a s  not  used t o  measure t h e  burning rate of t h e  c r i b .  
e lasped t i m e  between i g n i t i o n  of t h e  c r i b  and t h e  t i m e  t h e  wood c r i b  
completely col lapsed is given i n  t a b l e  1. The t i m e  t o  c o l l a p s e  appears 
t o  be  a rough i n d i c a t i o n  of an e f f e c t  of feedback of t h e  d i f f e r e n t  
c a r p e t  systems on t h e  burning rate of t h e  wood c r i b ,  wi th  t h e  ca rpe t  
having t h e  lowest CRF showing t h e  s h o r t e s t  t i m e  t o  col lapse .  

The 

Carpets  wi th  lower CRF va lues  appear t o  cause t h e  wood c r i b  ( t h e  
o r i g i n a l  f i r e  f u e l )  t o  burn f a s t e r  than c a r p e t s  wi th  h igher  CRF values .  

3.1.2. Flame Spread and Burn Area 

Af te r  i g n i t i o n  of t h e  exposure ( c r i b  o r  c h a i r ) ,  t h e r e  w a s  a several 
minute delay  be fo re  t h e  f i r e  b u i l t  up t o  where a s i g n i f i c a n t  amount of 
r a d i a t i o n  w a s  impinging on t h e  f l o o r .  
i t e m  and t h e  c a r p e t  caused t h e  ca rpe t  t o  i g n i t e .  It was not  poss ib le  t o  
determine a t  what t i m e  t h e  c a r p e t  a c t u a l l y  became involved,  p a r t i c u l a r l y  
wi th  t h e  c r i b  exposure, s i n c e  i g n i t i o n  sometimes occurred beneath o r  
behind t h e  c r i b  near  t h e  w a l l .  It could be  seen t h a t  i n  most cases  t h e  
c a r p e t  began t o  burn behind t h e  c r i b  i n  a region which w a s  not  d i r e c t l y  
v i s i b l e  from t h e  observat ion  po in t s .  I n  a l l  cases ,  t h e  f i r e  spread 
slowly a c r o s s  t h e  s u r f a c e  of t h e  ca rpe t  w i t h i n  t h e  region of t h e  exposure 
and then se l f- ext inguished.  Schematic drawings f o r  T e s t  Nos. 2 t o  8, 
i n d i c a t i n g  t h e  areas burned, are shown i n  f i g u r e s  4 t o  10. I n  no case  
of f i r e  propagation on t h e  ca rpe t  w a s  t h e  area burned out  more than 20 
percent  of t h e  t o t a l  room area. 

Di rec t  con tac t  between t h e  i g n i t i n g  

The d i s t a n c e s  burned va r i ed  wi th  t h e  

4 



Table 1. Time from Ignition to Collapse of Wood Crib 

Test No. Carpet System 
I Elapsed Time, 

(W/cm2 1 (min:s) 

none - 26:08 

Acrylic, no pad 0.33 25.36 

Acrylic, w/pad 0.23 23:39 

Polypropylene, w/pad 0.14 23:47 

Polyester, w/pad - 0.04 22:23 
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s i z e  of t h e  exposure and i t s  p o s i t i o n  r e l a t i v e  t o  t h e  corner .  I n  some 
of t h e  tests, e.g. ,  T e s t s  4 and 5, t h e  d i s t a n c e  t h e  c a r p e t  burned along 
t h e  edge is  f a r t h e r  than t h a t  i n  t h e  diagonal  d i r e c t i o n  s i n c e  t h e  ca rpe t  
w a s  no t  secured t o  t h e  f l o o r  and cur led  up along t h e  edge dur ing t h e  test.  

The r e s u l t s  are summarized i n  t a b l e  2. The d a t a  show t h a t  f o r  a 
given s i z e  f i r e  exposure t h e  area burned and t h e  d i s t a n c e  burned are 
increased wi th  decreas ing CRF of t h e  c a r p e t  system. There may b e  a 
va lue  of c a r p e t  CRF below which a f i r e  on t h e  c a r p e t  would b e  expected 
t o  s e l f - p r o  aga te .  However, a t  t h e  lowest va lue  of c a r p e t  CRF t e s t e d  

s i d e r e d  t o  b e  about t h e  minimum va lue  f o r  a c a r p e t  t h a t  w i l l  pass  t h e  
p i l l  test.  
Conversely, a t  h igher  CRF va lues  used i n  t h i s  test ,  t h e  e x t e n t  of f i r e  
propagation d i d  no t  go much beyond t h e  immediate v i c i n i t y  of t h e  exposure. 

