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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 .
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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
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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 1  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 .

N FPA®  2 8 7

S tan d ard  Te s t M e th o d s  fo r

M e as u re m e n t o f Fl am m ab i l i ty o f M ate ri al s  i n  C l e an ro o m s  U s i n g a Fi re
P ro p agati o n  Ap p aratu s  ( FPA)

2 0 2 2  E d i ti o n

T h i s  e d i ti o n  o f N F PA 2 8 7 ,  Standard Test Methods for Measurement of Flammability of Materials in
Cleanrooms Using a Fire Propagation Apparatus (FPA),  was  p r e p a r e d  b y th e  Te c h n i c a l  C o m m i tte e  o n  F i r e
Te s ts .  I t was  i s s u e d  b y th e  S tan d ar d s  C o u n c i l  o n  O c to b e r  2 ,  2 0 2 1 ,  wi th  a n  e ffe c ti ve  d a te  o f O c to b e r
2 2 ,  2 0 2 1 ,  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 2 8 7  wa s  a p p r o ve d  as  an  Am e r i c an  N ati o n a l  S tan d ar d  o n  O c to b e r  2 2 ,  2 0 2 1 .

O ri gi n  an d  D e ve l o p m e n t o f N FPA 2 8 7

T h i s  s tan d ar d  i s  b as e d  o n  an  a p p a r atu s  d e ve l o p e d  b y F ac to r y M u tu a l  Re s e ar c h  C o r p o r ati o n  ( n o w
F M  Gl o b a l  Re s e a r c h )  i n  th e  m i d -1 9 7 0 s .  S i n c e  th e n ,  s e ve r al  o r g an i z a ti o n s  h a ve  c o n s tr u c te d  th e
ap p ar a tu s  fr o m  th e  o r i gi n al  F M  Gl o b al  d e s i gn .  I t i s  c u r r e n tl y i n  a c ti ve  u s e  at U n d e r wr i te r s
L a b o r a to r i e s  i n  th e  U n i te d  S ta te s ;  Gi l b e r t I n te r n a ti o n al  L td ,  M an c h e s te r,  U K;  I N E RI S ,  Ve r n e u i l  e n
H a l atte ,  F r a n c e ;  a n d  Rh o n e - P o u l e n c  Re s e ar c h  C e n te r,  D e c i n e s ,  F r a n c e .  T h e  ap p ar a tu s - as s o c i ate d  te s t
m e th o d s  ar e  d i s ti n c t fr o m  o th e r  fre  s ta n d ar d s  b e c au s e  o f th e  fo c u s  o n  c h ar ac te r i z i n g  h az ar d s
as s o c i ate d  wi th  l a r ge -s c al e ,  s e l f-s u s tai n e d ,  u p war d ,  o r  fow-aided  fre  p r o p a ga ti o n  o n  m ate r i a l s  an d
p r o d u c ts ,  n o t j u s t th e  r e s p o n s e  o f m ate r i a l s  to  an  i m p o s e d ,  e x te r n al  h e a t fux.

N F PA 2 8 7  was  d e ve l o p e d  to  ad d r e s s  c o n c e r n s  o f th e  Te c h n i c al  C o m m i tte e  fo r  C l e an r o o m s .

T h e  2 0 0 7  e d i ti o n  was  a c o m p l e te  r e vi s i o n  fo r  c o m p l i a n c e  wi th  th e  Manual of Style for NFPA
Technical Committee Documents.  I t al s o  c o n ta i n e d  a  n e w o p ti o n  fo r  an  al te r n a ti ve  e x h au s t s ys te m  ( 4 . 9 . 2
an d  An n e x  C )  b as e d  o n  te s ti n g  c o n d u c te d  b y F M  Gl o b a l  Re s e a r c h .

T h e  2 0 1 2  e d i ti o n  was  a reconfrmation  o f th e  e a r l i e r  e d i ti o n  wi th  m i n o r  e d i to r i al  c h a n ge s .

T h e  2 0 1 7  e d i ti o n  i n c l u d e d  n e w p r o vi s i o n s  fo r  s m o ke  d a m ag e  i n d e x ,  i n c l u d i n g  a n e w defnition
an d  a  n e w e q u ati o n .

T h e  2 0 2 2  e d i ti o n  i s  a reconfrmation  o f th e  e ar l i e r  e d i ti o n  wi th  m i n o r  e d i to r i al  c h an g e s .
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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 a n  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 a te s  m a te r i al  th a t h as  b e e n  e x tr ac te d  fr o 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 al l  b e  s e n t to  th e
te c h n i c a l  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 r c e  d o c u m e n t.

I n fo r m ati 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  D .

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  s ta n d ar d  s h a l l  d e te r m i n e  an d  q u an ti fy th e  famma‐
bility c h ar ac te r i s ti c s  o f m ate r i a l s  c o n ta i n i n g p o l ym e r s  th at ar e
u s e d  i n  c l e a n r o o m  ap p l i c ati o n s .

1 . 1 . 1 . 1    T h e  p r o p e n s i ty o f th e s e  m ate r i al s  to  s u p p o r t fre  p r o p ‐
ag ati o n ,  a s  we l l  a s  o th e r  fammability c h ar a c te r i s ti c s ,  ar e  q u an ti ‐
fed  b y m e an s  o f a fre  p r o p ag ati o n  ap p ar a tu s .

1 . 1 . 1 . 2    M e a s u r e m e n ts  o b tai n e d  i n c l u d e  ti m e  to  i g n i ti o n  (tign) ,

c h e m i c a l  
ɺQchem( ) ,  a n d  c o n ve c ti ve  

ɺQc( )  h e at r e l e as e  r ate s ,  m as s

l o s s  r ate s  ɺm( ) ,  a n d  s m o ke  e x ti n c ti o n  coeffcient (D) .

