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FIRE MAE0 EVALUATION OF BART VEHICLES 

hi1 Braun 

Abst rac t  

A f i r e  hazard eva lua t ion  of  t h e  subway cars used on t h e  
San Francisco  Bay Area Rapid T r a n s i t  D i s t r i c t  was performed. 
Af t e r  ana lyz ing  t h e  cars' i n t e r i o r  and e x t e r i o r  des ign ,  f i v e  
recomaendations w e r e  made t h a t ,  i f  implemented, would improve 
passenger s a f e t y  by decreas ing  t h e  p r o b a b i l i t y  of developing 
a hazardous f i r e  s i t u a t i o n .  Among these  recomnendations w e r e  
t h e  upgrading of c u r r e n t  upholstered ure thane  seat assemblies  
and t h e  need f o r  t h e  development of a f i r e  d e t e c t i o n  system 
a p p r o p r i a t e  f o r  rap id  r a i l  t r a n s i t  veh ic l e s .  Those system 
improvements would not  only provide passengers  a s a f e r  t r ave l-  
i n g  environment but  would a l s o  provide a modest level of 
p r o t e c t i o n  f o r  t h e  heavy investment i n  r a i l  veh ic l e s .  

Key words: BART; f i r e  acc iden t s ;  f i r e  hazards;  f i r e  s a f e t y ;  
f i r e  s cena r ios ;  mass t r anspor t a t ion ;  material f i r e  performance; 
r a i l  v e h i c l e s ;  subway c a r  design;  UMTA. 

1. INTRODUCTION 

A t  t h e  reques t  of t he  Urban Mass T r a n s i t  Administrat ion (LlMTA), 
t h e  Nat ional  Bureau of Standards (NBS) conducted a l imi t ed  f i r e  hazard 
a n a l y s i s  of t h e  subway cars used on t h e  San Francisco,  C a l i f o r n i a  Bay 
Area Rapid T r a n s i t  D i s t r i c t  (BART). The purpose of t h i s  i n v e s t i g a t i o n  
w a s  t o  a s c e r t a i n  i f  any a spec t  of t h e  des ign  d e t a i l s  or t h e  material 
s p e c i f i c a t i o n s  r e l a t i n g  t o  t h e  subway car could r e s u l t  i n  a n  environment 
t h a t  has  a h igh  p r o b a b i l i t y  f o r  developing i n t o  a hazardous f i r e  s i t u a-  
t i o n .  Throughout t h i s  a n a l y s i s ,  primary cons ide ra t ion  has  been given 
t o  passenger s a f e t y  under va r ious  f i r e  s cena r ios  and only secondar i ly  
t o  t h e  p r o t e c t i o n  of t he  r a i l  veh ic l e s .  The a n a l y s i s  relies on material 
eva lua t ions  suppl ied  t o  NBS by BART, w i th  t h e  t e s t i n g  being done by 
l a b o r a t o r i e s  o t h e r  than NBS. 

Any t r a n s p o r t a t i o n  system p resen t s  both t h e  occupants and ope ra to r s  
wi th  a c e r t a i n  l e v e l  of f i r e  r i s k  which depends i n  p a r t  on t h e  f i r e  
c h a r a c t e r i s t i c s  of t h e  materials used i n  cons t ruc t ing  and fu rn i sh ing  t h e  
veh ic l e .  I n  add i t ion ,  s i n c e  mass t r a n s p o r t a t i o n  systems conf ine  l a r g e  
numbers of people i n  s m a l l  a r e a s ,  evacuat ion may be d i f f i c u l t  i n  a f i r e  
s i t u a t i o n .  This is e s p e c i a l l y  t r u e  i n  subway systems, which present  
unique problems, such a s  the  evacuat ion of passengers  and personnel  from 
a car made untenable by f i r e  and loca ted  not  a t  a s t a t i o n ,  e i t h e r  above 
or below t h e  ground. 
m i l e s  of mainl ine t r a c k  and 38 s t a t i o n s .  About 25 percent  of mainl ine 

The BART system is made UP of a P P r o x ~ t e l Y  73 
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t r a c k  is below ground whi le  n e a r l y  42 percent  of t h e  s t a t i o n s  are 
underground. These underground s t a t i o n s  represent  unique evacuat ion 
problems t h a t  must be  recognized i n  any o v e r a l l  f i r e  s a f e t y  a n a l y s i s ,  
b u t  t h a t  w i l l  not  be d iscussed  he re ,  s i n c e  t h i s  paper is devoted t o  t h e  
p o t e n t i a l  f i r e  hazards i n  t h e  r a i l  veh ic l e s .  

2. SUBWAY CAR DESIGN 

BART veh ic l e s  come i n  two conf igu ra t ions ,  an A-car and a B-car 
( see  f i g u r e  1) [1J1. Except f o r  t h e  a t t e n d a n t ' s  cab, which is mounted on 
t h e  f r o n t  of an A-car, both conf igu ra t ions  are i d e n t i c a l .  An ope ra t iona l  
t r a i n  is made by coupling up t o  e i g h t  B-cars between two A-cars. Since 
A-cars con ta in  a l l  t ra in  c o n t r o l s ,  t h e  smallest t r a i n  t h a t  can ope ra t e  on 
t h e  BART system is  two A-cars coupled back-to-back. 

