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The number af fatalities that. occurred in highway work zones increased 
from 489 in 1982 to 780 in 1988. Concurrently, total spending on highway 
construction increased from about $ 3 2  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 can 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 traffic 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 Safet,y Board were reviewed. 

In Ju1.y 1990, as the review of the accident cases neared completion, the 
Safet,y 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 o f  
the accident was t,he less than optimal work zone control devices a.nd 
procedures used at the site. The accident underscored the Safety Board's 
concern regarding safet,y in work zones, and several safet,y recommendations 
were issued to the West Virginia Department of Transportation and the Federal 
Highway Administration to improve work zone safet,y. 

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 safety issues that are 
discussed in the Board's stud,y.l 

National T r a n s p o r tation Safety Board. 1992. H i g h u a y  W o r k  Zone 
Safety. s a f e t y  Study NTSB/SS-92/02. Uashington, D . C .  
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Accident Data 

Concern has been expressed in the industry about the accuracy of work 
zone related data. With respect to fatalities, the Fatal Accident Reporting 
System (FARS) does not, for example, distinguish between persons driving 
highway maintenance vehicles within work zones and other drivers who crash in 
work zones while traversing the work zone site. A 1991 study' by the 
National Institute for Occupational Safety and Health recommended that data 
collection be adjusted to enable this distinction, primarily because 
countermeasures for these two types of crashes are different. The Safety 
Board concurs and believes that the NHTSA should revise the reporting of 
fatalities to make this distinction. 

A 1987 study3 by the American Association of State Highway and 
Transportation Officials (AASHTO) recommended that "All States should assure 
their accident data systems are capable of providing sufficient information 
to monitor the accident experience of work zones within their State." 

Because of the concern expressed in the above referenced studies, 
Safety Board staff selectively reviewed State data and the report forms used 
by States to determine how States document or code accidents that occur in 
work zones. The review revealed some discrepancies between State data and 
FARS data. For example, in 1989, the State of North Carolina reported that 
16 fatalities occurred .in work zones, but the FARS data indicated that 
3 fatalities occurred in work zones in the State. For the same year, the 
State of Minnesota reported that 11 fatalities occurred in work zones, 

* compared to 16 fatalities according to FARS data. In 1990, the FARS data 
indicated that 11 fatalities occurred in work zones in the State of West 
Virginia, while the State reported 14 fatalities. 

NHTSA staff involved with the FARS data indicated that some differences 
in the number of fatalities reported by FARS and the States may exist because 
only fatalities that occur within 30 days after the accident are included in 
the FARS data. However, NHTSA staff also acknowledged that the discrepancies 
could very likely be caused by the various ways States document and code work 
zone related accidents. On some State forms, there are no categories to 
document accidents occurring in work zones. In preparing the FARS data, 
NHTSA's analysts in these States would have to interpret the narrative of the 
accident found on the State form to determine if the accident was work zone 
re1 ated. 

' L a n d e n ,  D e b o r a h ;  K i s n e r ,  s. 1991 I O c c u p a t i o n a l  f a t a l i t i e s  in 
h i g h w a y  w o r k  z o n e s :  f a t a l  a c c i d e n t  r e p o r t i n g  s y s t e m ,  1987-1988. 
W a s h i n g t o n ,  D.C. N a t i o n a l  I n s t i t u t e  f o r  O c c u p a t i o n a l  S a f e t y  a n d  H e a l t h ,  
D i v i s i o n  o f  S a f e t y  R e s e a r c h , .  

A m e r i c a n  A s s o c i a t i o n  of S t a t e  H i g h w a y  a n d  T r a n s p o r t a t i o n  O f f i c i a l s - -  
S t a n d i n g  C o m m i t t e e  o n  H i g h w a y  T r a f f i c  S a f e t y .  1987. S u m m a r y  r e p o r t  o n  u o r k  
z o n e  a c c i d e n t s .  W a s h i n g t o n ,  D.C. A p r i l .  
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Section 402 of the Intermodal Surface Transportation Efficiency Act of 

... annual reports to the Secretary [of the DOT] on the efforts 
being made by the States in reducing deaths and injuries occurring 
at highway construction sites and the effectiveness and results of 
such efforts. The Secretary shall establish minimum reporting 
criteria for the program. Such criteria shall include, but not be 
limited to, criteria on deaths and injuries resulting from police 
pursuits, school bus accidents, and speeding, on traffic-related 
deaths and injuries at highway construction sites and on the 
configuration of commercial motor vehicles involved in motor 
vehicle accidents. 

The above legislation provides an excellent opportunity to achieve 
uniformity in the documentat.ion of work zone related accidents. The Safety 
Board has been informed by NHTSA officials, however, that some States are 
streamlining their accident report forms to reduce the time required to fill 
out the form because of budgetary constraints. Such action, in the Safety 
Board's view, appears contrar,y to the intent of Section 402. Moreover, the 
Safety Board believes that. there is a need for more reliable data on work 
zone accidents and that the NHTSA and the FHWA should review all State forms 
and select the data elements that comprehensively document work zone 
accidents. The States should be encouraged to incorporate these data 
elements into the States' accident report forms. 

During the course of this study, the Safety Board attempted to document 
* exposure data with respect to work zanes to compare accident rates in work 
zones with accident rates on roads not under construction. No such data 
exist. The only measure of the amount of work zone activity is the number of 
dollars spent for construction. Various studies in the past have cit,ed the 
lack of exposure data for work zone accidents. One of the recommendations of 
the previously cited 1987 AASHTO study was that "the Committee [AASHTO 
Standing Committee on Highway Traffic Safety] should work with states to 
provide some measures of exposure for work zone accidents ...." A 1990 study 
prepared by the Minnesota Department of Transportation cit,ed "the need for a 
measure of exposure.. . .'I5 FHWA officials indicated to the Safety Board that 
collection of work zone exposure data, which would be a relatively expensive 
project, has been proposed but never approved for funding within FHWA. 

The Safety Board acknowledges that exposure data for some moving 
maintenance activities, such as painting or mowing, would be difficult ta 
document because of the short-term duration of the activities. However, the 

19914 provides for: 

L e g i s l a t i o n  s i g n e d  b y  t h e  P r e s i d e n t  o n  D e c e m b e r  1 8 ,  1 9 9 1 ,  t h a t  
p r o v i d e s  a u t h o r i z a t i o n s  f o r  h i g h u a y s ,  h i g h u a y  s a f e t y ,  a n d  mass  t r a n s p o r t a t i o n  
f o r  t h e  n e x t  6 y e a r s .  

M i n n e s o t a  D e p a r t m e n t  o f  T r a n s p o r t a t i o n ,  S t a n d a r d s  U n i t ,  O f f i c e  o f  
T r a f f i c  E n g i n e e r i n g  1 9 9 0  Work z o n e  a c c i d e n t  a n a l y s i s  f o r  c a l e n d a r  y e a r  
1 9 8 9 .  N o v e m b e r .  
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S a f e t y  Board b e l i e v e s  t h a t  exposure d a t a  f o r  l o n g - t e r m  c o n s t r u c t i o n  s i t e s  on 
t h e  i n t e r s t a t e  system, f o r  example, shou ld  be documented, p a r t i c u l a r l y  i n  
v iew o f  t h e  l a r g e  percentage o f  c o n s t r u c t i o n  work zone a c c i d e n t s  t h a t  occur  
on t h e  i n t e r s t a t e  system. The 1990 FARS d a t a  i n d i c a t e d  t h a t  ove r  80 pe rcen t  
o f  t h e  f a t a l  acc iden ts  i n  work zones occur  i n  c o n s t r u c t i o n  work zones (and 
o n l y  20 percent  i n  t h e  o t h e r  c a t e g o r i e s  o f  work zones), and t h a t  a lmost  
30 pe rcen t  o f  t h e  f a t a l  acc iden ts  i n  work zones occur  on t h e  i n t e r s t a t e  
system. Given t h e  expected i nc rease  o f  c o n s t r u c t i o n  and maintenance on t h e  
i n t e r s t a t e  system, t h e  S a f e t y  Board urges t h e  FHWA t o  deve lop  a program t o  
c o l l e c t  exposure da ta  f o r  c o n s t r u c t i o n  zones on t h e  i n t e r s t a t e  system. Such 
d a t a  would enable t h e  FHWA and S t a t e  t r a n s p o r t a t i o n  o f f i c i a l s  t o  measure 
more p r e c i s e l y  t h e  e f f e c t s  o f  work zones on acc ident  r a t e s  and t h e  t rea tmen ts  
needed t o  reduce acc iden t  r a t e s .  

7 wo- Lane, Two-way Opera t ions  

I n  October 1990, c o n s t r u c t i o n  work began on a 1 0 - m i l e  s e c t i o n  o f  
I n t e r s t a t e  20 about 20 m i l e s  eas t  o f  Birmingham, Alabama. The c o n s t r u c t i o n  
i n c l u d e d  t h e  replacement o f  a b r i d g e  and a l a n e  w iden ing  p r o j e c t .  To 
pe r fo rm t h e  work, a two- lane,  two-way o p e r a t i o n  (TLTWO) was s e t  up, which 
r e q u i r e d  l a n e  r e d u c t i o n s  and a median c rossover  t o  t h e  eastbound lanes .  

The c rossover  su r face  was a s p h a l t .  The c rossover  was d e l i n e a t e d  w i t h  
orange and w h i t e  r e f l e c t o r i z e d  b a r r e l s  on t h e  r i g h t  and a y e l l o w  4 - i n c h - h i g h  
aspha l t  i s l a n d  on t h e  l e f t .  R e f l e c t o r i z e d  orange and w h i t e  1 2 - i n c h - h i g h  
rubber  p o s t s  were mounted i n  t h e  c e n t e r  o f  t h e  a s p h a l t  i s l a n d  eve ry  10 f e e t .  
The d i s t a n c e  f rom t h e  beg inn ing  o f  t h e  c rossover  t o  t h e  end o f  t h e  work zone 
was about 1,000 f e e t .  The temporary r a i s e d  aspha l t  . island f u n c t i o n e d  as a 
l a n e  d i v i d e r  th roughout  the  two- lane  two-way o p e r a t i o n .  

On A p r i l  27, 1991, a 1985 Chevro le t  S-10 p i ckup  t r u c k  was t r a v e l i n g  
eastbound i n  t h e  c o n s t r u c t i o n  zone, and a 1986 Nissan P u l s a r  was t r a v e l i n g  
westbound. The d r i v e r  o f  t h e  Nissan l o s t  c o n t r o l  o f  t h e  v e h i c l e ,  and i t  
t r a v e l e d  across t h e  r a i s e d  aspha l t  i s l a n d  i n t o  t h e  eastbound l a n e  where i t  
c o l l i d e d  w i t h  t h e  eastbound p i ckup .  Accord ing t o  t h e  p o l i c e  r e p o r t ,  t h e  
p i ckup  t r u c k  was es t ima ted  t o  be t r a v e l i n g  a t  45 mph a t  t h e  t i m e  o f  t h e  
c o l l i s i o n  and t h e  Nissan a t  60 mph. Both d r i v e r s  and a passenger d i e d  i n  t h e  
a c c i d e n t "  

About 7 p.m. on May 3, 1991, a westbound Honda passenger c a r ,  occupied 
by i t s  d r i v e r  and a passenger, en te red  t h e  same c o n s t r u c t i o n  zone. An 
eastbound Mazda passenger c a r ,  occup ied  by i t s  d r i v e r  and a passenger, a l s o  
en te red  t h e  c o n s t r u c t i o n  zone a t  t h e  oppos i te  end t r a v e l i n g  a t  an es t ima ted  
speed o f  45 mph. A w i tness ,  who was t r a v e l i n g  eastbound beh ind  t h e  Mazda, 
observed t h e  Honda t r a v e l i n g  a t  an es t ima ted  60 mph. As t h e  Honda en te red  
t h e  t r a n s i t i o n  t o  t h e  one- lane westbound roadway, i t  c rossed  o v e r  t h e  
4 - i n c h - h i g h  aspha l t  i s l a n d  and c o l l i d e d  head on w i t h  t h e  Mazda. A f t e r  
impact, t h e  Honda and t h e  Mazda r o t a t e d  o f f  t h e  r i g h t  edge o f  t h e  t rave lway ,  
and t h e  Honda e rup ted  i n  f lames. The d r i v e r  and passenger o f  t h e  Honda were 
f a t a l l y  i n j u r e d ,  and t h e  d r i v e r  and passenger o f  t h e  Mazda were s e r i o u s l y  
i n j u r e d .  Both v e h i c l e s  were des t royed  by t h e  c o l l i s i o n  and subsequent f i r e .  
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This construction zone was in place from October 1990 through May 1991. 
As part of its investigation of t.he accident that occurred on May 3, 1991, 
Safet,y Board staff reviewed computer records to determine the number of 
accidents in this area during the time the construction zone was in place. 
The review revealed at least five additional accidents in which vehicles 
crossed the median (island) in this area. 

