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FIRE TESTS OF AMTRAK PASSENGER RAIL VEHICLE INTERIORS 

Richard D. Peacock and E m i l  Braun 

Abs t rac t  

A series of f i r e  tests was conducted t o  assess t h e  

burning behavior  of t h e  i n t e r i o r  of passenger  r a i l  

v e h i c l e s .  Three types  of tests were performed: 

(1) smal l- sca le  l a b o r a t o r y  tests t o  s tudy  t h e  flamma- 

b i l i t y  and smoke gene ra t ion  c h a r a c t e r i s t i c s  of t h e  

i n d i v i d u a l  materials, ( 2 )  f u l l - s c a l e  ca lo r ime te r  tests on 

t h e  s e a t s  t o  determine t h e  rate of hea t  release from 

burning seat assembl ies ,  and ( 3 )  f u l l - s c a l e  tests on 

mock-ups of t h e  i n t e r i o r  of t h e  c a r s  t o  i n v e s t i g a t e  t h e  

p o t e n t i a l  f o r  f i r e  hazard i n  t h e  f u l l y  fu rn i shed  

v e h i c l e s .  

A comparison of t h e  r e s u l t s  of t h e  s e l e c t e d  small- 

scale l a b o r a t o r y  tests wi th  t h e  f u l l - s c a l e  mock-up tests 

shows t h a t  while  t h e  small-scale tests can be used t o  

s c reen  i n d i v i d u a l  m a t e r i a l s ,  t h e  geometry of t h e  f u l l -  

scale v e h i c l e  i n t e r i o r ,  and t h e  i n t e r a c t i o n  of m a t e r i a l s  

dur ing  t h e  f u l l - s c a l e  mock-up tests are c r i t i c a l l y  impor- 

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

v e h i c l e .  

Key words: c a l o r i m e t e r s ;  flame spread;  f u l l  scale 

tests; i n t e r i o r  f i n i s h e s ;  passenger  v e h i c l e s ;  r a i l r o a d s ;  

smoke; t r a n s p o r t a t i o n .  
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10 INTRODUCTION 

As p a r t  of an ongoing program t o  e v a l u a t e  and improve t h e  s a f e t y  of r a i l  

t r a n s p o r t a t i o n  i n  t h e  United S t a t e s ,  t he  Federa l  Ra i l road  Adminis t ra t ion  has 

sponsored s t u d i e s  a t  t h e  Center  f o r  F i r e  Research t o  i n v e s t i g a t e  t h e  f i r e  

behavior  of materials used i n  t h e  i n t e r i o r  f u r n i s h i n g  of r a i l r o a d  passenger  

v e h i c l e s .  

r e p r e s e n t  a s e r i o u s  hazard t o  t h e  car occupants  i f  t h e r e  i s  a p o s s i b i l i t y  of 

t h e  r a p i d  development of h e a t ,  smoke, o r  t o x i c  combustion p roduc t s ,  o r  i f  

A f i r e  o r i g i n a t i n g  i n  t h e  i n t e r i o r  of a r a i l r o a d  passenger  car may 

evacua t ion  i s  d i f f i c u l t  [ I ]  1 . 

I n  g e n e r a l ,  a small number of f i r e s  appear  t o  have o r i g i n a t e d  i n  t h e  

i n t e r i o r s  of r a i l r o a d  passenger  cars. 

p o r a t e  an i nc rea sed  emphasis on t h e  a e s t h e t i c  impact of t h e  i n t e r i o r  with  an 

a t t e n d a n t  growth i n  t h e  q u a n t i t y  of combust ible  materials. The r e l a t i v e  

i n c r e a s e  i n  t h e  ease of i g n i t i o n  of t h e s e  materials compared t o  those  used i n  

earl ier  models of r a i l r o a d  passenger  cars i n c r e a s e s  t h e  l i k e l i h o o d  of major 

f i res  i n  t h e  i n t e r i o r  of t h e  car [ l ] .  Thus, i t  is  impor tan t  t h a t  t h e s e  new 

materials be eva lua t ed  i n  o rde r  t o  set reasonable  g u i d e l i n e s  t o  ensure  an 

a c c e p t a b l e  l e v e l  of f i r e  s a f e t y .  

However, c u r r e n t  des ign  concepts  i nco r-  

As i n  any t r a n s p o r t a t i o n  system,  a complete f i r e  s a f e t y  a n a l y s i s  would 

include c o n s i d e r a t i o n  of s t a t i o n  des ign  and placement,  t rackways,  v e h i c l e  

s t o r a g e  and maintenance areas, and emergency e g r e s s  p rov i s ions ,  i n  a d d i t i o n  t o  

v e h i c l e  c o n s t r u c t i o n .  This s t udy  is l i m i t e d  t o  t h e  i n t e r i o r  f u r n i s h i n g  

'Numbers i n  b r acke t s  r e f e r  t o  l i t e r a t u r e  r e f e r e n c e s  l i s t e d  a t  t h e  end of t h i s  
r e p o r t  . 
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materials t h a t  may be used in passenger  r a i l  v e h i c l e s ,  w i t h  t h e  g o a l  of 

a s s e s s i n g  t h e i r  p o t e n t i a l  f i r e  and smoke hazards .  

i n  t h r e e  p a r t s :  

The program w a s  conducted 

e small-scale l a b o r a t o r y  tests were performed on materials from 

t h e  v a r i o u s  components used on t h e  i n t e r i o r  of t he  cars; 

s e p a r a t e  tests were conducted on f u l l - s i z e  seat assembl ies  t o  

compare t h e i r  c o n t r i b u t i o n  t o  a developing  f i r e ;  and 

e i g h t  f i r e  tests  were conducted on a mock-up car i n t e r i o r  i n  

o r d e r  t o  de termine  t h e  o v e r a l l  e f f e c t s  of an assembled system 

as compared t o  t h e  f i r e  performance c h a r a c t e r i s t i c s  of t h e  

i n d i v i d u a l  components. 

8 

The work r e p o r t e d  h e r e i n  c o n s i s t s  of a series of tests conducted t o  

s tudy  t h e  f u l l - s c a l e  burning  behavior  of t h e  materials used as 

f u r n i s h i n g s  f o r  t h e  i n t e r i o r  of a passenger  r a i l  veh ic l e .  

d i f f e r e n t  combinat ions of materials were inc luded  t o  exemplify some of 

t h e  types  t h a t  are c u r r e n t l y  used o r  t h a t  may be used i n  t h e  f u t u r e .  

Tests were conducted on: 

S e v e r a l  

8) f o u r  d i f f e r e n t  seat  cushioning  materials ,  

two d i f f e r e n t  c a r p e t s  f o r  both  t h e  walls  o r  c e i l i n g s  and t h e  

f l o o r  of t h e  v e h i c l e s ,  

two d i f f e r e n t  window g l a z i n g s ,  and 

t h r e e  d i f f e r e n t  window mask materials. 

-3- 



In  a d d i t i o n  t o  t h e  f u l l - s c a l e  tests, samples of t h e  i n d i v i d u a l  materials 

were eva lua t ed  us ing  a number of s t anda rd  l abo ra to ry- sca l e  test  methods 

designed t o  measure i n d i v i d u a l  f i r e- r e l a t e d  p r o p e r t i e s  of t h e  materials. 

T e s t s  were inc luded  t o  e v a l u a t e :  

8 i g n i t i o n  and flame spread ,  

0 smoke emission,  and 

e rate  of hea t  release. 

The s tudy  w a s  designed t o  a l low a comparison of t h e  f u l l - s c a l e  tests  with 

t h e  e v a l u a t i o n  of t h e  material p r o p e r t i e s  as measured i n  t h e  small-scale 

experiments .  Areas of p a r t i c u l a r  i n t e r e s t  inc luded:  

a comparison of l a rge- sca l e  and small-scale tests, 

a comparison of s e a t i n g  materials t h a t  may be used i n  t h e  

v e h i c l e s ,  

t h e  e f f e c t s  of changes i n  t h e  geometry of t h e  v e h i c l e  i n t e r i o r  

on the  burning behavior ,  

t empera ture  l e v e l s  and smoke o r  gas  concen t r a t i ons  t o  which 

passengers  may be exposed, and 

t h e  adequacy of e x i s t i n g  f lammabi l i ty  g u i d e l i n e s .  

Only the coach c o n f i g u r a t i o n  of a v e h i c l e  was considered.  No s tudy  was 

made of o t h e r  car c o n f i g u r a t i o n s ,  such as s l e e p e r  cars, d i n i n g  cars, and c l u b  

cars 

-4- 



2 .  REVIEW OF PREVIOUS W O E  

Few s t u d i e s  of t h e  f u l l - s c a l e  burning behavior  of passenger  r a i l  car 

i n t e r i o r s  have been conducted. Limited e f f o r t s  t o  i n v e s t i g a t e  o t h e r  s imilar  

t r a n s p o r t a t i o n  v e h i c l e s  are a v a i l a b l e .  

p u b l i c a t i o n s  on i n d i v i d u a l  materials  and on t e s t  methods f o r  i n d i v i d u a l  com- 

ponents .  The h i g h l i g h t s  of t h e s e  e f f o r t s  are d e t a i l e d  below. 

Cons iderable  i n t e r e s t  i s  ev iden t  i n  

I n t e r e s t  i n  improving t h e  f i r e  s a f e t y  of passenger  v e h i c l e s  on r a i l r o a d s  

i s  c e r t a i n l y  n o t  new. From 1906 through 1928, t h e  Pennsylvania Rai l road  

undertook an ambi t ious  program t o  r e p l a c e  t h e i r  wooden passenger  c a r  f l e e t  

w i th  al l- steel  passenger  t r a i n  cars due t o  a concern f o r  s a f e t y  and f i r e  

p reven t ion  [ 2 ] .  A t o t a l  of 5501 a l l- s tee l  passenger  t r a i n  cars i n c l u d i n g  

baggage, mail ,  exp res s ,  and d i n i n g  cars were invo lved ,  r e p r e s e n t i n g  an  i n v e s t-  

ment of approximately one hundred m i l l i o n  d o l l a r s .  More r e c e n t l y ,  emphasis on 

passenger  comfort and a e s t h e t i c  appea l  have l e d  t o  t h e  i n c r e a s e d  u s e  of 

s y n t h e t i c  materials [ 3 ] .  Concern has  been r a i s e d  over  t h e  f l ammabi l i t y  of t h e  

materials i n  t h e  end-use c o n f i g u r a t i o n  even though they  may be a c c e p t a b l e  i n  

small-scale tests  [ 3 ] .  According t o  a r e p o r t  by Ar thur  D. L i t t l e ,  Inc. f o r  

t h e  U.S .  Department of T r a n s p o r t a t i o n  [ 4 ] ,  t h e  i n t r o d u c t i o n  of non- meta l l ic  

materials i n  t h e  v e h i c l e  i n t e r i o r  can have a s i g n i f i c a n t  impact on t h e  

v e h i c l e ' s  f i r e  hazard p o t e n t i a l .  While non- meta l l ic  materials have t r a d i -  

t i o n a l l y  been found i n  seat cushioning  and u p h o l s t e r y ,  t h e i r  u se  i n  o t h e r  

system components such as cove r ings  f o r  f l o o r ,  wal ls ,  and c e i l i n g ;  window 

g l a z i n g  and window o r  door gaske t ing ;  and n o n- s t r u c t u r a l  s t o r a g e  compartments 

have i n c r e a s e d  t h e  f i r e  load  w i t h i n  t h e  v e h i c l e s .  I n  a d d i t i o n  t o  t h e  flamma- 

b i l i t y  of t h e  f u r n i s h i n g  materials, t h e  s i z e ,  des ign ,  and s t r u c t u r a l  i n t e g r i t y  
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of t he  v e h i c l e  are a l l  f a c t o r s  i n  de te rmin ing  t h e  u l t i m a t e  hazard t o  t h e  

passengers  due t o  a f i r e .  

I n  a d d i t i o n  t o  t h e  i n t e r i o r  f u r n i s h i n g  materials, l i m i t e d  v e n t i l a t i o n  and 

d i f f i c u l t  e g r e s s  compound t h e  p o t e n t i a l  hazard i n  i n t e r - c i t y  r a i l  t r anspo r t a-  

t i o n .  V e n t i l a t i o n  i n  a r a i l  car i s  t y p i c a l l y  17,000 R/s (600 cfm) of f r e s h  

makeup a i r .  Exhaust is through leakage  and, thus dur ing  evacua t ion ,  through 

t h e  same e x i t s  used by escap ing  passengers  [ 4 ] D  

Thus, wh i l e  t h e  i n t e r i o r  f u r n i s h i n g s  of t h e  v e h i c l e  are only  a p a r t  of 

t h e  t o t a l  hazard ,  they provide  a key l o c a t i o n  f o r  purposefu l  i g n i t i o n  and 

provide a s i g n i f i c a n t  f u e l  load  f o r  a developing f i r e  wi th in  a v e h i c l e ,  

2.1 F i r e  Accidents  

The Fede ra l  Ra i l road  Adminis t ra t ion  compiles d a t a  on a c c i d e n t s ,  i n j u r i e s  

and dea ths  i nvo lv ing  ra i lway  equipment. The r e s u l t s  seem t o  i n d i c a t e  t h a t  

t h e r e  are r e l a t i v e l y  few r e p o r t e d  cases of f i r e s  on i n t e r - c i t y  passenger  

t r a i n s ,  For passenger  and f r e i g h t  t r a i n  a c c i d e n t s  involv ing  more than  $2,900 

i n  damages t o  r a i l r o a d  on- track equipment, s i g n a l s ,  t r a c k ,  t r a c k  s t r u c t u r e s ,  

and roadbed, t h e  fo l lowing  d a t a  are a v a i l a b l e  f o r  1978 [ 5 ] :  
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Damage/ 
Average M i l l i o n  Accidents/  
Damage/ T ra in  M i l l i o n  

No. of Damage Ac c i d e  n t Miles T r a i n  
Accidents  ($1 ($1 ( $ >  Miles Type 

1476 33,630,565 22,772 44,724 1.96 C o l l i s i o n s  
8763 250,266,525 28,551 332,819 11.66 Derai lments  

Grade Crossing 286 8,684,617 30,359 
F i r e  o r  V io len t  27,999 1.38 

Rupture 30 1 7 ,472,338 24,824 
Other 45 1 4,897,382 10,859 

27,033 405,540 15.00 T o t a l  11,277 304,951,427 

Thus, a c c i d e n t a l  f i r e s  account  f o r  only  t h r e e  pe rcen t  of a l l  a c c i d e n t s  i n  

1978 ,  wi th  t h e  average damage pe r  a c c i d e n t  comparable t o  d e r a i l m e n t s ,  c o l l i -  

s i o n s ,  and grade  c ros s ings .  F i r e  i s  grouped wi th  "Other" types  of a c c i d e n t s  

f o r  damage per  m i l l i o n  t r a i n  miles and a c c i d e n t s  per  m i l l i o n  t r a i n  miles. 

"Other" ca t egory  i s  s i g n i f i c a n t l y  smaller than  c o l l i s i o n s  o r  dera i lments .  

