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INTRODUCTION

T h e  M i n e  S a f e t y  a n d  H e a l t h  A d m i n i s t r a t i o n (MSHA) is r e s p o n s i b l e  f o r
r e g u l a t i n g a n d  i n s p e c t i n g  a  m u l t i t u d e  o f su r face and underg round  min ing
o p e r a t i o n s  t o  e n s u r e  t h e  h e a l t h  a n d  s a f e t y  o f  t h e  n a t i o n ' s  m i n e r s . A s  p a r t  o f
th is  charge , t h e  A d m i n i s t r a t i o n  r e g u l a t e s  t h e  u s e  o f  a  v a r i e t y  o f  p r o d u c t s  u s e d
in underground coal mines. Use of many of these products is governed by mandated
requ i rements , wh ich  appear  in  the  Code o f  Federa l  Regu la t ions (CFR)  T i t l e  30 .
U s e  o f  o t h e r s  i s  c o n t r o l l e d  b y  p o l i c i e s  o r  g u i d e l i n e s  d e v e l o p e d  w i t h i n  t h e
agency. The past few years have spawned the development of  changes in these
r e q u i r e m e n t s  f o r  a  n u m b e r  o f  p r o d u c t s . These  changes  were  necess i ta ted  fo r
s e v e r a l reasons, i n c l u d i n g  t h e  d e v e l o p m e n t  o f  n e w  p r o d u c t s  a n d  t e c h n o l o g y ,
exper ience  ga ined  th rough research  and produc t  tes t ing ,  and  the  observa t ion  o f
t h e  b e h a v i o r  o f  e x i s t i n g  p r o d u c t s  i n  a c t u a l  m i n e  f i r e s  t h a t  h a v e  o c c u r r e d  o v e r
the  years .

Th is  paper  addresses  some o f  the  a reas  where  changes  in  regu la t ions  o r
po l i c ies  have  recen t l y  occur red  o r  a re  under  cons idera t ion . A lso  d iscussed are
s e l e c t e d  p r o d u c t s  o r  f i r e  p r o t e c t i o n  a p p l i c a t i o n s  w h e r e  f o r m a l  a p p r o v a l
r e q u i r e m e n t s  d o  n o t  e x i s t .

SEALANTS

S e a l a n t s  a n d  f o a m s  a r e  g e n e r a l l y  u s e d  i n  u n d e r g r o u n d  m i n e s  t o  p r e v e n t
s p a l l i n g , de lamina t ion , o r  s l o u g h a g e  o f  c o a l  r i b s  a n d  r o o f ,  o r  t o  p r e v e n t  a i r
l e a k a g e  t h r o u g h  s e a l s  o r  s t o p p i n g s . F o r m a l  a p p r o v a l  r e q u i r e m e n t s  d o  n o t
c u r r e n t l y  e x i s t  f o r  t h e s e  c l a s s e s  o f  m a t e r i a l s . Up unt i l  1985, s e a l a n t s  t h a t  d i d
not contain any combustible constituents were assigned an acceptance number under
a  v o l u n t a r y  a c c e p t a n c e  p r o g r a m  e s t a b l i s h e d  b y  t h e  A p p r o v a l  a n d  C e r t i f i c a t i o n
Center (A&CC) within the agency. A  l i s t  o f  a c c e p t a b l e  s e a l a n t s  w a s  m a i n t a i n e d
a n d  d i s t r i b u t e d  t o  f i e l d  e n f o r c e m e n t  p e r s o n n e l  a n d  o t h e r  i n t e r e s t e d  p a r t i e s .
T h i s  l i s t  p r o v i d e d  a  u s e f u l  t o o l  f o r  M S H A  p e r s o n n e l  r e s p o n s i b l e  f o r  a p p r o v i n g
m i n e  v e n t i l a t i o n  p l a n s . A  p r o d u c t  a p p e a r i n g  o n  t h e  l i s t  w o u l d  n o t  p r e s e n t  a
f l a m m a b i l i t y  h a z a r d  s i n c e i t  c o n t a i n e d  n o  c o m b u s t i b l e  c o n s t i t u e n t s . Since
underground mines exper ience ground movement problems where a resi l ient  product
i s  d e s i r e d , cement i t ious coat ings are not always pract ical  and may require a high
degree of  maintenance due to their  tendency to crack and spal l  when subjected to
ground and roof movement.

AS  techno logy  advanced,  res i l i en t  coa t ings ,  wh ich  cou ld  meet  the  needs  o f
t h e  i n d u s t r y , were developed. These  coa t ings c o n t a i n  s m a l l  q u a n t i t i e s  o f
e las tomers , s i l i c o n e - b a s e d  p r o d u c t s ,  o r o t h e r  o r g a n i c s , w h i c h  p r o v i d e  t h e
f l e x i b i l i t y  n e c e s s a r y  f o r  t h e  i n t e n d e d  a p p l i c a t i o n s . I n  o r d e r  t o  p r o v i d e  a
v e h i c l e  f o r  t h e s e  p r o d u c t s  t o  b e  s a f e l y  m a r k e t e d  i n  t h e  m i n i n g  i n d u s t r y ,  a n



i n f o r m a l  e v a l u a t i o n  p r o g r a m was e s t a b l i s h e d  f o r  t h e  a g e n c y ' s enforcement
a d m i n i s t r a t i o n .

