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The number of fatalities that occurred in highwa,y work zones increased 
from 489 in 1982 to 780 in 1988. Concurrently, total spending on highway 
construction increased from about $32 billion to about $52 billion. The 
Nation‘s interstate system, for the most part, has been completed. As the 
infrastructure ages, the number of maintenance and construction zones to 
repair and to replace sections of the network ca.n be expected to increase. 
Further, growth in traffic volume has required that roadway capacities be 
increased to provide a more desirable level of service to motorists; thus 
construction for this reason can also be expected to increase. The available 
data indicated that unless additional efforts were made to reduce work zone 
accidents, the number of fatalities would continue to increase. Because of 

, these factors, the National Transportation Safety Board became increasingly 
concerned about the adequacy of t.raffic safety in work zones and initiated a 
study in 1988 concerning work zone related accidents. More than 40 accidents 
were investigated during the next 2 years, and previous work zone accidents 
investigated by the Safety Board were reviewed. 

In July 1990, as the review of the accident cases neared completion, the 
Safety Board conducted a major investigation of a work zone accident near 
Sutton, West Virginia. Eight persons were killed in the accident, and five 
vehicles were either destroyed or severely damaged. In its statement of 
probable cause, the Safety Board determined that contributing to the cause of 
the accident was the less than optimal work zone control devices and 
piocedures w e d  at the site. The accident underscored the Safety Board’s 
concern regarding safet,y in work zones, and several safety recommendations 
were issued to the West Virginia Department of Transportation and the Federal 
Highway Administration to improve work zone safety. 

Additional investigations of work zone accidents were conducted in 1990 
and 1991, as they occurred. A review of these accidents and the Sutton, West 
Virginia, accident raised additional work zone safet,y issues that are 
discussed in the Board’s stud,y.’ 
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About 9 a.m.  on September 26, 1989, f o u r  S t a t e  o f  I l l i n o i s  Department o f  
T r a n s p o r t a t i o n  maintenance t r u c k s  began a pavement s t r i p i n g  o p e r a t i o n ,  
t r a v e l i n g  n o r t h  i n  t h e  r i g h t  northbound l a n e  o f  1-39 near  Ogle County, 
I l l i n o i s ,  a t  a speed es t ima ted  by one o f  t h e  t r u c k d r i v e r s  t o  be 20 mph. The 
o p e r a t i o n  i n c l u d e d  t h e  p a i n t i n g  o f  t h e  r i g h t  e d g e l i n e  and t h e  dashed w h i t e  
l i n e  s e p a r a t i n g  t h e  two northbound lanes.  The p a i n t  s t r i p i n g  machine was 
be ing  p u l l e d  by t h e  l e a d  t r u c k .  The l a s t  t r u c k ,  a 1987 Ford 8000, was 
equipped w i t h  a t ruck-mounted a t t e n u a t o r  (TMA), which i s  a t y p e  o f  c r a s h  
cush ion  mounted t y p i c a l l y  on t h e  r e a r  o f  a S t a t e  t r a n s p o r t a t i o n  v e h i c l e .  No 
advance s i g n s  warn ing o f  t h e  p a i n t i n g  o p e r a t i o n  ahead were pos ted  on t h e  10- 
f o o t - w i d e  shoulder ,  n o r  were t h e y  r e q u i r e d  t o  be. 

About 10:50 a.m., a 1986 Mack t r a c t o r ,  t r a v e l i n g  i n  t h e  r i g h t  nor thbound 
l a n e  and p u l l i n g  a 1970 H e i l  d r y  b u l k  t r a i l e r  loaded w i t h  dry c o n c r e t e  
(78,000 pounds), ove r took  t h e  p a i n t i n g  o p e r a t i o n  on a s t r a i g h t  s e c t i o n  o f  
roadway and s t r u c k  t h e  r e a r  o f  t h e  TMA-equipped Ford 8000 t r u c k  a t  a speed 
e s t i m a t e d  by t h e  d r i v e r  o f  t h e  Mack t r u c k  t o  be 55 t o  60 mph. Another  
t r u c k d r i v e r  f o l l o w i n g  t h e  Mack t r u c k  i n d i c a t e d  t h a t  t h e  d r i v e r  o f  t h e  Mack 
t r u c k  may have been t r a v e l i n g  a t  65 mph. The Mack t r u c k  crushed and ove r rode  
t h e  TMA on t h e  r e a r  o f  t h e  Ford t r u c k  and pushed t h e  Fo rd  t r u c k  across t h e  
l e f t  nor thbound l a n e  and i n t o  t h e  median o f  1-39. From t h e  p o i n t  o f  impact,  
t h e  v e h i c l e s  t r a v e l e d  a d i s t a n c e  o f  about 700 f e e t  t o  t h e i r  f i n a l  r e s t i n g  
p o s i t i o n s .  

Most l i k e l y  because t h e  TMA absorbed a s u b s t a n t i a l  amount o f  t h e  impact 
f o r c e s ,  t h e  d r i v e r  o f  t h e  Mack combinat ion v e h i c l e  was n o t  i n j u r e d .  The 

. d r i v e r  o f  t h e  Ford t r u c k  r e c e i v e d  m ino r  i n j u r i e s  ( c e r v i c a l  neck s t r a i n ,  
s c a l p  ab ras ion ,  ab ras ion /con tus ion  on h i s  r i g h t  c a l f )  and was t r e a t e d  and 
r e l e a s e d  f rom a l o c a l  h o s p i t a l .  