The 

A similar group f o r  c a s u a l t i e s  i n  1978 by type  of person i n j u r e d  f o r  all 

t r a i n s  i s  shown below. I n  t h i s  case, f i r e  a c c i d e n t s  are a l s o  no t  l i s t e d  

s e p a r a t e l y .  They are in,cluded i n  t h e  "Other" ca tegory:  

T r a i n  T o t a l  No. Ac c i d e  n t s Injuries 
Accidents  Accidents  w / I n j u r i e s  Employees Passengers  Other - T o t a l  

1476 1464 264 702 4 970 
8763 8753 34 2 98 185 625  

286 225 89 16 130 235 
748 45 25 11 8 1  

C o l l i s i o n s  
D e  r a i lmen t s 
Grade Crossing 
Other 752 

Tot a1 11,277 11,190 740 841 330 1,911 
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T r a i n  T o t a l  No. Accidents  F a t  a l i  t i e s  
Accidents  Accidents  w/Fatali t ies Employee Passenger  Other T o t a l  

16 
Derai lments  8763 10 10 4 27 41  
Grade Crossing 286 61 1 77  78 

2 4 

C o l l i s i o n s  1476 12 16 - - 

Other 752 4 2 - 
- 

Tot a1 11,277 8 7  29 4 106 139 

The "Other" ca t ego ry ,  which i nc ludes  f i r e  a c c i d e n t s ,  accounted f o r  t h r e e  
percen t  of a l l  passenger  i n j u r i e s  and no passenger  f a t a l i t i e s .  

2.2 Current  Flammabili ty Guide l ines  

The B r i t i s h  Railways [6 ]  and t h e  Nat iona l  Academy of Sciences  [ 7 ]  have 

provided g e n e r a l  g u i d e l i n e s  f o r  t h e  u se  of flammable materials i n  ra i lway  

t r a n s i t  v e h i c l e s .  

materials must not  p r e s e n t  a g r e a t e r  r i s k  than  e x i s t i n g  materials. The 

Nat iona l  Academy of Sc iences  recommends t h e  use  of on ly  those  polymeric 

materials t h a t  by t e s t i n g  and comparison, are judged t o  be t h e  most f i r e  

r e t a r d a n t  and t h a t  have t h e  lowest  smoke and t o x i c  gas  emission rates. 

F u r t h e r  they recommend t h e s e  be used s p a r i n g l y ,  c o n s i s t e n t  w i th  comfort and 

s e r v i c e a b i l i t y .  

The B r i t i s h  Railways Board q u i t e  s imply s p e c i f i e s  t h a t  new 

I n  1973, t h e  Urban Mass Transpo r t a t i on  Adminis t ra t ion  (UMTA) i n i t i a t e d  a 

program t o  improve t h e  f i r e  s a f e t y  of t r a n s i t  veh i c l e s .  

program, t h e  T ranspo r t a t i on  Systems Center  developed "Guidel ines  f o r  Flamma- 

b i l i t y  and Smoke Emission S p e c i f i c a t i o n s "  f o r  materials used i n  t r a n s p o r t a t i o n  

v e h i c l e s  [ 8 ] .  Table 1 i l l u s t r a t e s  t h e  gu ide l i ne s .  Six l a b o r a t o r y  scale tests 

are recommended t o  e v a l u a t e  t h e  burning behavior  and smoke emission cha rac t e r-  

istics of t h e  materials used f o r  s e a t i n g ,  i n t e r i o r  pane l s ,  f l o o r i n g ,  i n su l a-  

t i o n ,  and o t h e r  misce l laneous  materials [9-141 : 

As a p a r t  of t h i s  



Mat e r i a l s  
Tests Used t o  Evalua te  

Flammabil i ty  and Smoke Emission 

Sea t ing  (cushion ,  frame, shroud,  u p h o l s t e r y )  

Pane l s  ( w a l l ,  c e i l i n g ,  p a r t i t i o n ,  

ASTM D 3675, NFPA 258, 
ASTM E 162, FAR 25.853 

windscreen,  WAC duc t ing ,  window, ASTM E 162, NFPA 258 
l i g h t  d i f f u s e r )  

F loo r ing  ( s t r u c t u r a l ,  cover ing)  ASTM E 119, NFPA 253 
I n s u l a t i o n  ( the rma l ,  a c o u s t i c ,  e l a s tomers )  ASTM E 162, NFPA 258 
Misce l laneous  ( e x t e r i o r  s h e l l ,  component ASTM E 162, NFPA 258 

box cove r s )  

2 . 3  Labora tory  S c a l e  Tests  

Rakaczky [15] p rov ides  a survey of a v a i l a b l e  l i t e r a t u r e  on f i r e  and 

f l ammabi l i t y  c h a r a c t e r i s t i c s  of m a t e r i a l s  which could be used i n  r a i l  

passenger  cars. 

s p e c i f i c a l l y  t o  r a i l r o a d  passenger  v e h i c l e s .  

r e l a t e d  t o  t r a n s p o r t a t i o n  was concerned p r i m a r i l y  w i t h  a i r c r a f t ,  w i t h  a few 

r e p o r t s  d e a l i n g  wi th  buses o r  automobiles .  

m a b i l i t y  p r o p e r t i e s  of upho l s t e red  f u r n i t u r e .  

reviews what he cons ide r s  t h e  most impor tant  f lammabi l i ty  areas: 

Limited in fo rma t ion  w a s  a v a i l a b l e  f o r  materials t h a t  r e l a t e d  

Most of t h e  l i t e r a t u r e  reviewed 

Many r e p o r t s  d e a l t  wi th  t h e  flam- 

From a l l  t h e s e  sou rces ,  he 

0 

0 flame spread  o r  flame propagat ion ,  

0 smoke emiss ion ,  

0 h e a t  release, and 

0 

i g n i t i o n  r e l a t e d  p r o p e r t i e s  o r  i g n i t a b i l i t y ,  

t h e  product ion  of t o x i c  g a s e s  (combustion o r  pyrolysis products ) .  
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Informat ion  on f lammabi l i ty  tests used i n  t h e  s p e c i f i c a t i o n s  f o r  o t h e r  r a i l  

t r a n s p o r t a t i o n  systems is a v a i l a b l e  from a number of sou rces ,  I n  tests t o  

e v a l u a t e  t h e  small scale burning behavior  of materials used i n  a bus and 

subway system, Braun [16-181 p r e s e n t s  a s c r een ing  of materials by s e v e r a l  test 

methods, The test r e s u l t s  are shown i n  t a b l e  2. O f  p a r t F c u l a r  i n t e r e s t  i n  

t h i s  s t udy  are t h e  r e s u l t s  of tests on t h e  seat assembl ies  and i n t e r i o r  l i n i n g  

materials: 

T e s t  Method 

Flame Spread T e s t s  Floor  Covering Smoke Genera t ion  
T e s t  T e s t  

ASTM E 162 
ASTM D 3675 NFPA 253 NFPA 258 

FAR 25,853 Flame Spread Cri t ical  Radiant Maximum Opt i ca l  
Mater t a l  Flame Time ( s )  Index, Is Flux, ( kW/m2) Densi ty ,  Dm 

S e a t  Cushions 0-9 
Floor  Carpet ing 
Wall Covering 

8 
51-181 

6-1 1 
205-678 
3 19-6 94 
211-710 

These and o t h e r  small-scale test r e s u l t s  will be reviewed i n  g r e a t e r  d e t a i l  

below i n  d i s c u s s i o n s  of t h e  i n d i v i d u a l  test  methods, 

2.3.1 I g n i t i o n  Res i s t ance  T e s t ,  Federa l  Avia t ion  Regulat ion FAR-25.853 

This  s t anda rd ,  i s sued  by t h e  Federa l  Avia t ion  Adminis t ra t ion ,  d e f i n e s  

bo th  a test procedure and acceptance  c r i t e r i a  f o r  small-scale f i r e  performance 

of i n t e r i o r  materials used i n  t r a n s p o r t  c a t ego ry  a i r p l a n e s  [12]. 

procedure o u t l i n e d  i n  t h i s  s t anda rd  is a v e r t i c a l  test w i th  a 38 nnn (1.5 i n )  

flame app l i ed  f o r  e i t h e r  12 s o r  60 s (determined by t h e  end use of t h e  

m a t e r i a l )  t o  t h e  lower edge of a 51 nnn ( 2  i n )  wide by 305 mm (12 i n )  long 

specimen. The test  r eco rds  t h e  flame t i m e ,  burn l e n g t h ,  and f laming t i m e  of 

d r i p p i n g  materials, 

The test 

The test cr i ter ia  r e q u i r e  t h a t  specimens s e l f- ex t ingu i sh  
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w i t h  a burn l e n g t h  n o t  exceeding 150 t o  200 mm (6  t o  8 i n )  (depending a g a i n  

upon t h e  end use  of t h e  m a t e r i a l ) ,  a flame t i m e  n o t  exceeding 15 s a f t e r  

removal of t h e  burner ,  and f laming on t h e  f l o o r  of t h e  c a b i n e t  not  t o  exceed 3 

t o  5 s (end use  dependent) .  

i n  o t h e r  t r a n s i t  systems are d e t a i l e d  below [16-191: 

From t a b l e  2 r e s u l t s  of tests of materials used 

R e s u l t s  of T e s t s  of Other T r a n s i t  System Materials by FAR 25.853 

Mat e r i a1 
Burn Time Burn Length 

( s )  (mm/in) Dr ip  
- __ - - __ 

~~ 

- 64/2.5 Floor  Carpet ing  [ 16-17] 3.5 

S e a t  Cushion F a b r i c  [19] 60 
Seat  Cushion Foams [18] 0-9 

58-127D.3-5 .O n.d. 
33-76h.3-3.0 - 

0 64/2.5 - I n t e r i o r  Wall Pane l  [ 16-17] 

n.d. = none d e t e c t e d  - = d a t a  not  recorded 

2.3.2 Flame Spread T e s t ,  ASTM E 162 

Th i s  method measures flame spread and energy release of (6 by 18 i n )  

specimens exposed t o  a varying r a d i a n t  f l u x  ranging from 40 kW/m2 down t o  

3 kW/m2 [9]. 

v e l o c i t y ,  and t h e  h e a t  e v o l u t i o n  f a c t o r  of t h e  burning sample, Q, a r e  combined 

t o  y i e l d  a f l ammabi l i ty  index,  I,, de f ined  as 

The flame spread f a c t o r ,  Fs, c a l c u l a t e d  from t h e  flame spread 

Is = Fs * Q 
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The h ighe r  the index ,  t h e  g r e a t e r  is t h e  f lammabil i ty .  

g e n e r a l l y  accepted  l e v e l  of performance based upon t h i s  test method s i n c e  i t  

i s  no t  a p r e s c r i p t i v e  s tandard .  

materials from o t h e r  t r a n s i t  systems are d e t a i l e d  below [16-181: 

There is ,  however, no 

Again, from t a b l e  2, r e s u l t s  of tests of 

Resu l t s  of T e s t  of Other T r a n s i t  System Materials by ASTM E 162 

Mat e r i a1 Flammabili ty Index,  Is 

Floor  Carpet ing [ 17 J 
Wall Carpe t ing  [16] 
C e i l i n g  Carpet ing [ 161 
I n t e r i o r  Wall Lining [17] 

8 
18 1 
51 
5 1  

2.3.3 F loor  Covering T e s t ,  NFPA 253-1978 

This  t e s t ,  t he  Standard Method of T e s t  f o r  Critical Radiant Flux of F loor  

Covering Systems Using a Radiant Heat Energy Source,  NFPA 253-1978, exposes a 

specimen placed h o r i z o n t a l l y  t o  a r a d i a n t  energy source  t h a t  v a r i e s  a c r o s s  a 

one meter l e n g t h  from a maximum of 11 kW/m2 down t o  1 kW/m2 [ 1 4 ] .  

i g n i t i o n  by a small flame a t  t h e  high energy end, t h e  d i s t a n c e  is  determined 

a t  which t h e  burning f l o o r i n g  material e x t i n g u i s h e s  i t s e l f .  

d e f i n e s  t h e  c r i t i c a l  r a d i a n t  f l u x  (CRF) neces sa ry  t o  suppor t  cont inued f lame 

spread .  The h igher  t h e  CRP, t h e  b e t t e r  is the fire s a f e t y  of the ca rpe t ing .  

Carpe t ing  taken  from s e v e r a l  l a r g e  f a t a l  f i r e s  i n  which t h e  c a r p e t i n g  w a s  

determined t o  be t h e  means of f i r e  sp read ,  t e s t e d  accord ing  t o  t h i s  method, 

was found t o  have CRF's of less than  1 kW/m2. 

Af te r  

This  po in t  

A wood f l o o r  would have a CRF 

of between 4 and 5 kW/m 2 , while  v i n y l  f l o o r i n g  systems have va lues  g r e a t e r  

t han  11 kW/m2. Acceptance cr i ter ia  of 2.5 kW/m 2 f o r  r e s i d e n t i a l  and 
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commercial occupancies  and of 5 kW/mZ for h e a l t h  care f a c i l i t i e s  have been 

suggested [ZO-231. 

t h e s e  c r i t e r i a :  

Carpe t ing  t e s t e d  from o t h e r  t r a n s i t  systems meets both  of 

R e s u l t s  of Tests of Other  T r a n s i t  Systems Materials by NFPA 253-1978 

Material 
Cr i t i ca l  Radiant Flux 

(kW/m2> 

Floor  Carpe t ing  [ 161 
F loo r  Carpe t ing  [17] 

6.6 
> 11 

2.3.4 Smoke Emission T e s t ,  NFPA 258-1976 

The smoke d e n s i t y  chamber, NFPA 258-1976, measures t h e  smoke gene ra t ion  

of s o l i d  specimens exposed t o  a r a d i a n t  f l u x  l e v e l  of 25 kW/m2 [ l o ]  . 
smoke produced by t h e  burning specimen i s  measured by a l i g h t  source- 

photometer combination. The maximum a t t e n u a t i o n  of t h e  l i g h t  beam by t h e  

smoke i s  a measure of t h e  o p t i c a l  d e n s i t y  o r  " quan t i t y  of smoke" t h a t  a 

material w i l l  g e n e r a t e  under t h e  g iven  cond i t ions  of t h e  test .  The maximum 

o p t i c a l  d e n s i t y ,  Dm, i s  u s e f u l  p r i m a r i l y  i n  ranking  r e l a t i v e  smoke product ion  

of materials, o r  i n  i d e n t i f y i n g  l i k e l y  sou rces  of s eve re  smoke product ion  i n  a 

l a rge- sca le  f i r e .  The r e s u l t s  of smoke g e n e r a t i o n  t e s t s  of materials used on  

o t h e r  t r a n s i t  systems are shown i n  t a b l e  2 and d e t a i l e d  below [16-191: 

The 
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Results of Tests of Other  T r a n s i t  System Materials by NFPA 258-1976 

Material Ove ra l l  
DS 

90 s 
DS 

4 min 

Floor  Carpet ing [17,18] 
C e i l i n g  Carpe t ing  

319-694 - 
211 - 

Seat Cushion Fab r i c s  [17] 67-83 - 
Seat Cushion Foam [17,18] 11 1-678 - Sea t  Cushion F a b r i c s  [19] - 10-64 

- 
33-1 27 - 

- I n t e r i o r  Wall Lin ing  [17] 7 10 - 

- = no d a t a  r e p o r t e d  

2.3.5 Heat Release Rate Tests 

The ra te  of h e a t  release f o r  materials provides  a measure of t h e  c o n t r i -  

bu t ion  by t h e  material t o  t h e  growth of a f i r e .  

s t anda rd  test method t o  measure t h e  rate  of hea t  release e x i s t e d  a t  t h e  t i m e  

t h i s  r e p o r t  was w r i t t e n .  

p rocess  of adopt ion  by s t anda rds  o r g a n i z a t i o n s .  