When t h e  cars are mechanically coupled t o  each o t h e r ,  t h e  cars are 
a l s o  au tomat ica l ly  coupled e l e c t r i c a l l y .  
r e c e i v e s  t r a f f i c  information from a c e n t r a l  computer system t h a t  monitors 
t h e  o v e r a l l  system. The t r a i n  computer system is  completely i n t e r a c t i v e  
t o  t h e  ex ten t  t h a t  t h e  t r a i n  o p e r a t o r ' s  primary func t ion  is t h a t  of moni- 
t o r i n g  an  annunciator  panel  i n  t h e  a t t e n d a n t ' s  cab of t h e  l ead  car. 
t h e  t r a i n  opera tor  c o n t r o l s  t h e  door c l o s u r e  ove r r ide  t o  i n s u r e  t h a t  a l l  
pa t rons  are clear of t h e  doors  be fo re  they c lose .  

The l ead  A-car automat ica l ly  

Also, 

2.1. I n t e r i o r  Car Design 

Figure 2 i l l u s t r a t e s  t h e  seat placement i n  t h e  A-car and B-car 
conf igu ra t ions  [ 2 ] .  Each conf igu ra t ion  provides s u f f i c i e n t  s e a t i n g  f o r  
72 passengers and a m a x i m u m  "crush load" of an a d d i t i o n a l  216 s tanding  
pa t rons .  There are e i g h t  l o n g i t u d i n a l  seats loca ted  behind modesty 
sc reens  ad jacent  t o  each door.  The remaining 28 seats are d iv ided  i n t o  
t h r e e  s e c t i o n s  separa ted  by t h e  s i d e  en t rance  doors .  

Each seat assembly c o n s i s t s  of a molded ure thane  foam bottom and 
back encased i n  an uphols te ry  f a b r i c .  
nylon assembly ( f i g u r e  3) [l]. The o u t e r  edges of both bottom and back 
cushions are v i n y l  wi th  t h e  c e n t e r  s e c t i o n  made of a nylon f a b r i c .  The 
seat cushions snap i n t o  t h e  seat frame which, i n  t u r n ,  is a t t ached  t o  t h e  
s idewal l .  

The f a b r i c  is  a combination v i n y l /  

The s idewa l l  and c e i l i n g  l iners  are made of molded, g l a s s  f i b e r  
r e in fo rced ,  po lyes t e r  r e s i n .  
panel  and has  recessed molded inserts f o r  l i g h t i n g  and speakers .  The 
s idewa l l  l i n e r  a l s o  forms t h e  i n t e r i o r  plenum f o r  t h e  hea t ing  and a i r  

The c e i l i n g  l i n e r  is r i v e t e d  t o  t h e  roof 

'Numbers i n  brackets  refer  t o  t h e  r e fe rences  l i s t e d  a t  t h e  end of t h i s  
paper.  
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condi t ion ing  system. The a i r  handling system has  o u t l e t s  a long t h e  
bottom s i l l  of each window, while  t h e  r e t u r n s  are loca t ed  along t h e  
bottom of t h e  s idewa l l ,  below t h e  seat assemblies .  

The f l o o r  pane ls ,  throughout t h e  passenger compartment, are covered 
wi th  a l a t e x  foam pad and wool ca rpe t ,  except over  t h e  b o l s t e r s .  
t h e s e  areas, t h e  s tandard l a t e x  foam pad is rep laced  by a vinyl- covered 
po lyes t e r  urethane pad, Baryfol (TM). 
sound b a r r i e r  a g a i n s t  under-car no i se s  emanating from t h e  t r a c k  areas. 

In  

This special,  pad is  intended as a 

2.2 .  Exter ior  Car Design 

The c a r  e x t e r i o r  is  made of extruded aluminum shee t  s tock .  The 
c a r  is  designed such t h a t  a l l  t r a i n  c o n t r o l s  and machinery are loca t ed  
below t h e  c a r  f l o o r .  The only except ions are t h e  e l e c t r i c a l  wires f o r  
l i g h t i n g  and i n t e r- c a r  communications. While some of t h e  subf loor  w i r -  
ing  is confined t o  condui t s ,  t h e  major i ty  of t h e  wi r ing  is  s t rapped a t  
convenient i n t e r v a l s  t o  t h e  under- floor beams and completely exposed t o  
t h e  under-car environment. 

The under-car equipment, which is a t tached  t o  f l o o r  beams and 

a )  
b)  

c )  t h e  a i r  suspension system, 
d)  
e )  t h e  t h i r d  r a i l  shoe (1000 VDC) .  

b o l s t e r  p l a t e s ,  inc ludes :  

t h e  hea t ing  and a i r  condi t ioning equipment, 
t h e  t rucks  subsystem motors and braking system (dynamic and 
f r i c t i o n  b rakes ) ,  

t h e  s t a r t i n g  and braking r e s i s t o r s ,  

The f l o o r  t h a t  s e p a r a t e s  t h i s  equipment from t h e  passenger compartment 
i s  cons t ruc ted  of an  aluminum ((6061-T6) .15 cm (.060 i n ) )  sandwich wi th  
a 2-inch co re  of polyurethane foam. T h i s  extends throughout t h e  length  
of t h e  car. 

2.3. Communication System [3]  

There are two i n t e r r e l a t e d  communication systems i n  each t r a i n .  
One i s  f o r  i n t r a- t r a i n  communications and t h e  o t h e r  is  f o r  communications 
between t h e  t r a i n  opera tor  and c e n t r a l  con t ro l .  Switching a l s o  e x i s t s  
on t h e  t r a i n  o p e r a t o r ' s  console t o  permit pub l i c  address  announcements t o  
be made d i r e c t l y  by c e n t r a l  con t ro l  t o  t h e  passengers .  

