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On August 28, 1987, a 1982 Thomas B u i l t  school bus car ry ing  2 1  
passengers was t r a v e l i n g  westbound on Levy Lounty (F lo r ida )  Road C-32 when i t  
co l l i ded  with a two-axle f l a t b e d  t ruck  t r a v e l i n g  northbound on Levy County 
Road C-337 near  Bronson, F lor ida .  The school bus  d r i v e r  and 5 passengers 
d i ed ;  t h e  t ruckdr ive r  sus ta ined  c r i t i c a l  i n j u r i e s  and 16 school bus 
passengers were in jured . '  

The i n i t i a l  c o l l i s i o n  of t h e  l e f t  f r o n t  of t h e  school bus w i t h  t h e  r i g h t  
f r o n t  of t h e  t ruck  r ed i r ec t ed  b o t h  veh ic l e s  57O northwest from t h e  
p r e c o l l i s i o n  path of t h e  school bus. Af te r  both veh ic l e s  were r e d i r e c t e d ,  
t h e  r i g h t  s i d e  of t h e  t ruck  co l l i ded  with the l e f t  s i d e  o f  t h e  school bus as  
t h e  t r u c k  began i t s  counterclockwise r o t a t i o n  and 9O0 overturn t o  t h e  r i g h t .  
When t h i s  secondary s i d e - t o - s i d e  c o l l i s i o n  occurred,  t h e  f l o o r  panels  a f t  of 
the  school bus  d r i v e r ' s  pos i t i on  were subjected t o  s ide-shear ing  fo rces .  A t  
t h i s  poin t  i n  t h e  c o l l i s i o n  sequence, s eve ra l ,  i f  not  a l l ,  of t h e  f i r s t  seven 
f l o o r  panels separa ted  from t h e i r  attachment t o  t h e  l e f t  and  right s idewal l s  
and a t  l e a s t  p a r t i a l l y  from each o t h e r .  

As the t ruck  continued i t s  counterclockwise r o t a t i o n ,  i t s  degree of 
r o l l o v e r  a l s o  increased;  as t h e  cargo bed was r o l l i n g  over  onto the l e f t  
s idewall  of  t h e  school bus, t h e  l e f t  ends of f l o o r  panels  one through seven 
were compressed downward, causing t h e i r  r i g h t  ends t o  begin t o  r i s e  u p  i n t o  
t h e  passenger compartment. Because t h e r e  were no body mounting c l i p s  
i n s t a l l e d  forward of t h e  j o i n t  between t h e  f i f t h  and s ix th  f l o o r  panel ,  the 
r i g h t  ends of  panels  one through fou r ,  which probably had separa ted  due t o  
shear ing  f o r c e s  i n  t h e  i n i t i a l  phase of the c o l l i s i o n  sequence, were f r e e  t o  
turn up as t h e i r  l e f t  ends were de f l ec t ed  downward by the truck's cargo bed. 

The Sa fe ty  Board could not  determine i f  the c o l l a p s e  of the school bus 
f l o o r  in  the a rea  where four passengers were sea ted  caused t h e i r  f a t a l  
i n j u r i e s  t o  the exclusion of  a l l  o the r  poss ib le  i n j u r y  sources .  However, the 
co l l apse  of t h e  f l o o r  negated any passenger c rash  p ro tec t ion  t h a t  may have 

'For m o r e  d e t a i l e d  i n f o r m a t i o n ,  r e a d  H i g h u s y  A c c i d e n t  R e p o r t - - " C o l l i s i o n  
o f  L e v y  C o u n t y ,  F l o r i d a  S c h o o l  B u s  a n d  A i r d r o m e  T i r e  C e n t e r s ,  I n c .  T r u c k ,  
n e a r  E r o n s o n ,  F l o r i d a ,  A u g u s t  2 8 .  1987" ( N T S E / H A R - 8 9 / 0 2 ) .  
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been a f f o r d e d  by  t h e  padded, h igh -backed  r e s t r a i n i n g  b a r r i e r s  arid s e a t s  
i n s t a l l e d  i n  t h e  schoo l  bus as r e q u i r e d  by  Federa l  Mo to r  V e h i c l e  S a f e t y  
S tandard  (FMVSS) 222, School Bus Passenger S e a t i n g  and Occupant P r o t e c t i o n .  
T h e r e f o r e ,  t h e  Board b e l i e v e s  t h a t  t h e  c o l l a p s e  o f  t h e  schoo l  bus f l o o r  under  
t h e  f i r s t  t h r e e  sea t  rows may have exacerba ted  most o f  t h e  i n j u r i e s  s u s t a i n e d  
by t h e  passengers  o f  t h e  second, t h i rd ,  and f o u r t h  s e a t  rows o f  t h e  schoo l  
bus. 