Unfor tuna te ly ,  no e s t a b l i s h e d  

Severa l  tests have been proposed and are i n  t h e  

Smith 124-261 has  proposed one tes t  method t h a t  allows measurement of 

r a t e  of h e a t ,  smoke, and t o x i c  gas release of materials. The appa ra tu s  

measures release rate,  on a flow through system, of a material exposed t o  

v a r i o u s  hea t  f lux exposures .  

t empera ture ,  and smoke and t o x i c  gas  concen t r a t i ons  l eav ing  a chamber 

con t a in ing  t h e  sample. 

t e s t i n g  of materials used i n  t r a n s i t  systems. S p i e t h  and Trabold [19], and 

Jenk ins  1271 have r epo r t ed  on tes ts  wi th  t h i s  appa ra tu s  on s e a t i n g  materials 

f o r  t r a n s i t  systems: 

Release rates are determined by measuring 

Smith has  a l s o  proposed c r i t e r i a  and methodology f o r  



R e s u l t s  of Tests of Sea t  Cushion Assemblies by a 
Modified OSU Calor imeter  

Heat Release 
T o t a l  . a t  10 udn 

2 
Peak 

M a t e r i a l  ( kW/m2 1 (kW-min/m ) 

Nylon/Vinyl Uphols tery  
Po lyure thane  Foam 

Wool/Nylon Uphols tery  
Polyamide Foam 

100 569 

213 

Wool/Nylon Uphols tery  58 115 
Neoprene Sponge 

Note: Seat  cushion assembl ies  c o n s i s t e d  of foam, backing and upho ls te ry .  
Data are from r e f e r e n c e s  [19]  and [27] .  

Babrauskas [28] d e s c r i b e s  t h e  development of a bench- scale appara tus  f o r  

measuring rates of h e a t  release of f l a t  materials by use  of t h e  oxygen 

consumption p r i n c i p l e .  Huggett [ 2 9 ] ,  i n  an  examination of a wide v a r i e t y  of  

materials, concluded t h a t  t h e  h e a t  of combustion released per  kg of oxygen 

consumed i s  n e a r l y  a c o n s t a n t  number. Thus, i n  t h e o r y ,  t o  measure t h e  r a t e  of 

h e a t  r e l e a s e d  by a specimen, i t  should be necessa ry  only t o  measure t h e  t o t a l  

mass flow of oxygen i n  t h e  combustion products  and t o  compare t h a t  t o  t h e  

i n i t i a l  in f low of oxygen [ 28 ] .  The appara tus  developed by Babrauskas u t i l i z e s  

t h i s  technique.  The des ign  i n c l u d e s  an  open c o n s t r u c t i o n  wi th  a h o r i z o n t a l  o r  

v e r t i c a l  specimen exposed t o  a temperature  c o n t r o l l e d  e l ec t r i ca l  r a d i a n t  

2 h e a t i n g  element capable  of i r r a d i a n c e  l e v e l s  from zero  t o  o v e r  100 kW/m . 
r e p o r t s  r e p e a t a b i l i t y  t o  w i t h i n  5% f o r  bo th  g a s e s  and s o l i d  f u e l s .  

H e  
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2.4 Large Sca le  T e s t s  

Due t o  t h e  e f f o r t  and expense involved ,  few l a r g e  s c a l e  s t u d i e s  of t h e  

burning behavior  of passenger  r a i l  v e h i c l e s  have been performed. 

t e s t ,  Hawthorne [ 6 ]  r epor t ed  on tests i n  a f u l l - s c a l e  mock-up of a passenger  

coach compartment. The c o n s t r u c t i o n  of t h e  mock-up c o n s i s t e d  of g l a s s  f i b e r  

r e i n f o r c e d  p o l y e s t e r  wall  l i n i n g  (two l a y e r s  w i th  ure thane  foam sandwiched 

between) w i t h  wooden frame, h o r s e h a i r  cushioned s e a t i n g .  H e  concluded t h a t  

whi le  t h e  spread  of f i r e  was n o t  as r a p i d  as a n t i c i p a t e d ,  t h e  assembly 

p re sen ted  a g r e a t e r  f i r e  hazard than  a n  a l l  s teel  veh ic l e .  

t i o n  sou rces ,  ranging from paper  beneath a seat t o  d i e s e l  f u e l  on t h e  walls, 

h e  r epor t ed  an  easy  t o  e x t i n g u i s h  f i r e .  The double- skinned s t r u c t u r e  of t h e  

w a l l  l i n i n g  was e f f e c t i v e  i n  r e s t r i c t i n g  t h e  spread  of f i r e  through t h e  com- 

par tments  i n  h i s  tests [ 1 3 ] .  L i t t l e  burning of t h e  ure thane  foam sandwich w a s  

noted.  

I n  an  e a r l y  

For s e v e r a l  i gn i-  

However, i n  more r e c e n t  s t u d i e s  116,271, e n t i r e  t r a n s i t  v e h i c l e s  have 

been des t royed by f i res  o r i g i n a t i n g  nea r  a foam sandwich. 

Trans-Bay Tube f i r e  on t h e  BART subway system i n  San Francisco ,  C a l i f o r n i a ,  

most of t h e  foam wi th in  an  aluminum/urethane foam/aluminum sandwiched f l o o r  

assembly w a s  consumed. 

I n  t h e  January  1977 

The f i r e  hazard of f u l l y  fu rn i shed  i n t r a- c i t y  commuter buses was s t u d i e d  

by Braun [17] H e  concludes t h a t  whi le  a l l  materials used i n  t h e  i n t e r i o r  

f u r n i s h i n g  of t h e  bus have burn rates below 102 mm/min ( 4  in /min) ,  i n  confor-  

mance wi th  t h e  Department of T r a n s p o r t a t i o n ' s  Motor Vehic le  Sa fe ty  Standard 

Nom 302 [30 ] ,  f i r e s  of s i g n i f i c a n t  s i z e  can develop i n  s h o r t  per iods  of t i m e  
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w i t h  t h e  v e h i c l e .  The seats were found t o  be t h e  most p robable  source  of 

hazard i n  t h e  tests. The u re thane  foam seats were i g n i t e d  w i t h i n  four  minutes  

w i th  paper t r a s h  and w i t h i n  a few seconds w i t h  the  use of l i g h t e r  f l u i d  simu- 

l a t i n g  purposefu l  i g n i t i o n .  Near zero v i s i b i l i t y  w a s  noted w i t h i n  one t o  two 

minutes .  

7OO0C at  p o i n t s  up t o  0.9 m (3 f t )  away. 

A i r  t empera ture  l e v e l s  above the  seat where i g n i t i o n  occurs  exceeded 

A series of f i r e  tests w a s  conducted f o r  t he  Washington Met ropol i tan  Area 

T r a n s i t  Au tho r i t y  t o  assess t h e  p o t e n t i a l  f o r  f i r e  hazard i n  newly d e l i v e r e d  

subway cars [181. The r e s u l t s  of l abo ra to ry- sca l e  tests were found inadequate  

f o r  t h i s  assessment .  Fu l l- sca l e  tests on mock-ups of t h e  i n t e r i o r  showed t h a t  

t h e  p o t e n t i a l  f o r  hazard a rose  p r i m a r i l y  from the  seat padding (u re thane  foam) 

and from t h e  p l a s t i c  w a l l  l i n i n g  ( a  po lyv inyl  c h l o r i d e- a c r y l i c  c o n s t r u c t i o n ) .  

Average c e i l i n g  tempera tures  f o r  t he  tests invo lv ing  ure thane  cush ions  ranged 

from 138 t o  288OC. 

chloroprene  seat assembl ies  reached on ly  55 t o  92OC. 

a l s o  measured du r ing  t h e  tests: 

By comparison, t empera tures  dur ing  tests of t h e  poly- 

Gas concen t r a t i ons  were 

Summary of CO, C02 and O2 Concent ra t ions  
During Mock-up Tests of a Subway Car I n t e r i o r  

O2 

Material (min) ( % >  ( % >  ( X I  
Minimum 

T i m e  of co c02 
Sea t  Peak Reading Maximum Maximum 

Urethane 9 - 18 0.7 - 2.5 1.9 - 6.6 14.0 - 19.1 
Polychloroprene 8 -  9 0.4 - 0.5 0.7 - 0.8 19.1 - 20.1 

Note: Readings are a t  c e i l i n g  l e v e l  

A t o x i c o l o g i c a l  e v a l u a t i o n  of t h e  combustion produc ts  w a s  a l s o  performed [31 ] .  
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During tests t o  s tudy  t h e  i g n i t i o n  of bus seats, Barecki  [ 3 2 ]  concluded 

t h a t  a v i n y l  upholstery/polychloroprene foam seat assembly s u s t a i n e d  l i t t l e  

damage from a f i r e  i g n i t e d  on t h e  seat from paper t r a s h .  

u re thane  foam seat i g n i t e d  r e a d i l y  and burned completely  dur ing  t h e  same 

series of tests. 

i g n i t i o n  source .  

A v i n y l  covered 

Temperature l e v e l s  of 120 t o  54OoC were noted above the  

3 FULL-SCALE MOCK-UP TESTS 

3.1 Experimental Conf igura t ion  

A l l  of t h e  f u l l - s c a l e  tests were conducted i n  a test enc losu re  t o  mock-up 

A cutaway view of t h e  a p o r t i o n  of t h e  i n t e r i o r  of an Amtrak passenger  coach. 

i n t e r i o r  of an a c t u a l  car is shown i n  f i g u r e  1 .  

f l o o r ,  w a l l ,  and c e i l i n g  pane ls  p l u s  two double seat assemblies .  The configu-  

r a t i o n  of t h e  test  enc losu re  and test sample are shown i n  f i g u r e  2. The 2.4 m 

wide x 3.6 m long x 2.4 m h igh  ( 8  f t  x 12 f t  x 8 f t )  enc lo su re  was cons t ruc t ed  

of s teel  s tudding  wi th  a covering of p e r f o r a t e d  steel shee t  on t h e  walls and 

c e i l i n g .  Wall and c e i l i n g  c a r p e t i n g  were glued d i r e c t l y  t o  t h e  p e r f o r a t e d  

steel shee t .  The baggage r ack ,  l i n e d  wi th  t h e  same c a r p e t i n g  used f o r  t h e  

w a l l s  and c e i l i n g ,  extended t o  t h e  rear of t h e  second seat assembly i n  tests 

1-3 and t h e  e n t i r e  l e n g t h  of t h e  mock-up i n  tests 4-8. Window g l a z i n g  and 

window masks were provided similar t o  those used i n  t h e  f u l l  s i z e  v e h i c l e s .  

The on ly  opening to t h e  mock-up w a s  an open doorway 0.76 m (2- 1/2 f t )  wide by 

2.04 m (6- 2/3 f t )  high. Ambient c o n d i t i o n s  dur ing  t h e  tests were a temper- 

a t u r e  of 20 t o  25OC and a r e l a t i v e  humidity of approximately 40 percent .  

The mock-up c o n s i s t e d  of 
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3 . 2  Ins t rumen ta t ion  

The tes t  e n c l o s u r e  was ins t rumented  t o  measure environmental  c o n d i t i o n s  

throughout  t h e  tests. Ins t rumen ta t ion ,  shown i n  t a b l e s  3 t o  5 and f i g u r e s  3 

t o  5 ,  c o n s i s t e d  of thermocouples f o r  gas  temperature measurement w i t h i n  t h e  

mock-up and i n  t h e  doorway, h e a t  f l u x  meters a t  f l o o r  l e v e l ,  v e l o c i t y  probes 

i n  t h e  doorway, gas sampling probes i n  t h e  doorway t o  measure CO, C02 and O2 

l e v e l s ,  and smoke meters t o  measure o p t i c a l  d e n s i t y  i n  t h e  doorway. 

Add i t iona l  i n s t r u m e n t a t i o n  i n  t h e  exhaus t  s t a c k  allowed de te rmina t ion  of t o t a l  

smoke product ion  and ra te  of hea t  release from t h e  f i r e s .  All ins t rument  d a t a  

were a u t o m a t i c a l l y  recorded a t  r e g u l a r  i n t e r v a l s  on a high-speed d i g i t a l  d a t a  

a c q u i s i t i o n  system. Data obta ined  inc luded:  

Temperature measurements. Chromel-alumel thermocouples 0.51 mm, 0.25 mm,  

0.13 mm, and 0.05 mm (20 m i l ,  10 m i l ,  5 m i l ,  and 2 m i l )  i n  diameter  were 

l o c a t e d  i n  t h r e e  v e r t i c a l  s t r i n g s  wi th in  t h e  room and i n  one v e r t i c a l  s t r i n g  

i n  t h e  c e n t e r  of t h e  doorway. 

Heat f l u x  measurements. Gardon- foil t ype  water-cooled hea t  f l u x  meters 

were used t o  measure h e a t  f l u x  i n c i d e n t  nea r  t h e  c e n t e r  of t h e  f l o o r  of t h e  

mock-up enclosure .  

V e l o c i t y  measurements. B i d i r e c t i o n a l ,  low- veloci ty probes were l o c a t e d  

i n  t h e  doorway t o  measure t h e  f low both  i n  and out  of t h e  tes t  e n c l o s u r e , a s  

w e l l  as i n  t h e  exhaus t  s t ack .  This  type  of probe w a s  developed by Heskestad 

[33]  f o r  o b t a i n i n g  low- veloci ty measurements under f i r e  cond i t ions .  McCaffrey 

and Heskestad [34] have provided c a l i b r a t i o n  techniques  f o r  t h e s e  probes. The 
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probes used were 12.7 mm (1/2 inch) in diameter, with construction details as 

given in the above references. The basic equation for determining velocity 

is: 

where AI? is the measured differential pressure, p is the gas density (obtained 

from temperature readings adjacent to the probe and the ideal gas law), u is 

the gas velocity, and C(Re) is a constant dependent upon the Reynolds number. 

For low velocities, the constant can be taken as C(Re) = 1.08, according to 

the recommendations of McCaffrey and Heskestad [ 3 4 ] .  

Gas concentration measurements. Concentrations of CO, C02, and O2 were 

measured at three locations in the doorway and in the exhaust stack. Gas 

analysis for CO and C02 were made with non-dispersive infra-red analyzers. 

Oxygen measurements were made with paramagnetic analyzers. The sampling lines 

were fitted with a series of traps to remove particulates and water in the 

samples to protect the instrumentation. 

Smoke density measurements. Smoke density was measured by light attenua- 

tion at three locations in the doorway during tests 1 through 4. An addition- 

al measurement within the exhaust stack was made during all tests. The meters 

were constructed following the design of Bukowski [35]. 

Rate of heat release measurement. Temperature, velocity, and oxygen 

concentration measurements in the exhaust stack allow calculation of the total 

rate of heat release [36] .  The rate of heat release can be calculated as 

. --.- 
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A 0 2  h v A Ta 
0 

Q =  T 

0 

where Q i s  t h e  rate of h e a t  release i n  kW, A 0 2  i s  t h e  oxygen d e p l e t i o n  

expressed  as a mole f r a c t i o n ,  h i s  t h e  h e a t  of combustion of f u e l  per  u n i t  

volume of oxygen consumed a t  s t andard  tempera ture  and p r e s s u r e  (kJ/m ) ,  v i s  

t h e  ou t f low gas v e l o c i t y  i n  m / s ,  A is t h e  area of t h e  opening i n  m , Ta i s  t h e  

ambient gas tempera ture  i n  K and T is  t h e  out f low gas  tempera ture  i n  K. 

Seve ra l  c o r r e c t i o n s  and adjus tments  f o r  carbon monoxide c o n c e n t r a t i o n ,  water 

vapor ,  o r  t h e  s p e c i f i c  f u e l  burned may e f f e c t  t h e  c a l c u l a t i o n  (371 . 