1 . 1 . 2    T h i s  s tan d ar d  i n c l u d e s  th e  fo l l o wi n g  s e p a r ate  te s t m e th ‐
o d s :

( 1 ) T h e  i gn i ti o n  te s t,  wh i c h  s h al l  b e  u s e d  fo r  th e  d e te r m i n a‐
ti o n  o f tign

( 2 ) T h e  c o m b u s ti o n  te s t,  wh i c h  s h a l l  b e  u s e d  fo r  th e  d e te r m i ‐
n ati o n  o f ɺQchem ,  ɺQc ,  ɺm ,  an d  D

( 3 ) T h e  fre  p r o p a ga ti o n  te s t,  wh i c h  s h a l l  b e  u s e d  fo r  th e
d e te r m i n ati o n  o f ɺQchem  fr o m  b u r n i n g o f a  ve r ti c a l  s p e c i ‐
m e n

1 . 2  P urp o s e .

1 . 2 . 1 *    T h e  te s t m e th o d s  d e s c r i b e d  h e r e i n  e val u ate  th e  s u i ta‐
b i l i ty o f m ate r i a l s  an d  p r o d u c ts  c o n tai n i n g  p o l ym e r s  fo r  u s e  i n
c l e an r o o m s .

1 . 2 . 1 . 1    T h e s e  te s t m e th o d s  al s o  p r o vi d e  th e  tr an s i e n t r e s p o n s e
o f s u c h  m a te r i al s  an d  p r o d u c ts  to  p r e s c r i b e d  h e at fuxes  i n
specifed  i n e r t o r  o x i d i z i n g  e n vi r o n m e n ts ,  fo r  u s e  i n  m ath e m a t‐

i c al  m o d e l i n g .

1 . 2 . 1 . 2    T h e  fre  p r o p a ga ti o n  ap p ar a tu s  i s  a l s o  d e s i gn e d  to
o b tai n  l a b o r a to r y m e as u r e m e n ts  o f g e n e r ati o n  r a te s  o f fre
p r o d u c ts  ( C O 2 ,  C O ,  a n d ,  i f d e s i r e d ,  ga s e o u s  h yd r o c ar b o n s ) .

1 . 2 . 2    D i s ti n g u i s h i n g  fe atu r e s  o f th e  fre  p r o p ag ati o n  ap p ar a tu s
i n c l u d e  th e  fo l l o wi n g:

( 1 ) Tu n gs te n –q u ar tz  e x te r n al  ( i s o l ate d )  h e a te r s  to  p r o vi d e  a
r a d i an t fux  o f u p  to  6 5  kW/ m 2  to  th e  te s t s p e c i m e n ,  th i s
fux  r e m ai n i n g  c o n s tan t wh e th e r  th e  s u r fa c e  r e gr e s s e s  o r

e x p an d s
( 2 ) P r o vi s i o n  fo r  c o m b u s ti o n  o r  u p wa r d  fre  p r o p ag ati o n  i n

p r e s c r i b e d  fows  o f n o r m al  o r  e i th e r  o x yg e n -e n r i c h e d  o r
o x yg e n -vi ti a te d  a i r

( 3 ) T h e  c a p a b i l i ty o f m e as u r i n g h e a t r e l e as e  r ate s  an d
e x h au s t p r o d u c t fows  ge n e r a te d  d u r i n g s e l f-s u s ta i n e d ,

u p war d  fre  p r o p ag ati o n  o n  a ve r ti c al  te s t s p e c i m e n
0 . 3 0 5  m  h i gh

( 4 ) T h e  c ap ab i l i ty fo r  c h a r ac te r i z ati o n  o f th e  s m o ke  yi e l d
fr o m  a  s p e c i m e n

1 . 2 . 3 *    T h e  te s t m e th o d s  a r e  p a r t o f a  q u an ti tati ve  m e th o d o l ‐
o g y fo r  a s s e s s i n g  th e  p r o p e n s i ty o f m ate r i al s  a n d  p r o d u c ts  u s e d

i n  c l e a n r o o m s  to  s u p p o r t u p wa r d  fre  p r o p ag ati o n  a n d  to
ge n e r a te  effuent,  s u c h  as  s m o ke .

1 . 2 . 3 . 1    T h i s  m e th o d o l o gy c o n s i s ts  o f th e  c o r r e l ati o n  o f fam‐
mability i n d i c e s  r e s u l ti n g  fr o m  th e  te s t m e th o d s  wi th  c o r r e ‐

s p o n d i n g  c h ar a c te r i s ti c s  m e as u r e d  d u r i n g  r e al -s c a l e  fre
p r o p a ga ti o n  e x p e r i m e n ts .

1 . 2 . 3 . 2    I n d i c e s  r e s u l ti n g  fr o m  th e  te s t m e th o d s  i n c l u d e  c r i ti c al
h e at fux  ( C H F ) ,  th e r m al  r e s p o n s e  p ar am e te r  ( T RP ) ,  fre  p r o p ‐
ag ati o n  i n d e x  ( F P I ) ,  e ffe c ti ve  h e a t o f c o m b u s ti o n  ( E H C ) ,  an d
s m o ke  yi e l d  (ys)  a n d  s m o ke  d am a ge  i n d e x  (SI).