T h e  I n d u s t r i a l  S a f e t y  D i v i s i o n ( ISD)  o f  the  Bruce ton  Safe ty  Techno logy
Center (BSTC), wh ich  is  an  eng ineer ing  Techn ica l  Suppor t  func t ion ,  p rov ides  th is
i n f o r m a l  e v a l u a t i o n  a t  t h e  r e q u e s t  o f  a  d i s t r i c t  o f f i c e  a n d  w i l l  e x a m i n e  t h e
f l a m m a b i l i t y  a n d  c o m b u s t i b i l i t y  h a z a r d s  o f  a  p r o p o s e d  p r o d u c t  f o r  i t s  e n d - u s e .
I n  a d d i t i o n , a  t o x i c i t y  e v a l u a t i o n  i s  o f t e n  p e r f o r m e d  b y  t h e  P h y s i c a l  a n d  T o x i c
A g e n t s  D i v i s i o n  ( P T A D )  o f  t h e  P i t t s b u r g h  H e a l t h  T e c h n o l o g y  C e n t e r  ( P H T C )  t o
ensure that proper precaut ions are taken when handl ing the mater ia ls in quest ion.

T h e  f l a m m a b i l i t y  t e s t i n g  u s u a l l y  c o n s i s t s o f  a n  A m e r i c a n  S o c i e t y  f o r
Tes t ing  and  Mater ia ls  (ASTM)  E-162 rad ian t  pane l f l a m e  s p r e a d  t e s t  [ l ]  a n d  a
f l a m e  s p r e a d  i n d e x  o f  2 5  o r  l e s s  i s  r e q u i r e d  f o r  a  f a v o r a b l e  e v a l u a t i o n .

I n  a d d i t i o n , i f  t h e  e n d - u s e  o f  t h e  p r o d u c t  i n v o l v e s  a p p l i c a t i o n  t o  t w o  o r
more  ad jacen t  su r faces , fu r ther  tes t ing  may be  necessary . T h i s  i s  d u e  t o  t h e
fact  that some mater ia ls that display low f lame spread indices when tested in one
d i m e n s i o n a l  c o n f i g u r a t i o n  h a v e  b u r n e d  q u i t e  v i g o r o u s l y  i n  a c t u a l  f i r e s  w h e n
a p p l i e d  i n  t w o  o r  t h r e e  d i m e n s i o n a l  c o n f i g u r a t i o n s . These tes ts  may be  in  the
f o r m  o f  a  l a r g e -  o r  f u l l - s c a l e  t e s t , w h i c h  c l o s e l y  s i m u l a t e s  a c t u a l  e n d - u s e
c o n d i t i o n s .

FOAMS

MSHA has developed recommended guidel ines [ 2 ]  f o r  t h e  a p p l i c a t i o n  o f
po lyu re thane  foams in  underg round  b i tuminous  coa l  m ines ,  and  l im i ts  the  layer
app l i ca t ion  th ickness  and  coverage  a reas  based  on  resu l t s  o f  fu l l - sca le  m ine  f i re
t e s t s  c o n d u c t e d  o n  t h e s e  f o a m s  [ 3 ]  a n d  g e n e r a l  e x p e r i e n c e  i n  d e a l i n g  w i t h
produc ts  o f  th is  na tu re . Polyurethane foams, a p p l i e d  t o  o n l y  t h e  r o o f  o r  r i b s ,
o r  u s e d  t o  s e a l  s t o p p i n g s , shou ld  have  a  f lame spread  index  o f  25  o r  less  as
determined by ASTM E-162. This test is preferred over ASTM E-84 [4]  because past
h is to ry  and research  [5 ]  [6 ]  has  shown tha t  E-84  may no t  adequate ly  p red ic t  the
" r e a l w o r l d f i r e b e h a v i o r "  o f l o w - d e n s i t y c e l l u l a r p l a s t i c m a t e r i a l s .
Po lyu re thane  foams a re  no t  recommended fo r  sha f t  l i n ing  o r  con t inuous  r ib / roo f
app l i ca t ions  un less  they  can  pass  an  A ST M  E -136 tes t  [7 ]  fo r  noncombust ib i l i t y -
Th is  i s  a  very  severe  tes t  and ,  genera l l y ,  mater ia ls  w i th  more  than  3-4% organ ic
c o n s t i t u e n t s  w i l l  n o t  p a s s . The  poor  f l ammab i l i t y  behav io r  o f  l ow  f l ame sp read
foams, when tes ted  in  a  tunne l  con f igura t ion  [8 ]  [9 ] ,  was  the  p r imary  impetus  fo r
t h i s  a p p l i c a t i o n  r e s t r i c t i o n . T h i s  c r i t e r i a  w a s  i n s e r t e d  t o  a l l o w  f o r  f u t u r e
techno log ica l  advancements , w h i c h  m a y  r e s u l t  i n  t h e  d e v e l o p m e n t  o f  a  s u i t a b l e
urethane product, f rom a  f i re  sa fe ty  s tandpo in t , containing a very low percentage
o f  o r g a n i c  m a t e r i a l .