3 

2 

3 . 3  T e s t  Program 

A l l  tests were conducted i n  t h e  test room desc r ibed  above. For each 

t e s t ,  50 double s h e e t s  (1.06 kg) of newspaper (100 s h e e t s  (2 .12 kg) f o r  tests  

6 and 8) were placed on t h e  rear window seat and i g n i t e d  w i t h  a s i n g l e  book of 

matches. Tests 1 through 4 were conducted w i t h  f u l l y  fu rn i shed  mock-up 

v e h i c l e s .  Table 6 g i v e s  d e t a i l s  of t h e  tests. For tests 5 through 8 ,  only 

t h e  w a l l  and f l o o r  c a r p e t i n g  w a s  i n s t a l l e d ,  wi th  newspaper i g n i t i o n  on a non- 

combust ib le  seat assembly. 

T e s t  1: The mock-up w a s  f u r n i s h e d  wi th  p roduc t s  t y p i c a l l y  found i n  

Amtrak Amfleet I coaches.  The walls and c e i l i n g  were l i n e d  wi th  a c r y l i c  

c a r p e t i n g  g lued t o  a p e r f o r a t e d  s h e e t  s teel  base material. The unders ide  of 

t h e  baggage rack  also was covered wi th  t h e  same a c r y l i c  c a r p e t i n g .  The f l o o r  

was covered wi th  nylon c a r p e t i n g  over  a polyure thane  underlayment. The window 

mask w a s  g l a s s- r e i n f o r c e d  p l a s t i c  and t h e  window g l a z i n g  was double-paned 

g l a s s .  The seat frames were s t e e l  w i th  t h e  shrouds ,  back s h e l l s ,  and food 
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trays made of 10 percent glass-filled polycarbonate; the arm rests were self- 

skinning polyurethane. 

blend with a synthetic latex backing and vinyl trim. 

combination of FAR 25.853 grade ("standard" transit grade) polyurethane and 

fire retardant polyurethane; the headrests contained a small amount of 

FR-polychloroprene and polyvinyl chloride stiffeners. The foam cushions were 

covered with muslin. 

The seat upholstery material was a 90/10 wool/nylon 

The seat cushions were a 

Test 2: The mock-up was furnished with products found in a typical 

"Amfleet IX" configuration. 

carpeting glued to the perforated sheet steel base material. The baggage rack 

The walls and ceiling were lined with modacrylic 

was also covered with the same modacrylic carpeting. The floor was covered 

with nylon carpeting over a polyurethane underlayment. 

molded isophthalic polyester resin containing aluminum trihydrate filler and 

1-inch chopped strand glass reinforcement. The window glazing was polycarbon- 

ate. The seat frames were steel with the shrouds, back shells, and food trays 

made of 10 percent glass fiber-filled polycarbonate. The arm rests were 

molded polychloroprene, and the seat upholstery material was a 90/10 wool/ 

nylon blend with a synthetic backing. For test 2 ,  the seat foam was 

The window mask was a 

polychloroprene. 

Test 3: Like test 2, the mock-up was furnished with products found in a 

typical "Amfleet 11" configuration. All materials were the same, except the 

seat foam was high-performance polyurethane. 
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T e s t  4 :  The mock-up w a s  f u rn i shed  w i th  produc ts  r e p r e s e n t i n g  a 

combination of "Amf l ee t  I" and "Amf leet 11'' c o n f i g u r a t i o n s .  The w a l l s  and 

c e i l i n g  were l i n e d  with an a c r y l i c / m o d a c r y l i c  blend c a r p e t i n g  glued t o  t h e  

p e r f o r a t e d  s h e e t  s tee l  base material. 

l e n g t h  of t h e  mock-up, was covered with t he  same ca rpe t ing .  The f l o o r  was 

covered wi th  a nylon c a r p e t i n g  over  a po lyure thane  underlayment.  

mask was a molded po lyv iny l  c h l o r i d e / a c r y l i c  copolymer i n  a low smoke and f i r e  

r e t a r d e d  formula t ion .  The window g l a z i n g  was polycarbona te .  The seat frames 

were steel  w i th  t h e  shrouds ,  back s h e l l s ,  and food t r a y s  made of 10 pe rcen t  

g l a s s  f i b e r - f i l l e d  po lycarbona te .  

po lyure thane ,  and t h e  seat upho l s t e ry  material w a s  a 90/10 wool/nylon blend 

The baggage r ack ,  ex tending  t h e  f u l l  

The window 

The arm rests were se l f- sk inn ing  

w i th  a s y n t h e t i c  backing. Seat foam w a s  a low-smoke fo rmu la t i on  

polychloroprene.  

Tests 5-8: The mock-up was fu rn i shed  wi th  c a r p e t i n g  l i n i n g  t h e  f l o o r ,  

walls ,  c e i l i n g ,  and luggage rack.  A g l a s s  window g l a z i n g  w a s  mounted on t h e  

w a l l  n ea r  t h e  i g n i t i o n  seat. A non-combustible seat frame of s t ee l  and 

calcium s i l i c a t e  board suppor ted  t h e  newspaper f o r  i g n i t i o n .  The tests were 

conducted t o  i s o l a t e  t h e  c a r p e t i n g  as a s i n g l e  v a r i a b l e  wi thout  t h e  i n t e r a c-  

t i o n  of o t h e r  materials. The tests  were as fo l l ows :  

T e s t s  5-8 

T e s t  
Wall/Ceiling/Luggage I g n i t i o n  Source 

Carpe t ing  ( s h e e t s  of newspaper) 

Acryl i c /Modacry l i  c Blend 
Acryl ic /Modacryl ic  Blend 
Modacrylic 
Modacryl ic  

50 
100 
50 

100 
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3 . 4  Fu l l- sca l e  Mock-up T e s t  Resu l t s  

Temperature l e v e l s  reached du r ing  t h e  fou r  f u l l y  fu rn i shed  mockup tests 

are presen ted  i n  f i g u r e s  6 through 9. 

near t h e  c e i l i n g  (thermocouples 150 mm (6  i n )  from t h e  c e i l i n g )  and a t  approx- 

ima te ly  passenger  head l e v e l  (thermocouples 760 mm (2.5 f t )  from c e i l i n g )  are 

shown f o r  t h e  tests of f u l l y  fu rn i shed  mock-ups ( t e s t s  1 t o  4 ) .  For a l l  

tests ,  peak tempera tures  and t i m e  t o  reach peak l e v e l s  are t a b u l a t e d  i n  t a b l e  

7. Temperature p r o f i l e s  i n  t h e  i n t e r i o r  of t he  mock-up from f l o o r  t o  c e i l i n g  

are presen ted  i n  f i g u r e s  10 through 13. 

In t h e s e  f i g u r e s ,  average tempera tures  

Smoke l e v e l s  i n  t h e  doorway and i n  the exhaus t  s t a c k  are presen ted  i n  

f i g u r e s  14 through 17 f o r  t he  fou r  f u l l y  fu rn i shed  mock-up tests. Peak smoke 

l e v e l s  and t i m e  t o  reach  peak l e v e l s  are presen ted  i n  t a b l e  8 f o r  a l l  tests. 

Measured concen t r a t i ons  of 02, C02, and CO f o r  t h e  fou r  f u l l y  fu rn i shed  

Maximum l e v e l s  of C02 and mock-up tests a r e  shown i n  f i g u r e s  18 through 21. 

CO and minimum concen t r a t i on  of O2 are t a b u l a t e d  i n  t a b l e  9 a long  wi th  t i m e  

r equ i r ed  t o  reach  t h e  maximum o r  minimum l e v e l s .  

The rate of hea t  r e l e a s e d  from the burn ing ,  f u l l y  fu rn i shed  mock-up 

assembl ies ,  c a l c u l a t e d  from the  oxygen d e p l e t i o n  i n  t h e  exhaust  s t a c k  i s  

presen ted  i n  f i g u r e s  22 through 25. Peak rate  of hea t  release and t i m e  t o  

reach  t h e  peak rate are shown i n  t a b l e  10 f o r  a l l  tests.  

-24- 



3 5 Discuss ion  of Fu l l- sca l e  Mock-up Tests 

3.5.1 Hazard Levels  

Babrauskas has  presen ted  an a n a l y s i s  of t h e  hazard t o  humans due t o  

burn ing  mattresses [ 3 8 ]  and t o  burning f u r n i t u r e  items [ 3 9 ] .  Q u i n t i e r e  e t  a l .  

[ 4 0 ]  provide an a n a l y s i s  of hazard due t o  t o x i c  gases .  From t h e s e ,  hazard 

l i m i t s  can be developed f o r  t h e  c u r r e n t  tes t  series. The hazard t o  humans 

exposed t o  a f i r e  environment can be cons idered  a combination of i n d i v i d u a l  

e lements  such as: 

0 h igh  tempera tures  and hea t  f l u x e s ,  

v i s i b i l i t y  obscu ra t i on  by smoke, and 

8 t o x i c  gases .  

Appropr ia te  l e v e l s  of hazard f o r  t e m p e r a t u r e  and hea t  f l u x  should be 

s epa ra t ed  i n t o  two regimes - a l e v e l  which would produce unacceptab le  l e v e l s  

of pa in  r e q u i r i n g  evacua t ion  and a second h igher  l e v e l  i n d i c a t i v e  of impending 

f u l l  room involvement o r  f l a shove r .  For human exposure,  a range of t h r e s h o l d  

l e v e l s  l e ad ing  t o  pa in  o r  burn is  a v a i l a b l e  [ 3 8 ] .  S i m m s  and Hinkley [ 4 1 ]  and 

Derksen, Monahan, and Delhery [ 4 2 ]  have suggested l i m i t s  of 1.2 kW/m . Dinman 

[431 and Parker  and West [ 4 4 ]  concluded a h igher  l e v e l  of 2.5 kW/m2 should be 

cons idered  a pa in  t h r e s h o l d  for extended exposure.  The l a t t e r  va lue  cor re-  

sponds t o  a r a d i a t i n g  b lack  body at a tempera ture  of 183OC; t h e  former t o  one 

a t  l l O ° C  [ 4 1 , 4 2 ] .  For t h e  h ighe r  c r i t e r i o n  of impending f u l l  room involve-  

ment,  a number of s t u d i e s  of room f i r e s  have suggested c o n d i t i o n s  f o r  f l a s h-  

over  as gas t empera tures  g r e a t e r  than  500 t o  6OO0C and hea t  f l u x  l e v e l s  

2 
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greater than about 20 kW/mz [45-551. 

in reference [56]. 

A review of these efforts is  presented 

Babrauskas [38] has suggested a limit of 

k = 1.2 m-' 

for smoke obscuration, where k is the extinction coefficient. His choice was 

based upon studies by Jin 157-591 on visibility in a smoke filled environment. 

Jin concludes an approximate relationship of 

kV = 2, 

where V is the visibility in meters. 

speed in a smoke filled environment being at least that of a blindfolded 

subject in a smoke free environment, were suggested as k = 1.2 m-' for "non- 

irritating" smoke and k = 0.5 mol for "irritating" smoke [ 57-59]. 

study, two levels of hazard limits are presented - the limit proposed by 
Babrauskas of k = 1.2 m-' and a lower threshold of k = 0.2 m-' corresponding 

to the maximum level insuring visibility from the center of the car to the car 

ends in a 24 m (80 ft) car. 

Proposed limits on k, based on walking 

For this 

Concentrations of carbon dioxide and carbon monoxide were measured in the 

doorway during all the tests. While these are not the only products of 

pyrolysis and combustion, carbon monoxide is one of the primary toxicants 

generated in fires, and CO2/CO ratios can be used as an indication of the 

completeness of combustion. As very high levels of C02 are also toxic, these 
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c o n c e n t r a t i o n s  can be used t o  i n d i c a t e  when t e n a b i l i t y  c o n d i t i o n s  are reached. 

Based upon t a b u l a t i o n s  by Kimmerle [60]  and Pryor and Y u i l l  [ 6 1 ] ,  a l i m i t  of 

10 percen t  f o r  C 0 2  i s  a p p r o p r i a t e  as a l e v e l  which produces g e n e r a l  d iscomfor t  

and l abored  b rea th ing .  K i m m e r l e  [ 6 0 ]  and Levin e t  a1 [ 62 ]  have s t u d i e d  t h e  

l e v e l s  of CO necessa ry  t o  cause a 50% l e t h a l i t y  i n  l a b o r a t o r y  animals .  From 

Kimmerle : 

Carbon Monoxide k v e l s  Necessary t o  Cause a 50% 
L e t h a l i t y  i n  Labora tory  Animals 

Exposure T i m e  
(min) 

CO Level 
( % >  

CO Dose 
(%-min) 

10 
20 
30 
60 

0.88 
0.61 

0.47 
0.55 

8.8 
12.2 
16.5 
28.0 

Source: Reference 1601 

Levin e t  a1 [62] p r e s e n t  r e s u l t s  f o r  a 30 minute exposure s imi lar  t o  

Kimmerle's w i t h  a l e v e l  of 0.5% CO t o  cause a 50% l e t h a l i t y .  However, s i n c e  

t h e  CO dose l e v e l s  necessa ry  t o  cause adverse  e f f e c t s  changes so d r a s t i c a l l y  

depending upon t h e  t i m e  of exposure (from 8.8%-min t o  28%-min f o r  a 50% 

l e t h a l i t y ) ,  a s i m p l e r  c r i t e r i o n  based. on t h e  CO l e v e l  i s  s u f f i c i e n t .  S ince  

t h e  maximum t i m e  a v a i l a b l e  f o r  escape  o r  r e s c u e  du r ing  all f o u r  f u l l y  

f u r n i s h e d  mock-up tests  would be 10 minutes o r  less ,  a l e v e l  of 0.8% i s  

a p p r o p r i a t e .  I n  summary, t h e  t e n a b i l i t y  l i m i t s  used i n  t h e  e v a l u a t i o n  of t h e  

f u l l  scale mock-up tes ts  were: 
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T e n a b i l i t y  Criteria f o r  Mock-up T e s t  Eva lua t ion  

Cri ter ia  
Acceptable 

T e n a b i l i t y  L i m i t  

Gas Temperature < 183°C 
< 6OO0C 

( p a i n  t h r e s h o l d )  
( f u l l  room involvement) 

Smoke Obscurat ion 
k < 1 . 2 m  -' 

Gas Concent ra t ions  
< 10% 
< 0.8% 

c02 

O2 > 9% 
CO dose 

( f u l l  car v i s i b i l i t y )  
(unacceptab le  mob i l i t y )  

3.5.2 Gas Temperatures and Heat Release Rate 

Peak gas  temperatures  dur ing  the  e i g h t  mock-up tests ranged from 114 t o  

825OC (237 t o  1517'F) near  t h e  c e i l i n g  and from 29 t o  768OC (84 t o  1414'F) a t  

1.5 m (5 f t )  from t h e  f l o o r ,  t he  approximate passenger  head he igh t .  

two tests, c r i t i ca l  temperatures  were reached a t  both l e v e l s .  

a f u l l y  fu rn i shed  mock-up wi th  non- f i re  r e t a r d e d  polyurethane cushioning on 

t h e  i g n i t i o n  seat,  temperature  l e v e l s  of 183OC (361'F) were reached i n  315 s 

and 411 s at  c e i l i n g  l e v e l  and a t  passenger  h e i g h t ,  r e s p e c t i v e l y .  The h igher  

c r f t i ca l  temperature  of 6OO0C (111ZoF), i n d i c a t i n g  f u l l  room involvement,  was 

reached a t  468 s and 478 S. S i m i l a r  d a t a  from test 4 ,  a f u l l y  fu rn i shed  mock- 

up with s e a t i n g  cushions of a low-smoke formula t ion  polychloroprene,  d i f f e r e n t  

w a l l  c a r p e t i n g ,  c e i l i n g  c a r p e t i n g ,  window mask, window g l a z i n g ,  and luggage 

rack than  test 1, showed a t i m e  of 200 s t o  reach  183OC (361'F) and of 270 s 

t o  reach  6OO0C ( l l lZ°F)  a t  c e i l i n g  l e v e l .  

a t t a inmen t  of c r i t i c a l  tempera tures  a t  t h e  passenger  l e v e l .  From t h e s e  d a t a  

and f i g u r e s  6 and 10, i t  i s  apparen t  t h a t  t h e  growth of t he  f i r e s  is slow a t  

During 

During test  1, 

The f i r e  w a s  ex t inguished  p r i o r  t o  
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f i r s t ,  r e q u i r i n g  315 s and 200 s t o  r each  183OC, and growing r a p i d l y  a f t e r  

t h e s e  times t o  peak tempera tures  a t  478 s and 275 S. This change from a 

s lowly  growing f i r e  t o  a more r a p i d l y  growing one corresponded v i s u a l l y  t o  the  

i g n i t i o n  of t h e  c a r p e t i n g  cover ing  t h e  under s ide  of t h e  luggage r a c k ,  

The rate  of h e a t  r e l e a s e d  from t h e  burning mock-up i n t e r i o r s  shows 

similar r e s u l t s .  From f i g u r e s  22 and 25, peak rates of h e a t  r e l e a s e  of 4.4 MW 

dur ing  test 1 and 1.6 Mb7 dur ing  tes t  4 are reached r a p i d l y  a f t e r  a long 

i n i t i a l  per iod  of low h e a t  ou tpu t .  Peak ra te  of h e a t  release ranged from a 

low of 40 kW t o  a h igh  of 484  MW dur ing  t h e  e i g h t  mock-up tests. 

