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I M P O RTAN T  N O T I C E S  AN D  D I S C L AI M E RS  C O N C E RN I N G  N FPA®  S TAN D ARD S

N F PA®  c o d e s ,  s tan d ar d s ,  r e c o m m e n d e d  p r ac ti c e s ,  an d  g u i d e s  ( “ N F PA S tan d ar d s ” ) ,  o f wh i c h  th e  d o c u m e n t
c o n tai n e d  h e r e i n  i s  o n e ,  ar e  d e ve l o p e d  th r o u g h  a c o n s e n s u s  s tan d ar d s  d e ve l o p m e n t p r o c e s s  ap p r o ve d  b y th e
Am e r i c an  N ati o n al  S tan d ar d s  I n s ti tu te .  T h i s  p r o c e s s  b r i n g s  to g e th e r  vo l u n te e r s  r e p r e s e n ti n g  var i e d  vi e wp o i n ts
an d  i n te r e s ts  to  ac h i e ve  c o n s e n s u s  o n  fre  an d  o th e r  s afe ty i s s u e s .  Wh i l e  th e  N F PA ad m i n i s te r s  th e  p r o c e s s  an d
e s tab l i s h e s  r u l e s  to  p r o m o te  fai r n e s s  i n  th e  d e ve l o p m e n t o f c o n s e n s u s ,  i t d o e s  n o t i n d e p e n d e n tl y te s t,  e val u ate ,  o r
ve r i fy th e  ac c u r ac y o f an y i n fo r m ati o n  o r  th e  s o u n d n e s s  o f an y j u d g m e n ts  c o n tai n e d  i n  N F PA S tan d ar d s .

T h e  N FPA d i s c l ai m s  l i ab i l i ty fo r  an y p e r s o n al  i n j u r y,  p r o p e r ty,  o r  o th e r  d am ag e s  o f an y n atu r e  wh ats o e ve r,
wh e th e r  s p e c i al ,  i n d i r e c t,  c o n s e q u e n ti al  o r  c o m p e n s ato r y,  d i r e c tl y o r  i n d i r e c tl y r e s u l ti n g  fr o m  th e  p u b l i c ati o n ,  u s e
o f,  o r  r e l i an c e  o n  N F PA S tan d ar d s .  T h e  N F PA al s o  m ake s  n o  g u ar an ty o r  war r an ty as  to  th e  ac c u r ac y o r
c o m p l e te n e s s  o f an y i n fo r m ati o n  p u b l i s h e d  h e r e i n .

I n  i s s u i n g  an d  m aki n g  N F PA S tan d ar d s  avai l ab l e ,  th e  N F PA i s  n o t u n d e r taki n g  to  r e n d e r  p r o fe s s i o n al  o r  o th e r
s e r vi c e s  fo r  o r  o n  b e h al f o f an y p e r s o n  o r  e n ti ty.  N o r  i s  th e  N F PA u n d e r taki n g  to  p e r fo r m  an y d u ty o we d  b y an y
p e r s o n  o r e n ti ty to  s o m e o n e  e l s e .  An yo n e  u s i n g  th i s  d o c u m e n t s h o u l d  r e l y o n  h i s  o r  h e r  o wn  i n d e p e n d e n t
j u d g m e n t o r,  as  ap p r o p r i ate ,  s e e k th e  ad vi c e  o f a c o m p e te n t p r o fe s s i o n al  i n  d e te r m i n i n g  th e  e x e r c i s e  o f
r e as o n ab l e  c ar e  i n  an y g i ve n  c i r c u m s tan c e s .

T h e  N FPA h as  n o  p o we r,  n o r  d o e s  i t u n d e r take ,  to  p o l i c e  o r  e n fo r c e  c o m p l i an c e  wi th  th e  c o n te n ts  o f N F PA
S tan d ar d s .  N o r  d o e s  th e  N F PA l i s t,  c e r ti fy,  te s t,  o r  i n s p e c t p r o d u c ts ,  d e s i g n s ,  o r  i n s tal l ati o n s  fo r  c o m p l i an c e  wi th
th i s  d o c u m e n t.  An y certifcation  o r  o th e r  s tate m e n t o f c o m p l i an c e  wi th  th e  r e q u i r e m e n ts  o f th i s  d o c u m e n t s h al l
n o t b e  attr i b u tab l e  to  th e  N F PA an d  i s  s o l e l y th e  r e s p o n s i b i l i ty o f th e  certifer  o r  m ake r  o f th e  s tate m e n t.

RE VI S I O N  S YM B O L S  I D E N T I FYI N G  C H AN G E S  FRO M  T H E  P RE VI O U S  E D I T I O N

Te x t r e vi s i o n s  ar e  s h ad e d .  A Δ  b e fo r e  a s e c ti o n  n u m b e r  i n d i c ate s  th at wo r d s  wi th i n  th at s e c ti o n  we r e
d e l e te d  an d  a Δ  to  th e  l e ft o f a tab l e  o r  fgure  n u m b e r  i n d i c ate s  a r e vi s i o n  to  an  e x i s ti n g  tab l e  o r
fgure.  Wh e n  a c h ap te r  was  h e avi l y r e vi s e d ,  th e  e n ti r e  c h ap te r  i s  m ar ke d  th r o u g h o u t wi th  th e  Δ

s ym b o l .  Wh e r e  o n e  o r  m o r e  s e c ti o n s  we r e  d e l e te d ,  a •  i s  p l ac e d  b e twe e n  th e  r e m ai n i n g  s e c ti o n s .
C h ap te r s ,  an n e x e s ,  s e c ti o n s ,  fgures,  an d  tab l e s  th at ar e  n e w ar e  i n d i c ate d  wi th  an  N.

N o te  th at th e s e  i n d i c ato r s  ar e  a g u i d e .  Re ar r an g e m e n t o f s e c ti o n s  m ay n o t b e  c ap tu r e d  i n  th e
m ar ku p ,  b u t u s e r s  c an  vi e w c o m p l e te  r e vi s i o n  d e tai l s  i n  th e  F i r s t an d  S e c o n d  D r aft Re p o r ts  l o c ate d  i n
th e  ar c h i ve d  r e vi s i o n  i n fo r m ati o n  s e c ti o n  o f e ac h  c o d e  at www. n fp a. o r g / d o c i n fo .  An y s u b s e q u e n t
c h an g e s  fr o m  th e  N F PA Te c h n i c al  M e e ti n g ,  Te n tati ve  I n te r i m  Am e n d m e n ts ,  an d  E r rata ar e  al s o
l o c ate d  th e r e .

RE M I N D E R:  U P D AT I N G  O F N FPA S TAN D ARD S

U s e r s  o f N F PA c o d e s ,  s tan d ar d s ,  r e c o m m e n d e d  p r ac ti c e s ,  an d  g u i d e s  ( “ N F PA S tan d ar d s ” )  s h o u l d  b e
a war e  th at th e s e  d o c u m e n ts  m ay b e  s u p e r s e d e d  at an y ti m e  b y th e  i s s u an c e  o f a n e w e d i ti o n ,  m ay b e
a m e n d e d  wi th  th e  i s s u an c e  o f Te n tati ve  I n te r i m  Am e n d m e n ts  ( T I As ) ,  o r  b e  c o r r e c te d  b y E r r ata.  I t i s
i n te n d e d  th at th r o u g h  r e g u l ar  r e vi s i o n s  an d  am e n d m e n ts ,  p ar ti c i p an ts  i n  th e  N F PA s tan d ar d s
d e ve l o p m e n t p r o c e s s  c o n s i d e r  th e  th e n -c u r r e n t an d  avai l ab l e  i n fo r m ati o n  o n  i n c i d e n ts ,  m ate r i al s ,
te c h n o l o g i e s ,  i n n o vati o n s ,  an d  m e th o d s  as  th e s e  d e ve l o p  o ve r  ti m e  an d  th at N F PA S tan d ar d s  refect
th i s  c o n s i d e r ati o n .  T h e r e fo r e ,  an y p r e vi o u s  e d i ti o n  o f th i s  d o c u m e n t n o  l o n g e r  r e p r e s e n ts  th e  c u r r e n t
N F PA S tan d ar d  o n  th e  s u b j e c t m atte r  ad d r e s s e d .  N F PA e n c o u r ag e s  th e  u s e  o f th e  m o s t c u r r e n t e d i ti o n
o f an y N F PA S tan d ar d  [ as  i t m ay b e  am e n d e d  b y T I A( s )  o r  E r r ata]  to  take  ad van tag e  o f c u r r e n t
e x p e r i e n c e  an d  u n d e r s tan d i n g .  An  offcial  N F PA S tan d ar d  at an y p o i n t i n  ti m e  c o n s i s ts  o f th e  c u r r e n t
e d i ti o n  o f th e  d o c u m e n t,  i n c l u d i n g  an y i s s u e d  T I As  an d  E r r ata th e n  i n  e ffe c t.

To  d e te r m i n e  wh e th e r  an  N F PA S tan d ar d  h as  b e e n  am e n d e d  th r o u g h  th e  i s s u an c e  o f T I As  o r
c o rr e c te d  b y E r r ata,  vi s i t th e  “ C o d e s  &  S tan d ar d s ”  s e c ti o n  at www. n fp a. o r g .



AD D I T I O N AL  I M P O RTAN T  N O T I C E S  AN D  D I S C L AI M E RS  C O N C E RN I N G  N FPA®  S TAN D ARD S

U p d ati n g o f N FPA S tan d ard s

U s e r s  o f N F PA c o d e s ,  s tan d ar d s ,  r e c o m m e n d e d  p r a c ti c e s ,  an d  g u i d e s  ( “ N F PA S ta n d a r d s ” )  s h o u l d  b e  awar e  th a t th e s e
d o c u m e n ts  m ay b e  s u p e r s e d e d  at an y ti m e  b y th e  i s s u a n c e  o f a  n e w e d i ti o n ,  m ay b e  am e n d e d  wi th  th e  i s s u an c e  o f Te n ta ti ve
I n te r i m  Am e n d m e n ts  ( T I As ) ,  o r  b e  c o r r e c te d  b y E r r a ta .  I t i s  i n te n d e d  th at th r o u g h  r e gu l ar  r e vi s i o n s  an d  a m e n d m e n ts ,
p arti c i p an ts  i n  th e  N F PA s tan d ar d s  d e ve l o p m e n t p r o c e s s  c o n s i d e r  th e  th e n - c u r r e n t a n d  avai l ab l e  i n fo r m ati o n  o n  i n c i d e n ts ,
m ate r i al s ,  te c h n o l o g i e s ,  i n n o va ti o n s ,  an d  m e th o d s  as  th e s e  d e ve l o p  o ve r  ti m e  a n d  th a t N F PA S tan d ar d s  refect th i s
c o n s i d e r ati o n .  T h e r e fo r e ,  a n y p r e vi o u s  e d i ti o n  o f th i s  d o c u m e n t n o  l o n ge r  r e p r e s e n ts  th e  c u r r e n t N F PA S ta n d a r d  o n  th e
s u b j e c t m a tte r  ad d r e s s e d .  N F PA e n c o u r ag e s  th e  u s e  o f th e  m o s t c u r r e n t e d i ti o n  o f an y N F PA S ta n d ar d  [ as  i t m a y b e  am e n d e d
b y T I A( s )  o r  E r r a ta ]  to  ta ke  a d van tag e  o f c u r r e n t e x p e r i e n c e  a n d  u n d e r s tan d i n g .  An  offcial  N F PA S tan d ar d  a t a n y p o i n t i n
ti m e  c o n s i s ts  o f th e  c u r r e n t e d i ti o n  o f th e  d o c u m e n t,  i n c l u d i n g  an y i s s u e d  T I As  an d  E r r a ta  th e n  i n  e ffe c t.

To  d e te r m i n e  wh e th e r  a n  N F PA S ta n d a r d  h as  b e e n  a m e n d e d  th r o u g h  th e  i s s u a n c e  o f T I As  o r  c o r r e c te d  b y E r r ata,  vi s i t th e
“ C o d e s  &  S tan d ar d s ”  s e c ti o n  a t www. n fp a. o r g .

I n te rp re tati o n s  o f N FPA S tan d ard s

A s tate m e n t,  wr i tte n  o r  o r al ,  th at i s  n o t p r o c e s s e d  i n  ac c o r d an c e  wi th  S e c ti o n  6  o f th e  Re gu l ati o n s  Go ve r n i n g th e
D e ve l o p m e n t o f N F PA S ta n d ar d s  s h a l l  n o t b e  c o n s i d e r e d  th e  offcial  p o s i ti o n  o f N F PA o r  a n y o f i ts  C o m m i tte e s  an d  s h a l l  n o t
b e  c o n s i d e r e d  to  b e ,  n o r  b e  r e l i e d  u p o n  as ,  a F o r m al  I n te r p r e tati o n .

P ate n ts

T h e  N F PA d o e s  n o t ta ke  an y p o s i ti o n  wi th  r e s p e c t to  th e  va l i d i ty o f an y p ate n t r i gh ts  r e fe r e n c e d  i n ,  r e l a te d  to ,  o r  a s s e r te d  i n
c o n n e c ti o n  wi th  a n  N F PA S ta n d a r d .  T h e  u s e r s  o f N F PA S tan d ar d s  b e ar  th e  s o l e  r e s p o n s i b i l i ty fo r  d e te r m i n i n g  th e  val i d i ty o f
a n y s u c h  p a te n t r i g h ts ,  as  we l l  as  th e  r i s k o f i n fr i n g e m e n t o f s u c h  r i g h ts ,  an d  th e  N F PA d i s c l a i m s  l i a b i l i ty fo r  th e  i n fr i n ge m e n t
o f an y p ate n t r e s u l ti n g fr o m  th e  u s e  o f o r  r e l i a n c e  o n  N F PA S tan d a r d s .

N F PA ad h e r e s  to  th e  p o l i c y o f th e  Am e r i c an  N ati o n al  S tan d a r d s  I n s ti tu te  ( AN S I )  r e g ar d i n g th e  i n c l u s i o n  o f p ate n ts  i n
Am e r i c a n  N a ti o n a l  S ta n d ar d s  ( “ th e  AN S I  P a te n t P o l i c y” ) ,  an d  h e r e b y gi ve s  th e  fo l l o wi n g n o ti c e  p u r s u an t to  th a t p o l i c y:

N O T I C E :  T h e  u s e r ’ s  atte n ti o n  i s  c al l e d  to  th e  p o s s i b i l i ty th at c o m p l i a n c e  wi th  a n  N F PA S ta n d ar d  m a y r e q u i r e  u s e  o f an
i n ve n ti o n  c o ve r e d  b y p ate n t r i gh ts .  N F PA take s  n o  p o s i ti o n  as  to  th e  val i d i ty o f a n y s u c h  p a te n t r i g h ts  o r  a s  to  wh e th e r  s u c h
p ate n t r i gh ts  c o n s ti tu te  o r  i n c l u d e  e s s e n ti al  p ate n t c l a i m s  u n d e r  th e  AN S I  P ate n t P o l i c y.  I f,  i n  c o n n e c ti o n  wi th  th e  AN S I  P a te n t
P o l i c y,  a  p ate n t h o l d e r  h as  fled  a  s tate m e n t o f wi l l i n g n e s s  to  g r an t l i c e n s e s  u n d e r  th e s e  r i gh ts  o n  r e a s o n a b l e  an d
n o n d i s c r i m i n a to r y te r m s  an d  c o n d i ti o n s  to  ap p l i c a n ts  d e s i r i n g  to  o b tai n  s u c h  a  l i c e n s e ,  c o p i e s  o f s u c h  fled  s ta te m e n ts  c a n  b e
o b tai n e d ,  o n  r e q u e s t,  fr o m  N F PA.  F o r  fu r th e r  i n fo r m a ti o n ,  c o n ta c t th e  N F PA at th e  a d d r e s s  l i s te d  b e l o w.

L aw an d  Re gu l ati o n s

U s e r s  o f N F PA S ta n d ar d s  s h o u l d  c o n s u l t ap p l i c a b l e  fe d e r al ,  s tate ,  a n d  l o c al  l aws  an d  r e gu l ati o n s .  N F PA d o e s  n o t,  b y th e
p u b l i c ati o n  o f i ts  c o d e s ,  s ta n d a r d s ,  r e c o m m e n d e d  p r ac ti c e s ,  an d  gu i d e s ,  i n te n d  to  u r ge  ac ti o n  th a t i s  n o t i n  c o m p l i a n c e  wi th
ap p l i c a b l e  l a ws ,  a n d  th e s e  d o c u m e n ts  m a y n o t b e  c o n s tr u e d  a s  d o i n g  s o .

C o p yri gh ts

N F PA S ta n d ar d s  a r e  c o p yr i gh te d .  T h e y ar e  m ad e  avai l ab l e  fo r  a  wi d e  var i e ty o f b o th  p u b l i c  an d  p r i vate  u s e s .  T h e s e  i n c l u d e
b o th  u s e ,  b y r e fe r e n c e ,  i n  l aws  a n d  r e gu l a ti o n s ,  an d  u s e  i n  p r i vate  s e l f-r e gu l a ti o n ,  s ta n d a r d i z ati o n ,  an d  th e  p r o m o ti o n  o f s a fe
p r ac ti c e s  a n d  m e th o d s .  B y m a ki n g th e s e  d o c u m e n ts  avai l ab l e  fo r  u s e  an d  a d o p ti o n  b y p u b l i c  au th o r i ti e s  a n d  p r i va te  u s e r s ,  th e
N F PA d o e s  n o t wa i ve  a n y r i gh ts  i n  c o p yr i gh t to  th e s e  d o c u m e n ts .

U s e  o f N F PA S ta n d a r d s  fo r  r e gu l a to r y p u r p o s e s  s h o u l d  b e  ac c o m p l i s h e d  th r o u g h  ad o p ti o n  b y r e fe r e n c e .  T h e  te r m
“ a d o p ti o n  b y r e fe r e n c e ”  m e a n s  th e  c i ti n g o f ti tl e ,  e d i ti o n ,  a n d  p u b l i s h i n g  i n fo r m a ti o n  o n l y.  An y d e l e ti o n s ,  ad d i ti o n s ,  a n d
c h an ge s  d e s i r e d  b y th e  a d o p ti n g  au th o r i ty s h o u l d  b e  n o te d  s e p a r ate l y i n  th e  ad o p ti n g  i n s tr u m e n t.  I n  o r d e r  to  a s s i s t N F PA i n
fo l l o wi n g  th e  u s e s  m a d e  o f i ts  d o c u m e n ts ,  ad o p ti n g  a u th o r i ti e s  ar e  r e q u e s te d  to  n o ti fy th e  N F PA ( Atte n ti o n :  S e c r e ta r y,
S tan d a r d s  C o u n c i l )  i n  wr i ti n g o f s u c h  u s e .  F o r  te c h n i c a l  as s i s tan c e  an d  q u e s ti o n s  c o n c e r n i n g ad o p ti o n  o f N F PA S tan d a r d s ,
c o n tac t N F PA at th e  ad d r e s s  b e l o w.

Fo r Fu r th e r I n fo r m ati o n

Al l  q u e s ti o n s  o r  o th e r  c o m m u n i c ati o n s  r e l ati n g  to  N F PA S tan d ar d s  an d  al l  r e q u e s ts  fo r  i n fo r m ati o n  o n  N F PA p r o c e d u r e s
go ve r n i n g  i ts  c o d e s  an d  s tan d a r d s  d e ve l o p m e n t p r o c e s s ,  i n c l u d i n g i n fo r m ati o n  o n  th e  p r o c e d u r e s  fo r  r e q u e s ti n g  F o r m a l
I n te r p r e tati o n s ,  fo r  p r o p o s i n g  Te n ta ti ve  I n te r i m  Am e n d m e n ts ,  a n d  fo r  p r o p o s i n g r e vi s i o n s  to  N F PA s tan d ar d s  d u r i n g  r e gu l ar
r e vi s i o n  c yc l e s ,  s h o u l d  b e  s e n t to  N F PA h e ad q u ar te r s ,  ad d r e s s e d  to  th e  atte n ti o n  o f th e  S e c r e ta r y,  S ta n d a r d s  C o u n c i l ,  N F PA,  1
B atte r ym a r c h  P ar k,  P. O .  B o x  9 1 0 1 ,  Qu i n c y,  M A 0 2 2 6 9 - 9 1 0 1 ;  e m a i l :  s td s _ad m i n @ n fp a . o r g .

F o r  m o r e  i n fo r m a ti o n  a b o u t N F PA,  vi s i t th e  N F PA we b s i te  at www. n fp a . o r g .  Al l  N F PA c o d e s  a n d  s ta n d ar d s  c a n  b e  vi e we d  a t
n o  c o s t at www. n fp a. o r g/ d o c i n fo .
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N F PA an d  N ati o n al  F i r e  P r o te c ti o n  As s o c i a ti o n  a r e  r e g i s te r e d  tr ad e m a r ks  o f th e  N a ti o n al  F i r e  P r o te c ti o n  As s o c i ati o n ,  Qu i n c y,  M a s s a c h u s e tts  0 2 1 6 9 .

C o p yr i gh t ©  2 0 2 0  N ati o n al  F i r e  P r o te c ti o n  As s o c i a ti o n ® .  Al l  Ri g h ts  Re s e r ve d .
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G ui d e  o n

M e th o d s  fo r E val u ati n g P o te n ti al  fo r Ro o m  Fl as h o ve r

2 0 2 1  E d i ti o n

T h i s  e d i ti o n  o f N F PA 5 5 5 ,  Guide on Methods for Evaluating Potential for Room Flashover,  wa s  p r e p a r e d
b y th e  Te c h n i c al  C o m m i tte e  o n  H az ar d  a n d  Ri s k o f C o n te n ts  an d  F u r n i s h i n g s .  I t was  i s s u e d  b y th e
S tan d a r d s  C o u n c i l  o n  O c to b e r  5 ,  2 0 2 0 ,  wi th  an  e ffe c ti ve  d ate  o f O c to b e r  2 5 ,  2 0 2 0 ,  a n d  s u p e r s e d e s  a l l
p r e vi o u s  e d i ti o n s .

T h i s  e d i ti o n  o f N F PA 5 5 5  wa s  a p p r o ve d  a s  a n  Am e r i c a n  N a ti o n a l  S ta n d ar d  o n  O c to b e r  2 5 ,  2 0 2 0 .

O ri gi n  an d  D e ve l o p m e n t o f N FPA 5 5 5

T h i s  g u i d e  wa s  th e  frst d o c u m e n t p r e p a re d  b y th e  Te c h n i c a l  C o m m i tte e  o n  H a z a r d  an d  Ri s k o f
C o n te n ts  a n d  F u r n i s h i n g s .  T h e  1 9 9 6  e d i ti o n  was  th e  frst e d i ti o n ,  d e ve l o p e d  i n  r e c o g n i ti o n  th a t l i fe
s a fe ty a n d  p r o p e r ty p r o te c ti o n  c a n  b e  e n h a n c e d  b y p r e ve n ti n g th e  o c c u r r e n c e  o f fashover  o r,  at
l e as t,  b y d e c r e as i n g  i ts  p r o b a b i l i ty.

T h e  2 0 0 0  e d i ti o n  r e p r e s e n te d  a reconfrmation  o f th e  1 9 9 6  e d i ti o n .

T h e  2 0 0 9  e d i ti o n  c o n tai n e d  a s m al l  ad d i ti o n  to  C h ap te r  9  fo r  i n d i vi d u a l  fu e l  p ac ka ge s  an d  m i n o r
r e vi s i o n s  th r o u gh o u t th e  d o c u m e n t.  An n e x  B  wa s  c o m p l e te l y r e vi s e d  to  p r o vi d e  m o r e  u p -to -d ate
i n fo r m ati o n  o n  r o o m  fre  m o d e l s .

T h e  2 0 1 3  e d i ti o n  ad d e d  r e fe r e n c e s  i n  C h ap te r  9  to  N F PA 2 8 9 ,  Standard Method of Fire Test for
Individual Fuel Packages,  an d  to  N F PA 5 5 6 ,  Guide on Methods for Evaluating Fire Hazard to Occupants of
Passenger Road Vehicles,  fo r  u s e  i n  e s ti m ati n g  h e at r e l e as e  r ate s .

T h e  2 0 1 7  e d i ti o n  ad d s  n e w l an g u a ge  to  C h ap te r  9  r e g ar d i n g  th e  h e at r e l e a s e  r a te s  o f e l e c tr i c al
a n d  o p ti c al  fber  c ab l e s ,  wh i c h  we r e  o b ta i n e d  fr o m  ve r ti c al  c a b l e  tr a y te s ts  an d  c o n e  c a l o r i m e te r  te s t
m e th o d s .  Ad d i ti o n a l  l a n gu ag e  i n  C h ap te r  9  re fe r e n c e s  n e w s tu d i e s  o n  d e te r m i n i n g  th e  typ i c al  h e a t
r e l e as e  c u r ve  fo r  r e s i d e n ti al  fres.

T h e  2 0 2 1  e d i ti o n  i n c l u d e s  th e  a d d i ti o n  o f a te s t m e th o d  r e q u i r e d  fo r  m ate r i a l s  o f l o w h e at
r e l e as e .  Ad d i ti o n a l  fre  s c e n a r i o s  to  b e  c o n s i d e r e d  fo r  ti g h tl y c l o s e d  c o m p ar tm e n ts  h ave  b e e n
p r o vi d e d .  N e w defnitions  we r e  ad d e d  to  c l ari fy c o n c e p ts  an d  p r o vi d e  fu r th e r  c o n s i d e r a ti o n s  fo r
h a z a r d s  i n c l u d i n g identifcation  o f ad d i ti o n al  fre  s p r e ad  m e c h an i s m s  an d  fu e l  l o ad s  th at c o n tr i b u te
to  th e  fre.
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N O T E :  M e m b e r s h i p  o n  a  c o m m i tte e  s h al l  n o t i n  a n d  o f i ts e l f c o n s ti tu te  a n  e n d o r s e m e n t o f
th e  As s o c i a ti o n  o r  a n y d o c u m e n t d e ve l o p e d  b y th e  c o m m i tte e  o n  wh i c h  th e  m e m b e r  s e r ve s .

C o m m i tte e  S c o p e :  T h i s  c o m m i tte e  s h a l l  h a ve  p r i m a r y r e s p o n s i b i l i ty fo r  d o c u m e n ts  o n  fre
h az ar d  c a l c u l a ti o n  p r o c e d u r e s  fo r  u s e  b y o th e r  c o m m i tte e s  i n  wr i ti n g  p r o vi s i o n s  to  c o n tr o l
th e  fre  h a z a r d s  o f c o n te n ts  a n d  fu r n i s h i n g s .  T h i s  c o m m i tte e  s h a l l  a l s o  p r o vi d e  g u i d an c e  an d
r e c o m m e n d a ti o n s  to  c o m m i tte e s  i n  a s s e s s i n g  th e  fre  h a z a r d  o f c o n te n ts  an d  fu r n i s h i n g s .  I t
s h a l l  e s ta b l i s h  classifcation  a n d  ra ti n g  s ys te m s ,  r e q u e s t th e  d e ve l o p m e n t a n d  s ta n d ar d i z a ti o n
o f a p p r o p r i ate  fre  te s ts ,  an d  i d e n ti fy a n d  e n c o u r ag e  n e c e s s a r y r e s e a r c h  a s  i t r e l a te s  to  th e
fre  h a z a r d s  o f c o n te n ts  a n d  fu r n i s h i n g s .  I t s h al l  ac t i n  a  l i a i s o n  c a p a c i ty b e twe e n  N F PA a n d
th e  c o m m i tte e s  o f o th e r  o r g a n i z ati o n s  wi th  r e s p e c t to  th e  h a z a r d  o f c o n te n ts  an d
fu r n i s h i n g s .



C O N T E N T S 5 5 5 - 3

2 0 2 1  E d i t i o n

C o n te n ts

C h ap te r 1 Ad m i n i s trati o n  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5 5 5 –  4
1 . 1 S c o p e .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5 5 5 –  4
1 . 2 P u r p o s e .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5 5 5 –  4

C h ap te r 2 Re fe re n c e d  P ub l i c ati o n s  . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5 5 5 –  4
2 . 1 Ge n e r a l .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5 5 5 –  4
2 . 2 N F PA P u b l i c ati o n s .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5 5 5 –  4
2 . 3 O th e r  P u b l i c a ti o n s .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5 5 5 –  5
2 . 4 Re fe r e n c e s  fo r  E x tr a c ts  i n  Ad vi s o r y S e c ti o n s .   . . . 5 5 5 –  7

C h ap te r 3 Defnitions  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5 5 5 –  7
3 . 1 Ge n e r a l .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5 5 5 –  7
3 . 2 N F PA Offcial  Defnitions.  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5 5 5 –  7
3 . 3 Ge n e r a l  Defnitions.  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5 5 5 –  7

C h ap te r 4 I n s tr uc ti o n s  fo r U s e  o f T h i s  G u i d e  . . . . . . . . . . . 5 5 5 –  8
4 . 1 P r o c e d u r e s .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5 5 5 –  8
4 . 2 I l l u s tr a ti o n  o f U s e .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5 5 5 –  8
4 . 3 An a l ys e s .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5 5 5 –  8
4 . 4 M e a n s  o f F i r e  C o n tr o l .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5 5 5 –  8
4 . 5 C o n d i ti o n s  fo r  F u r th e r  An a l ys e s .  . . . . . . . . . . . . . . . . . . . . . . . . 5 5 5 –  8
4 . 6 F u e l  P a c k ag e s .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5 5 5 –  8
4 . 7 F l a s h o ve r- P o te n ti a l  An a l ys i s .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5 5 5 –  8
4 . 8 Ap p l i c a ti o n s  i n  C o d e s .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5 5 5 –  8
4 . 9 N o n c o m b u s ti b i l i ty.  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5 5 5 –  8

C h ap te r 5 Au to m ati c  S u p p re s s i o n  S ys te m s  . . . . . . . . . . . . . . . . 5 5 5 –  8
5 . 1 Ge n e r a l .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5 5 5 –  8
5 . 2 S ys te m  F a i l u r e .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5 5 5 –  8
5 . 3 H a z a rd  P r o te c ti o n .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5 5 5 –  9
5 . 4 E va l u a ti o n  C o n s i d e r a ti o n s  fo r  Au to m a ti c

S u p p r e s s i o n  S ys te m s .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5 5 5 –  9
5 . 5 D e s i g n ,  I n s ta l l ati o n ,  a n d  M a i n te n a n c e .  . . . . . . . . . . . . . 5 5 5 –  9

C h ap te r 6 O xyge n  Avai l ab i l i ty an d  Ve n ti l ati o n  . . . . . . . . . . . 5 5 5 –  9
6 . 1 C o n s i d e r a ti o n s .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5 5 5 –  9
6 . 2 O x yg e n  C o n s u m p ti o n .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5 5 5 –  9
6 . 3 Ve n ti n g  a n d  E x h a u s t o f H o t S m o ke  L a ye r.  . . . . . . . . 5 5 5 –  1 0

C h ap te r 7 P re d i c ti n g Fl as h o ve r fo r Fi re  H az ard
C al c ul ati o n s  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5 5 5 –  1 1

7 . 1 B a c kg r o u n d .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5 5 5 –  1 1
7 . 2 E s ti m a ti n g  Ro o m  F l as h o ve r  P o te n ti a l .  . . . . . . . . . . . . . . . 5 5 5 –  1 1

C h ap te r 8 Fu e l  P ac kage  Defnition  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5 5 5 –  1 2
8 . 1 I n tr o d u c ti o n .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5 5 5 –  1 2
8 . 2 F u e l  P a c k ag e .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5 5 5 –  1 2
8 . 3 Defning  F u e l  P a c ka g e s .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5 5 5 –  1 2

C h ap te r 9 E s ti m ati o n  Te c h n i q ue s  fo r H e at Re l e as e
Rate  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5 5 5 –  1 2

9 . 1 I n tr o d u c ti o n .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5 5 5 –  1 2
9 . 2 P r e fe r r e d  H i e r a r c h i c a l  O r d e r.  . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5 5 5 –  1 2
9 . 3 F u l l - C o m p ar tm e n t F i r e  Te s ts .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5 5 5 –  1 2
9 . 4 F u l l - S c al e  Te s ts  o n  I n d i vi d u a l  I te m s  o r  F u e l

P a c ka g e s .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5 5 5 –  1 3
9 . 5 Te s ts  o n  L a r g e - S c al e  M o c k- U p s  o f I n d i vi d u a l

I te m s .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5 5 5 –  1 5
9 . 6 B e n c h - S c al e  Te s ts  o n  C o m p o s i te  S a m p l e s .  . . . . . . . . 5 5 5 –  1 5
9 . 7 B e n c h - S c al e  Te s ts  o n  I n d i vi d u a l  M a te r i a l s .  . . . . . . . . 5 5 5 –  1 7
9 . 8 O th e r  P r e d i c ti o n  M e th o d s .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5 5 5 –  1 8
9 . 9 M a te r i a l s  o f L o w H e a t Re l e a s e .  . . . . . . . . . . . . . . . . . . . . . . . . . . . 5 5 5 –  1 8

C h ap te r 1 0 I gn i ti o n  o f S e c o n d ar y I te m s  b y Rad i ati ve
H e ati n g . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5 5 5 –  1 8

1 0 . 1 M e th o d s / To o l s .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5 5 5 –  1 8
1 0 . 2 Ra d i ati ve  I g n i ti o n  o f M a te r i a l s .  . . . . . . . . . . . . . . . . . . . . . . . . . . 5 5 5 –  1 8
1 0 . 3 Ra d i ati ve  H e a ti n g .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5 5 5 –  1 9
1 0 . 4 E x a m p l e  M e th o d s .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5 5 5 –  2 1

An n e x  A E xp l an ato r y M ate ri al  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5 5 5 –  2 3

An n e x  B Ro o m  Fi re  M o de l s  to  P re d i c t H e at
Re l e as e  an d  Fi re  G ro wth  . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5 5 5 –  2 8

An n e x  C I n fo r m ati o n al  Re fe re n c e s  . . . . . . . . . . . . . . . . . . . . . . . . . . 5 5 5 –  3 1

I n d e x  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5 5 5 –  3 6
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use subject to important notices and legal disclaimers.  These notices

and disclaimers appear in all publications containing this document
and may be found under the heading “Important Notices and

Disclaimers Concerning NFPA Standards. ” They can also be viewed
at www. nfpa. org/disclaimers or obtained on request from NFPA.

UPDATES,  ALERTS,  AND FUTURE EDITIONS: New editions of
NFPA codes,  standards,  recommended practices,  and guides (i. e. ,

NFPA Standards)  are released on scheduled revision cycles.  This
edition may be superseded by a later one,  or it may be amended
outside of its scheduled revision cycle through the issuance of Tenta‐

tive Interim Amendments (TIAs) .  An offcial NFPA Standard at any
point in time consists of the current edition of the document,  together
with all TIAs and Errata in effect.  To verify that this document is the

current edition or to determine if it has been amended by TIAs or
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or the “List of NFPA Codes & Standards” at www. nfpa. org/docinfo.
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include the option to sign up for alerts for individual documents and
to be involved in the development of the next edition.

N O T I C E :  An  as te r i s k ( * )  fo l l o wi n g th e  n u m b e r  o r  l e tte r
d e s i g n ati n g  a  p ar a gr a p h  i n d i c ate s  th at e x p l an a to r y m ate r i a l  o n

th e  p a r ag r ap h  c an  b e  fo u n d  i n  An n e x  A.
A r e fe r e n c e  i n  b r ac ke ts  [  ]  fo l l o wi n g a  s e c ti o n  o r  p a r ag r ap h

i n d i c ate s  m a te r i al  th at h as  b e e n  e x tr ac te d  fro m  an o th e r  N F PA
d o c u m e n t.  E x tr ac te d  te x t m ay b e  e d i te d  fo r  c o n s i s te n c y an d
s tyl e  an d  m a y i n c l u d e  th e  r e vi s i o n  o f i n te r n a l  p ar ag r ap h  r e fe r ‐

e n c e s  a n d  o th e r  r e fe r e n c e s  as  a p p r o p r i ate .  Re q u e s ts  fo r  i n te r ‐
p r e tati o n s  o r  r e vi s i o n s  o f e x tr a c te d  te x t s h o u l d  b e  s e n t to  th e
te c h n i c al  c o m m i tte e  r e s p o n s i b l e  fo r  th e  s o u rc e  d o c u m e n t.

I n fo r m a ti o n  o n  r e fe r e n c e d  an d  e x tr a c te d  p u b l i c ati o n s  c an
b e  fo u n d  i n  C h ap te r  2  a n d  An n e x  C .

C h ap te r 1    Ad m i n i s trati o n

1 . 1  S c o p e .

1 . 1 . 1    T h i s  gu i d e  a d d r e s s e s  m e th o d s  fo r  e val u a ti n g th e  p o te n ‐
ti al  fo r  r o o m  fashover  fr o m  fre  i n vo l vi n g  th e  c o n te n ts ,

fu r n i s h i n g s ,  an d  i n te r i o r  fnish  o f a r o o m .  T h e  m e th o d s
a d d r e s s e d  b y th i s  g u i d e  i n c l u d e  p r e ve n ti o n  o f i gn i ti o n ;  i n s tal l a‐

ti o n  o f au to m ati c  fre  s u p p r e s s i o n  s ys te m s ;  c o n tr o l  o f ve n ti l a‐
ti o n  fac to r s ;  an d  l i m i ta ti o n  o f th e  h e at r e l e as e  r a te  o f i n d i vi d u al
a n d  g r o u p e d  r o o m  c o n te n ts ,  fu r n i s h i n g s ,  a n d  i n te r i o r  fnish.

1 . 1 . 2    T h e  a c c u r ac y,  p r e c i s i o n ,  an d  r e l e van c e  o f th i s  gu i d e  ar e
a  fu n c ti o n  o f th e  a c c u r ac y,  p r e c i s i o n ,  an d  r e l e va n c e  o f th e  d ata

fr o m  th e  te s t m e th o d s  an d  c al c u l a ti o n s  u s e d .  T h e  p r i n c i p l e s
a n d  c o n c e p ts  p r e s e n te d  ar e  am o n g th e  m o s t r e l i ab l e  avai l ab l e .
T h e  u s e  o f th e s e  te c h n i q u e s  c a n  h e l p  to  m i n i m i z e  th e  p r o b a b i l ‐

i ty o f fashover  o r  d e l a y i ts  o c c u r r e n c e ,  b u t m i gh t n o t p r e ve n t
i t.

1 . 2  P urp o s e .

1 . 2 . 1    T h e  p u r p o s e  o f th i s  g u i d e  i s  to  p r o vi d e  to o l s  fo r  i n d i vi d ‐
u al s  o r  o r g an i z a ti o n s  a tte m p ti n g  to  i m p l e m e n t m e th o d s  to
p r e ve n t th e  o c c u r r e n c e  o f fashover  o r,  at l e as t,  to  d e c r e as e  i ts

p r o b ab i l i ty.

1 . 2 . 2    An y l i m i tati o n s  o n  th e  a va i l ab i l i ty o f d ata,  o f ap p r o p r i a te
te s t p r o c e d u r e s ,  o f a d e q u a te  fre  m o d e l s ,  o r  o f s tate -o f-th e - ar t
scientifc  kn o wl e d g e  p l ac e  signifcant c o n s tr a i n ts  o n  th e  p r o c e ‐
d u r e s  d e s c r i b e d  i n  th i s  g u i d e .

1 . 2 . 3    T h i s  g u i d e  d e s c r i b e s  s o m e  s ta n d a r d  te s ts  c o n d u c te d
u n d e r  c o n tr o l l e d  l ab o r ato r y c o n d i ti o n s .  S u c h  te s ts  s h o u l d  n o t

b e  d e e m e d  to  e s ta b l i s h  p e r fo r m an c e  l e ve l s  fo r  al l  s i tu a ti o n s .

C h ap te r 2    Re fe re n c e d  P u b l i c ati o n s

2 . 1  G e n e ral .    T h e  d o c u m e n ts  o r  p o r ti o n s  th e r e o f l i s te d  i n  th i s
c h a p te r  a r e  r e fe r e n c e d  wi th i n  th i s  g u i d e  an d  s h o u l d  b e  c o n s i d ‐

e r e d  p ar t o f th e  r e c o m m e n d ati o n s  o f th i s  d o c u m e n t.

2 . 2  N FPA P ub l i c ati o n s .    N a ti o n a l  F i r e  P r o te c ti o n  As s o c i ati o n ,
1  B atte r ym ar c h  P ar k,  Qu i n c y,  M A 0 2 1 6 9 -7 4 7 1 .

N F PA 1 2 ,  Standard on Carbon Dioxide Extinguishing Systems,
2 0 2 1  e d i ti o n .

N F PA 1 3 ,  Standard for the Installation of Sprinkler Systems,  2 0 1 9
e d i ti o n .

N F PA 1 3 D ,  Standard for the Installation of Sprinkler Systems in
One- and Two-Family Dwellings and Manufactured Homes,  2 0 1 9
e d i ti o n .