I n  t h e  l a s t  c o u p l e  o f  y e a r s , t h e  d e v e l o p m e n t  o f  f i e l d - a p p l i e d  p h e n o l i c -
b a s e d  f o a m s  h a s  r e s u l t e d  i n  n e w  c h a l l e n g e s  i n  t h e  a r e a  o f  m a t e r i a l  h a z a r d
e v a l u a t i o n . The foams, wh ich  have been recent ly  eva lua ted  by  the  ISD,  have



d e m o n s t r a t e d  e x c e l l e n t  f l a m e  a n d  f i r e  r e s i s t a n t  q u a l i t i e s ,  b u t  s u f f e r  f r o m  a
narrow range of  workable appl icat ion temperatures, l i m i t e d  b o n d i n g  c a p a b i l i t i e s ,
r e l a t i v e l y  l o w  c o m p r e s s i b i l i t y , a n d  h i g h  f r i a b i l i t y  p r o p e r t i e s  w h e n  c o m p a r e d  t o
polyurethane systems.

Future coal  regulat ions are expected to mandate a f lame spread index of  25
or less for  sealant  and foam mater ia ls appl ied in a one dimensional  conf igurat ion
t o  c o a l  r i b s , r o o f , s t o p p i n g s ,  o r s e a l s . O t h e r  a p p l i c a t i o n s  m a y  s t i l l
necess i ta te  a  more  ex tens ive  eva lua t ion .

COMPRESSIBLE BLOCKS FOR STOPPINGS

A rather unique construct ion appl icat ion in some underground mines involves
the use of  compressible or  "squeeze blocks" as they are somet imes cal led. These
un i ts  a re  inser ted  in to  s topp ings  cons t ruc ted  f rom masonry  b lock  in  a reas  where
f loor heave or roof  sag is a problem. Stopp ings  a re  wa l l s  cons t ruc ted  in  m ines
tha t  separa te  ad jacent  a i rways . T h e y  a r e  u s e d  t o  c o u r s e  v e n t i l a t i n g  a i r  t o  t h e
working areas in the mine where the coal is being extracted. var ious  des igns  are
used, depending upon the type of convergence experienced by the part icular mine.
Normally, a course or two of  a compressible mater ia l ,  approximately 10-20 cm (4-8
i n )  h i g h , 2 0 - 3 0  c m  ( 8 - 1 2  i n )  t h i c k  i s  p l a c e d  b e t w e e n  c o u r s e s  o f  n o n - r e s i l i e n t
m a s o n r y  b l o c k  t o  a b s o r b  t h e  l o a d i n g  t a k e n o n  b y  t h e  s t o p p i n g  p r e s e r v i n g  t h e
i n t e g r i t y  o f  t h e  w a l l . I n  c a s e s  w h e r e  s e v e r e  f l o o r  h e a v e  i s  p r e v a l e n t ,  a  l a r g e
b l o c k  o f  c o m p r e s s i b l e  m a t e r i a l  i s  p l a c e d  i n  t h e  b o t t o m - c e n t e r  p o r t i o n  o f  t h e
s t o p p i n g  ( F i g u r e  1 ) . W i t h o u t  t h i s  d e s i g n  f e a t u r e , t h e  s t o p p i n g  w i l l  f r a c t u r e ,
p e r m i t t i n g  a i r  t o  l e a k  i n t o  a n  a d j a c e n t  a i r w a y  ( F i g u r e  2 ) . There are no formal
a p p r o v a l r e q u i r e m e n t s  f o r  t h e s e  t y p e s  o f  b l o c k s . I n  t h e  p a s t ,  m a t e r i a l s
e x h i b i t i n g  a  f l a m e  s p r e a d  i n d e x  o f  2 5  o r  l e s s , as per ASTM E-84 or ASTM E-162,
were p e r m i t t e d  f o r such use. P l a s t i c  p o l y s t y r e n e , po lyure thane, and
poly isocyanurate foams with f lame-retardant addi t ives were among the more popular
v a r i e t i e s .

Recent ly , t h e  p o o r  p e r f o r m a n c e  o f  t h e s e  m a t e r i a l s  i n  t w o  m i n e  f i r e s  h a s
caused the  agency  to  es tab l i sh  new c r i te r ia  concern ing  the i r  use  [ l0 ] . Heat from
f i r e s  o c c u r r i n g  i n  o n e  a i r w a y  c a u s e d  t h e  s q u e e z e  b l o c k s  t o  m e l t  o r  o t h e r w i s e
thermal ly  degrade, a l low ing  smoke and  tox ic  f i re  gases  to  spread  to  the  para l le l ,
a d j a c e n t  a i r w a y . I n  b o t h  f i r e s , t h i s  a d j a c e n t  a i r w a y  s e r v e d  a s  a  d e s i g n a t e d
escapeway fo r  m iners  work ing  in  the  mine  a t  the  t ime o f  the  f i res .