( m . 0 4  W/cm ! ) t h e  f i r e  d id  no t  se l f- propagate .  This CRF va lue  i s  con- 

(A d i scuss ion  of t h e  p i l l  test  is  given i n  s e c t i o n  3 . 2 . )  

Data f o r  t h e  four  tests us ing  a 6.4-kg c r i b  are shown i n  f i g u r e  11, 
which shows t h e  r e l a t i o n s h i p  between t h e  c a r p e t  CRF and t h e  d i s t a n c e  
burned. With a l a r g e r  i g n i t i o n  c r i b  source,  t h e  burn p a t t e r n  f o r  t h e  
same CRF c a r p e t  is  l a r g e r  ( c f .  T e s t  N o .  3, f i g u r e  4 and T e s t  No. 6, f i g-  
u r e  10);  b u t  t h e  p a t t e r n  i s  similar. Likewise, t h e  same genera l  p a t t e r n  
of burning w a s  noted f o r  t h e  14.5-kg c h a i r  on t h e  0 .23  c a r p e t  ( T e s t  No. 7,  
f i g u r e  8) as f o r  t h e  l a r g e r  c h a i r  (19 kg) on t h e  0.14 c a r p e t  (Test  No. 5, 
f i g u r e  9 ) ;  i n  t h e  l a t t e r  test, however, more burning occurred along t h e  
w a l l s  because t h e  c a r p e t  w a s  no t  fas tened  t o  t h e  f l o o r  along t h e  w a l l s  
and w a s  a b l e  t o  burn on both  s i de s .  

Another observat ion of t h e  burning of a f l o o r  covering system is  
t h e  e f f e c t  on t h e  maximum he igh t  of t h e  flames over t h e  f i r e  exposure. 
Once a c a r p e t  begins  t o  burn,  it w i l l  c o n t r i b u t e  a d d i t i o n a l  energy i n t o  
t h e  room i n  an  amount d i r e c t l y  r e l a t e d  t o  t h e  area burning and i n d i r e c t l y  
r e l a t e d  t o  t h e  CRF v a l u e  of t h e  c a r p e t  system. As t h e  CRF va lues  of 
t h e  c a r p e t  systems decrease ,  t h e  measured flame he igh t  on t h e  c a r p e t  
i n c r e a s e s  f o r  a given f i r e  exposure ( t a b l e  3, T e s t  Nos. 1-4, 8). This 
phenomenon, i n  t u rn ,  r e s u l t s  i n  increased flame he igh t  over t h e  o r i g i n a l  
f i r e  f u e l .  A s  w a s  noted earlier, t h e  c a r p e t s  wi th  lower CRF va lues  
appear t o  cause t h e  wood c r i b  t o  burn f a s t e r  than c a r p e t s  wi th  h igher  
CRF values .  However, when t h e  r a d i a n t  energy impinging on t h e  f l o o r  as 
measured by t h e  ins t rumenta t ion  f a l l s  below t h e  CRF va lue  of t h e  c a r p e t  
system, t h e  c a r p e t  ceases t o  burn. 

3 .1 .3 .  Inc iden t  Heat Flux t o  t h e  Floor  

The rate of h e a t i n g  of t h e  f l o o r  covering system dur ing a f i r e  
event i s  dependent on t h e  r a d i a n t  h e a t  f l u x  o r i g i n a t i n g  from t h e  flames 
from t h e  burning wood c r i b  (o r  c h a i r ) ,  from t h e  hea t ing  of t h e  w a l l s  and 
c e i l i n g ,  and from h o t  gases i n  t h e  burn room. For regions  near  t h e  room 
corner ,  t h e  east s i d e  and sou th  s i d e  of t h e  wood c r i b  i n  t h e s e  tests, 
t h e  h e a t i n g  rates are h igher  and i g n i t i o n  of t h e  c a r p e t  on t h e s e  two 
s i d e s  occurred first.  The c a r p e t  on t h e  w e s t  s i d e  of t h e  c r i b  w a s  t h e  
second p a r t  t o  i g n i t e  and burn. 
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Table 3. Maximum Flame Heights 

Test No. 