On t h e  morn ing o f  March 19, 1989, t h e  C a l i f o r n i a  Department o f  
T r a n s p o r t a t i o n  was conduc t ing  a t r a s h  removal/sweeping o p e r a t i o n  on 1-5, i n  
Downey, L a l i f o r n i a .  The highway i n  t h i s  area was f o u r  l a n e s  i n  each 
d i r e c t i o n  separated by a W-beam g u a r d r a i l .  The v e h i c l e s  i n v o l v e d  i n  t h e  
t r a s h  removal/sweeping o p e r a t i o n  i n c l u d e d  ( f r o m  f r o n t  t o  r e a r )  a t r a s h  t r u c k ,  
two dump t r u c k s ,  two sweepers, and two shadow t r u c k s .  Bo th  shadow t r u c k s  
were equipped w i t h  TMAs on t h e  r e a r ,  f l a s h i n g  arrow board s igns,  and a w h i t e  
and b l a c k  warn ing s i g n  t h a t  read  "Sweeper Ahead." 

About 6:30 a.m., w h i l e  t h e  sweeping o p e r a t i o n  was b e i n g  conducted i n  t h e  
l a n e  ad jacen t  t o  t h e  median, t r a v e l i n g  a t  a speed e s t i m a t e d  by t h e  d r i v e r  o f  
t h e  l a s t  t r u c k  i n  t h e  o p e r a t i o n  t o  be 3 mph, a Dodge Omni t r a v e l i n g  n o r t h  on 
1-5 r a n  i n t o  t h e  TMA on t h e  r e a r  o f  t h e  l a s t  t r u c k  i n  t h e  sweeping o p e r a t i o n .  
Accord ing t o  t h e  d r i v e r  o f  t h e  Omni, he had been t r a v e l i n g  about 55 mph 
b e f o r e  a p p l y i n g  h i s  brakes, b u t  was unable t o  s t o p  b e f o r e  i m p a c t i n g  t h e  TMA. 

The Dodge Omni s u s t a i n e d  c rush  damage across t h e  f r o n t  t o  a maximum 
dep th  o f  2 f e e t .  The TMA s u s t a i n e d  severe c rush  damage; t h e r e  was no damage 
t o  t h e  shadow t r u c k .  Based on t h e  damage t o  t h e  TMA, t h e  e s t i m a t e d  speed o f  
t h e  c a r  a t  t h e  t i m e  i t  s t r u c k  t h e  TMA was between 30 and 40 mph. 1 
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Neither  t h e  d r i v e r  of t h e  Dodge Omni nor t h e  d r i v e r  of the  shadow t ruck  
was in ju red  as a r e s u l t  of t h e  accident..  B o t h  d r i v e r s  were r e s t r a i n e d  with 
lap/shoulder  b e l t s .  Although t h e  Safety Board has  some concerns t h a t  
advance warning s igns  were n o t  being used in  t h e  above two examples of slow 
moving maintenance opera t ions  and be l ieves  t h a t  t h e  lack  of severe  i n j u r i e s  
can be a t t r i b u t e d ,  in  par t ,  t o  t h e  f a c t  t h a t  occupant r e s t r a i n t s  were used in  
one case ,  t h e  bene f i t s  of using t ruck  mounted a t t e n t u a t o r s  i n  slow m o v i n g ,  
maintenance opera t ions  a re  apparent.  

On  Ma,y 17, 1989, the  Texas Department of Highways and Public 
Transpor ta t ion  was pa in t ing  pavement s t r i p e s  on 1-20 eastbound near  
Sweetwater, Texas. About 3:05 p . m ” ,  maintenance personnel pos i t ioned  a 1985 
GMC 7000 truck as t r add le  t h e  r i g h t  edgel ine about 1/2 mile  west of t h e  area 
being pa in ted .  The t ruck  was equipped w i t h  a Hex-Foam TMA on t h e  r e a r  and a 
f l a s h i n g  arrow board  mounted about 6 f e e t  above the g r o u n d .  Shor t ly  a f t e r  
t h e  t ruck  equipped w i t h  t h e  TMA was posi t ioned a s t r add le  t h e  r i g h t  edgel ine ,  
a 1989 Ford F250 pickup t ruck ,  t r a v e l i n g  about. 65-67 mph i n  t h e  r i g h t  
eastbound lane ,  skidded 10 f e e t  and then impacted the  l e f t  s i d e  of t h e  TMA. 
The pickup t ruck  then s t ruck  t h e  l e f t  s i d e  o f  t h e  GMC t r u c k .  The TMA was 
crushed about 12 t o  18 inches along t h e  e n t i r e  7- foot - long  l e f t  s i d e ,  and t h e  
metal backup p l a t e  was pushed inward about 2 f e e t .  There was about 12 inches 
of con tac t  damage along the  r i g h t  s i d e  of the p i c k u p  truck, and t h e  hood, 
door,  and roof were crushed i n t o  t h e  passenger’s  s ea t ing  a r e a .  

The passenger of t h e  pickup t ruck ,  who was r e s t r a i n e d  w i t h  a 
lap/shoulder  b e l t ,  was k i l l e d .  The d r i v e r  of the  pickup truck, who was a l so  
r e s t r a i n e d ,  received moderate i n j u r i e s .  Most l i k e l y  because of t h e  angle  a t  

. which t h e  TMA was impacted, t h e  e f f ec t iveness  of t h e  TMA t o  m i t i g a t e  i n j u r i e s  
was subs tan t ia l1 ,y  reduced. 

The s ta tement  by t h e  manufacturer of t h e  Hex-Foam TMA--that i t  warns 
users of TMAs not t o  pos i t i on  a t ruck  with a TMA a s t r a d d l e  or par t ia l1 .y  in  a 
1 a n e - - r a i s e s  concerns regarding the  adequac,y of guidance currently a v a i l a b l e  
on the  appl icable  uses o f  TMAs. A l t h o u g h  the manufacturer’s s ta tement  may 
be sound advice,  t h e r e  appears t o  be l i t t l e  addi t iona l  information t o  support 
o r  r e f u t e  such a pos i t i on ,  d e s p i t e  t h e  ever  increas ing  use of  these  devices  
by S t a t e  departments of t r anspor t a t ion  in  t h e  l a s t  few y e a r s .  