2.3.1. Intra- Train Communications 

There are two types of i n t r a- t r a i n  communications. One is a genera l  
publ ic  address  system t h a t  allows t h e  t r a i n  ope ra to r  t o  simultaneously 
key on a l l  of t h e  speakers  i n  each car .  Under s tandard opera t ing  
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conditions, this is used to announce station names. However, in the 
event of an emergency, it is intended to be used to direct passenger 
movement away from hazardous locations. 

The other mode of intra-train communications is the passenger- 
to-attendant intercom located at the ends of each car. The intercom is 
activated by the passenger when he depresses a button located next to 
the speaker/microphone. 

2.3.2. Inter-System Communications 

Two-way communications, via the train radio system, exist between 
central control, trains and maintenance vehicles. In addition, a system 
of telephone lines is installed along mainline tracks. There are two 
types of telephone lines, maintenance telephone lines and emergency 
telephone lines. Maintenance telephone lines are brought out as plug- 
in jacks at each maintainable piece of equipment. 
can be plugged in and communications can be established with the Central 
Communications Controller. 

Portable phone handsets 

The emergency telephone lines are an independent system that provides 
emergency call boxes within line of sight of not more than 1,000 feet 
apart in all tunnel and subway sections. It is possible to remove power 
from the third rail by a trip button located in these telephone boxes. 

3 .  FIRE PERFORMANCE OF EXISTING BART MATERIALS 

Table 1 is a list of the flame exposure tests that were required to 
be performed on the synthetic components in the BART vehicle. Table 2 
is a summary of the results of tests performed on the seat cushions and 
upholstery fabric according to the records on file by BART [ 4 ] .  
test results for the other materials were not in BART files, however, 
upper flammability limits were specified in the original specifications 
and BART personnel stated that all of the materials used in BART vehicles 
met or exceeded these limits. These limits are listed in table 3 .  All 
of the specified test methods except for ASTM E-84 utilize a small and 
localized ignition source. 

The 

3.1. Test Methods 

3.1.1. ASTM D 1692 

This test determines the rate of burning or extent of burning of 
cellular plastics using a horizontal screen to support a 15 x 5 x 1.3 cm 
( 6  x 2 x .5 in) specimen. A propane bunsen burner with a flame spreader 
attached is  the ignition source. It is applied to one end of the specimen 
for 60 seconds. 
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BART r e q u i r e s  t h a t  materials t e s t e d  by t h i s  test  method "se l f -  
ext inguish."  
no longer  considered meaningful, was  used t o  c l a s s i f y  materials which 
d i d  n o t  propagate a flame under t h e s e  test  condi t ions .  

This t e r m ,  which w a s  used p r i o r  t o  t h e  1973 r e v i s i o n  bu t  i s  

3 . 1 . 2 .  ASTM D 635 

This  test  is  intended f o r  t h e  measurement of t h e  ra te  of burning o r  
e x t e n t  of burning of se l f- suppor t ing  p l a s t i c s .  
. 5  i n )  specimen i n  i t s  end-use th ickness  is  clamped wi th  i t s  long dimen- 
s i o n  i n  t h e  ho r i zon ta l  d i r e c t i o n .  A bunsen burner flame, fue led  wi th  
" labora tory  gas,'' is  appl ied  t o  t h e  undamped end of t h e  specimen f o r  30 
seconds . A l l  materials t e s t e d  by t h i s  method must "self-ext inguish" 
( t h a t  is, t h e  specimen must not  propagate a flame under these  test 
cond i t ions )  i n  order  t o  meet BART acceptance cr i te r ia .  However, as i n  
ASTM D 1692,  t h i s  term is  no longer  considered meaningful. 

A 12 .7  c m  x 1 . 3  c m  ( 5  x 

3 . 1 . 3 .  FS 5906/CCC-T-191 

This  test method is intended t o  determine t h e  h o r i z o n t a l  burn ra te  
Like t h e  previous  test methods, t h i s  one a l s o  

Upholstery f a b r i c s  t e s t e d  by t h i s  method 

of v a r i o u s  materials. 
a p p l i e s  a bunsen burner flame t o  t h e  lower su r face  of a 3 3 . 0  cm x 1 1 . 4  
c m  ( 1 3  x 4.5  i n )  specimen. 
must no t  have a flame spread rate i n  excess  of 1 2 . 2  cm/min. 

3 . 1 . 4 .  ASTM E-84 

The purpose of t h i s  tes t  is t o  determine the  s u r f a c e  burning char- 
acter is t ics  of va r ious  materials. A specimen 51 cm wide by 7 . 3  m long 
(20 i n  x 25 f t )  i s  mounted and supported on t h e  c e i l i n g  of a long test 
chamber. 
flame on t h e  exposed su r face  of t h e  specimen. 
material 's  flame spread,  f u e l  c o n t r i b u t i o n ,  and smoke development. 
BART'S primary concern is  wi th  flame spread and, t h e r e f o r e ,  t h e  accep- 
tance  c r i t e r i a  f o r  flame spread i s  75 on a scale where red oak is  100 
and asbestos-cement board is  0. 