The Safety Board has addressed the issue of TLTWOs in the past. For 
more than a decade, the Safety Board has expressed concern about the lack of 
positive separation6 of opposing traffic in work zones. 

On August 22, 1979, a westbound tractor-semitrailer sideswiped an 
eastbound tractor-semitrailer and then struck an eastbound motor home on a 
two-lane, undivided roadway in a 9-mile-long construction zone on 1-60 about 
30 miles northwest of Laramie, Wyoming. The driver and codriver of the 
westbound tractor-semitrailer were killed. Six of the seven persons in the 
motor home were ejected and killed; one person was partially ejected and 
seriously injured. Based on its investigation, the Safety Board concluded 
that the westbound truck struck the eastbound truck and the motor home at 
speeds of 68 mph and 58 mph, respectively. 

In its report of that accident investigation, the Safety Board 
concluded that, "the accident history at this location indicates that accident 
rates, especially fatal accident rates, increase significantly when an 
interstate hi9hwa.y is switched from a four-lane, divided operation to a two- 
lane, two-wa,y operation during construction work." The Board's report 
expressed concern about the FHWA's efforts at the time to address two-lane, 
two-way operations on high-speed, high-volume highways. 

On September 17, 1979, 3 1/2 weeks after the Laramie accident, the FHWA 
issued an emergency final rule (FHWA Docket No. 79-31) entitled "Traffic 
Safet,y in Highway and Street, Work Zones; Separation of Opposing Traffic." 
The emergency final rule would have amended 23 CFR 630 and was to have been 
effective immediately. 

In response t.o the FHWA's emergenc,y final rule, some State 
transportation agencies began to modify their traffic control plans to 
emphasize the use of single-lane closures, rather than TLTWOs, because of the 
prohibit,ve cost of positive barriers. Recognizing the Stdtes' concern, the 
FHWA on October 16, 1980, published a notice of proposed rulemaking (NPRM) to 
amend the emergency final rule. The NPRM was intended to give flexibility to 
allow the use of separation devices other than positive barriers throughout 
the TLTWO, including transitions, when conditions such as time and length of 
exposure, type of traffic, and the type of facility warranted. 

' F o r  t h e  p u r p o s e  of t h i s  s t u d y ,  p o s i t i v e  b a r r i e r  or p o s i t i v e  s e p a r a t i o n  
of t r a f f i c  r e f e r s  to t h e  u s e  of c o n c r e t e  b a r r i e r s  t o  s e p a r a t e  t r a f f i c ,  
n o t a b l y  t h e  N e w  J e r s e y  t y p e  b a r r i e r .  
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About 9 months l a t e r ,  on J u l y  22, 1981, about 5:50 a.m., a 1978 van , 
occup ied  by seven persons was t r a v e l i n g  eastbound on t h e  Ohio Turnp ike  i n  a 
c o n s t r u c t i o n  zone near  Cleveland,  Ohio, where two-way t r a f f i c  was o p e r a t f n g  
i n  t h e  eastbound lanes .  The posted speed f o r  t h e  c o n s t r u c t i o n  zone was 50 
mph. S h o r t l y  a f t e r  t h e  van, which was t r a v e l i n g  about 55 mph, en te red  t h e  
c o n s t r u c t i o n  zone, i t  d r i f t e d  i n t o  t h e  westbound l a n e  and f o r c e d  an oncoming 
westbound c a r  o f f  t h e  roadway on to  t h e  median shou lder .  The van con t inued  
about 400 f e e t  i n  the  opposing t r a f f i c  l a n e  and c o l l i d e d  n e a r l y  head on w i t h  
a GML t r a c t o r - s e m i t r a i l e r  t r a v e l i n g  westbound a t  an es t ima ted  speed o f  45 
mph. The van d r i v e r  and f i v e  passengers i n  t h e  van were k i l l e d ,  and one 
passenger was s e r i o u s l y  i n j u r e d .  The d r i v e r  o f  t h e  t r a c t o r - s e m i t r a i l e r  
r e c e i v e d  minor  i n j u r i e s .  

The Sa fe ty  Board determined t h a t  t h e  probab le  cause o f  t h e  a c c i d e n t  was 
t h e  f a i l u r e  o f  t h e  van d r i v e r  t o  m a i n t a i n  h i s  v e h i c l e  w i t h i n  t h e  p roper  
t r a f f i c  l a n e .  C o n t r i b u t i n g  t o  t h e  cause o f  t h e  acc iden t  was t h e  l a c k  o f  
p o s i t i v e  separa t i on  o f  opposing t r a f f i c  i n  t h e  c o n s t r u c t i o n  work zone. As a 
r e s u l t  o f  i t s  i n v e s t i g a t i o n  o f  the L leve land  acc iden t ,  t h e  S a f e t y  Board, on 
March 30, 1982, urged t h e  FHWA t o  "p rompt l y  adopt t h e  f i n a l  r u l e  changing t h e  
Manual on Un i fo rm T r a f f i c  Con t ro l  Devices (MUTCD) t o  i n c o r p o r a t e  t h e  
p r o v i s i o n s  o f  t h e  "Emergency F i n a l  Rule, 23 LFR 630.101" ( S a f e t y  
Recommendation H-82-8) ~ The S a f e t y  Board con t inued  t o  b e l i e v e  t h a t  two-way 
o p e r a t i o n s  on one roadway o f  a no rma l l y  d i v i d e d  highway should be p e r m i t t e d  
o n l y  when o t h e r  methods were determined t o  be i n f e a s i b l e .  

On May 20, 1982 ( l e s s  than  2 months a f t e r  t h e  S a f e t y  Board issued 
S a f e t y  Recommendation H-82-8) ,  t h e  FHWA pub l i shed  a f i n a l  r u l e  t h a t ,  i n  
essence, weakened t h e  emergency r u l e  t h a t  was p u b l i s h e d  3 yea rs  e a r l i e r .  

' The f i n a l  r u l e  p e r m i t s  TLTWOs o n l y  a f t e r  o t h e r  a v a i l a b l e  methods o f  t r a f f i c  
c o n t r o l  have been c a r e f u l l y  cons idered.  The emergency r u l e  p e r m i t t e d  TLTWOs 
o n l y  when o t h e r  methods o f  t r a f f i c  c o n t r o l  were determined t o  be i n f e a s i b l e .  
The FHWA s t a t e d  i n  t h e  ru lemak ing  t h a t  as  a r e s u l t  o f  exper ience w i t h  t h e  use 
o f  s e p a r a t i o n  dev i ces  i n  TLlWOs, t h e  FHWA had determined t h a t  t h e r e  may be 
i ns tances  i n  which a p r o p e r l y  separated TLTWD c o u l d  be p r e f e r a b l e  t o  o t h e r  
f e a s i b l e  types  o f  t r a f f i c  c o n t r o l  i n  work zones. As s t a t e d  i n  t h e  Federal  
R e g i s t e r  a t  t h e  t i m e  t h e  f i n a l  r u l e  was pub l i shed ,  "The FHWA has dec ided n o t  
t o  s t i p u l a t e  f u r t h e r  t r a f f i c  c o n t r o l  des ign  requ i rements  i n  t h i s  
s i t u a t i o n  .... T h i s  w i l l  a l l o w  g r e a t e r  f l e x i b i l i t y  t o  deve lop  t r a f f i c  c o n t r o l  
d e t a i l  t a i l o r e d  t o  t h e  p a r t i c u l a r  c i rcumstances on each p r o j e c t .  T h i s  
amendment i s  i n tended  t o  p l a c e  t h e  p r imary  r e s p o n s i b i l i t y  f o r  de te rm in ing  t h e  
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  d e t a i l s  f o r  each p r o j e c t  on t h e  S t a t e  and l o c a l  
highway agencies ." 

On January 10, 1992, t h e  FHWA pub l i shed  an advance n o t i c e  o f  proposed 
ru lemak ing  i n  t h e  Federal  R e g i s t e r  r e g a r d i n g  proposed amendments t o  P a r t  V I  
o f  t h e  MUTLD. P a r t  V I  addresses t r a f f i c  c o n t r o l s  f o r  s t r e e t  and highway 
c o n s t r u c t i o n ,  maintenance, u t i l i t y ,  and emergency o p e r a t i o n s .  These proposed 
r e v i s i o n s  t o  t h e  MUTCD c o n t a i n  a d i s c u s s i o n  o f  TLTWOs. The f i r s t  paragraph 
i n  t h e  proposed r e v i s i o n s  m i r r o r s  t h e  opening paragraph found i n  t h e  T r a f f i c  
C o n t r o l  Devices Handbook. The word ing o f  t h e  remain ing  t h r e e  paragraphs i n  
t h e  proposed r e v i s i o n s  d u p l i c a t e s  t h e  o r i g i n a l  word ing  o f  t h e  emergency f i n a l  
r u l e  i ssued  i n  1979. A l though t h e  proposed r e v i s i o n s  t o  t h e  MUTCD suggest a 
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s t r o n g e r  p o s i t i o n  on t h i s  i s s u e  b y  t h e  FHWA, comparable t o  t h e  p o s i t i o n  taken  
i n  1979, t h e  S a f e t y  Board remains concerned t h a t  TLTWOs can s t i l l  be 
implemented on t h e  i n t e r s t a t e  s,ystem w i t h o u t  p o s i t i v e  s e p a r a t i o n  o f  opposing 
t r a f f i c  I 

Through i t s  a c c i d e n t  i n v e s t i g a t i o n  exper ience and d a t a  c o l l e c t i o n  
a c t i v i t i e s ,  t h e  S a f e t y  Board i s  aware t h a t  n o t  a l l  S t a t e s  use p o s i t i v e  
s e p a r a t i o n  o f  opposing t r a f f i c  when TLTWOs a re  implemented on t h e  i n t e r s t a t e  
system. For example, a s p h a l t  medians a re  used t o  d i v i d e  TLTWOs i n  Mich igan,  
Lou is iana ,  and N o r t h  C a r o l i n a ;  tubes a r e  used i n  L o u i s i a n a  and Kentucky; and 
cones a r e  used i n  K e n t x k y  and F l o r i d a .  F u r t h e r ,  a 1990 s t u d y  no ted  t h a t  
N o r t h  C a r o l i n a ,  F l o r i d a ,  Ohio, and Pennsylvania have used a 12-  t o  
18 - inch -w ide  by 4 - i n c h - h i g h  a s p h a l t  median w i t h  r e f l e c t o r i z e d  y e l l o w  pa in t  
and orange tubes w i t h  r e f l e c t o r i z e d  w h i t e  c o l l a r s  spaced a t  5 0 - f o o t  i n t e r v a l s  
as a d i v i d e r  f o r  TLTWOs when t h e  average d a i l y  t r a f f i c  (ADT) coun t  i s  l e s s  
t h a n  30,000.7 The stud,y a l s o  no ted  t h a t  "The medians a re  g e n e r a l l y  n o t  
recommended ... where t h e  t r a f f i c  volume i s  h igh ,  f o r  example, where t h e  ADT 
i s  g r e a t e r  t han  50,000." The Roadside Design Guide d i scusses  t h e  use o f  a 
temporary r a i s e d  i s l a n d  and c a u t i o n s ,  " P r e s e n t l y ,  s i n c e  t h e r e  i s  l i m i t e d  
o p e r a t i o n a l  exper ience w i t h  t h e  temporary r a i s e d  i s l a n d  1 4 - i n c h - h i g h  a s p h a l t  
median], t h e r e  i s  n o t  a consensus on t h e  t r a f f i c  and geomet r i c  c o n d i t i o n s  
t h a t  war ran t  i t s  use. U n t i l  t h e r e  i s  more o p e r a t i o n a l  exper ience  w i t h  t h e  
dev i ce ,  i t  should on1.y be used on roadwa.ys w i t h  speeds o f  45 mph o r  l e s s  
except  when recommended b,y an eng ineer ing  stud,y." 