Thus, an i g n i t i o n  source  t h a t  p rov ides  enough h e a t  f o r  a s u f f i c i e n t  

pe r iod  of t i m e  t o  i g n i t e  t h e  c a r p e t i n g  beneath  t h e  luggage rack  i s  l i k e l y  t o  

l ead  t o  a s e r i o u s  f i r e .  During test 1, t h e  non- fi re  r e t a r d e d  polyure thane  

cushioning and polyure thane  armrest provided t h e  necessa ry  i g n i t i o n  energy. 

During test 4 ,  t h e  e x t e n s i o n  of t h e  luggage rack  t o  t h e  f u l l  l e n g t h  of t h e  

mock-up allowed a l a r g e r  pe rcen tage  of t h e  hea t  t o  be t rapped beneath  t h e  

luggage rack  l e a d i n g  t o  i g n i t i o n  by t h e  newspaper, u p h o l s t e r y  f a b r i c  and more 

i m p o r t a n t l y ,  t h e  polyure thane  armrest, The lower ra te  of h e a t  r e l e a s e d  from 

t h e  s e a t  a s sembl ie s  and t h e  shor tened luggage r ack  i n  tests 2 and 3 prevented  

t h e  a t t a inmen t  of untenable  thermal cond i t ions .  

385.3 Smoke Levels  

Peak smoke l e v e l s  i n  t h e  doorway dur ing  tests 1 t o  4 p r e v i o u s l y  were 

shown i n  f i g u r e s  14 t o  17 and t a b l e  8. T i m e s  t o  r e a c h  an e x t i n c t i o n  c o e f f i -  

c i e n t  of 0.2 m-' and 1.2 m-' were a l s o  shown i n  t a b l e  80 During a l l  tes ts ,  
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v i s i b i l i t y  was reduced below t h e  l e v e l  necessary  t o  see t h e  end of t h e  car 

(from t h e  c e n t e r  of t h e  car) qu i ck ly ,  w i th  times tr> reach  0.2 m-l from 40 s t o  

134 s at  t h e  top  of t h e  door. 

cons ide rab ly  l onge r ,  215 s t o  2613 S. 

i n d i c a t i n g  a s e v e r e  dec rea se  i n  m o b i l i t y  and thus  hampering evacua t ion ,  

occur red  at  passenger  he igh t  on ly  dur ing  two tests. During test 1 ,  t h i s  l e v e l  

was reached i n  486 s and dur ing  test 4 ,  i n  225 S. 

A t  passenger  h e i g h t ,  times t o  reach 0.2 m-' were 

The h ighe r  c r i t i c a l  va lue  of 1.2 m - l ,  

Like t h e  gas  temperature  d a t a ,  t h e  smoke d a t a  show a r a p i d  change in 

tests where f u l l  room involvement was a t t a i n e d .  For tests 1 and 4 ,  only  10 t o  

25 s e lapsed  between t h e  t i m e  t o  reach  0.2 m" and t h e  t i m e  t o  reach  1.2 me'. 

3.5.4 Gas Concent ra t ions  

Maximum c o n c e n t r a t i o n s  of C02 measured a t  t h e  t op  of t h e  doorway and a t  

passenger  he igh t  ranged from 0.9 t o  13.4% and 0.4 t o  10.9%, r e s p e c t i v e l y .  For 

CO, peak l e v e l s  ranged from 0.1 t o  3.9% and 0.1 t o  3.1%. 

t r a t i o n s  ranged from 20.1 t o  1.1%. 

reached on ly  i n  tests 1 and 4 :  

Minimum O2 concen- 

Cri t ical  l e v e l s  of 02, C 0 2 ,  and CO were 

Time  t o  Reach Critical Gas Concent ra t ions  a t  Ce i l i ng  
t 1 - 8  Level During Tests 1 and 4 

T e s t  

Time t o  Reach T ime  t o  Reach Time  t o  Reach 
9% 02 10% c02 0.8% CO 
(4 (SI (SI 

1 
4 

503 
295 

503 
n o r .  

450 
270 
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Peak gas c o n c e n t r a t i o n s  and c r i t i c a l  l e v e l s  of t h e  gases  measured were reached 

a t  times corresponding t o  f u l l  room involvement f o r  tests 1 and 4.  The 

r a p i d l y  changing environment w i t h i n  t h e  room a t  t h e s e  times l e a d s  t o  

unacceptable  c o n d i t i o n s  a t  passenger  l e v e l  wi th  l i t t l e  de lay :  

T ime  t o  Reach Cr i t ica l  Gas Concent ra t ions  a t  
Passenger Level During Tests I and 4 

T e s t  

T i m e  t o  Reach T ime  t o  Reach Time t o  Reach 
9% 02 10% c02 0.8% CO 

(S I  (SI (SI 

1 
4 

510 
n o r .  

510 
n o r .  

48 2 
275 

For a l l  o t h e r  tes ts ,  none of t h e  c r i t e r i a  were exceeded. 

4 .  SEATING CALORIMETER TESTS 

I n  o r d e r  t o  a s c e r t a i n  t h e  f u l l - s c a l e  burning behavior  of t h e  s e a t i n g  

materials wi thout  t h e  i n t e r a c t i o n  of o t h e r  materials o r  of changes i n  test 

room geometry, f u l l - s i z e ,  upho l s t e red  specimens of the seat cushions  and seat 

backs were t e s t e d  i n  a f u l l  scale c a l o r i m e t e r  t o  measure t h e  rate  of h e a t  

r e l e a s e d  from t h e  burning seats. Details of t h e  appara tus  and test  procedure  

are p resen ted  i n  r e f e r e n c e  [63].  B r i e f l y ,  t h e  f u l l  s i z e  specimen is  burned 

beneath  a hood c o l l e c t i o n  system des igned t o  c o n t a i n  a l l  t h e  combustion 

products  of t h e  burning i t e m .  Rates of h e a t  release are measured us ing  t h e  

oxygen consumption p r i n c i p l e  [28,29,37].  F igure  26 shows t h e  des ign  of t h e  

ca l o r  i m e  t e r . 
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For t h e  p re sen t  tests, f u l l y  upho l s t e r ed  specimens of t h e  seat cushions 

and seat backs used i n  each of t h e  f o u r  fu l l y- fu rn i shed  mock-up tests were 

p laced  on a non-combustible seat frame s imu la t i ng  t h e  con f igu ra t i on  i n  a r a i l  

car. I g n i t i o n  was accomplished wi th  t h e  same i g n i t i o n  source  used f o r  t h e  

mock-up tests -- 50 s h e e t s  of newspaper (approximately L O 6  kg). Figure 27  

shows t h e  rate of h e a t  release of t h e  newspaper i g n i t i o n  source  measured i n  

t h e  f u r n i t u r e  c a l o r i m e t e r  u s ing  a non-combustible seat assembly. 

rate of hea t  release f o r  t h e  burning newspaper was 55 kW a t  100 s a f t e r  i gn i -  

t ion,  

The peak 

The rate  of hea t  release f o r  t h e  f o u r  seat cushion assembl ies  i s  a l s o  

shown i n  f i g u r e  27. I n i t i a l  peaks from t h e  burning newspaper are ev ident  i n  

a l l  tests wi th  an average t i m e  t o  t h i s  f i r s t  peak of 100 s,  i d e n t i c a l  t o  t h e  

peak observed f o r  t h e  burning newspaper a lone.  After t h i s  i n i t i a l  peak, t h e  

burning behavior  of t h e  uphols te red  seats v a r i e d  markedly. 

specimens t e s t e d ,  peak rates of hea t  release ( a f t e r  t h e  i n i t i a l  newspaper 

peak) were: 

For t h e  f o u r  

Peak Rate of Heat Release of Sea t ing  
Measured i n  t h e  F u r n i t u r e  Calor imeter  

Peak Rate of 
Sea t ing  Used i n  Heat Release Time t o  Peak 
Foam Mock-up T e s t  (kW) (SI 

Polyure thane  1 
FR polychloroprene 2 
FR polyurethane 3 
Low smoke polychloroprene 4 

139 
45 
30 
3 1  

470 
630 
310 
780 
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5. LABORATORY SCALE TEST RESULTS 

The purpose of l a b o r a t o r y  scale tests i s  t o  provide  t h e  r e s e a r c h e r /  

deve lope r  and t h e  purchaser  a means f o r  s e l e c t i n g  materials based on perform- 

ance. I n  f i r e  s a f e t y ,  the  problem i s  compounded by t h e  f a c t  t h a t  system 

d e s i g n  can have a s i g n i f i c a n t  e f f e c t  on t h e  f i r e  performance of a s i n g l e  

component. A material developer  t y p i c a l l y  rel ies  on s i n g l e  parameter  tests  t o  

de termine  r e l a t i v e  f i r e  performance of one material a g a i n s t  a n o t h e r ,  because 

he i s  not  i n  a p o s i t i o n  t o  s p e c i f y  t h e  end use environment. The r e s p o n s i b i l-  

i t y  of i n t e g r a t i n g  f i r e  performance and system des ign  rest on t h e  system 

des ign  eng inee r .  He  must exercise a g r e a t  d e a l  of c a u t i o n  i n  us ing  s i n g l e  

parameter  test  methods as a means f o r  p r e d i c t i n g  l a r g e  scale f i r e  performance. 

To assist t h e  t r a n s i t  des ign  eng inee r  i n  developing a reasonably  f i r e  s a f e  

v e h i c l e ,  t h e  Department of T r a n s p o r t a t i o n  has developed and publ ished f o r  

comment, "Recommended F i r e  S a f e t y  P r a c t i c e s  f o r  Rail T r a n s i t  Materials 

S e l e c t  ion"  [ 6 4  I . 

A s  p r e v i o u s l y  c i t e d ,  s i x  test methods are recommended f o r  t h e  e v a l u a t i o n  

of component materials used i n  t r a n s i t  v e h i c l e s .  The recommended test  pro- 

cedures  and performance c r i t e r i a  f o r  each f u n c t i o n a l  component were summarized 

i n  t a b l e  1 .  A s u b s e t  of t h e  recommended test procedures a p p l i c a b l e  t o  t h e  

c u r r e n t  t e s t i n g  program i s  t a b u l a t e d  i n  t a b l e  11 along wi th  t h e  performance 

c r i t e r i a  f o r  each f u n c t i o n a l  group. 

Four of t h e s e  s i x  test methods were used t o  e v a l u a t e  t h e  f i r e  performance 

of component materials used i n  t h e  l a r g e  scale tests. I n  a d d i t i o n ,  a l l  of t h e  

materials were t e s t e d  t o  de termine  t h e  rate of hea t  release according t o  t h e  
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method and appa ra tu s  developed by Babrauskas [28] .  Component materials 

involved the  cover ings  f o r  t he  wall ,  c e i l i n g  and f l o o r ,  as w e l l  as seat 

cush ions ,  window masks, and window g l az ing .  

eva lua t ed  i n  any l a b o r a t o r y  scale tests: 

t r a y s ,  seat shroud, and upho l s t e ry  f a b r i c .  

The fo l lowing  materials were no t  

arm rests, n o n -m e t a l l i c  f i r e p a n s  and 

Table 12 d e s c r i b e s  t he  materials and t h e i r  f u n c t i o n a l  use i n  t h e  i n t e r i o r  

of t h e  l a r g e  scale test.  The test procedures  used t o  e v a l u a t e  each material 

are a l s o  i n d i c a t e d  i n  table 12. 

5.1 Smoke Measurements 

The smoke d e n s i t y  chamber, NFPA 258-1976, measures t h e  dec rea se  i n  l i g h t  

t r ansmis s ion  due t o  t h e  smoke produced from a v e r t i c a l l y  mounted s o l i d  

specimen exposed t o  a hea t  source .  The d a t a  r epo r t ed  he re  involved t h e  u se  of 

a 25 kW/m 

of l i g h t  t r ansmis s ion  (T) i s  used t o  compute t h e  s p e c i f i c  o p t i c a l  d e n s i t y ,  Ds, 

which is  de f ined  as 

2 r a d i a n t  hea t  sou rce  and a small burner  flame system. The f r a c t i o n  

where V = chamber volume 

. L  = l i g h t  beam pa th  l e n g t h  

A = s u r f a c e  area of the specimen 

D, i s  used t o  d e s i g n a t e  t h e  maximum va lue  a t t a i n e d  by Ds. 

d e f i n e s  Dm,cOrr as t h e  d i f f e r e n c e  between Dm and De, t h e  s p e c i f i c  o p t i c a l  

d e n s i t y  f o r  a v e n t i l a t e d  chamber a t  t h e  end of a test exposure.  

The test method 
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A t  least t h r e e  r e p l i c a t e s  of each sample were t e s t e d .  F i g u r e s  28 t o  32 

show t h e  s p e c i f i c  o p t i c a l  d e n s i t y ,  Ds, as a f u n c t i o n  of t i m e  f o r  an i n d i v i d u a l  

specimen. These f i g u r e s  r e p r e s e n t  t h e  d a t a  ob ta ined  from t h e  i n d i v i d u a l  

specimen having t h e  h i g h e s t  Ds v a l u e  a t  1.5 minutes  from test  i n i t i a t i o n .  

Each f i g u r e  shows t h e  d a t a  from one f u n c t i o n a l  group. F igure  28 shows t h a t  

t h e  window masks des igna ted  FRP XI, produced less smoke a t  a lower rate  t h a n  

e i t h e r  of t h e  o t h e r  two materials. 

The seat cushion materials, f i g u r e  29, f a l l  i n t o  two groups.  There i s  

l i t t l e  p r a c t i c a l  d i f f e r e n c e  w i t h i n  each group. The o r i g i n a l  polyure thane  foam 

and polychloroprene  foam produced l a r g e  q u a n t i t i e s  of smoke i n  a s h o r t  pe r iod  

of t i m e .  The FR-polyurethane and t h e  low smoke polychloroprene  produced 

s i g n i f i c a n t l y  smaller amounts of smoke over a longer  per iod  of t i m e .  