MSHA now requ i res  tha t  squeeze  b locks  be  ab le  to  demonst ra te  ven t i la t ion
separa t ion u n d e r  f i r e  c o n d i t i o n s  i n  a  m a n n e r c o n s i s t e n t  w i t h  i n c o m b u s t i b l e
m a s o n r y  b u i l d i n g  b l o c k s ,  t i l e ,  o r  s i m i l a r  m a t e r i a l s . M a t e r i a l s  u s e d  i n  m i n e
s t o p p i n g s  t h a t  d o  n o t  m e e t t h e s e  c r i t e r i a  m u s t  b e  r e m o v e d  a n d  r e p l a c e d  w i t h
s u i t a b l e  a l t e r n a t i v e s  o r  c o a t e d  w i t h  f i r e - r e s i s t a n t  c o a t i n g s  d e s i g n e d  t o  p r o t e c t
the blocks for extended t ime per iods. A  la rge-sca le  f i re  tes t  has  been  deve loped
b y  t h e  I S D  t o  e v a l u a t e  t h e s e  p r o d u c t s  f o r  f i r e  r e s i s t a n c e  [ l l ] . ASTM E-119 [l2]
t e s t i n g ,  o r  e q u i v a l e n t , w o u l d  a l s o  b e  a c c e p t e d  b y  M S H A  a s  a  m e t h o d  o f
demonst ra t ing  the  f i re  res is tance  o f  these  p roduc ts . A  o n e - h o u r  f i r e  r a t i n g  a n d
f l a m e  s p r e a d  I n d e x  o f  2 5  o r less  have  been  in fo rma l l y  es tab l i shed  as  m in imum
requ i rements .

Cur ren t l y ,  two  p las t i c  foam- type  p roduc ts  have  been favorab ly  eva lua ted  by
t h e  I S D  f o r  t h i s  a p p l i c a t i o n . B o t h  p r o d u c t s  a r e  i n  t h e  p h e n o l i c  f a m i l y  o f
p l a s t i c s . T h e s e  p r o d u c t s  d e m o n s t r a t e  e x c e l l e n t f i r e - r e s i s t a n t  p r o p e r t i e s ,
exh ib i t ing  char  depths  o f  less  than 5 .0  cm (2  in )  when exposed



t o  a  f l a m m a b l e  l i q u i d  t e s t  f i r e  g e n e r a t i n g  t e m p e r a t u r e s  1 8 0 0 ° F  f o r  o n e  h o u r .
U n f o r t u n a t e l y , t h e y  t e n d  t o  b e  r a t h e r  f r i a b l e  a n d  n o t  a s  r e s i l i e n t  a s  t h e i r
p o l y s t y r e n e  a n d  p o l y i s o c y a n u r a t e  c o u n t e r p a r t s . T h e i r  p e r f o r m a n c e  i n  m i n e s
experiencing more than 5-10% convergence has  been d isappo in t ing . T h e r e  i s  a
g r e a t  n e e d  f o r  a  p r o d u c t  w i t h  t h e  r e q u i r e d  f i r e - r e s i s t a n t  p r o p e r t i e s  t h a t  w i l l
b e h a v e  e l a s t i c a l l y ,  l i k e  a  p o l y s t y r e n e ,  i s o c y a n u r a t e ,  o r  u r e t h a n e  f o a m ,  a n d ,  a t
the same time, be  impermeab le  to  a i r  l eakage .

BRATTICE CLOTH/VENTILATION TUBING

The f l ammab i l i t y  requ i rements f o r  b r a t t i c e  c l o t h  a n d  v e n t i l a t i o n  t u b i n g ,
o u t l i n e d  i n  3 0  C F R  P a r t  7 5 . 3 0 2 . 3  [ 1 3 ] , w e r e  o r i g i n a l l y  e s t a b l i s h e d  i n  1 9 7 0 .
B r a t t i c e  c l o t h  i s  u s e d  i n  u n d e r g r o u n d  m i n e s  t o  d i r e c t  v e n t i l a t i n g  a i r  c u r r e n t s
to  the  work ing  faces  in  a reas  where  permanent  s topp ings  have  no t  been e rec ted .
T y p i c a l  b r a t t i c e  c l o t h  m a t e r i a l s  c o n s i s t  o f  p o l y e t h y l e n e  ( P E ) ,  p o l y v i n y l c h l o r i d e
(PVC), o r  j u t e . P l a s t i c  c u r t a i n s  a r e  g e n e r a l l y r e i n f o r c e d  w i t h  n y l o n  o r  o t h e r
s y n t h e t i c  s c r i m s .