Wi th  posted speed l i m i t s  o f  55 mph and 65 mph on t h e  i n t e r s t a t e  system 
and w i t h  t r a f f i c  o f t e n  exceeding t.hose l i m i t s ,  i t  may be unreasonable t o  
expect  t o  achieve speed r e d u c t i o n s  t o  45 mph o r  below i n  work zones. I n  
fac t ,  t h e  MUTCD s t a t e s  t h a t  " t r a f f i c  movement should be i n h i b i t e d  as l i t t , l e  
as p r a c t i c a b l e "  and t.hat "reduced speed zon ing  should be avoided as much as 
p r a c t i c a b l e . "  Given these c o n d i t i o n s ,  t h e  S a f e t y  Board s t r o n g l y  b e l i e v e s  
t h a t  i f  TLTWOs a re  implemented on a n o r m a l l y  d i v i d e d  highwa,y, p o s i t i v e  
s e p a r a t i o n  o f  opposing t r a f f i c  must be achieved. The use o f  cones, drums, 
tubes ,  o r  temporary a s p h a l t  medians w i l l  n o t  achieve t h e  d e s i r e d  separa t i on .  
The MUTCO and t h e  T r a f f i c  Con t ro l  Devices Handbook shou ld  be r e v i s e d  
a c c o r d i n g l y  

A l though  t h e  p r e v a i l i n g  v iew  i s  t o  m in im ize  speed r e d u c t i o n s  th rough  
work zones on t h e  i n t e r s t a t e  t o  p reven t  speed d i f f e r e n t i a l s ,  t h e  S a f e t v  Board 
has some concerr. t h a t  t h e  cur r .en t l , y  used p o s i t i v e  b a r r i e r s  a r e  n o t  designed 
t o  p r o v i d e  t h e  l e v e l  o f  p r o t e c t i o n  needed f o r  l a r g e  commercial v e h i c l e s  
t r a v e l i n g  th rough  work zones a t  speeds as high as 55 mph and 65 mph. The 
conc re te  b a r r i e r  i n  some cases would p robab ly  have l i m i t e d  e f f e c t  i n  
p r e v e n t i n g  acc iden ts  o f  commercial v e h i c l e s  a t  t hese  speeds. Consequentl,y, 
t h e  FHWA should determine i f  a combinat ion o f  e f f o r t s ,  such as speed 
r e d u c t i o n s  coupled w i t h  o n s i t e  enforcement and p o s i t i v e  b a r r i e r s ,  may be 
needed a t  work zones when commercial v e h i c l e s  a re  a r e l a t i v e l y  l a r g e  
percentage o f  t h e  ADT. 

C o t t r e l l ,  8. H . .  J r . ,  1 9 9 0 , .  T e m p o r a r y  a s p h a l t  m e d i a n s  f o r  t u o - l a n e ,  
t u o - w a y  o p e r a t i o n .  T r a n s p o r t a t i o n  R e s e a r c h  R e c o r d  N o . ,  1 2 5 8 .  
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Truck-Mounted Attenuators  

About 9 a.m. on September 26, 1989, fou r  S t a t e  of I l l i n o i s  Department o f  
Transpor ta t ion  maintenance t rucks  began a pavement s t r i p i n g  opera t ion ,  
t r a v e l i n g  nor th  in  the r i g h t  northbound l ane  of 1-39 near  Ogle County, 
I l l i n o i s ,  a t  a speed est imated by one of  the t ruckdr ive r s  t o  be 20 mph. The 
p a i n t  s t r i p i n g  machine was being pul led by t h e  lead  t ruck .  The l a s t  t ruck ,  a 
1987 Ford 8000, was equipped w i t h  a truck-mounted a t t e n u a t o r  (TMA), which is  
a type  of c rash  cushion mounted t y p i c a l l y  on the r e a r  of  a S t a t e  
t r a n s p o r t  a t  ion vehic le  I 

About 10:50 a .m. ,  a 1986 Mack t r a c t o r ,  t r a v e l i n g  in  t h e  r i g h t  northbound 
lane  and p u l l i n g  a 1970 Heil dry b u l k  t r a i l e r  loaded w i t h  d r y  concre te  
78,000 pounds), overtook t h e  pa in t ing  opera t ion  on a s t r a i g h t  s ec t ion  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 ruck  a t  a speed 
est imated by t h e  d r i v e r  o f  t h e  Mack truck t o  be 55 t o  60 mph. Another 
t ruckdr ive r  following t h e  Mack t ruck  ind ica ted  t h a t  t h e  d r i v e r  of t h e  Mack 
t ruck  may have been t r ave l ing  a t  65 mph. The Mack truck crushed and overrode 
the TMA on the  rear  of the Ford t ruck  and pushed t h e  Ford t r u c k  across  the 
l e f t  northbound lane  and i n t o  t h e  median o f  1-39. 

Most l i k e l y  because the TMA absorbed a s u b s t a n t i a l  amount of  the impact 
fo rces ,  t h e  d r i v e r  of the Mack combination vehic le  was not i n ju red .  The 
d r i v e r  o f  the Ford t ruck  received minor i n j u r i e s  ( ce rv ica l  neck s t r a i n ,  s ca lp  
abras ion ,  abrasion/contusion 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 eased  

On t h e  morning o f  March 19, 1989, t h e  Ca l i fo rn ia  Department of 
Transpor ta t ion  was conducting a t r a s h  removal/sweeping opera t ion  on 1-5, in  
Downey, Ca l i fo rn ia .  The vehic les  involved in  t h e  trash removal/sweeping 
opera t ion  included (from f ron t  t o  r e a r )  a trash t ruck ,  two dump trucks, two 
sweepers, and two shadow t rucks .  Both shadow t rucks  were equipped w i t h  7MAs 
on the r e a r ,  f l a sh ing  arrow board s igns ,  and a white and black warning s ign 
t h a t  read "Sweeper Ahead." 

About  6:30 a.m., while t h e  sweeping operat ion was being conducted i n  t h e  
l ane  adjacent  t o  t h e  median, t r a v e l i n g  a t  a speed est imated by t h e  d r i v e r  o f  
t h e  l a s t  truck in t h e  operat ion t o  be 3 mph, a Dodge Omni t r a v e l i n g  nor th  on 
1-5 ran  i n t o  the TMA on the r e a r  o f  the l a s t  t ruck  in  t h e  sweeping opera t ion .  
According t o  t h e  d r i v e r  of t h e  O m n i ,  he had been t r a v e l i n g  about 55 mph 
before  applying h i s  brakes,  b u t  was unable t o  s top  before  impacting t h e  TMA. 

The Dodge Omni  sus ta ined  crush damage across  t h e  f r o n t  t o  a maximum 
depth of '2 fee t .  The TMA sus ta ined  severe  crush damage; t h e r e  was no damage 
t o  t h e  shadow truck. Based on the damage t o  the TMA, the es t imated  speed of 
t h e  car a t  t h e  time i t  s t r u c k  t h e  TMA was between 30 and 40 mph. 

Nei ther  t h e  driver of the Dodge Omni nor the d r i v e r  of the shadow truck 
was in ju red  as  a result o f  t h e  acc ident .  Both d r i v e r s  were r e s t r a i n e d  w i t h  
lap/shoulder  b e l t s .  Although t h e  Sa fe ty  Board has some concerns t h a t  

. from a loca l  h o s p i t a l .  
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advance warning s igns  were n o t  be ing  used i n  the above two examples of slow 
moving maintenance opera t ions  and be l ieves  that ,  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  p a r 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  b e n e f i t s  of using t,ruck-mounted a t t e n u a t o r s  in  slow moving, 
maintenance opera t ions  a re  apparent.  

The angle o r  o f f s e t  a t  which a TMA i s  struck ma,y a f f e c t  t h e  
e f f ec t iveness  of  t h e  TMA t o  mi t iga t e  i n j u r i e s .  One example fo l lows:  

On May 17,  1989, t h e  Texas Department of Highwa,ys 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. A b o u t  3:05 p . m " ,  maintenance personnel pos i t ioned  a 1985 
GMC 7000 t ruck  a s t r a d d l e  the  r i g h t  edgel ine about 1/2 mile west of t h e  area 
being pa in ted .  The truck was equipped with a Hex-Foam TMA on the  r e a r  and a 
f l a sh ing  arrow board mounted about. 6 f e e t  above the  ground. 

Shor t ly  aft .er  t h e  t ruck  equipped with t h e  TMA was pos i t ioned  a s t r a d d l e  
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 
in  t h e  r igh t  eastbound l ane ,  skidded 10 f e e t  and then impacted t h e  l e f t  s i d e  
of t h e  TMA. The pickup t ruck  then s t r u c k  t h e  l e f t  s i d e  of t h e  GMC t ruck .  
The TMA was crushed about 12 t o  18 inches a long  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 1 2  inches of contac t  damage along t h e  r i g h t  s i d e  of t h e  pickup t r u c k ,  
and t h e  h o o d ,  door,  and roof were crushed i n t o  t h e  passenger 's  seat.ing a r e a .  

The passenger of t,he pickup t ruck ,  who was r e s t r a i n e d  with a 
lap/shoulder b e l t ,  was k i l l e d .  The d r i v e r  of t h e  pickup truck, who was a l s o  . r e s t r a i n e d ,  received moderate i n j u r i e s .  Most 1ikel.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  mi t iga t e  i n j u r i e s  
was s u b s t a n t i a l l y  reduced. 

The manufacturer of t h e  Hex-Foam TMA warns TMA users  in  i t s  t r a i n i n g  
sess ion  not t o  pos i t i on  a t ruck  with a TMA halfway on the roadway or 
s t r add l ing  a l ane .  Pos i t ion ing  a t ruck  with a TMA p a r t i a l l y  i n  one l ane ,  
according t o  t h e  manufacturer,  increases  t h e  chances of a vehic le  impacting 
only p a r t  of t h e  crash cushion. Further ,  a r ep resen ta t ive  of t h e  compan,y 
t h a t  manufactures t h e  Hex-Foam TMA s t a t e d  t h a t  h i s  company be l i eves  t h a t  
addi t iona l  t e s t i n g  i s  warranted t o  address  severe  o f f s e t  impacts t h a t  can 
occur on t h e  highway, p a r t i c u l a r l y  t,he i n t e r s t a t e  system. According t o  t h e  
r ep resen ta t ive ,  "We have formal1.y pr..posed [ a ]  four th  c rash  t e s t  t o  t h e  
N C H R P  [National Cooperative Hi hway Research Program] Report 230 r ewr i t e  

An,y 
o f f s e t  beyond t h i s  c r e a t e s  occupant risk ' G '  l e v e l s  t h a t  exceed current 
gu ide l ines .  We are n o t  sure cu r ren t  TMA models can pass this severe of an 
o f f s e t  impact, b u t  we f ee l  t h e  i s sue  must be addressed."  FHWA o f f i c i a l s  have 
proposed r ev i s ions  t o  Report 230 t h a t  would encourage opt iona l  t e s t i n g  of 
TMAs a t  62  mph a n d  a t  an o f f s e t  impact. 