The S a f e t y  Board  has found  i n  s e v e r a l  severe  a c c i d e n t s  i n  wh ich  t h e  
schoo l  bus body and c h a s s i s  separa ted ,  t h a t  t h e  s e p a r a t i o n  produced a 
p o s i t i v e  s a f e t y  b e n e f i t . 2  Crash f o r c e s  wh ich  n o r m a l l y  wou ld  have been 
t r a n s m i t t e d  t o  t h e  schoo l  bus body were reduced because o f  t h e  body /chass is  
s e p a r a t i o n s .  However, d e s p i t e  t h e  s e p a r a t i o n  o f  t h e  body and c h a s s i s  i n  t h i s  
a c c i d e n t ,  t h e  schoo l  bus f l o o r  c o l l a p s e d  a f t e r  t h e  s e p a r a t i o n ,  n e g a t i n g  many 
o f  t h e  passenger c r a s h  p r o t e c t i o n  f e a t u r e s  r e q u i r e d  by  FMVSS 222. 

FMVSS 221, School Bus Bod,y J o i n t  S t r e n g t h ,  r e q u i r e s  t h a t  a body pane l  
j o i n t  o f  a schoo l  bus be f a s t e n e d  so t h a t  i t  i s  capab le  o f  h o l d i n g  t h e  body 
pane l  t o  t h e  member t o  wh ich  i t  i s  j o i n e d  when s u b j e c t e d  t o  a f o r c e  equa l  t o  
60 p e r c e n t  o f  t h e  t e n s i l e  s t r e n g t h  o f  t h e  weakest j o i n e d  body p a n e l .  She 
s t a n d a r d  s t a t e s  t h a t  i t s  purpose i s  t o  reduce deaths  and i n j u r i e s  r e s u l t i n g  
f r o m  t h e  s t r u c t u r a l  c o l l a p s e  o f  schoo l  bus bod ies  d u r i n g  c rashes .  

I n  response t o  a B l u e  B i r d  Bod,y Company r e q u e s t  f o r  c l a r i f i c a t i o n  o f  
FMVSS 221 t e s t  p rocedures  f o r  cases i n  wh ich  t h e  two body components wh ich  
f o r m  t h e  j o i n t  i n  q u e s t i o n  a r e  n o t  f l a t  s u r f a c e s  i n  t h e  same o r  p a r a l l e l  
p lanes ,  on A p r i l  26, 1976, t h e  N a t i o n a l  Highway T r a f f i c  S a f e t y  A d m i n i s t r a t i o n  
(NHTSA) a d v i s e d  t h a t  i t  i n t e n d e d  t o  t e s t .  such c o n f i g u r a t i o n s  by  d e t e r m i n i n g  
t h e  n a t u r e  o f  t h e  two body components and t e s t  i d e n t i c a l  m a t e r i a l s  j o i n e d  by  
t h e  same means a f t e r  m o d i f i c a t i o n  o f  t h e  j o i n t  i n t o  a c o n f i g u r a t i o n  i n  wh ich  
t h e  two body components a r e  f l a t  s u r f a c e s  i n  t h e  same o r  p a r a l l e l  p l a n e s .  

S e c t i o n  S6.2(a) o f  FMVSS 221 p r o v i d e s  t h a t  i f  t h e  mechanical  p r o p e r t i e s  
o f  a m a t e r i a l  a r e  s p e c i f i e d  by t h e  American S o c i e t y  f o r  T e s t i n g  and 
M a t e r i a l s  (ASTM), t h e  r e l a t i v e  t e n s i l e  s t r e n g t h  f o r  such a m a t e r i a l  i s  t h e  
minimum t e n s i l e  s t r e n g t h  s p e c i f i e d  f o r  t h a t  m a t e r i a l  i n  t h e  1973 e d , i t i o n  o f  
t h e  Annual Book o f  ASTM Standards .  Based on t h e  ASTM s p e c i f i c a t i o n s ,  t h e  
NHTSA de te rm ined  t h a t  t h e  minimum s t r e n g t h  f o r  an B - i n c h  f l o o r  j o i n t  specimen 
f o r  f o u r  m a n u f a c t u r e r s - - B l u e  B i r d  Body Company, Carpen te r  Body Works, Inc . ,  
Thomas B u i l t  Buses, I n c . ,  and Ward School Bus, 1nc.--was 15,228 pounds i n  
shear .  