Because of the  l imi t ed  guidance ava i l ab le  on t h e  u s e  of TMAs, 
r e sea rche r s  a t  the  Universit.y of Tennessee Transport.at,ion Center i n  1989 
conducted extensive interviews with highwa,y agency personnel from f i v e  States  
involved in  maintenance and cons t ruc t ion  work zone a c t i v i t y .  The interviews 
were t o  be t h e  bas i s  f o r  developing a se t  of gu ide l ines  on t h e  use o f  TMAs. 
The r e s u l t s  of t h e  interviews ind ica ted  t h a t  the  most common app l i ca t ion  of 
TMAs was f o r  prot,ection of workers and motor i s t s  in  moving work zones. Those 
interviewed,  however, voiced s t rong  support  for more f requent  use o f  TMAs on 
b a r r i e r  vehic les  in  s t a t i o n a r y  opera t ions .  Based on t h e  information 
ga thered ,  t he  researchers  developed suggest.ed p r i o r i t i e s  f o r  t h e  app l i ca t ion  
of TMAs. 
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\ I n  t h e i r  conc lus ions ,  however, t h e  researchers  caut ioned:  

Two l i m i t a t i o n s  on t h e  s i g n i f i c a n c e  and suggested use o f  t h e  
g u i d e l i n e s  a re  acknowledged by t h e  research  team. F i r s t ,  t h e  
p r o j e c t  was no t  a research  p r o j e c t  s p e l l e d  w i t h  a c a p i t a l  “R.“ 
Such an e f f o r t  would have i n v o l v e d  t h e  c o l l e c t i o n  and a n a l y s i s  o f  
d a t a  which a re  n o t  r e a d i l y  a v a i l a b l e ,  a t  a c o s t  measured i n  
$100,000~ ( w e l l  beyond t h e  budget o f  t h i s  p r o j e c t )  ove r  a p e r i o d  o f  
t i m e  measured i n  yea rs .  Second, t h e  g u i d e l i n e s  i n  t h e  p resen t  
fo rmat  a re  most a p p r o p r i a t e l y  used as  a p o l i c y  f o r m u l a t i o n  and 
budge t ing  t o o l  I F u r t h e r  re f i nemen t  and s i m p l i f i c a t i o n  w i l l  be 
r e q u i r e d .  

The S a f e t y  Board’s i n v e s t i g a t i o n s  o f  work zone a c c i d e n t s  ove r  t h e  l a s t  
severa l  years  revea led  t h a t  t h e  s e v e r i t y  o f  seve ra l  a c c i d e n t s  c o u l d  have 
been s u b s t a n t i a l l y  reduced had TMAs been used on b a r r i e r  v e h i c l e s  a t  
s t a t i o n a r y  work zone s i t e s .  

I n  June 1988, pavement work was be ing  per formed i n  t h e  l e f t  l a n e  o f  
southbound 1-57 near Eff ingham, I l l i n o i s .  A f l a g g e r  was l o c a t e d  about 1,286 
f e e t  i n t o  t h e  zone about 100 f e e t  ahead o f  a pavement g r i n d i n g  machine t h a t  
was work ing  i n  the  l e f t  l a n e  near t h e  cen te r  l i n e  and ex tend ing  across t h e  
center  l i n e  about 14 inches .  

About 8:35 a.m., on June 15, 1988, a 1984 F r e i g h t l i n e r  t r u c k  t r a c t o r  
p u l l i n g  a van s e m i t r a i l e r  was t r a v e l i n g  a t  an es t ima ted  speed o f  55 t o  70 mph 
i n  t h e  r i g h t  l a n e  approaching t h e  c o n s t r u c t i o n  zone. Accord ing  t o  w i tness  
s tatements,  about 1,076 f e e t  i n t o  t h e  work zone, t h e  d r i v e r  a p p l i e d  t h e  
brakes i n  emergency and t h e  u n i t  veered t o  t h e  l e f t  s t r a d d l i n g  t h e  c e n t e r  
l i n e  w i t h  i t s  l e f t  s i d e  t i r e s .  The t r u c k  then sk idded about 330 f e e t  b e f o r e  
c o l l i d i n g  w i t h  t h e  l e f t  f r o n t  o f  t h e  pavement g r i n d e r .  The combina t ion  u n i t  
veered t o  t h e  r i g h t ,  t r a v e l e d  about 134 f e e t  i n  a j a c k k n i f e d  c o n f i g u r a t i o n ,  
and then  came t o  r e s t  on t h e  west s i d e  o f  1-57 e n g u l f e d  i n  f lames. The 
pavement g r i n d e r  was r o t a t e d  228O coun te rc lockw ise  and pushed rea rward  about 
28 f e e t .  The t r u c k  d r i v e r  and c o d r i v e r  were f a t a l l y  i n j u r e d  as a r e s u l t  o f  
t h e  c o l l i s i o n  and p o s t c o l l i s i o n  f i r e .  The o p e r a t o r  o f  t h e  pavement g r i n d e r  
was f a t a l l y  i n j u r e d  as  a r e s u l t  o f  t h e  c o l l i s i o n .  The semi-combinat ion was 
des t royed by t h e  c o l l i s i o n  and f i r e ,  and t h e  pavement g r i n d e r  was 
s u b s t a n t i a l l y  damaged. 