The Safety Board encourages addi t iona l  t e s t i n g ,  including impacts a t  
var ious angles  a n d  o f f s e t s .  The  Safety Board has learned t h a t  manufacturers 
of TMAs a re  conducting research t o  determine i f  TMAs can be improved t o  
withstand impact fo rces  i n  excess of 45 mph.  TMAs c u r r e n t l y  a r e  not designed 

panel .  The impact should be 0 % on the nose, with a 2 .5- foot  o f f s e t .  



10 

f o r  crashes i n  which t h e  speed d i f f e r e n t i a l  exceeds 45 mph. The above \ 
acc iden ts  i l l u s t r a t e  t h a t  moving work/maintenance zones a re  o f t e n  performed 
on d i v i d e d  highways where t h e  speed l i m i t  i s  no t  reduced f rom t h e  normal 
posted speed l i m i t  o f  55 o r  65 mph, and because o f  t h e  r e l a t i v e l y  l ow  speeds 
a t  which t h e  moving/maintenance opera t i ons  a re  performed, m a j o r  speed 
d i f f e r e n t i a l s  a re  c rea ted .  

Whi le  encouraging a d d i t i o n a l  t e s t i n g  and research  o f  TMAs, t h e  Sa fe ty  
Board a l s o  b e l i e v e s  t h a t  an a n a l y s i s  o f  t h e  e f f e c t s  o f  u s i n g  TMAs i n  h i g h -  
speed environments should be conducted. Problems may be i n t roduced  t h a t  
c o u l d  r e s u l t  i n  a degradat ion  o f  s a f e t y  t o  m o t o r i s t s  and d r i v e r s  o f  TMA- 
equipped v e h i c l e s .  A t r a d e - o f f  a n a l y s i s  o f  t h e  b e n e f i t s  and shortcomings o f  
u s i n g  TMAs i n  h igh-speed environments ( i n  excess o f  45 mph) i s  necessary.  
The FHWA i s  t h e  a p p r o p r i a t e  agency t o  conduct o r  sponsor, i n  c o n j u n c t i o n  w i t h  
i n d u s t r y ,  t h e  research  and a n a l y s i s .  

The statement by t h e  manufacturer  o f  t h e  Hex-Foam TMA--that i t  warns 
users  o f  TMAs no t  t o  p o s i t i o n  a t r u c k  w i t h  a TMA a s t r a d d l e  o r  p a r t i a l l y  i n  a 
l a n e - - r a i s e s  a d d i t i o n a l  concerns rega rd ing  t h e  adequacy o f  guidance c u r r e n t l y  
a v a i l a b l e  on t h e  a p p l i c a b l e  uses o f  TMAs. A1 though t h e  manufac turer ’s  
statement may be sound adv ice,  t h e r e  appears t o  be l i t t l e  a d d i t i o n a l  
i n f o r m a t i o n  t o  suppor t  or r e f u t e  such a p o s i t i o n ,  d e s p i t e  t h e  ever  i n c r e a s i n g  
use o f  these dev ices  by S t a t e  departments o f  t r a n s p o r t a t i o n  i n  t h e  l a s t  few 
yea rs .  

Because o f  t h e  l i m i t e d  guidance a v a i l a b l e  on t h e  use o f  TMAs, 
researchers  a t  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  Center i n  1989 . conducted e x t e n s i v e  i n t e r v i e w s  w i t h  highway agency personnel  f rom f i v e  Sta tes  
i n v o l v e d  i n  maintenance and c o n s t r u c t i o n  work zone a c t i v i t y .  The i n t e r v i e w s  
were t o  be t h e  b a s i s  f o r  deve lop ing  a s e t  o f  g u i d e l i n e s  on t h e  use o f  TMAs. 
The r e s u l t s  o f  t h e  i n t e r v i e w s  i n d i c a t e d  t h a t  t h e  most common a p p l i c a t i o n  o f  
TMAs was f o r  p r o t e c t i o n  o f  workers and m o t o r i s t s  i n  moving work zones. Those 
i n t e r v i e w e d ,  however, vo iced s t r o n g  support  f o r  more f r e q u e n t  use o f  TMAs on 
b a r r i e r  v e h i c l e s  i n  s t a t i o n a r y  ope ra t i ons .  Based on t h e  i n f o r m a t i o n  
gathered, t h e  researchers  developed suggested p r i o r i t i e s  f o r  t h e  a p p l i c a t i o n  
o f  TMAs. 

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  
da ta  which a re  no t  r e a d i l y  a v a i l a b l e ,  a t  a cos 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 )  over  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 r e s e n t  
format  a re  m o s t  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 
budget ing  t o o l ”  F u r t h e r  re f inement  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  over  t h e  l a s t  
severa l  years  r e v e a l e d  t h a t  t h e  s e v e r i t y  o f  severa l  a c c i d e n t s  c o u l d  have 
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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 .  

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  S a f e t 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 not, 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 i ce ,  t h e  MUTCD and t h e  T r a f f i c  Con t ro 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 he 
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 .  A1 though t.he Safety 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 r e  needed t o  determine 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  MUTLD and t h e  T r a f f i c  C o n t r o l  Devices Handbook. 

One f i g u r e  i n  t h e  proposed r e v i s i o n s  t o  t h e  MUTCD i l l u s t r a t e s  t r u c k s  
equipped w i t h  TMAs, one o f  which i s  s t r a d d l i n g  t h e  pavement edge l i ne ,  as . o p t i o n a l  i n  a mob i l e  o p e r a t i o n  on a m u l t i l a n e  road.  Because t h e  e f f e c t s  o f  
i m p a c t i n g  TMAs a t  v a r i o u s  angles and o f f s e t s  a r e  current1.y  b e i n g  researched 
and g i v e n  t h e  warning o f  one manufacturer  n o t  t o  p o s i t i o n  a t r u c k  w i t h  a TMA 
a s t r a d d l e  o r  p a r t i a l l y  i n  a l ane ,  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  FHWA 
shou ld  r e v i s e  t h e  f i g u r e  i n  t h e  proposed r e v i s i o n s  t o  t h e  MUTCD t o  e l i m i n a t e  
t h e  d e p i c t i o n  o f  v e h i c l e s  equipped w i t h  TMAs p o s i t i o n e d  a s t r a d d l e  pavement 
edge1 i n e s .  

A l s o  o f  concern t o  t,he Safet,y Board i s  tha 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 
headrests .  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 1.989, 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 F ’  o f  t h e  S t a t e  
department o f  t r a n s p o r t a t i o n  v e h i c l e  t ha t  was 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 t h  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 l o o s e l 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 by 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,he use o f  seatbel t ,s  and headrests  f o r  t h e  occupants o f  t r u c k s  
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equipped w i t h  a TMA. The Sa fe ty  Board i s  aware t h a t  some S t a t e  highway 
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 S a f e t y  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 departments 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 .  

F1 agglng 

The i s s u e  o f  f l a g g i n g  a t  work zone s i t e s  was most r e c e n t l y  addressed by 
t h e  S a f e t y  Board i n  i t s  r e p o r t  o f  t h e  Sut ton,  West V i r g i n i a ,  acc iden t .8  The 
f l a g g e r  a t  t h e  acc iden t  s i t e  was p o s i t i o n e d  200 t o  210 f e e t  ahead o f  t h e  
area where t h e  work was b e i n g  performed. The MUTCD s t a t e s ,  "F lagger  
s t a t i o n s  s h a l l  be l o c a t e d  f a r  enough i n  advance o f  t h e  work s i t e  so t h a t  
approaching t r a f f i c  w i l l  have s u f f i c i e n t  d i s t a n c e  t o  reduce speed b e f o r e  
e n t e r i n g  t h e  p r o j e c t .  T h i s  d i s t a n c e  i s  r e l a t e d  t o  approach speed and 
p h y s i c a l  c o n d i t i o n s  a t  t h e  s i t e ;  however, 200 t o  300 f e e t  i s  d e s i r a b l e . "  As 
p r e v i o u s l y  noted,  t h e  FHWA i s  r e v i s i n g  P a r t  V I  o f  t h e  MUTCD, which i n c l u d e s  
f l a g g e r  placement.  Consequently, as a r e s u l t  o f  i t s  i n v e s t i g a t i o n  o f  t h e  
S u t t o n  a c c i d e n t ,  t h e  S a f e t y  Board recommended t h a t  t h e  FHWA: 

H-91-30 

Revise S e c t i o n  6F-5 o f  t h e  Manual on Un i fo rm T r a f f i c  C o n t r o l  
Devices t o  e s t a b l i s h  recommended d i s t a n c e s  f o r  p o s t i n g  f l a g g e r s  a t  
work zones based on t h e  l e g a l  speed l i m i t  approaching t h e  zone. 

The FHWA d i d  n o t  concur w i t h  t h e  Board's S a f e t y  Recommendation H-91-30. 
I n  i t s  l e t t e r  o f  September 20, 1991, t h e  FHWA s t a t e d  t h a t  " t h e  recommended 
d i s t a n c e s  f o r  p o s t i n g  f l a g g e r s  a t  work zones a r e  adequate ly  covered i n  t h e  
MUTCD and t h a t  t hese  d i s t a n c e s  exceed t h e  s t o p p i n g  s i g h t  d i s t a n c e s  f o r  t h e  
range o f  l e g a l  speed l i m i t s  which a r e  encountered a t  work s i t e s . "  The FHWA 
a l s o  r e f e r r e d  t o  t h e  MUTCD p r o v i s i o n  r e g a r d i n g  placement o f  an "Advance 
F lagger  Sign"  a t  a d i s t a n c e  o f  500 f e e t  i n  advance o f  t h e  f l a g g e r  placement 
p o i n t .  

The S a f e t y  Board d i d  n o t  agree w i t h  FHWA's p o s i t i o n  and i n  a l e t t e r  
da ted  January 22, 1992, s t a t e d :  

... t h e  p r o v i s i o n s  o f  S e c t i o n  6 F - 5  o f  t h e  MUTCD shou ld  be r e v i s e d  by 
e i t h e r  d e l e t i n g  t h e  sentence concern ing  " d e s i r a b l e "  d i s t a n c e  f r o m  
t h e  MUTCD o r  i n c l u d i n g  i n  t h e  MUTCD a d e t a i l e d  m a t r i x  t a b l e  based 
on v a r i o u s  speeds and s topp ing  d i s t a n c e s .  Because o f  t h e  

" M u l t i p l e  V e h i c l e  C o l L i s i o n  a n d  F i r e  i n  a W o r k  Z o n e  on I n t e r s t a t e  
H i g h w a y  7 9  N e a r  S u t t o n ,  W e s t  V i r g i n i a ,  J u l y  26, 199O't ( N T S L I / H A R - 9 1 / 0 1 ) .  
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i n s t i t u t i o n  o f  h i g h  speed l i m i t s  ( 6 5  mph) on c e r t a i n  highways, 
such a r e v i s i o n  w i l l  enhance m o t o r i s t  sa fe t , y . . "  I 

The S a f e t y  Board urged t h e  FHWA t o  r e c o n s i d e r  i t s  p o s i t i o n  and c l a s s i f i e d  
S a f e t y  Recommendation H-91-30 as "Open--Acceptable Response," pending FHWA's 
f u r t h e r  r e v i e w  o f  t h e  Board's comments. 