Two gas burners  po in t ing  up a t  one end of t h e  chamber impinge 
The test  eva lua te s  a 

3 . 2 .  S m a l l  Sca le  Flame Exposure Tests-Discussion 

Small scale flame exposure tests are designed t o  measure a p a r t i c u l a r  
phys ica l  c h a r a c t e r i s t i c  of a material i n  a given environment. 
t o  which t h i s  eva lua t ion  is r e l a t e d  t o  real world performance depends 
on t h e  scena r io  t h a t  w a s  used t o  develop the test method and t h e  degree 
t o  which t h e  test exposure s imula t e s  a real world f i r e  s i t u a t i o n .  With 
t h e  exception of ASTM E-84, a l l  of the test  methods used t o  eva lua te  
component materials i n  t h e  BART v e h i c l e  assume t h a t  t h e  material w i l l  be 
exposed t o  a s m a l l  i g n i t i o n  source and t h a t  i t  w i l l  be t h e  f irst  i t e m  t o  

The degree 
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i g n i t e .  The ASTM E-84 test was designed t o  eva lua te  mainly wood-base 
i n t e r i o r  f i n i s h  bu i ld ing  materials under more severe f i r e  condi t ions  than 
a small bunsen burner .  This  test  w a s  used t o  eva lua te  BART f l o o r  cover- 
ings .  The ca rpe t ing ,  t he re fo re ,  is t e s t e d  under flame exposure cond i t ions  
t h a t  are s i g n i f i c a n t l y  more severe  than used on t h e  o the r  components. 
There is a ques t ion  as t o  whether t h e  ASTM E-84 test is meaningful f o r  
t e s t i n g  f l o o r  coverings such as ca rpe t ing  [SI .  

4 .  FIRE PROTECTION SYSTEM 

No a c t i v e  f i r e  d e t e c t i o n  and suppression system e x i s t s  on t h e  BART 
system. F i r e  suppression t akes  two forms. For i n t e r i o r  car f i r e s ,  one 
f i r e  ex t ingu i she r  is loca ted  a t  each end of every car. I n  A-cars, one 
f i r e  ex t ingu i she r  is behind t h e  a t t e n d a n t ' s  seat,  while  the  o t h e r  is i n  
a compartment behind seat number.1 ( f i g u r e  2) .  I n  t h e  B-car, t h e  f i r e  
ex t ingu i she r s  are behind seats 1 and 36 ( f i g u r e  2 ) .  

F i r e  suppression f o r  under-car f i r e s  is  accomplished by a series of 
s p r i n k l e r  heads loca ted  between t r a c k s  a t  grade l e v e l  a t  a l l  underground 
s t a t i o n s .  
t h e  platform. 
e j e c t e d  a t  15 p s i  water pressure .  
a t  each s t a t i o n  t o  f a c i l i t a t e  f i r e  f i g h t i n g .  

The l i n e  t o  t h e  s p r i n k l e r s  is d r y  and must be a c t i v a t e d  f rom 
The s p r i n k l e r s  are capped wi th  p l a s t i c  s h i e l d s  t h a t  are 

I n  a d d i t i o n ,  t h e r e  are d ry  s tandpipes  

5. FIRE INCIDENTS ON BART [6]  

From March 1975 u n t i l  November 1976, t h e r e  have been 27 f i r e  o r  
All bu t  t h r e e  of smoke i n c i d e n t s  on subway c a r s  of t h e  BART system. 

t h e s e  i n c i d e n t s  occurred below t h e  car f l o o r  and d i d  not  pene t r a t e  i n t o  
t h e  passenger compartment. The remaining t h r e e  cases involved i n t e r i o r  
car f i r e s  t h a t  produced only minor d.kmage, p r imar i ly  because t h e  f i r e s  
w e r e  de t ec t ed  a t  an  e a r l y  s t a g e  of development and quickly ext inguished.  
Two involved smoldering o r  burning t r a s h  t h a t  w a s  ext inguished by BART 
personnel .  The t h i r d  w a s  an  abor ted  a r son  a t tempt  t o  i g n i t e  a seat 
cushion w i t h  a p i l e  of matches. 

I n  a d d i t i o n  t o  these  inc iden t s ,  t h e r e  have been two s e r i o u s  f i r e s  
involv ing  BART t rans i t  veh ic l e s :  one i n  November 1974 and t h e  most 
r e c e n t  i n  November 1976. I n  t h e  former i n c i d e n t  (car 618) t h e  f i r e  
o r i g i n a t e d  i n  the  under-car areas and, be fo re  i t  could be contained,  
penet ra ted  i n t o  t h e  passenger compartment. 
locked brake.  

The cause of t h e  f i r e  w a s  a 

The 1976 inc iden t  ( ca r  120) o r i g i n a t e d  i n  the  passenger compartment 
of t h e  las t  c a r  i n  a n i n e  c a r  t r a i n .  The f i r e  began i n  t h e  c e n t e r  of 
t h e  car, a t  seat number 21, and caused varying degrees of damage through- 
o u t  t h e  car. The cause of t h e  f i r e  has  been a t t r i b u t e d  t o  an  " ex te rna l  
agent" 163. 
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6. FIRE SCENARIOS I N  BART CARS 

Based on BART'S f i r e  acc iden t  r eco rds  and from a knowledge of f i r e  
experience i n  o the r  t r a n s i t  systems, one can develop a series of f i r e  
s cena r ios  t h a t  are app l i cab le  t o  BART. 
of t h e  system's response t o  a given thermal input .  
probable sequence of events  contained i n  t h e  scena r ios  should po in t  out  
those  areas t h a t  must be p ro tec t ed  o r  a l t e r e d  i n  order  t o  reduce t h e  
r i s k  t o  l i f e  s a f e t y ,  

These scena r ios  are a d e s c r i p t i o n  
An a n a l y s i s  of t h e  

6.1. I n t e r i o r  I g n i t i o n s  

I f  w e  assume t h a t  we are dea l ing  wi th  a t r a n s i t  v e h i c l e  i n  mainl ine 
service and which is  f i t t e d  and furn ished  i n  t h e  same manner as c u r r e n t  
BART v e h i c l e s ,  t h e r e  are two primary parameters . t ha t  need t o  be defined 
t o  permit  a de terminat ion  of t h e  e f f e c t  of a n  i n t e r i o r  i g n i t i o n  f i r e :  

1 )  a d e s c r i p t i o n  of t h e  i g n i t i o n  source  ( t h e  rate of energy release 
and t h e  t o t a l  amount r e l eased ,  and 

2) t h e  l o c a t i o n  of t h e  i g n i t i o n  source.  