I n  June 1989, a c o n t r a c t o r  h i r e d  by t h e  I l l i n o i s  Department o f  
T r a n s p o r t a t i o n  was i n s t a l l i n g  r a i s e d  r e f l e c t i v e  pavement markers on 1-94, a 
s i x - l a n e  d i v i d e d  highway, i n  Chicago, I l l i n o i s .  A 4 . 8 - m i l e  s e c t i o n  o f  t h e  
r i g h t  nor thbound l a n e  was c l o s e d  f o r  i n s t a l l a t i o n  o f  these markers.  Four 
crewmembers, work ing  as  two-member teams, were i n s t a l l i n g  markers near  t h e  
111 S t r e e t  e x i t  ramp on t h e  morning o f  June 24, 1989. One member o f  t h e  
team would i n s t a l l  t h e  markers w h i l e  t h e  o t h e r  member mon i to red  t r a f f i c .  

About 8 :24 a.m., a 1979 C a d i l l a c  t r a v e l i n g  n o r t h  on 1-94 en te red  t h e  
c o n s t r u c t i o n  zone. The v e h i c l e  had t r a v e l e d  about 3 m i l e s  i n t o  t h e  
c o n t r u c t i o n  zone when i t  suddenly veered t o  t h e  r i g h t  and en te red  t h e  c l o s e d  
lane.  The C a d i l l a c  s t r u c k  t h r e e  r e f l e c t o r i z e d  drums and one b a r r i c a d e  
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before s t . r i k i n g  t h r e e  o f  t h e  c o n s t r u c t i o n  workers.  Two workers were k i l l e d  
and one was i n j u r e d .  The d r i v e r  o f  t h e  C a d i l l a c  s t a t e d  t h a t  he had f a l l e n  
as1 eep I 

The S a f e t y  Board b e l i e v e s  t h a t  had TMAs been i n  use on b a r r i e r  v e h i c l e s  
immediate ly  beh ind  t h e  workers i n  b o t h  o f  t h e  above acc iden ts ,  f a r  more 
p r o t e c t i o n  would have been p r o v i d e d  t o  t h e  workers,  and t h e  a c c i d e n t s  m i g h t  
n o t  have r e s u l t e d  i n  f a t a l i t i e s .  A v e h i c l e  equipped w i t h  a TMA c o u l d  easi1.y 
have been p o s i t i o n e d  i n  f r o n t  o f  t h e  g r i n d i n g  machine i n  t h e  Ef f ingham 
a c c i d e n t ,  and i n  f r o n t  o f  t h e  workers i n  t h e  Chicago a c c i d e n t .  

N o t w i t h s t a n d i n g  t h e  work by t h e  U n i v e r s i t y  o f  Tennessee T r a n s p o r t a t i o n  
System Center,  t h e  Safet..y Board i s  concerned t h a t  t h e  use o f  TMAs i n  v a r i o u s  
work zone environments has n o t  been s u f f i c i e n t l y  addressed i n  t h e  guidance 
and r e f e r e n c e  m a t e r i a l s  r o u t i n e l y  used by S t a t e  and l o c a l  t r a n s p o r t a t i o n  
o f f i c i a l s .  Accord ing t o  t h e  FHWA, because a TMA i s  n o t  a t r a f f i c  c o n t r o l  
dev ice,  t h e  MUTCD and t h e  T r a f f i c  C o n t r o l  Devices Handbook a r e  n o t  t h e  
a p p r o p r i a t e  manuals i n  which t o  d i scuss  t h e  a p p l i c a b l e  uses o f  TMAs. 
Accord ing t o  FHWA and AASHTO O f f i c i a l s ,  t h e  Roadside Design Guide would be 
t h e  a p p r o p r i a t e  document. i n  which t o  i n c o r p o r a t e  guidance on t h e  a p p l i c a b l e  
uses o f  TMAs i n  s h o r t - t e r m  moving/maintenance o p e r a t i o n s  and l o n g - t e r m  
s t a t i o n a r y  c o n s t r u c t i o n  s i t e s .  A l though t h e  S a f e t y  Board recogn izes  t h a t  
a d d i t i o n a l  t e s t s  and research  a re  needed t o  de te rm ine  t h e  e f f e c t i v n e s s  o f  
TMAs when impacted a t  an angle o r  o f f s e t  and when used i n  s i t u a t i o n s  where 
t h e  speed d i f f e r e n t i a l  exceeds 45 mph, t h e  Board b e l i e v e s  t h a t  s u f f i c i e n t  
i n f o r m a t i o n  i s  c u r r e n t l y  a v a i l a b l e  t,o p r o v i d e  some guidance on t h e  v a r i o u s  
a p p l i c a t i o n s  o f  TMAs. Acco rd ing l y ,  t h e  S a f e t y  Board urges AASHTO t o  

. i n c o r p o r a t e  such guidance i n t o  t h e  Roadside Design Guide. The S a f e t y  Board 
a l s o  b e l i e v e s  t h a t  even though t h e  TMA i s  n o t  cons ide red  a t r a f f i c  c o n t r o l  
d e v i c e  and, consequent ly ,  t h e  a p p l i c a b l e  uses o f  TMAs would n o t  be 
a p p r o p r i a t e  i n  t h e  MUTCD, a r e f e r e n c e  t o  t h e  Roadside Design Guide concern ing  
t h e  uses o f  TMAs would be a p p r o p r i a t e  i n  t h e  MUTCD and t h e  T r a f f i c  C o n t r o l  
Devices Handbook. 