The Safet,y Board's i n v e s t i g a t i o n  o f  a c c i d e n t s  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  r e v e a l e d  severa l  i ns tances  i n  which t h e  placement o f  t h e  
f l a g g e r  appeared inadequate g i v e n  t h e  v a r i o u s  c o n d i t i o n s  a t  t h e  work s i t e .  
I n  t h e  a c c i d e n t  t h a t  occurred near  Eff ingham, I l l i n o i s ,  on June 15, 1988, 
t h e  f l a g g e r  was l o c a t e d  about 100 f e e t  beyond t h e  pavement g r i n d e r  t o  move 
cones as t h e  pavement g r i n d e r  con t inued  down t h e  i n t e r s t a t e  highwa,y, r a t h e r  
t h a n  t h e  d i s t a n c e  o f  200 t o  300 f e e t  i n  f r o n t  o f  t h e  o p e r a t i o n  as recommended 
by t h e  MUTCD and t h e  F lagger ' s  Handbook o f  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 .  

The a c c i d e n t  near  Eff ingham, I l l i n o i s ,  a l s o  h i g h l i g h t s  t h e  i s s u e  
addressed i n  t h e  r e p o r t  o f  t h e  Sut ton,  West V i r g i n i a ,  a c c i d e n t :  t h a t  f l a g g e r s  
shou ld  be i n  a p o s i t i o n  t o  warn workers o f  approaching danger, such as o u t -  
o f - c o n t r o l  v e h i c l e s .  The f a r t h e r  a f l a g g e r  i s  p laced  ahead o f  t h e  a c t u a l  
work area, t h e  more d i f f i c u l t ,  i t  becomes t o  warn workers i n  t h e  zone o f  an 
e r r a t i c  v e h i c l e ' s  approach. As a r e s u l t ,  t h e  S a f e t y  Board urged t h e  FHWA t o  
"add a s e c t i o n  t o  t h e  MUTCD encouraging o r  r e q u i r i n g  t h e  use o f  a u d i b l e  
warn ing dev ices,  such as horns,  by work zone f l a g g e r s  t o  a l e r t  highway 
workers o f  t h e  approach o f  an e r r a t i c  v e h i c l e "  ( S a f e t y  Recommendation 
H-91-31).  The FHWA responded posit. ive1.y s t a t i n g  t h a t  i t  would c o n s i d e r  

. adding i n f o r m a t i o n  t o  t h e  new P a r t  V I  o f  t h e  MUTCD r e g a r d i n g  t h e  i n t e n t  o f  
t h e  Board's s a f e t y  recommendation. As  a r e s u l t ,  S a f e t y  Recommendation H-91- 
31  i s  current1.y b e i n g  h e l d  i n  an "Open--Acceptable Response" s t a t u s .  

About 1:30 p.m. on September 19, 1989, a 1987 Toyota p i c k u p  t r u c k  and a 
1984 GMC u t i l i t y  p i c k u p  t r u c k  were northbound on S t a t e  Route 22 n e a r  New 
Lebanon, New York. The v e h i c l e s  were t r a v e l i n g  th rough  a maintenance work 
zone d u r i n g  r a i n .  The speed l i m i t  was 55 mph. The Toyota d r i v e r  was 
s t o p p i n g  f o r  a f l a g g e r  s tand ing  i n  t h e  roadway when t h e  GMC d r i v e r  
approached f rom t h e  r e a r ,  a p p l i e d  brakes, s l i d  on t h e  wet pavement, and 
crashed i n t o  t h e  r e a r  o f  t h e  Toyota. 

111 t h e  area o f  t l i e  acc iden t ,  S t a t e  R0ut.e 22 goes t h r o u g h  mouniainous 
t e r r a i n  w i t h  many curves and grades. There was a 0 .3 -m i le  t a n g e n t  f o l l o w e d  
by a h i l l c r e s t  and a cu rve  about 150 f e e t  b e f o r e  t h e  a c c i d e n t  l o c a t i o n .  The 
f l a g g e r  would have been v i s i b l e  t o  approaching t r a f f i c  f o r  o n l y  about 150 
f e e t .  A "One Lane Ahead" s i g n  and a "Flagman Ahead" s i g n  were l o c a t e d  on t h e  
shou lde r  o f  S t a t e  Route 2 2  about 4 m i l e s  and 3 m i l e s ,  r e s p e c t i v e l y ,  before 
t h e  f l a g g e r ' s  l o c a t i o n .  

On A p r i l  17, 1989, t h e  New York S t a t e  Department o f  T r a n s p o r t a t i o n  began 
a moving road  p a t c h i n g  o p e r a t i o n  on S t a t e  Route 3 nea r  H a r r i e t s t o w n ,  New 
York. The westbound l a n e  was c losed  f o r  t h e  r e p a i r  work, and t h e  eastbound 
l a n e  was c o n t r o l l e d  by two f l a g g e r s .  About 2.5 m i l e s  west o f  t h i s  l o c a t i o n ,  
a "Work Area" s i g n  and a "Flagman Ahead" s i g n  were p laced  on t h e  shou lde r  o f  

N e i t h e r  d r i v e r  was s e r i o u s l y  i n j u r e d .  
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t h e  roadway. The area i s  r u r a l  and t h e  t e r r a i n  i s  mountainous. The ( 
eastbound l a n e  descended an 11-percent  grade f o r  about 590 f e e t  approaching 
t h e  work area. 

About 1:40 p"m., a GML f l a t b e d  t r u c k  was eastbound on Route 3. The 
pos ted  speed l i m i t  was 55 mph. As t h e  t r u c k  c r e s t e d  a h i l l ,  a f l a g g e r  was 
waving an eastbound 1989 Mazda t o  s top.  As t h e  Mazda was s l o w i n g  t o  a s top,  
t h e  GMC t r u c k ,  which was b r a k i n g ,  swerved t o  t h e  l e f t ,  began t o  o v e r t u r n ,  and 
s t r u c k  t h e  Mazda i n  t h e  r e a r .  The Mazda was pushed f o r w a r d  and t o  t h e  r i g h t  
62 fee t  i n t o  a c a b l e  g u a r d r a i l  on t h e  shoulder .  The r e s t r a i n e d  t r u c k d r i v e r  
and t h e  r e s t r a i n e d  f r o n t  occupants o f  t h e  Mazda were n o t  i n j u r e d ;  t h e  
u n r e s t r a i n e d  occupant i n  t h e  r e a r  seat o f  t h e  Mazda s u f f e r e d  moderate 
i n j u r i e s .  

A f t e r  c r e s t i n g  t h e  h i l l ,  t h e  t r u c k d r i v e r  had a v iew  o f  t h e  f l a g g e r  f o r  
about 450 f e e t .  Wi th  a posted speed l i m i t  o f  55 mph on a descending grade, 
t h e  d i s t a n c e  was i n s u f f i c i e n t  t o  enable t h e  d r i v e r  t o  r e a c t ,  reduce speed, 
and s t o p  s h o r t  o f  t h e  t r a f f i c  ahead. Given t h e  topography o f  t h e  area, t h e  
f l a g g e r  should have been l o c a t e d  a t  t h e  c r e s t  o f  t h e  h i l l  o r  an a d d i t i o n a l  
f l a g g e r  shou ld  have been p laced  a t  t h a t  l o c a t i o n .  

The above two a c c i d e n t s  i l l u s t r a t e  t h a t  f u r t h e r  gu idance i s  needed on 
t h e  placement o f  f l a g g e r s  a t  work zone s i t e s .  Because t h e s e  a c c i d e n t s  
suggest t h a t  f a c t o r s  i n  a d d i t i o n  t o  t h e  ' legal speed l i m i t  approaching t h e  
work zone should be cons ide red  i n  e s t a b l i s h i n g  recommended d i s t a n c e s  f o r  
p o s t i n g  f l a g g e r s  a t  work zones, S a f e t y  Recommendation H-91-30 i s  b e i n g  p laced  
i n  a "Closed--Unacceptable Action/Superseded" s t a t u s .  A new recommendation . i s  b e i n g  i ssued  t o  t h e  FHWA t o  r e v i s e  t h e  MUTCD t o  p r o v i d e  more d e t a i l e d  
i n f o r m a t i o n  on such f a c t o r s  as posted speed l i m i t s ,  a c t u a l  v e h i c l e  speeds, 
commercial v e h i c l e  d e c e l e r a t i o n  r a t e s ,  r o a d  c o n d i t i o n s ,  and topography i n  
d e t e r m i n i n g  t h e  placement o f  f l a g g e r s  a t  work zone s i t e s .  Because o f  c u r r e n t  
technology,  t h e  need f o r  t h e  f l a g g e r  t o  warn workers v o c a l l y  o f  impending 
danger i s  no l o n g e r  a f a c t o r  t h a t  has t o  be cons ide red  i n  d e t e r m i n i n g  t h e  
l o c a t i o n  o f  f l a g g e r s .  

Human Performance F a c t o r s  

A highway work zone p resen ts  a un ique  c h a l l e n g e  t o  an i n a t t e n t i v e  o r  
o t h e r w i s e  impa i red  d r i v e r .  The S a f e t y  Board concluded i n  i t s  r e p o r t  o f  t h e  
Su t ton ,  West V i r g i n i a ,  work zone r e l a t e d  acc iden t  d i scussed  p r e v i o u s l y ,  t h a t  
f a t i g u e - i n d u c e d  i n a t t e n t i o n ,  exacerbated by an inadequate and unbalanced d i e t  
t h e  day o f  t h e  acc iden t ,  caused t h e  t r u c k d r i v e r  t o  f a i l  t o  heed warn ing s i g n s  
and t o  s low t h e  t r u c k  i n  t i m e  t o  a v o i d  t h e  c o l l i s i o n .  

The S a f e t y  Board f u r t h e r  s t a t e d  i n  i t s  r e p o r t  o f  t h a t  a c c i d e n t :  

The t r a f f i c  c o n t r o l  dev i ces  i n  t h e  work zone a t  t h e  a c c i d e n t  s i t e  
were i n  s u b s t a n t i a l  compl iance w i t h  t h e  MUTCD and West V i r g i n i a  
g u i d e l i n e s .  The S a f e t y  Board b e l i e v e s  t h a t  t h e s e  g u i d e l i n e s ,  
conce rn ing  s i g n i n g  and o t h e r  work zone s a f e t y  f e a t u r e s ,  p r o v i d e  
more t h a n  adequate advance warn ing f o r  a v i g i l a n t  d r i v e r ,  b u t  may 
be inadequate f o r  an i n a t t e n t i v e  o r  o t h e r w i s e  i m p a i r e d  d r i v e r .  / 
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As a result of it,s investigation of the Sutton accident, the Safety 
Board issued the following safet,y recommendations to t.he Federal Highwa,y 
Administration: 

H-91-27 

Conduct research to determine: (a) what characteristics of work 
zone traffic advisories work best to counter driver inattention, 
and (b) how to provide more readily understandable displays of 
critical information. Use the results of this research to design 
better and more meaningful work zone traffic advisories. 

H-91-29 

Encourage the use of the "design driver" concept, which assumes 
that some drivers are impaired or inattentive, in designing work 
zone safet,,y features and signing. 

Several accidents investigated by the Safety Board as part of this 
safety stud.y support the subject of the above recommendations. Examples 
fol 1 ow. 