V e n t i l a t i o n  t u b i n g  i s  u s e d  t o  d i r e c t  f r e s h  a i r  t o  a c t i v e  a r e a s  o f  t h e  m i n e
where  spec ia l  a i r  requ i rements  a re d i c t a t e d  o v e r  a n d  a b o v e  n o r m a l  v e n t i l a t i o n .
V e n t i l a t i n g  t u b i n g  m a y  b e  r i g i d  ( f i b e r g l a s s - r e i n f o r c e d  p o l y e s t e r s )  o r  f l e x i b l e
( P V C  w i t h  m e t a l - b a n d  r e i n f o r c i n g  r i n g s  o r  w i r e ) .

T i t l e  3 0  r e q u i r e m e n t s  s p e c i f i e d  t h a t  b r a t t i c e  c l o t h  a n d  v e n t i l a t i o n  t u b i n g
be f lame res is tan t  to  the  ex ten t  tha t  the  f lame spread  index  be  25  o r  less  when
t e s t e d  a c c o r d i n g  t o  e i t h e r  A S T M  E - 8 4  o r  A S T M  E - 1 6 2 . B o t h  o f  t h e s e  t e s t s
p r e s e n t e d  d i f f i c u l t i e s  w h e n  u s e d  a s  a  t o o l  t o  a s s e s s  t h i n  b r a t t i c e  a n d
v e n t i l a t i o n  t u b e  m a t e r i a l s . Low me l t ing  the rmop las t i cs ,  such  as  PE,  wou ld  me l t
away from the roof of  the tester (ASTM E-84) o r  me l t  ou t  o f  t he  spec imen  ho lde r
(ASTM E-162) r e n d e r i n g  i m p o s s i b l e  t h e  d e t e r m i n a t i o n  o f  a c t u a l  f l a m e  s p r e a d
behav ior . In  cases  where  the  samp le  d id  no t  comp le te ly  me l t  ou t  o f  the  ho lder ,
t h e r e  w a s  s t i l l  a  p r o b l e m  i n  t h a t  t h e  r e t r a c t e d  p o r t i o n  o f  t h e  s a m p l e  w a s  n o
l o n g e r  i n  c o n t a c t  w i t h  t h e  f i x e d  p i l o t  b u r n e r . Another inherent problem when
t e s t i n g  t h i n  f i l m  t h e r m o s e t s  w a s t h e  n e g l i g i b l e  h e a t  r i s e  u p o n  b u r n i n g ,  w h i c h
r e s u l t e d  i n  a  l o w  h e a t  e v o l u t i o n  f a c t o r  ( Q )  i n  t h e  e q u a t i o n  f o r  f l a m e  s p r e a d
index as per ASTM E-162. B r a t t i c e  m a t e r i a l s  t h a t  h a d  h i g h  f l a m e  s p r e a d  f a c t o r s
(F,) would produce low flame spread index values ( I , )  because  o f  the  low Q fac to r
(Is = QxFs) . A  f i n a l  p r o b l e m  w a s  t h e  i n h e r e n t  n o n - r e p r o d u c i b i l i t y  e x p e r i e n c e d
w h e n  t e s t i n g  t h e s e  t y p e s  o f  m a t e r i a l s .

Real iz ing these problems, la rge-sca le  f l ammab i l i t y  tes ts  were  conduc ted  to
fu r ther  inves t iga te  the  behav io r  o f  b ra t t i ce - type  mater ia ls  under  ac tua l  end-use
c o n d i t i o n s  [ 1 4 ]  [ 1 5 ] . P i e c e s  o f  b r a t t i c e  c l o t h , measur ing  1 .83  m (6  f t )  x  7 .62
m  ( 2 5  f t ) , were  suspended ver t i ca l l y  in  the g a l l e r y a n d  i g n i t e d  w i t h  a  h a n d - h e l d
moveable burner using methane gas for 30 seconds. Three  tes ts  were  conduc ted  in
s t i l l  a i r  a n d  t h r e e  i n  a  v e n t i l a t i n g  a i r  s t r e a m  o f  0 . 6 4  m / s e t  ( 1 2 5  f p m ) . The
s a m p l e  f a i l e d  i f  a n y  o f  t h e  f o l l o w i n g  o c c u r r e d :

1. F lame propaga ted  3 .05  m (10  f t )  i n  any  s ing le  tes t .
2. An average dura t ion  o f  burn ing  in  e i ther  g roup o f  tes ts  was  one
minute or  more.