N F PA 1 3 R,  Standard for the Installation of Sprinkler Systems in
Low-Rise Residential Occupancies,  2 0 1 9  e d i ti o n .

N F PA 1 5 ,  Standard for Water Spray Fixed Systems for Fire Protec‐
tion,  2 0 1 7  e d i ti o n .

N F PA 1 6 ,  Standard for the Installation of Foam-Water Sprinkler
and Foam-Water Spray Systems,  2 0 1 9  e d i ti o n .

N F PA 1 7 ,  Standard for Dry Chemical Extinguishing Systems,  2 0 2 1
e d i ti o n .

N F PA 1 7 A,  Standard for Wet Chemical Extinguishing Systems,
2 0 2 1  e d i ti o n .

N F PA 2 5 ,  Standard for the Inspection,  Testing,  and Maintenance
of Water-Based Fire Protection Systems,  2 0 2 0  e d i ti o n .

N F PA 9 2 ,  Standard for Smoke Control Systems,  2 0 2 1  e d i ti o n .
N F PA 2 0 4 ,  Standard for Smoke and Heat Venting,  2 0 2 1  e d i ti o n .
N F PA 2 6 5 ,  Standard Methods of Fire Tests for Evaluating Room

Fire Growth Contribution of Textile or Expanded Vinyl Wall Coverings
on Full Height Panels and Walls,  2 0 1 9  e d i ti o n .

N F PA 2 8 6 ,  Standard Methods of Fire Tests for Evaluating Contri‐
bution of Wall and Ceiling Interior Finish to Room Fire Growth,  2 0 1 9
e d i ti o n .

N F PA 2 8 9 ,  Standard Method of Fire Test for Individual Fuel Pack‐
ages,  2 0 1 9  e d i ti o n .

N F PA 5 5 6 ,  Guide on Methods for Evaluating Fire Hazard to Occu‐
pants of Passenger Road Vehicles,  2 0 2 0  e d i ti o n .

N F PA 7 5 0 ,  Standard on Water Mist Fire Protection Systems,  2 0 1 9
e d i ti o n .

N F PA 2 0 0 1 ,  Standard on Clean Agent Fire Extinguishing Systems,
2 0 2 1  e d i ti o n .
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2 . 3  O th e r P u b l i c ati o n s .

Δ 2 . 3 . 1  AS T M  P ub l i c ati o n s .    AS T M  I n te r n ati o n al ,  1 0 0  B ar r
H a r b o r  D r i ve ,  P. O .  B o x  C 7 0 0 ,  We s t C o n s h o h o c ke n ,  PA
1 9 4 2 8 -2 9 5 9 .

AS T M  D 5 5 3 7 ,  Test Method for Heat Release,  Flame Spread,  Smoke
Obscuration,  and Mass Loss Testing of Insulating Materials
Contained in Electrical or Optical Fiber Cables When Burning in a
Vertical Cable Tray Confguration,  2 0 1 8 .

AS T M  D 6 1 1 3 ,  Test Method for Using a Cone Calorimeter to Deter‐
mine Fire-Test-Response Characteristics of Insulating Materials
Contained in Electrical or Optical Fiber Cables,  2 0 1 6 .

AS T M  E 1 1 9 ,  Test Methods for Fire Tests of Building Construction
and Materials,  2 0 1 9 .

AS T M  E 1 3 6 ,  Test Method for Assessing Combustibility of Materials
Using a Vertical Tube Furnace at 750°C,  2 0 1 9 .

AS T M  E 6 0 3 ,  Guide for Room Fire Experiments,  2 0 1 7 .

AS T M  E 1 3 2 1 ,  Test Method for Determining Material Ignition and
Flame Spread Properties,  2 0 1 8 .

AS T M  E 1 3 5 4 ,  Test Method for Heat and Visible Smoke Release
Rates for Materials and Products Using an Oxygen Consumption Calo‐
rimeter,  2 0 1 7 .

AS T M  E 1 4 7 4 ,  Test Method for Determining the Heat Release Rate
of Upholstered Furniture and Mattress Components or Composites
Using a Bench Scale Oxygen Consumption Calorimeter,  2 0 2 0 .

AS T M  E 1 5 3 7 ,  Test Method for Fire Testing of Upholstered Furni‐
ture,  2 0 1 6 .

AS T M  E 1 5 9 0 ,  Test Method for Fire Testing of Mattresses,  2 0 1 7 .

AS T M  E 1 7 4 0 ,  Test Method for Determining the Heat Release Rate
and Other Fire-Test-Response Characteristics of Wall Covering or Ceil‐
ing Covering Composites Using a Cone Calorimeter, 2 0 2 0 .

AS T M  E 1 8 2 2 ,  Test Method for Fire Testing of Stacked Chairs,
2 0 1 7 .

AS T M  E 2 0 5 8 ,  Test Methods for Measurement of Material Flamma‐
bility Using a Fire Propagation Apparatus (FPA),  2 0 1 9 .

AS T M  E 2 0 6 1 ,  Guide for Fire Hazard Assessment of Rail Transpor‐
tation Vehicles,  2 0 1 8 .

AS T M  E 2 0 6 7 ,  Practice for Full-Scale Oxygen Consumption Calo‐
rimetry Fire Tests,  2 0 1 5 .

AS T M  E 2 2 5 7 ,  Test Method for Room Fire Test of Wall and Ceiling
Materials and Assemblies,  2 0 1 7 .

AS T M  E 2 2 8 0 ,  Guide for the Fire Hazard Assessment of the Effect of
Upholstered Seating Furniture Within Patient Rooms of Health Care
Facilities,  2 0 1 7 .

AS T M  E 2 9 6 5 ,  Test Method for Determination of Low Levels of
Heat Release Rate for Materials and Products Using an Oxygen
Consumption Calorimeter,  2 0 1 7 .

2 . 3 . 2  B S I  P u b l i c ati o n s .    B S I  B r i ti s h  S tan d a r d s ,  1 2 1 1 0  S u n s e t
H i l l s  Ro ad ,  S u i te  2 0 0 ,  Re s to n ,  VA 2 0 1 9 0 -5 9 0 2 .

B S  E N  5 0 3 9 9 ,  “ C o m m o n  te s t m e th o d s  fo r  c a b l e s  u n d e r  fre
c o n d i ti o n s .  H e at r e l e as e  an d  s m o ke  p r o d u c ti o n  m e a s u r e m e n t
o n  c ab l e s  d u r i n g  fame  s p r e a d  te s t.  Te s t ap p ar a tu s ,  p r o c e d u r e s ,
r e s u l ts , ”  2 0 1 1 .

Δ 2 . 3 . 3  FM  P ub l i c ati o n s .    F M  Gl o b al ,  2 7 0  C e n tr al  Ave n u e ,  P. O .
B o x  7 5 0 0 ,  J o h n s to n ,  RI  0 2 9 1 9 -4 9 2 3 .

F M  3 9 7 2 ,  Test Standard for Cable Fire Propagation,  2 0 0 9 .

Δ 2 . 3 . 4  I S O  P u b l i c ati o n s .    I n te r n ati o n a l  O r g an i z ati o n  fo r  S tan d ‐
ar d i z a ti o n ,  I S O  C e n tr al  S e c r e tar i a t,  B I B C  I I ,  C h e m i n  d e  B l an ‐

d o n n e t 8 ,  C P  4 0 1 ,  1 2 1 4  Ve r n i e r,  Ge n e va,  S wi tz e r l a n d .

I S O  9 7 0 5 -1 ,  Reaction to Fire Tests — Room Corner Test for Wall
and Ceiling Lining Products — Part 1 : Test Method for a Small Room
Confguration,  2 0 1 6 .

2 . 3 . 5  S FP E  P ub l i c ati o n s .    S o c i e ty o f F i r e  P r o te c ti o n  E n g i n e e r s ,
9 7 1 1  Was h i n g to n i an  B l vd ,  S u i te  3 8 0 ,  G ai th e r s b u r g ,  M D  2 0 8 7 8 .

S F P E  S . 0 1 ,  Engineering Standard on Calculating Fire Exposures to
Structures,  2 0 1 1 .

SFPE Engineering Guide for Assessing Flame Radiation to External
Targets from Pool Fires,  1 9 9 9 .

SFPE Engineering Guide to Performance-Based Fire Protection,
S e c o n d  E d i ti o n ,  2 0 0 7 .

SFPE Engineering Guide to Piloted Ignition of Solid Materials
Under Radiant Exposure,  2 0 0 2 .

SFPE Handbook of Fire Protection Engineering,  5 th  e d i ti o n ,  2 0 1 6 .

Δ 2 . 3 . 6  U L  P u b l i c ati o n s .    U n d e r wr i te r s  L a b o r a to r i e s  I n c . ,  3 3 3
Pfngsten  Ro a d ,  N o r th b r o o k,  I L  6 0 0 6 2 -2 0 9 6 .

U L  1 6 8 5 ,  Vertical-Tray Fire-Propagation and Smoke-Release Test for
Electrical and Optical-Fiber Cables,  2 0 1 5 .

U L  1 9 7 5 ,  Fire Tests for Foamed Plastics Used for Decorative Purpo‐
ses,  2 0 0 6 .

Δ 2 . 3 . 7  O th e r P u b l i c ati o n s .

AC T / D FA,  Flammability Studies of Selected Fabrics,  Flame-
Blocking Barriers,  and Polyurethane Foams in the California Technical

Bulletin 1 33 and Cone Calorimeter Protocols,  As s o c i ati o n  fo r
C o n tr a c t Te x ti l e s  a n d  D e c o r a ti ve  F ab r i c s ,  F o r t Wo r th ,  T X ,

1 9 9 5 .

Am e s ,  S .  A. ,  B a b r a u s kas ,  V. ,  a n d  P ar ke r,  W.  J . ,  “ U p h o l s te r e d
F u r n i tu r e :  P r e d i c ti o n  b y C o r r e l ati o n s , ”  Heat Release in Fires,
B ab r au s ka s ,  V. ,  a n d  Gr a ys o n ,  S .  J .  ( e d s . ) ,  E l s e vi e r,  L o n d o n ,  p p .

5 1 9 –5 4 4 ,  1 9 9 2 .

Am e s ,  S .  A. ,  Ro ge r s ,  S . ,  an d  M u r r a y,  C . ,  “ S m a l l  a n d  F u l l  S c al e
S tu d i e s  o f H e at Re l e a s e  fr o m  B u i l d i n g C o n te n ts , ”  Proceedings
Interfam 1 993,  I n te r s c i e n c e  C o m m u n i c a ti o n s ,  L o n d o n ,  1 9 9 3 .

B ab r au s kas ,  V. ,  Full-Scale Burning Behavior of Upholstered
Chairs,  N B S  Te c h n i c al  N o te  1 1 0 3 ,  N ati o n al  B u r e au  o f S tan d ‐
ar d s ,  Gai th e r s b u r g ,  M D ,  1 9 7 9 .

B ab r au s ka s ,  V. ,  “ E s ti m ati n g  Ro o m  F l as h o ve r  P o te n ti al , ”  Fire
Technology 1 6 : 9 4 –1 0 3 ,  1 1 2 ;  1 9 8 0 a .

B ab r au s kas ,  V. ,  “ F i r e  Te s ts  a n d  H a z a r d  An al ys i s  o f U p h o l ‐
s te r e d  C h ai r s , ”  Fire Journal 7 4 : 3 5 –3 9 ;  1 9 8 0 b .

B ab r au s ka s ,  V. ,  “ Wi l l  th e  S e c o n d  I te m  I g n i te ? ”  Fire Safety Jour‐
nal 4 : 2 8 1 –2 9 2 ;  1 9 8 1 –8 2 .

B ab r au s kas ,  V. ,  “ U p h o l s te r e d  F u r n i tu r e  H e a t Re l e as e  Rate s :
M e as u r e m e n ts  an d  E s ti m ati o n , ”  Journal Fire Science 1 : 9 –3 2 ;
1 9 8 3 .
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B ab r au s ka s ,  V. ,  Bench-Scale Predictions of Mattress and Uphol‐
stered Chair Fires — Similarities and Differences,  N I S T  I n te r n al
Re p o r t ( N I S T I R)  5 1 5 2 ,  N ati o n al  I n s ti tu te  o f S ta n d a r d s  an d

Te c h n o l o g y,  Gai th e r s b u r g ,  M D ,  1 9 9 3 .

B ab r au s ka s ,  V. ,  an d  Kr a s n y,  J . ,  Fire Behavior of Upholstered
Furniture,  N B S  M o n o gr a p h  1 7 3 ,  N ati o n al  B u r e au  o f S ta n d ar d s ,
G ai th e r s b u r g ,  M D ,  1 9 8 5 .

B ar n e s ,  M .  A. ,  B r i g g s ,  P.  J . ,  H i r s c h l e r,  M .  M . ,  M a th e s o n ,  A.  F. ,
an d  O ’ N e i l l ,  T.  J . ,  “ A C o m p ar a ti ve  S tu d y o f th e  F i r e  P e r fo r m ‐

a n c e  o f M ate r i a l s  fo r  C a b l e  Ap p l i c ati o n s .  P ar t I .  Te s ts  o n  M a te ‐
r i al s  a n d  I n s u l a te d  Wi r e s , ”  Fire and Materials 2 0 ,  1 –1 6 ;  1 9 9 6 .

B ar n e s ,  M .  A. ,  B r i g g s ,  P.  J . ,  H i r s c h l e r,  M .  M . ,  M a th e s o n ,  A.  F. ,
a n d  O ’ N e i l l ,  T.  J . ,  “ A C o m p ar a ti ve  S tu d y o f th e  F i r e  P e r fo r m ‐
a n c e  o f H al o g e n ate d  an d  N o n -H a l o g e n ate d  M ate r i a l s  fo r  C ab l e

Ap p l i c ati o n s .  P ar t I I .  Te s ts  o n  C a b l e s , ”  Fire and Materials 2 0 ,  1 7 –
3 7 ;  1 9 9 6 .

B r i g gs ,  P.  J . ,  H ar r i s ,  S .  R. ,  O l l e r e n s h a w,  M . ,  Van  H e e s ,  P. ,  an d
Van  We s e m a e l ,  E . ,  “ F u l l  S c a l e  F i r e  Te s ti n g  o f C a r p e ts  i n  Ro o m /

C o r r i d o r  S c e n a r i o s  a n d  C o m p ar i s o n s  wi th  S m al l  S c al e  Te s t
P r o c e d u r e s , ”  Flame Retardants,  1 9 9 2 ,  T h e  P l a s ti c s  an d  Ru b b e r
I n s ti tu te  ( e d . ) ,  E l s e vi e r,  L o n d o n ,  p p .  2 9 7 –3 0 7 ;  1 9 9 2 .
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C h ap te r 3    Defnitions

3 . 1  G e n e ral .    T h e  defnitions  c o n ta i n e d  i n  th i s  c h ap te r  a p p l y
to  th e  te r m s  u s e d  i n  th i s  g u i d e .  Wh e r e  te r m s  ar e  n o t defned  i n
th i s  c h ap te r  o r  wi th i n  a n o th e r c h ap te r,  th e y s h o u l d  b e  defned
u s i n g  th e i r  o r d i n ar i l y a c c e p te d  m e a n i n g s  wi th i n  th e  c o n te x t i n

wh i c h  th e y ar e  u s e d .  Merriam-Webster’s Collegiate Dictionary,  1 1 th
e d i ti o n ,  i s  th e  s o u r c e  fo r  th e  o rd i n ar i l y ac c e p te d  m e an i n g .

3 . 2  N FPA Offcial  Defnitions.

3 . 2 . 1  G ui d e .    A d o c u m e n t th at i s  ad vi s o r y o r  i n fo r m ati ve  i n
n atu r e  an d  th at c o n tai n s  o n l y n o n m an d ato r y p r o vi s i o n s .  A
gu i d e  m ay c o n tai n  m a n d ato r y s tate m e n ts  s u c h  as  wh e n  a gu i d e

c a n  b e  u s e d ,  b u t th e  d o c u m e n t as  a wh o l e  i s  n o t s u i tab l e  fo r
ad o p ti o n  i n to  l a w.

3 . 2 . 2  S h o u l d .    I n d i c a te s  a  r e c o m m e n d a ti o n  o r  th a t wh i c h  i s
ad vi s e d  b u t n o t r e q u i r e d .

3 . 3  G e n e ral  Defnitions.

3 . 3 . 1  C o n te n ts  an d  Fu r n i s h i n gs .    An y m o va b l e  o b j e c ts  i n  a
b u i l d i n g  th at n o r m al l y a r e  s e c u r e d  o r  o th e r wi s e  p u t i n  p l a c e
fo r  fu n c ti o n al  r e as o n s ,  e x c l u d i n g  ( 1 )  p ar ts  o f th e  i n te r n al  s tr u c ‐

tu r e  o f th e  b u i l d i n g  a n d  ( 2 )  an y i te m s  m e e ti n g  th e  defnition
o f i n te r i o r  fnish.  (See also 3. 3. 7,  Interior Finish. )

N 3 . 3 . 2  Fi re  H az ard .    T h e  p o te n ti a l  fo r  h a r m  as s o c i ate d  wi th
fre.

N 3 . 3 . 3  Fi re  Ri s k .    An  e s ti m ati o n  o f e x p e c te d  fre  l o s s  th a t
c o m b i n e s  th e  p o te n ti a l  fo r  h ar m  i n  va r i o u s  fre  s c e n ar i o s  th at
c a n  o c c u r  wi th  th e  p r o b ab i l i ti e s  o f o c c u r r e n c e  o f th o s e  s c e n ar ‐

i o s .

N 3 . 3 . 4  Fl am i n g D ro p l e ts .    Liquefed  m ate r i al  th a t s e p ar ate s  an d
d r i p s  fr o m  th e  te s t s p e c i m e n  d u r i n g th e  fre  te s t a n d  c o n ti n u e s

to  b u r n  wi th  fame.

3 . 3 . 5 *  Fl as h o ve r.    A s tag e  i n  th e  d e ve l o p m e n t o f a c o n ta i n e d
fre  i n  wh i c h  a l l  e x p o s e d  s u r fac e s  r e a c h  i gn i ti o n  te m p e r a tu r e s
m o r e  o r  l e s s  s i m u l tan e o u s l y an d  fre  s p r e a d s  r ap i d l y th r o u gh ‐

o u t th e  s p ac e .

3 . 3 . 6 *  Fu e l  P ac k age .    A g r o u p i n g  o f o n e  o r  m o r e  fu r n i s h i n g s
o r  c o n te n ts  i te m s ,  o r  b o th ,  wh o s e  p r o x i m i ty i s  suffciently c l o s e

th a t th e  i g n i ti o n  o f o n e  i te m  c an  b e  e x p e c te d  to  c au s e  th e
s p r e ad  o f fre  to  th e  r e m ai n i n g i te m s  i n  th e  fu e l  p ac kag e .

3 . 3 . 7 *  I n te ri o r Fi n i s h .    T h e  e x p o s e d  s u r fac e s  o f wal l s ,  c e i l i n g s ,
an d  foors  wi th i n  b u i l d i n g s .  [101,  2 0 1 8 ]

3 . 3 . 8 *  I te m .    A s i n g l e  c o m b u s ti b l e  o b j e c t wi th i n  th e  c o m p a r t‐
m e n t th a t i s  p e r m a n e n t o r  tr a n s i e n t,  m o va b l e ,  o r  fxed.
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2 0 2 1  E d i t i o n S h a d e d  te x t =  Re vi s i o n s .  Δ  =  Te x t d e l e ti o n s  a n d  fgure/table  r e vi s i o n s .  •  =  S e c ti o n  d e l e ti o n s .  N  =  N e w m a te r i a l .

C h ap te r 4    I n s tr u c ti o n s  fo r U s e  o f T h i s  G u i d e

4 . 1  P ro c e d u re s .    T h i s  gu i d e  i s  b e s t u s e d  wi th  a  p r o p e r  u n d e r ‐
s tan d i n g o f i ts  va r i o u s  p r o c e d u r e s .  I ts  c o r e  c o n s i s ts  o f fve  c h ap ‐
te r s  th a t g u i d e  th e  u s e r  th r o u gh  an a l ys e s  a n d  p r o c e d u r e s  u s e d
to  d e te r m i n e  th e  l i ke l i h o o d  o f a  c o m p a r tm e n t u n d e r  i n ve s ti g a‐

ti o n  r e ac h i n g fashover  u n d e r  fre  c o n d i ti o n s  a n d  to  m i n i m i z e
th e  p o te n ti al  fo r  fashover.

4 . 2  I l l u s trati o n  o f U s e .    F i g u r e  4 . 2  i l l u s tr ate s  th e  s te p s  fo r
u s i n g  th i s  g u i d e  i n  th e  e va l u ati o n  o f th e  p o te n ti a l  fo r  r o o m
fashover.

4 . 3  An al ys e s .    Afte r  c o n d u c ti n g  th e  an al ys i s  p r o vi d e d  i n  e a c h
c h a p te r,  th e  u s e r  c an  d e te r m i n e  wh e th e r  th e  p o te n ti a l  fo r
fashover h a s  b e e n  d e c r e as e d  suffciently o r  wh e th e r  a d d i ti o n al

an al ys i s  i s  n e c e s s a r y.  H o we ve r,  th e  u s e r  n e e d  n o t n e c e s s ar i l y
c o m p l e te  th e  an a l ys i s  o f e ac h  c h ap te r  b e fo r e  m o vi n g o n  to

a n o th e r.

F i r e  o c c u r s  i n  r o o m .

F l a s h o ve r  l i ke l y.

I s  a  p r o p e r l y  d e s i g n e d
a n d  f u n c t i o n a l  a u t o m a t i c  

s u p p r e s s i o n  s y s t e m  p r e s e n t ?
(See Chapter 5. )

I s  o x y g e n  l i m i t a t i o n  o r  s u f f i c i e n t  
ve n t i n g  p r e s e n t  t o  p r e c l u d e  u p p e r  

l ay e r  f l a s h o ve r  t e m p e r a t u r e s ?
(See Chapter 6. )

L i ke l y  t e r m i n a t i o n  b e fo r e  f u l l  
r o o m  i n vo l ve m e n t .

N o

Ye s

Ye s

Ye s

Ye s

D e te r m i n e  m i n i m u m  e n e rg y re q u i re d  
fo r  f l a s h o ve r  t o  o c c u r  i n  r o o m .

(See Chapter 7. )

N o

W i l l  s e p a r a t i o n  o r  s p r e a d i n g  
o f  f u e l  l o a d  d e c r e a s e  f u e l  

p e a k h e a t  r e l e a s e  r a t e  b e l o w  
m i n i m u m  e n e r g y  fo r  f l a s h o ve r ?

(See Chapter 1 0. )

N o

N o

I s  p e a k h e a t  r e l e a s e  r a t e  b e l o w  
m i n i m u m  e n e r g y  fo r  f l a s h o ve r ?

(See Chapter 9. )

D e f i n e  f u e l  p a c ka g e .
(See Chapter 8. )

FI G U RE  4 . 2   Fl o wc h ar t fo r U s e  o f N FPA 5 5 5 .

4 . 4  M e an s  o f Fi re  C o n tro l .    T h e  frst c o n s i d e r ati o n s  i n  th e
an al ys i s  ar e  th e  m e a n s  o f fre  c o n tr o l ,  e i th e r  vi a th e  e x i s te n c e  o f
a p r o p e r l y d e s i g n e d  an d  fu n c ti o n a l  a u to m a ti c  s u p p r e s s i o n

s ys te m  o r  vi a  te c h n i q u e s  fo r  s m o ke  ve n ti n g o r  r e d u c ti o n  i n
o x yge n  avai l a b i l i ty.  T h e s e  i s s u e s  ar e  a d d r e s s e d  i n  C h ap te r  4  an d

C h ap te r  5 ,  r e s p e c ti ve l y.  A p r o p e r l y d e s i g n e d  an d  fu n c ti o n al
s ys te m  o f e i th e r  ki n d  i s  l i ke l y to  b e  a  s ati s fac to r y m e an s  o f
r e d u c i n g th e  p o te n ti a l  fo r  fashover.

4 . 5  C o n d i ti o n s  fo r Fu r th e r An al ys e s .    I f e i th e r  o f th e  fo l l o wi n g
c o n d i ti o n s  e x i s ts ,  th e  u s e r  s h o u l d  c o n d u c t th e  an al ys i s  specifed

i n  C h ap te r s  7  th r o u g h  1 0 :

( 1 ) T h e r e  i s  n e i th e r  a p r o p e r l y d e s i gn e d  a n d  fu n c ti o n al  au to ‐
m a ti c  s u p p r e s s i o n  s ys te m  n o r  a  s i m i l a r l y a d e q u a te
m e th o d  o f r e d u c ti o n  i n  o x yge n  avai l a b i l i ty.

( 2 ) Ad d e d  p r e c au ti o n s  ar e  d e s i r e d .

4 . 6  Fu e l  P ac kage s .    F u e l  p ac ka ge s  s h o u l d  b e  defned  u s i n g th e
c o n c e p ts  i n  C h ap te r  8 .

4 . 7  Fl as h o ve r- P o te n ti al  An al ys i s .    C h ap te r  7  c o n tai n s  te c h ‐
n i q u e s  fo r  p r e d i c ti n g fashover  i n  c o m p a r tm e n ts ,  i r r e s p e c ti ve

o f th e  c o n te n ts ,  fu r n i s h i n g s ,  o r  i n te r i o r  fnishes  i n vo l ve d .  C h ap ‐
te r s  8  a n d  9  i n d i c ate  h o w th e  fre  p e r fo r m an c e  o f c o n te n ts ,

fu r n i s h i n g s ,  o r  i n te r i o r  fnishes  c a n  b e  u s e d  to  as s e s s  th e  p o te n ‐
ti a l  fo r  fashover.  C h ap te r  1 0  e x p l ai n s  h o w th e  te c h n i q u e s  i n

C h ap te r  9  c an  b e  e x p an d e d  to  i n c l u d e  gr o u p s  o f i te m s  o r  p r o d ‐
u c ts  as  fu e l  p ac ka ge s .

4 . 8 *  Ap p l i c ati o n s  i n  C o d e s .    T h e  p e r fo r m an c e -b a s e d  o p ti o n s
c o m m o n l y i n c l u d e d  i n  c o d e s  an d  s ta n d ar d s  a r e  typ i c al  a p p l i c a‐
ti o n s  wh e r e  th e  r e s u l ts  o f an  an a l ys i s  s u c h  a s  th e  o n e

p e r fo r m e d  b a s e d  o n  th i s  g u i d e  wo u l d  b e  u s e fu l .

N 4 . 9 *  N o n c o m b u s ti b i l i ty.    C o d e s  a n d  r e g u l ati o n s  o fte n  p r o vi d e
a  c o n tr a s t b e twe e n  c o m b u s ti b l e  m ate r i a l s  a n d  p r o d u c ts  an d
th o s e  th a t a r e  n o n c o m b u s ti b l e ,  wi th  th e  i m p l i c i t as s u m p ti o n

th a t n o n c o m b u s ti b l e  m ate r i a l s  an d  p r o d u c ts  d o  n o t c o n tr i b u te
to  fre  h az ar d  o r  fashover.  Wh e th e r  a m a te r i al  i s  n o n c o m b u s ti ‐
b l e  i s  typ i c al l y as s e s s e d  b y d e te r m i n i n g  wh e th e r  th e  m a te r i al

c o m p l i e s  wi th  th e  c r i te r i a  n e e d e d  to  p a s s  th e  te s t i n  AS T M
E 1 3 6 ,  Test Method for Assessing Combustibility of Materials Using a
Vertical Tube Furnace at 750°C.

C h ap te r 5    Au to m ati c  S u p p re s s i o n  S ys te m s

5 . 1  G e n e ral .    Au to m ati c  s u p p r e s s i o n  s ys te m s  ar e  th e  m o s t
wi d e l y u s e d  m e th o d  fo r  au to m ati c a l l y c o n tr o l l i n g a fre.

C o n s i d e r a ti o n  s h o u l d  b e  g i ve n  to  u s i n g  an  a u to m a ti c  s u p p r e s ‐
s i o n  s ys te m  to  l i m i t th e  fre  h a z a r d  p o te n ti a l  i n  a  r o o m  i n  o r d e r
to  r e d u c e  th e  p r o b a b i l i ty o f r o o m  fashover.

5 . 2  S ys te m  Fai l u re .    Al th o u gh  a u to m a ti c  s u p p r e s s i o n  s ys te m s
h a ve  a n  o u ts tan d i n g r e c o r d  o f s u c c e s s ,  i t i s  p o s s i b l e  fo r  s u c h

s ys te m s  to  fai l .  F a i l u r e s  ar e  o fte n  d u e  to  we akn e s s e s  i n  th e
s ys te m  th a t c o u l d  h ave  b e e n  avo i d e d  i f ap p r o p r i a te  atte n ti o n
h a d  b e e n  g i ve n  at th e  ti m e  o f d e s i g n ,  i n s ta l l ati o n ,  o r  i n s p e c ‐

ti o n .  I s s u e s  p e r tai n i n g  to  s ys te m  i n te g r i ty s h o u l d  b e  a d d r e s s e d
c a r e fu l l y to  i n c r e a s e  th e  p r o b ab i l i ty o f s u c c e s s fu l  o p e r ati o n  o f a
s u p p r e s s i o n  s ys te m .  I f a p r o p e r l y d e s i g n e d  an d  fu n c ti o n i n g

au to m ati c  s u p p r e s s i o n  s ys te m  i s  u s e d  i n  th e  d e s i gn  o f a  r o o m ,  a
fre  th a t o c c u r s  i n  th a t r o o m  i s  l i ke l y to  b e  c o n tr o l l e d  o r  e x ti n ‐
g u i s h e d  b y th e  s u p p r e s s i o n  s ys te m  p r i o r  to  fu l l  r o o m  i n vo l ve ‐

m e n t (fashover) .  F i gu r e  5 . 2  p r o vi d e s  a gr a p h i c  r e p r e s e n ta ti o n
o f th e  e ffe c t o f au to m ati c  s u p p r e s s i o n  s ys te m s  o n  h e at r e l e a s e
r a te  fr o m  a  fre.
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S h a d e d  te x t =  Re vi s i o n s .  Δ  =  Te x t d e l e ti o n s  an d  fgure/table  r e vi s i o n s .  •  =  S e c ti o n  d e l e ti o n s .  N  =  N e w m ate r i a l . 2 0 2 1  E d i t i o n

5 . 3  H az ard  P ro te c ti o n .    M an y s ta n d a r d s  e x i s t to  a i d  d e s i g n e r s
i n  th e  d e ve l o p m e n t o f a p p r o p r i ate  au to m ati c  s u p p r e s s i o n
s ys te m  d e s i g n  c r i te r i a fo r  a  wi d e  r an g e  o f o c c u p a n c y typ e s  an d
h a z a r d s .  B e c a u s e  th e  r an g e  a n d  s e ve r i ty o f o c c u p an c y typ e s  an d
fre  typ e s  ar e  r a th e r  b r o ad ,  a n d  b e c au s e  p r o te c ti o n  g o al s  var y
fr o m  m i n i m a l  p r o p e r ty p r o te c ti o n  to  l ar g e -s c al e  l i fe  s a fe ty,  i t i s
e s s e n ti al  th at h a z a r d s  b e  identifed  an d  e va l u ate d  an d  th a t
ap p l i c a b l e  d e s i g n  c r i te r i a b e  e m p l o ye d .

5 . 4  E val u ati o n  C o n s i d e rati o n s  fo r Au to m ati c  S up p re s s i o n
S ys te m s .

5 . 4 . 1    I f a  r e c o g n i z e d  d e s i g n  s ta n d ar d  i s  n o t th e  b as i s  fo r  a
s u p p r e s s i o n  s ys te m  d e s i g n  o r  i f a u n i q u e  o r  i n n o vati ve  s u p p r e s ‐
s i o n  s ys te m  ap p r o ac h  i s  p r o p o s e d ,  an  e val u ati o n  o f s u p p r e s s i o n
s ys te m  c a p ab i l i ti e s  s h o u l d  b e  c o n s i d e r e d .  S u c h  an  a p p r o a c h
s h o u l d  i n c l u d e  an  a n al ys i s  o f th e  ti m e  to  a c ti va ti o n  o f th e
p r o p o s e d  s u p p r e s s i o n  s ys te m  c o m p a r e d  to  an  e val u ati o n  o f th e
“ d e s i g n  fre”  g r o wth  ti m e  wi th  r e s p e c t to  th e  o n s e t o f fashover.

5 . 4 . 2    F a c to r s  th at signifcantly affe c t a n  au to m ati c  s u p p r e s s i o n
s ys te m ' s  a b i l i ty to  p r e ve n t fashover  i n c l u d e  fre  gr o wth  r ate ,
q u an ti ty a n d  a r r an g e m e n t o f c o m b u s ti b l e s ,  e n c l o s u r e  c h ar a c ‐
te r i s ti c s ,  o x yg e n  avai l ab i l i ty,  fre  d e te c to r  ( s p r i n kl e r )  r e s p o n s e
c h a r ac te r i s ti c s ,  ag e n t a p p l i c a ti o n  r a te  ( d e n s i ty) ,  ag e n t
d i s c h ar g e  c h a r ac te r i s ti c s ,  a n d  d u r ati o n  o f ag e n t s u p p l y.
D e p e n d i n g o n  th e  c i r c u m s ta n c e s  o f th e  h az ar d  a n d  th e  l e ve l  o f
p r o te c ti o n  r e q u i r e d ,  s o m e  o r  al l  o f th e  p r e c e d i n g fac to r s  m i g h t
h ave  to  b e  e val u ate d  to  e s ta b l i s h  confdence  i n  an  a u to m a ti c
s u p p r e s s i o n  s ys te m ' s  a b i l i ty to  r e d u c e  th e  p r o b a b i l i ty o f fash‐
over  signifcantly.

Δ 5 . 5  D e s i gn ,  I n s tal l ati o n ,  an d  M ai n te n an c e .    T h e  d e s i gn ,  i n s ta l ‐
l ati o n ,  an d  m ai n te n an c e  o f au to m ati c  s u p p r e s s i o n  s ys te m s  a r e
c o ve r e d  b y a n u m b e r  o f N F PA s ta n d a r d s ,  i n c l u d i n g  th e  fo l l o w‐
i n g:

( 1 ) N F PA 1 2
( 2 ) N F PA 1 3
( 3 ) N F PA 1 3 D
( 4 ) N F PA 1 3 R
( 5 ) N F PA 1 5
( 6 ) N F PA 1 6
( 7 ) N F PA 1 7
( 8 ) N F PA 1 7 A

H R R

T i m e

W i t h o u t  a u t o m a t i c  s u p p r e s s i o n

C o n t r o l l e d  b y  
a u t o m a t i c  s u p p r e s s i o n

E x t i n g u i s h e d  b y  
a u t o m a t i c  s u p p r e s s i o n

FI G U RE  5 . 2   E ffe c t o f Au to m ati c  Fi re  S u p p re s s i o n  S ys te m s
o n  H e at Re l e as e  Rate .  (Source: SFPE Engineering Guide to
Performance-Based Fire Protection,  Figure 9–4. )

( 9 ) N F PA 2 5
( 1 0 ) N F PA 7 5 0
( 1 1 ) N F PA 2 0 0 1

C h ap te r 6    O x yge n  Avai l ab i l i ty an d  Ve n ti l ati o n

6 . 1  C o n s i d e rati o n s .    O x yge n  avai l ab i l i ty o r  ve n ti l ati o n  p ar a m e ‐
te r s  c an  p l ay a signifcant r o l e  i n  fre  g r o wth ,  th e  c o m b u s ti o n

p r o c e s s ,  a n d  c o n d i ti o n s  th at infuence  fashover  p o te n ti al  i n
va r i o u s  typ e s  o f fre  s c e n ar i o s .

6 . 1 . 1  Typ i c al  Fi re  S c e n ari o s .    N o r m a l  ai r  c o n tai n s  2 0 . 9  p e r c e n t
o x yge n ,  7 9 . 1  p e r c e n t n i tr o ge n ,  an d  tr ac e s  o f o th e r  g as e s .  I n  th e
c o m b u s ti o n  p r o c e s s ,  fu e l  c o m b i n e s  wi th  o x yg e n  i n  a i r,  a n d  th e

s i z e  o f a  r e s u l ti n g fre  c an  b e  l i m i te d  b y th e  a m o u n t o f e i th e r
fu e l  o r  o x yg e n  a va i l ab l e  fo r  th e  c o m b u s ti o n  p r o c e s s .  I n  m o s t
c o m m o n  fre  s c e n a r i o s ,  i t s h o u l d  b e  r e a s o n a b l e  to  a s s u m e  th at

o x yg e n  i s  s u p p l i e d  to  th e  fre  fr o m  th e  s u r r o u n d i n g  a i r  an d
th a t suffcient ve n ti l ati o n  o r  ai r  l e akag e  p ath s  ar e  p r e s e n t to
al l o w a c o n ti n u e d  s u p p l y o f ai r  a n d  o x yg e n .  T h e  c o n ti n u e d

a va i l ab i l i ty o f ai r  al l o ws  th e  g r o wth  o f fre  a n d  th e  c o n ti n u e d
b u r n i n g  o f c o n te n ts ,  fu r n i s h i n gs ,  o r  i n te r i o r  fnishes  i n  a
c o m p a r tm e n t.

6 . 1 . 2  T i gh tl y C l o s e d  C o m p ar tm e n ts .    I n  fre  s c e n ar i o s  i n
wh i c h  a c o m p ar tm e n t i s  ti gh tl y c l o s e d  o r  l ac ks  suffcient ve n ti l a‐
ti o n  o r  a i r  l e akag e  p ath s ,  th e  a va i l a b l e  o x yge n  i s  c o n s u m e d  i n

th e  c o m b u s ti o n  p r o c e s s  u n ti l  th e  o x yge n  vo l u m e  c o n c e n tr a ti o n
i s  r e d u c e d  to  b e twe e n  8  p e r c e n t an d  1 2  p e r c e n t.  At th e s e
r e d u c e d  o x yg e n  l e ve l s ,  th e  faming  c o m b u s ti o n  o f c o n te n ts ,

fu r n i s h i n g s ,  o r  i n te r i o r  fnishes  i n  a  c o m p a r tm e n t c a n  c e a s e ,
an d  th e  r e m ai n i n g  o x yg e n  wi l l  n o t b e  c o n s u m e d .  T h e s e  c o n d i ‐
ti o n s  c an  p r e ve n t th e  fre  fr o m  gr o wi n g to  a s i z e  suffcient to

p r o d u c e  fashover  c o n d i ti o n s .  H o we ve r,  a s u d d e n  i n tr o d u c ti o n
o f ai r  ( an d  o x yg e n )  c an  r e s u l t i n  a h i gh l y d a n ge r o u s ,  r ap i d
c o m b u s ti o n  o f p r o d u c ts  o f i n c o m p l e te  c o m b u s ti o n ,  c al l e d  a
backdraft.  A b ac kd r aft m i gh t o c c u r  wh e n  d o o r s  a r e  o p e n e d  o r

wi n d o ws  ar e  b r o ke n  i n  th e  p r o c e s s  o f m a n u a l  frefghting.  I f
o p e r ab l e  wi n d o ws  a r e  p r e s e n t o r  i f fre  d o o r s  a r e  n o t s e l f-

c l o s i n g o r  au to m ati c  c l o s i n g  o r  ar e  n o t p r o p e r l y m ai n ta i n e d ,
two  s c e n ar i o s  s h o u l d  b e  c o n s i d e r e d  to  d e te r m i n e  th e i r  r e l i a b i l ‐
i ty fo r  l i m i ti n g o x yg e n  s u p p l i e d  to  a fre.  O n e  s c e n ar i o  s h o u l d

i n vo l ve  an  o p e n i n g a n d  o n e  s h o u l d  h ave  n o  o p e n i n g .

6 . 1 . 3  Ve n te d  S c e n ari o s .    I n  s o m e  fre  s c e n ar i o s ,  th e r e  i s  a n
a b u n d a n c e  o f ve n ti l ati o n  i n  th e  fo r m  o f a s m o ke / h e at ve n ti n g

m e a n s  o r  o th e r  e x h au s t m e c h an i s m  th a t r e l i e ve s  suffcient h e at
an d  ga s e s  fr o m  a c o m p a r tm e n t,  p r e c l u d i n g  th e  te m p e r a tu r e

r i s e  c o n d i ti o n s  n e c e s s ar y to  i n d u c e  fashover  ( H i n kl e y,  1 9 8 8 ) .

6 . 2  O x yge n  C o n s u m p ti o n .