I n  a r ap id  t r a n s i t  v e h i c l e ,  except  f o r  e lec t r ica l  f i r e s ,  t h e r e  are 

1 )  on t h e  f l o o r  - i n  t h e  a i s l e  
2) on t h e  f l o o r  - beneath a seat 
3)  on a seat. 

t h r e e  probable l o c a t i o n s  f o r  an i n t e r i o r  i g n i t i o n  source. They are: 

The i g n i t i o n  sequence assumes t h a t  t h e  f i r s t  i t e m  i g n i t e d  w i l l  be 
e i t h e r  t h e  w a l l ,  c e i l i n g ,  o r  seat cushions,  I n  order  f o r  t h e  c e i l i n g  t o  
be the  f i rs t  i t e m  i g n i t e d ,  t h e  i g n i t i o n  source,  loca ted  i n  t h e  a i s le ,  
would have t o  produce flame h e i g h t s  approximately equal  t o  t h e  f l o o r  t o  
c e i l i n g  d i s t a n c e  of t h e  car (2.06 m). 
l a r g e  amount of f u e l .  It i s ,  t h e r e f o r e ,  h igh ly  un l ike ly  t h a t  t h i s  has  a 
h igh  p r o b a b i l i t y  of occurrence. 
s p e c i f i c  scenar io .  

This would r e q u i r e  an ino rd ina te ly  

No cons ide ra t ion  w i l l  be given t o  t h i s  

For t h e  remaining two i g n i t i o n  l o c a t i o n s ,  probable flame spread 
p a t t e r n s  can be pos tu la ted .  
source .  I f  t he  i g n i t i o n  source  is  below t h e  a is le  seat,  t h e r e  are two 
p o s s i b l e  modes of flame spread.  One is  a long t h e  c a r p e t  and t h e  o t h e r  i s  
along t h e  seat cushions. 
t h e  type i n  c u r r e n t  use)  i s  no t  probable based on ca rpe t  compartment 
tests, f u l l- s c a l e  tests i n  mass t r a n s i t  v e h i c l e s ,  and an  a c t u a l  f i r e  
i n c i d e n t  ( ca r  120) .  This would be t r u e  even i f  t h e  i g n i t i o n  source  were 
reasonably l a r g e  (e .g . ,  0.5 - 1 . 0  kg of newsprint) . Based on t h e  speci-  
f i e d  f lammabil i ty  c h a r a c t e r i s t i c s  of t h e  seat cushions ( s e c t i o n  3 ) ,  
i g n i t i o n  of t h e  seat cushion is  t h e  most l i k e l y  pa th  f o r  f i r e  growth. 
At t h i s  p o i n t ,  t h e  f i r e  would probably grow i n  i n t e n s i t y  u n t i l  t h e  back 
of t h e  seat,  t h e  c e i l i n g ,  and t h e  w a l l  l i n e r s  were i g n i t e d .  
a c t u a l  t e s t i n g ,  i t  i s  n o t  p o s s i b l e  t o  determine if ad jacen t  seat assem- 
blies would i g n i t e  p r i o r  t o  t h e  i g n i t i o n  of t h e  w a l l  and c e i l i n g  l i n e r s .  
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Consider t h e  case of a f l o o r  i g n i t i o n  

Flame spread i n i t i a l l y  along t h e  c a r p e t  (of 
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For f l o o r  i g n i t i o n  sources  near the w a l l ,  primary f i r e  growth would 
s t i l l  be due t o  t h e  seat cushions. However, t h e  w a l l  l i n e r  would i g n i t e  
a t  a much earlier s t a g e  of f i r e  development and c o n t r i b u t e  t o  t h e  t o t a l  
evo lu t ion  of h e a t  and smoke. 

For f i r e s  o r i g i n a t i n g  on a seat, c r i t i c a l  f i r e  s t a g e s  would be 
reached sooner i n  comparison t o  f l o o r  f i r e s .  There would be  n e a r l y  
s imultaneous involvement of back and seat cushions. A t  a given s t a g e  of 
f i r e  growth, s u f f i c i e n t  feedback energy would exist  t o  permit  t h e  lateral  
spread of t h e  f i r e  t o  an  adjacent  seat cushion i n  t h e  same seat assembly. 
From t h i s  p o i n t  on, t h e  growth and spread of t h e  f i r e  would resemble a 
f l o o r  i g n i t i o n .  