Two g l a z i n g  materials were used i n  t h e  l a r g e- s c a l e  tes ts ,  a 3 mm t h i c k  

po lyca rbona te  s h e e t  and a laminated  p l a t e  g l a s s  of comparable t h i c k n e s s .  Only 

t h e  polycarbonate  g l a z i n g  w a s  t e s t e d  by NFPA 258. F igure  30 shows t h e  r e s u l t s  

of t h o s e  tests. The polycarbonate  g l a z i n g  r e q u i r e d  a long exposure t o  t h e  

h e a t  source  b e f o r e  s i g n i f i c a n t  q u a n t i t i e s  of smoke were produced. 

F igures  31 and 32 i l l u s t r a t e  t h e  t e s t  r e s u l t s  f o r  a l l  c a r p e t  samples. 

F igure  31 r e p r e s e n t s  t h o s e  c a r p e t s  t h a t  were in tended  f o r  use on t h e  wa l l s ,  

c e i l i n g s ,  and under s ide  of t h e  overhead luggage rack.  These samples were 

t e s t e d  wi thout  an underlayment. Carpet D produced more smoke more r a p i d l y  

t h a n  c a r p e t s  G and B. 
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The samples de s igna t ed  as f l o o r  cover ing  materials were t e s t e d  w i th  a 

polyurethane foam underlayment. 

c a r p e t ,  f i g u r e  32. 

ment, c a r p e t  Bo 

smoke produc t ion  c h a r a c t e r i s t i c s  of c a r p e t  B i s  only apparen t  la te  i n  t h e  

test.  

Carpet F appears  t o  be a s i g n i f i c a n t l y  b e t t e r  

Only one c a r p e t  was t e s t e d  w i th  and wi thout  an underlay- 

F igure  33 shows t h a t  t h e  i n f l u e n c e  of t h e  underlayment on t h e  

Table  13 summarizes t h e  r e s u l t s  of NFPA 258. Data are t a b u l a t e d  f o r  t h e  

average  Dm,corr as w e l l  as t h e  Ds va lues  f o r  1.5 minutes and 4.0 minutes as 

recommended i n  t h e  DOT gu ide l i ne s .  Within a f u n c t i o n a l  group, t h e  materials 

are l i s t e d  accord ing  t o  a dec rea s ing  Ds (1.5). It can be s een  t h a t  t h e  D, 

(1.5) and D, (4.0) produce similar rankings.  I n  two cases, FRPI/PVC-acrylic 

and polyurethane/ low smoke polychloroprene,  t h e  Dm,corr v a lues  do n o t  cor re -  

l a t e  w i t h  t h e  Ds rankings.  

DOT recommended D, v a l u e s  f o r  a l l  materials and a p p l i c a t i o n s  are: 

Ds (1.5) - < 100, 
Ds (4 .0)  - < 200. 

With t h e  excep t ion  of t h e  w a l l  cover ing ,  each f u n c t i o n a l  area had accep t ab l e  

materials, All c a r p e t  samples in tended  f o r  u se  on t h e  wall o r  c e i l i n g  of t h e  

i n t e r i o r  of a t r a n s i t  v e h i c l e  f a i l e d  t o  meet DOT smoke produc t ion  l e v e l s  a t  4 

minutes.  

200. 

a small range,  230 t o  300. 

Only c a r p e t  F, in tended  f o r  f l o o r  cover ing ,  had a Ds (4 .0)  less than  

With t h e  excep t ion  of c a r p e t  D, a l l  c a r p e t  samples had D, v a l u e s  w i t h i n  

Carpet D had a Dm va lue  of 470. 
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5.2 Flame Spread Tests 

ASTM E 162 and 1) 3675 measure t h e  a b i l i t y  of a material t o  resist flame 

sp read  and h e a t  e v o l u t i o n  under t h e  i n f l u e n c e  of an e x t e r n a l  r a d i a n t  f l u x .  

Both t e s t  methods y i e l d  a flame spread index,  Is, t h a t  i s  t h e  product  of a 

flame spread f a c t o r  and a hea t  e v o l u t i o n  f a c t o r .  The tes t  methods are func- 

t i o n a l l y  i d e n t i c a l .  Minor d i f f e r e n c e s  e x i s t  i n  t h e  manner i n  which specimens 

are  prepared f o r  t e s t i n g .  ASTM D 3675 i s  in tended f o r  t h e  e v a l u a t i o n  of 

f l e x i b l e  c e l l u l a r  materials t h a t  have a tendency t o  s h r i n k  and f a l l  ou t  of t h e  

specimen ho lde r .  Specimen p r e p a r a t i o n ,  t h e r e f o r e ,  r e q u i r e s  t h e  use  of a s h e e t  

of 2.5 m 20 gage hexagonal  s teel  w i r e  mesh over t h e  exposed f a c e  of t h e  

specimen. In a l l  o t h e r  a s p e c t s ,  t h e  two test  methods are i d e n t i c a l .  

Three r e p l i c a t e s  of each material were t e s t e d  t o  determine a flame spread 

index.  The r e s u l t s  of t h e s e  tests are t a b u l a t e d  i n  t a b l e  14. The s e a t  

cushions  were t e s t e d  according t o  ASTM D 3675, wh i l e  t h e  o t h e r  materials were 

t e s t e d  fo l lowing  ASTM E 162 s p e c i f i c a t i o n s .  DOT recommended performance 

c r i t e r i a  f o r  each f u n c t i o n a l  group are a l s o  l i s t e d .  It can be seen  t h a t  each  

f u n c t i o n a l  group has a t  least one m a t e r i a l  t h a t  meets t h e  c r i t e r i o n .  

S i g n i f i c a n t  d i f f e r e n c e s  e x i s t e d  between a l l  of t h e  c a r p e t  samples t e s t e d .  

Carpet  B had t h e  worst  performance, I, = 270, whi le  c a r p e t  D f a i l e d  t o  i g n i t e  

a t  a l l .  C a r p e t  D was t h e  only  w a l l  cover ing  material which m e t  t h e  DOT 

c r i t e r i o n .  In  terms of performance, the two f i b e r g l a s s  r e i n f o r c e d  p l a s t i c  

window masks b a r e l y  m e t  t h e  c r i t e r i o n ,  wh i l e  t h e  v i n y l  c h l o r i d e / a c r y l i c  

copolymer w a s  f a r  s u p e r i o r  as a window mask material. 
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5.3 Cri t ical  Radiant  Flux 

NFPA 253 exposes a specimen placed h o r i z o n t a l l y  t o  a r a d i a n t  energy 

g r a d i e n t  t h a t  v a r i e s  a long  a l-meter l e n g t h  from 11 kW/m2 t o  1 kW/m2. The 

specimen is i g n i t e d  by a small flame a t  t h e  h igh  energy end. The d i s t a n c e  

burned to t h e  p o i n t  a t  which t h e  f l o o r i n g  material e x t i n g u i s h e s  i t s e l f  d e t e r-  

mines t h e  c r i t i c a l  r a d i a n t  f l u x  (CRF) neces sa ry  t o  suppor t  cont inued flame 

propagat ion.  The h ighe r  t h e  CRF,  t h e  b e t t e r  is t h e  f i r e  s a f e t y  of t h e  ca rpe t .  

The DOT recommended g u i d e l i n e s  s t i p u l a t e  t h a t  f l o o r  cover ings  must have a 

CRF g r e a t e r  t han  or equa l  t o  5 kW/m 2 . This is equ iva l en t  t o  performance 

requi rements  placed on f l o o r  cover ings  used in c o r r i d o r s  and exi tways of 

h e a l t h  care f a c i l i t i e s .  

Two c a r p e t  samples were t e s t e d  t o  determine t h e i r  CRF r a t i n g .  

was used i n  l a rge- sca l e  tests 2 ,  3 ,  4 ,  5 ,  and 6 ,  whi le  c a r p e t  F was used i n  

tests 1, 7 ,  and 8. Each c a r p e t  was t e s t e d  w i t h  t h e  underlayment used in t h e  

l a r g e  scale tes t ,  Le . ,  polyurethane foam. Carpet F performed very  well. It 

had a CRF of > 1 1  kW/m2. Both samples meet 

o r  exceed DOT recommendations. 

Carpet B 

Carpet B had a CRF of 5.5 kW/m2. 

5.4 Rate of Heat Release 

Two measurement t echniques  e x i s t  f o r  t h e  de t e rmina t ion  of t h e  rate of  

h e a t  release. One method measures s e n s i b l e  h e a t  in t h e  exhaus t  ga s ,  whi le  t h e  

o t h e r  method u t i l i z e s  t h e  oxygen consumption p r i n c i p l e .  Smith 124-26,651 

employed t h e  former method t o  c a l c u l a t e  a f i r e  hazard load  va lue  f o r  a 
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f u r n i s h e d  enc losure .  The primary parameter  was t h e  t o t a l  h e a t  r e l e a s e  a t  3 

minutes a t  a f i x e d  e x t e r n a l  i n c i d e n t  h e a t  f l ux .  Measurements were made over  a 

range  of i n c i d e n t  h e a t  f l u x  l e v e l s  - 11 kW/m2 t o  34 kW/m . 
used depended on t h e  end use  of t h e  material. Smith s e l e c t e d  h e a t  release 

r a t e  d a t a  a t  t h e  upper  exposure l i m i t  f o r  c e i l i n g  and wal l  materials and lower 

l e v e l  exposure d a t a  f o r  t h e  e v a l u a t i o n  of f l o o r i n g  materials. 

2 The a c t u a l  d a t a  

Using t h e  oxygen consumption p r i n c i p l e ,  Krasny and Babrauskas [66] demon- 

s t r a t e d  t h e  d i f f i c u l t i e s  encountered i n  a t t empt ing  one-to-one c o r r e l a t i o n s  

between bench scale and l a r g e- s c a l e  tests. While they  were a b l e  t o  c o r r e l a t e  

h o r i z o n t a l  flame sp read  on u p h o l s t e r y  f u r n i t u r e  mockups wi th  t h e  t i m e  t o  

100 kW h e a t  release rate  i n  a f u l l  s i z e  f u r n i t u r e  c a l o r i m e t e r ,  i t  was 

necessa ry  t o  compare maximum h e a t  release rates i n  t h e  f u r n i t u r e  c a l o r i m e t e r  

w i t h  cone c a l o r i m e t e r  t o t a l  h e a t  release a t  3 minutes  normalized by t h e  t o t a l  

weight of t h e  sample be fo re  e q u i v a l e n t  material  ranking  could be  achieved.  

The cone c a l o r i m e t e r  [ 28 ]  was used t o  e v a l u a t e  t h e  component materials 

used i n  t h e  l a r g e- s c a l e  mockups. Three r e p l i c a t e s  of each  material were 

t e s t e d  a t  an i n c i d e n t  f l u x  l e v e l  of 25 kW/m . This  i s  a t  t h e  mid-range of 

Smi th ' s  d a t a  and comparable t o  t h e  i n c i d e n t  f l u x  level - used by Krasny and 

Babrauskas. The 3 minute v a l u e s  used by Smith and Krasny proved u n s a t i s-  

f a c t o r y  because a t  25  kW/m2 t h e  r a t e  of h e a t  release f o r  some samples w a s  

bimodal w i t h  t h e  broader  peak b i a s i n g  t h e  t h r e e  minute average.  Therefore ,  a 

f i r e  hazard load  va lue  similar t o  Smith 's  could n o t  be determined f o r  a l l  

materials. 

2 
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The maximum rate of hea t  r e l e a s e  per u n i t  s u r f a c e  area, Qp, was used as 

an i n i t i a l  measure of material f lammabil i ty .  

ob ta ined  from t h e  cone ca lo r ime te r .  

l i s t e d  accord ing  t o  dec reas ing  Q . Also l i s t e d  i n  t a b l e  15 are t h e  t i m e  a t  

which t h e  peak va lue  w a s  recorded ,  an approximate i g n i t i o n  de l ay  t i m e  and t h e  

t o t a l  hea t  r e l e a s e d  a t  Q . 

Table 15 summarizes t h e  r e s u l t s  

Within f u n c t i o n a l  groups t h e  d a t a  are 

P 

P 

The i g n i t i o n  de l ay  t i m e  w a s  determined from t h e  output  d a t a  r a t h e r  than 

a c t u a l  obse rva t ions  and, t h e r e f o r e ,  are only approximate.  The lowest  Q w a s  
P 

observed f o r  t h e  low smoke polychloroprene sample, 

was t h e  polyure thane  foam cushion,  600 kW/m . One 

conducted t o  determine t h e  e f f e c t  of an upho l s t e ry  

hea t  release. The polychloroprene was covered wi th  

2 

27 kW/m2, and t h e  h i g h e s t  

set of composite tests was 

material on t h e  rate  of 

samples from the  upho l s t e ry  

material used i n  t h e  l a r g e  scale test. It was found t h a t  whi le  t h e  poly- 

chloroprene  a lone  r e l e a s e d  hea t  a t  a low rate,  32 kW/m , t h e  i n c l u s i o n  of a 

cover f a b r i c  r a i s e d  t h i s  t o  280 kW/m2. 

32 seconds ve r sus  264 seconds,  f o r  t h e  covered foam cushion. However, t h e  

t o t a l  hea t  r e l e a s e d ,  QT, by t h e  covered foam cushion was  less than t h e  exposed 

foam, 2.2 MJ/m f o r  covered foam and 3.2 MJ/m f o r  exposed foam. An i n t e r -  

e s t i n g  f e a t u r e  of t h e  covered foam tests demonstrated a bi-modal burning 

behavior ,  f i g u r e  3 4 .  F i r s t ,  t h e  cover f a b r i c  burned wi th  t h e  rate of h e a t  

release decaying t o  n e a r l y  zero  before  t h e  foam began t o  c o n t r i b u t e  t o  t h e  

rate of hea t  release. 

2 

In a d d i t i o n ,  Q occur red  much sooner ,  
P 

2 2 

The c a r p e t  samples had h ighe r  hea t  r e l e a s e  r a t e s  than most of t h e  o t h e r  

component m a t e r i a l s .  Carpet F had t h e  lowest  Q but i t  had t h e  h i g h e s t  t o t a l  
P '  

hea t  r e l eased .  A t  25 kW/rnz, c a r p e t  F was t h e  most r e s i s t a n t  t o  i g n i t i o n  w i t h  
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only  t h e  f i b e r g l a s s  r e i n f o r c e d  p l a s t i c  materials having a longer  i g n i t i o n  

de l ay  t i m e .  