6 . 2 . 1  P ri n c i p l e  o f O x yge n  C o n s u m p ti o n .    A d e te r m i n ati o n  h a s
b e e n  m a d e  th at th e  h e a t r e l e as e d  p e r  u n i t m as s  o f o x yge n
c o n s u m e d  i s  n e ar l y c o n s ta n t fo r  m o s t o r ga n i c  fu e l s .  I n  ai r-

l i m i te d  fre  s c e n ar i o s ,  th i s  va l u e  c a n  b e  u s e fu l  i n  d e te r m i n i n g
wh e th e r  th e  fre  d u r ati o n  o r  m a x i m u m  h e a t r e l e as e  r a te
p r e d i c te d  to  c au s e  fashover  c an  b e  a c h i e ve d .  T h e  va l u e  o f h e a t

r e l e as e d  p e r  u n i t m as s  o f o x yg e n  c o n s u m e d  i s  1 3 . 1  kJ / g ( o n  a n
o x yg e n  b as i s ) .  T h e  va l u e  o f h e a t r e l e as e d  p e r  u n i t vo l u m e  o f

o x yg e n  c o n s u m e d ,  Δhc ×  ρ
O2

,  i s  1 8 . 7  ×  1 0 3  kJ / m 3  ( o n  an
o x yg e n  b as i s ) ,  at 0 ° C .  T h e  c o r r e s p o n d i n g val u e s  o n  an  ai r  b as i s

ar e  3  kJ / g  an d  3 . 9  ×  1 0 3  kJ / m 3  ( a l s o  a t 0 ° C ) .
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2 0 2 1  E d i t i o n S h a d e d  te x t =  Re vi s i o n s .  Δ  =  Te x t d e l e ti o n s  a n d  f g u r e / ta b l e  r e vi s i o n s .  •  =  S e c ti o n  d e l e ti o n s .  N  =  N e w m a te r i a l .

6 . 2 . 2  T i gh tl y C l o s e d  C o m p ar tm e n ts .

6 . 2 . 2 . 1    I n  ti g h tl y c l o s e d  c o m p ar tm e n ts ,  fas h o ve r  p o te n ti al
e x i s ts  o n l y i f th e  h e at r e l e as e d  b y th e  f r e  c an  e x c e e d  th e  h e at
r e l e as e  r ate  n e c e s s a r y fo r  fa s h o ve r  u s i n g  th e  o x yg e n  s u p p l y
ava i l ab l e  i n  th e  c o m p a r tm e n t.

6 . 2 . 2 . 2    T h e  d u r ati o n  o f b u r n i n g  i n  a ti g h tl y c l o s e d  c o m p a r t‐
m e n t c a n  b e  e s ti m ate d  fo r  s te ad y f r e s  an d  fo r  u n s te ad y f r e s  i n
wh i c h  th e  h e at r e l e a s e  r a te  gr o ws  p r o p o r ti o n a l l y to  th e  s q u a r e
o f ti m e  ( t-s q u ar e  f r e s ) .  E s ti m a ti o n s  ar e  b as e d  o n  th e  vo l u m e  o f
th e  s p ac e  a n d  th e  h e a t r e l e a s e  r ate  as  s h o wn  i n  E q u a ti o n
6 . 2 . 2 . 2 a  fo r  s te a d y f r e s  an d  E q u ati o n  6 . 2 . 2 . 2 b  fo r  u n s te ad y
( t-s q u a r e )  f r e s .

t
V

Q
hc= ×( )O

O

2

2ɺ
∆ ρ

t
V

h
c

= ×( )









3
2

2

1 3

O

Oα
ρ∆

/

wh e r e :
t = ti m e  ( s e c )

V
O2

= vo l u m e  o f o x yg e n  avai l a b l e  to  b e  c o n s u m e d  i n
c o m b u s ti o n  p r o c e s s  [see 6. 2. 2. 3] ( m 3 )

∆h
c
× ρ

O2

= h e at r e l e as e  p e r  u n i t vo l u m e  o f o x yg e n  c o n s u m e d
( kJ / m 3 )

ɺQ = h e at r e l e as e  r ate  fr o m  s te ad y f r e  ( kW)

α = c o n s ta n t g o ve r n i n g th e  s p e e d  o f f r e  g r o wth
( kJ / s e c 3 )

6 . 2 . 2 . 2 . 1    Va l u e s  o f α  fo r  typ i c al  f r e  g r o wth s  ar e  a s  s h o wn  i n
Tab l e  6 . 2 . 2 . 2 . 1 .

6 . 2 . 2 . 2 . 2    T h e  m a x i m u m  h e at r e l e as e  r a te  fo r  th e  u n s te ad y ( t-
s q u ar e )  f r e  c an  b e  e s ti m ate d  as  fo l l o ws  i n  E q u ati o n  6 . 2 . 2 . 2 . 2 ,
wh e r e  t i s  th e  ti m e ,  as  d e te r m i n e d  fr o m  E q u ati o n  6 . 2 . 2 . 2 b :

Q t= α
2

6 . 2 . 2 . 2 . 3    T h e  e q u ati o n s  c o n s i d e r  th e  e n e r g y a s s o c i a te d  wi th
th e  m as s  ( o r  vo l u m e )  o f o x yg e n  c o n s u m e d  i n  th e  c o m p a r t‐
m e n t,  a n d  th e  e n e r gy i s  d i vi d e d  b y th e  an ti c i p ate d  h e at r e l e a s e
r ate  o f th e  f r e .

 
[ 6 . 2 . 2 . 2 a]

 
[ 6 . 2 . 2 . 2 b ]

 
[ 6 . 2 . 2 . 2 . 2 ]

Tab l e  6 . 2 . 2 . 2 . 1  Val ue s  o f α

S p e e d  o f Fi re S I  U n i ts
U . S .  C u s to m ar y

U n i ts

S l o w 2 . 9 3  ×  1 0 -3  kJ / s e c 3 0 . 0 0 2 7 8  B tu / s e c 3

M e d i u m 1 1 . 7 2  × 1 0 -3  kJ / s e c 3 0 . 0 1 1 1 1  B tu / s e c 3

F as t 4 6 . 8 8  ×  1 0 -3  kJ / s e c 3 0 . 0 4 4 4 4  B tu / s e c 3

6 . 2 . 2 . 3    I t c a n  b e  e s ti m ate d  th at th e  m ax i m u m  vo l u m e  o f
o x yge n  avai l a b l e  to  b e  c o n s u m e d  i n  th e  c o m b u s ti o n  p r o c e s s  i s
ap p r o x i m a te l y h a l f o f th e  to tal  avai l ab l e  o x yge n ,  s i n c e  fa m i n g
c o m b u s ti o n  u s u al l y i s  n o t s u s tai n e d  o n c e  o x yg e n  c o n c e n tr a‐
ti o n s  fa l l  to  th e  r an g e  o f 8  p e r c e n t to  1 2  p e r c e n t.

6 . 2 . 3  Te m p e ratu re  Ri s e  i n  C o m p ar tm e n t.

6 . 2 . 3 . 1    Wi th  th e  ti m e s  o f f r e  d u r a ti o n  d e te r m i n e d  fr o m  E q u a‐
ti o n s  6 . 2 . 2 . 2 a  a n d  6 . 2 . 2 . 2 b ,  E q u ati o n  6 . 2 . 3 . 1 ,  b as e d  o n  th e
c o m p a r tm e n t vo l u m e  ( c o n ta i n i n g  ai r  as  an  i d e al  g as  a t
c o n s tan t p r e s s u r e  wi th  c o n s tan t s p e c i f c  h e at) ,  c an  b e  u s e d  to
e s ti m a te  th e  te m p e r atu r e  r i s e  i n  th e  c o m p ar tm e n t an d  to
d e te r m i n e  wh e th e r  te m p e r atu r e  c o n d i ti o n s  a r e  s uff c i e n t fo r
fa s h o ve r  ( M i l ke  a n d  M o wr e r,  1 9 9 3 ) .

∆T T Q Qn= ( ) − 0 0 1exp /

6 . 2 . 3 . 2    I n  E q u ati o n  6 . 2 . 3 . 1 ,  Qn i s  th e  n e t to ta l  h e a t r e l e as e d ,
wh i c h  c an  b e  d e te r m i n e d  fr o m  E q u ati o n  6 . 2 . 3 . 2 a o r  E q u a ti o n
6 . 2 . 3 . 2 b ,  d e p e n d i n g o n  th e  typ e  o f f r e ,  an d  Q0  i s  th e  to tal

a m b i e n t e n e r gy o f a i r  i n  th e  c o m p a r tm e n t,  c a l c u l ate d  u s i n g
E q u a ti o n  6 . 2 . 3 . 2 c .

Q X Q tn L= −( ) ( )1 ɺ ∆   ( s te ad y fi re s )

Q X
t

tn L= −( )1
3

3
α

    [ u n s te a d y ( -s q u a r e )  fi r e s ]         

Q c TVp0 0 0
= ρ

6 . 2 . 3 . 3    T h e  te r m s  u s e d  i n  E q u ati o n s  6 . 2 . 3 . 1 ,  6 . 2 . 3 . 2 a ,  6 . 2 . 3 . 2 b ,
a n d  6 . 2 . 3 . 2 c  a r e  d e s c r i b e d  as  fo l l o ws :
XL =  fr ac ti o n  o f h e at l o s s  to  c o m p ar tm e n t b o u n d ar i e s  ( typ i c al
r a n ge ,  0 . 6  to  0 . 9 5 )

ɺQ =  h e at r e l e as e  r ate  o f th e  f r e  ( kW)
α  =  a  c o n s ta n t g o ve r n i n g th e  s p e e d  o f f r e  gr o wth  ( kJ / s e c 3 )
Δ t =  ti m e  p e r i o d  ( s e c )
ρ 0  =  d e n s i ty o f a i r  ( kg/ m 3 )
cp =  s p e c i f c  h e a t o f a i r  [ kJ / ( kg  K) ]
T0  =  i n i ti al  a i r  te m p e r atu r e  ( K)
V =  vo l u m e  o f a i r  i n  c o m p ar tm e n t ( m 3 )

6 . 2 . 4 *    O th e r  th a n  th e  m e th o d  o f a n al ys i s  o u tl i n e d  u s i n g th e
e q u ati o n s  i n  6 . 2 . 2 . 2  th r o u g h  6 . 2 . 3 . 3 ,  th e r e  ar e  c o m p u te r-b as e d

m o d e l s  th at c an  e val u a te  th e  o x yg e n  d e p l e ti o n ,  ve n ti l a ti o n ,  an d
h e at tr an s fe r  e ffe c ts  th a t i m p ac t th e  fa s h o ve r  p o te n ti al  i n
ti gh tl y c l o s e d  c o m p a r tm e n ts .

6 . 3  Ve n ti n g an d  E x h au s t o f H o t S m o ke  L aye r.

6 . 3 . 1    S m o ke  p r o d u c e d  fr o m  a fam i n g  f r e  i n  a s p ac e  i s
as s u m e d  to  b e  b u o ya n t,  r i s i n g i n  a p l u m e  a b o ve  th e  f r e  an d

s tr i ki n g  th e  c e i l i n g  o r  s tr a ti fyi n g  d u e  to  te m p e r atu r e  i n ve r s i o n .
T h e  s p ac e  c a n  b e  e x p e c te d  to  b e g i n  to  f l l  wi th  s m o ke ,  wi th  th e
s m o ke  l aye r  i n te r fa c e  d e s c e n d i n g .  T h e  d e s c e n t r ate  o f th e

 
[ 6 . 2 . 3 . 1 ]

 
[ 6 . 2 . 3 . 2 a]

 
[ 6 . 2 . 3 . 2 b ]

 
[ 6 . 2 . 3 . 2 c ]
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S h a d e d  te x t =  Re vi s i o n s .  Δ  =  Te x t d e l e ti o n s  an d  fgure/table  r e vi s i o n s .  •  =  S e c ti o n  d e l e ti o n s .  N  =  N e w m ate r i a l . 2 0 2 1  E d i t i o n

s m o ke  l aye r  i n te r fac e  d e p e n d s  o n  th e  r ate  a t wh i c h  s m o ke  i s
s u p p l i e d  to  th e  s m o ke  l aye r  fr o m  th e  p l u m e .  T h i s  s c e n ar i o
as s u m e s  a two -z o n e  m o d e l  i n  wh i c h  th e r e  i s  a d i s ti n c t i n te r fa c e
b e twe e n  th e  b o tto m  o f th e  s m o ke  l aye r  a n d  th e  am b i e n t ai r.
F o r  e n gi n e e r i n g  p u r p o s e s ,  th e  s m o ke  s u p p l y r a te  fr o m  th e
p l u m e  c an  b e  e s ti m a te d  to  b e  th e  ai r  e n tr a i n m e n t r a te  i n to  th e
p l u m e  b e l o w th e  s m o ke  l aye r  i n te r fac e .

6 . 3 . 2    T h e  h e a t th at i s  c o n ve c te d  u p war d  i n to  th e  s p ac e  o r
c o m p a r tm e n t r e s u l ts  i n  an  i n c r e as e  i n  te m p e r atu r e  i n  th e
s m o ke  l aye r  i n  th e  s p ac e .  T h e  p r o vi s i o n  o f ve n ts  o r  m e c h a n i c al
m e a n s  o f e x h au s t c an  s e r ve  to  r e m o ve  th e  h o t g as e s  fr o m  th e
r i s i n g  fre  p l u m e ,  wh i c h  i n c r e as e s  th e  am o u n t o f ai r  e n tr ai n ‐
m e n t an d  p r o m o te s  a l o we r  s m o ke  l a ye r  te m p e r a tu r e .  Wi th
ap p r o p r i a te  c o n s i d e r ati o n  gi ve n  to  th e  am o u n t o f ve n ti n g  o r
e x h a u s t an d  th e  e x p e c te d  fre  s i z e ,  th e  c o m p ar tm e n t s m o ke
l aye r  g as  te m p e r atu r e s  c an  b e  l i m i te d  b e l o w th e  6 0 0 ° C  th r e s h ‐
o l d  i n d i c ato r  fo r  fashover.  Ad d i ti o n al  gu i d a n c e  a n d  c al c u l a ti o n
m e th o d s  c a n  b e  fo u n d  i n  N F PA 9 2  an d  N F PA 2 0 4 .

C h ap te r 7    P re d i c ti n g Fl as h o ve r fo r Fi re  H az ard  C al c u l ati o n s

7 . 1  B ac k gro u n d .

7 . 1 . 1  G e n e ral .    T h e  o c c u r r e n c e  o f fashover  wi th i n  a r o o m  i s
th e  u l ti m ate  s i g n al  o f u n te n a b l e  c o n d i ti o n s  wi th i n  th e  r o o m  o f
fre  o r i gi n  as  we l l  as  a s i g n  o f g r e atl y i n c r e as e d  r i s k to  o th e r
r o o m s  wi th i n  th e  b u i l d i n g.  A n u m b e r  o f e x p e r i m e n tal  s tu d i e s
o f fu l l - s c a l e  fres  h ave  b e e n  p e r fo r m e d  th at p r o vi d e  an
ad e q u ate  b u t i m p r e c i s e  defnition  o f fashover  i n  te r m s  o f
m e a s u r ab l e  p h ys i c a l  p r o p e r ti e s .  C o m p u te r  s i m u l ati o n s  o f th e
gr o wth  o f a fre  wi th i n  a r o o m  a r e  avai l ab l e .

7 . 1 . 2 *  Te m p e ratu re .    Te m p e r atu r e  r i s e  i n  th e  u p p e r  l a ye r  o f a
c o m p a r tm e n t h a s  b e e n  u s e d  a s  a  c r i te r i o n  fo r  i n d i c a ti o n  o f
fashover.  D o c u m e n tati o n  i n d i c ate s  th a t a  ga s  te m p e r atu r e  r i s e
at fashover  o f 6 0 0 ° C  i s  a r e as o n ab l e  e x p e c tati o n .

7 . 1 . 3 *  H e at Fl u x .    H e at fux  at foor  l e ve l  al s o  h as  b e e n  u s e d
as  a c r i te r i o n  fo r  i n d i c ati o n  o f fashover.  D o c u m e n tati o n  i n d i ‐
c a te s  th at a  h e at fux  a t foor  l e ve l  at fashover  o f 2 0  kW/ m 2  i s  a
r e a s o n a b l e  e x p e c ta ti o n .

7 . 2  E s ti m ati n g Ro o m  Fl as h o ve r P o te n ti al .

7 . 2 . 1 *    Ro o m  fashover  p o te n ti a l  i s  b e s t e s ti m ate d  b y u s i n g
T h o m as ’  fashover  c o r r e l ati o n  ( T h o m as ,  1 9 8 1 ) ,  as  p r o vi d e d  i n

E q u a ti o n  7 . 2 . 1 a.  T h e  c o n s ta n ts  i n  E q u ati o n  7 . 2 . 1 a  r e p r e s e n t
val u e s  c o r r e l ate d  to  e x p e r i m e n ts  th a t p r o d u c e  fashover.

ɺQ A A H= + ( )7 8 3 7 8. ro o m ve n t ve n t
e q ui val e n t

 

A A A A Aro o m fl o o r c e i l i n g wal l s ve n ts e qui val e n t
 = + + − ( )

W

A H i

H

i

n

ve n t e qu i val e n t

ve n t ve n t

ve n t e qui val e n t

=
( )=∑ 1

3

 
[ 7 . 2 . 1 a]

 
[ 7 . 2 . 1 b ]

 
[ 7 . 2 . 1 c ]

wh e r e :
ɺQ = h e at r e l e as e  r ate  o f th e  fre  ( kW)

A ve n t = Hve n tWve n t ( m 2 )  i n  wh i c h  th e  p r o d u c t,  Hve n tWve n t,
r e p r e s e n ts  th e  d i m e n s i o n s  o f an  e q u i va l e n t ve n t
defned  b y E q u a ti o n  7 . 2 . 1 a

H ve n t e q u i v‐

al e n t

= d i ffe r e n c e  b e twe e n  th e  e l e va ti o n  o f th e  h i g h e s t
p o i n t am o n g a l l  o f th e  ve n ts  an d  th e  e l e vati o n  o f
th e  l o we s t p o i n t am o n g a l l  o f th e  ve n ts  ( m )

W ve n t

e q u i val e n t

= wi d th  o f a  vi r tu al  ve n t th at h as  an  ar e a  e q u i val e n t
( fo r  th e  p u r p o s e s  o f d e te r m i n i n g fashover)  to  th e
c o m b i n e d  ar e a o f a l l  i n d i vi d u a l  ve n ts  fr o m  th e
r o o m  o f c o n s i d e r a ti o n  ( m )

7 . 2 . 2 *    Al te r n ati ve  m e th o d s  o f e s ti m a ti n g h e at r e l e as e  a t fash‐
over  al s o  h ave  b e e n  r e p o r te d  ( B a b r a u s kas ,  1 9 8 0 a;  B ab r au s ka s
a n d  Kr as n y,  1 9 8 5 ;  M c C a ffr e y e t al . ,  1 9 8 1 ;  Qu i n ti e r e ,  1 9 8 2 ;  D e al

an d  B e yl e r,  1 9 9 0 ) .  A r e vi e w o f te c h n i q u e s  fo r  p r e d i c ti n g fash‐
over  h as  b e e n  c o n d u c te d  ( P e ac o c k e t al . ,  1 9 9 9 ) .

7 . 2 . 3 *  G e n e ral  I n fo r m ati o n  o n  T h o m as ’  C o r re l ati o n .

7 . 2 . 3 . 1    T h e  fo r m u l ati o n  o f th e  e n e r g y b a l an c e  c o n s i d e r e d
o n l y th e  h e at l o s s e s  fr o m  th e  h o t g as  l aye r  a n d  h e ate d  wal l s  to

th e  c o o l e r  l o we r  wa l l s  a n d  foor  s u r fa c e s .  T h e  te r m  Ar o o m

a c tu al l y s h o u l d  i n c l u d e  al l  s u r fa c e s  i n s i d e  th e  r o o m ,  e x c l u s i ve
o f th e  ve n t ar e a .

7 . 2 . 3 . 2    T h e  fre  ar e a  s h o u l d  n o t b e  s u b tr a c te d  fr o m  th e  foor
a r e a,  b e c a u s e  th e  fre  c o n d u c ts  an d  c o n ve c ts  h e at i n to  th e  foor

u n d e r n e a th  th e  fu e l  fo o tp r i n t.

7 . 2 . 3 . 3    E q u ati o n  7 . 2 . 1 a  i s  n o t d e p e n d e n t o n  th e  l o c ati o n  o r
fo r m  o f th e  ve n t ( a wi n d o w o r  a  d o o r ) ;  h o we ve r,  th e  e q u a ti o n

was  d e ve l o p e d  fr o m  te s ts  wh e r e  ve n ti n g  wa s  th r o u gh  a wi n d o w
a s  we l l  a s  a  d o o r.

7 . 2 . 3 . 4    E q u ati o n  7 . 2 . 1 a d o e s  n o t a d d r e s s  th e  e x te r n al  i n s u l a‐
ti o n  o f th e  wal l s .  T h u s ,  u s i n g  th e  e q u ati o n  fo r  c o m p a r tm e n ts

wi th  th i n  m e tal  wal l s  m i gh t b e  i n ap p r o p r i a te .

7 . 2 . 3 . 5    E q u ati o n  7 . 2 . 1 a  was  d e ve l o p e d  fr o m  te s ts  u s i n g  fa s t-
gr o wth  fres  an d  h as  n o t b e e n  verifed  fo r  fres  th at gr o w s l o wl y

o r  at m o d e r ate  r ate s .

7 . 2 . 3 . 6    E q u ati o n  7 . 2 . 1 a  wa s  d e ve l o p e d  fr o m  e x p e r i m e n ts
c o n d u c te d  i n  r o o m s  n o t e x c e e d i n g 1 6  m 2  i n  foor  a r e a.  E x tr a p ‐

o l ati o n  o f th e  r e s u l ts  fr o m  th i s  e q u ati o n  fo r  a p p l i c ati o n  to
r o o m s  wi th  m u c h  l ar g e r  foor  a r e as  m i g h t n o t b e  va l i d .

7 . 2 . 3 . 7    E q u ati o n  7 . 2 . 1 a i s  n o t val i d  fo r  c o m p a r tm e n ts  wi th o u t
ve n ti l a ti o n ,  b e c a u s e  i t wo u l d  p r e d i c t th e  p o s s i b i l i ty o f fashover,
wh i c h  wo u l d  b e  u n l i ke l y d u e  to  o x yge n  s tar vati o n  o f th e  fre.

7 . 2 . 3 . 8    T h e  e x p e r i m e n ts  u s e d  to  d e ve l o p  th i s  e q u a ti o n  i n c l u ‐
d e d  th e  u s e  o f c o m p ar tm e n ts  wi th  th e r m al l y th i c k wa l l s  an d

wo o d  c r i b  fres.  T h e  va l i d i ty o f th e  e q u ati o n  was  l ate r
confrmed  i n  g yp s u m -l i n e d  r o o m s  u s i n g  fu r n i tu r e  fres  ( P a r ke r
a n d  L e e ,  1 9 7 3 ) .  I ts  val i d i ty fo r  o th e r  s u r fac e s  o r  fre  s o u r c e s  h as
n o t b e e n  fu l l y e s tab l i s h e d .

N 7 . 2 . 4    S F P E  S . 0 1 ,  Engineering Standard on Calculating Fire Expo‐
sures to Structures,  p r o vi d e s  a  m e th o d o l o gy o n  h o w to  d e te r m i n e

wh e th e r  fashover  i s  e x p e c te d  to  o c c u r  wh e n  p r e d i c ti n g  b o u n ‐
d ar y c o n d i ti o n s  fo r  fu l l y d e ve l o p e d  fres  to  a  s tr u c tu r e .
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C h ap te r 8    Fu e l  P ac k age  Defnition

8 . 1  I n tro d u c ti o n .    T h i s  c h a p te r  d e s c r i b e s  m e th o d s  fo r  defn‐
ing  a  fu e l  p ac kag e  fo r  u s e  i n  p r e d i c ti n g h e at r e l e as e  r ate s ,
c o m p a r tm e n t te m p e r a tu r e s ,  a n d  fashover  p o te n ti al .

8 . 2  Fu e l  P ac kage .    T h e  two  as p e c ts  o f fu e l  p a c kag e s  th at a r e
d i s c u s s e d  i n  th i s  c h a p te r  ar e  th e  defnition  o f a fu e l  p ac kag e

a n d  th e  i gn i ti o n  o f a fu e l  p ac ka ge  d u e  to  h e ati n g  b y an o th e r
fu e l  p a c kag e  wi th i n  th e  c o m p a r tm e n t.

8 . 3  Defning Fue l  P ac k age s .

8 . 3 . 1  G ui d an c e .    T h i s  s e c ti o n  i n c l u d e s  s o m e  s i m p l e  defnitions
o f fu e l  p ac kage s .  T h e s e  defnitions  s h o u l d  b e  u s e d  fo r  gu i d ‐
an c e  r ath e r  th an  a s  s tr i c t defnitions.

8 . 3 . 2  P ro x i m i ty.    O b j e c ts  th at ar e  c l o s e  e n o u gh  i n  p h ys i c al
p r o x i m i ty s o  th a t c o n ti n u o u s  fame  s p r e a d  fr o m  i te m  to  i te m  i s

p o s s i b l e  ge n e ra l l y ar e  c o n s i d e r e d  to  b e  a  fu e l  p ac kag e .  I n  s u c h
a s i tu a ti o n ,  th e  i gn i ti o n  d e l a ys  a s s o c i a te d  wi th  o b j e c t-to -o b j e c t
s p r e ad  d o  n o t d o m i n ate  th e  h e a t r e l e a s e  r a te  h i s to r y.

8 . 3 . 2 . 1    I te m s  th a t ar e  s o  fa r  a way fr o m  o th e r  i te m s  o r  fu e l
p ac kag e s  th at th e y c an n o t b e  i gn i te d  b y h e at tr an s fe r  fr o m

o th e r  i te m s  o r fu e l  p ac kag e s  a r e  n o t c o n s i d e r e d  a p a r t o f a fu e l
p ac kag e .

8 . 3 . 2 . 2    I te m s  th a t ar e  n e ar  e n o u gh  to  o th e r  i te m s  o r  fu e l  p a c k‐
ag e s  th a t i g n i ti o n  o f an  i te m  i s  p o s s i b l e  d u e  to  h e at tr an s fe r
fr o m  o th e r  i te m s  o r  fu e l  p a c ka ge s  ar e  n o t i n c l u d e d  as  p a r t o f a

fu e l  p ac kag e  i f a n y o f th e  fo l l o wi n g  ap p l y:

( 1 ) T h e  i g n i ti o n  d e l a y i s  suffciently l o n g  th a t th e  p e ak h e a t
r e l e as e  rate  wi l l  h a ve  p a s s e d  b e fo r e  th e  i te m  r e ac h e s  i ts

p e ak b u rn i n g  r ate .
( 2 ) T h e  m e th o d s  o f C h a p te r  8  c an n o t b e  r e a s o n a b l y u s e d  i f

th e  i te m  i s  i n c l u d e d  a s  p ar t o f a n e ar b y fu e l  p ac kag e .
( 3 ) B o th  8 . 3 . 2 . 2 ( 1 )  an d  8 . 3 . 2 . 2 ( 2 )  ap p l y.

C h ap te r 9    E s ti m ati o n  Te c h n i q u e s  fo r H e at Re l e as e  Rate

Δ 9 . 1 *  I n tro d u c ti o n .    T h i s  c h ap te r  p r e s e n ts  te c h n i q u e s  fo r  e s ti ‐
m a ti n g th e  h e at r e l e a s e  r ate  fo r  var i o u s  i n d i vi d u al  i te m s  o r
p r o d u c ts  i n  a c o m p ar tm e n t,  b a s e d  o n  th e  r e s u l ts  o f d i r e c t

m e a s u r e m e n ts .  H e a t r e l e a s e  r a te  i s  a c r u c i a l  p r o p e r ty fo r  as s e s s ‐
i n g  fre  s afe ty,  b e c au s e  i ts  m ax i m u m  val u e  i s  th e  n u m e r i c al
r e p r e s e n ta ti o n  o f th e  p e a k i n te n s i ty o f a  fre.  T h e r e fo r e ,  e s ti ‐

m a te s  o f h e a t r e l e as e  r ate  ar e  c r i ti c al  i n  p r e d i c ti n g  wh e th e r
fashover  c a n  o c c u r  i n  a c o m p ar tm e n t,  b as e d  o n  th e  i te m s  o r
p r o d u c ts  c o n tai n e d  i n  th e  c o m p ar tm e n t an d  th e  d i s tan c e s

b e twe e n  th e m .  S e c ti o n s  9 . 2  th r o u g h  9 . 8  p r e s e n t a h i e r ar c h y o f
th e  p r e fe r r e d  te c h n i q u e s  fo r  s u c h  e s ti m ate s .  T h e  fo l l o wi n g
gu i d a n c e  d o c u m e n ts  i s s u e d  b y s tan d a r d s -m aki n g  o r ga n i z ati o n s

wi l l  b e  o f a s s i s ta n c e  to  a n yo n e  c o n s i d e r i n g m e th o d s  fo r  e val u a t‐
i n g  p o te n ti a l  fo r  fashover:

( 1 ) AS T M  E 2 0 6 1 ,  Guide for Fire Hazard Assessment of Rail Trans‐
portation Vehicles,  i n ve s ti g ate s  fre  h az ar d  a s s e s s m e n t i n  a
specifc  o c c u p an c y,  s u c h  as  a  r ai l  tr a n s p o r ta ti o n  ve h i c l e ,

wh i c h  i s  o n e  typ e  o f c o m p ar tm e n t.
( 2 ) AS T M  E 2 2 8 0 ,  Guide for the Fire Hazard Assessment of the

Effect of Upholstered Seating Furniture Within Patient Rooms of
Health Care Facilities,  i n ve s ti ga te s  fre  h a z a r d  as s e s s m e n t o f
a  specifc  p r o d u c t,  s u c h  a s  u p h o l s te r e d  fu r n i tu r e  i n  a

p ati e n t ro o m  o f a  h e a l th  c a r e  o c c u p an c y.

( 3 ) N F PA 5 5 6  i n ve s ti g ate s  th e  u s e  o f s u c h  te c h n i q u e s ,  a s  we l l
as  o th e r s ,  to  e va l u ate  an d  l o we r  fre  h az ar d  i n  p as s e n g e r
r o a d  ve h i c l e s ,  s u c h  a s  c a r s .

9 . 2  P re fe r re d  H i e rarc h i c al  O rd e r.    T h e  p r e fe r r e d  h i e r a r c h i c al
o r d e r  i n d i c ate s  th a t th e  r e l i a b i l i ty o f r e s u l ts  i s  l i ke l y to  d e c r e a s e
as  th e  o r d e r  o f te c h n i q u e  d e s c e n d s  fr o m  th e  o p ti m al  to  o th e r

typ e s .  Te s ts  o n  i n d i vi d u a l  m a te r i al s  an d  c o m p ar a ti ve  e s ti m ate s
ar e  th e  te c h n i q u e s  wi th  th e  l o we s t r e l i a b i l i ty fo r  as s e s s i n g th e
p o te n ti a l  fo r  r o o m  fashover.  T h e  o p ti m al  te c h n i q u e  i s  a fu l l

c o m p a r tm e n t te s t th a t i n c l u d e s  i te m s  o r  p r o d u c ts  c o n tai n e d  i n
th e  c o m p ar tm e n t,  wi th  th e  d i s tan c e s  b e twe e n  i te m s  an d  p r o d ‐
u c ts  i d e n ti c a l  to  th o s e  i n  th e  c o m p a r tm e n t o f i n te r e s t.  T h e

a p p l i c a b l e  te c h n i q u e s  a r e  d e s c r i b e d  i n  m o r e  d e tai l  i n  S e c ti o n s
9 . 3  th r o u g h  9 . 8 .  T h e  p r e fe r r e d  h i e r a r c h i c al  o r d e r  i s  a s  fo l l o ws :

( 1 ) A fu l l  c o m p ar tm e n t fre  te s t,  i n c l u d i n g  al l  i te m s  e x p e c te d
to  b e  c o n ta i n e d  wi th i n  th e  c o m p ar tm e n t

( 2 ) F u l l -s c al e  fre  te s ts  o n  i n d i vi d u a l  i te m s
( 3 ) Te s ts  o n  l a r ge -s c al e  m o c k-u p s  o f i n d i vi d u a l  i te m s
( 4 ) B e n c h - s c a l e  te s ts ,  u s i n g  c o m p o s i te  s am p l e s  r e p r e s e n ta ti ve

o f th e  e n d - u s e  c o m p o s i te  as s e m b l i e s
( 5 ) B e n c h - s c a l e  te s ts  u s i n g  i n d i vi d u a l  m ate r i al s  r ath e r  th an

c o m p o s i te s  as  s a m p l e s
( 6 ) U s e  o f e s ti m a ti o n  te c h n i q u e s  fo r  c al c u l a ti n g h e a t r e l e a s e

r ate  i n  th e  c o m p a r tm e n t a s  d e te r m i n e d  fr o m  th e  r e s u l ts
o f te s ts  i n  9 . 2 ( 1 )  th r o u g h  9 . 2 ( 5 ) .  T h i s  m i g h t b e  d o n e  b y
o n e  o f th e  fo l l o wi n g :

( a) Qu an ti tati ve  e s ti m a ti o n  te c h n i q u e s
( b ) Re l ati ve  e s ti m ati o n  te c h n i q u e s

9 . 3  Fu l l - C o m p ar tm e n t Fi re  Te s ts .

Δ 9 . 3 . 1    I d e a l l y,  th e  h e at r e l e a s e  r ate  fr o m  th e  c o m b i n ati o n  o f
c o n te n ts ,  fu r n i s h i n gs ,  a n d  i n te r i o r  fnishes  c o n tai n e d  i n  a

c o m p a r tm e n t i s  o b tai n e d  b y c a r r yi n g  o u t a  fu l l  c o m p a r tm e n t
fre  te s t,  wh e r e i n  e a c h  m a j o r  c o m b u s ti b l e  i te m ,  p r o d u c t,  o r  fu e l
p ac kag e  i s  i n c l u d e d ,  r e p l i c ati n g  as  m u c h  as  p o s s i b l e  th e  l o c a‐

ti o n s  wh e r e  th e  i te m s  ar e  to  b e  p l a c e d  i n  th e  c o m p ar tm e n t
u n d e r  i n ve s ti g ati o n .  AS T M  E 6 0 3 ,  Guide for Room Fire Experiments,
p r o vi d e s  p r o p e r  g u i d a n c e  fo r  th e  var i o u s  c h o i c e s  th at s h o u l d
b e  m ad e .  T h e s e  i n c l u d e  i n fo r m a ti o n  o n  o p e r ato r  s a fe ty a n d  o n

th e  m o s t ap p r o p r i ate  e x p e r i m e n tal  te c h n i q u e s  fo r  var i o u s
m e a s u r e m e n ts .  T h i s  a p p r o a c h  i s  b e s t s u i te d  fo r  c a s e s  wh e r e
m u l ti p l e  c o m p a r tm e n ts  wi th  ve r y s i m i l ar  c o n te n ts  an d  d i s tr i b u ‐

ti o n s  ar e  to  b e  c o n s tr u c te d .  AS T M  E 2 0 6 7 ,  Practice for Full-Scale
Oxygen Consumption Calorimetry Fire Tests,  d e s c r i b e s  th e  m e th o d s
to  c o n s tr u c t,  c al i b r ate ,  a n d  u s e  fu l l - s c a l e  o x yg e n  c o n s u m p ti o n

c a l o r i m e te r s  to  h e l p  m i n i m i z e  te s ti n g  r e s u l t d i s c r e p an c i e s
b e twe e n  l a b o r a to r i e s .  T h e  AS T M  E 2 0 6 7  p r a c ti c e  g o e s  b e yo n d
s tan d ar d i z e d  te s t m e th o d s  i n  d i s c u s s i n g  th e  c o n d u c ti o n  o f

d i ffe r e n t typ e s  o f te s ts ,  i n c l u d i n g s o m e  i n  wh i c h  th e  o b j e c ti ve  i s
to  as s e s s  c o m p ar ati ve l y th e  fre  p e r fo r m an c e  o f p r o d u c ts  r e l e a s ‐
i n g  l o w a m o u n ts  o f h e at o r  s m o ke  an d  s o m e  i n  wh i c h  th e

o b j e c ti ve  i s  to  a s s e s s  wh e th e r  fashover  wi l l  o c c u r.  I t al s o
d e s c r i b e s  th e  e q u ati o n s  r e q u i r e d  fo r  c al c u l a ti o n s  o f h e a t an d
s m o ke  r e l e as e .

9 . 3 . 2    O n e  o f th e  m o s t i m p o r ta n t i s s u e s  th at n e e d s  to  b e
ad d r e s s e d  b y th e  d e s i g n e r  o f a fu l l - s c a l e  te s t i s  th e  s e l e c ti o n  o f

a n  i g n i ti o n  s o u r c e .

9 . 3 . 2 . 1    I f th e  o n l y o b j e c ti ve  i s  to  e n s u r e  th at fashover  c an n o t
o c c u r  wi th  th e  e x i s ti n g  c o m b u s ti b l e  c o n te n ts ,  th e  s i z e  o f th e

i g n i ti o n  s o u r c e  u s e d  i s  o f l i ttl e  i m p o r ta n c e  a s  l o n g  as  i t i s  n o t
l ar g e  e n o u gh  to  c a u s e  fashover  o n  i ts  o wn .  An  i n i ti a l  te s t

s h o u l d  b e  c a r r i e d  o u t,  wi th  th e  i gn i ti o n  s o u r c e  as  th e  o n l y i te m
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p r e s e n t,  to  confrm  th at fashover  d o e s  n o t o c c u r  i n  th e
ab s e n c e  o f o th e r  c o m b u s ti b l e  i te m s .  T h e  o b j e c ti ve  o f th i s  te s t i s
e x tr e m e l y l i m i te d .

9 . 3 . 2 . 2    I f th e  e x p e r i m e n t i s  b e i n g  c a r r i e d  o u t to  d e te r m i n e
th e  fre  h a z a r d  i n h e r e n t i n  th e  c o m p ar tm e n t b e i n g c o n s i d e r e d ,
th e  c h o i c e s  o f i g n i ti o n  s o u r c e  an d  i ts  l o c ati o n  a r e  c r u c i a l  to  th e
r e s u l ts  o f th e  te s t.  T h e y s h o u l d  b e  c h o s e n  to  r e p r e s e n t a  r e a l i s ‐
ti c  fre  s o u r c e  i n  th e  o c c u p a n c y u n d e r  i n ve s ti g ati o n .

9 . 3 . 2 . 3    I f th e  e x p e r i m e n t i s  b e i n g c ar r i e d  o u t i n  o r d e r  to  m ake
a d e c i s i o n  b e twe e n  var i o u s  typ e s  o f i te m s  o r  fu e l  p ac ka ge s  o f a
p ar ti c u l ar  typ e  ( e . g. ,  an  u p h o l s te r e d  c h ai r  o r  a  m attr e s s ) ,  th e
i g n i ti o n  s o u r c e  s h o u l d  b e  suffciently l a r ge  to  b e  a  r e al i s ti c  fre
s o u r c e  b u t s m al l  e n o u gh  s o  th a t to ta l  c o n s u m p ti o n  o f th e  i te m
i s  n o t i n e vi tab l e .  T h e r e fo r e ,  th e  i g n i ti o n  s o u r c e  fo r  s u c h  a fu l l -
s c a l e  te s t s h o u l d  n o t b e  s o  l a r ge  as  to  o ve r wh e l m  th e  p r o d u c t,
i r r e s p e c ti ve  o f i ts  fre  p e r fo r m an c e .

9 . 3 . 3    D i s ad van tag e s  to  c ar r yi n g o u t fu l l  c o m p ar tm e n t fre  te s ts
i n c l u d e  th e  fo l l o wi n g:

( 1 ) T h e y a r e  c o s tl y,  b o th  i n  te r m s  o f a c tu a l  e x p e n s e  an d  i n
te r m s  o f p r e p ar ati o n .

( 2 ) T h e y ar e  l e s s  s u s c e p ti b l e  to  ge n e r a l i z a ti o n ,  b e c a u s e  s m a l l
d i ffe r e n c e s  i n  i te m  o r  fu e l  p ac kag e  l o c a ti o n  c a n  h a ve
m a j o r  e ffe c ts  o n  fre  p e r fo r m an c e .

( 3 ) T h e y c a n n o t e a s i l y i d e n ti fy th e  e ffe c ts  o f i n d i vi d u al  i te m s
o r  fu e l  p a c ka ge s  o n  th e  o ve r al l  fre  p e r fo r m an c e  o f th e

wh o l e  c o m p ar tm e n t.