3. Dura t ion  o f  burn ing  was  2  minu tes  o r  more  in  any  s ing le  tes t .
Based on this study, a  sma l l - sca le  tes t  was  deve loped  by  the  Approva l  and

Cer t i f i ca t ion  Center  (A&CC)  o f  MSHA tha t  cor re la ted  very  we l l  to  the  resu l ts  o f
the  la rge-sca le  tes t  p rogram (F igu re  3 ) . The test  exposes 102 cm (40 in) X 122
cm (48 in)  samples, v e r t i c a l l y  h u n g  i n  a  s m a l l  t u n n e l  t o  a



methane-fueled, impinged-Jet-moveable burner. Vent i la t ing  a i r  a t  0 .64  m/sec  (125
f t / m i n )  i s  p a s s e d  o v e r  t h e  s a m p l e  i n  t h r e e  t e s t s and  th ree  tes ts  a re  conduc ted
w i t h  n o  v e n t i l a t i o n . T h e  b u r n e r  i s  a p p l i e d  t o  t h e  f r o n t  l o w e r  e d g e  o f  t h e
b r a t t i c e  c l o t h  a n d  k e p t  i n  c o n t a c t  w i t h  t h e  m a t e r i a l  f o r  2 5  s e c o n d s  o r  u n t i l  1
foo t  o f  mate r ia l ,  measured  hor i zon ta l l y ,  i s  consumed,  wh ichever  comes f i r s t .  In
order to be considered f lame resistant, the  b ra t t i ce  c lo th  sha l l  mee t  each  o f  the
f o l l o w i n g  c r i t e r i a :

1. F lame p ropaga t ion  o f  l ess  than  122  cm (4  f t )  i n  each  o f  the  s ix
t e s t s .

2. An  average  dura t ion  o f  burn ing  o f  less  than  one  minu te  in  bo th
g r o u p s  o f  t h r e e  t e s t s .

3. A  d u r a t i o n  o f  b u r n i n g  n o t  e x c e e d i n g  2  m i n u t e s  i n  e a c h  o f  t h e  s i x
t e s t s .

T h e  t e s t  w a s  f a v o r a b l y  r e c e i v e d  b y  i n d u s t r y  a n d  h a s  b e e n  f o u n d  t o  v e r y
e f f e c t i v e l y  d i s c r i m i n a t e  b e t w e e n  m a t e r i a l s  w h i c h  o f f e r  l o w  f l a m e  s p r e a d  r a t e s
under actual  end-use condi t ions and those which provided low f lame spread values
Only when tested according to previously descr ibed ASTM test methods. T h i s  t e s t
procedure was promulgated as a  f i n a l  r u l e  i n  J u n e  o f  1 9 8 8  i n  3 0  C F R  [ 1 6 ]  f o r
t e s t i n g  a n d  a p p r o v a l  o f  b r a t t i c e  c l o t h  ( P a r t  7 . 2 7 )  a n d  v e n t i l a t i o n  t u b i n g  ( P a r t
7 . 2 8 ) . T h e  t e s t  c o n d i t i o n s  f o r  r i g i d  t u b i n g  v a r y  s o m e w h a t  f r o m  t h o s e  d i c t a t e d
f o r  b r a t t i c e  c l o t h . I m p o r t a n t l y , l a r g e - s c a l e  f i r e  t e s t i n g  o n  d u c t i n g  [ 1 7 ]  h a s
shown good agreement wi th Part  7.28 procedures.

FLAME-RETARDANT TIMBER

T h e r e  a r e  n o  f o r m a l  r e q u i r e m e n t s  f o r  f l a m e  r e t a r d i n g  o f  t i m b e r s  u s e d  i n
u n d e r g r o u n d  c o a l  m i n e s  a t  t h i s  t i m e . Some app l ica t ions  ex is t ,  however ,  where
r e s i s t a n c e  t o  s u r f a c e  f l a m e  s p r e a d  i s  d e s i r e d . Among these  app l i ca t ions  a re
wooden access doors in mine stoppings, wooden doors on underground mine shops,
a n d  s t o p p i n g  c o n s t r u c t i o n s  u s i n g  h e a v y  t i m b e r  i n  a r e a s e x p o s e d  t o  h e a v i n g
c o n d i t i o n s . I n  t h e  p a s t , the  Agency  has  recommended tha t  t imber , u s e d  i n
underground coal  mines for  these appl icat ions, be f lame retardant  as demonstrated
b y  a  f l a m e  s p r e a d  i n d e x of 25 or less as per ASTM E-84, ASTM E-162,  o r
e q u i v a l e n t . F l a m e  r e t a r d a n t  c o a t i n g s  o r  p a i n t s ,  l i s t e d  i n  t h e  U n d e r w r i t e r s '
L a b o r a t o r i e s  B u i l d i n g  M a t e r i a l s  D i r e c t o r y  [ 1 8 ] , h a v e  b e e n  d e t e r m i n e d  t o  b e
s u i t a b l e  f o r  t h i s  a p p l i c a t i o n . F l a m e - r e t a r d a n t  p r o d u c t s  t h a t  a r e  n o t  l i s t e d  i n
t h e  d i r e c t o r y  c a n  b e  t e s t e d  a s  p e r  a n  A S T M  o r  e q u i v a l e n t  s t a n d a r d  t o  v e r i f y
compliance with this recommendation. There are no current  p lans to change these
recommended guidelines.