About 4:30 p.m. on November 3,  1989, a 1988 Lincoln sedan with two 
occupants was stopped in the open left lane of two westbound lanes as a 
result o f  traffic congestion in a work zone on 1-90, near Blooming Grove, 
Wisconsin. A 1986 Mercury Lynx 4-door sedan with three occupants was . stopped behind the Lincoln. A 1979 Freightliner tractor, pulling a trailer 
loaded with 25,557 pounds of paper cups, approached the stopped vehicles from 
behind, jackknifed, and then struck the Mercury. As a result of the impact, 
the Mercury rotated 180° and then struck the Lincoln. The truckdriver and 
the occupants of the Lincoln were not injured. The occupants of the Mercury 
received serious injuries. 

The construction zone was 3 miles long and involved the resurfacing of 
the westbound lanes. The construction zone was set, up in July 1989, and work 
was expected to continue through November 1989. Signs indicating 
construction ahead began at milepost 145.5. (The accident occurred 2.6 miles 
after the first sign at milenost 142.9.) At milepost 144.5, a message board 
indicated that the right lane ahead was closed. Three additional sets of 
signs followed (one sign of each set on each side of the r0adwa.y) indicating 
the distance to the lane closure. The taper for the lane closure began at 
milepost 143.25, and two flashing arrow panels were located at 
milepost 143.0. 

The driver of the combination vehicle was cited by the Wisconsin State 
Patrol for (1) inattentive driving, ( 2 )  false entries in his daily log book, 
and ( 3 )  operating in excess of the hours of service regulations. The driver 
had been keeping two daily log books and had been on duty for 71 hours in the 
8 days before this accident. A postaccident inspection of the combination 
vehicle by the Wisconsin State Police Motor Carrier Safety Officer found no 
equipment violations. 
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About 4 a.m. on August  14, 1989, a loaded t r a c t o r  s e m i t r a i l e r  was 
eastbound on 1-84 near S t e r l i n g ,  Pennsylvania. The truck was t r a v e l i n g  i n  a 
4.7-mile-long cons t ruc t ion  zone i n  which t h e  r i g h t  l ane  was closed and 
t r a f f i c  was channeled t o  the l e f t  l ane .  A t  two br idge l o c a t i o n s ,  concre te  
b a r r i e r s  were used t o  f u r t h e r  reduce t h e  l e f t  l ane .  The b a r r i e r  extended 
5.5 feet  i n t o  t h e  l e f t  lane ,  reducing t h e  l e f t  l ane  t o  a width of about  
7 f e e t .  Pre-cons t ruc t ion  pavement markings had not been o b l i t e r a t e d .  To 
pass  through t h e  work area on t h e  br idge s a f e l y ,  d r i v e r s  o f  combination 
veh ic l e s  had t o  move l e f t  and pass through t h e  work area w i t h  the l e f t  
wheels of  t h e i r  vehic les  t r a v e l i n g  on t h e  4-foot-wide shoulder  between t h e  
l e f t  edgel ine  and t h e  br idge parapet wal l .  As t h e  truck was approaching the 
second br idge loca t ion  (about 2 .5  miles  i n t o  the zone) ,  the t r u c k  struck t h e  
tapered  sec t ion  of t h e  concre te  b a r r i e r  near  t h e  c e n t e r l i n e ,  veered l e f t ,  
s t r u c k  t h e  g u a r d r a i l ,  and mounted t h e  b r i d g e r a i l .  After t r a v e l i n g  on top  of 
t h e  b r idge ra i l  f o r  96 f e e t ,  t h e  truck crossed over t h e  r a i l  and dropped 63 
f e e t  t o  t h e  creek embankment below, landing on i t s  roo f .  The d r i v e r  was 
k i l l e d .  

A t ruckdr ive r  following t h e  accident  t ruck  s t a t e d  t h a t  the t ruck  had 
been swerving on t h e  roadway f o r  about a mile and t r a v e l i n g  between 40 and 
50 mph. A t ruck  i n  front o f  t h e  accident  vehic le  observed t h e  swerving and 
t r i e d  t o  rad io  on t h e  c i t i z e n  band t o  wake up  the driver. The posted speed 
l i m i t  in  t h e  zone was 55 mph. However, t h e r e  were advisory speed p l a t e s  t h a t  
reduced t h e  advisory speed t o  35 mph in  5-mph increments.  

During t h e  afternoon following t h e  acc ident ,  the  Pennsylvania . Department of Transportat ion began making improvements a t  b o t h  br idges in  t he  
work zone t o  provide motor i s t s  increased v i s i b i l i t y  of t h e  l ane  c losu re  and 
b e t t e r  guidance t h r o u g h  t h e  narrow, s h i f t e d  l e f t  l ane .  A f l a sh ing  arrow 
panel and a l i n e  of v e r t i c a l  panels with yellow l i g h t s  was placed in  t h e  
r i g h t  l ane  ahead o f  t h e  tapered concre te  b a r r i e r .  The e x i s t i n g  yellow 
edgel ine  was o b l i t e r a t e d  and a wider lane was es t ab l i shed  by i n s t a l l i n g  a 
temporary, taped yellow edgel ine  a t  t h e  ou te r  edge of t h e  4-foot-wide l e f t  
shoulder .  Raised pavement r e f l e c t o r s  were i n s t a l l e d  t o  h i g h l i g h t  the 
ent rance  of t h e  widened l e f t  br idge lanes .  S imi l a r  r e f l e c t o r s  were 
i n s t a l l e d  on t h e  inner  wal l s  of t h e  b a r r i e r s  and br idge parape ts  t o  guide 
moto r i s t s  through t h e  br idge.  I n  add i t ion ,  regula tory  35-mph speed l i m i t  
signs were erected. Had these addi t iona l  work zone s a f e t y  devices  been i n  
p lace  before  August 14, 1989, they  might have e f f e c t e d  changes i n  the 
performance of t h e  fa t igued  d r i v e r  and t h e  accident  might have been aver ted .  

About 4:40 a.m., on June 26, 1989, a 1989 F r e i g h t l i n e r  tractor pu l l ing  
a s e m i t r a i l e r  loaded w i t h  44,100 pounds was t r a v e l i n g  westbound t h r o u g h  a 
work zone on 1-70 i n  Bond County, Central  Township, I l l i n o i s .  I n t e r s t a t e  70 
had two l anes  i n  each d i r e c t i o n ;  however, only one l ane  i n  each d i r e c t i o n  was 
open a t  t h e  time of t h e  accident  because of an ongoing  r e su r fac ing  opera t ion .  
About 5.4 miles  i n t o  t h e  work zone and about 4 . 2  miles  a f t e r  t h e  roadway had 
narrowed t o  one l ane  ( l e f t  l a n e ) ,  t h e  t ruck  crossed i n t o  t h e  c losed  r i g h t  
lane  and s t r u c k  t h r e e  type I ba r r i cades  t h a t  were loca ted  on t he  lane l i n e  
a t  i n t e r v a l s  of 200 f e e t .  The t r u c k  crossed t h e  closed r i g h t  lane  and 
entered t h e  mil led north shoulder ,  going over a pavement edge dropoff ,  which 
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measured between 6 . 4  and 8 inches.  The t ruck  t r ave led  about 232 f e e t  along 
t h e  shoulder  and s t ruck  an unoccupied pavement p r o f i l e r  t h a t  was parked o n  
the  mil led north shoulder .  The  truck i g n i t e d ,  and t h e  t ruck  and p r o f i l e r  
burned i n  t h e  r e s u l t i n g  f i r e .  The d r i v e r  and codr iver  were k i l l e d .  

Based on information contained i n  t h e  d r i v e r ' s  log book recovered from 
t h e  wreckage, an I l l i n o i s  S t a t e  Pol ice  Motor C a r r i e r  Safe ty  Of f i ce r  
determined t h a t  the d r i v e r  had v io l a t ed  t h e  10-hour d r iv ing  rule. The d r i v e r  
was in  excess of t h e  10-hour l i m i t  b,y 3 hours 40 minutes a t  t h e  time of t h e  
acc ident .  

Although i n  most ca ses ,  t h e  signs and layout  of t h e  work zone met t h e  
recommended p r a c t i c e s  descr ibed in  t h e  MUTCO, t h e  use of addi t iona l  work zone 
s a f e t y  devices  and procedures t h a t  a l e r t  t h e  var ious senses may have e f f ec t ed  
changes i n  t h e  performance of t h e  above fa t igued  d r i v e r s .  

Considerable research has been done on o lde r  d r i v e r s  and t h e  need t o  
compensate f o r  de t ,e r iora t ing  f a c u l t i e s  t h a t  r e s u l t  from t h e  aging process .  
The results o f  t h i s  research on t h e  aging d r i v e r  population should have 
app l i ca t ion  t o  d r i v e r s  in  general and s p e c i f i c a l l y  f o r  d r i v e r s  i n  work zones 
t h a t  a r e  f a t igued ,  i n a t t e n t i v e ,  and under t h e  inf luence  of alcohol or drugs.  
The fol lowing work zone accident  i l l u s t r a t e s  t h i s  i s s u e .  

About 2 p"m. on April 26, 1989, a 1985 Dodge sedan, occupied by a 77-  
year -o ld  d r i v e r  and two passengers,  ages 70 and 7 4 ,  were southbound in  a 
cons t ruc t ion  zone on t h e  New York S t a t e  Thruway in  South Nyack, New York. I n  
t h i s  a rea  of t h e  cons t ruc t ion  zone, t h e  l e f t  l ane  was closed and t h e  two 

The Dodge was t . ravel ing i n  t h e  l e f t  open l ane  ( c e n t e r  
l ane )  in  t h e  area of milepost. 16.8 when i t  veered t o  t h e  l e f t ,  went between 
t r a f f i c  cones de l inea t ing  t h e  l e f t  s ide  of t h e  second lane ,  crossed t h e  
closed t h i r d  l ane ,  and crashed i n t o  t h e  r e a r  of a dump t ruck  t h a t  was stopped 
on the  l e f t  shoulder .  The t h r e e  occupants of t h e  Dodge were k i l l e d ,  and t h e  
t ruckdr ive r  reported1.y received minor i n j u r i e s .  

A faded dashed white l i n e  ran d iagonal ly  f o r  about 200 f e e t  from the 
l e f t  edge of t h e  cen te r  l ane ,  across  t h e  l e f t  l ane  and onto t,he shoulder, 
i n t e r s e c t i n g  t h e  pos i t i on  where t h e  dump truck was parked. A s o l i d  yellow 
l i n e  a l so  ran d iagonal ly  f o r  about 200 f e e t  from t h e  edge of the  closed l e f t  
l ane ,  across  t h e  shoulder and in t e r sec t ed  a d i r t  ? r e a  in  t h e  work zone near 
th:: c e n t e r  b a r r i e r .  The faded white l i n e  and the  s o l i d  yellow l i n e  appeared 
t o  be p a r a l l e l  t o  each o the r .  

The autopsy 
ind ica ted  t h a t  t h e  d r i v e r  did n o t  have hear t  f a i l u r e  before  t h e  c ra sh .  
A l t h o u g h  i t .  i s  poss ib le  t h e  d r i v e r  may have been d i s t r a c t e d  or incapac i t a t ed  
i n  some o t h e r  manner before the  c ra sh ,  i t .  i s  a l s o  poss ib l e  t h a t  t h e  varying 
bar re l  and t r a f f i c  cone pa t t e rn  may have confused t h e  e l d e r l y  d r i v e r  and he 
chose t o  fol low t h e  remnants of old lane  markings t h a t  l ed  i n t o  t.he truck. 
Any d r i v e r  could have been confused by t h e  remnants of o ld  l a n e  markings; 
however, the o l d e r  d r i v e r  ma,y n o t  be ab le  t o  react as quickly t o  c o n f l i c t i n g  
t r a f f i c  cues .  

. o the r  l anes  were open .  

There were no sk id  marks p r i o r  t o  impact. 