9 . 3 . 4    T h e  u l ti m a te  o b j e c ti ve  o f th e  te s ts  s h o u l d  b e  to  d e te r ‐
m i n e  wh e th e r  th e  c o m p a r tm e n t,  a s  confgured,  i s  e x p e c te d  to
re a c h  fashover.  I f fashover  i s  n o t r e ac h e d ,  th e  r e s u l ts  c a n  b e
u s e d  fo r  c o m p ar i s o n s  b e twe e n  i te m s  o r  p r o d u c ts  wi th  s i m i l ar
fu n c ti o n s  b u t d i ffe r i n g  c o n s tr u c ti o n  o r  m ate r i a l s .  Re s u l ts  fr o m
te s ts  th at d o  n o t r e a c h  fashover  s h o u l d  b e  c o m p ar e d  wi th  th e
c a l c u l ate d  h e at r e l e as e  r ate s  n e c e s s ar y fo r  fashover  o r  th e
u p p e r  g as  l aye r  te m p e r a tu r e s  n e c e s s a r y fo r  fashover.  T h e
p o te n ti a l  fo r  fashover  s h o u l d  b e  a s s e s s e d  i n  l i g h t o f th e  r e p r o ‐
d u c i b i l i ty o f te s t r e s u l ts  a n d  th e  i m p ac t o f te s t r e s u l t var i ab i l i ty
o n  a c h i e vi n g fashover  c o n d i ti o n s .

Δ 9 . 3 . 5    T h e  c o n c e p t o f th e  typ i c al  h e a t r e l e a s e  c u r ve  fo r  r e s i d e n ‐
ti al  fres  i s  b as e d  o n  wo r k o f S i m o n  I n gb e r g  o f th e  N ati o n al
B u r e au  o f S ta n d ar d s .  H e  p u b l i s h e d  a  p ap e r  i n  1 9 2 8  o n  th e
s e ve r i ty o f fre  i n  wh i c h  h e  e q u ate d  th e  g r o s s  c o m b u s ti b l e  fu e l
l o ad  ( c o m b u s ti b l e  c o n te n t i n  m as s  p e r  u n i t ar e a )  to  th e  p o te n ‐
ti a l  fre  e x p o s u r e  i n  te r m s  o f d u r ati o n  o f e x p o s u r e  to  a  fre
fo l l o wi n g  th e  s tan d ar d  ( AS T M  E 1 1 9 ,  Test Methods for Fire Tests of
Building Construction and Materials)  ti m e -te m p e r atu r e  c u r ve  fo r
fre  r e s i s tan c e  te s ts .  T h i s  m e an s  th at I n g b e r g d e m o n s tr ate d  th a t
th e  s tan d ar d  AS T M  E 1 1 9  fre  c u r ve  wa s  r e p r e s e n tati ve  o f th e
typ i c a l  s e ve r i ty o f th e  fres  a s s o c i a te d  wi th  c o m b u s ti b l e  c o n te n ts
p r e s e n t i n  b u i l d i n g s  i n  th e  1 9 2 0 s  ( i . e . ,  th e i r  fre  l o ad ) .  M o r e
re c e n t s tu d i e s ,  ( e . g. ,  b y U L )  wh e r e  fu l l  s c al e  e x p e r i m e n ts  we r e
c o n d u c te d  to  e x am i n e  th e  c h an g e s  i n  fre  d e ve l o p m e n t i n  a
m o d e r n  r o o m ’ s  c o n te n ts  ve r s u s  c o n te n ts  th at m i g h t h a ve  b e e n
fo u n d  i n  a m i d - 2 0 th  c e n tu r y h o u s e  ( l e g ac y r o o m s ) .  T h e
m o d e r n  r o o m s  u ti l i z e d  s yn th e ti c  c o n te n ts  th a t we r e  r e a d i l y
ava i l ab l e  n e w a t var i o u s  r e tai l  o u tl e ts ,  an d  th e  l e ga c y r o o m s
u ti l i z e d  c o n te n ts  th a t we r e  p u r c h as e d  u s e d  fr o m  a  n u m b e r  o f
s e c o n d - h an d  o u tl e ts .  T h e  r o o m s  m e a s u r e d  3 . 7  m  b y 3 . 7  m  wi th
a 2 . 4  m  c e i l i n g a n d  a  2 . 4  m  wi d e  b y 2 . 1  m  tal l  o p e n i n g  o n  th e
fr o n t wal l .  B o th  r o o m s  c o n tai n e d  s i m i l a r  typ e s  an d  am o u n ts  o f
l i ke  fu r n i s h i n gs .  B o th  r o o m s  we r e  i gn i te d  b y p l a c i n g a l i t
c a n d l e  o n  th e  r i g h t s i d e  o f th e  s o fa an d  al l o we d  to  g o  to  fash‐

over  an d  m ai n ta i n  fashover  fo r  a p e r i o d  o f ti m e  b e fo r e  b e i n g
e x ti n g u i s h e d .  T h e  fre  i n  th e  m o d e r n  r o o m  tr an s i ti o n e d  to
fashover  i n  3  m i n u te s  an d  3 0  s e c o n d s ;  th e  fre  i n  th e  l e g ac y
r o o m  d i d  th e  s a m e  ( wi th  a s l i g h tl y l o we r  p e ak te m p e r atu r e )

afte r  2 9  m i n u te s  an d  3 0  s e c o n d s .  I t i s  c l e ar  th a t m o d e r n  r o o m s
r e s u l t i n  h o tte r  fres  th at go  to  fashover  fas te r,  s o  th a t th e  ti m e
te m p e r a tu r e  c u r ve  o f th e  AS T M  E 1 1 9  fre  te s t ( wh i c h  i s  b as e d

o n  th e  fre  g r o wth  i n  l e g ac y r o o m s )  i s  l e s s  l i ke l y to  b e  r e p r e s e n ‐
tati ve  o f th e  ac tu al  fre  h az ar d .  T h e r e fo r e ,  p r o te c ti o n  r e q u i r e d
i n  th e  2 1 s t c e n tu r y m u s t b e  at l e a s t as  h i gh  as  th at r e q u i r e d  i n

th e  1 9 7 0 s .  T h i s  m i gh t n e e d  to  b e  take n  i n to  a c c o u n t wh e n
a s s e s s i n g  h e at r e l e as e  fo r  fashover.

9 . 4  Fu l l - S c al e  Te s ts  o n  I n d i vi d u al  I te m s  o r Fu e l  P ac k age s .

9 . 4 . 1  G e n e ral .

9 . 4 . 1 . 1    F u l l -s c a l e  te s ts  h ave  b e e n  d e ve l o p e d  fo r  a  va r i e ty o f
i n d i vi d u a l  i te m s ,  i n c l u d i n g  wa l l  fnish,  u p h o l s te r e d  fu r n i tu r e ,
a n d  m a ttr e s s e s .  F u l l -s c al e  te s ts  al s o  c a n  b e  c o n d u c te d  o n  i n d i ‐

vi d u a l  fu e l  p ac kag e s  i n  th e  s am e  wa y i n  wh i c h  th e y a r e  c o n d u c ‐
te d  fo r  i n d i vi d u al  i te m s .  T h e  c h o i c e s  o f i g n i ti o n  s o u r c e  an d
l o c a ti o n  a r e  c r u c i al  to  th e  r e s u l ts  o f th e  te s t.  T h e y s h o u l d  b e

c h o s e n  to  r e p r e s e n t a r e a l i s ti c  fre  s o u r c e  i n  th e  o c c u p an c y
u n d e r  i n ve s ti ga ti o n .

9 . 4 . 1 . 2 *    I f i t i s  p o s s i b l e  th at i te m s  o r  fu e l  p a c kag e s  c o u l d  d e te ‐
r i o r ate  th r o u gh  n o r m al  u s e  o r  s p e c i al  s i tu ati o n s ,  s u c h  a s
van d al i s m ,  ad d i ti o n al  te s ts  m i g h t b e  n e c e s s a r y to  e va l u ate  th e

i te m s  afte r  a s u i tab l e  p e r i o d  o f u s e  o r  afte r  th e  o c c u r r e n c e  o f
s u c h  s p e c i al  s i tu a ti o n s  ( e . g . ,  s l a s h e d  c o ve r  an d  b a r r i e r ) .

9 . 4 . 1 . 3 *    I f q u a n ti ta ti ve  p r e c i s i o n  o r  b i a s  s tate m e n ts  h ave  n o t
b e e n  d e ve l o p e d  fo r  th e  fu l l -s c al e  te s ts  u s e d ,  c o m p e n s a ti o n
s h o u l d  b e  m a d e  fo r  th e  l ac k o f i n fo r m a ti o n  r e g ar d i n g  p r e c i s i o n
o r  b i a s .

9 . 4 . 1 . 4    Ae s th e ti c  d e s i g n  a s  we l l  as  g e o m e tr i c  an d  s p a ti al
confguration  c a n  h ave  signifcant infuence  o n  th e  i gn i ti o n

an d  b u r n i n g p r o p e r ti e s  o f a l l  i te m s  u s e d  fo r  r o o m  c o n te n ts ,
fu r n i s h i n g s ,  a n d  i n te r i o r  fnishes.  T h e  i s s u e s  o f d e s i g n ,  g e o m e ‐
tr y,  a n d  s p ati al  confguration  ar e  far  to o  c o m p l e x ,  i m p o r tan t,

an d  d e tai l e d  to  c o ve r  i n  th i s  d o c u m e n t.  T h e  r e fe r e n c e s
c o n tai n e d  i n  C h ap te r  2  a n d  An n e x  C  p r o vi d e  r e s o u r c e s  o n
th e s e  s u b j e c ts .

9 . 4 . 1 . 5 *    T h e  n u m b e r  o f m a te r i al  c o m b i n a ti o n s  th at c an  b e
u s e d  i n  th e  c o n s tr u c ti o n  o f r o o m  fu r n i s h i n g s  i s  a l m o s t infnite.

H e a t r e l e as e  r a te  va l u e s  fo r  e a c h  o f th e  c o m p o s i te  i te m s  a r e
l i ke l y to  va r y signifcantly an d  u n p r e d i c tab l y fr o m  o n e  c o m p o ‐
s i te  typ e  to  an o th e r.  C o m p o n e n t m a te r i al s  c a n  p r o d u c e  signif‐
cantly d i ffe r i n g  h e a t r e l e as e  va l u e s ,  d e p e n d i n g  o n  th e  p r e s e n c e

o f th e  o th e r  m ate r i a l s  a n d  o n  th e  p h ys i c al  d e s i gn  o r  g e o m e tr y
o f th e  i te m .  T h u s ,  th e  val u e  o f d e s i g n  r u l e s  o f th u m b  i s  l i m i te d

an d  d o e s  n o t g u a r an te e  l o w r a te  o f h e at r e l e as e  val u e s .  P r o d u c t
te s ti n g th e r e fo r e  i s  n e c e s s ar y to  d e te r m i n e  th e  h e a t r e l e as e  r a te
fo r  an y g i ve n  i te m .

Δ 9 . 4 . 2 *  Wal l  Fi n i s h .    F u l l -s c al e  fre  p e r fo r m a n c e  o f wal l  fnishes
c a n  b e  te s te d  b y m e an s  o f N F PA 2 8 6 ,  N F PA 2 6 5 ,  AS T M  E 2 2 5 7 ,

Test Method for Room Fire Test of Wall and Ceiling Materials and
Assemblies,  o r  I S O  9 7 0 5 -1 ,  Reaction to Fire Tests — Room Corner Test
for Wall and Ceiling Lining Products — Part 1 : Test Method for a
Small Room Confguration.  N F PA 2 8 6  i s  i n te n d e d  to  as s e s s  h e a t

r e l e as e  an d  s m o ke  r e l e as e  fr o m  i n te r i o r  fnish  p r o d u c ts ,  wi th
th e  e x c e p ti o n  o f te x ti l e  wa l l  c o ve r i n g s ,  an d  i t a p p l i e s  to  wa l l
a n d  c e i l i n g  fnishes.  T h e  r e a s o n  fo r  i ts  b r o a d e r  ap p l i c ab i l i ty

th a n  N F PA 2 6 5  i s  th a t i ts  i g n i ti o n  s o u r c e  i s  suffciently l ar g e
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( 1 6 0  kW,  a fte r  5  m i n u te s  o f te s t,  wi th  th e  b u r n e r  fush  a ga i n s t
th e  c o r n e r )  th a t i t g e n e r ate s  fames  th a t r e ac h  th e  c e i l i n g  o f
th e  s ta n d ar d  r o o m .

9 . 4 . 3  U p h o l s te re d  Fu r n i tu re .

Δ 9 . 4 . 3 . 1    F u l l -s c a l e  fre  p e r fo r m an c e  o f u p h o l s te r e d  fu r n i tu r e
c a n  b e  te s te d  b y m e an s  o f AS T M  E 1 5 3 7 ,  Test Method for Fire Test‐
ing of Upholstered Furniture.

N 9 . 4 . 3 . 2    AS T M  E 1 5 3 7 ,  Test Method for Fire Testing of Upholstered
Furniture,  r e q u i r e s  n o ti n g i n  th e  te s t r e p o r t wh e th e r  th e  u p h o l ‐
s te r e d  fu r n i tu r e  i te m  ge n e r a te s  faming  d r o p l e ts  d u r i n g th e
te s t.  T h e  r ati o n a l e  fo r  th at r e q u i r e m e n t i s  th a t faming  d r o p l e ts
h a ve  th e  p o te n ti a l  to  s p r e a d  th e  fre  al o n g  th e  foor  away fr o m
th e  b u r n i n g fu r n i tu r e  i te m .

9 . 4 . 3 . 3    M o d e l s  e x i s t th at a l l o w th e  e ffe c ts  o f r e r a d i a ti o n  fr o m
r o o m  wal l s  o n  h e a t r e l e as e  r ate  to  b e  a d d e d  to  th e  r e s u l ts  o f th e
te s ts  c a r r i e d  o u t i n  a  fu r n i tu r e  c a l o r i m e te r.  T h e s e  e ffe c ts  a r e
n e g l i gi b l e  u n l e s s  th e  p e a k h e at r e l e as e  r ate  o f th e  fu r n i tu r e
i te m  e x c e e d s  6 0 0  kW i f te s te d  i n  a fu r n i tu r e  c a l o r i m e te r  o r  i n  a
r o o m  o f d i m e n s i o n s  r an g i n g  fr o m  2 . 5  m  ×  3 . 7  m  to  3 . 1  m  ×
3 . 7  m ,  wi th  a  h e i gh t o f 2 . 5  m .  I f th e  h e at r e l e as e  r a te  i s  th a t
h i gh ,  th e  i m p o r tan c e  o f m i n o r  e ffe c ts  i s  p r o b ab l y o f l i ttl e
c o n s e q u e n c e  i n  a fashover  p r e ve n ti o n  s tr ate gy ( P a r ke r  e t a l . ,
1 9 9 0 ) .

9 . 4 . 4 *  M attre s s e s .

Δ 9 . 4 . 4 . 1    F u l l -s c a l e  fre  p e r fo r m a n c e  o f m attr e s s e s  c an  b e  te s te d
b y m e an s  o f AS T M  E 1 5 9 0 ,  Test Method for Fire Testing of
Mattresses.

N 9 . 4 . 4 . 2    AS T M  E 1 5 9 0 ,  Test Method for Fire Testing of Mattresses,
re q u i r e s  n o ti n g i n  th e  te s t r e p o r t wh e th e r  th e  m a ttr e s s  ge n e r ‐
ate s  faming  d r o p l e ts  d u r i n g th e  te s t.  T h e  r ati o n al e  fo r  th e
re q u i r e m e n t i s  th a t faming  d r o p l e ts  h a ve  th e  p o te n ti al  to
s p r e ad  th e  fre  a l o n g  th e  foor  awa y fr o m  th e  b u r n i n g  m a ttr e s s .

9 . 4 . 4 . 3    M o d e l s  e x i s t th at al l o w th e  e ffe c ts  o f r e r a d i ati o n  fr o m
ro o m  wal l s  o n  h e a t r e l e a s e  r a te  to  b e  ad d e d  to  th e  r e s u l ts  o f th e
te s ts  c a r r i e d  o u t i n  a  fu r n i tu r e  c a l o r i m e te r.  T h e s e  e ffe c ts  ar e
n e gl i g i b l e  u n l e s s  th e  p e a k h e a t r e l e as e  r ate  o f th e  m a ttr e s s
e x c e e d s  6 0 0  kW i f te s te d  i n  a  fu r n i tu r e  c al o r i m e te r  o r  i n  a
ro o m  o f d i m e n s i o n s  r an g i n g  fr o m  2 . 5  m  ×  3 . 7  m  to  3 . 1  m  ×
3 . 7  m ,  wi th  a  h e i gh t o f 2 . 5  m .  I f th e  h e at r e l e as e  r a te  i s  th at
h i gh ,  th e  i m p o r tan c e  o f m i n o r  e ffe c ts  i s  p r o b ab l y o f l i ttl e
c o n s e q u e n c e  i n  a fashover  p r e ve n ti o n  s tr ate g y.

9 . 4 . 5  S tac k e d  C h ai rs .

Δ 9 . 4 . 5 . 1    F u l l - s c a l e  fre  p e r fo r m an c e  o f s tac ke d  c h ai r s  c a n  b e
te s te d  b y m e a n s  o f AS T M  E 1 8 2 2 ,  Test Method for Fire Testing of
Stacked Chairs.

9 . 4 . 5 . 2    T h e  c o n c e p ts  d i s c u s s e d  fo r  u p h o l s te r e d  fu r n i tu r e  an d
fo r  m attr e s s e s  a l s o  ap p l y to  s ta c ke d  c h ai r s .  H o we ve r,  i t i s  i m p o r ‐
tan t to  n o te  th at th e  ac c e l e r a ti n g e ffe c t o f s tac ki n g  c o m b u s ti ‐
b l e s  wi l l  r e s u l t i n  a signifcantly l ar g e r  h e at r e l e as e  fr o m  a s tac k
o f c o m b u s ti b l e s  th an  fr o m  th e  s am e  c o m b u s ti b l e s  p l a c e d  s i d e
b y s i d e .  S tu d i e s  o n  th e  h e at r e l e as e  o f s ta c ke d  c h a i r s  ( H i r s c h l e r
an d  Tr e vi ñ o ,  1 9 9 7 )  h ave  s h o wn  th at s e l f-p r o p ag ati n g  fres
( wh i c h  ar e  l i ke l y to  l e a d  to  fashover  i f suffcient c o m b u s ti b l e s
ar e  p r e s e n t)  c an  r e s u l t fr o m  s tac ki n g i n d i vi d u a l  c h ai r s ,  e a c h
o n e  o f wh i c h  g e n e r ate s  l o w h e at r e l e as e .

9 . 4 . 6  E l e c tri c al  an d  O p ti c al  Fi b e r C ab l e s .

9 . 4 . 6 . 1    H e at r e l e as e  o f e l e c tr i c al  o r  o p ti c a l  fber  c a b l e s  i s  o fte n
as s e s s e d  b y c o n d u c ti n g ve r ti c al  c ab l e  tr ay fre  te s ts .

Δ 9 . 4 . 6 . 2    I t h a s  b e e n  s h o wn  th at wh e n  ve r ti c a l  c ab l e  tr ay fre
te s ts  a r e  c o n d u c te d  o n  e l e c tr i c a l  a n d  o p ti c a l  fber  c ab l e s  u s i n g

te s t m e th o d s  s u c h  a s  AS T M  D 5 5 3 7 ,  Test Method for Heat Release,
Flame Spread,  Smoke Obscuration,  and Mass Loss Testing of Insulat‐

ing Materials Contained in Electrical or Optical Fiber Cables When
Burning in a Vertical Cable Tray Confguration;  U L  1 6 8 5 ,  Vertical-
Tray Fire-Propagation and Smoke-Release Test for Electrical and

Optical-Fiber Cables;  o r  B S  E N  5 0 3 9 9 ,  “ C o m m o n  te s t m e th o d s  fo r
c a b l e s  u n d e r  fre  c o n d i ti o n s .  H e at r e l e as e  a n d  s m o ke  p r o d u c ‐

ti o n  m e a s u r e m e n t o n  c ab l e s  d u r i n g fame  s p r e ad  te s t.  Te s t
a p p ar atu s ,  p r o c e d u r e s ,  r e s u l ts , ”  al l  o f wh i c h  as s e s s  h e at an d

s m o ke  r e l e as e  o f b u n c h e d  c a b l e s ,  th e  h e a t r e l e a s e  r ate  r e s u l ts
g i ve  a d e q u a te  i n d i c ati o n s  o f th e  fre  p e r fo r m a n c e  o f s u c h
c a b l e s  i n  r e a l i s ti c  s c e n a r i o s  ( G r ays o n  e t al . ,  2 0 0 0 ;  H i r s c h l e r,

1 9 9 2 a a n d  1 9 9 2 b ;  H i r s c h l e r,  1 9 9 6 ;  H i r s c h l e r,  1 9 9 7 ;  Va n  H e e s  e t
a l . ,  1 9 9 9  an d  2 0 0 0 ) .

Δ 9 . 4 . 6 . 3    I t a l s o  h a s  b e e n  s h o wn  th a t th e  h e a t r e l e a s e  r ate  r e s u l ts
fr o m  th e s e  ve r ti c al  c ab l e  tr a y te s ts  c an  b e ,  to  s o m e  e x te n t,
p r e d i c te d  fr o m  te s ts  u s i n g th e  c o n e  c al o r i m e te r  te s t a s  ap p l i e d

to  e l e c tr i c al  c ab l e s ,  n am e l y AS T M  D 6 1 1 3 ,  Test Method for Using a
Cone Calorimeter to Determine Fire-Test-Response Characteristics of
Insulating Materials Contained in Electrical or Optical Fiber Cables,

wh e n  te s ti n g  i s  c o n d u c te d  at th e  a p p r o p r i a te  i n i ti al  te s t h e at
fux,  wh i c h  i s  o fte n  c o n s i d e r e d  to  b e  i n  th e  r a n ge  o f 2 0 –
4 0  kW/ m 2  ( Gr a ys o n  e t a l . ,  2 0 0 0 ;  H i r s c h l e r,  1 9 9 4 ) .

Δ 9 . 4 . 6 . 4    M o r e o ve r,  h e at r e l e as e  r e s u l ts  o f c a b l e  fre  te s ts
c o n d u c te d  i n  ac c o r d a n c e  wi th  AS T M  D 6 1 1 3  c a n  o fte n  b e

p r e d i c te d  al s o  fr o m  h e at r e l e a s e  r e s u l ts  o n  th e  m a te r i al s
c o n tai n e d  i n  th e  c ab l e s  wh e n  c o n d u c te d  i n  th e  g e n e r i c  c o n e

c a l o r i m e te r  te s t m e th o d ,  AS T M  E 1 3 5 4 ,  Test Method for Heat and
Visible Smoke Release Rates for Materials and Products Using an
Oxygen Consumption Calorimeter ( B ar n e s  e t a l . ,  1 9 9 6 a  an d

1 9 9 6 b ) .

Δ 9 . 4 . 6 . 5    An  a l te r n ate  ap p r o ac h  to  p r e d i c ti n g  th e  ve r ti c a l  fre
p r o p a ga ti o n  o f ve r ti c al  c ab l e s  i s  th e  u s e  o f F M  fre  p r o p a ga ti o n

a p p ar atu s  i n  AS T M  E 2 0 5 8 ,  Test Methods for Measurement of Mate‐
rial Flammability Using a Fire Propagation Apparatus (FPA),  o r  F M

3 9 7 2 ,  Test Standard for Cable Fire Propagation ( Te war s o n  an d
Ka h n ,  1 9 8 9 ) .

9 . 4 . 7  O th e r I te m s .

9 . 4 . 7 . 1    F u l l -s c a l e  fre  p e r fo r m an c e  te s ti n g o f o th e r  i te m s
s h o u l d  b e  p e r fo r m e d  b y d e s i g n i n g  s p e c i al i z e d  te s ts  fo r  th e  i te m
u n d e r  c o n s i d e r a ti o n .  S i m i l ar  typ e s  o f c r i te r i a r e l a te d  to  th e

d o c u m e n ts  r e fe r e n c e d  i n  9 . 4 . 2 ,  9 . 4 . 3 ,  9 . 4 . 4 ,  a n d  S e c ti o n  9 . 5
s h o u l d  b e  d e ve l o p e d .  I te m s  o r  fu e l  p a c kag e s  o f p o te n ti a l  i n te r ‐
e s t i n c l u d e  p al l e ts  o f s to r a ge  c o m m o d i ti e s ,  c as e  go o d s ,  an d

c l e an i n g s u p p l i e s .

Δ 9 . 4 . 7 . 2    I t i s  r e c o m m e n d e d  th at AS T M  E 6 0 3 ,  Guide for Room Fire
Experiments,  an d  AS T M  E 2 0 6 7 ,  Practice for Full-Scale Oxygen

Consumption Calorimetry Fire Tests,  b e  u s e d  as  s o u r c e s  o f i n fo r m a‐
ti o n  fo r  d e ve l o p i n g  th e  te s t an d  fo r  m a ki n g th e  m e a s u r e m e n ts .

9 . 4 . 7 . 3    C u r r e n tl y,  n o  s tan d ar d  fu l l -s c al e  fre  te s t e x i s ts  fo r  foor
fnish  (see A. 9. 6. 4).  I n  g e n e r al ,  foor  fnish  i s  n o t i n vo l ve d  i n
fres  u n ti l  fashover  i s  ap p r o ac h e d .
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9 . 4 . 7 . 4  Fu r n i tu re  C al o ri m e te r Te s ts .

9 . 4 . 7 . 4 . 1    F u r n i tu r e  c al o r i m e te r  te s t m e th o d s  a r e  u s e fu l  te c h ‐
n i q u e s  to  a s s e s s  th e  h e a t r e l e a s e  an d  o th e r  fre  p r o p e r ti e s  o f
i n d i vi d u al  fu e l  p ac kag e s .  S u c h  te s ts  c o n s i s t o f an  i gn i ti o n
s o u r c e  th a t e x p o s e s  a  p r o d u c t o r  an  i n d i vi d u al  fu e l  p ac kag e ,
wi th  th e  i gn i ti o n  s o u r c e  an d  th e  i te m  to  b e  e x p o s e d  p l a c e d  o n
a l o ad  c e l l  an d  u n d e r  a  h o o d .

Δ 9 . 4 . 7 . 4 . 2    U L  1 9 7 5 ,  Fire Tests for Foamed Plastics Used for Decorative
Purposes,  was  d e ve l o p e d  wi th  th e  i n te n t to  a s s e s s  th e  h e at
re l e as e  a n d  r a te  o f fre  d e ve l o p m e n t o f p r o d u c ts  c o n tai n i n g
fo am e d  p l a s ti c s  to  b e  u s e d  fo r  d i s p l ays ,  s tag e  s e tti n g s ,  a n d  o th e r
d e c o r ati ve  ap p l i c a ti o n s .  I t u s e s  a 1 2  o z  ( 3 4 0  g )  wo o d  c r i b  as  th e
i gn i ti o n  s o u r c e .  I t i s  b e i n g  u s e d  i n  c o d e s  fo r  o th e r  p r o d u c ts ,
u s u a l l y o n e s  c o n ta i n i n g fo am  p l a s ti c s ,  i n c l u d i n g  s i g n s  an d
c o m p o n e n ts  o f c h i l d r e n ’ s  p l aygr o u n d s .

9 . 4 . 7 . 4 . 3    M o r e  r e c e n tl y,  N F PA 2 8 9  was  d e ve l o p e d  a s  a ge n e r i c
fu r n i tu r e  c al o r i m e te r  te s t,  wh i c h  u s e s  s e ve r al  ga s  b u r n e r  i g n i ‐
ti o n  s o u r c e s  at i n c i d e n t g as  l e ve l s  o f 2 0  kW,  4 0  kW,  7 0  kW,
1 0 0  kW,  1 6 0  kW,  a n d  3 0 0  kW,  to  e x p o s e  i n d i vi d u a l  fu e l  p ac k‐
ag e s .  I t i s  n o r m al l y u s e d  i n  c o d e s  a t th e  i n c i d e n t g as  l e ve l  o f
2 0  kW,  typ i c al l y fo r  d e c o r a ti ve  m a te r i al s  ( s u c h  a s  artifcial  ve ge ‐
ta ti o n ,  i n c l u d i n g  C h r i s tm as  tr e e s )  a n d  a s  a  p o te n ti al  r e p l a c e ‐
m e n t fo r  U L  1 9 7 5 .  N F PA 2 8 9  c a n  al s o  b e  u s e d  at o th e r  i n c i d e n t
gas  l e ve l s  wh e n  i n te n d e d  fo r  r e s e a r c h ,  s u c h  as  th e  a s s e s s m e n t
o f p r o b ab i l i ty o f fashover.

Δ 9 . 4 . 7 . 4 . 4    I n  s p i te  o f th e  n am e ,  fu r n i tu r e  c a l o r i m e te r  te s ts  ar e
n o t l i m i te d  to  e x p o s i n g fu r n i tu r e .  H o we ve r,  s tan d ar d  te s ts
i n te n d e d  to  as s e s s  th e  fre  p e r fo r m an c e  o f u p h o l s te r e d  fu r n i ‐
tu r e  an d  m attr e s s e s ,  s u c h  as  AS T M  E 1 5 3 7 ,  Test Method for Fire
Testing of Upholstered Furniture a n d  AS T M  E 1 5 9 0 ,  Test Method for
Fire Testing of Mattresses,  c an  b e  c o n d u c te d  i n  b o th  a r o o m  an d
as  fu r n i tu r e  c a l o r i m e te r  te s ts .

9 . 4 . 7 . 5  I n d i vi d ual  Fu e l  P ac kage s .

9 . 4 . 7 . 5 . 1    T h e  c o n tr i b u ti o n  o f a n  i n d i vi d u a l  fu e l  p ac kag e  to
fre  gr o wth  c an  b e  d e te r m i n e d  b y p r o d u c t c al o r i m e te r  fre  te s t
m e th o d s .  N F PA 2 8 9  s h o u l d  b e  u s e d  fo r  fre  te s ti n g  an d  g e n e r al
r an ki n g  o f i n d i vi d u al  fu e l  p ac kag e  m a te r i al s  an d  d e c o r ati ve
o b j e c ts .

9 . 4 . 7 . 5 . 2 *    T h e  i n d i vi d u al  fu e l  p ac kag e ,  i n  i ts  i n te n d e d  fo r m
an d  o r i e n ta ti o n ,  i s  p o s i ti o n e d  o n  a  l o a d  c e l l  a n d  i s  e x p o s e d  to
an d  i gn i te d  b y a ga s  b u r n e r  wi th  a  h e at o u tp u t r e p r e s e n ta ti ve  o f
th e  typ e  o f i n d i vi d u al  fu e l  p a c ka ge  a n d  i ts  i n te n d e d  a p p l i c a‐
ti o n .  I t i s  r e c o m m e n d e d  th at th e  i n d i vi d u al  fu e l  p ac kag e  b e
e x p o s e d  to  var i o u s  i g n i ti o n  s o u r c e s  to  as s e s s  th e  p o te n ti al  fo r
th e  fu e l  p a c kag e  to  c au s e  fashover  i n  th e  e n d -u s e  ap p l i c ati o n .
Typ i c a l  h e at o u tp u t l e ve l s  u s e d  i n  p r o d u c t c al o r i m e te r  fre  te s t
m e th o d s  i n c l u d e  2 0  kW,  4 0  kW,  7 0  kW,  1 0 0  kW,  1 6 0  kW,  an d
3 0 0  kW,  wi th  e x p o s u r e s  fo r  1 5  m i n u te s .

9 . 4 . 7 . 5 . 3    A fu l l  d e s c r i p ti o n  o f th e  fu e l  p ac kag e  a n d  ti m e
h i s to r y profle  o f th e  q u a n ti ta ti ve  te s t d ata s h o u l d  b e  r e p o r te d
( h e at r e l e as e ,  s m o ke  r e l e as e ,  m as s  l o s s ,  an d  c o m b u s ti o n  p r o d ‐
u c t r e l e as e ) .  A q u al i tati ve  d e s c r i p ti o n  o f i n d i vi d u al  fu e l  p a c k‐
ag e  p e r fo r m a n c e s  s h o u l d  al s o  i n c l u d e  th e  fo l l o wi n g :

( 1 ) F l a m e  s p r e ad  o n  o r  wi th i n  th e  i n d i vi d u a l  fu e l  p ac kag e
d u r i n g e x p o s u r e

( 2 ) P r e s e n c e  o f fal l i n g  d e b r i s  o r  b u r n i n g  d r o p l e ts  o n  th e
p r o te c ti ve  b ar r i e r  th at p e r s i s t i n  b u r n i n g fo r  3 0  s e c o n d s

o r  m o r e
( 3 ) Vi s i b i l i ty i n fo r m ati o n  i n  th e  fre  te s t a r e a

( 4 ) O th e r  p e r ti n e n t d e ta i l s  wi th  r e s p e c t to  fre  gr o wth
( 5 ) F al l i n g  d e b r i s  o r  m e l ti n g o r  d r i p p i n g o f m a te r i al s

9 . 4 . 8  Ad van tage s  an d  D i s ad van tage s .    T h e  u s e  o f te s ts  o n  i n d i ‐
vi d u a l  i te m s  h a s  b o th  a d van tag e s  a n d  d i s ad van tag e s  o ve r  te s ti n g
al l  c o m p o n e n ts  o f a c o m p ar tm e n t.

9 . 4 . 8 . 1    T h e  ad van tag e s  o f te s ti n g  i n d i vi d u a l  i te m s  i n c l u d e  th e
fo l l o wi n g :

( 1 ) L o we r  c o s t
( 2 ) Gr e ate r  specifcity o n  th e  i n d i vi d u al  i m p o r ta n c e  o f th e

i te m  u n d e r  te s t
( 3 ) E a s i e r  identifcation  o f th e  e ffe c ts  o f c o m p o s i ti o n  o r

c o n s tr u c ti o n  o f th e  i te m  u n d e r  te s t o n  a n ti c i p a te d  fre
p e r fo r m a n c e

9 . 4 . 8 . 2    T h e  m aj o r  d i s ad van tag e  o f te s ti n g  i n d i vi d u al  i te m s  i s
th at th e  te s t i s  i n c ap ab l e  o f i d e n ti fyi n g th e  e ffe c t o f th e  i te m

b e i n g te s te d  o n  th e  r e m a i n i n g  i te m s  i n  th e  c o m p ar tm e n t.

9 . 4 . 9  As s e s s i n g Re s ul ts .    To  a s s e s s  wh e th e r  th e  c o m p a r tm e n t,
as  confgured,  i s  l i ke l y to  r e ac h  fashover,  te s ts  s h o u l d  b e
c a r r i e d  o u t o n  a l l  m a j o r  i te m s  a n d  th e  r e s u l ts  c o m b i n e d .  T h e

s i m p l e s t wa y to  c o m b i n e  th e  r e s u l ts  i s  to  ad d  th e  p e ak h e a t
r e l e as e  r ate s  o b tai n e d  fr o m  th e  i n d i vi d u al  i te m s  an d  to
c o m p a r e  th e m  wi th  th e  p r e d i c te d  h e at r e l e as e  r ate  n e c e s s ar y

fo r  fashover  as  d e te r m i n e d  fr o m  C h a p te r  7 .  T h i s  m e th o d  c an
b e  i m p r o ve d  b y c o m b i n i n g  th e  c o n c e p t o f i g n i ti o n  o f “ s e c o n d ”
i te m s  d u e  to  th e  r a d i a ti o n  fr o m  b u r n i n g  i te m s ,  b a s e d  o n  th e

i gn i ti o n  p r o p e n s i ty o f e ac h  i te m  an d  th e  d i s ta n c e  b e twe e n
th e m  ( B ab r au s ka s ,  1 9 8 1 –8 2 )  (see also 1 0. 3. 3).  A fu r th e r
i m p r o ve m e n t i n vo l ve s  th e  u s e  o f an  ap p l i c a b l e  m o d e l i n g  te c h ‐

n i q u e ,  i n c o r p o r ati n g  e x p e r i m e n tal  fre  te s t d ata,  to  p r e d i c t th e
p o te n ti a l  i n te r ac ti o n s  b e twe e n  th e  b u r n i n g  i te m s .

9 . 5  Te s ts  o n  L arge - S c al e  M o c k- U p s  o f I n d i vi d u al  I te m s .

Δ 9 . 5 . 1    T h e  e ffe c ts  o f p r o d u c t c o m p o s i ti o n  o n  fre  p e r fo r m a n c e
c a n  b e  p r e d i c te d  to  a c o n s i d e r ab l e  e x te n t b y c ar r yi n g o u t l a r ge -
s c a l e  fre  te s ts  o n  m o c k-u p s  o f i n d i vi d u a l  i te m s  ( e . g . ,  fo r  u p h o l ‐

s te r e d  fu r n i tu r e ,  s e e  AS T M  E 1 5 3 7 ,  Test Method for Fire Testing of
Upholstered Furniture) .  S u c h  te s ts  s h o u l d  b e  d o n e  i n  th e  s a m e
way as  th e  te s ts  o n  fu l l -s c al e  p r o d u c ts .

9 . 5 . 2    T h i s  te c h n i q u e  d o e s  n o t p r o vi d e  th e  i n ve s ti g ato r  wi th  a n
u n d e r s tan d i n g  o f th e  e ffe c ts  o f c o n s tr u c ti o n  o n  fre  p e r fo r m ‐

a n c e .

9 . 5 . 3    F o r  te s ts  o f u p h o l s te r e d  fu r n i tu r e ,  i t h a s  b e e n  s u gg e s te d
th at fre  p e r fo r m a n c e  p r e d i c ti o n s  c an  b e  i m p r o ve d  b y i n c l u d ‐

i n g  fac to r s  a s s o c i a te d  wi th  th e  m as s ,  th e  typ e  o f fr a m e ,  an d  th e
s tyl e  o f c o n s tr u c ti o n  ( B ab r au s ka s ,  1 9 7 9 ,  1 9 8 0 b ,  1 9 8 3 ;  Am e s  e t

a l . ,  1 9 9 2 ;  Kr as n y e t al . ,  2 0 0 1 ) .  Al l  o f th e  afo r e m e n ti o n e d  var i a‐
b l e s  h ave  i m p o r ta n t e ffe c ts  o n  h e at r e l e as e ;  insuffcient q u an ti ‐
ta ti ve  i n fo r m a ti o n  e x i s ts  to  al l o w e s ti m ate s  o f th e  fu l l -s c al e

e ffe c ts  to  b e  m a d e .

9 . 5 . 4    S u c h  te s ti n g  s h o u l d  n o t b e  c o n fu s e d  wi th  te s ti n g  o n
s m al l -s c al e  m o c k-u p s ,  wh i c h  ve r y o fte n  i s  u n s ati s fa c to r y b e c au s e

th e  e ffe c ts  o f r a d i ati o n  fr o m  th e  fame  ar e  m i s s i n g .

9 . 6  B e n c h - S c al e  Te s ts  o n  C o m p o s i te  S am p l e s .

Δ 9 . 6 . 1  G e n e ral .    H e at r e l e as e  an d  o th e r  fre  te s t r e s p o n s e  c h ar ‐
ac te r i s ti c s  o f u p h o l s te r e d  fu r n i tu r e  o r  m attr e s s  c o m p o s i te s  i n
b e n c h  s c al e  c an  b e  d e te r m i n e d  b y u s i n g  an  ap p l i c ati o n  o f th e

c o n e  c al o r i m e te r  ( AS T M  E 1 3 5 4 ,  Test Method for Heat and Visible
Smoke Release Rates for Materials and Products Using an Oxygen
Consumption Calorimeter) ,  a s  specifed  i n  AS T M  E 1 4 7 4 ,  Test
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Method for Determining the Heat Release Rate of Upholstered Furniture
and Mattress Components or Composites Using a Bench Scale Oxygen
Consumption Calorimeter,  at a n  i n c i d e n t r ad i an t h e at fux  o f
3 5  kW/ m 2 .

Δ 9 . 6 . 1 . 1    I t i s  m o r e  c r i ti c a l  to  p r e d i c t a  fu l l - s c a l e  h e at r e l e a s e
r a te  th at i s  c o n s i s te n t wi th  a n  i n ab i l i ty to  e s c a p e  s a fe l y ( S u n d ‐

s tr o m ,  1 9 9 5 )  r ath e r  th a n  u s e  a r e g u l a to r y p as s / fai l  c r i te r i o n ,
wh i c h  m a y b e  ar b i tr ar y.  A n u m b e r  o f s tu d i e s  atte m p ti n g to

r e l ate  te s t r e s u l ts  fr o m  b e n c h -s c a l e  te s ts  to  fre  p e r fo r m a n c e  i n
fu l l - s c a l e  te s ts  h a ve  b e e n  c o n d u c te d ,  a n d  s o m e  o f th e s e  a r e
d i s c u s s e d  i n  9 . 6 . 1 . 2  th r o u gh  9 . 6 . 1 . 9 .  T h e  p e ak h e at r e l e a s e  r ate

a n d  th e  ave r ag e  ( 3 -m i n u te )  h e at r e l e a s e  r a te  o f fu r n i tu r e
c o m p o s i te s  i n  th e  c o n e  c a l o r i m e te r  ( AS T M  E 1 3 5 4 ,  Test Method
for Heat and Visible Smoke Release Rates for Materials and Products

Using an Oxygen Consumption Calorimeter)  c an  b e  u s e d  to  d e te r ‐
m i n e  wh e th e r  o r  n o t th e  c o m p o s i te ,  i f u s e d  i n  an  ac tu al  c h ai r
confguration,  wi l l  l e a d  to  a s e l f-p r o p ag ati n g  fre,  th u s  i n c r e a s ‐

i n g th e  p o te n ti al  fo r  fashover.  I t i s  i m p o r tan t to  n o te  th at th e
d ata p u b l i s h e d  to  d ate  h a ve  fai l e d  to  s h o w c o n s i s te n t c o r r e l a‐
ti o n  b e twe e n  b e n c h -s c al e  a n d  fu l l -s c al e  te s ti n g  fo r  fre  te s t

r e s p o n s e  c h ar a c te r i s ti c s .