The po lycarbona te  g l a z i n g  material would no t  i g n i t e  a t  25 kW/m2 e x t e r n a l  

2 i n c i d e n t  f l u x .  Tests a t  50 kW/m produced t h e  fo l lowing  r e s u l t s :  

2 

2 

= 480 kW/m a t  153 seconds 

QT = 9.7 MJ /m 

I g n i t i o n  = 123 seconds 

60 DISCUSSION OF LARGE-SCALE AND SMALL-SCALE TESTS 

Table  16  p r e s e n t s  t h e  r e s u l t s  of t h e  l abo ra to ry- sca l e  tests ar ranged  

accord ing  t o  t h e  use  i n  each f u l l - s c a l e  mock-up test.  Only t h e  materials from 

mock-up tes t  4 m e t  t h e  flame spread g u i d e l i n e s .  None of t h e  sets of materials 

from t h e  f o u r  f u l l y  fu rn i shed  mock-up tests m e t  t h e  smoke emiss ion  g u i d e l i n e s  

recommended by DOT. Since no recommended limits have been proposed f o r  a r a t e  

of hea t  release measurement, no n o t a t i o n  i s  made i n  t a b l e  12 of accep t ab l e  

rate  of h e a t  release va lues .  F igu re  35 g r a p h i c a l l y  p r e s e n t s  t h e  small-scale 

flame spread  and smoke emiss ion  measurements. While t h e  m u l t i p l e  accep t ab l e  

l i m i t s  under ASTM E 162 have been omit ted f o r  s i m p l i c i t y ,  a l l  materials w i th in  

t h e  dashed l i n e  box i n  f i g u r e  35 are cons idered  a c c e p t a b l e  under DOT guide- 

l i n e s .  
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6.1 Small- Scale Tests Versus Large-Scale Tests 

As a more d e t a i l e d  comparison of t h e  l abo ra to ry- sca l e  tests and t h e  f u l l -  

scale mock-up tests, f i g u r e s  36 t o  39 show t h e  l abo ra to ry- sca l e  test r e s u l t s  

p l o t t e d  a g a i n s t  s e l e c t e d  f u l l - s c a l e  test da t a .  

measurements i n  t h e  l abo ra to ry- sca l e  test are compared wi th  peak smoke ex t inc-  

t i o n  c o e f f i c i e n t  ( f i g u r e  36) and w i th  t i m e  t o  reach  t h e  c r i t i ca l  smoke ex t inc-  

t i o n  c o e f f i c i e n t  of 1.2m01 ( f i g u r e  3 7 ) .  

t h e  peak rate of hea t  release measured dur ing  t h e  mock-up tests are compared 

w i t h  test r e s u l t s  from ASTM E 162 ( f i g u r e  38) and with peak rate of hea t  

release measured by t h e  cone c a l o r i m e t e r  ( f i g u r e  39) .  Resu l t s  similar t o  

f i g u r e s  38 and 39 could be ob ta ined  us ing  gas  temperature  as a measure of f i r e  

growth dur ing  t h e  mock-up tests r a t h e r  than  rate  of hea t  release. 

Resu l t s  of smoke d e n s i t y  

For the  flame spread  measurements, 

A l l  f ou r  f i g u r e s  (36 t o  39) l ead  t o  similar t r e n d s  comparing labora tory-  

scale and f u l l  s c a l e  measurements. F i r s t ,  cons ide r  on ly  mock-up tests 1 

through 3 .  The small-scale tests c o r r e c t l y  p r e d i c t  t h a t  mock-up test 1 should 

be more s eve re  than  tests 2 o r  3 .  Smoke measurements and flame spread  

measurements e x h i b i t  t h i s  t rend .  However, test 4 is no t  as e a s i l y  pred ic ted .  

Small- scale flame spread  measurements would i n d i c a t e  t h a t  t h e  materials i n  

tes t  4 should behave equ iva l en t  t o  o r  b e t t e r  than tests 2 and 3. C l e a r l y ,  

t h i s  was not  observed in  test 4. Laboratory- scale  smoke measurements would 

l e a d  t o  t h e  conc lus ion  t h a t  test 4 would behave s i m i l a r l y  t o  test 3, not  test 

1 as observed i n  t h e  mock-up tests. Thus, small-scale tests appear t o  

adequa t e ly  p r e d i c t  t h e  e f f e c t  of changes of materials w i th in  t h e  same geometry 

( a s  i n  tests 1 through 3 ) ,  but  cannot be used t o  p r e d i c t  f u l l - s c a l e  per for-  

mance of materials i n  d i f f e r e n t  geomet r ies  ( t e s t  4 ) .  
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6.2 Adequacy of E x i s t i n g  Materials 

As prev ious ly  s t a t e d ,  no se t  of materials used i n  any of t h e  f o u r  f u l l y  

f u r n i s h e d  mock-up tests  completely m e t  t h e  DOT g u i d e l i n e s  f o r  f lammabi l i ty  and 

smoke emiss ion .  Smoke emiss ion  c h a r a c t e r i s t i c s  were t y p i c a l l y  f u r t h e r  from 

a c c e p t a b l e  l i m i t s  than  flame spread  c h a r a c t e r i s t i c s .  Carpe t ing  used as w a l l  

cover ing  o r  f l o o r  cover ing  was t h e  only  m a t e r i a l  i n  which none of t h e  samples 

t e s t e d  e x h i b i t e d  a c c e p t a b l e  smoke emission c h a r a c t e r i s t i c s .  

Of the materials eva lua t ed  i n  t h e  small scale and l a r g e  scale t e s t s ,  t h e  

most promising combinat ions of materials were: 

Window Mask -- F R P I I  o r  PVC-Acrylic 

Glazing -- g l a s s  

Seat Cushions -- Low smoke polychloroprene o r  FR polyure thane  

Wall Carpe t ing  -- None a c c e p t a b l e ,  Carpet G (modacryl ic  c a r p e t )  b e s t  

of those  t e s t e d  

F loo r  Carpet ing  -- Carpet F (ny lon  c a r p e t )  

7. SUMMARY AND CONCLUSIONS 

A series of tests w a s  conducted t o  assess t h e  l a rge- sca le  burning  

behavior  of materials used as f u r n i s h i n g s  f o r  t h e  i n t e r i o r  of passenger  r a i l  

coach v e h i c l e s .  E ight  f u l l - s c a l e  mock-up tests ( f o u r  of t h e s e  f u l l y  

f u r n i s h e d )  were complemented w i t h  tests on t h e  f u l l  seat assembl ies  and wi th  

small-scale l a b o r a t o r y  tests  on i n d i v i d u a l  materials from t h e  v a r i o u s  compo- 

n e n t s  used on t h e  i n t e r i o r  of t h e  ca r s .  
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The f o u r  f u l l y  fu rn i shed  mock-up tests could be d iv ided  i n t o  two 

groups -- those  i n  which f u l l  room involvement was obta ined  ( t e s t s  1 and 4 )  

and those  i n  which few, i f  any hazardous cond i t i ons  were noted ( t e s t s  2 and 

3 ) .  This  d i s t i n c t  grouping was evidenced by peak gas  tempera tures  (649OC t o  

825OC i n  tests 4 and 1; 114°C t o  118°C i n  tests 2 and 3 ) ,  smoke l e v e l s  (17.3 

m - l  t o  19.9 

c o n c e n t r a t i o n s  (CO concen t r a t i on  of 3.6 t o  3 . 9  pe rcen t  i n  tests 4 and 1, 0.2 

t o  0.4 percent  i n  tests 2 and 3 ) .  

i n  tests 4 and 1, 5.6 t o  8 . 3  i n  tests 3 and 2 ) ,  and gas  

R e s u l t s  of t h e  small-scale l a b o r a t o r y  tests on i n d i v i d u a l  materials were 

found t o  be a b l e  t o  p r e d i c t  t r e n d s  i n  f u l l - s c a l e  f i r e  performance f o r  a g iven  

f u l l  scale geometry. However, when t h e  geometry of t h e  f u l l  scale test  room 

was changed, t h e  chosen small-scale tests f a i l e d  t o  p r e d i c t  t h e  e f f e c t  of 

t h e s e  changes. Thus, a p o s s i b l e  v e h i c l e  i n t e r i o r  e v a l u a t i o n  p r o t o c o l  i s  

e v i d e n t  : 

0 A small number ( 1  o r  2) f u l l  s i z e  tests t o  determine a se t  of accept-  

a b l e  materials f o r  t h e  geometry of t h e  f u l l  veh i c l e ;  

0 A series of small-scale tests t o  e v a l u a t e  a l t e r n a t i v e  materials. 

Materials which are equa l  o r  b e t t e r  i n  a l l  tests t o  t hose  t e s t e d  i n  

t h e  f u l l - s i z e  v e h i c l e  could be s u b s t i t u t e d  without  f u r t h e r  f u l l - s c a l e  

t e s t i n g .  

Of course,  changes i n  t h e  p h y s i c a l  l ayou t  of t h e  v e h i c l e  i n t e r i o r  ( i . e . ,  

t h e  geometry of t h e  v e h i c l e  i n t e r i o r )  would n e c e s s i t a t e  a d d i t i o n a l  f u l l - s i z e  

tests. 
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Some s p e c i f i c  recommendations can be made based upon t h e  r e s u l t s  of t h e s e  

tests: 

1) The ex t ens ion  of t h e  fu l l- ca rpe t ed  luggage r ack  t o  t h e  f u l l  

l e n g t h  of t h e  v e h i c l e  i n  test 4 made i g n i t i o n  of t h e  luggage 

r ack  c a r p e t i n g  easier. FRA and Amtrak should s tudy  a l t e r n a-  

t i v e s  t o  t h e  c u r r e n t  luggage r ack  des ign  t o  e l i m i n a t e  t h e  

combust ible  covering and t o  prevent  ( p o t e n t i a l l y  ho t )  gases  

from being t rapped  benea th  t h e  luggage r ack ,  

2 )  Padded armrests should be e l imina t ed  from t h e  seat assembl ies  

t o  r e t a r d  spread  of f i r e  from one seat t o  t h e  nex t ,  

3 )  P a r t i c u l a r  a t t e n t i o n  should be paid t o  i n s u r e  t h e  material used 

as a w a l l  cover ing  ( c a r p e t i n g  o r  window mask) ad j acen t  t o  

s e a t i n g  w i l l  resist i g n i t i o n  and subsequent spread of f i r e ,  

The tests r e p o r t e d  h e r e i n  r e p r e s e n t  on ly  a l i m i t e d  number of tests on a 

l i m i t e d  number of materials. Other materials o r  o t h e r  combinations of 

materials may l ead  t o  d i f f e r e n t  test  r e s u l t s .  The l a r g e r  volume of an e n t i r e  

r a i l  car (as opposed t o  t h e  mock-up) would change the  t i m e  response of t h e  

t o t a l  system, To i n s u r e  accep t ab l e  behavior  in t h e  f u l l  s i z e  v e h i c l e ,  addi-  

t i o n a l  f u l l  v e h i c l e  tests ,  p r e f e r a b l y  i n  a f u l l  car, should be performed, 

In s t rumen ta t i on  f o r  t h e s e  tests would be s i m i l a r  t o  t h a t  used i n  t h e  mock-up 

tests - t empera ture  measurements w i th in  t h e  v e h i c l e  from f l o o r  t o  c e i l i n g  and 

smoke d e n s i t y  measurements and gas  c o n c e n t r a t i o n  measurements a t  s e v e r a l  

l o c a t i o n s  w i t h i n  t h e  v e h i c l e .  A t  least  two tests should be performed on the  
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best combination of materials -- one with all openings closed and one with 
evacuation exits opened at a selected time during the test. These two tests 

would allow evaluation of the positive or negative effects of vehicle evacua- 

tion and determination of conditions at the exits as the fire develops. 
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TABLE 1. 
Recommendat ions For Testing The Flammability And Smoke 
Emission Characteristics Of Transit Vehicle Materials 

Se a t ing 

Panels 

......................................................................................................... 
Function 
of Test 

Category Material Procedure Performance Criteria ......................................................................................................... 
Cushiona sb  se ASTM D 3675 Is

h 5 25 
NFPA 258 
ASTM E 162 
NFPA 258 

D, (1.5) I100; D, (4.0) 5 200 
Fr ame a 9 e I, L 35 

D, (1.5) 5 100; D, (4.0) 5 200 
Shrouda *e ASTM E 162 I, I, 35 

NFPA 258 D, (1.5) 100; D, (4.0) & 200 

NFPA 258 
Uphols terya sc pe  FAR 25853 Flame Time L 10 sec; burn length & 6 inch 

D, (4.0) I250 coated 
D, (4.0) 5 100 uncoated 

................................................................................................ 
Wallare ASTM E 162 I, I 35 

Cei1ingase ASTM E 162 I, 1.35 

Par ti tiona se ASTM E 162 I, & 35 

Windscreena se ASTM E 162 I, & 35 

WAC Ductingase ASTM E 162 I, 5 35 

Windowd s e ASTM E 162 I, 5 100 

Light Dif f usere ASTM E 162 I, 5 100 

NFPA 258 D, (1.5) L 100; D, (4.0)  200 

NFPA 258 D, (1.5) 100; D, ( 4 . 0 )  & 200 

NFPA 258 D, (1.5) L 100; D, (4.0) L 200 

NFPA 258 D, (1.5) 100; D, (4 .0 )  L 200 

NFPA 258 D, (4.0) L 100 

NFPA 258 D, (1.5) 100; D, (4.0) 1. 200 

NFPA 258 D, (1.5) 100; D, (4.0) L ZOO 
................................................................................................ 
Flooring Strut tur a1 f 

Cover ingg 
ASTM E 119 Pass 
NFPA 253 C.R.F. 2- 0.5 w/cm2 

Thermala 9 se ASTM E 162 I, 25 

Insulation Acous tica s b  re ASTM E 162 I, L 25 
NFPA 258 D, (4 .0 )  5 100 

NFPA 258 D, (4.0) L 100 
Elas tomersa ASTM C 542 Pass 
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Notes t o  Table 1 

Materials t e s t e d  f o r  s u r f a c e  f l ammabi l i ty  should not  e x h i b i t  any f laming 
running,  o r  f laming d r ipp ing .  

Flammabil i ty and smoke emiss ion  c h a r a c t e r i s t i c s  should be demonstrated 
t o  be permanent by washing, i f  a p p r o p r i a t e ,  according t o  FED-STD-191A 
T e x t i l e  T e s t  Method 5830. 

Flammabil i ty and smoke emiss ion  c h a r a c t e r i s t i c s  should be demonstrated 
t o  be permanent by dry- cleaning,  i f  a p p r o p r i a t e ,  according t o  AATCC- 
86, Materials t h a t  cannot  be washed o r  d ry  c leaned should so be l a b e l e d  
and should meet t h e  a p p l i c a b l e  performance c r i t e r i a  a f t e r  being c leaned 
as recommended by t h e  manufacturer .  

For double window g l a z i n g ,  t h e  i n t e r i o r  g l a z i n g  should meet t h e  
materials requi rements  s p e c i f i e d  h e r e i n ,  t h e  e x t e r i o r  g l a z i n g  need not  
meet those  requi rements .  

NFPA-258 maximum tes t  l i m i t s  f o r  smoke emiss ion  ( s p e c i f i e d  o p t i c a l  
d e n s i t y )  should be measured i n  e i t h e r  t h e  f laming o r  non-flaming mode, 
depending on which mode g e n e r a t e s  t h e  most smoke, 

S t r u c t u r a l  f l o o r i n g  a s sembl ie s  should meet t h e  performance c r i t e r i a  
du r ing  a nominal test  per iod  determined by t h e  t r a n s i t  proper ty .  The 
nominal test per iod  should be twice t h e  maximum expected per iod  of t i m e ,  
under normal c i rcumstances ,  f o r  a v e h i c l e  t o  come t o  a complete,  s a f e  
s t o p  from maximum speed,  p l u s  t h e  t i m e  necessa ry  t o  evacuate  a11 
passengers  from a v e h i c l e  t o  a s a f e  area. The nominal test  per iod  
should not  be less than 15 minutes,  Only one specimen need be t e s t e d ,  

Carpet ing  should be t e s t e d  i n  accordance wi th  NFPA-253 wi th  i t s  padding, 
if t h e  padding is  used i n  a c t u a l  i n s t a l l a t i o n .  

