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EXECUTIVE SUMMARY

About 1:50 am. on Monday, January 9, 1995, a multiple-vehicle rear-end collision
occurred during localized fog at milepost 118 on Interstate 40 near Menifee, Arkansas, The
collision sequence initiated when an uninvolved vehicle and the accident lend vehicle entered dense
fog. As the lead vehicle reportedly slowed from 65 miles per hour (mph) to between 35 and 40
mph, it was struck in the rear. Subsequent collisions occurred as vehicles drove into the wreckage
area at speeds varying from 15 to 69 mph. The accident eventually involved eight loaded truck
tractor semitrailer combinations and one light-duty delivery van. Eight vehicles were occupied by a
driver only, and one vehicle had a driver and a codriver. Three truckdrivers, the codriver, and the
van driver were killed. One truckdriver received a minor injury, and four truckdrivers were not
injured.

The National Transportation Safety Board determines that the probable cause of the
accident was that many of the drivers entered the area of dense fog at speeds that precluded
successful evasive action to avoid the preceding or the stopped vehicles.

The major safety issues discussed in this report are collision warning technology use during
low visibility driving conditions, the emergency channel 9 override featwe for citizens band radios,
and the nonuniformity in State laws governing four-way emergency hazard flasher operation.

As a result of this accident investigation and the related special investigation of collision
waming technology, the Safety Board makes recommendations to the Secretary of Transportation;
the National Highway Traffic Safety Administration; the Federal Communications Commission;
the 50 States, the District of Columbia, the Commonwealth of Puerto Rico, the Virgin Islands, and
the Territories; the Telecommunications Industry Associaticn; the Intellipent Transportation
Society of America; and the American As:.>ciation of Motor Vehicle Administrators.




INTRODUCTION

This report presents the results of the National Transportation Safety Board investigation of
a multiple-vehicle collision, involving eight truck tractor/semitrailers and one light-duty cargo van,
in Menifee, Arkansas. Sections of the report provide information on the sequence of collision
events, the drivers, the vehicles, and the motor carriers. The drivers' experience, training, and
precollision hours of service, as well as highway information, meteorological conditions, and
emergency response, are detailed. Medical, pathological, and toxicological information is also
included, where appropriate,

Additionally, this report describes various collision-waming technologies that may prevent
or mitigate the consequences of some rear-end collisions occurring in low-visibility conditions. The
report also discusses the potential benefits of these technologies in accidents that involve low
awareness, including distracted, fatigued, or impaired drivers. A history of Safety Board
investigations, public hearings, and conierences in the report illustrates both the recurring roture of
these accidents and the Safety Board's continuing recommendations for the prevention of similar
accidents.

Finally, the report analyzes the circumstances common to many rear-end collisions with the
application of electronic collision warning technologies. The collision in Menifee, as well as past
Safety Board-investigated collisions, are examined to determine whether the circumstances may
have been mitigated by the application of technological solutions.

INVESTIGATION

Accldent

At 1:50 a.m. on Monday, January 9, 1995, a multiple-vehicle rear-end collision with fire
occurred during localized fog at westbound milepost (MP) 118 on Interstate 40 (I-40) near Menifee.
The accident, about 8 miles northwest of Conway, Arkansas, involved eight loaded truck tractor
semitrailer combinations and one local telephone commpany van. Eight vehicles were occupied by a
driver only, and one vehicle had a driver and a codriver. Three truckdrivers, the codriver, and the
van driver were Killed. One truckdriver received a minor injury, and four truckdrivers were not
injured.

The lead combination was struck twice, sustaining extensive damage to the rear of its
trailer. The second and third combinations both struck the rear of the first combination, and the
fourth combination struck the rear of the third combination. The fifth combination braked to a stop
and was struck from behind by the sixth combination. The van cither struck the rear of the sixth
combination or was pushed into it when the seventh combination collided with the rear of the van.
The eighth combination struck the side of the seventh combination, the rear of the van, and the
sixth combination, and a firc ensued.




The rear of the fifth ccmbination: unit had heavy impact and fire damage. Tlie sixth,
seventh, and eighth combinations and the van were destroyed by impact and fire. (See figure 1.)