Δ 9 . 6 . 1 . 2    E s ti m a ti o n s  h ave  b e e n  m ad e  o f p e a k h e at r e l e as e  r ate
d ata i n  th e  fu l l -s c al e  fu r n i tu r e  fre  te s t specifed  i n  AS T M

E 1 5 3 7 ,  Test Method for Fire Testing of Upholstered Furniture,  b as e d
o n  th e  c o n e  c al o r i m e te r  ( AS T M  E 1 4 7 4 ,  Test Method for Determin‐

ing the Heat Release Rate of Upholstered Furniture and Mattress
Components or Composites Using a Bench Scale Oxygen Consumption
Calorimeter) .  T h e  i n i ti al  wo r k,  d o n e  c o o p e r ati ve l y b y N I S T  an d

th e  C a l i fo rn i a  B u r e au  o f H o m e  F u r n i s h i n g  an d  i l l u s tr ate d  i n
F i g u r e  9 . 6 . 1 . 2 ,  s u gg e s te d  th a t th e  ave r ag e  ( 3 -m i n u te )  h e at
r e l e as e  r ate  i s  c a p a b l e  o f p r e d i c ti n g fu l l -s c al e  p e a k h e a t r e l e a s e

r a te .  F i gu re  9 . 6 . 1 . 2  c o m p a r e s  th e  ave r ag e  r ate s  o f h e at r e l e a s e
o b tai n e d  fr o m  th e  c o n e  c a l o r i m e te r  ( AS T M  E 1 3 5 4 ,  Test Method
for Heat and Visible Smoke Release Rates for Materials and Products

Using an Oxygen Consumption Calorimeter)  at an  i n c i d e n t fux  o f
3 5  kW/ m 2  wi th  th e  fu l l -s c al e  te s t ( AS T M  E 1 5 3 7 ,  Test Method for
Fire Testing of Upholstered Furniture)  p e ak r a te s  o f h e at r e l e as e .
T h e  wo r k s u g ge s te d  th a t th e r e  i s  a th r e s h o l d  a t ap p r o x i m ate l y

1 0 0  kW/ m 2 ,  s o  th a t s ys te m s  th at ge n e r a te d  val u e s  b e l o w th i s
th r e s h o l d  are  n o t l i ke l y to  d e ve l o p  s e l f- p r o p a ga ti n g fres  wh e n
th e y a r e  m ad e  i n to  ac tu a l  fu r n i tu r e .  S i m i l ar l y,  i t s u g g e s te d  th at

a ve r a ge  h e at r e l e as e  r ate  val u e s  a b o ve  2 0 0  kW/ m 2  a r e  l i ke l y to
r e s u l t i n  fu r n i tu r e  th a t c a n  c au s e  s e l f-p r o p ag ati n g  fres.  T h e

fo l l o wi n g  e q u ati o n  d e te r m i n e s  th e  n o n -s e l f-p r o p ag ati n g  fre
r e g i o n  fo u n d  b y th at s tu d y a s  fo l l o ws :

ɺ ɺQ Qfu l l  s c al e( ) = ×0 7 5. "

wh e r e :
ɺQ  ( fu l l  s c al e ) = p e ak r ate  o f h e at r e l e as e  i n  AS T M  E 1 5 3 7  ( kW)

ɺQ"
= a ve r a ge  ( 3 -m i n u te )  h e at r e l e as e  r ate  p e r  u n i t

a r e a i n  AS T M  E 1 4 7 4 ,  Test Method for Determining
the Heat Release Rate of Upholstered Furniture and
Mattress Components or Composites Using a Bench
Scale Oxygen Consumption Calorimeter,  a t a n  i n c i ‐
d e n t fux  o f 3 5  kW/ m 2  ( P ar ke r  e t a l . ,  1 9 9 0 )

Δ 9 . 6 . 1 . 3    An o th e r  s e r i e s  o f te s ts  we r e  c ar r i e d  o u t i n  wh i c h  n i n e
c h a i r s  we r e  te s te d  i n  AS T M  E 1 5 3 7 ,  Test Method for Fire Testing of
Upholstered Furniture,  an d  th e  s ys te m s  we r e  te s te d  i n  th e  c o n e

c a l o r i m e te r  ( al th o u g h  n o t fo l l o wi n g  th e  p r o c e d u r e  i n  AS T M

 
[ 9 . 6 . 1 . 2 ]

E 1 4 7 4 ,  Test Method for Determining the Heat Release Rate of Uphol‐
stered Furniture and Mattress Components or Composites Using a

Bench Scale Oxygen Consumption Calorimeter) .  Al l  s ys te m s  h ad  th e
s a m e  fo am ,  i n te r l i n e r,  an d  c h ai r  c o n s tr u c ti o n  b u t u s e d  d i ffe r ‐

e n t fab r i c s .  F i g u r e  9 . 6 . 1 . 3  s h o ws  th e  r e l ati o n s h i p  o f th e  r e s u l ts
o f o n e  s e r i e s  o f fu l l - s c a l e  ( AS T M  E 1 5 3 7 )  u p h o l s te r e d  fu r n i tu r e
te s ts  wi th  th e  p e ak r ate  o f h e at r e l e as e  fr o m  th e  c o n e  c a l o r i m e ‐

te r  ( AS T M  E 1 3 5 4 ,  Test Method for Heat and Visible Smoke Release
Rates for Materials and Products Using an Oxygen Consumption Calo‐
rimeter) ,  at a n  i n c i d e n t fux  o f 3 5  kW/ m 2 .  I t i l l u s tr a te s  a l i n e a r
r e l ati o n s h i p  b e twe e n  th e  p e ak ( n o t a ve r age )  h e at r e l e a s e  r a te

i n  th e  c o n e  a n d  th e  p e ak h e a t r e l e a s e  r ate  i n  th e  fu l l -s c al e  te s t,
wi th  a  r e gr e s s i o n  c o r r e l ati o n  coeffcient o f 8 6  p e r c e n t fr o m  th e

r e s u l ts  o f th at s tu d y ( H i r s c h l e r,  1 9 9 5 ) .

9 . 6 . 1 . 4    I t was  al s o  e s ti m a te d  th a t,  i f th e  3 -m i n u te  ave r ag e  h e at
r e l e as e  r a te  i n  th e  c o n e  c a l o r i m e te r  wa s  u n d e r  1 6 0  kW/ m 2 ,  th e

c o m p o s i te ,  wh e n  m ad e  i n to  a s ta n d a r d  m o c k-u p  u p h o l s te r e d
fu r n i tu r e  i te m ,  wo u l d  b e  ve r y u n l i ke l y to  l e ad  to  a  s e l f-

p r o p ag ati n g  fre  ( H i r s c h l e r,  1 9 9 9 ) .  T h e  c o n e  c al o r i m e te r wa s
n o t b e i n g  u s e d ,  i n  th i s  r e g ar d ,  a s  a d i r e c t p r e d i c to r  o f fu l l -s c al e

h e at r e l e as e  r a te ,  b u t r ath e r  a s  a n  i n d i c ato r  o f th e  p r o b ab i l i ty
o f a c o m p o s i te  to  b e  m ad e  i n to  an  i te m  o f u p h o l s te r e d  fu r n i ‐
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FI G U RE  9 . 6 . 1 . 2   Re l ati o n  o f th e  Re s u l ts  o f Fu l l - S c al e
U p h o l s te re d  Fu r n i tu re  Te s ts  wi th  th e  Ave rage  Rate  o f H e at
Re l e as e  fro m  th e  C o n e  C al o ri m e te r.
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R  s q u a r e d :  8 6 %

FI G U RE  9 . 6 . 1 . 3   O n e  S e ri e s  o f Fu l l - S c al e  U p h o l s te re d
Fu r n i tu re  Te s ts  wi th  th e  P e ak  Rate  o f H e at Re l e as e  fro m  th e
C o n e  C al o r i m e te r.
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S h a d e d  te x t =  Re vi s i o n s .  Δ  =  Te x t d e l e ti o n s  an d  fgure/table  r e vi s i o n s .  •  =  S e c ti o n  d e l e ti o n s .  N  =  N e w m ate r i a l . 2 0 2 1  E d i t i o n

tu r e  wi th  g o o d  fre  p e r fo r m an c e .  T h e  r e s u l ts  o f th i s  a p p r o a c h
s u gg e s te d  th at th e r e  i s  a  “ z o n e ”  ( wi th  l o w c o n e  ave r ag e  h e at
re l e as e  r a te  an d  l o w s tan d ar d  m o c k-u p  p e ak h e at r e l e as e  r a te )
fo r  wh i c h  fu r n i tu r e  u p h o l s te r y s ys te m s  a r e  l i ke l y to  l e a d  to  s afe r
c o n s tr u c ti o n s ,  wi th i n  a  r e as o n ab l e  p r o b ab i l i ty.

Δ 9 . 6 . 1 . 5    I t s h o u l d  b e  s tate d ,  h o we ve r,  th a t s u c h  e s ti m ati o n s  a r e
h e avi l y d e p e n d e n t o n  th e  s ys te m s  te s te d .  F i g u r e  9 . 6 . 1 . 5  s h o ws
th e  r e l a ti o n s h i p  o f th e  r e s u l ts  o f th r e e  s e r i e s  o f fu l l -s c al e
( AS T M  E 1 5 3 7 ,  Test Method for Fire Testing of Upholstered Furniture)
u p h o l s te r e d  fu r n i tu r e  te s ts  wi th  th e  p e a k r ate  o f h e a t r e l e a s e
fr o m  th e  c o n e  c a l o r i m e te r  ( AS T M  E 1 3 5 4 ,  Test Method for Heat
and Visible Smoke Release Rates for Materials and Products Using an
Oxygen Consumption Calorimeter) ,  at an  i n c i d e n t fux  o f
3 5  kW/ m 2 ,  an d  wi th  c o r r e l ati o n  coeffcients  o f 8 6  p e r c e n t,

7 7  p e r c e n t,  a n d  7 3  p e r c e n t.  I t i n d i c ate s  th at,  fo r  th r e e  s e p a r ate
s e r i e s  o f te s ts ,  th e  r e g r e s s i o n s  fo u n d ,  a l th o u g h  al l  l i n e ar,  c o r r e ‐

s p o n d e d  to  d i ffe r e n t l i n e a r  e q u ati o n s  ( H i r s c h l e r,  1 9 9 5 ) .

9 . 6 . 1 . 6    O th e r  s tu d i e s  h ave  al s o  b e e n  m ad e  ( S u n d s tr o m ,  1 9 9 5 ;
F o r s te n ,  1 9 9 5 ;  O h l e m i l l e r  an d  S h i e l d s ,  1 9 9 5 ;  AC T / D FA,  1 9 9 5 ) .

T h e s e  s tu d i e s  h ave  s h o wn  d i ffe r e n t typ e s  o f e s ti m a ti o n s  an d
h ave  h i gh l i g h te d  s o m e  diffculties.

9 . 6 . 1 . 7    O th e r  s tu d i e s  i n  th e  c o n e  c a l o r i m e te r  u s i n g i n c i d e n t
h e at fuxes  o f 2 5  kW/ m 2  ( H i r s c h l e r  a n d  S m i th ,  1 9 9 0 )  an d

3 0  kW/ m 2  ( Am e s  e t al . ,  1 9 9 3 )  h a ve  a l s o  b e e n  m ad e .

Δ 9 . 6 . 1 . 8 *    I n p u t fr o m  th e  c o n e  c a l o r i m e te r  ( AS T M  E 1 4 7 4 ,  Test
Method for Determining the Heat Release Rate of Upholstered Furniture

and Mattress Components or Composites Using a Bench Scale Oxygen
Consumption Calorimeter)  a n d  fr o m  th e  L a te r a l  I g n i ti o n  an d

F l am e  S p r e ad  Te s t ( L I F T )  ap p ar a tu s  ( AS T M  E 1 3 2 1 ,  Test Method
for Determining Material Ignition and Flame Spread Properties)  c an

b e  u s e d  fo r  p r e d i c ti o n s  o f fu r n i tu r e  fre  g r o wth  i n  a  c o m p a r t‐
m e n t.

9 . 6 . 1 . 9    C o r r e l ati o n  b e twe e n  b e n c h -s c al e  a n d  fu l l - s c a l e  te s t
r e s u l ts  m i gh t b e  i m p r o ve d  b y i n c o r p o r a ti n g fac to r s  th a t r e p r e ‐

s e n t th e  e ffe c ts  o f to ta l  m as s ,  fr am e  m ate r i a l s ,  fr a m e  s tyl e ,  an d
fu r n i tu r e  d e s i g n .

9 . 6 . 2  B e d d i n g M ate ri al s .

Δ 9 . 6 . 2 . 1    Re c e n t wo r k h as  s h o wn  th at e s ti m ate s  s i m i l a r  to  th o s e
fo r  u p h o l s te r e d  fu r n i tu r e  a l s o  ap p l y to  m attr e s s e s ,  r e l a ti ve  to
AS T M  E 1 4 7 4 ,  Test Method for Determining the Heat Release Rate of

Upholstered Furniture and Mattress Components or Composites Using a
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R  s q :  8 6 %
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FI G U RE  9 . 6 . 1 . 5   T h re e  S e ri e s  o f Ful l - S c al e  U p h o l s te re d
Fu r n i tu re  Te s ts  wi th  th e  P e ak  Rate  o f H e at Re l e as e  fro m  th e
C o n e  C al o ri m e te r.

Bench Scale Oxygen Consumption Calorimeter,  a n d  AS T M  E 1 5 9 0 ,
Test Method for Fire Testing of Mattresses ( B ab r au s kas ,  1 9 9 3 ) .

9 . 6 . 2 . 2    E x p e r i e n c e  h a s  s h o wn  th at b e d d i n g  m ate r i a l s  c a n
s u b s tan ti a l l y a ffe c t h e a t r e l e as e  fr o m  m attr e s s e s ,  p ar ti c u l ar l y

wh e r e  th e  m a ttr e s s  i ts e l f h a s  d e m o n s tr ate d  fai r l y p o o r  fre
p e r fo r m a n c e .  T h u s ,  i n  ge n e r a l ,  te s ts  wi th  m attr e s s e s  an d

b e d d i n g  ar e  o f i n te r e s t m ai n l y fo r  s ys te m s  wi th  fa i r l y h i g h  h e a t
r e l e as e  r ate  va l u e s .

9 . 6 . 3  Wal l  L i n i n g M ate ri al s .

9 . 6 . 3 . 1 *    S e ve r al  fre  m o d e l s  c an  p r e d i c t h e at r e l e a s e  an d  fre
gr o wth  o f wal l  l i n i n g s  i n  a c o m p ar tm e n t.

Δ 9 . 6 . 3 . 2    A s tan d ar d  a p p l i c a ti o n  p r o c e d u r e ,  fo u n d  i n  AS T M
E 1 7 4 0 ,  Test Method for Determining the Heat Release Rate and Other
Fire-Test-Response Characteristics of Wall Covering or Ceiling Covering

Composites Using a Cone Calorimeter,  h as  b e e n  d e ve l o p e d  fo r
u s i n g  th e  c o n e  c al o r i m e te r  wi th  wa l l  l i n i n g s .  F o r  th a t s ta n d ar d ,
s o m e  o f th e  i s s u e s  r e ga r d i n g  m o u n ti n g  te c h n i q u e s  h a ve  b e e n

i n ve s ti g ate d  ( F r i tz  an d  H u n s b e r g e r,  1 9 9 2 ) .

9 . 6 . 3 . 3    I t h as  b e e n  s h o wn  th at th e  a d d i ti o n  o f u p  to  two  c o ats
o f p ai n t o n  m a te r i al s  p r e vi o u s l y s h o wn  to  h ave  an  ac c e p tab l e
fre  p e r fo r m a n c e  a s  i n te r i o r  wa l l  o r  c e i l i n g fnish  m ate r i al s  i s
u n l i ke l y to  c h an g e  th e i r  fre  p e r fo r m an c e  to  a  signifcant

e x te n t ( Waks m a n  an d  F e r gu s o n ,  1 9 7 4 ) .  T h e  p r e s e n c e  o f m u l ti ‐
p l e  l aye r s  o f p ai n t o n  an  i n te r i o r  s u r fac e  ( e s p e c i al l y i f o n e  o r
m o r e  ar e  p ar ti a l l y p e e l i n g o ff)  i s  a  c a u s e  o f p o te n ti al  a d d e d  fre

h a z a r d ,  as  th e  fre  p e r fo r m an c e  o f th e  wal l  l i n i n g wi l l  b e  signif‐
cantly wo r s e  th a n  th at as s o c i ate d  wi th  th e  m ate r i al  o r i gi n al l y
i n s ta l l e d .

Δ 9 . 6 . 4 *  Fl o o r Fi n i s h  M ate ri al s .    I t h as  b e e n  s h o wn  th at c a r p e ts
c a n  b e  te s te d  i n  th e  c o n e  c al o r i m e te r  ( AS T M  E 1 3 5 4 ,  Test

Method for Heat and Visible Smoke Release Rates for Materials and
Products Using an Oxygen Consumption Calorimeter)  at i n c i d e n t
h e at fuxes  o f 2 5  kW/ m 2  to  3 0  kW/ m 2  ( B r i gg s  e t a l . ,  1 9 9 2 ;
Am e s  e t a l . ,  1 9 9 3 ;  H i r s c h l e r,  1 9 9 2 a ;  To m an n ,  1 9 9 3 ) .  L o we r  h e a t
fuxes  m i g h t b e  m o r e  a p p r o p r i a te  fo r  te s ti n g  foor  fnish  p r o d ‐

u c ts .

9 . 7  B e n c h - S c al e  Te s ts  o n  I n d i vi d u al  M ate ri al s .

9 . 7 . 1    Te s ts  o n  i n d i vi d u al  m a te r i al s  o ffe r  i m p o r tan t i n p u t i n fo r ‐
m a ti o n  to  fre  s afe ty an a l ys e s  r e s u l ti n g  fro m  p r o d u c ts  b u r n i n g
i n  a r o o m .  T h i s  i s  e s p e c i a l l y i m p o r tan t i n  te r m s  o f th e  e m i tte d

h e at r e l e as e  r a te .  H o we ve r,  i n fo r m a ti o n  o n  m a te r i al s  c an n o t
a d d r e s s  th e  i s s u e  o f th e  p o te n ti al  i n te r ac ti o n  ( s yn e r g i s ti c  o r
a n ta go n i s ti c )  b e twe e n  th e  va r i o u s  m a te r i al s  c o n ta i n e d  i n  a

p r o d u c t.

9 . 7 . 2    Re s u l ts  o f fre  te s ts  o n  m a te r i al s ,  th e r e fo r e ,  a r e  u s e fu l
e i th e r  a s  a p r e d i c to r  o f th e  r e l a ti ve  p e r fo rm a n c e  o f th e  m ate r i ‐

a l s  ( b as e d  o n  th e  as s u m p ti o n  th at i n te r ac ti o n s  b e twe e n  m ate r i ‐
a l s  a r e  n e gl i g i b l e )  o r  as  i n p u t i n to  specifc  fre  m o d e l s

d e ve l o p e d  to  p r e d i c t th e  fre  p e r fo r m an c e  o f p r o d u c ts  fr o m
th at o f th e  c o m p o n e n t m a te r i al s .

Δ 9 . 7 . 3    Two  m e th o d s  h ave  b e e n  p r o p o s e d  a s  e m p i r i c a l  r e l ati ve
an al ys e s  o f o ve r al l  m ate r i a l  fre  p e r fo r m a n c e .  B o th  m e th o d s

r e q u i r e  te s ti n g  o f m ate r i a l s  i n  th e  c o n e  c a l o r i m e te r  ( AS T M
E 1 3 5 4 ,  Test Method for Heat and Visible Smoke Release Rates for
Materials and Products Using an Oxygen Consumption Calorimeter) .

9 . 7 . 3 . 1    T h e  frst m e th o d  i s  an  e m p i ri c a l  r e l ati o n s h i p  fo r
p r e d i c ti n g ti m e  to  fashover  fr o m  r o o m  wa l l  l i n i n g  m ate r i a l s  i n

th e  s am e  te s t a s  th at c o ve r e d  b y th e  Eurefc  m o d e l  specifed  i n
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2 0 2 1  E d i t i o n S h a d e d  te x t =  Re vi s i o n s .  Δ  =  Te x t d e l e ti o n s  a n d  fgure/table  r e vi s i o n s .  •  =  S e c ti o n  d e l e ti o n s .  N  =  N e w m a te r i a l .

I S O  9 7 0 5 - 1 ,  Reaction to Fire Tests — Room Corner Test for Wall and
Ceiling Lining Products — Part 1 : Test Method for a Small Room
Confguration ( o p ti o n s  1 0 0  kW an d  3 0 0  kW;  th r e e  wa l l s  a n d  c e i l ‐
i n g c o ve r e d ) .  T h i s  m e th o d  h as  b e e n  ap p l i e d  s u c c e s s fu l l y to  th e
Eurefc  te s t d ata.  I t u s e s  i n p u t d ata fr o m  th e  c o n e  c a l o r i m e te r
an d  th e  fo l l o wi n g  e q u ati o n :

t k
t

Q
kfo a

Pk

b= + +
∑

ign ρ

ɺ "

wh e r e :
tfo = p r e d i c te d  ti m e  to  fashover  i n  I S O  9 7 0 5  ( s e c )

t i g n = ti m e  to  i gn i ti o n  i n  th e  c o n e  c a l o r i m e te r  a t a n  i n c i d e n t
fux  o f 2 5  kW/ m 2  ( s e c )

ρ = th e  d e n s i ty ( kg / m 3 )

∑ ɺQPk

" = to ta l  h e at r e l e a s e d  p e r  u n i t a r e a d u r i n g  th e  p e a k
p e r i o d  i n  th e  c o n e  c al o r i m e te r  a t a n  i n c i d e n t h e at
fux  o f 5 0  kW/ m 2

ka = c o n s tan t,  2 . 7 6  ×  1 0 6  J  ( kg/ m ) –0 . 5

kb = c o n s ta n t,  –4 6  s e c

9 . 7 . 3 . 2    T h e  o th e r  m e th o d  i s  e ve n  s i m p l e r.  I t i s  a frst-order
a p p r o x i m a ti o n  fo r  r e l a ti ve  ti m e  to  fashover  i n  a r o o m -c o r n e r

s c e n a r i o ,  a s  s h o wn  i n  th e  fo l l o wi n g  e q u ati o n :

t FPI
t

PkQ
foα =

ign

ɺ "

wh e r e :
t i g n = ti m e  to  i gn i ti o n  ( s e c o n d s ) ,  m e as u r e d  i n  th e  c o n e  c a l o ‐

r i m e te r  a t an  i n c i d e n t fux  th at i s  r e l e va n t to  th e
s c e n a r i o  i n  q u e s ti o n

FPI = fre  p e r fo r m a n c e  i n d e x  ( s e c  m 2 / kW)

PkQɺ "
= p e ak h e at r e l e as e  r ate  p e r  u n i t ar e a at th a t s am e  i n c i ‐

d e n t fux  ( kW/ m 2 )

Δ 9 . 7 . 3 . 3    I f th e  m ate r i a l  d o e s  n o t i g n i te ,  ti g n  c an  b e  as s i g n e d  a
va l u e  o f 1 0 , 0 0 0  s e c o n d s .  T h e  i n c i d e n t h e ati n g  fux  to  b e  u s e d
s h o u l d  b e  r e l e va n t to  th e  fre  s c e n ar i o  b e i n g i n ve s ti g ate d  a n d  i s

to  b e  specifed  b y th e  i n ve s ti g ato r.  T h i s  m e th o d  i s  u s e fu l  as  a
r e l ati ve  i n d i c a ti o n  o f p r o p e n s i ty to  fashover  an d  c an n o t b e
u s e d  q u an ti tati ve l y ( H i r s c h l e r,  1 9 9 2 a,  1 9 9 2 b ,  1 9 9 2 c ) .  H o we ve r,

i t h a s  b e e n  ap p l i e d  to  two  s e r i e s  o f l ar g e -s c a l e  te s ts :  FAA a i r c r aft
p an e l s  i n  a fu l l - s c a l e  s i m u l a te d  a i r c r aft i n te r i o r  ( L yo n ,  1 9 9 4 )
an d  th e  Eurefc  te s t d a ta .  B o th  te s t s e r i e s  we r e  c o m p a r e d  to

c o n e  c al o r i m e te r  d ata at 5 4 0  kW/ m 2 .  F i g u r e  9 . 7 . 3 . 3  i l l u s tr ate s  a
c o m p a r i s o n  o f fu l l -s c al e  ti m e s  to  fashover  fo r  FAA p an e l s
wi th i n  an  ai r c r a ft,  a n d  fo r  wa l l  l i n i n g  m a te r i al s  i n  I S O  9 7 0 5 -1 ,

Reaction to Fire Tests — Room Corner Test for Wall and Ceiling
Lining Products — Part 1 : Test Method for a Small Room Confgura‐
tion,  wi th  th e  r ati o  o f ti m e  to  i gn i ti o n  to  p e ak r ate  o f h e at

r e l e as e  i n  th e  c o n e  c al o r i m e te r  ( AS T M  E 1 3 5 4 ,  Test Method for
Heat and Visible Smoke Release Rates for Materials and Products
Using an Oxygen Consumption Calorimeter)  at a n  i n c i d e n t fux  o f

5 0  kW/ m 2 .

Δ 9 . 7 . 4    M o re  r e c e n tl y,  i t h as  b e e n  fo u n d  th a t c o r r e l a ti o n  m e th ‐
o d s  c an  b e  u s e d  to  p r e d i c t th e  r e s u l ts  o f r o o m  c o r n e r  te s t m e th ‐
o d s  ( D i l l o n  e t a l . ,  2 0 0 1 ) ,  p r i n c i p a l l y wh e th e r  fashover  i s  l i ke l y

 
[ 9 . 7 . 3 . 1 ]

 
[ 9 . 7 . 3 . 2 ]

to  o c c u r,  o r  to  p r e d i c t wh e th e r  a  m a te r i al  i s  l i ke l y to  r e s u l t i n  a
s e l f- p r o p a ga ti n g fre  ( Kar l s s o n  1 9 9 4 ,  H i r s c h l e r  1 9 9 9 ) .  A u s e fu l

s u r ve y was  m ad e  b y J an s s e n s  e t a l .  ( 2 0 0 3 )  o f p r e d i c ti o n  m e th ‐
o d s ,  b o th  c o r r e l a ti o n s  an d  vi a m o d e l i n g.

9 . 8  O th e r P re d i c ti o n  M e th o d s .

9 . 8 . 1 *    S e ve r al  m e th o d s  c an  b e  u s e d  as  p ar ti al  p r e d i c to r s  o f
r e l ati ve  a d e q u a c y o f p e r fo r m an c e  o f p r o d u c ts  an d  as  a d d i ti o n al
to o l s .

9 . 8 . 2    E x p e r i e n c e d  o b s e r ve r s  a r e  al s o  c ap a b l e  o f i n ve s ti g ati n g
wh i c h  fa c to r s  i n  th e  c o n s tr u c ti o n  o f u p h o l s te r e d  fu r n i tu r e  a r e

m o s t c r i ti c a l  fo r  p o te n ti al l y wo r s e n i n g  fre  p e r fo r m a n c e  to  s u c h
an  e x te n t th at a s e l f-p r o p ag ati n g  fre  c an  r e s u l t.

N 9 . 9  M ate ri al s  o f L o w H e at Re l e as e .    I t h as  b e e n  fo u n d  th a t
s o m e  m ate r i a l s  ar e  c o m b u s ti b l e  b u t s ti l l  e x h i b i t ve r y l o w l e ve l s

o f h e at r e l e as e  o n  b u r n i n g  an d ,  th u s ,  ar e  l i ke l y to  c o n tr i b u te
l i ttl e  to  th e  p r o b ab i l i ty o f fashover.  AS T M  E 2 9 6 5 ,  Test Method

for Determination of Low Levels of Heat Release Rate for Materials and
Products Using an Oxygen Consumption Calorimeter,  i s  a  m e th o d
fo r  as s e s s i n g s u c h  l o w l e ve l s  o f h e a t r e l e a s e .

C h ap te r 1 0    I gn i ti o n  o f S e c o n d ar y I te m s  b y Rad i ati ve  H e ati n g

1 0 . 1  M e th o d s / To o l s .    A s e t o f an a l yti c a l  m e th o d s  o r  to o l s  i s
n e e d e d  to  p r o vi d e  a m e an s  fo r  p e r fo r m i n g th e  e va l u a ti o n s

e m b o d i e d  b y th e  defnitions  i n  S e c ti o n  8 . 3 .  I n  p a r ti c u l a r,  m e th ‐
o d s  a r e  n e e d e d  to  p r e d i c t th e  h e a ti n g to  i g n i ti o n  o f m a te r i al s
c o n tai n e d  wi th i n  a fu e l  p a c ka ge  as  we l l  a s  th e  r ad i ati ve  h e a t

tr a n s fe r  to  th e  m a te r i al  fr o m  o th e r  fu e l  p ac ka ge s  o r  th e  h o t ga s
l aye r.  T h i s  c h ap te r  fo c u s e s  o n  th e  r ad i ati ve  i g n i ti o n  o f a m a te ‐
r i al  n o t i n  d i r e c t c o n tac t wi th  a fame.

1 0 . 2 *  Rad i ati ve  I gn i ti o n  o f M ate ri al s .    M a n y d i ffe r e n t m o d e l s
o f r a d i ati ve  i g n i ti o n  o f m ate r i al s  e x i s t,  wi th  va r yi n g  l e ve l s  o f

s o p h i s ti c ati o n  an d  u s a b i l i ty.  T h i s  s e c ti o n  fo c u s e s  o n  th e  m e th o d
d e ve l o p e d  b y Qu i n ti e r e  a n d  H ar kl e r o ad  ( 1 9 8 5 ) .  As  wi th  m an y

o f th e  a va i l a b l e  m o d e l s ,  th i s  m o d e l  as s u m e s  th a t s u r fa c e
te m p e r a tu r e  c an  b e  u s e d  as  a c r i te r i o n  fo r  p i l o te d  i gn i ti o n .

T h i s  d i r e c tl y i m p l i e s  th at i gn i ti o n  c a n n o t o c c u r  i f th e  r a d i an t

h e a t fux,  ɺq
e
" ,  i s  l e s s  th an  a  c r i ti c al  h e a t fux,  ɺq o ig"

, .  T h e  i g n i ‐
ti o n  ti m e ,  tig,  va r i e s  wi th  r a d i a n t fux  ab o ve  th i s  c r i ti c a l  fux.
B as e d  o n  a  ve r y s i m p l e  h e at tr an s fe r  m o d e l ,  th e  ti m e  to  i g n i ‐
ti o n  i s  d e te r m i n e d  b y E q u ati o n  1 0 . 2 ,  as  fo l l o ws :
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FI G U RE  9 . 7 . 3 . 3   C o m p ari s o n  o f Fu l l - S c al e  T i m e s  to
Fl as h o ve r wi th  th e  Rati o  o f T i m e  to  I gn i ti o n  to  P e ak Rate  o f
H e at Re l e as e  i n  th e  C o n e  C al o ri m e te r.



I GN I T I O N  O F  S E C O N D AR Y I T E M S  B Y RAD I AT I VE  H E AT I N G 5 5 5 - 1 9

S h a d e d  te x t =  Re vi s i o n s .  Δ  =  Te x t d e l e ti o n s  an d  fgure/table  r e vi s i o n s .  •  =  S e c ti o n  d e l e ti o n s .  N  =  N e w m ate r i a l . 2 0 2 1  E d i t i o n

t
q q

b
ig

o ig e=










ɺ ɺ" / "
,

2

wh e r e :
tig = i gn i ti o n  ti m e

ɺq o ig"
,

= c r i ti c a l  h e at fux

ɺq
e
" = i n c i d e n t r ad i a ti ve  h e at fux

b = a va r i ab l e  r e l ate d  to  th e  th e r m a l  p r o p e r ti e s  o f th e
m a te r i al

Δ 1 0 . 2 . 1    T h e s e  d a ta  n o r m al l y ar e  o b tai n e d  u s i n g  th e  L I F T  ap p a‐
ra tu s  ( AS T M  E 1 3 2 1 ,  Test Method for Determining Material Ignition

and Flame Spread Properties)  b u t a l s o  c a n  b e  o b ta i n e d  u s i n g th e
c o n e  c al o r i m e te r  ( AS T M  E 1 3 5 4 ,  Test Method for Heat and Visible
Smoke Release Rates for Materials and Products Using an Oxygen

Consumption Calorimeter)  o r  th e  al te r n a te  c al o r i m e te r  i n te n d e d
fo r  l o w l e ve l s  o f h e a t r e l e a s e  ( AS T M  E 2 9 6 5 ,  Test Method for Deter‐

mination of Low Levels of Heat Release Rate for Materials and Prod‐
ucts Using an Oxygen Consumption Calorimeter) .  F i gu r e  1 0 . 2 . 1
i l l u s tr ate s  th e  i g n i ti o n  b e h avi o r  o f o n e  typ e  o f fberboard  u s i n g
th i s  m e th o d  ( Qu i n ti e r e  an d  H ar kl e r o a d ,  1 9 8 5 ) .  T h i s  m e th o d  i s

val i d  fo r  c o n s tan t va l u e s  o f th e  i n c i d e n t h e a t fux,  ɺq
e
" .  M o r e

ge n e r a l  m e th o d s  ar e  a l s o  a va i l ab l e  i n  th e  r e fe r e n c e d  l i te r atu r e .

1 0 . 2 . 2    E q u a ti o n  1 0 . 2  i s  b a s e d  o n  a m o d e l  o f s u r fac e  te m p e r a‐
tu r e  ( Ts)  r i s e  d u r i n g h e a ti n g g i ve n  b y E q u ati o n  1 0 . 2 . 2 ,  a s
fo l l o ws :

T
q

h
F ts

e= 



 ( )ɺ "

1 0 . 2 . 3    F( t)  i n  E q u ati o n  1 0 . 2 . 2  i s  d e te r m i n e d  fr o m  e i th e r  o f th e
fo l l o wi n g  e q u ati o n s ,  wh e r e  tm i s  th e  ti m e  n e c e s s ar y fo r  e q u i l i ‐
b r a ti o n  o f th e  s u r fac e  te m p e r atu r e :

F t
ht

k c

t t
m

( ) =
( )

<
2

1 2

1 2

/

/
π ρ

 fo r 

F t t t
m

( ) = ≥1  fo r 

1 0 . 2 . 4    T h e  frst r e gi m e ,  fo r  t <  tm,  i s  m o d e l e d  as s u m i n g n o
h e at l o s s e s ,  wh i l e  th e  s e c o n d  r e g i m e ,  fo r  t =  tm,  i s  m o d e l e d  as  a
s te ad y s ta te .  T h e  i g n i ti o n  c o n d i ti o n  i s  d e r i ve d  b y s e tti n g th e
s u r fac e  te m p e r a tu r e  e q u al  to  th e  i gn i ti o n  te m p e r atu r e .  T h e

c r i ti c a l  fux  fo r  i g n i ti o n ,  ɺq o ig"
, ,  i s  defned  b y th e  fux  n e c e s s ar y

to  r e ac h  th e  i gn i ti o n  te m p e r a tu r e  wh e n  t =  tm.  E q u ati o n  1 0 . 2  i s
d e ve l o p e d  fr o m  th e  u s e  o f th e s e  c o n s i d e r a ti o n s .

Δ 1 0 . 2 . 5    T h e  p r o d u c t o f th e  th e r m al  c o n d u c ti vi ty,  k,  th e  d e n s i ty,
ρ ,  an d  th e  h e at c ap ac i ty,  c,  i s  a fu n d am e n ta l  m a te r i al  p r o p e r ty

o fte n  d e s c r i b e d  s i m p l y a s  kρ c.  B e c au s e  o f th e  s i m p l i fyi n g
a s s u m p ti o n s  u s e d ,  th e  val u e  kρ c d e r i ve d  fr o m  L I F T  ( AS T M
E 1 3 2 1 ,  Test Method for Determining Material Ignition and Flame

 
[ 1 0 . 2 ]

 
[ 1 0 . 2 . 2 ]

 
[ 1 0 . 2 . 3 a]

 
[ 1 0 . 2 . 3 b ]

Spread Properties)  o r  c o n e  c al o r i m e te r  ( AS T M  E 1 3 5 4 ,  Test Method
for Heat and Visible Smoke Release Rates for Materials and Products

Using an Oxygen Consumption Calorimeter)  d a ta  i s  to  b e  r e ga r d e d
as  an  e ffe c ti ve  kρ c a n d  s h o u l d  n o t b e  e x p e c te d  to  b e  e q u al  to

th e  kρ c d e r i ve d  fr o m  m e th o d s  u s e d  to  m e a s u r e  th e s e  h e a t tr an s ‐
fe r  p r o p e r ti e s .

1 0 . 3  Rad i ati ve  H e ati n g.

1 0 . 3 . 1    I n  o r d e r  to  e va l u a te  th e  i g n i ti o n  o f a m a te r i al
c o n tai n e d  i n  a  tar g e t fu e l  p ac kag e ,  th e  r ad i a ti ve  h e at fux  to
th e  m ate r i a l  fr o m  o th e r  fu e l  p a c ka ge s  an d  th e  h o t l aye r  m u s t

b e  d e te r m i n e d .  A n u m b e r  o f m e th o d s  c a n  b e  u s e d  to  m ake  th i s
d e te r m i n ati o n .  Ad d i ti o n al  i n fo r m ati o n  r e g ar d i n g  m e th o d s
u s e d  to  e val u ate  th e  i gn i ti o n  o f a n  i te m  b y r a d i ati ve  h e a ti n g c an
b e  fo u n d  i n  th e  SFPE Engineering Guide to Piloted Ignition of Solid

Materials Under Radiant Exposure.
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FI G U RE  1 0 . 2 . 1   I gn i ti o n  B e h avi o r o f a P ar ti c ul ar Typ e  o f
Fi b e rb o ard .



M E T H O D S  F O R E VAL UAT I N G P O T E N T I AL  F O R RO O M  F L AS H O VE R5 5 5 - 2 0

2 0 2 1  E d i t i o n S h a d e d  te x t =  Re vi s i o n s .  Δ  =  Te x t d e l e ti o n s  a n d  fgure/table  r e vi s i o n s .  •  =  S e c ti o n  d e l e ti o n s .  N  =  N e w m a te r i a l .

1 0 . 3 . 2    T h e  r ad i ati ve  h e at fuxes  ge n e r a te d  b y a r a n ge  o f fu e l
p ac kag e s  o ve r  a r an g e  o f d i s tan c e s  fr o m  th e  fu e l  p a c kag e  h ave
b e e n  i n ve s ti ga te d  ( B a b r au s kas ,  1 9 8 1 –8 2 ) .  B a s e d  o n  kn o wl e d g e
o f th e  b u r n i n g  r ate  o f th e  r a d i a ti n g fu e l  p a c ka ge ,  th e  h e at fux
at specifc  d i s tan c e s  fr o m  th e  fu e l  p a c kag e  c an  b e  e s ti m a te d .
I n c i d e n t fux  l e ve l s  o f 1 0  kW/ m 2 ,  2 0  kW/ m 2 ,  a n d  4 0  kW/ m 2

a r e  defned  a s  c r i ti c al  fux  fo r  i g n i ti o n  o f g e n e r al  fu e l s  an d  ar e
d e s c r i b e d  a s  e a s y,  n o r m a l ,  an d  diffcult to  i g n i te ,  r e s p e c ti ve l y.
As  n o te d  i n  S e c ti o n  1 0 . 2 ,  th e  h e at fux  an d  d u r ati o n  o f r ad i a‐

ti ve  e x p o s u r e  d e te r m i n e  wh e th e r  i gn i ti o n  c an  o c c u r.

1 0 . 3 . 3    E q u ati o n s  1 0 . 3 . 3 a,  1 0 . 3 . 3 b ,  an d  1 0 . 3 . 3 c  a r e  u s e d  to
d e te r m i n e  th e  c r i ti c a l  r ate  o f h e a t r e l e a s e  n e c e s s ar y to  e n ab l e  a

b u r n i n g  o b j e c t to  i g n i te  a tar g e t o b j e c t th at i s  classifed  a s  e a s y,
n o r m a l ,  o r  h a r d  to  i g n i te ,  r e s p e c ti ve l y,  a t a  d i s tan c e ,  D:

ɺQ
D

= ×
+






30 10

0 08

0 89

.

.