1 

3 

7 

5 

6 

Maximum Flame Height 
Over Exposure 

3-4 

4-5 

5 

5 - 5-1/2 

6 

8* 

8* 

8* 

* 
Flames spread along ceiling 

Maximum Flame Height 
Over Carpet 

13 - 15 

15 

25 

30 

30 

30 

30 

- 
5-6 

6 

10 

12 

12 

12 

12 
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The h i s t o r y  of i nc iden t  hea t  f l u x  and temperature v a r i a t i o n  on t h e  
f l o o r  su r f ace  a t  l o c a t i o n s  A, B ,  and C a re  p l o t t e d  i n  f i g u r e s  1 2  t o  19 
f o r  each of t h e  tests. Three sets of t o t a l  hea t  f l u x  meters and radio-  
meters w e r e  p laced on t h e  f l o o r  wi th  the  sensing su r f ace s  f ac ing  upwards 
and f l u s h  wi th  t h e  ca rpe t  sur face .  The t o t a l  hea t  f l u x  meter t o  monitor 
t h e  i nc iden t  hea t  f l u x  has  a viewing angle  of 180 degrees;  t h e  radiometer 
has  a viewing ang l e  of 150 degrees .  A i r  en t e r i ng  t h e  room along t he  
f l o o r  through t h e  open door keeps t he  gas  temperature near  t he  f l o o r  low; 
conduct ive and convect ive hea t  t r a n s f e r  t o  t h e  f l o o r  i s  s m a l l  compared t o  
t h e  i nc iden t  r a d i a n t  hea t  f l u x .  Therefore ,  t he  t o t a l  hea t  f l u x  meter can 
be used as a radiometer wi th  l i t t l e  e r r o r .  

F igures  13 ,  14 ,  1 6  and 18 show a second peak r ise  of i nc iden t  hea t  
f l u x .  This  occurred a t  t h e  t i m e  t h e  ca rpe t  on t h e  no r th  s i d e  of t h e  c r i b  
s t a r t e d  t o  burn and c o n t r i b u t e  more r a d i a n t  energy t o  t h e  f l o o r  covering 
su r f ace .  The n o r t h  s i d e  is  c l o s e s t  t o  a l l  t h e  hea t  f l u x  meters. Comparing 
t h e s e  d a t a  t o  f i g u r e  1 2  (blank wi th  no c a r p e t ) ,  i t  i s  obvious t h a t  c a r p e t s  
c o n t r i b u t e  a d d i t i o n a l  thermal  energy t o  t h e  burn room and r e s u l t  i n  a 
h igher  l e v e l  of f i r e  hazard.  S imi l a r l y ,  a p l o t  of temperature ve r sus  
t i m e  measured a t  po in t  D, 7 .6  c m  ( 3  i n )  below t h e  c e i l i n g ,  shows t h a t  t h e  
presence of a c a r p e t  r a i s e d  t h e  gas  temperature,  due t o  t h e  a d d i t i o n a l  
f u e l  load i n  t h e  room ( f i g u r e  20), from about 140 t o  280 O C .  Also, f o r  a 
given s i z e  f i r e ,  t h e  rise i n  gas  temperatue relates inve r se ly  t o  t h e  CRF 
va lue .  

The burning of t h e  c r i b  and t h e  ca rpe t  toge ther  is a thermal i n t e r-  
a c t i o n  phenomenon. Thus, t h e  thermal energy generated by t he  burning of 
a c a r p e t  can cause a s i g n i f i c a n t  modi f ica t ion  of t he  burning behavior of 
t h e  c r i b .  The modi f ica t ion  i s  p a r t i c u l a r l y  important i f  t h e  ra te  of 
thermal energy r e l ea sed  by t h e  burning i n t e r a c t i o n  i s  s u f f i c i e n t l y  l a r g e  
t o  l e ad  t o  f lashover  i n  t h e  burn room. I n  t he se  circumstances,  t h e  
thermal f i e l d  i n  t h e  burn room could depa r t  s i g n i f i c a n t l y  from condi t ions  
of t h e  c o n t r o l  case. A cursory  s tudy of t h e  f l u x  and temperature curves 
f o r  t h e  c o n t r o l  ( f i g u r e  1 2 )  w i th  r e s p e c t  t o  those  f o r  tests i n  which 
c a r p e t s  were i n  p l ace  ( f i g u r e s  13-19) shows t h a t  t h e  thermal energy 
generated by t h e  burning of t h e  c a r p e t  r a i s e d  t h e  thermal energy i n  t he  
burn room and, i n  t u rn ,  caused a f a s t e r  burning of t h e  wood c r i b  (or  
c h a i r ) .  I n  t h i s  manner, t h e  burning behavior f o r  both t h e  c r i b  (or  
c h a i r )  and c a r p e t  are mutually r e in fo rced  by each o the r  as t h e  f i r e  event  
proceeds. 