A l so  o f  concern t o  t h e  S a f e t y  Board i s  t h a t  d r i v e r s  o f  v e h i c l e s  equipped 
w i t h  TMAs may n o t  be p r o v i d e d  adequate p r o t e c t i o n  i n  terms o f  r e s t r a i n t s  and 
headres ts .  I n  t h e  moving maintenance o p e r a t i o n  o f  t h e  S t a t e  o f  I l l i n o i s  
Department o f  T r a n s p o r t a t i o n  d u r i n g  September 1989, t h e  d r i v e r  o f  t h e  v e h i c l e  
t h a t  s t r u c k  t h e  TMA was n o t  i n j u r e d .  However, t h e  d r i v e r  o f  t h e  S t a t e  
depar tmtn t  o f  t r a n s p o r t a t i o n  v e h i c l e  t h a t  W ~ S  equipped w i t h  a TMA d i d  
r e c e i v e  m ino r  i n j u r i e s ,  i n c l u d i n g  c e r v i c a l  neck s t r a i n ,  s c a l p  ab ras ion ,  and 
ab ras ion /con tus ion  on h i s  r i g h t  c a l f .  The i n v e s t i g a t i o n  o f  t h e  a c c i d e n t  
r e v e a l e d  t h a t  t h e  S t a t e  v e h i c l e  was n o t  equipped w i th  a headres t  and t h a t  t h e  
s e a t b e l t  was b e i n g  worn 1oosel.y a t  t h e  t i m e  o f  t h e  a c c i d e n t .  The S a f e t y  
Board b e l i e v e s  t h a t  because o f  t h e  l i k e l i h o o d  o f  r e a r - e n d  c o l l i s i o n s ,  
v e h i c l e s  equipped w i t h  t ruck-mounted a t t e n u a t o r s  need t o  be equipped w i t h  
l ap /shou lde r  r e s t r a i n t s  and headrests  t o  p r o v i d e  d r i v e r s  t h e  maximum 
p r o t e c t i o n  p o s s i b l e .  

I n  a manual developed b,y one manufacturer  o f  TMAs, s a f e t y  i n s t r u c t i o n s  
address t h e  use o f  s e a t b e l t s  and headrests  f o r  t h e  occupants o f  t r u c k s  
equipped w i t h  a TMA. The Safet,y Board i s  aware t h a t  some S t a t e  highway 
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departments recogn ize  t h e  need t o  p r o v i d e  p r o t e c t i o n  t o  t h e  d r i v e r s  o f  t r u c k s  
w i t h  TMAs. C a l i f o r n i a ,  f o r  example, i n s t a l l s  headres ts  and lap /shou lde r  
r e s t r a i n t s  on v e h i c l e s  equipped w i t h  TMAs. The Sa fe ty  Board i s  concerned, 
however, t h a t  r e c o g n i t i o n  o f  t h e  need t o  p r o v i d e  t h e  d r i v e r  w i t h  adequate 
p r o t e c t i o n  t o  m i t i g a t e  i n j u r i e s  may n o t  be widespread, as t h e  above a c c i d e n t  
suggests .  The FHWA and AASHTO should encourage S t a t e  highway depar tments t o  
i n c o r p o r a t e  these s a f e t y  f e a t u r e s  i n t o  t h e  s p e c i f i c a t i o n s  f o r  t h e  purchase o f  
new v e h i c l e s  and t o  r e t r o f i t  e x i s t i n g  v e h i c l e s .  

Acc iden ts  i n v e s t i g a t e d  i n  c o n j u n c t i o n  w i t h  t h i s  s a f e t y  s tudy  revea led  
seve ra l  i ns tances  i n  which t h e  t r a f f i c  c o n t r o l  techn iques  and dev i ces  were 
c l e a r l y  no t  i n  compliance w i t h  e x i s t i n g  g u i d e l i n e s .  The l a c k  o f  compliance 
r a i s e s  concern about t h e  adequacy o f  m o n i t o r i n g  and r e v i e w i n g  t r a f f i c  c o n t r o l  
p l a n s  by S t a t e  department o f  t r a n s p o r t a t i o n  o f f i c i a l s  and t h e  adequacy o f  t h e  
FHWA's emphasis on r e c u r r i n g  problems. I n  a d d i t i o n  t o  t h e  l a c k  o f  compliance 
w i t h  f l a g g i n g  g u i d e l i n e s ,  as  evidenced i n  t h e  Eff ingham, I l l i n o i s  a c c i d e n t  on 
June 15, 1988, t w o  s p e c i f i c  problems--pavement edge d r o p o f f s  and t h e  
o b l i t e r a t i o n  o f  c o n f l i c t i n g  pavement m a r k i n g s - - h i g h l i g h t  t h i s  concern. 

The MUTCD addresses t h e  i s s u e  o f  c o n f l i c t i n g  pavement mark ings.  
" C o n f l i c t i n g  pavement markings s h a l l  be o b l i t e r a t e d  t o  p revent  c o n f u s i o n  t o  
v e h i c l e  o p e r a t o r s . .  . .The intended v e h i c l e  p a t h  should be c l e a r l y  d e f i n e d  
d u r i n g  day, n i g h t ,  and t w i l i g h t  p e r i o d s  under b o t h  wet and d r y  pavement 
c o n d i t i o n s . "  The T r a f f i c  Con t ro l  Devices Handbook p rov ides  s i m i l a r  gu idance,  
s t a t i n g :  " I n a p p r o p r i a t e  markings should be removed t o  e l i m i n a t e  any 
m i s l e a d i n g  cues t o  d r i v e r s  under a l l  c o n d i t i o n s  o f  l i g h t  and weather . "  

Desp i te  t h i s  gu idance,  t h e  Board's i n v e s t i g a t i o n  o f  an acc iden t  i n  South 
Nyack, New York, on A p r i l  26, 1989, i n  which t h e  7 7 - y e a r - o l d  d r i v e r  suddenly  
veered i n t o  t h e  c losed  l e f t  l ane  and crashed i n t o  t h e  r e a r  o f  a dump t r u c k ,  
r e v e a l e d  t h a t  a l l  p r e c o n s t r u c t i o n  pavement mark ings had n o t  been ob1 i t e r a t e d .  
A l though t h e  reason f o r  t he  d r i v e r ' s  sudden maneuver t o  t h e  l e f t  l a n e  i s  
unknown ( a l l  occupants o f  t h e  v e h i c l e  were f a t a l l y  i n j u r e d ) ,  i t  i s  p o s s i b l e  
t h a t  t h e  o l d  pavement markings caused t h e  d r i v e r  t o  become confused and t h e  
d r i v e r  f o l l o w e d  t h e  o l d  pavement mark ings when he veered t o  t h e  l e f t .  