So f a r ,  we have pos tu la ted  f i r e  growth p a t t e r n s  assuming a n  i g n i t i o n ,  
bu t  have no t  considered t h e  c h a r a c t e r i s t i c s  of t h e  i g n i t i o n  source  and 
t h e  m i n i m u m  energy necessary t o  cause i g n i t i o n .  Probable i g n i t i o n  
sources  range from smoldering c i g a r e t t e s  t o  flammable l i q u i d s .  They 
d i f f e r  only  i n  t h e  rate of energy release and t h e  t o t a l  energy r e l eased .  
The t o t a l  energy i n  t u r n  depends on t h e  mass of combustible material i n  
the  i g n i t i o n  source.  Figure 4 shows t h e  r e l a t i o n s h i p  of energy release 
ra te  f o r  va r ious  i g n i t i o n  sources t o  t h e  t o t a l  hea t  r e l eased  f o r  a given 
m a s s  of material [7]. Based on previous experimental work [8,9], i g n i t i o n  
levels f o r  va r ious  s e a t i n g  materials are indica ted .  These minimum values  
w e r e  a r r i v e d  a t  empir ica l ly  i n  a series of experiments conducted on sub- 
way and bus seat assemblies  c u r r e n t l y  i n  use.  S t r i c t l y  speaking, t hese  
r e s u l t s  p e r t a i n  t o  t h e  phys ica l  c o n s t r a i n t s  present  and t h e  materials em- 
ployed a t  t h e  t i m e  of t hese  tests. Nevertheless ,  i t  can be i n f e r r e d  t h a t  
a s i g n i f i c a n t  improvement i n  i g n i t i o n  r e s i s t a n c e  can be r e a l i z e d  by 
changes i n  t h e  materials used i n  cons t ruc t ing  t h e  seat assemblies .  

6.2.  Ex te r io r  F i r e s  

S ince  a major i ty  of t he  f i r e  i n c i d e n t s  occurr ing  on t h e  BART system 
have o r i g i n a t e d  below t h e  f l o o r ,  cons ide ra t ion  must a l s o  be given t o  t h e  
probable r e s u l t s  of sub- floor i g n i t i o n s .  I n  add i t ion ,  sub- floor f i r e s  are 
t h e  most d i f f i c u l t  t o  handle because d e t e c t i o n  usua l ly  comes l a te  i n  t h e  
development of t h e  f i r e .  Sub- floor f i r e s  may be caused by a v a r i e t y  of 
sub-system f a i l u r e s .  The brake f a i l u r e  i n  car 618, descr ibed  i n  s e c t i o n  
5, is  bu t  one example of t h e  consequences that may fol low a mechanical 
o r  electrical f a i l u r e .  One of t h e  reasons  t h i s  i nc iden t  ended wi th  no 
i n j u r i e s  t o  passengers and crew can be a t t r i b u t e d  t o  t h e  above ground 
l o c a t i o n  of t h e  t r a i n  a t  the t i m e  of t h e  f a i l u r e .  Above ground f a i l u r e s  
t h a t  s t a l l  a t r a i n  do not  r ep resen t  t h e  same degree of r i s k  t o  passengers  
t h a t  similar below ground f a i l u r e s  do. For example, if t h i s  t r a i n  had 
been i n  t h e  Trans-bay tube,  passengers  would have had a more d i f f i c u l t  
t i m e  evacuat ing t h e  t r a i n  and f i r e  f i g h t i n g  personnel would have a l s o  
encountered s p e c i a l  d i f f i c u l t i e s  i n  suppress ing  t h e  f i r e .  The g r e a t e s t  
hazard of such an inc iden t  would occur i f  t h e  t r a i n  w e r e  loca ted  between 
s t a t i o n s .  Simple scena r ios  can be descr ibed  f o r  sub- floor f a i l u r e s  and 
t h e i r  consequences. The c r i t i c a l  parameters t h a t  e n t e r  i n t o  t h e  
d e s c r i p t i o n  are: 
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1) t h e  l o c a t i o n  of t h e  t r a i n  a t  t h e  t i m e  of d e t e c t i o n ,  
2) t h e  cond i t ion  of t h e  t r a i n  as a r e s u l t  of t h e  f a i l u r e  (Le . ,  

is t h e  t r a i n  moveable), 
3) t h e  i n t e n s i t y  of t h e  f i r e .  

While t h e  f i r s t  two items determine t h e  n a t u r e  of t h e  response t h a t  BART 
must i n i t i a t e ,  t h e  t h i r d  determines t h e  e f f e c t i v e  time a v a i l a b l e  f o r  evac- 
ua t ion  and suppression.  
assembly becomes c r i t i ca l .  I f ,  a t  t h e  time of d e t e c t i o n ,  a sub- floor f i r e  
has  spread over a l l  apprec iab le  areas of t h e  f l o o r  assembly, t h e  f l o o r  
w i l l  f a i l  sooner than i f  a f i r e  is de tec t ed  a t  a much earlier s t a g e  of 
development. 

The f i r e  pene t r a t ion  r e s i s t a n c e  of t h e  f l o o r  

7 .  SYSTEM IMPROVEMENTS 

There are several areas t h a t  can be upgraded t o  reduce t h e  l e v e l  of 
r i s k  t o  l i f e  s a f e t y  i n  t h e  BART veh ic l e s .  
improvements w i l l  be suggested,  some may r e p r e s e n t  technologica l  and 
economic hardships  t h a t  w i l l  e f f e c t i v e l y  r u l e  them o u t  as v iab le .  
i t  is  v i r t u a l l y  impossible  t o  completely harden a system a g a i n s t  the  
occurrence and subsequent spread of a f i r e ,  two types  of improvements 
w i l l  be d iscussed;  t hose  t h a t  i n h i b i t  t h e  growth of a f i r e  ( i . e . ,  changes 
i n  v e h i c l e  fu rn i sh ings )  and those  t h a t  provide e a r l y  d e t e c t i o n  of a 
f i r e .  