ɺQ
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30 10

0 05
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

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
30 10

0 02

0 0092

.

.

wh e r e :
ɺQ = h e at r e l e as e  r ate  ( kW)

D = d i s tan c e  ( m )

1 0 . 3 . 3 . 1    I f th e  r ate  o f h e at r e l e as e  o f th i s  b u r n i n g  o b j e c t i s
i n c r e as i n g ,  th e  ti m e  a t wh i c h  th e  fre's  r ate  o f h e at r e l e as e  i s
frst r e ac h e d  i s  th e  ti m e  to  i gn i ti o n  o f th e  ta r ge t o b j e c t.

1 0 . 3 . 3 . 2    E q u ati o n s  1 0 . 3 . 3 a,  1 0 . 3 . 3 b ,  an d  1 0 . 3 . 3 c  a r e  p l o tte d  i n
F i g u r e  1 0 . 3 . 3 . 2 .  T h i s  g r ap h  c an  b e  u s e d  a s  a s o l u ti o n  b y r e ad i n g

u p  th e  ap p r o p r i ate  c u r ve  to  l o c ate  th e  s e p a r ati o n  d i s tan c e ,
th e n  fnding  th e  c o r r e s p o n d i n g c r i ti c a l  r ate  o f h e at r e l e a s e .

1 0 . 3 . 3 . 3    S e p ar a ti o n  d i s tan c e  va l u e s  o f 1 4 0  c m ,  9 0  c m ,  an d
4 0  c m  fo r  e a s y-,  n o r m al -,  an d  h ar d -to - i g n i te  o b j e c ts ,  r e s p e c ‐
ti ve l y,  r e p r e s e n t d i s tan c e s  b e yo n d  wh i c h  th e  tar g e t o b j e c ts  ar e

n o t c o n s i d e r e d  p ar t o f th e  fu e l  p ac ka ge .

1 0 . 3 . 4    Two  s i m p l e  m e th o d s  fo r  e val u a ti n g r ad i ati o n  fr o m  p o o l
fres  to  ta r ge ts  o u ts i d e  th e  fame  h a ve  b e e n  d e ve l o p e d  ( M u d a n

a n d  C r o c e ,  1 9 8 8 ;  S h o kr i  an d  B e yl e r,  1 9 8 9 ) .  Al th o u gh  th e s e
m e th o d s  ar e  b as e d  o n  p o o l  fre  te s t d a ta ,  th e y c a n  b e  ap p l i e d  to
fu e l  p a c ka ge s .  N o  s tu d i e s  h a ve  b e e n  p e r fo r m e d  to  val i d a te

th e s e  m e th o d s  wh e r e  ap p l i e d  to  fu r n i tu r e  i te m s .  T h e  p o o l  fre
d ata i n c l u d e  d i a m e te r s  o f 1  m  to  5 0  m .  M o s t fu e l  p a c ka ge s  ar e
a t th e  l o w e n d  o f th i s  r a n ge .  T h e  p r o c e d u r e s  fo r  th e s e  m e th o d s

ar e  o u tl i n e d  i n  1 0 . 3 . 4 . 1  an d  1 0 . 3 . 4 . 2 .  B o th  m e th o d s  m o d e l  th e
fame  as  a  c yl i n d r i c al  r a d i a to r  wi th  a  specifed  e m i s s i ve  p o we r.
Confguration  fac to r s  a r e  th e n  e m p l o ye d  fo r  th e  r ad i a n t h e a t
fux  c al c u l a ti o n .  T h e  two  m e th o d s  d i ffe r  o n l y i n  th e i r  fame
r ad i ato r  h e i g h t e x p r e s s i o n s  an d  e m i s s i ve  p o we r  e x p r e s s i o n s .

Ad d i ti o n a l  i n fo r m a ti o n  r e g ar d i n g r ad i a ti o n  fr o m  p o o l  fres  c a n

 
[ 1 0 . 3 . 3 a]

 
[ 1 0 . 3 . 3 b ]

 
[ 1 0 . 3 . 3 c ] b e  fo u n d  i n  th e  SFPE Engineering Guide for Assessing Flame Radia‐

tion to External Targets from Pool Fires.

1 0 . 3 . 4 . 1    T h e  r a d i ato r  i s  d e s c r i b e d  a s  a  c yl i n d e r  wi th  a r ad i u s
d e te r m i n e d  b y th e  s i z e  o f th e  b as e  o f th e  fu e l  p ac kag e .  T h e
h e i g h t o f th e  r a d i ato r  i s  d e te r m i n e d  b y a fame  h e i gh t c o r r e l a‐

ti o n .  Ta b l e  1 0 . 3 . 4 . 1  s h o ws  th e  fame  h e i g h t e x p r e s s i o n s  u s e d  i n
th e  two  m o d e l s .  T h e  e m i s s i ve  p o we r s  u s e d  i n  th e  two  m o d e l s
ar e  gi ve n  i n  Ta b l e  1 0 . 3 . 4 . 1  a n d  ar e  i l l u s tr a te d  i n  F i gu r e

1 0 . 3 . 4 . 1 ( a)  an d  F i g u r e  1 0 . 3 . 4 . 1 ( b ) .  T h e  r a d i an t fux  to  th e

ta r ge t fr o m  th e  fu e l  p ac kag e ,  ɺq r fp"
, ,  i s  d e te r m i n e d  b y th e

fo l l o wi n g  e q u ati o n :

ɺq F Er fp fp dt"
,

=
−

wh e r e :
Ffp-dt = confguration  fa c to r  b e twe e n  th e  c yl i n d r i c a l  r ad i a to r

( fu e l  p ac kag e )
E = e m i s s i ve  p o we r  o f th e  r ad i ato r

1 0 . 3 . 4 . 2    T h e  confguration  fa c to r s  fo r  s e ve r al  r e l e van t g e o m e ‐
tr i e s  ar e  s h o wn  i n  F i g u r e  1 0 . 3 . 4 . 1 ( a)  an d  F i gu r e  1 0 . 3 . 4 . 1 ( b ) .
T h e s e  fgures  s h o w th e  ge o m e tr y,  th e  e q u ati o n ,  a n d  a gr a p h  o f

th e  confguration  fa c to r.  Confguration  fac to r s  fo r  o th e r
g e o m e tr i e s  r e l a te d  to  th o s e  s h o wn  c a n  b e  g e n e r ate d  fr o m  th e
confguration  fac to r s  p r o vi d e d ,  s i n c e  confguration  fa c to r s  ar e

c u m u l a ti ve .  F o r  i n s ta n c e ,  th e  wo r s t-c as e  confguration  a t a
gi ve n  d i s tan c e  fr o m  th e  r ad i a to r  i s  a  tar g e t fac i n g th e  fame  a t

h a l f th e  r ad i a to r  h e i g h t.

1 0 . 3 . 4 . 3    T h i s  confguration  fa c to r  c an  b e  c r e ate d  b y c o n s i d e r ‐
i n g th e  r a d i a to r  to  b e  c o m p o s e d  o f two  c yl i n d e r s ,  o n e  ab o ve

th e  tar g e t a n d  o n e  b e l o w.  B e c a u s e ,  i n  th i s  c a s e ,  th e  two  c yl i n ‐
d e r s  ar e  e q u al  i n  s i z e ,  th e  fnal  confguration  fac to r  i s  s i m p l y

twi c e  th e  confguration  fac to r  fo r  a r ad i ato r  wi th  a h e i g h t e q u al
to  h al f th e  fame  h e i g h t.

 
[ 1 0 . 3 . 4 . 1 ]
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FI G U RE  1 0 . 3 . 3 . 2   T h e  I n ve rs e  E q u ati o n  — S e p arati o n
D i s tan c e  Ve rs u s  Rate  o f H e at Re l e as e .
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S h a d e d  te x t =  Re vi s i o n s .  Δ  =  Te x t d e l e ti o n s  an d  fgure/table  r e vi s i o n s .  •  =  S e c ti o n  d e l e ti o n s .  N  =  N e w m ate r i a l . 2 0 2 1  E d i t i o n

1 0 . 3 . 5 *    T h e  r a d i ati o n  fr o m  th e  h o t ga s  l a ye r  c a n  b e  e s ti m ate d
b y m e th o d s  s i m i l ar  to  th o s e  d e s c r i b e d  i n  1 0 . 3 . 4  fo r  th e  fame.
T h e  h o t l a ye r  r ad i a n t c an  b e  m o d e l e d  a s  a  b l a c kb o d y a t th e  h o t
gas  l a ye r  te m p e r atu r e ,  Th.  T h e  confguration  fac to r  b e twe e n

th e  l aye r  an d  th e  tar g e t,  FhL-dt,  c a n  b e  e s ti m ate d  b as e d  o n  th e
confguration  fac to r  b e twe e n  a fat r e c tan g u l ar  r ad i a to r  p o s i ‐

ti o n e d  a t th e  l o c ati o n  o f th e  h o t ga s  l a ye r  i n te r fac e .  T h e  i n c i ‐

d e n t r a d i a n t h e a t fux  fr o m  th e  l aye r  to  th e  tar g e t,  ɺq r h"
, 1 ,  i s

d e te r m i n e d  b y E q u ati o n  1 0 . 3 . 5 :

ɺq F Tr h hL dt h"
, 1

4
=

−
σ

wh e r e :
σ = S te fan –B o l tz m a n n  c o n s tan t ( 5 . 6 7  ×  1 0 -1 1  kW/ m 2  K4 )

FhL-dt = confguration  fac to r  b e twe e n  th e  l aye r  a n d  th e  tar g e t
Th = H o t ga s  l aye r  te m p e r a tu r e  i n  Ke l vi n  ( ° C  +  2 7 3 )

1 0 . 3 . 6    T h e  wo r s t c a s e  i s  a confguration  fa c to r  o f 1 ,  wh i c h
o c c u rs  i f th e  tar g e t s u r fa c e  i s  fac i n g  th e  h o t l a ye r  i n te r fa c e  an d
i s  ve r y c l o s e  to  th e  i n te r fac e .  T h e  confguration  fac to r s  fo r

s e ve ral  r e l e van t g e o m e tr i e s  ar e  s h o wn  i n  F i g u r e  1 0 . 3 . 6 ( a )  an d
F i g u re  1 0 . 3 . 6 ( b ) .  T h e s e  fgures  s h o w th e  g e o m e tr y,  th e  e q u a‐
ti o n ,  an d  a gr a p h  o f th e  confguration  fac to r.  Confguration

fa c to rs  fo r  o th e r  g e o m e tr i e s  r e l ate d  to  th o s e  s h o wn  c an  b e
g e n e rate d  fr o m  th e  confguration  fa c to r s  p r o vi d e d ,  s i n c e
confguration  fac to r s  a r e  c u m u l a ti ve .  F o r  i n s tan c e ,  i f th e  tar g e t

i s  a t th e  c e n te r  o f th e  r o o m  an d  fac i n g u p war d ,  th e  confgura‐
tion  fac to r  i s  th e  s u m  o f fo u r  confguration  fac to r s ,  o n e  fo r
e a c h  q u ad r a n t o f th e  r o o m .  I f th e  ta r ge t i s  c e n te r e d  i n  th e

r o o m ,  al l  fo u r  confguration  fa c to r s  ar e  e q u a l .  I f th e  tar g e t i s
c l o s e  to  th e  r ad i ato r,  th e  m a x i m u m  i n d i vi d u al  confguration
fac to r i s  0 . 2 5 ,  a n d  th e  m a x i m u m  confguration  fa c to r  i s  fo u r

ti m e s  th i s  va l u e  ( i . e . ,  1 . 0 ,  as  p r e vi o u s l y d i s c u s s e d ) .

1 0 . 4  E x am p l e  M e th o d s .    T h e  m e th o d s  d e s c r i b e d  i n  C h a p ‐
te r  1 0  ar e  e x am p l e s  o f th o s e  th at c an  b e  u s e d  fo r  th i s  typ e  o f

a n al ys i s .  T h e y m i gh t n o t b e  th e  b e s t m e th o d s  fo r  e ve r y s i tu a‐
ti o n .  N o th i n g i n  th i s  c h ap te r  s h o u l d  b e  ta ke n  to  e x c l u d e  th e

u s e  o f b e tte r  m e th o d s  th a n  th o s e  d i s c u s s e d .

 
[ 1 0 . 3 . 5 ]
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FI G U RE  1 0 . 3 . 4 . 1 ( a)   Confguration  Fac to r fo r a Ve r ti c al
Targe t an d  a Ve r ti c al  C yl i n d ri c al  Rad i ato r.

Tab l e  1 0 . 3 . 4 . 1  Fl am e  H e i gh t an d  E m i s s i ve  P o we r

E x p re s s i o n M o d e l  1 * M o d e l  2 †

F l a m e  h e i gh t

H
Q

H gDa c

=








420

ɺ

ρ ∆

H Q D= −0 2 3 1 0 2
2 5

. .
/ɺ  [ m , kW]

E m i s s i ve  p o we r E =  1 4 0 (e-0 . 1 2D)  +  2 0 ( 1  - e-0 . 1 2D) E =  5 8 ( 1 0 -0 . 0 0 8 2 3D)

H =  fame  h e i g h t ( m ) ;  ɺQ  =  h e a t r e l e a s e  r a te  ( kW) ;  ρa =  d e n s i ty o f ai r  ( kg / m 3 ) ;  ΔHc =  h e a t o f c o m b u s ti o n  ( kJ /
k g ) ;  g =  g r avi tati o n a l  c o n s ta n t ( 9 . 8 1  m / s e c 2 ) ;  D =  th e  d i am e te r  o f th e  fre  ( m ) ;  E =  e m i s s i ve  p o we r  o f th e
r ad i a to r  ( k W/ m 2 ) .
* M u d a n  a n d  C r o c e ,  1 9 8 8 .
† S h o k r i  a n d  B e yl e r,  1 9 8 9 .
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An n e x  A   E x p l an ato r y M ate ri al

Annex A is not a part of the recommendations of this NFPA document
but is included for informational purposes only.  This annex contains

explanatory material,  numbered to correspond with the applicable text
paragraphs.

A. 3 . 3 . 5  Fl as h o ve r.    F l as h o ve r  o c c u r s  wh e n  th e  s u r fac e  te m p e r ‐
atu r e s  o f c o m b u s ti b l e  c o n te n ts  r i s e ,  p r o d u c i n g p yr o l ys i s  g as e s ,
an d  th e  r o o m  h e a t fux  b e c o m e s  suffcient to  h e a t a l l  s u c h

g as e s  to  th e i r  i g n i ti o n  te m p e r atu r e s .  (See Section 7. 1 . )

A. 3 . 3 . 6  Fu e l  P ac k age .    F o r  a g i ve n  g r o u p  o f i te m s ,  th e r e  i s  n o
p r e c i s e  gr o u p i n g th at c o n s ti tu te s  a  fu e l  p a c ka ge .  T h e  p u r p o s e

o f th e  fu e l  p a c ka ge  defnition  g u i d a n c e  p r o vi d e d  i n  C h a p te r  8
i s  s o l e l y to  fa c i l i ta te  th e  ap p l i c ati o n  o f th e  m e th o d s  d e s c r i b e d

i n  C h ap te r  9  fo r e s ti m a ti n g h e a t r e l e a s e  r a te s .

A. 3 . 3 . 7  I n te ri o r Fi n i s h .    T h e  te r m  interior fnish i n c l u d e s  i n te ‐
r i o r  wal l  an d  c e i l i n g  fnish  a n d  i n te r i o r  foor  fnish.  Wi th

r e s p e c t to  i n te ri o r  wa l l  a n d  c e i l i n g fnish,  th i s  m e an s  th e
e x p o s e d  i n te r i o r s u r fa c e s  o f b u i l d i n gs  i n c l u d i n g ,  b u t n o t l i m i ‐

te d  to ,  fxed  o r  m o va b l e  wa l l s  a n d  p ar ti ti o n s ,  c o l u m n s ,  an d  c e i l ‐
i n g s .  Wi th  r e s p e c t to  i n te r i o r  foor  fnish,  th i s  m e an s  th e
e x p o s e d  foor  s u r fac e s  o f b u i l d i n g s ,  i n c l u d i n g  c o ve r i n g s  th at

m i gh t b e  a p p l i e d  o ve r  a normal-fnished  foor  o r  s ta i r s ,  i n c l u d ‐
i n g  r i s e r s .  F u r n i s h i n g s ,  wh i c h  i n  s o m e  c a s e s  ar e  s e c u r e d  i n
p l a c e  fo r  fu n c ti o n al  r e as o n s ,  s h o u l d  n o t b e  c o n s i d e r e d  a s  i n te ‐

r i o r  fnish.
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A. 3 . 3 . 8  I te m .    An  i te m  c an  b e  a c o l l e c ti o n  o f c o m b u s ti b l e
m a te r i al s  s u c h  as  c h ai r s ,  was te b as ke ts  wi th  c o n te n ts ,  o r  a

c o m b u s ti b l e  wal l  o r  foor.  A p r e c i s e  defnition  o f a n  i te m  i s  n o t
ge n e r a l l y p o s s i b l e  o r  n e c e s s ar y.

A. 4 . 8    E x am p l e s  o f c o d e s  an d  s tan d ar d s  th at i n c l u d e
p e r fo r m an c e -b as e d  d e s i gn  o p ti o n s  i n c l u d e  NFPA 5000,  N F PA
1 01 ,  N F PA 1 ,  N F PA 9 1 4 ,  N F PA 9 0 9 ,  N F PA 3 0 1 ,  N F PA 9 2 ,

N F PA 1 3 0 ,  a n d  th e  ICC Performance Code® for Buildings and Facili‐
ties.

N A. 4 . 9    N o te  th at m ate r i a l s  c an  b e  classifed  as  n o n c o m b u s ti b l e
b y m e e ti n g  th e  c r i te r i a n e e d e d  to  p as s  th e  te s t i n  AS T M  E 1 3 6
a n d  s ti l l  i g n i te ,  s i n c e  b o th  s o m e  l i m i te d  faming  an d  s o m e  m a s s

l o s s  a r e  p e r m i tte d .

A. 6 . 2 . 4    T h e  c o m p u te r-b as e d  m o d e l s  ar e  ad d r e s s e d  i n  th e
fo l l o wi n g  p u b l i c ati o n s :

( 1 ) B u ko ws ki  e t al .  ( 1 9 8 9 a)
( 2 ) B u ko ws ki  e t al .  ( 1 9 8 9 b )
( 3 ) C o o p e r  e t a l .  ( 1 9 9 0 )
( 4 ) M i tl e r  a n d  Ro c ke tt ( 1 9 8 7 )
( 5 ) N e l s o n  ( 1 9 9 0 )

A. 7 . 1 . 2    O b s e r vati o n s  i n c l u d e  th e  fo l l o wi n g :

( 1 ) I n  a s e r i e s  o f fu l l -s c a l e  c o m p ar tm e n t b u r n o u t te s ts
( s u r fac e  a r e a o f 5 5  m 2 ) ,  th e  ave r ag e  u p p e r  g as  te m p e r a‐

tu r e  r i s e s  r a n ge d  fr o m  1 9 8 ° C  to  9 5 9 ° C ,  wi th  an  a ve r a ge
o f 5 8 4 ° C  fo r  fu l l y d e ve l o p e d  fres  i n  a n  e n c l o s u r e

( H a r m ath y,  1 9 7 2 a,  1 9 7 2 b ) .
( 2 ) I n  a s tu d y o f th e  b e h a vi o r  o f fu l l y d e ve l o p e d  fres  i n

s i n gl e  c o m p ar tm e n ts  b y s e ve r a l  l ab o r ato r i e s ,  g as  te m p e r ‐
atu r e s  th a t we r e  c e n tr al l y m e a s u r e d  a t a  p o i n t b e l o w th e

c e i l i n g  th at was  o n e -fo u r th  th e  d i s tan c e  to  th e  foor
r e a c h e d  a n  ave r ag e  o f 1 0 7 0 ° C  to  1 1 4 5 ° C  d u r i n g  th r e e

s e r i e s  o f te s ts  ( T h o m as  an d  H e s e l d e n ,  1 9 7 2 ;  H e s e l d e n ,
1 9 7 3 ) .

( 3 ) F l a m e s  e x i ti n g  th e  d o o r way ( a  c r i te r i o n  fo r  p o s s i b l e
fashover)  we r e  o b s e r ve d  d u r i n g  te s ts  wh e n  th e  ga s
te m p e r a tu r e  m e a s u r e d  a p p r o x i m a te l y 1 0  m m  b e l o w th e

c e i l i n g r e ac h e d  6 0 0 ° C  ( H ag gl u n d  e t al . ,  1 9 7 4 ) .  Wh e n
th i s  c r i te r i o n  was  ap p l i e d  to  a  s e r i e s  o f fu l l -s c al e  m a ttr e s s
fres,  two  o u t o f te n  e x h i b i te d  p o te n ti al  to  fashover

( B ab r au s ka s ,  1 9 7 7 ) .  T h e s e  two  m a ttr e s s  fres  p r o d u c e d
m a x i m u m  g as  te m p e r atu r e s  o f 9 3 8 ° C  an d  1 0 5 5 ° C .

( 4 ) I n  fu l l -s c al e  e n c l o s u r e  e x p e r i m e n ts ,  an  a ve r a ge  u p p e r
r o o m  te m p e r a tu r e  r an g i n g  fr o m  4 5 0 ° C  to  6 5 0 ° C  p r o vi ‐
d e d  suffcient r ad i a ti o n  tr an s fe r  to  i g n i te  c r u m p l e d

n e ws p ap e r  at foor  l e ve l  i n  th e  c o m p a r tm e n t ( F an g ,
1 9 7 5 ) .  T h e  a ve r a ge  u p p e r  r o o m  g as  te m p e r a tu r e  n e e d e d

fo r  i gn i ti o n  o f th e  n e ws p ap e r  wa s  5 4 0 ° C  ±  4 0 ° C .  [ S o m e
te m p e r a tu r e s  we r e  m e a s u r e d  a t th e  m i d -h e i gh t o f th e
r o o m  ( l o w va l u e s ) ;  te m p e r a tu r e s  m e a s u r e d  2 5  m m

( 1  i n . )  b e l o w th e  c e i l i n g al m o s t al ways  e x c e e d e d  6 0 0 ° C ] .
( 5 ) D u r i n g  te s ts  i n  th e  l i vi n g r o o m  o f a  m o b i l e  h o m e ,  i g n i ‐

ti o n  o f c r u m p l e d  n e ws p ap e r  i n d i c a to r s  was  o b s e r ve d ,
wi th  u p p e r  r o o m  te m p e r atu r e s  r an g i n g  fr o m  6 7 3 ° C  to
7 7 1 ° C  ( B u d n i c k,  1 9 7 8 ;  Kl e i n ,  1 9 7 8 ;  B u d n i c k e t al . ,  1 9 7 8 ;

B u d n i c k an d  Kl e i n ,  1 9 7 9 ) .  I n  th o s e  te s ts  i n  wh i c h  n o  fu l l
r o o m  i n vo l ve m e n t o c c u r r e d ,  m ax i m u m  u p p e r  r o o m

te m p e r a tu r e s  r a n ge d  fr o m  3 1 1 ° C  to  5 2 0 ° C .  Te s ts  r e a c h ‐
i n g  fashover  an d  s tarti n g  i n  th e  m a s te r  b e d r o o m  o f a
typ i c a l l y c o n s tr u c te d ,  s i n g l e -wi d th  m o b i l e  h o m e  s h o we d

p e ak te m p e r a tu r e s  r a n gi n g fr o m  6 3 4 ° C  to  7 3 4 ° C  a t fash‐
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o ve r.  Te m p e r atu r e s  we r e  m e a s u r e d  2 5  m m  ( 1  i n . )  b e l o w
th e  c e i l i n g  i n  th e  c e n te r  o f th e  r o o m .

( 6 ) F u l l -s c al e  an d  q u a r te r-s c al e  te s ts  o f s u b m ar i n e  h u l l  i n s u ‐
l ati o n  fo u n d  i g n i ti o n  o f n e ws p ap e r  o n  th e  foor  at r o o m
ai r  an d  d o o r wa y ai r  te m p e r a tu r e s  o f a t l e a s t 6 5 0 ° C  an d
5 5 0 ° C ,  r e s p e c ti ve l y ( L e e  an d  B r e e s e ,  1 9 7 9 ) .  F o r  te s ts
d u r i n g wh i c h  fashover  was  n o t o b tai n e d ,  th e  m a x i m u m
te m p e r a tu r e s  ac h i e ve d  we r e  4 2 7 ° C  an d  3 2 4 ° C ,  r e s p e c ‐
ti ve l y.  T h e  a u th o r s  n o te d ,  h o we ve r,  th at i g n i ti o n  o f n e ws ‐
p r i n t o r  a p ar ti c u l ar  m i n i m u m  d o o r way o r  i n te r i o r  ai r
te m p e r a tu r e  i s  o n l y a  r o u g h  i n d i c a to r  o f fashover
b e c a u s e  o f th e  va r i a ti o n  i n  th e  th e r m al  an d  p h ys i c al
p r o p e r ti e s  o f c r u m p l e d  n e ws p r i n t,  th e  n o n u n i fo r m
d i s tr i b u ti o n  o f te m p e r atu r e s  th r o u g h o u t th e  c o m p a r t‐
m e n t,  a n d  th e  d i ffe r e n c e s  b e twe e n  te s ts  o f th e  c o m b i n e d
th e r m al  r a d i a ti o n  fr o m  th e  s m o ke ,  th e  h o t ai r,  an d  th e
h e ate d  s u r fac e s .  T h e  h o t a i r  i n s i d e  th e  c o m p a r tm e n t
u s u al l y b e c am e  we l l  m i x e d  b y th e  ti m e  i t e x i te d  th r o u gh
th e  d o o r way.  T h u s ,  i t was  c o n c l u d e d  th at d o o r wa y
te m p e r a tu r e s  m i g h t b e  m o r e  r e l i ab l e  fashover  i n d i c a‐
to r s  th a n  i n te r i o r  a i r  te m p e r atu r e s .

( 7 ) M ax i m u m  te m p e r a tu r e s  o f o ve r  8 0 0 ° C  we r e  o b s e r ve d
d u r i n g a fashover  te s t o f a u r e th a n e  fo am  b l o c k c h ai r
( B ab r au s ka s ,  1 9 7 9 ) .  F o r  te s ts  o f u p h o l s te r e d  c h ai r s
d u r i n g wh i c h  fashover  d i d  n o t o c c u r,  te m p e r a tu r e s
r e m a i n e d  b e l o w 6 0 0 ° C .

( 8 ) D u r i n g a  s e r i e s  o f 1 6  fu l l -s c al e  fre  te s ts  o f r e s i d e n ti al
b a s e m e n t r o o m s ,  i g n i ti o n  o f p a p e r  fashover  i n d i c ato r s
at foor  l e ve l  wi th  an  a ve r a ge  u p p e r  r o o m  ga s  te m p e r a‐
tu r e  o f 7 0 6 ° C  ±  9 2 ° C  i n d i c ate d  a p o s s i b i l i ty o f fashover
o f 9 0  p e r c e n t ( F an g  an d  B r e e s e ,  1 9 8 0 ) .

( 9 ) D u r i n g a  s tu d y o f b u r n i n g wo o d  c r i b s  an d  p l as ti c  c r i b s  i n
a r o o m ,  a g ap  was  fo u n d  b e twe e n  l o w- te m p e r a tu r e  fres
( c e i l i n g l aye r  g as  te m p e r atu r e  < 4 5 0 ° C )  a n d  h i gh -
te m p e r a tu r e  fres  ( c e i l i n g  l aye r  g as  te m p e r atu r e  > 6 0 0 ° C )
( M c C a ffr e y an d  Ro c ke tt,  1 9 7 7 ;  Qu i n ti e r e  an d  M c C affr e y,
1 9 8 0 ) .  T h e  p o te n ti al  fo r  fashover  wa s  identifed  b y th e
fa c t th at c e l l u l o s e  flter  p a p e r  i n d i c a to r s  i gn i te d  o r  we r e
d e s tr o ye d  i n  th e  fve  c a s e s  ( o u t o f 1 6 )  i n vo l vi n g  h i g h  ga s
te m p e r a tu r e s .

( 1 0 ) T h o m as ' s  s e m i - e m p i r i c a l  c al c u l a ti o n  o f th e  r a te  o f h e a t
re l e as e  n e c e s s ar y to  c au s e  fashover  i n  a c o m p ar tm e n t
( T h o m a s ,  1 9 8 1 )  i s  b a s e d  o n  a  s i m p l e  m o d e l  o f fashover.
I t p r e d i c ts  a  te m p e r a tu r e  r i s e  o f 5 2 0 ° C  an d  a b l a c kb o d y
ra d i ati o n  l e ve l  o f 2 2  kW/ m 2  to  a n  a m b i e n t s u r fa c e  th at i s

n o t i n  th e  p r o x i m i ty o f b u r n i n g wo o d  fu e l  at th e  p r e d i c ‐
te d  c r i ti c a l  h e at r e l e a s e  r a te  n e c e s s a r y to  c au s e  fashover.

A. 7 . 1 . 3    Ge n e r al i z ati o n s  i n c l u d e  th e  fo l l o wi n g:

( 1 ) T h e  c o n c e p t o f u s i n g  th e  h e a t fux  to  e x p o s e d  i te m s
wi th i n  th e  fre  r o o m  as  a c r i te r i o n  fo r  fashover  wa s  frst

s u gg e s te d  i n  1 9 7 4  ( P ar ke r  an d  L e e ,  1 9 7 4 ) .  I t wa s  s tate d
th at,  a t a h e at fux  o f 2 0  kW/ m 2  a t foor  l e ve l ,  c e l l u l o s i c

fu e l s  i n  th e  l o we r  p ar t o f th e  r o o m  a r e  l i ke l y to  i g n i te .
( 2 ) Ta b l e  A. 7 . 1 . 3  p r o vi d e s  th e  c r i ti c al  i gn i ti o n  fuxes  fo r  s o m e

m a te r i al s  fo r  a 6 0 - s e c o n d  e x p o s u r e  ( B ab r a u s ka s ,  1 9 7 7 ) .
T h e  u n p i l o te d  val u e s  a r e  p r o b a b l y m o r e  ap p r o p r i ate  fo r
d e te r m i n ati o n  o f fu l l  r o o m  i n vo l ve m e n t,  s i n c e  th e
d i s tan c e  b e twe e n  th e  fames  an d  th e  i te m  to  b e  i gn i te d  i s

c o n s i d e r ab l e .  A val u e  o f 2 0  kW/ m 2  r e p r e s e n ts ,  a c c o r d i n g
to  W.  K.  S m i th  ( d ate  u n kn o wn ) ,  an  u n p i l o te d  i gn i ti o n

ti m e  o f ap p r o x i m ate l y 1 8 0  s e c o n d s  fo r  b o x  c a r d b o ar d
a n d  i s  c l o s e  to  an  u l ti m ate  a s ym p to ti c  val u e .

( 3 ) I n  o n e  s tu d y o f a  s e r i e s  o f r o o m  b u rn s ,  s tr i p s  o f n e ws p r i n t
p l a c e d  a t foor  l e ve l  i g n i te d  at fuxes  o f 1 7  kW/ m 2  to

2 5  kW/ m 2 ,  wh i l e  6 . 4  m m  ( 1 ∕4  i n . )  th i c k fr  p l ywo o d  i gn i te d
a t 2 1  kW/ m 2  to  3 3  kW/ m 2  ( F an g ,  1 9 7 5 ) .

( 4 ) I n  m o b i l e  h o m e  te s ts  i n  wh i c h  fashover  o c c u r r e d ,  th e
m i n i m u m  to ta l  i n c i d e n t h e at fux  a t th e  c e n te r  o f th e
foor  was  1 5  kW/ m 2  ( B u d n i c k,  1 9 7 8 ) .

( 5 ) I n  s u b m ar i n e  c o m p a r tm e n ts ,  ave r ag e  h e at fuxes  at foor
l e ve l  o f 1 7  kW/ m 2  to  3 0  kW/ m 2  a t fashover  we r e  fo u n d

( L e e  a n d  B r e e s e ,  1 9 7 9 ) .
( 6 ) I n  b as e m e n t r o o m  te s ts ,  s u b s tan ti al  a gr e e m e n t was  fo u n d

b e twe e n  th e  ti m e  to  i g n i ti o n  o f n e ws p r i n t fashover  i n d i ‐
c a to r s  an d  th e  ti m e  at wh i c h  th e  i n c i d e n t h e a t fux  m e as ‐
u r e d  at th e  c e n te r  o f th e  foor  i n  th e  b u r n  r o o m  r e ac h e d

a l e ve l  o f 2 0  kW/ m 2  ( F an g  an d  B r e e s e ,  1 9 8 0 ) .
( 7 ) I g n i ti o n  o f flter  p ap e r  fashover  i n d i c ato r s  i n  te s ts  wi th

wo o d  an d  p l as ti c  c ri b s  was  o b s e r ve d  at a m i n i m u m  h e at
fux  o f 1 7 . 7  kW/ m 2 ,  ap p l i e d  fo r  at l e as t 2 0 0  s e c o n d s

( Qu i n ti e r e  an d  M c C affr e y,  1 9 8 0 ) .  U n d e r  m o r e  c o n tr o l l e d
l ab o r ato r y c o n d i ti o n s ,  wi th  r a d i a n t e x p o s u r e  to  th e  s a m e
tar g e t confguration,  th e  p ap e r  wa s  c h a r r e d  b l ac k a t

2 5  kW/ m 2  an d  r i p p e d  at 1 2 0  s e c o n d s  b u t o n l y d e c o m ‐
p o s e d  to  a  b r o wn  c o l o r  u n d e r  1 5  kW/ m 2 .  T h u s ,  th e  c r i te ‐

r i o n  r e c o m m e n d e d  wa s  a  h e at fux  o f 2 0  kW/ m 2 .

A. 7 . 2 . 1    Two  a l te r n ati ve  a p p r o a c h e s  to  th at o f T h o m a s  ( 1 9 8 1 )
h a ve  b e e n  p r o p o s e d  to  e s ti m ate  th e  o n s e t o f fashover wi th i n  a
r o o m .

A. 7 . 2 . 2    T h e  frst a p p r o a c h  ( B ab r au s ka s ,  1 9 8 0 ;  B a b r a u s kas  an d
Kr a s n y,  1 9 8 5 )  i s  b as e d  o n  a s i m p l e  c o m b u s ti o n  m o d e l  wi th  a
fashover  c r i te r i o n  o f Δ T =  5 7 5 ° C .  I t p r o vi d e s  a s i m p l e  r u l e  to

e s ti m ate  th e  m i n i m u m  h e at r e l e a s e  r ate  to  p r o d u c e  fashover,
a s  d e te r m i n e d  i n  E q u ati o n  A. 7 . 2 . 2 a:

ɺQ A H= 0 6.
vent vent

wh e r e :
ɺQ = e s ti m ate d  r a te  o f h e a t r e l e a s e  ( M W)

A ve n t = d o o r  a r e a ( m 2 )
H ve n t = d o o r  h e i gh t ( m )

T h e  A H
vent vent  p r o d u c t i s  u s u a l l y d e s i gn a te d  a s  th e  “ ve n ti l a‐

ti o n  fac to r. ”

E q u a ti o n  A. 7 . 2 . 2 a r e s u l ts  fr o m  as s u m i n g th a t th e  r ate  o f h e a t
r e l e as e  o f th e  fre  i s  p r o p o r ti o n a l  to  th e  e n e r gy r e l e a s e d  p e r

ki l o gr a m  o f ai r  c o n s u m e d  ( ap p r o x i m a te l y 3 . 0 0  M J / kg)  a n d  to
th e  fr a c ti o n  o f th e  m a x i m u m  airfow i n to  th e  c o m p a r tm e n t a t

th e  o n s e t o f fashover  ( a n  as s i g n e d  va l u e  o f 0 . 4 ) .

E q u a ti o n  A. 7 . 2 . 2 a h a s  b e e n  s h o wn  to  ge n e r a te  ad e q u ate
a gr e e m e n t wi th  e x p e r i m e n tal  d a ta .  I n  two -th i r d s  o f th e  c a s e s

 
[ A. 7 . 2 . 2 a]

Tab l e  A. 7 . 1 . 3  C ri ti c al  I gn i ti o n  H e at Fl u x  at a 6 0 - S e c o n d
E x p o s u re

 Fl u x  ( k W/ m 2 )

M ate ri al P i l o te d U n p i l o te d

N e ws p ap e r  wan t a d s 4 6 4 8
B o x  c ar d b o a r d 3 3 4 3
P o l yu r e th an e  fo a m 1 9 —
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S h a d e d  te x t =  Re vi s i o n s .  Δ  =  Te x t d e l e ti o n s  an d  fgure/table  r e vi s i o n s .  •  =  S e c ti o n  d e l e ti o n s .  N  =  N e w m ate r i a l . 2 0 2 1  E d i t i o n

s tu d i e d ,  th e  r a te  o f h e at r e l e a s e  o f th e  fre  r an g e d  b e twe e n  th e
r e s u l ts  o f E q u a ti o n s  A. 7 . 2 . 2 b  an d  A. 7 . 2 . 2 c :

ɺQ A H= 0 45.
vent vent

ɺQ A H= 1 05.
vent vent

A.7.2.3    An o th e r  a p p r o a c h  wa s  b as e d  o n  a r e gr e s s i o n  an a l ys i s
i n  o r d e r  to  p r o vi d e  a c o r r e l a ti o n  to  p r e d i c t u p p e r- l aye r  ga s
te m p e r a tu r e  ( M c C affr e y e t a l . ,  1 9 8 1 ;  Qu i n ti e r e ,  1 9 8 2 ) .  U s i n g
d ata fr o m  m o r e  th a n  1 0 0  e x p e r i m e n ts ,  th e  c o r r e l ati o n  fo u n d
n e e d e d  two  d i m e n s i o n l e s s  q u an ti ti e s ,  as  s h o wn  i n  E q u a ti o n
A. 7 . 2 . 3 a :

∆T
Q

gC TA H

h A

gC A H
p

k w

p

=






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−
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2 3

0

1 3
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wh e r e :
Δ T = te m p e r a tu r e  r i s e  r e l ati ve  to  am b i e n t ( ° C )

hk = e ffe c ti ve  h e at tr a n s fe r  coeffcient to  c e i l i n g s / wal l s
Aw = e ffe c ti ve  s u r fa c e  a r e a fo r  h e at tr a n s fe r,  i n c l u d i n g d o o r

ar e a
g = gr a vi ta ti o n a l  c o n s tan t

Cp = specifc  h e at o f ga s
ρ0 = am b i e n t g as  d e n s i ty

T0 = i n i ti a l  am b i e n t ab s o l u te  te m p e r atu r e

A m e th o d  fo r  c a l c u l ati n g  th e  e ffe c ti ve  h e a t tr an s fe r  coeff‐
cient,  hk,  r an g e s  h as  a l s o  b e e n  p u b l i s h e d  ( P a p e  a n d  Wate r m a n ,
1 9 7 6 ) .

T h e  c o r r e l a ti o n  coeffcient b e twe e n  th e  e x p e r i m e n tal  d ata
an d  th e  p r e d i c ti o n s  o f E q u ati o n  A. 7 . 2 . 3 a r an g e s  b e twe e n  0 . 9 5 9

a n d  0 . 9 4 7 ,  d e p e n d i n g  o n  wh e th e r  th e  foor  i s  i n c l u d e d  i n  th e
c a l c u l ati o n  o f th e  wa l l  a r e a an d  th e  e ffe c ti ve  h e a t tr a n s fe r  c o e f‐
fcient.

B y s u b s ti tu ti n g  typ i c al  val u e s  fo r  Cp,  ρ 0 ,  T0 ,  an d  a fashover
c r i te r i o n  o f Δ T =  5 0 0 ° C ,  E q u a ti o n  A. 7 . 2 . 3 a  c an  b e  r e d u c e d  to
E q u a ti o n  A. 7 . 2 . 3 b  as  fo l l o ws :

ɺQ h A A hk w= ( )



0 61

1 2
1 2

.
/

/

wh e r e  ɺQ  i s  i n  M W,  Aw an d  A ar e  i n  m 2 ,  h i s  i n  m ,  an d  hk i s  i n
kW/ ( m 2  K–1 ) .

A.9.1    Wi th  r e g ar d s  to  N F PA 5 5 6 ,  i t s h o u l d  b e  n o te d  th a t th e
p as s e n ge r  r o a d  ve h i c l e  c an  s e r ve  a s  a fu e l  s o u r c e  i n  a s tr u c tu r e
i n  wh i c h  th e  p as s e n ge r  r o ad  ve h i c l e  i s  l o c a te d .