2 H i g h u a y  A c c i d e n t  R e p o r t s - - " C o l l i s i o n  o f  G 8 0 A u t o  S a l e s ,  I n c ,  T o u  
T r u c k  T o w i n g  A u t o m o b i l e ,  B r a n c h  M o t o r  E x p r e s s  Company T r a c t o r - S e m i t r a i l e r ,  
T a n n  o f  R e h o b o t h  S c h o o l b u s ,  R e h o b o t h ,  M a s s a c h u s e t t s ,  J a n u a r y  1 0 ,  1984" 
( N T S B / H A R - 8 4 / 0 5 ) ;  " C o l l i s i o n  o f  I s l e  o f  W i g h t  C o u n t y ,  V i r g i n i a ,  S c h o o l b u s  
w i t h  C h e s a p e a k e  a n d  O h i o  R a i l w a y  Company F r e i g h t  T r a i n ,  S t a t e  R o u t e  6 1 5  n e a r  
C a r r s v i l l e ,  V i r g i n i a ,  A p r i l  1 2 ,  1984" ( N T S B / H A R - 8 5 / 0 2 ) ;  a n d  " S c h o o l b u s  1 , o s s  
o f  C o n t r o l  a n d  C o l l i s i o n  u i t h  G u a r d  R a i l  a n d  S i g n  P i l l a r ,  U.S. H i g h n a y  70  
near .  L u c a s  a n d  H u n t  R o a d ,  S t .  L o u i s  C o u n t y ,  M i s s o u r i ,  N o v e m b e r  1 1 ,  1985" 
( N T S B / H A R - 8 7 / 0 2 ) .  
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However, t h e  NHTSA c a l c u l a t e d  t h a t  f l o o r  j o i n t ,  s t r e n g t h s  f o r  schoo l  bus 
f l o o r s  u s i n g  p1,ywood i n  f l o o r  C o n s t r u c t i o n  was considerab1.y l e s s  t h a n  15,228 
pounds. The Crown schoo l  bus t h e  NHTSA t e s t e d  i n  1978 was d e t e r m i n e d  t o  need 
a f l o o r  j o i n t  s t r e n g t h  o f  1,980 pounds i n  shear,  and t h e  G i l l i g  schoo l  bus 
was d e t e r m i n e d  t o  need a f l o o r  j o i n t  s t r e n g t h  o f  1,680 pounds i n  shear  i n  
o r d e r  t o  meet t h e  f l o o r  j o i n t  s t r e n g t h  r e q u i r e m e n t  o f  FMVSS 221. 

The Safet ,y Board has no d a t a  c o n c e r n i n g  t h e  c r a s h w o r t h i n e s s  o f  p o s t -  
FMVSS 221 schoo l  bus f l o o r s  t h a t  use p lywood i n  t h e i r  f l o o r  c o n s t r u c t i o n ,  and 
t h e r e f o r e ,  i t  canno t  de te rm ine  i f  such f l o o r  j o i n t s  need t o  be s t reng thened .  
However, t h e  S a f e t y  Board b e l i e v e s  t h a t  t h e  v a r y i n g  f l o o r  j o i n t  s t r e n g t h  
r e q u i r e m e n t s  t h a t  r e s u l t e d  f rom b a s i n g  t h e  requ i remen ts  upon t h e  t y p e ( s )  o f  
p a r e n t  m a t e r i a l  used ( s t e e l  vs.  p lywood)  ma,y have been t h e  anomaly t h a t  
caused t h e  NHTSA t o  b e l i e v e  t h e  s t a n d a r d  was unen fo rceab le .  T h i s  needs t o  be 
addressed i n  t h e  NHTSA ru lemak ing  p r e s e n t l y  i n  p rog ress .  

The NHTSA p e r c e i v e d  problems w i t h  en forcement  and i n t e r p r e t a t i o n  o f  
FMVSS 221 as i t  a p p l i e d  t o  f l o o r  j o i n t s  and d i s c o n t i n u e d  t e s t i n g  f l o o r  j o i n t s  
f o r  comp l iance  w i t h  t h e  s tandard  i n  August 1982. The NHTSA A s s o c i a t e  
A d m i n i s t r a t o r  f o r  Enforcement adv i sed  t h e  S a f e t y  Board t h a t  t h e  i n v e s t i g a t i o n  
cases i n v o l v i n g  compl iance o f  Thomas f l o o r  pane l  j o i n t s  were c l o s e d  by  t h e  
NHTSA's O f f i c e  o f  C h i e f  Counsel based on an " i nadequa te  b a s i s  t o  
p roceed r a t h e r  t h a n  on q u e s t i o n s  r e l a t e d  t o  t h e  t e c h n i c a l  m e r i t s  o f  t h e  t e s t  
f a i l u r e s . "  S ince  August 1982, t h e  NHTSA has n o t  t e s t e d  f l o o r  j o i n t s  f o r  
comp l iance  and has n o t  a t tempted  t o  e n f o r c e  t h e  e x i s t i n g  s t a n d a r d  i n  t h e  case 
o f  schoo l  bus f l o o r  j o i n t s .  I n  1987, t h e  NHTSA p u b l i s h e d  an Advanced N o t i c e  
o f  Proposed Rulemaking c o n c e r n i n g  schoo l  bus f l o o r  j o i n t  s t r e n g t h ,  and has 
i n i t i a t e d  a r e s e a r c h  program i n v o l v i n g  t h e  dynamic t e s t i n g  o f  schoo l  bus 
f l o o r  j o i n t s .  C u r r e n t  r e s e a r c h  i s  schedu led  f o r  c o m p l e t i o n  t h e  second 
q u a r t e r  o f  c a l e n d a r  y e a r  1989, and a d e c i s i o n  on whether  t o  i n s t i t u t e  
a d d i t i o n a l  r u l e m a k i n g  i s  schedu led  f o r  t h e  t h i r d  q u a r t e r  o f  c a l e n d a r  y e a r  
1989. 