While several d i f f e r e n t  

Since 

7.1.  Furnishing Improvements 

Based on t h e  scena r ios  pos tu l a t ed  i n  s e c t i o n  6.1, i n i t i a l  f i r e  
growth from a n  i n t e r i o r  f i r e  source can be i n h i b i t e d  by improving t h e  
f i r e  resistance of t h e  seat assemblies .  As c u r r e n t l y  designed,  t h e  seat 
cushions r ep resen t  t h e  l a r g e s t  c o n t r i b u t i o n  t o  t h e  hazard level of t h e  
veh ic l e .  There are s e v e r a l  op t ions  a v a i l a b l e  f o r  upgrading t h e  seat 
cushions. I f  w e  set a s i d e ,  f o r  t h e  moment, t h e  added problem of vandal- 
i s m ,  t h e  replacement of t h e  nylon f a b r i c  i n  t h e  uphols te ry  des ign  with a 
more f i r e  r e s i s t a n t  material would go a long way towards lowering the  
hazard from s m a l l  i n c i d e n t a l  f i r e s  ( i . e . ,  a t r a s h  bag).  An example of 
such a replacement is  t h e  use  of a complete v i n y l  covering over the  
urethane cushions.  I f ,  however, one is concerned wi th  vandalism, which 
may be t h e  case i n  any subway system, o r  is concerned wi th  l a r g e r  igni-  
t i o n  sources ( i .e . ,  newspaper), s e r i o u s  cons ide ra t ion  must be given t o  
rep lac ing  t h e  e x i s t i n g  cushions.  
neoprene cushion upholstered wi th  a v i n y l  f a b r i c  is q u i t e  r e s i s t a n t  t o  
f i r e  growth from l a r g e r  i g n i t i o n  sources  [9]. As a seat assembly, i t  
has t h e  added advantage of r e t a i n i n g  f i r e  r e t a r d a n t  p r o p e r t i e s  when t h e  
cover f a b r i c  i s  penet ra ted .  

It has been found t h a t  a f i re- re tarded  
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7.1.1.  Wall and Cei l ing  Liners  

The w a l l  and c e i l i n g  l i n e r s  present  t h e  most d i f f i c u l t  problems i n  
terms of improving t h e i r  f i r e  c h a r a c t e r i s t i c s  without  s a c r i f i c i n g  o t h e r  
material p r o p e r t i e s .  S ince  t h e  expense of r ep lac ing  t h e  i n s t a l l e d  
l i n e r s  is  p r o h i b i t i v e ,  one must seek acceptable  a l t e r n a t i v e s .  The use 
of a s p e c i a l  s u r f a c e  coa t ing  f o r  t h e  w a l l  covering,  such as an  intumes- 
c e n t  p a i n t ,  may be a q u i t e  acceptable  form of f i r e  p ro tec t ion .  
any proposed product must f i r s t  be t e s t e d  be fo re  s p e c i f i c  recommendations 
can be made. 
o t h e r  than f i r e ,  e.g., permanency. In  add i t ion ,  c a r e f u l  thought should 
be given t o  its maintenance and how i ts  w e a r  l i f e  a f f e c t s  t h e  f lammabil i ty  
c h a r a c t e r i s t i c s .  

However, 

This  t e s t i n g  should inc lude  an examination of p r o p e r t i e s  

7.1.2. Carpeting 

Based on p a s t  experience and acc ident  d a t a ,  i t  appears  t h a t  comer -  
c ia1 f l o o r  coverings do not  g r e a t l y  a f f e c t  t h e  growth of a f i r e  i n  a 
compartment, except  dur ing  f lashover  condi t ions .  

7.2. Floor Assembly 

Not only does t h e  f l o o r  assembly support  passengers  i n  a car, bu t  
i t  a l s o  acts  as a b a r r i e r  between passengers and any h o s t i l e  environment 
t h a t  may develop beneath t h e  car. 
of t h e  BART f l o o r  assembly described i n  s e c t i o n  2.2 is n o t  known, bu t  a 
ply-metal f l o o r  assembly (plywood-aluminum sandwich) has  been est imated 
t o  have a 10-minute endurance under a given f i r e  load [SI. 
a n t i c i p a t e d  t h a t  t h e  BART car f l o o r  assembly (aluminum-polyurethane 
sandwich) would have an  apprec iably  shor te r -endurance  time under t h e  
same f i r e  load cond i t ions .  However, a r e t r o f i t  a t  t h i s  t i m e  does no t  
seem poss ib l e  nor  do any p r a c t i c a l  means appear t o  exist  t o  harden t h e  
f l o o r  assembly a g a i n s t  sub- floor f i res .  
p r o t e c t  t h e  f l o o r  assembly by sh ie ld ing  c r i t i c a l  f l o o r  areas. However, 
t h e  n a t u r e  of t h e  s h i e l d i n g  m a t e r i a l  cannot r e a l l y  be descr ibed  without  
an a n a l y s i s  of sub- floor f i r e s .  

The a c t u a l  f i r e  pene t r a t ion  r e s i s t a n c e  

It can be 

It may be poss ib l e  t o  p a r t i a l l y  

7.3. F i r e  Detect ion 

Because of t h e  problems encountered i n  dea l ing  wi th  t h e  w a l l  and 
c e i l i n g  l i ne r s ,  s e r i o u s  cons idera t ion  w a s  given t o  t h e  i n s t a l l a t i o n  of 
f i r e  d e t e c t o r s .  With t h e  upgrading of t h e  seat cushions,  f i r e  d e t e c t o r s  
should provide t h e  means necessary t o  d e t e c t  a f i r e  i n  i ts  e a r l y  s t a g e s  
of development and permit BART personnel t o  i n i t i a t e  appropr i a t e  f i r e  
suppression procedures.  Two problems, however, are encountered i n  the  
use  of f i r e  d e t e c t o r s :  