The i n v e s t i g a t i o n  o f  an acc iden t  i n  S t e r l i n g ,  Pennsylvania,  on 
August 14, 1989, i n  which t h e  d r i v e r  o f  t h e  combina t ion  u n i t  was k i l l e d ,  
revea led  t h a t  o l d  pavement mark ings had n o t  been o b l i t e r a t e d .  The 
p r e c o n s t r u c t i o n  y e l l o w  edge l i ne  was n o t  o b l i t e r a t e d  and may have confused t h e  
a l r e a d y  f a t i g u e d  d r i v e r  about t h e  exac t  l o c a t i o n  o f  l anes .  

The FHWA has addressed t h i s  i s s u e  i n  t h e  pas t .  I n  a memorandum dated  
January 7, 1988, FHWA headquar ters  encouraged r e g i o n a l  a d m i n i s t r a t o r s  t o  
"Mon i to r  p r o j e c t s  t o  assure t h a t  b o t h  temporary and permanent pavement 
markings and s i g n i n g  a re  p r o p e r l y  a p p l i e d  and removed i n  work zones. 
I n a p p r o p r i a t e  t r a f f i c  c o n t r o l  dev i ces  a re  s t i l l  be ing  l e f t  i n  p lace .  
D i v i s i o n  o f f i c e s  shou ld  rev iew  t h e  S ta tes '  p o l i c i e s ,  procedures,  and 
p r o j e c t s  . " 

The p r e v i o u s l y  mentioned Roadside Uesign Guide developed by t h e  AASHTO 
Task Force f o r  Roadside Sa fe ty  p rov ides  guidance on t h e  need t o  p r o t e c t  
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uncompacted shoulders and pavement edge d r o p o f f s .  I n  a d d i t i o n ,  t h e  FHWA has 
recogn ized  t h i s  problem over  t h e  years.  I n  December 1986, t h e  FHWA addressed 
t h e  i s s u e  i n  a memorandum t o  r e g i o n a l  a d m i n i s t r a t o r s  based on o b s e r v a t i o n s  
d u r i n g  f i e l d  rev iews .  T h i s  " i n f o r m a t i o n  was t o  p r o v i d e  g u i d e l i n e s  t o  S t a t e s  
i n  t h e  development, o f  t h e i r  own d r o p o f f  p o l i c y .  Any d r o p o f f  i s  cons ide red  
hazardous, b u t  those g r e a t e r  t h a n  2 inches,  l e f t  o v e r n i g h t ,  and immediate ly  
a d j a c e n t  t o  t r a f f i c  have a h i g h  a c c i d e n t  p o t e n t i a l . "  Again i n  1987, t h e  FHWA 
encouraged i t s  r e g i o n a l  and d i v i s i o n  o f f i c e s  t o  work w i t h  S t a t e s  i n  t h e  
development and implementat ion o f  p o l i c i e s  f o r  pavement edge d r o p o f f s .  

D e s p i t e  t h i s  guidance, a c c i d e n t s  i n v e s t i g a t e d  by t h e  S a f e t y  Board i n  
c o n j u n c t i o n  w i t h  t h i s  s tudy  i n d i c a t e  t h a t  t h e  problem c o n t i n u e s  t o  e x i s t .  

About 10:14 p.m. on September 14, 1989, a 1988 Ford t r u c k  t r a c t o r  i n  
comb ina t ion  w i t h  two t . r a i l e r s  was northbound on two- lane ,  two-way 
U.S. Hi9hwa.y 63 near  t,he n o r t h e r n  l i m i t s  o f  P o r t i a ,  Arkansas. The d r i v e r  
s t a t e d  t h a t  as h e  was approaching oncoming t r a f f i c ,  h i s  r i g h t  t i r e s  went o f f  
t h e  pavement. The Combinat ion v e h i c l e  t r a v e l e d  o f f  t h e  r i g h t  edge o f  t h e  
a s p h a l t  o n t o  a s o f t  shoulder  t h a t  was under c o n s t r u c t i o n .  A f t e r  t h e  
comb ina t ion  v e h i c l e  t r a v e l e d  about 300 f e e t  a long t h e  shoulder ,  t h e  r e a r  
t r a i l e r  b roke  l o o s e  and r o l l e d  o n t o  i t s  r i g h t  s i d e .  The t r a i l e r  r e c e i v e d  
moderate damage. The d r i v e r  w a s  n o t  i n j u r e d .  

The c o n t r a c t o r  had been d o i n g  shoulder  work on b o t h  s i d e s  o f  t h e  
t r a v e l w a y  on t h e  1 .4 -m i le  p r o j e c t ,  even though Arkansas highway c o n s t r u c t i o n  
s p e c i f i c a t i o n s  s t a t e d  t h a t  " shou lde r  m a t e r i a l  s h a l l  n o t  be c u t  f rom t h e  edge 
o f  t h e  pavement. on bo th  s ides  o f  an,y sect , ion open t o  t r a f f i c . "  The shou lde r  

, m a t e r i a l  was a s o f t  c1a.y m a t e r i a l ,  and i n  some areas o f  t h e  p r o j e c t ,  t h e  
shou lde r  was 12 inches below grade. Because o f  r a i n  on t h e  day o f  t h e  
acc iden t ,  t h e  shoulders i n  t h e  acc iden t  area were s o f t  and mudd,y. 