The Safet ,y Board b e l i e v e s  i t  i s  i m p o r t a n t  t h a t  t h e  NHTSA resume t e s t i n g  
o f  schoo l  bus f l o o r  j o i n t s .  However, t h e  Board a l s o  r e c o g n i z e s  t h a t  t h e  
NHTSA w i l l  n o t  resume t e s t i n g  u n t i l  i t  amends FMVSS 221. I n  amending FMVSS 
221, t h e  NHTSA must make i t  c l e a r  t h a t  a l l  body pane l  and f l o o r  j o i n t s  a r e  
s u b j e c t  t o  t h e  s tandard .  I t  a l s o  must d e l e t e  t h e  p r o v i s i o n  i n  s u b s e c t i o n  S5 
t h a t  p e r m i t s  t h e  s t r e n g t h  o f  t h e  f l o o r  j o i n t  be 60 p e r c e n t  o f  t h e  s t r e n g t h  
o f  t h e  weakest m a t e r i a l  b e i n g  j o i n e d  t o  e l i m i n a t e  t h e  apparen t  anomaly wh ich  
e x i s t s  i n  t h e  p r e s e n t  s tandard .  F u r t h e r ,  any t e s t s  s p e c i f i e d  i n  any r e v i s e d  
s t a n d a r d s  must r e f l e c t  t h e  l o a d i n g s  exper ienced  i n  a c t u a l  c rashes  ( o f t e n  
t e n s i l e  o r  p e e l  r a t h e r  t h a n  shear ) ;  and s t a t i c  t e s t i n g  o f  t h e  e n t i r e  f l o o r  
s y s t e m  s h o u l d  be c o n s i d e r e d  i n  c o n j u n c t i o n  w i t h  dynamics t e s t s .  
A c c o r d i n g l y ,  t h e  Board i s  supersed ing  S a f e t y  Recommendations H-86-54, 
H-86-55, and H-86-56 w i t h  a new recommendation u r g i n g  t h e  NHTSA t o  e x p e d i t e  
t h e  p rocess  o f  r e v i s i n g  FMVSS 221. 
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There fo re ,  t h e  N a t i o n a l  T r a n s p o r t a t i o n  S a f e t y  Board recommends t h a t  t h e  
N a t  i ona l  Highway T r a f f i c  S a f e t y  A d m i n i s t r a t i o n :  

Exped i te  t h e  process  o f  amending Federa l  Motor  V e h i c l e  
S a f e t y  S tandard  (FMVSS) 221 t o  make c l e a r  t h a t  a l l  f l o o r  
j o i n t s  a r e  s u b j e c t  t o  FMVSS 221, t o  remove t h e  apparent  
anomaly caused by s u b s e c t i o n  S5 ( S t r e n g t h  Requ i rements ) ,  
and t o  make t e s t s  f o r  compl iance w i t h  t h e  s tandard  more 
r e f l e c t i v e  o f  t h e  t y p e  o f  l o a d i n g s  exper ienced by t h e  
f l o o r  j o i n t s  i n  a c t u a l  c rashes .  (C lass  11, P r i o r i t y  
Ac t i on ) (H-89 -20 )  

A lso ,  t h e  S a f e t y  Board i s s u e d  S a f e t y  Recommendation H-89-21 t o  t h e  S t a t e  

KOLSTAD, A c t i n g  Chairman, and BURNETT, LAUBER, and DICKINSON,  Members, 

o f  F1 o r i d a  I 

concur red  i n  t h i s  recommendat ion.  NALL, Member, d i d  n o t  p a r t i c i p a t e .  

James L. K o l s t a d  
A c t i n g  Chairman 