1 . 2 . 3 . 3    T h e  T RP  an d  C H F  i n d i c e s  ar e  o b tai n e d  fr o m  th e  i g n i ‐
ti o n  te s t,  th e  E H C  an d  ys i n d i c e s  ar e  o b ta i n e d  fr o m  th e  c o m b u s ‐
ti o n  te s t,  an d  th e  F P I  i s  d e r i ve d  fr o m  a  fre  p r o p a ga ti o n  te s t i n

a i r  c o n ta i n i n g  4 0  p e r c e n t o x yg e n .
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1 . 2 . 4    T h i s  s ta n d ar d  i s  c o m p o s e d  o f th r e e  s e p a r ate  te s t m e th ‐
o d s  th at s h al l  b e  u s e d  i n  c o n j u n c ti o n  wi th  a  fre  p r o p a ga ti o n
ap p ar a tu s  a s  fo l l o ws :

( 1 ) T h e  i gn i ti o n  an d  c o m b u s ti o n  te s t m e th o d s  s h a l l  i n vo l ve
th e  u s e  o f h o r i z o n tal  s p e c i m e n s ,  i n  n o r m al  ai r,  s u b j e c te d

to  a c o n tr o l l e d  e x te r n al  r ad i an t h e at fux  th a t s h al l  b e  s e t
fr o m  0  u p  to  6 5  kW/ m 2 .

( 2 ) T h e  i g n i ti o n  te s t m e th o d  s h al l  b e  c o n d u c te d  u n d e r  am b i ‐
e n t c o n d i ti o n s ,  wh e r e as  th e  c o m b u s ti o n  an d  fre  p r o p ag a‐

ti o n  te s t m e th o d s  s h al l  b e  c o n d u c te d  wi th  a p r e s c r i b e d
airfow wi th i n  a q u a r tz  p i p e .

( 3 ) T h e  fre  p r o p a ga ti o n  te s t m e th o d  s h al l  i n vo l ve  th e  u s e  o f
ve r ti c al  s p e c i m e n s ,  i n  a i r  h avi n g  a 4 0  p e r c e n t ( b y vo l u m e )

o x yge n  c o n c e n tr ati o n ,  s u b j e c te d  to  i g n i ti o n  n e ar  th e  b a s e
o f th e  s p e c i m e n  fr o m  an  e x te r n al  r ad i a n t h e at fux  o f

5 0  kW/ m 2  an d  a p i l o t fame.

1 . 2 . 4 . 1 *    T h e  i gn i ti o n  te s t m e th o d  s h al l  b e  u s e d  to  d e te r m i n e
th e  T RP  an d  C H F  o f h o r i z o n tal  s p e c i m e n s .

1 . 2 . 4 . 1 . 1    T h e  T RP  s h al l  b e  d e te r m i n e d  fr o m  c h an g e s  i n  th e
ti m e  r e q u i r e d  fo r  s u s ta i n e d  i g n i ti o n  b y a  p i l o t fame  as  a  fu n c ‐

ti o n  o f th e  m ag n i tu d e  o f a c o n s ta n t,  e x te r n a l l y ap p l i e d  r a d i a n t
h e a t fux.

1 . 2 . 4 . 1 . 2    T h e  C H F  s h al l  b e  d e te r m i n e d  fr o m  th e  m ag n i tu d e
o f e x te r n al l y a p p l i e d  r a d i an t h e a t fux  b e l o w wh i c h  th e r e  i s  n o

s u s ta i n e d  i gn i ti o n .

1 . 2 . 4 . 1 . 3    M e a s u r e m e n ts  a l s o  s h al l  b e  m ad e  o f th e  ti m e  to
i n i ti a l  fu e l  vap o ri z a ti o n .

1 . 2 . 4 . 1 . 4    T h e  s u r fac e  o f th e  s p e c i m e n s  s h al l  b e  c o a te d  wi th  a
th i n  l aye r  o f b l ac k p ai n t.

1 . 2 . 4 . 2    T h e  c o m b u s ti o n  te s t m e th o d  s h al l  b e  u s e d  to  d e te r ‐
m i n e  th e  E H C  an d  ys,  a s  we l l  a s  th e  c h e m i c al  an d  c o n ve c ti ve

h e a t r e l e as e  r ate s  wh e n  th e  h o r i z o n tal  te s t s p e c i m e n  i s  e x p o s e d
to  an  e x te r n al  r ad i an t h e at fux  o f 5 0  kW/ m 2  i n  th e  a p p a r atu s .

1 . 2 . 4 . 3 *    T h e  fre  p r o p a ga ti o n  te s t m e th o d  s h a l l  b e  u s e d  to
d e te r m i n e  th e  F P I  o f ve r ti c al  s p e c i m e n s .  A 4 0  p e r c e n t o x yg e n

c o n c e n tr a ti o n  i n  th e  infow s h al l  b e  u s e d  to  s i m u l a te  th e  r ad i ‐
a n t h e a t fux  fr o m  r e a l -s c al e  fames.

1 . 2 . 5    T h e  fre  p r o p a ga ti o n  te s t o f ve r ti c al  s p e c i m e n s  s h al l  n o t
b e  u s e d  fo r  m a te r i al s  th a t m e l t an d  fo r m  a l i q u i d  p o o l  wh i l e

b u r n i n g .

1 . 2 . 6    T h i s  s tan d ar d  d o e s  n o t p u r p o r t to  a d d r e s s  al l  s a fe ty
p r o b l e m s  a s s o c i a te d  wi th  i ts  u s e .  I t s h al l  b e  th e  r e s p o n s i b i l i ty o f

th e  u s e r  o f th i s  s tan d ar d  to  e s ta b l i s h  ap p ro p r i ate  s afe ty an d
h e a l th  p r ac ti c e s .