1) what type t o  use ,  
2) where t o  i n s t a l l  them. 
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The type of d e t e c t o r  t o  be i n s t a l l e d  is d i c t a t e d  by t h e  environment 
i n  which i t  w i l l  be used and i t s  to l e rance  f o r  f a l s e  alarms. The loca-  
t i o n  of t h e  d e t e c t o r s  i n  t h e  veh ic l e  a l s o  poses some problems. An 
i n v e s t i g a t i o n  of flow p a t t e r n s  i n  a v e h i c l e  t h a t  is i n  u s e  must be made 
i n  order  t o  proper ly  determine c o r r e c t  placement of t h e  d e t e c t o r s .  I n  
a d d i t i o n ,  care must be exerc ised  t o  i n s u r e  t h a t  communication l i n e s  
between d e t e c t o r s ,  t r a i n  ope ra to r s  and c e n t r a l  c o n t r o l  are compatible 
wi th  e x i s t i n g  o r  new hardware. This  is beyond t h e  scope of t h i s  s tudy,  
b u t  such an  i n v e s t i g a t i o n  must be performed t o  i n s u r e  e f f e c t i v e  u t i l i z a -  
t i o n  of t h e  d e t e c t o r s .  

8 . RECOMMENDATIONS 

Based upon a review of t h e  design and materials used i n  the BART 
subway cars, and a n a l y s i s  of p o t e n t i a l  f i r e  s i t u a t i o n s ,  i t  is recommended 
t h a t :  

1. 

2.  

3 .  

4 .  

5. 

BART upgrade t h e  flame r e s i s t a n c e  of t h e  seat assemblies ,  e .g . ,  
by in t roducing  a l l  v i n y l  uphols te ry .  
c r ease  evacuat ion time, s e r i o u s  cons ide ra t ion  should be given t o  
incorpora t ing  neoprene cushions wi th  t h e  v i n y l  upholstery.  

I n  order  t o  f u r t h e r  in- 

BART i n v e s t i g a t e  t h e  technologica l  and economic f e a s i b i l i t i e s  
of us ing  a n  intumescent coa t ing  on t h e  w a l l  and c e i l i n g  l i n e r .  

BART develop a means f o r  hardening t h e  f loo r .  assembly aga ins t  
sub-car f i r e  pene t r a t ion  a t  least i n  those  areas most vulnerable  
t o  f i r e  exposure. 

BART, a f t e r  a d d i t i o n a l  s tudy of d e t e c t o r  types and l o c a t i o n s ,  
i n s t a l l  a f i r e  d e t e c t i o n  system t o  i n d i c a t e  t h e  presence of a 
f i r e  on board a t r a i n .  

BART, i n  t h e  in t e r im,  provide walk-through inspec t ion  a f t e r  
pass ing  t h e  te rminal  s t a t i o n s  and/or  p r i o r  t o  en te r ing  s to rage  
f a c i l i t i e s .  \ 
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Table 1. L i s t  of F i r e  T e s t s  f o r  Synthe t ic  
Components Used i n  BART [4]* 

Appl ica t ion  Material Speci f ied  T e s t  

S ide  Wall and Ce i l ing  
Liner  

Floor  Sound Barrier 
and I n s u l a t i o n  

Windscreen Panel  

Seat Cushions 

Sea t  Arm R e s t  Supports 

Sea t  T r i m  

Side  W a l l  and Door 
I n s u l a t i o n  

Seat Upholstery 

Carpet 

Carpet Pad 

Glass Fibe r  
Reinforced P las t ic  

Baryfol  l a M  

Micarta (ni) Laminated 
Melamine 

Molded Polyurethane 

Vinyl 

Acryl ic /Polyvinyl  
Chloride 

Polyurethane 

Nylon/Vinyl 

Wool 

Latex Foam 

ASTM D635-63 

ASTM E84-61 

ASTM D635-63 

ASTM D1692-59T 

ASTM D635-63 

ASTM D635-63 

ASTM D1692-68 

FS 5906-53 of Fed 
Spec CCC-T-191 

ASTM E84-61 

ASTM E84-68 

* 
More spec i fxc  information on phys ica l  c h a r a c t e r i s t i c s  of t hese  materials 
w a s  n o t  a v a i l a b l e .  
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Table 2. T e s t  Results  of Sea t  Cushions and Upholstery 
Fabr ic  T e s t s  Conducted by BART [ 4 ]  

Material T e s t  Method Burn Length Bum Rate 
(cm) (cm/min) 

Polyurethane 
Foam 

Upholstery 
Fab r i c  - Warp 

- F i l l  

ASTM D-1692 11.2 

MVSS 302** 
24.l* 
22 . 9* 

3.23 

2.64 
3.45 

* 
** 1 o u t  of 4 burned t h i s  length ,  t h e  o t h e r s  self- ext inguished 

S i m i l a r  t o  Method 5906 of Federa l  Spec i f i ca t ion  CCC-T-191 

Table 3. Acceptance Criteria f o r  T e s t  Methods 
Used i n  Qua l i fy ing  BART Materials 

- -  ~~ ~- - ~~ ~ ~ 

T e s t  Method Acceptance Criteria 

ASTM D-1692 

ASTM D-635 

FS 5906 

ASTM ~ - 8 4  

Sel f  -ext inguishing* 

Se l f  -ex t ingu i sh ing  * 
Max 12.2  cm/min - flame spread 

rate 

Max 75 flame spread index 

- -  * 
Since  t h e  1973 ASTM r e v i s i o n s ,  t h i s  term is no longer used f o r  any fire 
tests. 
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Figure 1. Exterior views of A-car and B-car configurations 
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