Symbols and a b b r e v i a t i o n s  f o r  a c c e p t a b l e  performance c r i t e r i a  are 
desc r ibed  i n  d e t a i l  i n  t h e  i n d i v i d u a l  t e s t  methods, Text of r e p o r t  
summarizes t e s t  methods, 
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TABLE 2. 
Summary Of Se l ec t ed  Small- Scale T e s t  
R e s u l t s  On T r a n s i t  Vehic le  Components 

F loor  Coverings D N I  64 3 05 8 6.6 319 [ I 7  1 
11 694 [181 

Seat Cushion Foams 
Poly u r  e thane  33 9 
Polychloroprene 76 0 

Foam 3' 1 . l l  

Foam 1' 0.57 
Foam 2' 0.82 

I n t e r i o r  Walls 
PVC-Acrylic 
Cop0 lyme r 64 0 5 1  7 10 1171 

Notes: a - see s e c t i o n  9 f o r  r e f e r e n c e  
b - D N I  = d i d  no t  i g n i t e  
c - mixture  of d i f f e r e n t  foams, composition n o t  s p e c i f i e d  
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Doorway Gas Temperature 

I n t e r i o r  Gas Temperature 
South Wall 
E a s t  Wall 
West Wall 

TABLE 3. 
In s t rumen ta t ion  For Mock-up T e s t  1 

Exhaust S tack  Gas Temperature 

100,170,510,850,900,1300,~780 mm 
from t o p  of doorway 

30,50,80,100,150,760,1370,2130 mm 
30,50,80,100,150,760 mm 
30,50,80,100,150,760 mm measured 
from c e i l i n g  

n i n e  p o s i t i o n s  d i v i d i n g  c r o s s  
s e c t i o n  ( f o r  v e l o c i t y  c a l c u l a t i o n s )  

Smoke O p t i c a l  Dens i ty  Doorway 
Doorway 170,510,850 mm measured from top  of 

doorway 

Exhaust Stack one p o s i t i o n  measured a t  c e n t e r l i n e  of  
ve l o c i  t y/ t emp e r a t u r  e g r i d  

Gas Concent ra t ion  - CO,  Co2,02 
Doorway 170,510,850 mm measured from top  of 

doorway 

Exhaust S tack  

Exhaust Stack Gas Ve loc i ty  

one p o s i t i o n  measured a t  c e n t e r l i n e  of  
v e l o c i t y /  tempera ture  g r i d  

f i v e  p o s i t i o n s  d i v i d i n g  c r o s s  s e c t i o n  
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TABLE 4. 
Ins t rumenta t ion  For Mock-up Tests 2-4 

Doorway Gas Temperature 

I n t e r i o r  Gas Temperature 
South Wall 
East Wall 
West Wall 

Exhaust Stack Gas Temperature 

Smoke Opt ica l  Density 
Doorway 

Exhaust Stack 

Gas Concentrat ion - CO, COz, O2 
Doorway 

Exhaust Stack 

Exhaust Stack Gas Veloc i ty  

Heat Flux 

100,170,850,1300,1930 mm measured 
from top  of doorway 

150,760,1370,2130 mm 
150,760,1370 mm 
150,760,1370 mm measured from c e i l i n g  

n ine  p o s i t i o n s  d iv id ing  c r o s s  s e c t i o n  
( f o r  v e l o c i t y  c a l c u l a t i o n s )  

170,510,850 mm measured from top of 
doorway 
one pos i t i on  measured a t  c e n t e r l i n e  
of ve loc i ty / tempera ture  g r i d  

170,510,850 mm measured from top  of 
doorway 
one pos i t i on  measured a t  c e n t e r l i n e  
of ve loc i ty / tempera ture  g r i d  

f i v e  pos i t i ons  d iv id ing  c r o s s  s e c t i o n  

cen te r  of room a t  f l o o r  l e v e l  



TABLE 5. 
Ins t rumenta t ion  For Mock-up T e s t s  5-8 

Doorway Gas Temperature 

I n t e r i o r  Gas Temperature 
E a s t  Wall 
Center 

Exhaust Stack Gas Temperature 

Smoke Opt i ca l  Density 
Exhaust Stack 

Gas Concentrat ion - CO,CO2,O2 
Doorway 
Exhaust Stack 

Exhaust Stack Gas Ve loc i ty  

Heat Flux 

200,510,810,1120,1730 mm measured 
from top  of doorway 

150,300,610,910,1220,1520,1830,2130 mm 
150,300,610,910,1220,1520,1830,2130 mm 
measured from c e i l i n g  

n ine  p o s i t i o n s  d i v i d i n g  c r o s s  s e c t i o n  
( f o r  v e l o c i t y  c a l c u l a t i o n s )  

one p o s i t i o n  measured a t  c e n t e r l i n e  of 
v e l o c i  t y / t  emperature g r i d  

168,510 mm measured from top of doorway 
one p o s i t i o n  measured a t  c e n t e r l i n e  of 
ve loc i ty / t empera tu re  g r i d  

f i v e  p o s i t i o n s  d iv id ing  c r o s s  s e c t i o n  

c e n t e r  of room a t  f l o o r  l e v e l  
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MATERIALS 

Carpeting 
Wall 
Ceiling 
Baggage Rack 

Floor 

TABLE 6.  
Materials And Test Conditions For Full-Scale Mock-up Tests 

Window Mask 

Window Glazing 

Seat Assembly 
Armrest 
Side Shroud 
Back Shell 
Food Tray 
Cushions 
Head re s t 
Upholstery 

TEST CONDITIONS 

Temperature ( OC) 

Relative Humdity 
( %  RH) 

Test 1 Test 2 Test 3 Test 4 - 
Acrylic/Modacrylic 

D w Acrylic 
"G" 

Nylon 
'IF" 

FRP I 

Glass 

PUa 
Glass-Fi lled 

FRPII *-* Vinyl Chloride 
Acrylic Copolymer 

e- Polycarbonat 

Polycarbonate 

PU PCP FR-PU LS-PCP 
90/10 Wool Nylon, 

1 Vinyl, Muslin 
Undercover 

24 

45 

23 

42 

27 

40 

24 

43 

a PU = Polyurethane, PCP = Polychloroprene, FR-PU = FR-Polyurethane, 
LS-PCP = Low Smoke Polychloroprene, FRP = Glass Fiber Reinforced Polyester 

1 
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Table 7. 
Gas Temperature Levels  During Mock-up Tests With 

T i m e  To Reach C r i t i c a l  Temperatures 

Peak T ime  t o  Reach T ime  t o  Reach T ime  t o  Reach 
Temper a t u r  e Peak 183OC/36loF 6OO0C/ 1 1 12OF 

T e s t  ( O C I  ( S I  ( S I  (SI  

A t  Ce i l ing  

825 
114 
118 
649 
113 
171 
123 
149 

768 
8 6  
82 

542 
29 
36 
32 
38 

478 
674 
120 
27 5 
200 
100 
100 
120 

a 
315 
n o r .  
n o r .  
200 
n o r .  
n o r .  
n o r .  
n o r .  

A t  Passenger  Height 

493 
687 
140 
270 
200 
120 
100 
140 

411 
n o r .  
n o r .  
n o r .  
n o r .  
n o r .  
n o r .  
n o r .  

468 
n o r .  
n o r .  
270 
n o r .  
n o r .  
n o r .  
n o r .  

478 
n o r .  
n o r .  
n o r .  
n o r .  
n.r. 
n o r .  
n o r .  

a - n o r .  = n o t  reached 
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TABLE 8. 
Smoke Levels  During Mock-up T e s t s  With Time 

To Reach Cr i t ica l  Smoke Levels  

Peak 
E x t i n c t i o n  Time t o  Time t o  Reach Time t o  Reach 

C o e f f i c i e i n t  Reach Peak 1.2 m-1 0.2 m-1 
( S I  ( S I  ( S I  T e s t  (m- l )  

- 
A t  Top of Door 

19 e9 532 212 

17 e 3  295 90 

1 
2 8.3 604 318 
3 5.6 1990 356 
4 
5 
6 
7 
8 

1 13 e 1  
2 0 05 
3 0 e 3  
4 16 e4 - b 5 
6 - 
7 - 
8 - 

A t  Passenger  Height 

a 500 486 
795 nor .  

2613 n e r e  
290 225 - - 

99 
134 
89  
40 

47 1 
407 

2613 
215 

Notes: 

a - n o r e  = n o t  reached 

b - smoke l e v e l s  no t  measured du r ing  tests 5 through 8 
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TABLE 10. 
Peak Rate of Heat Release Through Exhaust 

Stack During Mock-up Tests 

Test 

Peak Rate of 
Heat Release 

(kW) 

Time t o  
Peak 
(SI 

4400 
70 
40 

1600 
60 

170 
80 
90 

515 
763 
140 
302 
230 
140 
120 
140 



TABLE 11. 
T e s t  Procedures And Eva lua t ion  C r i t e r i a  For Small-scale 

Tes t ing  Of Amtrak Furnishings  

Window Glazing 

Wall Covering 

I, < 100 - ASTM E 162 

NFPA 258 D, (1.5) < 100, D, (4 .0 )  200 - 

Is < 35 - ASTM E 162 

NFPA 258 D, (1.5) < 100, Ds ( 4 . 0 )  & 200 - 

Floor  Covering 

Seat Cushions 

CRF > 5 kW/m2 - NFPA 253 
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Application 

TABLE 12 
Small-scale Tests Conducted On Amtrak Materials 

Test Methods 

Material Description Density ASTM NFPA RHR 
kg/m3 D-3675 E-162 258 253 Cone 

Wind ow Mask 
Fiberglass reinforced 
plastic (I) 

Fiberglass reinforced 
plastic (11) 

Vinyl Chloride 
Acrylic Copolymer 

Glazing 
Polycarbonate 

Wall Covering 
Carpet D 

Carpet G 

Carpet B 

(Acrylic/Modacrylic) 

(Acrylic) 

(Nylon) 

1.8 x IO3 

2.61 103 

3.9 x 102 

3.7 x 102 

3.9 x 102 

X Seat Cushions 
Polyurethane 6.2 x lo1 

Polycloroprene 8.0 x lo1 
Low smoke 
pol ycloroprene 1.5 x lo2 

FR-Polyurethane 7.7 x lo1 

Floor Covering 
Carpet F 
(Nylon) 

3.8 x lo2 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X X 
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TABLE 13. 
NFPA 258 O p t i c a l  Dens i ty  T e s t  R e s u l t s  f o r  Amtrak I n t e r i o r  

Fu rn i sh ing  Components Under Flaming Exposure Condi t ions  

App l i ca t ion  Mater i a1 Ds (1.5) Dm.corr 

Wind ow Mask 
FRP I 
Vinyl  Chlor ide  

FRP I1 * 
A c r y l i c  Copolymer * 

Glazing 
Polycarbonate  * 

Seat  Cushions 
Polyure thane  
Polychloroprene  
FR-polyurethane* 
Low Smoke Poly- 
chloroprene* 

Wall Covering 
Carpet  D 
Carpet G 
Carpe t  B 

Floor  Covering 
w i t h  underlayment 

Carpet  B 
Carpet F * 

110 
45 

0 

2 

320 
260 

87 
68 

200 
69 

8 

6 
0 

320 
170 

41 

64 

620 
4 10 
170 
140 

460 
250 
250 

260 
170 

270 
330 

170 

350 

620 
410 
160 
310 

470 
250 
230 

300 
280 

* meets c r i t e r i a  i n  DOT g u i d e l i n e s  
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TABLE 14.  - - -  
ASTM E-162 Flame Spread Test Results On Amtrak 

Interior Finishing Materials 

DOT Guidelines IS Application Mater i a1 

Window Mask 
FRPI * 
FRPII * 

34 
Q C  
3 J  

3 Vinyl Chloride 
Acrylic Copolymer * 

Glazing 
Polycarbonate * 54 

Wall Covering 
Carpet B 
Carpet F 
Carpet G 
Carpet D * 

Seat Cushionsa 
Polyurethane 
FR-Polyurethane* 
Polychloroprene* 
Low Smoke Poly- 
chloroprene* 

270 
150 
80 
DNI 

960 
< 5  
< 5  
< 5  

Is - < 35 

Is - < 100 

Is - < 35 

aASTM* D-3675-76 standard test method was followed for flexible cellular 
materials. 

* meets criteria in DOT guidelines 
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TABLE 15. 
C h a r a c t e r i z a t i o n  Of Amtrak Materials By The Cone Ca lo r ime te r ,  

Average Value For Three R e p l i c a t e s  Tes ted  A t  25 kW/m2 

I g n i t i o n  T o t a l  
Peak Heat Delay Heat 

Release 
App l i ca t ion  Material ( kW/m2 1 ( s e d  ( s e c )  (MJ/m2) 

T i m e  Release Rate Time 

Window Mask 
FWI 370 
FRPII 230 
Vinyl  Chlor ide  200 

Acry l i c  Copolymer 

F loor  and Walls 
Carpet  G 
Carpet  B 
Carpe t  F 

410 
380 
350 

Seat Cushions 
Polyure thane  600 

Polychloroprene  32 
Low Smoke Poly- 27 
ch lo roprene  

FR-Polyurethane 210 

157 
280 

99 

57 
141 
228 

49 
139 
264 
434 

137 
237 

90 

48 
95 

117 

10 
16 - 

6.1 

1.6 
8.9 

3.1 
13 
21 

1 2  
8.9 
3.2 
10 
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TABLE 160 
Resu l t s  O f  Small-scale T e s t  Eva lua t ion  O f  Materials 

Used I n  Fu l ly  Furnished Mock-up Tests 

Flame Spread Smoke Emission Heat Release Rate 
NFPA 253 (NFPA 258)  (Cone Calor imeter)  

Peak Y e  (kW/m ) 
CRF Ds @ Ds @ 

Mock-up ASTM E162 
T e s t  Ma t e r i a1 (kW/m2> 1.5 min 4 min IS 

1 Window Mask 
Glazing 
Seat Cushions 
Wall Covering 
F1 oo r Cove r i n g  

2 

3 

4 

Wind ow Mas k 
Glazing 
Sea t  Cushions 
Wall Covering 
F loor  Cove r i n g  

Wi ndow Ma s k 
Glazing 
Seat Cushions 
Wall Covering 
F1 oor  Cove r i n g  

Window Mask 
Glazing 
Seat  Cushions 
Wall Covering 
F loor  Covering 

34* 
O* 

8 O* 
960 

3 5* 
5 4* 
<5* 
80 

35* 
5 4* 
<5* 
8 0  

3* 
5 4* 
<5* 
<5* 

>11* 

110 
0 

320 
69 

0 

0 
2 

260 
69  

505*  8 

0 
2 

87 
69 

5 *5* 8 

45 
2 

68 
201 

5*5*  8 

320 
0 

620 
250 
170* 

4 1* 
6 4* 

410 
250 
250 

4 1* 
6 4* 
170* 
250 
250 

17  O* 
6 4* 

14  o* 
460 
250 

370 

600 
410 
350 

230 

32 
410 
380 

230 

210 
410 
380 

200 

27 

380 

- 

- 

- 

- 
- 

* meets c r i t e r i a  i n  DOT g u i d e l i n e s  



Figure  1. Cutaway view of Amtrak Passenger car i n t e r i o r  
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DOOR 
(0.76 w x 2.04 h] 

LUGGAGE RACK 
EXTENDED FULL 
LENGTH TEST 4 ONLY 

2.4 

2 ROWS DOUBLE SEATS 

All dimensions in meters 

CARPETED WALLS & CEILING 

LUGGAGE RACK [carpeted] 
..I------- 

- - --- - --- 

WINDOW 

Figure  2 .  Mock-up test room conf igura t ion  
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Figure 3. Instrumentation f o r  full-scale mock-up test 1 
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Figure 5. Instrumentation f o r  full-scale mock-up tests 5 through 8 
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