1 . 3  S ym b o l s .    T h e  fo l l o wi n g  s ym b o l s  ar e  u s e d  i n  th i s  d o c u ‐
m e n t:

Ad = c r o s s -s e c ti o n al  a r e a o f te s t s e c ti o n  d u c t ( m 2 )
C H F = c r i ti c al  h e at fux  ( kW/ m 2 )

(continues)

cp = specifc  h e at o f ai r  at c o n s ta n t p r e s s u r e
( kJ / kg  K)

D = e x ti n c ti o n  coeffcient o b tai n e d  fro m  te s t 
s e c ti o n  d u c t l as e r  s m o ke  m e a s u r i n g  s ys te m  
( m -1 )

E H C = e ffe c ti ve  h e a t o f c o m b u s ti o n  ( kJ / kg )
F P I = fre  p ro p a ga ti o n  i n d e x  ( m 5 / 3 / kW2 / 3 s e c 1 / 2 )

ɺG
CO

= m as s  fow r ate  o f C O  i n  te s t s e c ti o n  d u c t
( kg/ s e c )

ɺG
CO2

= m as s  fow r ate  o f C O 2  i n  te s t s e c ti o n  d u c t
( kg/ s e c )

I/Ia = r ati o  o f l i gh t i n te n s i ty m e as u r e d  b y l a s e r s m o ke  
m e as u r i n g s ys te m  to  th e  a ve r a ge  val u e  
b e fo r e  i g n i ti o n  ( –)

K = fow coeffcient o f a ve r a gi n g p i to t tu b e  [ d u c t 
g as  ve l o c i ty/ ( 2 Δpm/ ρ ) 1 / 2 ]  ( – )

L = l i gh t b e a m  p ath  l e n g th  fo r l as e r  s m o ke  
m e as u r i n g s ys te m  i n  te s t s e c ti o n  d u c t ( m )

Mloss = u l ti m a te  c h an g e  i n  s p e c i m e n  m as s  r e s u l ti n g  
fr o m  a c o m b u s ti o n  te s t ( kg)

ɺm
= m as s  l o s s  r ate  o f s p e c i m e n  r e s u l ti n g fr o m  

c o m b u s ti o n  ( kg/ s e c )

ɺm
d

= m as s  fow r ate  o f g as e s  i n  th e  te s t s e c ti o n  d u c t 
( kg/ s e c )

Patm = atm o s p h e r i c  p r e s s u r e  ( P a )
pm = p r e s s u r e  d i ffe r e n ti al  ac r o s s  ave r a gi n g p i to t 

tu b e  i n  te s t s e c ti o n  d u c t ( P a )

ɺQchem

= c h e m i c al  h e a t r e l e a s e  r a te  ( kW)

ɺQc

= c o n ve c ti ve  h e a t r e l e as e  r ate  ( kW)

SI = s m o ke  d am a ge  i n d e x  ( m 5 / 3  / kW2 / 3  s e c 1 / 2 )
Ta = ave r ag e  ga s  te m p e r atu r e  i n  te s t s e c ti o n  d u c t 

b e fo r e  i g n i ti o n  ( K)
Td = ga s  te m p e r a tu r e  i n  te s t s e c ti o n  d u c t ( K)

T RP = th e r m a l  r e s p o n s e  p ar a m e te r  ( kW ·  s e c 1 / 2 / m 2 )
t = ti m e  ( s e c )

Δt = ti m e  b e twe e n  d a ta  s c a n s  ( s e c )

ɺv
= to tal  vo l u m e tr i c  fow r ate  i n  te s t s e c ti o n  d u c t 

( m 3 / s e c )
W = h o r i z o n ta l  wi d th  o f a  fat s p e c i m e n  o r  th e  

c i r c u m fe r e n c e  o f a c ab l e  s p e c i m e n  ( m )
XC O2

= m e as u r e d  c a r b o n  d i o x i d e  an a l yz e r  r e ad i n g  o r  
m o l e  fr a c ti o n  o f c ar b o n  d i o x i d e  ( –)

XC O = m e as u r e d  c a r b o n  m o n o x i d e  an al yz e r  r e ad i n g  
o r  m o l e  fr ac ti o n  o f C O  ( –)

ys = m as s  o f s m o ke  p ar ti c u l ate s  g e n e r ate d  p e r  u n i t 
m as s  o f fu e l  va p o r i z e d  ( –)

Superscripts
· = p e r  u n i t ti m e  ( s e c –1 )

0 = ave r ag e  va l u e  b e fo re  i gn i ti o n  o f th e  s p e c i m e n
Subscripts

d = te s t s e c ti o n  d u c t

1 . 4  U n i ts .    T h e  va l u e s  s tate d  i n  S I  u n i ts  s h al l  b e  r e g ar d e d  a s
th e  s ta n d a r d .
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M E AS U RE M E N T  O F  F L AM M AB I L I T Y O F  M AT E RI AL S  I N  C L E AN RO O M S  U S I N G A F I RE  P RO PAG AT I O N  AP PARAT U S  ( F PA)2 8 7 - 6

2 0 2 2  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 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  ar e  r e fe r e n c e d  wi th i n  th i s  s tan d ar d  an d  s h a l l  b e
c o n s i d e r e d  p ar t o f 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.

2 . 2  N FPA P u b l i c ati o n s .  ( Re s e r ve d )

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

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 a l ,  1 0 0  B a r 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 1 3 5 4 ,  Standard Test Method for Heat and Visible Smoke
Release Rates for Materials and Products Using an Oxygen Consump‐

tion Calorimeter,  2 0 1 7 .

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

Merriam-Webster's Collegiate Dictionary,  1 1 th  e d i ti o n ,  M e r r i am -
We b s te r,  I n c . ,  Springfeld,  M A,  2 0 0 3 .

N e wm a n ,  J .  S . ,  an d  J .  S te c i a k,  “ C h a r ac te r i z ati o n  o f P ar ti c u ‐
l ate s  fr o m  D i ffu s i o n  F l a m e s . ”  Combustion and Flame,  6 7 :  5 5 ,

1 9 8 7 .

2 . 4  Re fe re n c e s  fo r E x trac ts  i n  M an d ato r y S e c ti o n s .

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 1 8 ,  Standard for the Protection of Semiconductor Fabrica‐
tion Facilities, 2 0 1 8  e d i ti o n .