The drivers of the first five combinations reported they were wearing seatbelts. Restraint
use could not t¢ determined for the fatally injured occupants of vehicles six, seven, eight, and nine
because evidence of restraint use was destroyed in the collisions and ensuing fire.

Figure 1. .- Remains of vehicles after impact and fire.
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A listing of the vehicles in collision order foliows:

Tractor

Vehicle Year Manutacturer Operator Cargo

1* 1995 Peterbilt West and Weaver Trucking  Cattle

2* 1992 Freightliner Brady Higgins Trucking Cattle

3* 1995 Kenworth Hanna Manufacturing Rail Ties

4+ 1992 Freightliner Hanna Manufacturing Rail Ties

5¢ 1995 Kenworth Mann Trucking Scrap Metal

6* 1995 International Builders' Transport Paint/Hardware

7 1992 Chevrolet Van Southwestem Bell Supplies

8 1995 International Advocate Services, Inc. Water Heaters

9¢ 1992 Freightliner Wemer Enterprises Newsprint
Paper Rolls

*Equipped with citizeas band (CB) radios.

Collision Sequence

The collision sequence was initiated when an uninvo!ved cattle transporter and vehicle 1,
traveling westbound, together slowed as the two vehicles entered an area of dense fog. Their drivers
had been talking on the CB and had been wamed ovei the radio about a dense patch of fog by
truckdrivers traveling east on 1-40. The driver of vehicle | reported that he had slowed from 65
miles per hour (mph) to between 35 and 40 mph. He stated that his vehicle was struck in the rear,
damaging the axles and causing the loss of braking. He kept the vehicle straight in the right lane
and continued 1o slow when his vehicle was struck again. He said that he “stayed in his truck for a
couple of minutes and then the explosion behind him occurred after he exited his truck.” (See figure
2)




Accldent Scene Diagram
Menilee. Arkansas
H 40 Wes1oound. WP 118
Jinudry 9. 1955 at 130 am

A o Fy ENONE

8+ #9 STEER AQLE
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Figure 2. - Postaccident scene diagram showing position of vehiclas.

The driver of vehicle 2 repcrted that he slowed from 65 to 60 mph when he heard the CB
reports about a patch of fog ahead at the bottom of a hill. He began to slow further when he saw the
fog and entered the dense fog traveling about 55 mph. Then, he braked harder, siowing to between
40 and 45 mph. He indicated the forward visibility was only S feet, but he knew traffic was

approaching from behind and was afraid to slow more. Next, ae heard someone he thought was the
driver of the catile transporter, whic" was ahead of vehicle 1, stating en the CB, “I can't see a thing
in here.” At that time, he came upon vehicle 1 and collided into its left rear. He stated that the
vehicle ahead of him was traveling very slowly. Vehicle 2 veered to the left, coming to rest in the
center median, after it struck vehicle L.

After the collision, the driver of vehicle 2 said he jumped from his vehicle and ran toward
the vehicle that he had struck to check on its diiver. However, he then remembered his truck was
still running and retumed to shut down its engine. By the time he reached vehicle 1, it had already
been struck in the rear by vehicle 3. Then several events occurred nearly simultaneously. The driver
of vehicle 2 stood on the steps of vehicle 1 to check on its driver's injuries. At the same time, the
driver of vehicle 3 came running up to also check on that driver's injuries, and then vehicle 4 struck
the rear of vehicle 3. The driver of vehicle 2 said that he was knocked to the ground by the impact
and that be thought vehicle 4 had actually stopped before striking anything, but it was pushed into
vehicle 3 by vehicle 5. He added that he was unsure about the time intervals between impacts, but
he thought that he was in the fog less than 30 seconds before he struck vehicle 1 and that 30
seconds elapsed between when he was knocked from vehicle 1 and when the fire and explosion
behind him occurred.




The driver of vehicle 3 stated that he crested a hill atid saw a tractor semitrailer disappearing
into heavy fog at the bottom of the hill. As the vehicle ahead of him disappeared into the fog, he
saw its brake lights come on, so he reduced his speed to approximately 30 mph. He continued to
slow. swerved to the lefi, and braked when he saw the vehicle ehead of him stopped in the road. He
said that the left rear tundem ax'es of that vehicle had been knocked askew and were partly off the
semitrailer into the lefi lane. After the impact, he ran back to vehicle 4 behind him to check on his
coworker, who had gotten out his truck. They were looking at the damage on the grill of the
coworker’s truck when vehicle 5 struck or was pushed into the rear of that truck.