3 . 1 . 4 .  Inc iden t  Radiant Flux: Theo re t i ca l  Versus Experimental 

Theo re t i ca l  c a l c u l a t i o n s  were performed t o  p r e d i c t  t h e  i nc iden t  
r a d i a n t  f l u x  on t h e  f l o o r  su r f ace  as  a func t ion  of t he  d i s t a n c e  from the  
f a c e  of a burning wood c r i b ,  f o r  t h e  case of a 6.4 kg c r i b  on a noncom- 
b u s t i b l e  f l o o r  ( f i g u r e  21 ) .  Three sources  of r a d i a t i o n  w e r e  assumed: 
t h e  f i r s t  i s  t h e  r a d i a t i o n  from t h e  c r i b  ( f u e l  bed) ,  t h e  second i s  t h e  
flame above t h e  c r i b ,  and t h e  t h i r d  i s  t h e  r a d i a t i o n  from the  hot  c e i l i n g  
gas .  The overhead flame w a s  assumed t o  be t r i a n g u l a r  i n  shape f o r  calcu-  
l a t i o n  purpose. Other assumptions w e r e  (1) a f u e l  bed temperature of 
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800 O C  and t o t a l  emiss iv i ty  of 0.90 f o r  t he  bed, (2) a flame temperature 
of 750 O C  and t o t a l  emiss iv i ty  of 0.25 f o r  t h e  flame, and ( 3 )  c e i l i n g  gas  
temperature of 140  O C  and an average shape f a c t o r  of 0.35. The t h e o r e t i-  
c a l  curve shown i n  f i g u r e  2 1  w a s  based on a c r i b  width of 31 cm (12 i n )  
and he igh t  of 27 c m  (10-1/2 i n )  wi th  t r i a n g u l a r  f l a m e  shape and a p red ic ted  
flame he igh t  of 6 1  c m  (2 f t ) .  Bas ica l ly ,  t h e s e  measurements apply t o  t he  
f i r e  phenomenon of T e s t  No. 1. A t  a t i m e  of 6 t o  8 minutes a f t e r  i g n i t i o n  
of t he  c r i b ,  one obta ined t h e  maximum flame he igh t  of 90 t o  120 cm ( 3  t o  
4 f t )  above t h e  f l o o r  and t h e  f u e l  bed w a s  no t  f u l l y  involved. During 
t h i s  time per iod t h e r e  w a s  no t  much burning i n s i d e  t he  c r i b  and f i g u r e  1 2  
shows t h a t  t he  i n c i d e n t  r a d i a n t  f l u x  t o  t h e  f l o o r  w a s  s t i l l  inc reas ing  a t  
t h i s  time. About 1 6  t o  18 minutes a f t e r  i g n i t i o n ,  f i g u r e  1 2  shows t h a t  
t h e  i n c i d e n t  r a d i a n t  f l u x  curves  are a t  t h e  maximum values .  During t h i s  
t i m e  i n t e r v a l ,  t h e  f u e l  bed is  f u l l y  involved i n  burning, t he  overhead 
flame he igh t  has  receded t o  about 6 1  cm (2 f t )  above t h e  f l o o r .  Also, 
t h e  c e i l i n g ,  s i d e  w a l l s ,  and ho t  gases  i n  t he  burn room which are heated 
e m i t  r a d i a n t  energy t o  t he  f l o o r .  

The maximum va lues  f o r  i n c i d e n t  hea t  f l u x  on t he  f l o o r  a t  p o i n t s  A, 
B and C,  recorded dur ing T e s t  No. 1 are shown i n  f i g u r e  21. Good agree-  
ment between t he  t h e o r e t i c a l  c a l c u l a t i o n s  and t h e  experimental  r e s u l t s  
were obta ined.  

3.1.5. Dis tance Burned Versus C r i t i c a l  Radiant Flux 

The Floor ing Radiant Panel T e s t  i s  designed t o  measure the  CRF of 
f l o o r  covering systems; CRF is  def ined as t he  i n c i d e n t  r a d i a n t  f l u x  l e v e l  
below which a flame w i l l  no longer  propagate. I f  t h e  test  is  v a l i d ,  then 
burning on t h e  f l o o r  should no t  proceed beyond t he  po in t  where t h e  CRF 
va lue  of t h e  c a r p e t  system exceeds t h e  f l u x  t o  the  f l o o r .  This can be 
t e s t e d  by comparing t h e  measured CRF va lues  f o r  t h e  c a r p e t  systems t o  t he  
i n c i d e n t  r a d i a n t  f l u x  measured on t h e  f l o o r  s u r f a c e  a t  t h r ee  d i s c r e t e  
po in t s .  Table 4 shows t h e  test  r e s u l t s .  