C h ap te r 3    Defnitions

3 . 1  G e n e ral .    T h e  defnitions  c o n tai n e d  i n  th i s  c h a p te r  s h a l l
a p p l y to  th e  te r m s  u s e d  i n  th i s  s tan d ar d .  Wh e r e  te r m s  a r e  n o t
defned  i n  th i s  c h ap te r  o r  wi th i n  an o th e r  c h ap te r,  th e y s h a l l  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 an i n gs  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 ,  s h a l l  b e  th e  s o u r c e  fo r  th e  o r d 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  S h al l .    I n d i c a te s  a m an d ato r y r e q u i r e m e n t.

3 . 2 . 2  S tan d ard .    An  N F PA s ta n d a r d ,  th e  m ai n  te x t o f wh i c h
c o n tai n s  o n l y m a n d ato r y p r o vi s i o n s  u s i n g  th e  wo r d  “ s h a l l ”  to

i n d i c a te  r e q u i r e m e n ts  a n d  th a t i s  i n  a fo r m  g e n e r al l y s u i tab l e
fo r  m an d ato r y r e fe r e n c e  b y a n o th e r  s ta n d ar d  o r  c o d e  o r  fo r
ad o p ti o n  i n to  l a w.  N o n m a n d a to r y p r o vi s i o n s  a r e  n o t to  b e

c o n s i d e r e d  a p ar t o f th e  r e q u i r e m e n ts  o f a  s ta n d ar d  an d  s h a l l
b e  l o c ate d  i n  an  ap p e n d i x ,  an n e x ,  fo o tn o te ,  i n fo r m ati o n al
n o te ,  o r  o th e r  m e a n s  as  p e r m i tte d  i n  th e  N F PA m a n u al s  o f

s tyl e .  Wh e n  u s e d  i n  a ge n e r i c  s e n s e ,  s u c h  a s  i n  th e  p h r a s e s
“ s tan d ar d s  d e ve l o p m e n t p r o c e s s ”  o r  “ s tan d ar d s  d e ve l o p m e n t
ac ti vi ti e s , ”  th e  te r m  “ s tan d a r d s ”  i n c l u d e s  al l  N F PA s ta n d a r d s ,

i n c l u d i n g  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 a c ti c e s ,  an d
gu i d e s .

3 . 3  G e n e ral  Defnitions.

3 . 3 . 1  C l e an ro o m .    A r o o m  i n  wh i c h  th e  c o n c e n tr ati o n  o f
ai r b o r n e  p ar ti c l e s  i s  c o n tr o l l e d  to  specifed  l i m i ts ,  i n c l u d i n g
ar e as  b e l o w th e  r ai s e d  foor  an d  a b o ve  th e  c e i l i n g  g r i d  i f th e s e

a r e as  a r e  p a r t o f th e  ai r  p a th  a n d  wi th i n  th e  r ate d  c o n s tr u c ti o n .
[ 3 1 8 ,  2 0 1 8 ]

3 . 3 . 2  C ri ti c al  H e at Fl u x  ( C H F) .    T h e  m i n i m u m  h e a t fux  at o r
b e l o w wh i c h  th e r e  i s  n o  i g n i ti o n .

3 . 3 . 3  E ffe c ti ve  H e at o f C o m b u s ti o n  ( E H C ) .    T h e  m e a s u r e d
h e at r e l e as e  d i vi d e d  b y th e  m as s  l o s s  fo r  a  specifed  ti m e
p e r i o d .  [ 2 8 9 ,  2 0 1 9 ]

3 . 3 . 4  Fi re  P ro p agati o n  I n d e x  ( FP I ) .    T h e  p r o p e n s i ty o f a  m a te ‐
r i al  to  s u p p o r t fre  p r o p a ga ti o n  b e yo n d  th e  i g n i ti o n  z o n e  i n

te r m s  o f th e  c h e m i c a l  h e at r e l e a s e  r ate  d u r i n g  u p wa r d  fre
p r o p a ga ti o n  a n d  T RP.

3 . 3 . 5  S m o k e  D am age  I n d e x  (SI ) .    An  i n d i c ato r  o f th e  s m o ke
c o n tam i n a ti o n  o f th e  e n vi r o n m e n t d u r i n g  fre  p r o p ag ati o n .

3 . 3 . 6  S m o k e  Yi e l d  (ys) .    T h e  m as s  o f s m o ke  p a r ti c u l a te s  ge n e r ‐
a te d  p e r  u n i t m as s  o f fu e l  vap o r i z e d .

3 . 3 . 7  T h e r m al  Re s p o n s e  P aram e te r ( T RP ) .    A m ate r i al  c h a r ac ‐
te r i s ti c  th a t g i ve s  r e s i s tan c e  to  i g n i ti o n  u p o n  e x p o s u r e  to  a

p r e s c r i b e d  h e at fux.

C h ap te r 4    Te s t Ap p aratu s

4 . 1  G e n e ral .

4 . 1 . 1  D i m e n s i o n s .

4 . 1 . 1 . 1    Wh e n  d i m e n s i o n s  ar e  s tate d  i n  th e  te x t o r  i n  fgures,
th e y s h a l l  b e  c o n s i d e r e d  m an d ato r y a n d  s h al l  b e  fo l l o we d

wi th i n  a to l e r an c e  o f 0 . 5  p e r c e n t.

4 . 1 . 1 . 2    I n  ad d i ti o n  to  th i s  to l e r an c e ,  c yl i n d r i c a l  c o m p o n e n ts
m e a n t to  ft to g e th e r  s h a l l  h ave  a to ta l  c l e ar a n c e  b e twe e n  th e
two  c o m p o n e n ts  o f 0 . 1  p e r c e n t o f th e  c l e ar a n c e  d i am e te r,

0 . 0 2 5  m m .