Δ A.9.4.1 .2    A g u i d e  o n  fre  h a z a r d  as s e s s m e n t o f r a i l  tr an s p o r ta‐
ti o n  ve h i c l e s ,  AS T M  E 2 0 6 1 ,  Guide for Fire Hazard Assessment of

Rail Transportation Vehicles,  g i ve s  c l e a r  g u i d e l i n e s  o n  h o w to
a d d r e s s  th i s  i s s u e .  I t s tate s  th a t,  i n  fre  s c e n ar i o s  i n te n d e d  to
refect va n d a l i s m  o f th e  i n i ti al l y fab r i c ate d  s e at ( o r  m attr e s s )

as s e m b l y,  b e fo r e  fre  i g n i ti o n ,  a n  e x am p l e  o f va n d al i s m  m a y b e
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a  kn i fe  c u t 6  i n .  l o n g  an d  1  i n .  d e e p  i n  th e  m i d d l e  o f a n  a c tu al
s e a t ( o r  m attr e s s )  as s e m b l y,  th u s  s u g g e s ti n g  th at th i s  i s  o n e  wa y

o f te s ti n g an  u p h o l s te r e d  s ys te m .  I t g o e s  o n  to  s ta te  th a t an y
b e n c h -s c al e  r e p r e s e n tati o n s  o f th e  p r o p o s e d  van d a l i s m  s h o u l d
take  i n to  ac c o u n t te s t m e th o d  s am p l e  s i z e s .  A s ta n d a r d i z e d

b e n c h -s c al e  te s t m e th o d  e x i s ts  ( a l b e i t o n l y fo r  a specifc  o c c u ‐
p an c y:  c o r r e c ti o n al  fac i l i ti e s )  to  as s e s s  th e  h e at r e l e a s e  an d
i gn i ti b i l i ty o f c o m p o s i te s  o f m a ttr e s s e s  o r  fu r n i tu r e  i n  a  van d a l ‐

i z e d  m a n n e r,  to  e x p o s e  th e  flling  m a te r i al .  AS T M  F 1 5 5 0 ,  Test
Method for Determination of Fire-Test-Response Characteristics of
Components or Composites of Mattresses or Furniture for Use in Correc‐

tional Facilities after Exposure to Vandalism,  by Employing a Bench
Scale Oxygen Consumption Calorimeter,  c an  b e  u s e d  to  as s e s s ,  fo r
c o r r e c ti o n al  fa c i l i ti e s ,  u p h o l s te r y c o m p o s i te s  th a t h a ve  b e e n

va n d al i z e d  i n  a  p r e s c r i b e d  m an n e r  to  e x p o s e  th e  flling  m a te ‐
r i al ,  b y u s i n g  th e  c o n e  c a l o r i m e te r  ( AS T M  E 1 3 5 4 ,  Test Method
for Heat and Visible Smoke Release Rates for Materials and Products

Using an Oxygen Consumption Calorimeter) .

Δ A.9.4.1 .3    T h e  AS T M  C o m m i tte e  o n  F i r e  S tan d ar d s  a s s e s s e d
th e  p r e c i s i o n  o f AS T M  E 1 5 3 7 ,  Test Method for Fire Testing of Real

Scale Upholstered Furniture,  AS T M  E 1 5 9 0 ,  Test Method for Fire Test‐
ing of Mattresses,  an d  AS T M  E 1 8 2 2 ,  Test Method for Fire Testing of

Stacked Chairs.  Re s u l ts  o f r o u n d - r o b i n  te s ti n g  i n d i c ate  signif‐
cant var i a b i l i ty i n  th e  te s t d a ta .  T h e  r e s u l ts  fr o m  fu l l -s c al e  fre
te s ts  s u c h  a s  th o s e  r e fe r e n c e d  a b o ve  m i g h t b e  d e p e n d e n t u p o n

th e  l a b  c o n d u c ti n g th e  te s t,  th e  te s t m e th o d  i ts e l f,  an d  th e  var i ‐
a b i l i ty o f th e  te s t s p e c i m e n .

A.9.4.1 .5    S e ve r al  p r e l i m i n ar y fre  r e s e a r c h  p r o j e c ts  h ave  i n ve s ‐
ti g ate d  th e  r o l e  o f m ate r i a l s  an d  p r o d u c t d e s i g n  c h a r ac te r i s ti c s
o n  th e  fammability p r o p e r ti e s  o f r o o m  c o n te n ts  a n d  fu r n i s h ‐

i n g s  ( B ab r a u s ka s ,  1 9 8 1 –8 2 ;  B ab r au s kas  e t al . ,  1 9 8 2 ;  B ab r a u s ka s
a n d  Wal to n ,  1 9 8 6 ;  D a m a n t e t a l . ,  1 9 8 9 ;  S m i e c i n s ki  e t al . ,  1 9 8 9 ;
S c h u h m an n  an d  H a r tz e l l ,  1 9 8 9 ;  H i r s c h l e r  an d  S m i th ,  1 9 9 0 ;

P ar ke r  e t al . ,  1 9 9 0 ;  D am an t an d  N u r b akh s h ,  1 9 9 1 ;  H i r s c h l e r
a n d  S h a ki r,  1 9 9 1 ;  Vi l l a a n d  B ab r au s kas ,  1 9 9 1 ;  Gal l a gh e r,  1 9 9 2 ;
B ar i l e ,  1 9 9 3 ;  G r an d  e t al . ,  1 9 9 4 ) .

Δ A.9.4.2    N F PA 1 01 ,  as  we l l  a s  o th e r  U . S .  b u i l d i n g an d  fre
c o d e s ,  i n c l u d e s  s o m e  r e q u i r e m e n ts  o n  th e  u s e  o f N F PA 2 8 6

an d  o f N F PA 2 6 5 ,  wh i l e  i n te r n ati o n al  specifcations  o fte n  r e fe r ‐
e n c e  I S O  9 7 0 5 - 1 ,  Reaction to Fire Tests — Room Corner Test for Wall

and Ceiling Lining Products — Part 1 : Test Method for a Small Room
Confguration ( AS T M  E 2 2 5 7 ,  Test Method for Room Fire Test of Wall
and Ceiling Materials and Assemblies,  h a s  b e e n  d e ve l o p e d  as  an

al te r n ati ve ,  te c h n i c a l l y e q u i val e n t ve r s i o n ) .  C o m p ar a ti ve  d e tai l s
o f th e  te s ts  h a ve  b e e n  d i s c u s s e d  ( H i r s c h l e r,  1 9 9 4 ) .  T h e  fre

p e r fo r m a n c e  o f wal l  o r  c e i l i n g fnish  i s  o fte n  a s s e s s e d  i n  Am e r i ‐
c a n  c o d e s  ac c o r d i n g to  te s t r e s u l ts  i n  th e  S te i n e r  tu n n e l  te s t
( AS T M  E 8 4 ,  Test Method for Surface Burning Characteristics of

Building Materials;  th i s  te s t m e th o d  i s  s i m i l ar  an d  te c h n i c al l y
e q u i val e n t) .  H o we ve r,  th e  r e s u l ts  o b ta i n e d  fr o m  th e  S te i n e r
tu n n e l  te s t a r e  n o t s u i ta b l e  fo r  u s e  i n  th e  c a l c u l ati o n s  c i te d  i n

th i s  d o c u m e n t ( B e l l e s  e t al . ,  1 9 8 8 ) .

A.9.4.4    An  an a l ys i s  o f fre  d ata an d  fre  s ta ti s ti c s  fr o m  m a ttr e s s
a n d  b e d d i n g  p r o d u c ts  was  c o n d u c te d  b y th e  N a ti o n a l  I n s ti tu te

o f S ta n d ar d s  a n d  Te c h n o l o gy ( N I S T )  a n d  i s  r e p o r te d  i n  N I S T
Te c h n i c a l  N o te  1 4 4 6 ,  Estimating Reduced Fire Risk Resulting from

an Improved Mattress Flammability Standard ( G an n  a n d  O h l e m i l ‐
l e r,  2 0 0 2 ) .  T h e  fre  te s ti n g o f m attr e s s e s  fo r  th i s  s tu d y wa s
c o n d u c te d  u s i n g a fre  te s t m e th o d  th at i n vo l ve s  te s ti n g  a

m a ttr e s s  wi th  a s e t o f b u r n e r s ,  as  d e s c r i b e d  b e l o w.  O ve r a l l ,  th e
s tu d y s u g ge s ts  th at th e  u s e  o f b e d  s ys te m s  wi th  i m p r o ve d  fre
p e r fo r m a n c e  wo u l d  a c h i e ve  ve r y signifcant r e d u c ti o n s  i n  fre
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r i s k.  T h e  fre  p e r fo r m a n c e  o f th e  b e s t b e d  s ys te m  te s te d  i n  th i s
s tu d y ( ab o u t 4 0 0  kW)  was  p r e d i c te d  to  l e ad  to  a m u c h  l o we r
p r o b a b i l i ty o f fashover,  l e a d i n g to  a o n e - th i r d  r e d u c ti o n  i n  fre
fa ta l i ti e s  as s o c i ate d  wi th  b e d r o o m  fres.  Te c h n i c al  wo r k wa s
b a s e d  o n  e ar l i e r  wo r k b y O h l e m i l l e r  e t al .  ( N I S T I R 6 4 9 7 ,
2 0 0 0 ) .

T h e  i g n i ti o n  s o u r c e  fo r  th e  te s t c o n d u c te d  fo r  N I S T I R 6 4 9 7
c o n s i s ts  o f two  T- s h a p e d  b u r n e r s .  O n e  b u r n e r  i m p i n ge d  fames
o n  th e  to p  s u r fac e  o f th e  m attr e s s  ( a t 1 2 . 9  L / m i n  o f p r o p a n e ,
fo r  7 0  s e c o n d s ) ,  an d  th e  s e c o n d  b u r n e r  i m p i n g e d  fames  o n
th e  s i d e  o f th e  m a ttr e s s  a n d  o n  th e  s i d e  o f th e  fo u n d a ti o n  ( at
6 . 6 1  L / m i n  fo r  7 0  s e c o n d s ) .  E ac h  b u r n e r  i n c o r p o r ate d  a s tan d -
o ff fo o t to  s e t i ts  d i s tan c e  fr o m  th e  te s t s p e c i m e n  s u r fa c e .  B o th
b u r n e r s  we r e  m o u n te d  wi th  a  m e c h an i c a l  p i vo t p o i n t,  b u t th e
s i d e  b u r n e r  was  l o c ke d  i n  p l ac e  to  p r e ve n t m o ve m e n t ab o u t
th i s  p i vo t i n  n o r m a l  u s a ge .  T h e  to p  b u r n e r,  h o we ve r,  was  fr e e  to
ro tate  a b o u t i ts  p i vo t d u r i n g  a  b u r n e r  e x p o s u r e  an d  was  l i g h tl y
we i g h te d  s o  a s  to  e x e r t a d o wn war d  fo r c e  o n  th e  m attr e s s  to p
th r o u g h  i ts  s ta n d -o ff fo o t.  T h u s  th e  b u r n e r  wo u l d  fo l l o w a
re c e d i n g  to p  s u r fa c e  o n  th e  te s t s p e c i m e n .

Δ A.9.4.7.5.2    S o m e  c o d e s  ad d r e s s  te s ti n g  o f d e c o r ati ve  o b j e c ts
c o n s tr u c te d  o f fo am e d  p l a s ti c  an d  s u c h  as  s tag e  s e tti n g s ,
fo am e d  p an e l s ,  an d  p o r ta b l e  e x h i b i t b o o th s ,  b y m e an s  o f
U L  1 9 7 5 ,  Fire Tests for Foamed Plastics Used for Decorative Purposes,
wh i c h  i s  s i m i l a r  to  u s i n g  a  p r o d u c t c a l o r i m e te r  wi th  a n  i gn i ti o n
s o u r c e  o f 2 0  kW.  U L  1 9 7 5  u s e s  a  3 4 0  g  wo o d  c r i b  as  th e  i gn i ti o n
s o u r c e .  M o r e  r e c e n tl y,  th o s e  c o d e s  h a ve  ad d e d  th e  o p ti o n  o f
u s i n g  N F PA 2 8 9  wi th  th e  g as  b u r n e r  a t th e  i n c i d e n t g as  l e ve l  o f
2 0  kW as  an  a l te r n ati ve  a p p r o a c h .

Δ A.9.6.1 .8    T h e  D ayto n  U n i ve r s i ty F u r n i tu r e  F i r e  M o d e l  u s e s
i n p u t d ata fr o m  th e  c o n e  c a l o r i m e te r  ( AS T M  E 1 4 7 4 ,  Test
Method for Determining the Heat Release Rate of Upholstered Furniture
and Mattress Components or Composites Using a Bench Scale Oxygen
Consumption Calorimeter)  a n d  th e  L I F T  ap p a r atu s  ( AS T M  E 1 3 2 1 ,
Test Method for Determining Material Ignition and Flame Spread Prop‐
erties)  to  p r e d i c t th e  fu r n i tu r e  fre  gr o wth  an d  b u r n o u t i n  a
r o o m  an d  th e  s p r e ad  o f c o m b u s ti o n  p r o d u c ts  ( g as e s ,  s m o ke ,
h e at)  to  o th e r  r o o m s  ( D i e te n b e r ge r,  1 9 9 2 ) .  I t i s  a z o n e  m o d e l ,
as s o c i a te d  wi th  th e  FAS T  r o o m  fre  m o d e l  d e ve l o p e d  b y th e
N a ti o n al  I n s ti tu te  o f S tan d ar d s  a n d  Te c h n o l o gy ( J o n e s  an d
P e ac o c k,  1 9 8 9 ) ,  an d  h as  signifcant fexibility.  I t c an  s i m u l ate  a
p i e c e  o f fu r n i tu r e  wi th  u p  to  fo u r  c u s h i o n s .  H o we ve r,  th i s  fre
m o d e l  i s  o f h i gh  c o m p l e x i ty a n d  u s e s  a c o m p l e x  s e t o f d a ta
i n p u ts .  T h e  L I F T  ap p a r atu s  i s  u s e d  i n  th e  D a yto n  U n i ve r s i ty
m o d e l  to  d e r i ve  th r e e  p ar a m e te r s  as s o c i ate d  wi th  fame  s p r e ad :

( 1 ) T h e  th e r m a l  i n e r ti a  [ kρ c i n  u n i ts  o f ( kW/ m 2  K) 2  s e c ]
( 2 ) T h e  i gn i ti o n  te m p e r atu r e  Tig i n  ° C
( 3 ) T h e  fame  h e ati n g  p ar a m e te r ( Φ ,  i n  u n i ts  o f kW2 / m 3 )

I t h a s  b e e n  s h o wn  ( J a n s s e n s ,  1 9 9 2 )  th at i n fo r m ati o n  o n
c o n c u r r e n t fow fame  s p r e ad  ( i . e . ,  wh e r e  th e  fame  m o ve s  i n
th e  s am e  d i r e c ti o n  as  th e  p r e val e n t wi n d )  c an  b e  o b tai n e d

d i r e c tl y fr o m  c o n e  c al o r i m e te r  d a ta .  O n  th e  o th e r  h an d ,
o p p o s e d  fow fame  s p r e ad  p r o b ab l y s ti l l  n e e d s  L I F T  d a ta ,  e s p e ‐

c i al l y to  d e te r m i n e  th e  fame  h e ati n g  p a r am e te r.  T h e  fame
s p r e ad  r ate ,  Vp,  i s  c al c u l a te d  u s i n g  th e  fo l l o wi n g  e q u a ti o n

( wh e r e  Ts i s  th e  i n i ti al  s u r fa c e  te m p e r a tu r e  i n  ° C ) :
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A.9.6.3.1    S e e  An n e x  B  fo r  d e s c r i p ti o n s  o f fre  m o d e l s  u s e d  to
p r e d i c t h e at r e l e a s e  a n d  fre  g r o wth  i n  c o m p ar tm e n ts .

Δ A.9.6.4    F i r e  p e r fo r m a n c e  o f foor  fnish  i te m s  i s  o fte n  a s s e s s e d
b y d e te r m i n i n g  th e  c r i ti c a l  r ad i an t fux  i n  th e  fooring  r a d i a n t

p an e l  ( N F PA 2 5 3  o r  AS T M  E 6 4 8 ,  Test Method for Critical Radiant
Flux of Floor-Covering Systems Using a Radiant Heat Energy Source;
th e s e  te s t m e th o d s  a r e  s i m i l a r  a n d  te c h n i c a l l y e q u i val e n t) .

H o we ve r,  th e  r e s u l ts  o f th i s  te s t ar e  n o t s u i ta b l e  fo r  u s e  i n  th e
c a l c u l ati o n s  c i te d  i n  th i s  d o c u m e n t ( B r i gg s  e t al . ,  1 9 9 2 ;  L aws o n ,
1 9 9 3 ;  To m an n ,  1 9 9 3 ) .

Δ A.9.8.1    A “ b ac kya r d  te s t”  c a n  b e  a u s e fu l  s c r e e n i n g m e th o d  fo r
p r e d i c ti n g  th e  h e a t r e l e a s e  r a te  o f u p h o l s te r e d  fu r n i tu r e .  I n
th i s  te s t,  a n  ac tu a l  p i e c e  o f fu r n i tu r e  ( o r  a fu l l -s c al e  m o c k-u p )  i s

e x p o s e d  to  th e  s a m e  i gn i ti o n  s o u r c e  a s  th at i n  AS T M  E 1 5 3 7 ,
Test Method for Fire Testing of Real Scale Upholstered Furniture,  i n  a
r e l ati ve l y d r aft-fr e e  e n vi r o n m e n t.  Vi s u al  o b s e r vati o n s  o f th e

r e s u l ts  a r e  m a d e ,  b u t n o  h e at r e l e as e  m e a s u r e m e n ts  ar e  m ad e .
T h i s  s e tu p  a l l o ws  r e a s o n a b l e  p r e d i c ti o n s  o f s o m e  h e at r e l e a s e
r a te  r e s u l ts  i n  th e  ac tu al  i n s tr u m e n te d  fre  te s ts .  I t d o e s  n o t

p r o vi d e  an y e s ti m ati o n  o f to ta l  h e a t r e l e a s e .  F i g u r e  A. 9 . 8 . 1 ( a)
r e p r e s e n ts  r e s u l ts  wh e r e  c h a i r s  we r e  d i vi d e d  i n to  th o s e  th a t
p r o d u c e  p e a k r ate s  o f h e at r e l e as e  o f u n d e r  4 0  kW an d  th o s e

th a t p r o d u c e  r ate s  o ve r  3 0 0  kW.  O f fo u r te e n  s ys te m s  te s te d  an d
d e e m e d  to  g i ve  o ff l o w h e at r e l e a s e  r ate s ,  n o n e  ac tu al l y e x c e e ‐
d e d  p e ak val u e s  o f 2 5 0  kW,  a n d  fo u r  e x c e e d e d  8 0  kW.  O f s i x

s ys te m s  te s te d  an d  d e e m e d  to  g i ve  o ff h i gh  h e at r e l e a s e  r ate s ,
n o n e  g ave  o ff p e a k va l u e s  l o we r  th an  8 0  kW,  an d  th r e e  g ave  o ff
val u e s  b e twe e n  1 0 0  kW a n d  2 5 0  kW.

T h e  ac tu a l  e x p e r i m e n ts  fo r  wh i c h  r e s u l ts  ar e  r e p r e s e n te d  i n
F i g u r e  A. 9 . 8 . 1 ( a )  we r e  al l  c ar r i e d  o u t wi th  b al an c e d ,  wo ve n

fab r i c s  o f d i ffe r e n t typ e s  b u t wi th  th e  s am e  fo am  a n d  i n te r l i n e r
b a r r i e r.  A n u m b e r  o f o th e r  i n d i vi d u a l  e x p e r i m e n ts  we r e  m ad e

wi th  o th e r  m a te r i al s ,  an d  th e  r e l i ab i l i ty o f th e  r e s u l ts  was  m u c h
l e s s  s a ti s fa c to r y.  H o we ve r,  th i s  wo r k i n d i c ate s  th e  c l e a r  val u e  o f
vi s u al  o b s e r vati o n  b y th o s e  wh o  ar e  e x p e r i e n c e d .

An  a tte m p t al s o  h as  b e e n  m a d e  to  p r e d i c t p e a k h e at r e l e a s e
r ate  val u e s  b as e d  o n  fa b r i c  we i g h t.  I t h a s  b e e n  s h o wn  th at

fab r i c  we i g h t a l o n e  m i g h t n o t b e  a r e l i ab l e  i n d i c ato r  o f fu r n i ‐
tu r e  h e at r e l e as e  r a te .  I n  th i s  c as e ,  a  n u m b e r  o f te s ts  we r e
c a r r i e d  o u t u s i n g  a s i n g l e  specifc  fab r i c / i n te r l i n e r / fo a m / c h ai r

c o n s tr u c ti o n  s ys te m .  T h e  o n l y var i a b l e  wa s  th e  we i g h t o f th e
fab r i c .  I n  a  fo l l o w-u p  s e r i e s  o f te s ts ,  a  d i ffe r e n t typ e  o f fab r i c

was  u s e d .  Al l  th e  r e s u l ts  ar e  s h o wn  i n  F i gu r e  A. 9 . 8 . 1 ( b ) ,  wh i c h
i n d i c a te s  th a t a fvefold  i n c r e as e  i n  fab r i c  we i g h t was  n o t suff‐
cient,  i n  th i s  p ar ti c u l ar  c as e ,  to  d i ffe r e n ti ate  signifcantly

am o n g th e  fre  p e r fo r m a n c e  o f th e  c h a i r s .  I n  o n e  s e r i e s ,  a def‐
nite  tr e n d  to wa r d  i n c r e as e d  h e a t r e l e a s e  wi th  i n c r e a s e d  fab r i c
we i g h t wa s  e vi d e n t,  e ve n  th o u gh  th e  e r r o r  b ar s  o ve r l ap p e d .  I n

th e  o th e r  c a s e ,  a l l  s ys te m s  p r o d u c e d  n o n d i ffe r e n ti a b l e  r e s u l ts .
T h i s  i s  s o m e wh at s u r p r i s i n g,  s i n c e  o th e r  wo r k h as  s h o wn  th at,
i n  s o m e  s ys te m s ,  th e  e ffe c t o f th e  fa b r i c  i s  th e  d o m i n an t o n e  o n
fre  p e r fo r m a n c e  ( H i r s c h l e r  a n d  S h aki r,  1 9 9 1 ) .

A.10.2    Tab l e  A. 1 0 . 2 ( a)  s h o ws  val u e s  o f th e  c r i ti c a l  h e at fux,  b,
wh i c h  i s  r e l ate d  to  th e  th e r m al  p r o p e r ti e s  o f th e  m ate r i al ,  an d

tm,  th e  ti m e  r e q u i r e d  fo r  e q u i l i b r ati o n  o f th e  s u r fa c e  te m p e r a‐
tu r e ,  fo r  a  wi d e  r a n ge  o f m a te r i al s .  Tab l e  A. 1 0 . 2 ( b )  i l l u s tr ate s

th a t i g n i ti o n  p r o p e r ti e s  wi th i n  a ge n e r i c  c ate go r y o f m ate r i al s
c an  var y s u b s tan ti a l l y.  T h e  val u e s  p r o vi d e d  i n  th e  ta b l e s  a r e
i n te n d e d  as  h yp o th e ti c al  r e s u l ts  o n l y.  T h e y p r o vi d e  a  g e n e r al

i n d i c ati o n  o f th e  m ag n i tu d e s  an d  r a n ge s  o f th e  p ar a m e te r s .
T h e  m ate r i a l s  te s te d  we r e  n o t suffciently c h ar ac te r i z e d  to  a l l o w
specifc  u s e  o f th e  d a ta  i n  p a r ti c u l a r  a p p l i c a ti o n s .
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A. 1 0 . 3 . 5    E q u ati o n  1 0 . 3 . 5  a s s u m e s  th at th e  u p p e r  l a ye r  c an  b e
ta ke n  as  a  b l ac kb o d y r ad i ato r.  T h e  e m i s s i vi ty i s  a  fu n c ti o n  o f
th e  c o n c e n tr ati o n  o f s o o t a n d  ga s e o u s  c o m b u s ti o n  p r o d u c ts ,
s u c h  as  c ar b o n  m o n o x i d e ,  c a r b o n  d i o x i d e ,  a n d  wate r.  I t i s
as s u m e d  th at,  wh e n  th e  te m p e r atu r e  o f th e  u p p e r  l aye r  i s  h i g h
e n o u gh  to  c o n tr i b u te  signifcant r ad i ati ve  h e at,  th e  c o n c e n tr a‐
ti o n  o f s o o t a n d  ga s e o u s  c o m b u s ti o n  p r o d u c ts  i s  h i gh  e n o u gh
fo r  th e  u p p e r  l aye r  to  b e  o p ti c a l l y th i c k,  an d  an  e m i s s i vi ty va l u e
o f 1  i s  a p p r o p r i ate .  T h i s  e s ti m ate  i s  c o n s e r vati ve  wi th  r e ga r d  to
u p p e r-l aye r  c o n tr i b u ti o n  to  i gn i ti o n .  T h i s  e s ti m a te  c a n  b e
r e d u c e d  o n  th e  b a s i s  o f a d e tai l e d  r a d i a ti o n  a n al ys i s .
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×  :  A c t u a l  v a l u e s

+  :  P r e d i c t e d  l e v e l s

FI G U RE  A. 9 . 8 . 1 ( a)   P re d i c ti o n s  o f th e  Re s u l ts  o f Fu l l - S c al e
AS T M  E 1 5 3 7  Te s ts  wi th  U p h o l s te re d  Fur n i ture  I te m s
( B ac k yard  Te s t)  an d  Ac tu al  O b s e r ve d  Val u e s .
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6 0 0

5 0 0

4 0 0

3 0 0

2 0 0

1 0 0

0

F a b r i c  F a b r i c  

3 22 2 . 61 81 46 . 83 02 21 61 16

F a b r i c  w e i g h t  ( o z )

FI G U RE  A. 9 . 8 . 1 ( b )   E ffe c t o f Fab ri c  We i gh t o n  H e at Re l e as e
Rate  i n  Fu l l - S c al e  AS T M  E 1 5 3 7  U p h o l s te re d  Fu r n i tu re  Te s ts
U s i n g Two  Fab ri c s ,  A an d  B .

Δ Tab l e  A. 1 0 . 2 ( a)  I gn i ti o n  P ro p e r ti e s  o f M ate ri al s

M ate ri al

ɺq o ig"
,

( W/ c m 2 )
b

( s e c - 0 . 5 )
tm

( s e c )

P l ywo o d ,  p l a i n ,  0 . 6 3 5  c m 1 . 6 0 . 0 7 1 9 0
P l ywo o d ,  p l a i n ,  1 . 2 7  c m 1 . 6 0 . 0 7 2 2 5
P l ywo o d ,  F R,  1 . 2 7  c m 4 . 4 0 . 1 1 1 0
H ar d b o a r d ,  6 . 3 5  m m 1 0 . 0 3 1 1 9 0
H ar d b o a r d ,  3 . 1 7 5  m m 1 . 4 0 . 0 5 4 2 0
H ar d b o a r d ,  gl o s s  p a i n t,  

3 . 4  m m
1 . 7 0 . 0 5 4 6 8

H ar d b o a r d ,  n i tr o c e l l u l o s e  
p ai n t

1 . 7 0 . 0 6 3 0 6

P ar ti c l e  b o ar d ,  1 . 2 7  c m  s to c k 1 . 8 0 . 0 5 3 4 2
D o u gl as  fr  p ar ti c l e  b o ar d ,  

1 . 2 7  c m
1 . 6 0 . 0 5 3 9 5

F i b e r  i n s u l ati o n  b o a r d 1 . 4 0 . 0 7 2 0 5
P o l yi s o c yan u r ate ,  5 . 0 8  c m 2 . 1 0 . 3 6 8
P o l ys tyr e n e ,  5 . 0 8  c m 4 . 6 0 . 1 4 5 3
P o l yc a r b o n a te ,  1 . 5 2  m m 3 0 . 0 6 2 6 0
F o a m ,  r i gi d ,  2 . 5 4  c m 2 0 . 3 2 1 0 0
F o a m ,  fexible,  2 . 5 4  c m 1 . 6 0 . 0 9 1 3 2
P M M A Typ e  G ,  1 . 2 7  c m 1 . 5 0 . 0 5 4 5 6
P M M A p o l yc a s t,  1 . 5 9  c m 0 . 9 0 . 0 4 4 6 2
C ar p e t # 1  ( wo o l  s to c k) 2 . 3 0 . 1 8 3 2
C ar p e t # 2  ( wo o l ,  u n tr e ate d ) 2 0 . 1 1 8 3
C ar p e t # 2  ( wo o l ,  tr e ate d ) 2 . 2 0 . 1 2 7 2
C ar p e t ( n yl o n / wo o l  b l e n d ) 1 . 8 0 . 0 6 2 4 8
C ar p e t ( a c r yl i c ) 1 0 . 0 6 2 5 0
G yp s u m  b o ar d ,  c o m m o n ,  

1 . 2 7  c m
3 . 5 0 . 1 1 8 7

G yp s u m  b o ar d ,  F R,  1 . 2 7  c m 2 . 8 0 . 1 9 5
G yp s u m  b o ar d ,  wal l p a p e r  

( S 1 4 2 M )
1 . 8 0 . 0 7 2 0 8

As p h a l t s h i n gl e 1 . 5 0 . 0 6 3 0 6
F i b e r gl as s  s h i n gl e 2 . 1 0 . 0 8 1 6 1
G RP,  2 . 2 4  m m 1 . 6 0 . 0 9 1 3 2
G RP,  1 . 1 4  m m 1 . 7 0 . 0 6 2 7 9
Ai r c r a ft p a n e l  e p o x y fberite 2 . 8 0 . 1 3 5 7
Source: Qu i n ti e r e  a n d  H ar k l e r o a d  ( 1 9 8 5 ) .
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An n e x  B    Ro o m  Fi re  M o d e l s  to  P re d i c t H e at Re l e as e  an d  Fi re
G ro wth

This annex is not a part of the recommendations of this NFPA docu‐
ment but is included for informational purposes only.

B . 1  L i m i tati o n s  o f Ro o m  Fi re  M o d e l s .     B a b r a u s kas  s tate d  i n
1 9 9 6  th at th e  m ai n  l i m i ta ti o n  o f r o o m  fre  m o d e l s  i s  th at th e y

ar e  n o t c ap ab l e  o f p r e d i c ti n g h e at r e l e as e  r a te  an d  fre  g r o wth
an d  th at th e y c an  o n l y p r e d i c t th e  c o n s e q u e n c e s  o f a  user-
specifed  fre  ( B a b r au s kas ,  1 9 9 6 ) .  T h i s  i s  p a r ti c u l a r l y tr u e  wh e n
fame  s p r e a d  o ve r  l ar g e  wal l  an d  c e i l i n g s u r fa c e s  i s  i n vo l ve d .

F o r  th e  m o s t p ar t,  B ab r au s kas ’  s tate m e n t i s  s ti l l  val i d  to d ay,
al th o u g h  c o m p u tati o n a l  fuid  d yn am i c s  ( C F D )  c o d e s  h a ve  th e
p o te n ti a l  o f ad d r e s s i n g  th i s  l i m i tati o n  i n  th e  n e a r  fu tu r e .

H o we ve r,  th e r e  i s  o n e  i m p o r tan t e x c e p ti o n .  A g r e at d e a l  o f
wo r k h as  b e e n  d o n e  o n  m o d e l i n g  o f fre  gr o wth  i n  a r o o m /
c o r n e r  te s t.  T h i s  wo r k i s  r e vi e we d  i n  th i s  an n e x .

Δ B . 2  T h e  Ro o m / C o r n e r Te s t.    T h e r e  ar e  s e ve r a l  r o o m / c o r n e r
te s t s tan d ar d s  ( e . g . ,  AS T M  E 2 2 5 7 ,  Test Method for Room Fire Test
of Wall and Ceiling Materials and Assemblies;  I S O  9 7 0 5 - 1 ,  Reaction

to Fire Tests — Room Corner Test for Wall and Ceiling Lining Prod‐
ucts — Part 1 : Test Method for a Small Room Confguration;

N F PA 2 6 5  an d  N F PA 2 8 6 )  th at a r e  a l l  b as e d  o n  th e  s a m e
c o n c e p t.  T h e  te s t a p p a r atu s  c o n s i s t o f a  r o o m  i s  ap p r o x i m ate l y

2 . 4  m  ( 8  ft)  wi d e  b y 3 . 6  m  ( 1 2  ft)  d e e p  b y 2 . 4  m  ( 8  ft)  h i gh  an d
h a s  a n  o p e n  d o o r  i n  th e  fr o n t wal l  m e a s u r i n g  ap p r o x i m a te l y

0 . 8  m  ( 3 2  i n . )  b y 2 . 0  m  ( 8 0  i n . ) .  T h e  p r o d u c t to  b e  te s te d  i s
attac h e d  to  th e  s i d e  wal l s ,  th e  b ac k wa l l ,  an d / o r  th e  c e i l i n g
d e p e n d i n g  o n  th e  s tan d ar d  te s t p r o to c o l  th a t i s  fo l l o we d .  T h e

Tab l e  A. 1 0 . 2 ( b )  I gn i ti o n  T i m e s  o f D i ffe re n t M ate ri al s  i n  C o n e
C al o ri m e te r

M ate ri al
T h i c k n e s s

( c m )

T i m e  to
I gn i ti o n

( s e c )
Fl u x

( kW/ m 2 )

F l e x i b l e  p o l ye th e r-typ e  p o l yu r e th a n e  fo am
 1 . 2  P C F  c o n ve n ti o n al  fo am 5 . 1 1 1 2 0
 1 . 5  P C F  c o n ve n ti o n al  fo am 5 . 1 2 2 2 0
 1 . 8  P C F  c o n ve n ti o n al  fo am 5 . 1 2 8 2 0
 1 . 2  P C F  1 1 7  fo am 5 . 1 3 8 2 0
 1 . 5  P C F  1 1 7  fo am 5 . 1 3 9 2 0
 1 . 8  P C F  1 1 7  fo am 5 . 1 3 7 2 0
 3 . 0  P C F  m e l a m i n e  fo am 5 . 1 7 7 2 0

Ri gi d  p o l ye th e r- typ e  p o l yu r e th a n e  fo am
 1 . 2  P C F  M D I - b a s e d  fo a m 5 . 1 4 0 2 0
 1 . 5  P C F  M D I - b a s e d  fo a m 5 . 1 5 5 2 0
 2 . 0  P C F  M D I - b a s e d  fo a m 5 . 1 9 5 2 0

P l ywo o d
 AB  D o u gl as  fr 1 . 2 7 3 3 0 3 5
 AB  D o u gl as  fr 1 . 9 1 4 1 0 3 5
 B C  D o u g l a s  fr 1 . 2 7 1 6 0 3 5
 B C  D o u g l a s  fr 1 . 9 1 1 8 0 3 5
 B i r c h  I C G 1 . 2 7 4 9 0 3 5
 B i r c h  I C G 1 . 9 1 5 5 0 3 5
 B C  ye l l o w p i n e 1 . 2 7 9 0 3 5
 B C  ye l l o w p i n e 1 . 9 1 1 0 0 3 5
 B C  ye l l o w p i n e 1 . 2 7 1 2 5 3 5
 B C  ye l l o w p i n e 1 . 2 7 1 4 0 3 5

N o te :  Al l  r e s u l ts  a r e  th e  m e a n  o f s i x  r e p l i c a ti o n s .

p r o d u c t i s  e x p o s e d  to  th e  fame  o f a ga s  b u r n e r  l o c ate d  i n  o n e
o f th e  r e a r  c o r n e r s  o f th e  r o o m .  T h e  ge o m e tr y o f an d  h e a t
o u tp u t fr o m  th e  b u r n e r  var y a c c o r d i n g  to  th e  te s t s ta n d a r d  th at
i s  u s e d .  Al l  p r o d u c ts  o f c o m b u s ti o n  ge n e r a te d  i n  th e  te s t a r e
c o l l e c te d  i n  a h o o d  o u ts i d e  th e  r o o m  a n d  e x tr ac te d  th r o u g h  an
e x h a u s t d u c t.  M e as u r e m e n ts  typ i c al l y i n c l u d e  u p p e r  l aye r
te m p e r a tu r e s  i n  th e  r o o m ,  h e a t fux  to  th e  foor,  a n d  h e at
re l e as e  an d  s m o ke  p r o d u c ti o n  r ate  i n  th e  e x h au s t d u c t.

B . 3  M o d e l s  o f th e  Ro o m / C o r n e r Te s t.     T h e r e  a r e  th r e e
d i s ti n c t typ e s  o f r o o m / c o r n e r  te s t m o d e l s :  r e g r e s s i o n  m o d e l s ,
p h ys i c s - b a s e d  m o d e l s ,  an d  a n al yti c al  m o d e l s .  Re g r e s s i o n
m o d e l s  e x p r e s s  a r e l a ti o n s h i p  b e twe e n  a p ar ti c u l ar  r o o m /
c o r n e r  te s t p e r fo r m a n c e  c h ar ac te r i s ti c ,  u s u a l l y th e  ti m e  to
fashover,  an d  s m a l l - s c a l e  fre  te s t d a ta  fo r  th e  s am e  p r o d u c t.
Re g r e s s i o n  m o d e l s  ar e  b as e d  o n  a  s tati s ti c al  an al ys i s  o f r o o m /
c o r n e r  a n d  s m a l l - s c a l e  te s t d a ta  fo r  a s e t o f p r o d u c ts  an d  c an  b e
u s e d  as  a s c r e e n i n g to o l .  P h ys i c s -b a s e d  m o d e l s  p r e d i c t h o w th e
r o o m  e n vi r o n m e n t va r i e s  as  a fu n c ti o n  o f ti m e  a n d  h o w fames
s p r e ad  o ve r  th e  wa l l s  an d  c e i l i n g o f th e  c o m p ar tm e n t.  T h e r e  i s
a s tr o n g i n te r ac ti o n  b e twe e n  th e  two  b e c a u s e  th e  c o n d i ti o n s  i n
th e  r o o m  d e te r m i n e  th e  h e at th at i s  tr an s fe r r e d  b ac k to  th e
wal l  a n d  c e i l i n g  s u r fa c e s ,  wh i c h  a ffe c ts  th e  fame  s p r e ad  an d
th e  h e a t r e l e a s e  an d  s m o ke  p r o d u c ti o n  r ate  o f b u r n i n g wa l l
an d  c e i l i n g  s e c ti o n s .  An al yti c al  m o d e l s  p r e d i c t fre  g r o wth ,  b u t
d o  n o t s i m u l a te  th e  r o o m  e n vi r o n m e n t.

B . 4  Re gre s s i o n  M o d e l s .

Δ B . 4 . 1  Ö s tm an ’ s  Fl as h o ve r T i m e  C o r re l ati o n .    Ö s tm an  an d
N u s s b au m  d e ve l o p e d  a  c o r r e l ati o n  to  p r e d i c t ti m e  to  fashover
i n  th e  I S O  9 7 0 5  r o o m  o n  th e  b as i s  o f i gn i ti o n  ti m e  ( at
2 5  kW/ m 2 )  a n d  a ve r a ge  h e at r e l e as e  r a te  m e a s u r e d  d u r i n g  th e
“ p e ak b u r n i n g p e r i o d ”  ( a t 5 0  kW/ m 2 )  i n  th e  c o n e  c al o r i m e te r

( AS T M  E 1 3 5 4 ,  Test Method for Heat and Visible Smoke Release Rates
for Materials and Products Using an Oxygen Consumption Calorime‐

ter;  a n d  I S O  5 6 6 0 -1 ,  Reaction-to-fre tests — Heat release,  smoke
production and mass loss rate — Part 1 : Heat release rate (cone calo‐
rimeter method),  an d  th e  d e n s i ty o f th e  p r o d u c t ( Ö s tm a n  an d

N u s s b au m ,  1 9 8 9 ) .  T h e  o r i gi n al  r e gr e s s i o n  m o d e l  wa s  b as e d  o n
te s t d a ta fo r  1 3  p r o d u c ts .  T h e  c o r r e l ati o n  was  r e vi s e d  i n  1 9 9 4
an d  2 0 0 2  b as e d  o n  e x p a n d e d  d ata s e ts  fo r  2 8  a n d  5 7  p r o d u c ts ,

r e s p e c ti ve l y ( H an s e n  an d  H o vd e ,  2 0 0 2 ;  Ö s tm an  a n d  Ts a n ta r i ‐
d i s ,  1 9 9 4 ) .  T h e  m o s t r e c e n t s tu d y a l s o  i n vo l ve d  ap p l i c ati o n  o f
th e  a n al yti c al  m o d e l  d e ve l o p e d  b y Wi c ks tr ö m  an d  Gö r an s s o n

( 1 9 9 2 )  a n d  a  m u l ti va r i ate  s tati s ti c al  m e th o d  ( m u l ti p l e  d i s c r i m i ‐
n an t fu n c ti o n  an a l ys i s ) .