CONVEYOR BELTS

P r e s e n t  r e q u i r e m e n t s  c o n c e r n i n g  t h e  f l a m m a b i l i t y  p r o p e r t i e s  o f  c o n v e y o r
b e l t s  u s e d  i n  u n d e r g r o u n d  c o a l  m i n e s d i c t a t e  t h a t  t h e y  b e  a p p r o v e d  a s  f l a m e
r e s i s t a n t  u n d e r  P a r t  1 8 . 6 5  o f  3 0  C F R  [ 1 9 ] . Th is  tes t  exposes  four  spec imens,
each 152 mm (6 in) long by 12.5 mm (0.5 in) wide by sample thickness, to a bunsen
burner  ad jus ted  to  g ive  a  b lue  f l ame, 7 5  m m  ( 3  i n )  i n  h e i g h t ,  w i t h  n a t u r a l  g a s .
The  burner  f l ame i s  app l ied  to  the  f ree  end  o f  a  ho r i zon ta l l y -moun ted  spec imen
i n  a  5 3  c m  c u b i c a l  ( 2 1  i n )  t e s t  g a l l e r y  f o r  1  m i n u t e  i n  s t i l l  a i r . A t  the  end
of 1 minute, the  f lame is  removed and  a  ven t i la t ing  fan  tu rned  on  to  p rov ide  an
a i r  f l o w  o f  1 . 5 2  m / s e c  ( 3 0 0



f pm)  pas t  the  samp le . The  dura t ion  o f  f l ame i s  measured . A f te r  the  spec imen
ceases  to  f l ame, i t  r e m a i n s  I n  t h e  a i r  c u r r e n t  f o r  a n  a d d i t i o n a l  3  m i n u t e s  t o
de te rmine  the  p resence  and  dura t ion  o f  a f te rg low.

I n  o r d e r  t o  b e  c o n s i d e r e d  f i r e - r e s i s t a n t , t e s t s  o f  t h e  f o u r  s p e c i m e n s ,  c u t
from any sample, s h a l l  n o t  r e s u l t  i n  e i t h e r : (1 )  du ra t ion  o f  f l ame exceed ing  an
average of  1 minute af ter  removal  of  the appl ied f lame or (2)  af terglow exceeding
an average  o f  3 -minu tes  dura t ion .

Th is  approva l  tes t  was  or ig ina l l y  deve loped by  the  Un i ted  Sta tes  Bureau o f
Mines as Schedule 28 [20] in 1955, became part  of  Schedule 2G [21]  in 1968, and
was mandated as part  of  the Coal Mine Safety and Health Act of  1969 [22]. Much
a s  b e e n  l e a r n e d  a b o u t  t h e  f i r e - r e s i s t a n t  q u a l i t i e s  o f  c o n v e y o r  b e l t s  i n  f i r e
s i tua t ions  over  the  past  severa l  years . Th is  exper ience  has  been in  the  fo rm o f
bo th  la rge-  and  fu l l - sca le  f i re  tes t  p rograms and  ac tua l  f i res  tha t  have  occur red
in underground mines. The data generated suggests that the 2G test is not always
a  r e l i a b l e  i n d i c a t o r  f o r  p r e d i c t i n g  t h e  f l a m m a b i l i t y  b e h a v i o r  o f  c o n v e y o r  b e l t
under actual  end-use condit ions. This problem was demonstrated by Mitchel l  [23] ,
Warner [24] , and ,  more  recen t l y ,  Lazzara  [25 ]  and  Verak is  [26 ] ,  who  repor ted  on
t h e  r e s u l t s  o f  l a r g e -  a n d  f u l l - s c a l e  t e s t s o f  approved conveyor  be l ts  where
propagat ing  f i res  were  deve loped under  con t ro l led  cond i t ions .  Add i t iona l l y ,  over
a  19-year  per iod ,  a  to ta l  o f  14  f i res  were  repor ted  by  MSHA [27 ] ,  wh ich  invo lved
b u r n i n g  o f  s i g n i f i c a n t  l e n g t h s , 1 5 . 0  m  ( 5 0  f t . )  o r  m o r e  o f  c o n v e y o r  b e l t i n g .

T h e  r e a l i z a t i o n  t h a t  t h e  c u r r e n t  a p p r o v a l t e s t  m e t h o d  w a s  s u b j e c t  t o
i n h e r e n t  d i f f i c u l t i e s  i n  p r e d i c t i n g  t h e  r e a l  w o r l d  f l a m m a b i l i t y  p r o p e r t i e s  o f
conveyor bel t  mater ials lead MSHA to request the U.S. Bureau of Mines (USBM) to
d e v e l o p  a n  i m p r o v e d  f i r e - r e s i s t a n c e  b e l t  t e s t  [ 2 8 ] . The  genera l  des ign  o f  th i s
apparatus was based upon data f rom ful l -scale test  f i res conducted under a USBM
c o n t r a c t  [ 2 9 ] . However, this test  was not accepted by MSHA as a replacement for
2G.

More  recent ly , the A&CC requested the USBM to conduct a large-scale f i re
t e s t  p r o g r a m  t o  f u r t h e r  s t u d y  t h e  p r o b l e m . D a t a  f r o m  t h e  l a r g e - s c a l e  t e s t
p rogram was  then  used  by  the  USBM to  deve lop  a  labora to ry -sca le  appara tus  fo r
eva lua t ing  the  f i re  res is tance o f  conveyor  be l ts  [30 ] . The new test [31],  Shown
i n  F i g u r e  4 , c o r r e l a t e s  w e l l  w i t h  t h e  l a r g e - s c a l e  t e s t  r e s u l t s .