4 . 1 . 2    T h e  ap p ar a tu s  s h al l  c o n s i s t o f th e  fo l l o wi n g  c o m p o n e n ts ,
s h o wn  i n  F i g u r e  4 . 1 . 2 :  an  i n fr a r e d  h e ati n g  s ys te m ,  a  l o a d  c e l l

s ys te m ,  a n  i gn i ti o n  p i l o t fame  an d  ti m e r,  a  p r o d u c t g as  an al ys i s
s ys te m ,  a  c o m b u s ti o n  ai r  d i s tr i b u ti o n  s ys te m ,  a  wa te r-c o o l e d

s h i e l d ,  a n  e x h a u s t s ys te m ,  te s t s e c ti o n  i n s tr u m e n ts ,  c a l i b r a ti o n
i n s tr u m e n ts ,  a n d  a d i gi tal  d ata ac q u i s i ti o n  s ys te m .

4 . 2  I n frare d  H e ati n g S ys te m .

4 . 2 . 1 *    E a c h  o f fo u r 2 4 1  m m  l o n g i n fr ar e d  h e a te r s  s h a l l
c o n tai n  s i x  tungsten-flament tu b u l ar  q u ar tz  l am p s  i n  a
c o m p a c t refector  b o d y th at,  fo r  a 1 2 0 - vo l t i n p u t,  s h al l  p r o d u c e

1 9 0  kW/ m 2  o f r a d i a n t fux  i n  fr o n t o f th e  q u a r tz  wi n d o w th at
c o ve r s  th e  l am p s .

4 . 2 . 1 . 1    T h e  e m i tte r  o f e a c h  l am p  s h al l  b e  a  1 2 7  m m  l o n g tu n g ‐
s te n  flament i n  a n  ar g o n  atm o s p h e r e  e n c l o s e d  i n  a 9 . 5  m m
o u te r-d i am e te r  c l e ar  q u ar tz  tu b e .

4 . 2 . 1 . 2    T h e  e m i tte r  s h a l l  o p e r a te  at a  m i n i m u m  o f 2 4 7 5  K fo r
a  1 2 0 -vo l t i n p u t,  to  p r o d u c e  a s p e c tr al  e n e r g y p e ak a t

1 . 1 5  m i c r o n s .

4 . 2 . 2  P o we r C o n tro l l e r.

4 . 2 . 2 . 1    T h e  p o we r  c o n tr o l l e r  s h a l l  m ai n ta i n  th e  o u tp u t vo l tag e
r e q u i r e d  b y th e  h e ate r  ar r a y d e s p i te  var i ati o n s  i n  th e  l i n e  vo l t‐

a ge  a n d  l o ad  i m p e d an c e ,  th r o u g h  th e  u s e  o f p h as e  an g l e  p o we r
c o n tr o l  to  m a tc h  th e  h o t/ c o l d  r e s i s tan c e  c h a r ac te r i s ti c s  o f th e
tu n g s te n - q u ar tz  l am p s .
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T E S T  AP PARAT U S 2 8 7 - 7

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 2  E d i t i o n

B a re  s t a i n l e s s  s t e e l  d u c t
t o  b l o w e r a n d  ro o f

1 5 2  m m  d i a m e t e r  c o a t e d  s t a i n l e s s
s t e e l  e x h a u s t  d u c t

1 5 2  m m  d i a m e t e r  c o a t e d  s t a i n l e s s
s t e e l  t e s t  s e c t i o n

3  p o r t s  —  1 2 0 °  a p a r t :
o n e  p o rt  a v e ra g i n g  p i t o t  t u b e  f o r
m a s s  f l o w  ra t e  m e a s u r e m e n t ,  t w o
p o r t s  p l u g g e d

2  p o r t s  —  1 8 0 °  a p a r t ,  f o r
s m o ke  t u r b i d i m e t e r

3  p o r t s  —  1 2 0 °  a p a r t :
o n e  p o rt  t h e rm o c o u p l e  p r o b e ,
o n e  p o rt  p r o d u c t  s a m p l i n g  p ro b e ,
o n e  p o rt  p l u g g e d

1 5 2  m m  d i a m e t e r  c o a t e d
s t a i n l e s s  s t e e l  m i x i n g  d u c t

G a s  m i x i n g
8 9  m m  d i a m e t e r  o r i f i c e

1 5 2  m m – 6 1 0  m m  d i a m e t e r  c o a t e d
s t a i n l e s s  s t e e l  i n t a ke  f u n n e l

1 7 2  m m  d i a m e t e r q u a rt z  e x t e n s i o n  p i p e

S t a i n l e s s  s t e e l  c o n n e c t o r

1 7 2  m m  d i a m e t e r  q u a r t z  p i p e

F o u r i n f r a re d  h e a t e r s ,
e a c h  w i t h  1 5 2  m m – 2 0 3  m m  5 0 0  W  l a m p s

6  m m  a l u m i n u m  m o u n t i n g  p l a t e

6  m m  a d j u s t a b l e  s t e e l  a n g l e  b r a c ke t

1 0 0  m m  d i a m e t e r  a l u m i n u m  l o a d  p l a t f o r m

1 8 6  m m  d i a m e t e r  a l u m i n u m  c y l i n d e r

2 2 5  m m  d i a m e t e r w a t e r - c o o l e d
s h i e l d  w i t h  p n e u m a t i c  p i s t o n

2 1 6  m m  d i a m e t e r  a l u m i n u m  a i r d i s t r i b u t i o n  b o x

6  m m  d i a m e t e r  s t a i n l e s s  s t e e l  p i l o t  t u b e
6  m m  d i a m e t e r  s t a i n l e s s  s t e e l  s h a f t
L o a d  c e l l