B . 4 . 2  C l e ar y’ s  Fl as h o ve r P aram e te r.     C l e a r y a n d  Qu i n ti e r e
d e ve l o p e d  a  p ar a m e te r  th at p r o vi d e s  an  i n d i c ati o n  wh e th e r
fashover  i s  l i ke l y to  o c c u r  i n  th e  I S O  9 7 0 5 - 1  r o o m / c o r n e r  te s t

( C l e a r y an d  Qu i n ti e r e ,  1 9 9 1 ) .  T h e  p ar a m e te r  i s  a fu n c ti o n  o f
th e  ave r ag e  h e at r e l e as e  r ate  a t p e ak b u r n i n g ,  th e  i gn i ti o n
ti m e ,  an d  th e  b u r n i n g  ti m e  m e a s u r e d  i n  th e  c o n e  c a l o r i m e te r.

D i l l o n  e t al . ,  modifed  th e  p ar a m e te r  to  a c c o u n t fo r  th e  d yn am ‐
i c s  o f th e  h e a t r e l e as e  r a te  c u r ve  an d  to  p r e d i c t th e  l i ke l i h o o d
o f fashover  i n  N F PA 2 6 5  a n d  N F PA 2 8 6  r o o m / c o r n e r  te s ts

( H a n s e n  an d  H o vd e ,  2 0 0 1 ) .  T h e y a l s o  p r e s e n te d  c o r r e l a ti o n s
b a s e d  o n  c o n e  c al o r i m e te r  d ata to  p r e d i c t th e  p e a k h e at
r e l e as e  r ate  an d  to tal  s m o ke  p r o d u c e d  i n  a r o o m / c o r n e r  te s t

th at d o e s  n o t fash  o ve r.

B . 4 . 3  Ö s tm an ’ s  S m o ke  P ro d u c ti o n  C o r re l ati o n .     Ö s tm a n  an d
Ts an tar i d i s  fo u n d  th at to ta l  s m o ke  p r o d u c ti o n  a n d  p e ak s m o ke

p r o d u c ti o n  r ate  p r i o r  to  fashover  c an  b e  p r e d i c te d  r e a s o n a b l y
we l l  fr o m  th e  to tal  s m o ke  p r o d u c ti o n  d u r i n g  th e  “ p e a k b u r n ‐
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i n g  p e r i o d ”  an d  p e ak s m o ke  p r o d u c ti o n  r ate ,  r e s p e c ti ve l y,
m e a s u r e d  i n  th e  c o n e  c al o r i m e te r  at a h e at fux  o f 5 0  kW/ m 2

( Ö s tm a n  a n d  Ts an tar i d i s ,  1 9 9 1 ) .  A m o r e  e x te n s i ve  an al ys i s
b a s e d  o n  d ata fo r  2 8  p r o d u c ts  was  p u b l i s h e d  two  ye a r s  l ate r
( Ö s tm an  a n d  Ts an tar i d i s ,  1 9 9 3 ) .  T h e  p r o d u c ts  we r e  d i vi d e d

i n to  two  g r o u p s :  p r o d u c ts  wi th  a  fashover ti m e  o f 1 0  m i n u te s
o r  g r e ate r  a n d  th o s e  wi th  a fashover  ti m e  o f l e s s  th a n
1 0  m i n u te s .  F o r  th e  frst gr o u p ,  b o th  a ve r a ge  r ate  o f s m o ke

p r o d u c ti o n  an d  to tal  s m o ke  p r o d u c ti o n  i n  th e  c o n e  c a l o r i m e ‐
te r  a t 5 0  kW/ m 2  ap p e ar  to  b e  a  go o d  i n d i c a to r  o f s m o ke

r e l e as e  i n  th e  r o o m / c o r n e r  te s t.  F o r  th e  s e c o n d  gr o u p  o f p r o d ‐
u c ts ,  h o we ve r,  n o  go o d  c o r r e l ati o n  c o u l d  b e  fo u n d .

Δ B . 4 . 4  Karl s s o n ’ s  Fl as h o ve r T i m e  C o r re l ati o n .     Ka r l s s o n  d e ve l ‐
o p e d  p h ys i c s -b as e d  a n d  an a l yti c a l  m o d e l s  o f th e  I S O  9 7 0 5 -1

r o o m / c o r n e r  te s t ( Kar l s s o n ,  1 9 9 2 ) .  H e  u s e d  th e  p h ys i c s -b as e d
m o d e l  ( s e e  B . 5 . 3  fo r  a  b r i e f d e s c r i p ti o n )  to  ge n e r a te  a  d atas e t
o f fashover  ti m e s  fo r  vi r tu a l  r o o m / c o r n e r  te s ts  o n  a r an g e  o f

p r o d u c ts  wi th  var yi n g  i g n i ti o n ,  h e a t r e l e as e  r a te ,  an d  fame
s p r e ad  c h a r ac te r i s ti c s .  T h e s e  c h ar a c te r i s ti c s  c an  b e  m e a s u r e d  i n
th e  c o n e  c a l o r i m e te r  an d  th e  L I F T  ( L ate r al  I gn i ti o n  an d  F l a m e
S p r e ad  Te s t)  a p p ar atu s  ( AS T M  E 1 3 2 1 ,  Test Method for Determin‐

ing Material Ignition and Flame Spread Properties) .  T h e  vi r tu al
d atas e t was  th e n  u s e d  to  d e ve l o p  p o we r  l aw c o r r e l a ti o n s  to
p r e d i c t th e  ti m e  to  fashover  as  a  fu n c ti o n  o f th e  s m al l -s c al e

d ata fo r  two  s p e c i m e n  confgurations:  te s t s p e c i m e n s  o n  wa l l s
an d  c e i l i n g  ( s c e n a r i o  A)  a n d  te s t s p e c i m e n s  o n  wal l s  o n l y
( s c e n a r i o  B ) .  S i n c e  opposed-fow fame  s p r e ad  d o e s  n o t signif‐
cantly affe c t fre  gr o wth  i n  s c e n a r i o  A,  th e  opposed-fow fame

s p r e ad  p r o p e r ti e s  fr o m  th e  L I F T  ap p ar a tu s  c o u l d  b e  o m i tte d  i n
th e  p o we r  l aw c o r re l a ti o n  fo r  th i s  s c e n a r i o  wi th o u t l o s s  o f ac c u ‐

r a c y.

B . 4 . 5  Ko k k al a’ s  H e at Re l e as e  an d  I gn i ti b i l i ty I n d i c e s .
Ko kka l a ,  T h o m as ,  an d  Ka r l s s o n  d e r i ve d  two  i n d i c e s ,  an  i g n i ti ‐
b i l i ty i n d e x  an d  a h e at r e l e a s e  i n d e x ,  th at we r e  c o m b i n e d  i n to

a  fre  gr o wth  p ar am e te r  to  p r e d i c t th e  ti m e  to  fashover  i n  th e
I S O  9 7 0 5 -1  r o o m / c o r n e r  te s t ( Ko kka l a  e t a l . ,  1 9 9 3 ) .  B o th  i n d i ‐
c e s  a r e  c al c u l ate d  fr o m  te s t r e s u l ts  o b ta i n e d  i n  th e  c o n e  c al o ‐

r i m e te r  a t a h e at fux  o f 5 0  kW/ m 2 .  T h e  i gn i ti b i l i ty i n d e x  i s  th e
i n ve r s e  o f th e  ti m e  to  i g n i ti o n .  T h e  h e a t r e l e a s e  r a te  i n d e x  i s
o b tai n e d  b y i n te g r ati n g  th e  r ate  o f h e a t r e l e as e  i n  ti m e ,  we i gh ‐

te d  s o  th a t th e  i n i ti al  h e a t r e l e as e  r a te s  ar e  o f h i gh e r  i m p o r ‐
tan c e  th an  th o s e  at l a te r  ti m e s .  T h e  B u i l d i n g  C o d e  o f Au s tr al i a

n o w p e r m i ts  th e  u s e  o f Ko kka l a’ s  i n d i c e s  to  d e m o n s tr ate  th at
a n  i n te r i o r  fnish  m ate r i a l  m e e ts  specifc  I S O  9 7 0 5  p e r fo r m ‐
a n c e  r e q u i r e m e n ts .

B . 4 . 6  H e s ke s tad ’ s  S m o ke  P ro d u c ti o n  C o r re l ati o n .     H e s ke s tad
a n d  H o vd e  d e ve l o p e d  a r e g r e s s i o n  m o d e l  to  p r e d i c t th e  s m o ke

p r o d u c ti o n  r ate  i n  th e  I S O  9 7 0 5 -1  ro o m / c o r n e r  te s t a t th e  ti m e
wh e n  th e  h e at r e l e as e  r ate  i s  4 0 0  kW ( H e s ke s ta d  an d  H o vd e ,

1 9 9 9 ) .  T h i s  m o d e l  i s  val i d  fo r  p r o d u c ts  wi th  a  ti m e  to  fashover
o f l e s s  th an  1 0  m i n u te s .  T h e  i n d e p e n d e n t va r i a b l e s  ar e  i gn i ti o n

ti m e ,  ti m e  to  p e a k h e at r e l e a s e  r ate ,  to tal  h e a t r e l e as e d ,  an d
to ta l  c ar b o n  m o n o x i d e  p r o d u c ti o n  i n  th e  c o n e  c al o r i m e te r  at a
h e a t fux  o f 5 0  kW/ m 2 .

B . 4 . 7  D i e te n b e rge r’ s  S m o k e  P ro d u c ti o n  C o r re l ati o n .     D i e te n ‐
b e r g e r  fo u n d  a  d i r e c t p r o p o r ti o n a l i ty b e twe e n  th e  ave r ag e
specifc  e x ti n c ti o n  ar e a ( S E A)  i n  th e  I S O  9 7 0 5 -1  r o o m / c o r n e r

te s t a n d  th e  p e ak S E A m e a s u r e d  i n  th e  c o n e  c a l o r i m e te r  a t a
h e at fux  o f 3 5  kW/ m 2  ( D i e te n b e r g e r  a n d  Gr e x a ,  2 0 0 0 ) .  T h e

m a s s  l o s s  r a te  i n  th e  ro o m / c o r n e r  te s t wa s  e s ti m a te d  as  th e
r ati o  o f th e  h e a t r e l e a s e  r a te  m e as u r e d  i n  th e  r o o m / c o r n e r  te s t
to  th e  e ffe c ti ve  h e at o f c o m b u s ti o n  m e a s u r e d  i n  th e  c o n e  c al o ‐

r i m e te r.  T h e  I S O  9 7 0 5 -1  r o o m / c o r n e r  te s ts  c o n s i d e r e d  fo r  th i s
s tu d y we r e  c o n d u c te d  wi th  te s t s p e c i m e n s  o n  th e  wal l s  o n l y.

B . 4 . 8  I M O  C ri te ri a fo r Fi re - Re s tri c ti n g M ate ri al s .     T h e  Inter‐
national Code of Safety for High-Speed Craft (HSC) o f th e  I n te r n a‐
ti o n a l  M a r i ti m e  O r g an i z ati o n  ( I M O )  al l o ws  fo r  th e  u s e  o f

c o m b u s ti b l e  c o m p a r tm e n t l i n i n g s  an d  fu r n i tu r e ,  p r o vi d e d  th e y
c o n s i s t o f “fre-restricting  m ate r i a l s . ”  T h e  c r i te r i a fo r  l i n i n g s  ar e
b a s e d  o n  p e r fo r m a n c e  i n  th e  I S O  9 7 0 5 -1  r o o m / c o r n e r  te s ts
an d  c o n s i s t p r i m ar i l y o f l i m i ts  fo r  th e  h e at r e l e as e  a n d  s m o ke

p r o d u c ti o n  r ate s  an d  to tal  val u e s .  F u r n i tu r e  c o m p o n e n ts  m u s t
m e e t specifc  c r i te r i a  b as e d  o n  r e s u l ts  o b ta i n e d  fr o m  c o n e  c al o ‐
r i m e te r  te s ti n g at a h e at fux  o f 5 0  kW/ m 2 .  T h e  c o n e  c a l o r i m e ‐

te r  c r i te r i a ar e  c o n s i s te n t wi th  th e  I S O  9 7 0 5 -1  r o o m / c o r n e r  te s t
c r i te r i a an d  we r e  e s ta b l i s h e d  o n  th e  b as i s  o f a  r e s e a r c h

p r o gr a m  c o n d u c te d  b y th e  U n i te d  S ta te s  C o as t Gu a r d  at S o u th ‐
we s t Re s e ar c h  I n s ti tu te  i n  S an  An to n i o ,  Te x as  ( Gr e n i e r  e t al . ,

2 0 0 0 ) .

B . 4 . 9  H an s e n ’ s  S m o k e  P ro d uc ti o n  M o d e l .     A m o d e l  to
p r e d i c t s m o ke  p r o d u c ti o n  i n  th e  I S O  9 7 0 5 -1  r o o m / c o r n e r  te s t

o n  th e  b as i s  o f c o n e  c al o r i m e te r  m e a s u r e m e n ts  o b tai n e d  at a
h e a t fux  o f 5 0  kW/ m 2  wa s  d e ve l o p e d  fr o m  m u l ti p l e  d i s c r i m i ‐

n a n t an a l ys i s  o f a d a ta s e t fo r  2 8  p r o d u c ts  ( H a n s e n  an d  H o vd e ,
2 0 0 1 ) .

B . 5  P h ys i c s - B as e d  M o de l s .

B . 5 . 1  S te c kl e r’ s  M o d e l .     S te c kl e r,  at th e  N ati o n a l  B u r e au  o f
S tan d a r d s ,  d e ve l o p e d  fame  s p r e a d  a l g o r i th m s  a n d  c o m b i n e d

th e m  wi th  a two -z o n e  c o m p ar tm e n t fre  m o d e l  ( S te c kl e r,  1 9 8 3 ) .
T h e  m o d e l  was  b as e d  o n  a c o n c e p tu a l  fr a m e wo r k d e ve l o p e d  b y

Qu i n ti e r e  ( Qu i n ti e r e ,  1 9 8 1 ) .  S te c kl e r ’ s  al go r i th m s  d o  n o t
a d d r e s s  u p war d  an d  wi n d -a i d e d  fame  s p r e ad ,  an d  o n l y c a l c u ‐

l ate  l a te r a l  s p r e ad  i n  th e  d i r e c ti o n  a way fr o m  th e  c o r n e r.

Δ B . 5 . 2  O S U  M o d e l .     T h e  O h i o  S tate  U n i ve r s i ty ( O S U )  m o d e l ,
d e ve l o p e d  b y E d  S m i th  an d  s e ve r a l  o f h i s  gr a d u a te  s tu d e n ts  at

O S U ,  was  o n e  o f th e  frst c o m p r e h e n s i ve  fre  m o d e l s  o f a
r o o m / c o r n e r  fre.  T h e  m o d e l  p r e d i c ts  fre  gr o wth  o f wal l  an d

c e i l i n g l i n i n g s  o n  th e  b a s i s  o f i g n i ti o n ,  fame  s p r e ad ,  an d  h e at
a n d  s m o ke  r e l e as e  d ata o b tai n e d  fr o m  th e  O S U  s m al l -s c al e
h e a t r e l e as e  c a l o r i m e te r  ( AS T M  E 9 0 6 / E 9 0 6 M ,  Test Method for

Heat and Visible Smoke Release Rates for Materials and Products) .
T h e  p h ys i c al  b as i s  o f th e  O S U  m o d e l  i s  d i s c u s s e d  i n  d e tai l  i n  a
p ap e r  b y J a n s s e n s ,  wh o  p r o vi d e d  a  c r i ti c a l  an al ys i s  o f th e  m o d e l

an d  q u e s ti o n e d  i ts  val i d i ty ( J a n s s e n s ,  1 9 9 4 ) .  T h e  O S U  m o d e l
h a s  b e e n  s h o wn  to  p r o vi d e  p r e d i c ti o n s  th at ar e  i n  r e as o n ab l e
a gr e e m e n t wi th  e x p e r i m e n tal  d ata fo r  r o o m / c o r n e r  te s ts  o n

wo o d  p r o d u c ts  b u t i s  l e s s  s ati s fa c to r y fo r  o th e r  confgurations
( wal l  fres)  an d  o th e r  typ e s  o f p r o d u c ts  ( Tr an ,  1 9 9 4 ) .

B . 5 . 3  Karl s s o n ’ s  P h ys i c s - B as e d  M o d e l .     Kar l s s o n ’ s  P h . D .
d i s s e r ta ti o n  d e s c r i b e s  a two -z o n e  m o d e l  o f th e  r o o m / c o r n e r
te s t ( Kar l s s o n ,  1 9 9 2 ) .  T h e  l aye r  i n te r fa c e  i s  fxed  a t th e  sofft

h e i g h t,  a n d  th e  u p p e r  l aye r  te m p e r a tu r e  i s  e s ti m ate d  o n  th e
b a s i s  o f a  modifed  ve r s i o n  o f a s te ad y- s tate  c o r r e l a ti o n  ( M c C a f‐
fr e y e t al . ,  1 9 8 1 ) .  F i r e  g r o wth  al go r i th m s  c o n s i s t o f e q u a ti o n s

fo r  u p wa r d  a n d  d o wn war d  fame  s p r e a d .  T h e  fo r m e r  r e q u i r e
i gn i ti o n  a n d  h e at r e l e a s e  p r o p e r ti e s  o f th e  p r o d u c t th at i s
te s te d .  T h e  l a tte r  u s e  l ate r a l  fame  s p r e ad  d ata fr o m  th e  L I F T

ap p ar a tu s .  T h e  m o d e l  c o n s i d e r s  th e  fo l l o wi n g  fve  s o u r c e s  o f
h e a t r e l e as e :

( 1 ) T h e  g as  b u r n e r
( 2 ) T h e  ve r ti c a l  wa l l  ar e a b e h i n d  th e  b u r n e r  fame
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( 3 ) A h o r i z o n ta l  s tr i p  o f m ate r i a l  at th e  wal l -c e i l i n g  i n te r s e c ‐
ti o n  c o r r e s p o n d i n g  to  th e  th i c kn e s s  o f th e  c e i l i n g j e t

( 4 ) T h e  wal l  m ate r i a l  i n  th e  u p p e r  l a ye r  afte r  fame  s p r e ad
h a s  s tar te d

( 5 ) T h e  wa l l  l i n i n g s  b u r n i n g  b e l o w th e  h o t g as  l a ye r

B . 5 . 4  Q u i n ti e re ’ s  M o d e l .     T h i s  m o d e l  i s  s i m i l ar  to  Kar l s s o n ’ s
m o d e l  ( s e e  B . 5 . 3 ) ,  e x c e p t th at th e  r o o m  g as  te m p e r atu r e  i s
as s u m e d  to  b e  u n i fo r m  th r o u gh o u t th e  c o m p ar tm e n t ( o n e
z o n e )  an d  wi n d -a i d e d  fame  s p r e ad  i s  c al c u l ate d  o n  th e  b a s i s  o f
th e  s o l u ti o n  o f a n  o r d i n ar y d i ffe r e n ti al  e q u a ti o n  a s  o p p o s e d  to
an  a n al yti c al  s o l u ti o n  ( Qu i n ti e r e ,  1 9 9 3 ) .  I n  ad d i ti o n ,  Qu i n ‐
ti e r e ’ s  m o d e l  a l s o  a c c o u n ts  fo r  b u r n o u t.

B . 5 . 5  J an s s e n s ’  M o d e l .     T h i s  m o d e l  i s  a  modifed  ve r s i o n  o f
Qu i n ti e r e ’ s  m o d e l  ( J an s s e n s  e t al . ,  1 9 9 5 ) .  T h e  m o d e l  i n c l u d e s
al g o r i th m s  to  c h a r ac te r i z e  th e  ge o m e tr y an d  wa l l  h e at fux  o f
th e  b u r n e r  fame  ( J an s s e n s  e t a l . ,  1 9 9 5 ) .  J an s s e n s  al s o  d e ve l ‐
o p e d  i m p r o ve d  p r o c e d u r e s  to  o b tai n  i g n i ti o n ,  fame  s p r e ad ,
an d  h e a t r e l e as e  p r o p e r ti e s  fr o m  c o n e  c al o r i m e te r  a n d  L I F T
te s t d ata ( J a n s s e n s ,  1 9 9 1 ) .

B . 5 . 6  O p s tad ’ s  M o d e l .     O p s tad  u s e d  th e  KAM E L E O N  C F D
c o d e  d e ve l o p e d  at S I N T E F  i n  N o r way to  s i m u l ate  th e  I S O
9 7 0 5 -1  r o o m  te s t ( O p s tad ,  1 9 9 5 ) .  An  e n g i n e e r i n g ap p r o ac h  wa s
u s e d  to  m o d e l  fame  s p r e ad  o ve r  s u r fac e s  o n  th e  b a s i s  o f m a te ‐
r i al  p r o p e r ti e s  d e r i ve d  fr o m  c o n e  c al o r i m e te r  d a ta  ( O p s tad  an d
H o vd e ,  1 9 9 4 ) .

B . 5 . 7  Wad e ’ s  M o d e l .     T h i s  m o d e l  i s  d e s c r i b e d  i n  d e tai l  i n
C o l l e e n  Wa d e ’ s  M . S .  th e s i s  ( Wa d e ,  1 9 9 6 ) .  Qu i n ti e r e ’ s  fame
s p r e ad  al g o r i th m s  we r e  c o u p l e d  wi th  a  two - z o n e  e n c l o s u r e  fre
m o d e l .  Wad e  u s e s  J an s s e n s ’  p r o c e d u r e s  to  o b ta i n  i gn i ti o n  an d
fame  s p r e ad  d a ta ,  an d  i m p r o ve d  Qu i n ti e r e ’ s  m e th o d  to  o b tai n
h e a t r e l e a s e  r ate s  u n d e r  ti m e -var yi n g h e at fux  c o n d i ti o n s  fr o m
c o n e  c a l o r i m e te r  d ata.  A signifcantly r e vi s e d  ve r s i o n  o f th e
m o d e l  was  p u b l i s h e d  i n  2 0 0 4  ( Wa d e ,  2 0 0 4 ) .

B . 5 . 8  Yan ’ s  M o d e l .    Ya n  c o m b i n e d  a C F D  c o d e  d e ve l o p e d  a t
L u n d  U n i ve r s i ty i n  S we d e n  wi th  a  m o r e  fu n d am e n tal  p yr o l ys i s
m o d e l  ( Ya n  a n d  H o l m s te d t,  1 9 9 6 ) .  T h i s  a p p r o a c h  i s  n o t a s
ve r s ati l e  as  O p s ta d ’ s  m o d e l ,  b e c au s e  th e  p yr o l ys i s  m o d e l  c an
o n l y b e  u s e d  fo r  c e r ta i n  typ e s  o f c h ar r i n g fu e l s ,  an d  i t r e q u i r e s
an  e x te n s i ve  n u m b e r  o f fu n d a m e n ta l  th e r m o - p h ys i c al  p r o p e r ‐
ti e s  o f th e  m a te r i al .

B . 5 . 9  H AI  M o d e l .     T h e  fat wa l l  fame  s p r e a d  m o d e l  d e ve l ‐
o p e d  at H u gh e s  As s o c i ate s  ( H AI )  fo r  th e  U . S .  N avy ( B e yl e r  e t
al . ,  1 9 9 7 )  was  i m p r o ve d  to  i n c l u d e  opposed-fow fame  s p r e ad
an d  h o t l a ye r  e ffe c ts  ( L atti m e r  e t a l . ,  2 0 0 3 ) .  T h e  l atte r  i s
ac c o m p l i s h e d  b y c o u p l i n g th e  fame  s p r e ad  a l g o r i th m s  wi th  th e
two -z o n e  c o m p ar tm e n t fre  m o d e l  C FAS T.  T h e  r e s u l ti n g  fre
gr o wth  m o d e l  h as  b e e n  val i d ate d  ag ai n s t I S O  9 7 0 5 -1  te s t d ata.

B . 5 . 1 0  S wRI  M o d e l .     J an s s e n s ’  m o d e l  was  fu r th e r  modifed  b y
S o u th we s t Re s e a r c h  I n s ti tu te  ( S wRI )  to  i m p r o ve  h e at r a te
p r e d i c ti o n s  an d  to  i n c l u d e  s m o ke  p r o d u c ti o n  r a te  c al c u l a ti o n s
( B e yl e r  e t al . ,  1 9 9 9 ) .  Re a s o n a b l y a c c u r ate  p r e d i c ti o n s  we r e
o b tai n e d  fo r  a s e t o f n i n e  m a r i n e  fber  r e i n fo r c e d  p o l ym e r
( F RP )  c o m p o s i te s  te s te d  a c c o r d i n g to  I S O  9 7 0 5 -1 .

B . 5 . 1 1  WP I  M o d e l .     An  e n h a n c e d  ve r s i o n  o f M i tl e r ’ s  fame
s p r e ad  al go r i th m s  ( M i tl e r  a n d  S te c kl e r,  1 9 9 5 )  was  i m p l e m e n ‐

te d  i n  C FAS T  ( P e a c o c k e t al . ,  1 9 9 7 )  at Wo r c e s te r  P o l yte c h n i c
I n s ti tu te  ( WP I ) .  T h e  m o d e l  was  u s e d  to  p r e d i c t r o o m / c o r n e r
fre  te s t p e r fo r m a n c e  o f th e  m ar i n e  F RP  c o m p o s i te s  te s te d  a t

S wRI  ( B e yl e r  e t a l . ,  1 9 9 9 ) .

B . 6  An al yti c al  M o d e l s .

B . 6 . 1  M agn u s s o n ’ s  M o d e l .     T h i r te e n  b u i l d i n g p r o d u c ts  we r e
te s te d  i n  a  fu l l  I S O  9 7 0 5 -1  r o o m ,  a  1 ∕3 -s c al e  r o o m ,  a n d  a  n u m b e r
o f s m a l l - s c a l e  te s ts ,  i n c l u d i n g th e  c o n e  c a l o r i m e te r.  A s i m p l e

an al yti c a l  m e th o d  wa s  d e ve l o p e d  b y M ag n u s s o n  a n d  S u n d s tr ö m
to  p r e d i c t th e  h e a t r e l e a s e  r a te  c u r ve  i n  th e  I S O  9 7 0 5 -1  r o o m  a s

a  fu n c ti o n  o f i g n i ti o n  an d  h e a t r e l e a s e  r a te  p a r am e te r s
o b tai n e d  fr o m  a n al ys i s  o f th e  s m al l -s c al e  d ata ( M a gn u s s o n  an d

S u n d s tr ö m ,  1 9 8 4 ) .  T h e  h e at r e l e a s e  r ate  c u r ve  wa s  a s s u m e d  to
b e  e x p o n e n ti a l l y r i s i n g ,  wi th  a  ti m e  l ag  to  ac c o u n t fo r  d e l ays

as s o c i ate d  wi th  r o o m  flling  a n d  tr a n s p o r t o f th e  fre  ga s e s  fr o m
th e  r o o m  to  th e  i n s tr u m e n ta ti o n  s e c ti o n  i n  th e  e x h au s t d u c t.

B . 6 . 2  Karl s s o n ’ s  An al yti c al  M o d e l .     As  p a r t o f h i s  P h . D .  th e s i s
wo r k,  Kar l s s o n  al s o  d e ve l o p e d  an  a n al yti c al  m o d e l  o f th e  I S O

9 7 0 5 -1  r o o m / c o r n e r  te s t ( Kar l s s o n ,  1 9 9 2 ) .  T h i s  m o d e l  i s  a
c l o s e d -fo r m  s o l u ti o n  o f th e  wi n d -ai d e d  fame  s p r e ad  e q u a ti o n

an d  i s  b as e d  o n  th e  fo l l o wi n g  a s s u m p ti o n s :

( 1 ) T h e  h e at r e l e a s e  r ate  o f th e  p r o d u c t c an  b e  e x p r e s s e d
m a th e m ati c a l l y as  an  e x p o n e n ti a l l y d e c ayi n g  fu n c ti o n  o f
ti m e .

( 2 ) T h e  fame  ar e a i s  a l i n e ar  fu n c ti o n  o f th e  h e at r e l e a s e
r ate .

( 3 ) T h e  i n i ti al  p yr o l ys i s  ar e a  b e l o w th e  c e i l i n g  i s  a  fu n c ti o n  o f
th e  h e at o u tp u t fr o m  th e  b u r n e r  an d  th e  h e a t r e l e a s e d  b y
th e  p r o d u c t i n  th e  c o r n e r  b e h i n d  th e  b u r n e r  fame.

B . 6 . 3  S P  M o d e l .    E l e ve n  b u i l d i n g  p r o d u c ts  we r e  te s te d  i n  th e
I S O  9 7 0 5 - 1  r o o m  an d  i n  var i o u s  s m al l -s c al e  te s ts .  T h i s  p r o gr a m

was  c o n d u c te d  i n  th e  N o r d i c  c o u n tr i e s ,  an d  i s  r e fe r r e d  to  a s
th e  Eurefc  p r o gr a m .  A s e m i -e m p i r i c al  c a l c u l ati o n  m e th o d  wa s

d e ve l o p e d  b y Wi c ks tr ö m  a n d  Gö r an s s o n  a t th e  N a ti o n al  Te s ti n g
I n s ti tu te  ( S P )  i n  S we d e n  to  e s ti m a te  th e  I S O  9 7 0 5 - 1  h e at
r e l e as e  c u r ve  o n  th e  b a s i s  o f i g n i ti o n  ti m e  an d  h e at r e l e as e  r ate

m e a s u r e d  i n  th e  c o n e  c al o r i m e te r  a t o n e  h e at fux  l e ve l  ( Wi c k‐
s tr ö m  a n d  Gö r an s s o n ,  1 9 9 2 ) .

B . 6 . 4  D i e te n b e rge r’ s  M o d e l .     D i e te n b e r g e r,  at th e  F o r e s t
P r o d u c ts  L ab o r ato r y i n  M ad i s o n ,  Wi s c o n s i n ,  d e ve l o p e d  a n
an al yti c a l  m e th o d  to  p r e d i c t fre  gr o wth  i n  th e  I S O  9 7 0 5 -1

r o o m / c o r n e r  te s t wi th  m ate r i a l  o n  th e  wal l s  o n l y ( Gr e x a  e t al . ,
1 9 9 8 ) .  T h e  m e th o d  ac c o u n ts  fo r  e r r o r s  as s o c i ate d  wi th  th e
d yn am i c  r e s p o n s e  c h ar a c te r i s ti c s  o f th e  r o o m / c o r n e r  te s t

i n s tr u m e n tati o n ,  a n d  g i ve s  r e a s o n ab l e  e s ti m ate s  o f th e  h e a t
r e l e as e  r ate  m e as u r e d  fo r  1 1  u n tr e ate d  wo o d  p r o d u c ts ,  th r e e
typ e s  o f F R-tr e a te d  p l ywo o d ,  Typ e  X  g yp s u m  b o ar d ,  a n d  F R-

tr e ate d  p o l yu r e th a n e  fo a m .  A simplifed  ve r s i o n  o f th e  m o d e l
was  p u b l i s h e d  m o r e  r e c e n tl y ( D i e te n b e r g e r  a n d  Wh i te ,  2 0 0 1 ) .

B . 7  Ad d i ti o n al  C o n s i d e rati o n s .    E x te n s i ve  va l i d ati o n  b a s e d  o n
r o o m / c o r n e r  te s t d ata s h o ws  th a t s e ve r al  p h ys i c s -b as e d  m o d e l s
p r o vi d e  r e as o n ab l y ac c u r ate  p r e d i c ti o n s  o f r o o m / c o r n e r  te s ts

p e r fo r m a n c e  fo r  a wi d e  r an g e  o f p r o d u c ts .  Re c e n t e ffo r ts  u s i n g
C F D  c o d e s  to  s i m u l ate  r o o m / c o r n e r  te s ts  ar e  ve r y p r o m i s i n g
an d  i n d i c a te  th at i t m ay b e c o m e  th e  p r e fe r r e d  a p p r o a c h  i n  th e

ve r y n e ar  fu tu r e  ( Ap te  e t a l . ,  2 0 0 4 ) .



AN N E X  C 5 5 5 - 3 1

S h a d e d  te x t =  Re vi s i o n s .  Δ  =  Te x t d e l e ti o n s  an d  fgure/table  r e vi s i o n s .  •  =  S e c ti o n  d e l e ti o n s .  N  =  N e w m ate r i a l . 2 0 2 1  E d i t i o n

An n e x  C    I n fo r m ati o n al  Re fe re n c e s

C . 1  Re fe re n c e d  P u b l i c ati o n s .    T h e  d o c u m e n ts  o r  p o r ti o n s
th e r e o f l i s te d  i n  th i s  a n n e x  ar e  r e fe r e n c e d  wi th i n  th e  i n fo r m a‐
ti o n a l  s e c ti o n s  o f th i s  g u i d e  an d  ar e  n o t ad vi s o r y i n  n a tu r e

u n l e s s  al s o  l i s te d  i n  C h ap te r  2  fo r  o th e r  r e as o n s .

C . 1 . 1  N FPA P u b l i c ati o n s .    N a ti o n al  F i r e  P r o te c ti o n  As s o c i a‐
ti o n ,  1  B a tte r ym ar c h  P a r k,  Qu i n c y,  M A 0 2 1 6 9 -7 4 7 1 .

N F PA 1 ,  Fire Code,  2 0 2 1  e d i ti o n .

N F PA 9 2 ,  Standard for Smoke Control Systems,  2 0 2 1  e d i ti o n .

N F PA 1 01 ® ,  Life Safety Code® ,  2 0 2 1  e d i ti o n .

N F PA 1 3 0 ,  Standard for Fixed Guideway Transit and Passenger
Rail Systems,  2 0 2 0  e d i ti o n .

N F PA 2 5 3 ,  Standard Method of Test for Critical Radiant Flux of
Floor Covering Systems Using a Radiant Heat Energy Source,  2 0 1 9
e d i ti o n .

N F PA 2 6 5 ,  Standard Methods of Fire Tests for Evaluating Room
Fire Growth Contribution of Textile or Expanded Vinyl Wall Coverings

on Full Height Panels and Walls,  2 0 1 9  e d i ti o n .

N F PA 2 8 6 ,  Standard Methods of Fire Tests for Evaluating Contri‐
bution of Wall and Ceiling Interior Finish to Room Fire Growth,  2 0 1 9

e d i ti o n .

N F PA 2 8 9 ,  Standard Method of Fire Test for Individual Fuel Pack‐
ages,  2 0 1 9  e d i ti o n .

N F PA 3 0 1 ,  Code for Safety to Life from Fire on Merchant Vessels,
2 0 1 8  e d i ti o n .

N F PA 5 5 6 ,  Guide on Methods for Evaluating Fire Hazard to Occu‐
pants of Passenger Road Vehicles,  2 0 2 0  e d i ti o n .

N F PA 9 0 9 ,  Code for the Protection of Cultural Resource Properties
— Museums,  Libraries,  and Places of Worship,  2 0 2 1  e d i ti o n .

N F PA 9 1 4 ,  Code for the Protection of Historic Structures,  2 0 1 9
e d i ti o n .

NFPA 5000® ,  Building Construction and Safety Code®,  2 0 2 1
e d i ti o n .

C . 1 . 2  O th e r P ub l i c ati o n s .

Δ C . 1 . 2 . 1  AS T M  P u b l i c ati o n s .    AS T M  I n te r n ati o n a l ,  1 0 0  B ar r
H a r b o r  D r i ve ,  P. O .  B o x  C 7 0 0 ,  We s t C o n s h o h o c ke n ,  PA
1 9 4 2 8 -2 9 5 9 .

AS T M  E 8 4 ,  Test Method for Surface Burning Characteristics of
Building Materials,  2 0 1 9 b .

AS T M  E 1 3 6 ,  Test Method for Assessing Combustibility of Materials
Using a Vertical Tube Furnace at 750°C,  2 0 1 9 .

AS T M  E 6 4 8 ,  Test Method for Critical Radiant Flux of Floor-
Covering Systems Using a Radiant Heat Energy Source,  2 0 1 9 .

AS T M  E 9 0 6 / E 9 0 6 M ,  Test Method for Heat and Visible Smoke
Release Rates for Materials and Products,  2 0 1 7 .

AS T M  E 1 3 2 1 ,  Test Method for Determining Material Ignition and
Flame Spread Properties,  2 0 1 8 .

AS T M  E 1 3 5 4 ,  Test Method for Heat and Visible Smoke Release
Rates for Materials and Products Using an Oxygen Consumption Calo‐
rimeter,  2 0 1 7 .

AS T M  E 1 4 7 4 ,  Test Method for Determining the Heat Release Rate
of Upholstered Furniture and Mattress Components or Composites

Using a Bench Scale Oxygen Consumption Calorimeter,  2 0 2 0 .

AS T M  E 1 5 3 7 ,  Test Method for Fire Testing of Real Scale Uphol‐
stered Furniture,  2 0 1 6 .

AS T M  E 1 5 9 0 ,  Test Method for Fire Testing of Mattresses,  2 0 1 7 .

AS T M  E 1 8 2 2 ,  Test Method for Fire Testing of Stacked Chairs,
2 0 1 7 .

AS T M  E 2 0 6 1 ,  Guide for Fire Hazard Assessment of Rail Transpor‐
tation Vehicles,  2 0 1 8 .

AS T M  E 2 2 5 7 ,  Test Method for Room Fire Test of Wall and Ceiling
Materials and Assemblies,  2 0 1 7 .

AS T M  F 1 5 5 0 ,  Test Method for Determination of Fire-Test-Response
Characteristics of Components or Composites of Mattresses or Furniture

for Use in Correctional Facilities after Exposure to Vandalism,  by
Employing a Bench Scale Oxygen Consumption Calorimeter,  2 0 1 6 .

C . 1 . 2 . 2  I C C  P u b l i c ati o n s .    I n te r n a ti o n a l  C o d e  C o u n c i l ,
5 0 0  N e w J e r s e y Ave n u e ,  N W,  6 th  F l o o r,  Was h i n gto n ,  D C  2 0 0 0 1 .

ICC Performance Code® for Buildings and Facilities,  2 0 1 8 .

Δ C . 1 . 2 . 3  I M O  P ub l i c ati o n s .    I n te r n a ti o n al  M a r i ti m e  O r ga n i z a‐
ti o n ,  4  Al b e r t E m b an km e n t,  L o n d o n ,  S E 1  7 S R,  U n i te d  Ki n g‐
d o m .

International Code of Safety for High-Speed Craft (HSC),  2 0 1 1 .

Δ C . 1 . 2 . 4  I S O  P ub l i c ati o n s .    I n te r n ati o n al  O r g an i z a ti o n  fo r
S tan d ar d i z a ti o n ,  I S O  C e n tr al  S e c r e ta r i a t,  B I B C  I I ,  C h e m i n  d e

B l an d o n n e t 8 ,  C P  4 0 1 ,  1 2 1 4  Ve r n i e r,  Ge n e va,  S wi tz e r l a n d .

I S O  5 6 6 0 -1 ,  Reaction-to-fre tests — Heat release,  smoke production
and mass loss rate — Part 1 : Heat release rate (cone calorimeter

method),  2 0 1 5 .

I S O  9 7 0 5 -1 ,  Reaction to Fire Tests — Room Corner Test for Wall
and Ceiling Lining Products — Part 1 : Test Method for a Small Room
Confguration,  2 0 1 6 .

Δ C . 1 . 2 . 5  U L  P ub l i c ati o n s .    U n d e r wr i te r s  L ab o r ato r i e s  I n c . ,  3 3 3
Pfngsten  Ro a d ,  N o r th b ro o k,  I L  6 0 0 6 2 -2 0 9 6 .

U L  1 9 7 5 ,  Fire Tests for Foamed Plastics Used for Decorative Purpo‐
ses,  2 0 0 6 .

C . 1 . 2 . 6  O th e r P u b l i c ati o n s .

Ap te ,  V. ,  B u i ,  A. ,  P a r o z ,  B . ,  Wad e ,  C . ,  We b b ,  A. ,  a n d  D o wl i n g ,
V. ,  “ An  As s e s s m e n t o f F i r e  Gr o wth  M o d e l s  — B RAN Z F I RE  an d

F D S  Ag ai n s t C S I RO  F i r e  Te s ts  o n  C o m b u s ti b l e  L i n i n g s  i n  a
Ro o m , ”  Interfam 2004,  E d i n b u r g h ,  S c o tl an d ,  p p .  1 3 2 5 –1 3 3 6 ,

2 0 0 4 .

B ab r au s ka s ,  V. ,  Combustion of Mattresses Exposed to Flaming Igni‐
tion Sources,  Part I,  Full-Scale Tests and Hazard Analysis,  N B S I R
7 7 -1 2 9 0 ,  N ati o n al  B u r e a u  o f S tan d ar d s ,  Ga i th e r s b u r g,  M D ,

1 9 7 7 .

B ab r au s ka s ,  V. ,  “ E s ti m ati n g  Ro o m  F l as h o ve r  P o te n ti al , ”  Fire
Technology 1 6 : 9 4 –1 0 3 , 1 1 2 ; 1 9 8 0 .

B ab r au s kas ,  V. ,  “ F i r e  M o d e l i n g To o l s  fo r  F S E :  Ar e  T h e y
Go o d  E n o u gh ? ”  Journal of Fire Protection Engineering,  8 : 8 7 –9 6 ;
1 9 9 6 .