T h e  t e s t  e x p o s e s  a  1 . 5 2  m  ( 5  f t . )  l o n g  b y  0 . 2 3  m  ( 9  i n . )  w i d e  s a m p l e  o f
be l t ,  mounted  in  a  ven t i l a ted  tunne l  to  a  12  je t -methane gas  ign i to r ,  burn ing  35
l i t e r s  p e r  m i n u t e  ( 1 . 2 5  c f m )  f o r  a  5 - m i n u t e  p e r i o d . A i r  c u r r e n t  o f  1 . 0 2  m / s e c
(200 fpm) flows past the sample. T h e  b e l t  p a s s e s  t h e  t e s t  i f ,  i n  t h r e e  s e p a r a t e
t r i a l s , there remains a port ion of  the sample that is undamaged across i ts width.
A  b e l t  f a i l s  t h e  t e s t  i f ,  i n  a n y  s i n g l e  t r i a l , f i re  damage ex tends  to  the  end  o f
the sample.

The more str ingent requirements on bel t  f lammabi l i ty  propert ies imposed by
t h i s  t e s t  m a y ,  i n  s o m e  c a s e s , n e c e s s i t a t e  d e v e l o p m e n t  o f  n e w  a n d  i m p r o v e d
f o r m u l a t i o n s  f o r  f l a m e  r e t a r d i n g  t r a d i t i o n a l  b e l t  m a t e r i a l s ,  s u c h  a s  P V C ,
s ty rene-butad iene, or neoprene rubbers. S t r a t e g i e s  i n v o l v i n g  c o v e r  t r e a t m e n t ,
carcass , o r  f a b r i c  t r e a t m e n t s , o r  c o m b i n a t i o n s  o f  b o t h ,  a r e  c u r r e n t l y  b e i n g
i n v e s t i g a t e d  b y  b e l t  m a n u f a c t u r e r s .

Cur ren t l y , an interim testing program is being conducted by MSHA's A&CC in
con junc t ion  w i th  the  USBM, w h i c h  e n a b l e s  b e l t  m a n u f a c t u r e r s  t o  t e s t  v a r i o u s
f lame- re ta rdan t  fo rmu la ted  p las t i c  and  rubber  be l t s  [32 ] . There  i s  no  charge  to
t h e  m a n u f a c t u r e r s  f o r  t h i s  t e s t i n g  u n d e r  t h e  p r o g r a m . A vo lun ta ry  accep tance
program i s  ta rge ted  fo r  December  o f  1989 , d u r i n g  w h i c h  a  f e e  w i l l  b e  c h a r g e d .
Concur ren t  w i th  the  imp lementa t ion  o f  the  vo lun ta ry  accep tance  p rogram,  MSHA
i n t e n d s  t o  e n t e r  r u l e - m a k i n g  t o  p r e p a r e



r e g u l a t i o n s r e q u i r i n g u s e  o f c o n v e y o r  b e l t s w i t h enhanced f l a m m a b i l i t y
c h a r a c t e r i s t i c s  i n  a l l  u n d e r g r o u n d  c o a l  m i n e s .

SUMMARY

This paper has at tempted to address selected mining products where recent
changes i n  f l a m m a b i l i t y  o r f i r e - r e s i s t a n t  r e q u i r e m e n t s  o r  g u i d e l i n e s  h a v e
occur red . T h e s e  c h a n g e s  m a y  n e c e s s i t a t e  a  r e - d e s i g n  o r  r e f o r m u l a t i o n  o f  t h e
p a r t i c u l a r  p r o d u c t s  i n v o l v e d . A l l  o r g a n i c  m a t e r i a l s , e v e n  t h o s e  t h a t  c o n t a i n
f lame- re ta rdan t  add i t i ves , wi l l  burn i f  exposed to enough heat and enough oxygen
f o r  a  l o n g  e n o u g h  p e r i o d  o f  t i m e . I t  i s  t h e  f u n c t i o n  o f  t h e  c o m p o u n d e r  t o
d e v e l o p  s u i t a b l e , y e t  c o s t - c o m p e t i t i v e ,  f o r m u l a t i o n s ,  w h i c h  w i l l  r e s u l t  i n  t h e
p r o d u c t ' s c o n f o r m a n c e  t o  t h e  a p p l i c a b l e  p e r f o r m a n c e  s t a n d a r d s . T h e  r e c e n t
changes  in  MSHA's  ph i losophy  concern ing  these  produc ts  shou ld  p rov ide  new and
c h a l l e n g i n g  o p p o r t u n i t i e s  i n  t h e  f i e l d  o f  f l a m e - r e t a r d a n t  c h e m i s t r y  a n d  f i r e -
p r o t e c t i o n  e n g i n e e r i n g .
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