The reason t h e  d r i v e r  changed lanes  so abrupt ly  i s  unknown. 
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The Sa fe ty  Board cont inues  t o  b e l i e v e  t h a t  t h e r e  i s  a need t o  a l e r t  and 
educate a l l  d r i v e r s  about t h e  e f f e c t s  o f  f a t i g u e  and a need t o  p revent  
commercial v e h i c l e  d r i v e r s  f r o m  exceeding t h e  hours o f  s e r v i c e  r e g u l a t i o n s  
and m a i n t a i n i n g  double l o g  books. The Board’s p o s i t i o n  on these issues  i s  
w e l l  d o ~ u m e n t e d . ~  Never the less ,  t h e  Sa fe ty  Board a l s o  b e l i e v e s  t h a t  
research  should be pursued t o  exp lo re  des ign changes i n  t h e  work zone area 
t h a t  w i l l  p r o t e c t  t h e  i n a t t e n t i v e  o r  s l i g h t l y  impa i red  d r i v e r .  The FHWA has 
concur red  w i t h  t h e  t h r u s t  o f  t h e  Safe ty  Board’s S a f e t y  Recommendations H-91- 
27 and -29,  d iscussed p r e v i o u s l y ,  and i s  c u r r e n t l y  conduct ing  research  i n  
t h i s  area. 

Having rev iewed t h e  word ing o f  Safe ty  Recommendations H-91-27 and 29, 
t h e  Board b e l i e v e s  t h a t  t h e r e  i s  some o v e r l a p p i n g  w i t h  r e s p e c t  t o  t h e  i n t e n t  
o f  these two s a f e t y  recommendations and t h a t  t h e  Board can more s u c c i n c t l y  
d e f i n e  the  f u l l  range o f  d r i v e r s  t h a t  we at tempted t o  address i n  these 
recommendat ions-- those d r i v e r s  w i t h  somewhat degraded sensory pe rcep t ions ,  
whether t h e  degradat ion  i s  f rom i n a t t e n t i v e n e s s  o r  impai rment .  Therefore,  
t h e  S a f e t y  Board i s  superseding H-91-27 and -29 w i t h  a new recommendation 
u r g i n g  t h e  FHWA t o  conduct research  t o  develop des ign  changes i n  work zones 
t h a t  w i l l  a i d  d r i v e r s  w i t h  degraded sensory p e r c e p t i o n s  r e s u l t i n g  f rom aging, 
i n a t t e n t i v e n e s s ,  o r  impairment.  As  p r e v i o u s l y  recommended, t h e  FHWA should 
use t h e  r e s u l t s  o f  t h i s  research  t o  des ign b e t t e r  and more meaningfu l  work 
zone t r a f f i c  a d v i s o r i e s  and s a f e t y  f e a t u r e s .  Because o f  t h e  expected 
i n c r e a s e  i n  t h e  c o n s t r u c t i o n  and maintenance a c t i v i t i e s  on t h e  N a t i o n ’ s  
i n t e r s t a t e  system i n  t h e  nex t  few years ,  t h e  i nc rease  i n  highway fund ing ,  and 
t h e  i n c r e a s i n g  number o f  o l d e r  d r i v e r s ,  t h e  Sa fe ty  Board encourages t h e  FHWA 
t o  make t h e  necessary resources a v a i l a b l e  t o  f u l f i l l  t h e  i n t e n t  o f  t h e  

S i x  acc idents  i n v e s t i g a t e d  by t h e  Sa fe ty  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 v o l v e d  a l c o h o l .  I n  f o u r  o f  t h e  acc idents ,  t h e  b lood  a l coho l  c o n t e n t  
(BAC) l e v e l  was above .212 pe rcen t ,  and i n  t h e  f i f t h  i t  was a t  .182 pe rcen t .  
The Sa fe ty  Board recogn izes  t h a t  w i t h  d r i v e r s ’  BACs a t  these h i g h  l e v e l s ,  
ve ry  l i t t l e ,  i n  te rms  o f  improved t r a f f i c  c o n t r o l  a d v i s o r i e s ,  can be done t o  
p r o t e c t  aga ins t  t h e  d r i v e r .  Rather than a t tempt  t o  improve des igns t o  
p r o t e c t  aga ins t  d r i v e r s  a t  these h i g h  impairment l e v e l s ,  t h e  Sa fe ty  Board 
c o n t i n u e s  t o  b e l i e v e  t h a t  every  e f f o r t  should be made t o  keep these d r i v e r s  
o f f  t h e  roads .  I t i s  u n r e a l i s t i c ,  however, t o  expect t o  e l i m i n a t e  a l coho l  
e n t i r e l y  f rom t h e  d r i v i n g  environment.  For t h e  l e g a l l y  d r i n k i n g  d r i v e r  o r  
t h e  s l i g h t l y  impa i red  d r i v e r  whose sensory p e r c e p t i o n s  a re  somewhat degraded 
and whose r e a c t i o n  t i m e  slows, t h e  type  o f  des ign  changes d iscussed above 
shou ld  have a f a v o r a b l e  impact.  

Compliance Wi th  E x i s t i n g  G u i d e l i n e s  

severa l  ins tances  i n  which t h e  t r a f f i c  c o n t r o l  techniques and d e v i c  

. Board’s recommendations as  q u i c k l y  as  p o s s i b l e .  

Acc idents  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  r e v e a l e d  

’ “ F a t i g u e ,  A l c o h o l ,  o t h e r  D r u g s ,  a n d  M e d i c a l  F a c t o r s  

F a t a l - t o - t h e - D r i v e r  H e a v y  T r u c k  C r a s h e s ”  ( N T S E / S S - 9 0 / 0 1 ) .  
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clear1.y not in compliance with existing guidelines. The lack of compliance 
raises concern about the adequacy of monitoring and reviewing traffic control 
plans by State department of transportation officials and the adequacy of the 
FHWA's emphasis on recurring problems. In addition to the lack of compliance 
with flagging guidelines, as evidenced in the Effingham, Illinois accident on 
June 15, 1988, two specific problems--pavement edge dropoffs and the 
ob1 iteration of conflicting pavement markings--high1 ight this concern. 

The MUTCD addresses the issue of conflicting pavement markings. 
"Conflicting pavement markings shall be obliterated to prevent confusion to 
vehicle operators .... The intended vehicle path should be clearly defined 
during da,y, night, and twilight periods under both wet and dry pavement 
conditions." The Traffic Control Devices Handbook provides similar guidance, 
stating: "Inappropriate markings should be removed to eliminate any 
misleading cues to drivers under all conditions of light and weather." 

Despit.e this guidance, the investigation of the South Nyack, New York, 
accident, in which the 77-year-old driver suddenly veered into the closed 
left lane and crashed into the rear of a dump truck, revealed that all 
preconstruction pavement markings had not been ob1 iterated. Although the 
reason for the driver's sudden maneuver to the left lane i s  unknown (all 
occupants of the vehicle were fatally injured), it is possible that the old 
pavement markings caused the driver to become confused and the driver 
followed the old pavement markings when he veered to the left. 

The investigation of the Sterling, Pennsylvania, accident on August 14, 
1989, in which the driver of the combination unit was killed, revealed that . old pavement markings had not been obliterated. The preconstruction yellow 
edgeline was not ob1 iterated and may have confused the a1read.y fatigued 
driver about the exact location of lanes. 

The FHWA has addressed this issue in the past. In a memorandum dated 
January 7, 1988, FHWA headquarters encouraged regional administrators to 
"Monitor projects to assure that both temporary and permanent pavement 
markings and signing are properly applied and removed in work zones. 
Inappropriate traffic control devices are still being left in place. 
Division offices should review the States' policies, procedures, and 
projects. 'I 

The previously ment ,oned Roadside Design Guide developed by the AASHTO 
Task Force for Roadside Safety provides guidance on the need to protect 
uncompacted shoulders and pavement edge dropoffs. In addition, the FHWA has 
recognized this problem over the years. In December 1986, the FHWA addressed 
the issue in a memorandum to regional administrators based on observations 
during field reviews. This "information was to provide guidelines to States 
in the development of their own dropoff policy. Any dropoff is considered 
hazardous, but those greater than 2 inches, left overnight, and immediately 
adjacent to traffic have a high accident potential." Again in 1987, the FHWA 
encouraged its regional and division offices to work with States in the 
development and implementation of policies for pavement edge dropoffs. 
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Desp i te  t h i s  guidance, acc iden ts  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 con t inues  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  
combina t ion  w i t h  two t r a i l e r s  was nor thbound on two- lane,  two-way 
U.S. Highway 63 near  t h e  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 he 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 combina t 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  
aspha l t  on to  a s o f t  shou lder  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  
combina 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  shou lder ,  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  on to  i t s  r i g h t  s ide .  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  was no t  i n j u r e d .  

The c o n t r a c t o r  had been do ing  shou lder  work on b o t h  s i d e s  o f  t h e  
t rave lway  on t h e  1 . 4 - m i l e  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 lder  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 an bo th  s ides  o f  any s e c t i o n  open t o  t r a f f i c . "  The shou lder  
m a t e r i a l  was a s o f t  c l a 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 lder  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  shou lders  i n  the  acc ident  area were s o f t  and muddy. 

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  
combina t ion  w i 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  nor thbound,  was be ing  
d i r e c t e d  around t h e  acc iden t  scene. As  t h e  combina t ion  v e h i c l e  was be ing  
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  on to  t h e  muddy shou lder .  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  combina t ion  u n i t  r o l l e d  on to  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 be ing  per formed on 2.5 m i l e s  o f  
S t a t e  Highway 28, a two- lane highway, near D i s t a n t ,  Pennsylvania.  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 .  
A "Road C o n s t r u c t i o n  1/2 M i l e "  s i g n  was t h e  f i r s t  s i g n  t o  warn m o t o r i s t s  o f  
t h e  c o n s t r u c t i o n  ahead. I n  t h e  nex t  1/2 m i l e ,  t h e r e  were 10 s i g n s  pos ted  on 
t h e  shou lder  o f  t h e  southbound l a n e :  a r e g u l a t o r y  s ign ,  4 warn ing  s igns ,  and 
f i v e  c o n s t r u c t i o n  s igns .  The f i r s t  t h r e e  c o n s t r u c t i o n  s igns  marked t h e  
d i s t a n c e  t o  t h e  c o n s t r u c t i o n  zone. The nex t  s i g n  read  "Be Prepared t o  Stop,"  
and t h e  l a s t  s i g n  i n d i c a t e d  t h e  s t a r t  o f  c o n s t r u c t i o n .  The speed l i m i t  
approaching and th rough t h e  c o n s t r u c t i o n  zone was 55 mph. 

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 nor thbound 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 .  W i t h i n  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 l a n e .  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 inches  on to  an 8 - inch -w ide  ledge.  There was another  d r o p o f f  o f  
6.5 inches  a t  t h e  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 igns  were pos ted  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 h e  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 l a n e  w i d t h .  
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About 5:15 a.m., on August 3 ,  1989, a southbound truck, with its lights 
on, loaded with 2,000 pounds of liquid nitrogen, was approaching the 
construction zone. Upon entering the construction zone, the southbound truck 
wet;t. off the pavement. The right front tire rode on the 8-inch-wide ledge 
(a 6.5-inch dropoff) while the right rear tires rode outside of the ledge 
(a 13-inch dropoff). After travelling a short distance, the truck came back 
onto the pavement, crossed the southbound and northbound lanes and hit a 
drainage culvert on the east side of the roadway. The truck then rolled over 
360 degrees and came to rest in the ditch. The truckdriver sustained a 
broken leg. 