About 1 hour  a f t e r  t h e  above acc iden t ,  a second t r u c k  t r a c t o r  i n  
Combinat ion wi t ,h one s e m i t r a i l e r ,  a l s o  t r a v e l i n g  northbound, was b e i n g  
d i r e c t e d  around t h e  acc iden t  scene. As t h e  combinat ion v e h i c l e  was b e i n g  
d i r e c t e d  t o  t h e  l e f t  s i d e  o f  t h e  t rave lway ,  t h e  t r u c k  went o f f  t h e  edge o f  
t h e  a s p h a l t  o n t o  t h e  muddy shoulder .  As t h e  d r i v e r  a t tempted t o  t u r n  back t o  
t h e  r i g h t ,  t h e  combinat ion u n i t  r o l l e d  o n t o  i t s  l e f t  s i d e .  

On August 3, 1989, c o n s t r u c t i o n  work was b e i n g  performed on 2.5 m i l e s  o f  
S t a t e  Hi9hwa.y 28, a t w o - l a w  highway, nea r  D i s t a n t ,  Penns,y!vani&. The 
c o n s t r u c t i o n  work i n v o l v e d  b u i l d i n g  up t h e  roadway and adding a pass ing  l ane .  
Approaching t h e  c o n s t r u c t i o n  zone southbound, t h e  southbound l a n e  and 
nor thbound l a n e  were 10.25 f e e t  wide and 12 f e e t  wide, r e s p e c t i v e l y .  W i t h i n  
t h e  c o n s t r u c t i o n  zone, t h e  southbound and northbound l a n e  w i d t h s  were 
7.67 f e e t  and 13 f e e t ,  r e s p e c t i v e l y .  Within t h e  f i r s t  20 f e e t  o f  t h e  
C o n s t r u c t i o n  zone, t h e r e  was a 5 - i n c h  d r o p o f f  on t h e  o u t s i d e  edge o f  t h e  
southbound lane .  Over a d i s t a n c e  o f  20 f e e t ,  t h e  5 - i n c h  d r o p o f f  i nc reased  t o  
6.5 i nches  o n t o  an 8 - inch -w ide  ledge.  There was ano the r  d r o p o f f  o f  
6.5 i nches  a t  t.he o u t s i d e  o f  t h e  l edge  f o r  a t o t a l  d r o p o f f  o f  13 inches  f rom 
t h e  pavement su r face .  No s i g n s  were posted t o  warn o f  t h e  d r o p o f f s  o r  
reduced l a n e  w i d t h  f o r  t.he southbound lane ,  and pavement mark ings were n o t  
added t o  d e l i n e a t e  t h e  reduced southbound 1 ane w i d t h .  
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About 5:15 a.m., on August 3 ,  1989, a sou thbound  truck, with i t s  l i g h t s  
on, loaded with 2,000 pounds of l i q u i d  n i t rogen ,  was approaching the 
cons t ruc t ion  zone. Upon en te r ing  t h e  cons t ruc t ion  zone, t h e  southbound t ruck  
went o f f  t h e  pavement. The r i g h t  front t i r e  rode on the 8-inch-wide ledge 
(a  6 .5- inch  dropoff )  while t h e  r i g h t  r e a r  t i r e s  rode ou t s ide  of the ledge 
(a  13-inch dropoff ) .  Af te r  t r a v e l l i n g  a sho r t  d i s t a n c e ,  t he  truck came back 
onto t h e  pavement, crossed the  southbound and northbound l anes  and h i t  a 
drainage c u l v e r t  on t h e  e a s t  s ide  o f  t h e  roadway. The t r u c k  then r o l l e d  over  
360 degrees  and came t o  r e s t  i n  the d i t c h .  The t ruckdr ive r  sus ta ined  a 
broker] leg.  

The above acc idents  suggests  t h a t  S t a t e s  a r e  not adequately monitoring 
work zone p r o j e c t s  t o  determine i f  con t r ac to r s  a re  complying with e x i s t i n g  
gu ide l ines .  The problem may well be a f inanc ia l  one, in  t h a t  adequate 
funding i s  not a v a i l a b l e  for  t h e  review and monitoring process .  However, 
more emphasis needs t o  be placed on these  problem a reas  by FHWA d iv i s ion  
o f f i c e s  and S t a t e  t r anspor t a t ion  o f f i c i a l s .  The FHWA reviews annual ly  each 
S t a t e ' s  work zone t r a f f i c  s a f e t y  program and conducts o n - s i t e  reviews of work 
zone p r o j e c t s .  The S t a t e s ,  however, a r e  u l t ima te ly  respons ib le  for t h e i r  o r  
t h e i r  c o n t r a c t o r s '  compliance with e x i s t i n g  gu ide l ines .  The Sa fe ty  Board 
be l ieves  t h a t  AASHTO, in  cooperation with t h e  FHWA, should develop a program 
t o  enhance compliance with e x i s t i n g  guide l ines  regarding work zone s a f e t y  
f e a t u r e s .  The S t a t e s  may need t o  a l l o c a t e  a percentage of t h e  funding for 
p r o j e c t s  f o r  monitoring and compliance purposes.  

From 1972 t o  1982, 20 Ca l i fo rn ia  Department of Transpor ta t ion  (Cal t rans)  . workers were k i l l e d  in  cons t ruc t ion  work zones. As a r e s u l t ,  i n  1982, 
Cal t rans  i n i t i a t e d  an educational program e n t i t l e d  "Give ' E m  a Brake" t h a t  
provided information on work zone s a f e t y  through t h e  use of b i l l boa rd  space,  
publ ic  s e r v i c e  advertisements on rad io  and t e l e v i s i o n ,  p re sen ta t ions  t o  
d r iv ing  c l a s s e s ,  bumper s t i c k e r s ,  and posters. From 1982 t o  1987, f i v e  
La l t r ans  employees were k i l l e d ,  and according t o  Ca l t r ans ,  Ca l i fo rn ia  
experienced a major reduct ion in  t h e  number of employee f a t a l i t i e s ,  i n j u r i e s ,  
and l o s t  work days by 1989. 