I n  T e s t  No. 2 ( f i g u r e  5 ) ,  t h e  d i s t a n c e  burned w a s  j u s t  p a s t  f l u x  
meter A ( f l u x  meters B and C were no t  reached by t h e  f i r e ) .  The experi-  
mental  measurements f o r  i n c i d e n t  hea t  f l u x  a t  po in t  A over t he  major t i m e  
per iod of t h i s  tes t  were higher  than 0.23 W/cm2, t h e  CRF f o r  t h i s  p a r t i -  
c u l a r  c a r p e t  system as measured by t he  f l o o r i n g  r a d i a n t  panel  tes t ;  f o r  
p o i n t s  B and C,  t h e  maximum i n c i d e n t  hea t  f l u x  values  were less than 0.23 
W/ cm2 . 

In  T e s t  No. 3 ( f i g u r e  4 ) ,  most d a t a  f o r  i n c i d e n t  heat  f l u x  were more 
than 0.33 W/cm2 and t h e  burned edge never reached p o i n t  A. 

Resu l t s  of T e s t  No. 4 ( f i g u r e  6 )  were similar t o  those  of T e s t  No. 2. 

I n  T e s t  No. 6 ( f i g u r e  l o ) ,  t h e  i n c i d e n t  h e a t  f l u x  va lues  a t  po in t  B 
were a l i t t l e  higher  than 0 . 3 3  W/cm2 and t h e  f i r e  burned j u s t  bare ly  p a s t  
p o i n t  B. 
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I n  T e s t  No. 8 ( f i g u r e  7) ,  t h e  d a t a  f o r  p o i n t s  A, B, and C were a l l  

by t h e  t i m e  t h e  flame f r o n t  on t h e  ca rpe t  

Since t h i s  c a r p e t  system passed t h e  " p i l l "  

h igher  than 0.04 W/cm2 b u t  t h e  f i r e  stopped between p o i n t s  A and B. 
can be  explained as fol lows:  
had proceeded t o  t h e  po in t  of extinguishment, t h e  inc iden t  f l u x  on t h e  
f l o o r  w a s  below 0.04 W/cm2. 
test, t h e  energy output  of t h e  burning ca rpe t  under low i n c i d e n t  r a d i a n t  
f l u x  is not  s u f f i c i e n t  t o  s u s t a i n  burning. 

This 

I n  genera l ,  t h e s e  experimental  r e s u l t s  were i n  good agreement wi th  
t h e  d a t a  provided by t h e  f l o o r i n g  r a d i a n t  panel  test. 

3.2. Measurement of t h e  P i l l  Heat Flux 

I n  l i g h t  of t h e  foregoing r e s u l t s  obtained wi th  t h e  ca rpe t  system 
which has  a CRF of -0.04 W/cm2, an e f f o r t  was made t o  determine t h e  
i n c i d e n t  r a d i a n t  f l u x  onto  a h o r i z o n t a l  s u r f a c e  from a methenamine p i l l  
used i n  t h e  c a r p e t  s tandard  test  procedure. 
determine t h e  h e a t  output  of a burning p i l l  was c a r r i e d  out  [3] .  

A simple experiment t o  

The hea t  output  w a s  measured f o r  t h e  s p e c i a l  case  of t h e  c a r p e t  
exposed t o  a burning p i l l .  
MIT i n  t h e i r  f a b r i c  f i r e  i n j u r y  experiments w a s  used 141. 
employs thermocouples placed on t h e  s u r f a c e  of a material r a t h e r  than a 
h e a t  f l u x  meter. 
Duhamel's I n t e g r a l  Method, t h e  measured s u r f a c e  temperature h i s t o r y  is 
converted t o  a s u r f a c e  f lux  dens i ty  as a func t ion  of t i m e .  