The above accidents suggests that States are not adequately monitoring 
work zone projects to determine if contractors are complying with existing 
guidelines. The problem may well be a financial one, in that adequate 
funding is not available for the review and monitoring process. However, 
more emphasis needs to be placed on these problem areas by FHWA division 
offices and State transportation officials. The FHWA reviews annually each 
State's work zone traffic safety program and conducts on-site reviews of work 
zone projects. The States, however, are ultimately responsible for their or 
their contractors' compliance with existing guidelines. The Safety Board 
believes that AASHTO, in cooperation with the FHWA, should develop a program 
to enhance compliance with existing guidelines regarding work zone safety 
features. The States may need to allocate a percentage of the funding for 
projects for monitoring and compliance purposes. 

Safety Programs 

From 1972 to 1982, 20 California Department of Transportation (Caltrans) 
workers were killed in construction work zones. As a result, in 1982, 
Caltrans initiated an educational program entitled "Give 'Em a Brake" that 
provided information on work zone safety through the use of billboard space, 
public service advertisements on radio and television, presentations to 
driving classes, bumper stickers, and posters. From 1982 to 1987, five 
Caltrans employees were killed, and according to Caltrans, California 
experienced a major reduction in the number of employee fatalities, injuries, 
and lost work days by 1989. 

All but nines States have initiated work zone safety programs similar to 
the "Give 'Em a Brake" program since 1982 whrn California ,mplemented its 
program. The programs initiated by the States vary from limited efforts, 
such as occasional news releases and pub1 ic service announcements, to full 
year-round campaigns that involve the development of videos and educational 
programs for high schools, incorporation of work zone safet.y in driver 
education programs, improved traffic control devices and advisories, and 
onsite use of police officers for enforcement purposes. The emphasis with 
most of the States' programs when first implemented was to educate motorists 
about the dangers in work zones in order to protect the workers. Some State 
programs now focus on the need for drivers to recognize the dangers work 
zones create for motorists and have incorporated engineering, enforcement, 
and educational activities into their programs. 
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A l though  v a r i o u s  agencies and assoc ia t i ons ,  i n c l u d i n g  t h e  FHWA and 
AASHTO, have encouraged t h e  development o f  work zone s a f e t y  programs, no 
agency o r  a s s o c i a t i o n  has taken  t h e  l e a d  t o  d i r e c t  a n a t i o n w i d e  work zcne 
s a f e t y  program. The v a r i a t i o n  and range o f  work zone s a f e t y  programs a t  t h e  
S t a t e  l e v e l  and t h e  expected i n c r e a s e  i n  c o n s t r u c t i o n  and maintenance work 
zone a c t i v i t y  i n  t h e  coming y e a r s  suggests t h a t  a u n i f o r m  p r o g r m  a t  t h  
n a t i o n a l  l e v e l ,  analogous t o  Opera t i on  L i f e s a v e r ,  t h e  r a i l / h i g h w a y  g r a d  
c r o s s i n g  program, i s  needed. The FHWA and AASHTO a r e  t h e  a p p r o p r i a t e  
agencies t o  t a k e  t h e  l e a d  i n  deve lop ing  a n a t i o n a l  program t h a t  should 
address eng ineer ing ,  enforcement,  and educa t ion .  To adequa te l y  address these  
t h r e e  areas o f  t h e  program, t h e  p a r t i c i p a t i o n  o f  o t h e r  o r g a n i z a t i o n s  should 
be en1 i s t e d ,  i n c l u d i n g  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 ,  
t h e  N a t i o n a l  S a f e t y  Counci l ,  t h e  American Automobi le  A s s o c i a t i o n ,  t h e  
American T r u c k i n g  Assoc ia t i ons ,  I nc . ,  t h e  I n t e r n a t i o n a l  A s s o c i a t i o n  o f  C h i e f s  
of  P o l i c e ,  t h e  American Road and T r a n s p o r t a t i o n  B u i l d e r s  A s s o c i a t i o n ,  t h e  
Assoc ia ted  B u i l d e r s  and C o n t r a c t o r s ,  I nc . ,  t h e  American T r a f f i c  S a f e t y  
S e r v i c e s  A s s o c i a t i o n ,  t h e  A m e r i c a n  A s s o c i a t i o n  o f  Motor  V e h i c l e  
A d m i n i s t r a t o r s ,  t h e  I n t e r n a t i o n a l  B r idge ,  Tunnel ,  and T u r n p i k e  A s s o c i a t i o n ,  
t h e  N a t i o n a l  A s s o c i a t i o n  o f  Governor 's Highway S a f e t y  Representat ives,  t h e  
Highway Users F e d e r a t i o n  f o r  S a f e t y  and M o b i l i t y ,  and t h e  P r o f e s s i o n a l  T ruck  
D r i v e r  I n s t i t u t e  o f  America. Funding f o r  enforcement and e d u c a t i o n  programs 
c o u l d  be p r o v i d e d  by a percentage o f  FHWA's appor t ionments t o  S t a t e s  f o r  
highway c o n s t r u c t i o n .  

Therefore,  as a r e s u l t  o f  t h i s  s a f e t y  s tudy,  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  Federal  Highway A d m i n i s t r a t i o n :  

Review, i n  c o n j u n c t i o n  w i t h  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 ,  a l l  S t a t e  acc iden t  r e p o r t  forms, s e l e c t  t h e  d a t a  
elements t h a t  comprehensively document work zone acc iden ts ,  and 
encourage t h e  S t a t e s  t o  i n c o r p o r a t e  these  d a t a  elements i n t o  t h e i r  
acc iden t  r e p o r t  forms. ( L l a s s  11, P r i o r i t y  A c t i o n )  (H-92-34) 

Develop a program t o  c o l l e c t  exposure d a t a  f o r  c o n s t r u c t i o n  work 
zones on t h e  i n t e r s t a t e  system. (Class 11, P r i o r i t y  A c t i o n )  

Conduct research,  i n  c o n j u n c t i o n  w i t h  i n d u s t r y ,  t o  de te rm ine  t h e  
e f f e c t i v e n e s s  o f  t r u c k  mounted a t t e n u a t o r s  when s t r u c k  a t  v a r i o u s  
angles and o f f s e t s  and a t  speeds i n  excess o f  45 mph, and ana lyze  
t h e  s a f e t y  b e n e f i t s  and shortcomings o f  u s i n g  t ruck-mounted 
a t t e n u a t o r s  i n  such h igh-speed environments.  (C lass  11, P r i o r i t y  
Act  i o n )  (H-92-36) 

E l i m i n a t e  i n  f i g u r e  TA-35, "Mobi le  Opera t i on  on M u l t i l a n e  Road," i n  
t h e  proposed r e v i s i o n s  t o  t h e  Manual on U n i f o r m  T r a f f i c  C o n t r o l  
Devices,  t h e  d e p i c t i o n  o f  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  p o s i t i o n e d  a s t r a d d l e  pavement e d g e l i n e s .  (Class 11, 
P r i o r i t y  A c t i o n )  (H-92-37) 

(H-92-35) 
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Encourage, i n  c o o p e r a t i o n  w i t h  t h e  American A s s o c i a t i o n  o f  S t a t e  
Highway and T r a n s p o r t a t i o n  O f f i c i a l s ,  S t a t e  highway departments t o  
( 1 )  i n c o r p o r a t e  headrests  and lap /shou lde r  r e s t r a i n t 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  g i v e n  t h a t  t h e  
v e h i c l e s  may a t  t imes  be equipped w i t h  t ruck-mounted a t t e n u a t o r s  
and (2) r e t r o f i t  e x i s t i n g  v e h i c l e s  used f o r  t h a t  purpose. 
(Class 11, P r i o r i t , y  A c t i o n )  (H-92-38) 

Revise t h e  Manual on Un i fo rm T r a f f i c  C o n t r o l  Devices t o  r e q u i r e  
p o s i t i v e  s e p a r a t i o n  o f  opposing t r a f f i c  when two- lane,  two-way 
o p e r a t i o n s  on one roadwa,y o f  a n o r m a l l y  d i v i d e d  highway a r e  
implemented on t h e  i n t e r s t a t e  system and i n c o r p o r a t e  t h i s  
i n f o r m a t i o n  i n t o  t h e  T r a f f i c  Con t ro l  Devices Handbook. (Class 11, 
P r i o r i t y  A c t i o n )  (H-92-39) 

Revise t h e  Manual on Un i fo rm T r a f f i c  C o n t r o l  Devices t o  p r o v i d e  
guidance on t h e  placement o f  f l a g g e r s  a t  work zone s i t e s  based on 
f a c t o r s  such as posted speed l i m i t s ,  a c t u a l  v e h i c l e  speeds, 
commercial v e h i c l e  d e c e l e r a t i o n  r a t e s ,  r o a d  c o n d i t i o n s ,  and 
t0pograph.y. (Class 11, P r i o r i t y  A c t i o n )  (H-92-40) 

Conduct research  t o  i d e n t i f y  des ign  changes i n  work zones t h a t  w i l l  
a i d  d r i v e r s  w i t h  degraded sensory p e r c e p t i o n s  r e s u l t i n g  f rom aging, 
i n a t t e n t i v e n e s s ,  o r  impairment.  Use t h e  r e s u l t s  o f  t h i s  research  
t o  des ign  b e t t e r  and more meaningful  work zone t r a f f i c  a d v i s o r i e s  
and s a f e t y  f e a t u r e s .  (Class 11, P r i o r i t y  A c t i o n )  (H-92-41) 

Develop, i n  c o o p e r a t i o n  w i t h  t h e  American A s s o c i a t i o n  o f  S t a t e  
Highwa,y T r a n s p o r t a t i o n  O f f i c i a l s ,  a program t o  enhance compl iance 
w i t h  e x i s t i n g  g u i d e l i n e s  r e g a r d i n g  work zone s a f e t y  f e a t u r e s .  
(Class 11, P r i o r i t y  A c t i o n )  (H-92-42) 

Develop, i n  coopera t i on  w i t h  t h e  American A s s o c i a t i o n  o f  S t a t e  
Highway and T r a n s p o r t a t i o n  O f f i c i a l s ,  a n a t i o n a l  work zone safet.y 
program tha t .  i n t e g r a t e s  s u b s t a n t i v e  enforcement and pub1 i c  
i n f o r m a t i o n  and educa t ion  e f f o r t s .  E n l i s t  t h e  suppor t  o f  t hose  
o r g a n i z a t i o n s  and a s s o c i a t i o n s  t h a t  can p r o v i d e  e x p e r t i s e  i n  t,he 
areas o f  eng inee r ing ,  enforcement, and educa t ion .  (Class 111, 
Longer Term A c t i o n )  (H-92-43) 

Refer,  i n  t h e  Manual on Un i fo rm T r a f f i c  C o n t r o l  Devices and t h e  
T r a f f i c  C o n t r o l  Devices Handbook, t o  t h e  guidance on t h e  a p p l i c a b l e  
uses o f  t ruck-mounted a t t e n u a t o r s  t.o be i n c o r p o r a t e d  i n  t h e  
Roadside Design Guide. (Class 11, P r i o r i t y  A c t i o n )  (H-92-44) 

Determine i f  a combinat ion o f  e f f o r t s ,  such as speed r e d u c t i o n s  
coupled wit ,h o n s i t e  enforcement and p o s i t i v e  b a r r i e r s ,  may be 
needed a t  work zones when commercial v e h i c l e s  a r e  a r e l a t i v e 1 , y  
l a r g e  percentage o f  t h e  average d a i l y  t r a f f i c .  (C lass  11, P r i o r i t y  
A c t i o n )  (H-92-45) 
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A l s o ,  as a r e s u l t  o f  t h i s  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 y  i 
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  
American A s s o c i a t i o n  o f  S t a t e  Highway and T r a n s p o r t a t i o n  O f f i c i a l s .  

A c t i n g  Chairman COUGHLIN, and Members LAUBER, HART, HAMMERSCHMIDT, and 
KOLSTAD c o n c u r r e d  i n  t h e s e  recommendat i o n s .  

&--- 
A c t i n g  Chairman 