S t e e l  f ra m e  m e m b e r s

I n l e t  a i r
s u p p l y

1 9 1  m m

7 3  m m

7 8  m m

1 3 9  m m

2 9 6  m m

7 0
m m

2 6 4  m m

2 2 9  m m

2 6 0  m m

4 0  m m

1 7
m m

1 . 9 1  m

3 4
m m

6 0  m m

7 9 0  m m

3 . 4  m

9 1 4  m m

2 7 9  m m

7 6  m m

7 6  m m

1 5 2  m m

1 5 3  m m

B l a s t  g a t e  a n d  l i n e a r
a c t u a t o r  c o n t r o l

7 0 1  m m

2 4 1  m m  ×  8 1  m m  ×  8 1  m m

3  m m  a l u m i n u m  p l a t e  1 6 5  m m  ×  2 9 2  m m

4 6 4  m m  ×  5 1  m m

FI G U RE  4 . 1 . 2   M ai n  Vi e w o f Ap p aratus .
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M E AS U RE M E N T  O F  F L AM M AB I L I T Y O F  M AT E RI AL S  I N  C L E AN RO O M S  U S I N G A F I RE  P RO PAG AT I O N  AP PARAT U S  ( F PA)2 8 7 - 8

2 0 2 2  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 .

4 . 2 . 2 . 2    T h e  c o n tr o l l e r  a l s o  s h a l l  i n c o r p o r a te  a ve r a ge  vo l ta ge
fe e d b a c k to  l i n e ar i z e  th e  r e l ati o n s h i p  b e twe e n  th e  vo l tag e  s e t
b y th e  o p e r a to r  an d  th e  o u tp u t vo l ta ge  to  th e  l a m p s .

4 . 3  L o ad  C e l l  S ys te m .

4 . 3 . 1    T h e  l o ad  c e l l  s ys te m ,  s h o wn  i n  F i g u r e  4 . 3 . 1 ( a)  an d
F i g u r e  4 . 3 . 1 ( b ) ,  s h a l l  c o n s i s t o f a  l o a d  c e l l ,  wh i c h  s h al l  h ave  a n
ac c u r ac y o f 0 . 1  g  a n d  a m e a s u r i n g  r a n ge  o f 0  g to  1 0 0 0  g ;  a
6 . 3 5  m m  d i am e te r  s tai n l e s s  s te e l  s h a ft at l e as t 3 3 0  m m  l o n g
r e s ti n g  o n  th e  l o a d  c e l l  s u p p o r t p o i n t;  a 1 0 0  m m  d i am e te r,
1 . 5  m m  th i c k al u m i n u m  l o a d  p l atfo r m  c o n n e c te d  to  th e  u p p e r
e n d  o f th e  s ta i n l e s s  s te e l  s h aft b y a c o l l ar ;  a n d  two  l o w-fr i c ti o n ,
b a l l -b u s h i n g  b e a r i n g s  th at gu i d e  th e  s h a ft as  i t p as s e s  th r o u g h
th e  to p  a n d  b o tto m ,  r e s p e c ti ve l y,  o f th e  a i r  d i s tr i b u ti o n  c h am ‐
b e r.

4 . 3 . 2 *    T h e  s tai n l e s s  s te e l  s h a ft s h a l l  i n c o r p o r ate ,  at th e  l o we r
e n d ,  a th r e a d e d  a d j u s tm e n t r o d .

4 . 4  I gn i ti o n  P i l o t Fl am e .    T h e  i gn i ti o n  p i l o t s h a l l  c o n s i s t o f an
e th yl e n e -a i r  fame  ad j u s te d  fo r  a 1 0  m m  l e n g th  a n d  a n c h o r e d
at th e  h o r i z o n tal  e n d  o f a  5 0  m m  l o n g,  6 . 3 5  m m  o u te r  d i a m e ‐
te r  ( O . D . ) ,  4 . 7 0  m m  i n n e r  d i am e te r  ( I . D . ) ,  s tai n l e s s  s te e l  tu b e .

4 . 4 . 1    T h e  h o r i z o n tal  s e c ti o n  o f th e  tu b e  s h al l  c o n tai n  a fo u r-
h o l e  c e r am i c  i n s e r t to  p r o d u c e  a s tab l e  fame  an d  p r e ve n t
fashback.

1 0  m m  p l a t e

6  m m  s h a f t

6  m m  p i l o t
t u b e

1 3  m m  p l a t e

S t e e l  “ U ”
c h a n n e l

L o a d  c e l l

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

A t t a c h i n g
b r a c ke t

3  m m  p l a t e
( t y p  4  p l a c e s )

H i g h  t e m p e ra t u re  h e a t e r
( t y p  4  p l a c e s )

6  m m  p l a t e  ( t y p  4  p l a c e s )

A d j u s t a b l e
b r a c ke t
( t y p  8  p l a c e s )
p r o v i d e
l o c ki n g  d e v i c e s .

S e e
w a t e r - c o o l e d

s h i e l d  f o r
c o n n e c t i o n  p o i n t s .

1 3  m m  t h i c k c a l c i u m  s i l i c a t e

b o a rd  1 0 2  m m  ×  1 0 2  m m

5 0  m m  ×  5 0  m m

×  4 . 5  m m

a n g l e  ( a l u m )

S p e c i m e n  h o l d e r

1 0 2  m m  ×  1 0 2  m m ,

o r 9 9  m m  d i a m e t e r

FI G U RE  4 . 3 . 1 ( a)   E x p l o d e d  Vi e w o f S p e c i m e n  M o u n ti n g.

4 . 4 . 2    T h e  p i l o t fame  tu b e  s h al l  b e  a b l e  to  b e  r o ta te d  an d
e l e va te d  to  p o s i ti o n  th e  h o r i z o n tal  fame  at specifed  l o c ati o n s

n e a r  th e  s p e c i m e n ,  a s  s h o wn  i n  F i g u r e  4 . 3 . 1 ( a)  a n d  F i g u r e
4 . 3 . 1 ( b ) .