All b u t  n ines  S ta tes  have i n i t i a t e d  work zone safety programs similar t o  
t h e  "Give ' E m  a Brake" program s ince  1982 when C a l i f o r n i a  implemented i t s  
program. The programs i n i t i a t e d  by t h e  S t a t e s  vary from l imi t ed  effor ts ,  
such a s  occasional news r e l eases  and pub1 i c  s e rv i ce  announcements, t o  fu l l  
year-round campaigns t h a t  involve t h e  development of videos and educat ional  
programs f o r  high schools ,  incorpora t ion  of work zone s a f e t y  i n  d r i v e r  
educat ion programs, improved t r a f f i c  control  devices  and a d v i s o r i e s ,  and 
o n s i t e  use of  po l i ce  o f f i c e r s  f o r  enforcement purposes.  The emphasis with 
most of t h e  S t a t e s '  programs when f i r s t  implemented was t o  educate  motor i s t s  
about the dangers in  work zones i n  order  t o  p ro tec t  t h e  workers. Some S t a t e  
programs now focus o n  t h e  need f o r  d r i v e r s  t o  recognize the dangers work 
zones c r e a t e  for motor i s t s  and have incorporated engineer ing,  enforcement, 
a n d  educat ional  a c t i v i t i e s  i n t o  t h e i r  programs. The underlying i s s u e  with 
each of  t hese  a c t i v i t i e s  i s  excessive speed i n  work zones and the need f o r  
motor i s t s  t o  adhere t o  speed l i m i t s  and warnings. i 
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Although various agencies and associations, including the FHWA and 
AASHTO, have encouraged the development of work zone safety programs, no 
agency or association has taken the lead to direct a nationwide work zone 
safety program. The variation and range of work zone safety programs at the 
State level and the expected increase in construction and maintenance work 
zone activit.y in the coming years suggests that a uniform program at the 
national level, analogous to Operation Lifesaver, the rail/highway grade 
crossing program, is needed. The FHWA and AASHTO are the appropriate 
agencies to take the lead in developing a national program that should 
address engineering, enforcement, and education. To adequately address these 
three areas of the program, the participation of other organizations should 
be enlisted, including the National Highway Traffic Safety Administration, 
the National Safety Council, the American Automobile Association, the 
American Trucking Associations, Inc., the International Association of Chiefs 
of Police, the American Road and Transportation Builders Association, the 
Associated Builders and Contractors, Inc., the American Traffic Safety 
Services Association, the American Association of Motor Vehicle 
Administrators, the International Bridge, Tunnel, and Turnpike Association, 
the National Association of Governor's Highway Safety Representatives, the 
Highway Users Federation for Safety and Mobility, and the Professional Truck 
Driver Institute of America. Funding for enforcement and education programs 
could be provided by a percentage of FHWA's apportionments to States for 
highway construction. 

Therefore, as a result of the safety study, the National Transportation 
Safety Board recommends that the American Association of State Highway and 
Transportation Offici a1 s : 

Incorporate, into the Roadside Design Guide, guidance on the 
applicable uses of truck-mounted attenuators in short-term 
moving/maintenance operations and at long-term stationary 
construction sites. (Class 11, Priority Action) (H-92-46) 

Encourage, in cooperation with the Federal Highway Administration, 
State highway departments to (1) incorporate headrests and 
lap/shoulder restraints into the specifications for the purchase of 
new vehicles given that the vehicles may at times be equipped with 
truck-mounted attenuators and ( 2 )  retrofit existing vehicles used 
for that purpose. (Class 11, Priority Action) fH-92-47) 

Develop, in cooperation with the Federal Highway Administration, a 
program to enhance compl iance with existing guide1 ines regarding 
work zone safety features. (Class 11, Priority Action) (H-92-48) 

Develop, in cooperation with the Federal Highway Administration, a 
national work zone safety program that integrates substantive 
enforcement and public information and education efforts. Enlist 
the support of those organizations and associations that can 
provide expertise in the areas of engineering, enforcement, and 
education. (Class 111, longer Term Action) (H-92-49) 
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A l s o ,  as a r e s u l t  o f  t h e  s a f e t y  s tudy ,  t h e  S a f e t y  Board i s s u e d  s a f e t y  
recommendations t o  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  and t h e  
Federa l  Highway A d m i n i s t r a t i o n .  

The 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 i s  an independent  Federa l  
agency w i t h  t h e  s t a t u t o r y  r e s p o n s i b i l i t y  " . . . t o  promote t r a n s p o r t a t i o n  s a f e t y  
by c o n d u c t i n g  independent a c c i d e n t  i n v e s t i g a t i o n s  and by f o r m u l a t i n g  s a f e t y  
improvement recommendations" ( P u b l i c  Law 93-633) I The S a f e t y  Board i s  
v i t a l l y  i n t e r e s t e d  i n  any a c t i o n s  t a k e n  as a r e s u l t  o f  i t s  s a f e t y  
recommendations and would a p p r e c i a t e  a response f r o m  you  r e g a r d i n g  a c t i o n  
t a k e n  o r  con temp la ted  w i t h  r e s p e c t  t o  t h e  recommendations i n  t h i s  l e t t e r .  
P lease r e f e r  t o  S a f e t y  Recommendations H-92-46 t h r o u g h  -49 i n  y o u r  r e p l y .  

A c t i n g  Chairman COUGHLIN, and Members LAUBER, HART, HAMMERSCHMIDT, and 
KOLSTAD concur red  i n  t h e s e  recommendations. 

By: Susan M. C o u g h l i n  \ 
A c t i n g  Chairman 