A technique developed by Mehta and Wong of 
This technique 

By us ing a mathematical computation scheme known as 

A p i l l  w a s  placed on t h e  c e n t e r  of a 15  by 15  by 0.16 ern (6 by 6 by 
1/16 in)  t h i c k  asbes tos  paper square.  
wi th  a v e l v e t  b lack  coa t ing  which has  a s u r f a c e  emiss iv i ty  between 0.90 
and 0.98. 
t h i c k  g l a s s  f i b e r  block. 
assembly t o  decrease  t h e  e f f e c t s  of a i r  movement i n  t h e  l abora to ry  with-  
out hampering t h e  a i r  supply t o  t h e  p i l l .  Since i t  was assumed t h a t  t h e  
h e a t  f l u x  onto  a s u b s t r a t e  below t h e  p i l l  w a s  symmetrical around t h e  
p i l l ,  t h r e e  thermocouples were loca ted  on a l i n e  o r i g i n a t i n g  a t  t h e  
c e n t e r  of t h e  p i l l .  
paper 9.5 mm (3/8 i n ) ,  15.9 mm (5/8 i n ) ,  and 28.6 mm (1-1/8 i n )  from t h e  
c e n t e r  of t h e  p i l l .  

The asbes tos  paper w a s  pa in ted  

The asbes tos  paper,  i n  t u r n ,  was placed on a 5-cm (2- in) 
A w i r e  s c reen  w a s  placed around t h e  e n t i r e  

The thermocouples were placed on top of t h e  asbes tos  

Figure  22 shows t h e  c a l c u l a t e d  h e a t  f l u x ,  as a func t ion  of t i m e ,  
t h a t  would impinge on a c a r p e t  s u r f a c e  a t  t h e  t h r e e  d i s t a n c e s  from t h e  
i g n i t i o n  source.  
burning c a r p e t  would in t roduce  as p a r t  .of i ts  feedback energy. Figure  
23 shows t h e  approximate r a d i a l  energy d i s t r i b u t i o n  on t h e  plane s u r f a c e  
a t  two given t i m e s .  

This  does not  inc lude  any a d d i t i o n a l  energy t h a t  a 
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From f i g u r e  22 i t  can b e  seen t h a t  t h e  energy f a l l i n g  on t h e  c a r p e t  
w i t h i n  a r a d i u s  of 16  mm exceeds t h e  minimum r a d i a n t  f l u x  l e v e l  (0 .1  
W/cm2) from t h e  f l o o r i n g  r a d i a n t  panel  test f o r  a l a r g e  p o r t i o n  of t h e  
p i l l ' s  burning t i m e  - 90 seconds. On t h e  o t h e r  hand, f i g u r e  23 shows 
t h a t  a t  a d i s t a n c e  of 20 mm, t h e  f l u x  is w e l l  below 0.1 W/cm2. 
means t h a t  whi le  one p a r t  of t h e  ca rpe t  is  exper iencing high h e a t  f l u x  
l e v e l s ,  i t  is of s h o r t  d u r a t i o n  and l i m i t e d  t o  a s m a l l  area around t h e  
p i l l .  Also, i t  is  worth no t ing  t h a t  a t  25.4 mm (1 i n )  from t h e  c e n t e r  of 
t h e  p i l l  t h e  f l u x  i s  below 0.04 W/cm2, t h e  lowest CRF of t h e  c a r p e t  
systems used i n  t h i s  series. 

This 

4.  SUMMARY AND CONCLUSIONS 

Four s m a l l  s i z e d  c a r p e t  f i r e  tests and e i g h t  f u l l- s c a l e  burn room 
f i r e  experiments w e r e  conducted. 
t r i b u t i o n  and i n c i d e n t  h e a t  f l u x  t o  t h e  f l o o r  covering were obta ined i n  
t h e  room. The tes t  d a t a  and a n a l y s i s  i n d i c a t e  t h a t  given a s i t u a t i o n  
where a c h a i r  o r  o t h e r  comparable s i z e  f u r n i t u r e  becomes t h e  f i r s t  and 
t h e  only  i t e m  t o  burn i n  a room, providing t h e  c e i l i n g  and w a l l s  are non- 
combustible, t h e r e  i s  l i t t l e  reason t o  expect involvement of t h e  c a r p e t  
i n  t h e  f i r e  beyond t h e  immediate v i c i n i t y  of t h e  burning ob j ec t .  It a l s o  
is  evident  t h a t  t h e  c r i t i c a l  r a d i a n t  f l u x  of t h e  f l o o r  covering system 
i s  p r e d i c t i v e  of t h e  e x t e n t  of burning under t h e s e  condi t ions .  From t h i s  
s tudy,  c a r p e t  systems used i n  rooms w i l l  not  normally spread f i r e  pro- 
vided they meet t h e  requirements of DOC FF 1-70 ( t h e  p i l l  t e s t ) .  

Experimental d a t a  f o r  temperature d i s-  
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Figure 1. Carpet Burn Area 
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