4 . 5  I gn i ti o n  T i m e r.    T h e  i g n i ti o n  ti m e r  fo r  m e as u r i n g ti m e  to
s u s ta i n e d  faming  s h al l  b e  c ap a b l e  o f r e c o r d i n g e l ap s e d  ti m e  to
th e  n e ar e s t te n th  o f 1  s e c o n d  an d  h a ve  a n  a c c u r ac y o f b e tte r

th an  1  s e c o n d  i n  1  h o u r.

4 . 6  G as  An al ys i s  S ys te m .

4 . 6 . 1    T h e  ga s -s am p l i n g  a r r an g e m e n t,  as  s h o wn  i n  F i g u r e  4 . 6 . 1 ,
s h a l l  c o n s i s t o f a s am p l i n g  p r o b e  i n  th e  te s t s e c ti o n  d u c t,  a  p l as ‐

ti c  flter  wi th  a  p o r e  s i z e  o f 5  m i c r o n s  to  6  m i c r o n s  to  p r e ve n t
e n tr y o f s o o t,  a c o n d e n s e r  o p e r ati n g  a t te m p e r atu r e s  i n  th e

r a n ge  o f 5 ° C  to  0 ° C  to  r e m o ve  l i q u i d s ,  a tu b e  c o n tai n i n g an
i n d i c ati n g  d e s i c c an t 1 0 –2 0  m e s h  i n  s i z e  to  r e m o ve  m o i s tu r e ,  a
c a r tr i d g e  flter,  a s am p l i n g  p u m p  th at tr a n s p o r ts  th e  fow

th r o u g h  th e  s am p l i n g  l i n e ,  a n d  a  s ys te m  fowmeter  an d  m a n i ‐
fo l d s  to  d i r e c t th e  fow to  i n d i vi d u al  C O ,  C O 2 ,  O 2 ,  a n d  h yd r o ‐

c a r b o n  g as  an a l yz e r s .

4 . 6 . 1 . 1    T h e  s a m p l i n g p r o b e ,  m ad e  o f 6 . 3 5  m m  ( 0 . 2 5  i n . )  O . D .
s tai n l e s s  s te e l  tu b i n g  i n s e r te d  th r o u g h  a te s t s e c ti o n  p o r t,  s h a l l
b e  p o s i ti o n e d  s o  th at th e  o p e n  e n d  o f th e  tu b e  i s  at th e  c e n te r

o f th e  te s t s e c ti o n .

4 . 6 . 1 . 2    T h e  s am p l i n g  p r o b e  s h al l  b e  c o n n e c te d  to  a  te e  ftting
th at al l o ws  e i th e r  s am p l e  o r  c a l i b r a ti o n  ga s  to  fow to  th e

an al yz e r  an d  th e  e x c e s s  to  was te .

4 . 6 . 2    T h e  c a r b o n  d i o x i d e  a n al yz e r  s h a l l  p e r m i t m e as u r e m e n ts
fr o m  0  p p m  to  1 5 , 0 0 0  p p m ,  an d  th e  c ar b o n  m o n o x i d e  a n al yz e r
s h a l l  p e r m i t m e a s u r e m e n ts  fr o m  0  p p m  to  5 0 0  p p m  c o n c e n tr a‐

ti o n  l e ve l s .

4 . 6 . 2 . 1    D r i ft s h al l  b e  n o t m o r e  th an  ± 1  p e r c e n t o f fu l l  s c al e
o ve r  a 2 4 -h o u r  p e r i o d .

4 . 6 . 2 . 2    P r e c i s i o n  s h al l  b e  1  p e r c e n t o f fu l l  s c al e ,  an d  th e
1 0  p e r c e n t to  9 0  p e r c e n t o f fu l l -s c al e  r e s p o n s e  ti m e  s h a l l  b e

1  s e c o n d  o r  l e s s .

4 . 6 . 3    T h e  i n l e t-ai r  o x yg e n  an al yz e r  s h a l l  h a ve  a 1 0  p e r c e n t to
9 0  p e r c e n t o f fu l l -s c al e  r e s p o n s e  ti m e  o f 1  s e c o n d  o r  l e s s ,  a n
ac c u r ac y o f 1  p e r c e n t o f fu l l  s c al e ,  a d r i ft o f n o t m o r e  th a n

± 5 0  p p m  O 2  o ve r  o n e -h al f h o u r,  a n d  a  r a n ge  o f 0  p e r c e n t to
5 0  p e r c e n t.

4 . 6 . 4    An  a d d i ti o n al  o x yg e n  an a l yz e r  s h al l  b e  p e r m i tte d  to
m e a s u r e  th e  d e p l e ti o n  o f o x yg e n  i n  th e  c o m b u s ti o n  p r o d u c ts .

4 . 6 . 4 . 1    T h i s  an al yz e r  s h a l l  h a ve  th e  s am e  specifcations  a s  th e
i n l e t-a i r  an al yz e r  b u t s h a l l  h a ve  a  c o n c e n tr ati o n  r a n ge  o f
1 9  p e r c e n t to  2 1  p e r c e n t.

4 . 6 . 4 . 2    A h yd r o c ar b o n  g as  an a l yz e r  s h a l l  b e  p e r m i tte d  to
d e te r m i n e  th e  to tal  ga s e o u s  h yd r o c ar b o n  c o n c e n tr ati o n  i n  th e

c o m b u s ti o n  p r o d u c ts .

4 . 6 . 4 . 3    T h i s  a n al yz e r  s h al l  e m p l o y th e  fame  i o n i z a ti o n
m e th o d  o f d e te c ti o n ,  h a ve  a 1 0  p e r c e n t to  9 0  p e r c e n t o f fu l l -

s c a l e  r e s p o n s e  ti m e  o f 1  s e c o n d  o r  l e s s ,  a n d  h ave  m u l ti p l e
r an g e s  to  p e r m i t m e a s u r e m e n ts  fr o m  a fu l l  s c al e  o f 1 0  p p m

m e th an e  e q u i va l e n t to  1 0 , 0 0 0  p p m .
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