The driver of vehicle 4 stated that he and the driver of vehicle 3 had been talking on CB
radio channel 21 before coming to the fog patch at the bottom of the hill. He was three to four truck
lengths behind the unit that was ahead of him, but he lost sight of its preceding taillights as soon as
they penetrated the fog. He stated that his coworker came on the radio and said, *Man it's foggy in
here.” The driver of vehicle 4 then slowed to about 25 mph and continued to slow. Moments later
he saw that his coworker’s truck was stopped, and he struck the rear of it. He estimated that he was
traveling 10 to 15 mph ‘when he collided into the rear of vehicle 3. After the impact, he tuned on
his flashers and climbed out of his truck, where he met his coworker fiom vehicle 3. They looked at
the damage to his grill, ard moments later his truck was struck in the rear by vehicle 5. He was
unsure whether vehicle 5 had slid into his truck or was pushed into it by the truck that had struck
the rear of vehicle 5.

The driver of vehicle 5 stated that he slowed from 68 to 57 mph when he heard the CB
radio reports of fog on the west side of Conway. When he heard mote reports of heavy fog and saw
the heavy fog at the bottom of the hill, he slowed to 45 mpb. He then slowed to between 15 and 20
mph when he had trouble seeing. He stated that when he saw the stopped combination with its
flashers on ahead in his lane, he braked and was able to stop approximately 5 feet from the rear of
it. Next, he activated his flashers and used his CB radio to wam the driveis approaching from his
rear that vchicles were stopped in the inside lane. Also, he remembered the drivers of two trucks
that he had been behind since El Dorado, Arkansas, had been talking on channel 21. He attempted
to call them but received no answer. Then, the rear of his vehicle was struck very hard, and after the
impact, he unbuckled his seatbelt and climbed down. By the time he reached the pavement, another
combination had struck the wreckage of his truck and vehicle 6. Additional collisions and fire, in
which the drivers of vehicles 6, 7, 8, and 9 were killed, followed shortly thereafter.

An eyewitness truckJiiver reported that he was traveling about 65 mph in the right lane
between 75 and 100 yards behind vehicle 9. He indicated that he first observed the fog in the head
flights of the vehicle ahead and that then, he observed its taillights disappear. At that time, he pulled
into the left lane and began slowine, his vehicle. He stated that he then saw a fireball, applied his
brakes, and skidded into the median. When asked about the speed of vehicle 9, he stated that his
truck was slightly gaining on vehicle 9 and that he estimated vehicle 9 was traveling about 60 mph
when it entered the fog.




Injuries**

Fatal 1
Minoi 0
None 0

Total 9 1 10

**Based on the injury criteria’ of the Internationa! Civil Aviation Organization, which the Safety
Board uses in accident reports for all transportation modes.

Drivars

Driver 1 - The 52-year-old driver of vehicle 1 had been a truckdriver for 30 years. He had
worked for his current employer, West and Weaver Trucking, for the 15 years preceding the
accident. During this period, he hauled boih milk in a tank truck and cattle. He was very familiar
with the accident route and stated that he had never before seen heavy fog in the accident area.

Driver 1 had a current Tennessee-issued Commercial Driver's License (CDL). His driving
record showed a speading conviction in 1993 and in 1990 as well as a fatal accident in 1989 that
resulted after another vehicle crossed the center line and struck his truck.

He was off duty on the Friday and Saturday preceding the accident. On Saturday, he went to
bed between 9 and 10 p.m. and awoke about 6 a.m. on Sunday. He washed his truck and loaded
cattle between noon and 4 p.m., conducted a pretrip truck inspection at 4 p.m., and left Woodhury,
Tennessee, at 4:13 p.m. By the time the accident occurred, driver 1 had been awake for 19 hours SO
minutes and on duty for 9 hours 50 minutes. He had in his most recent sleep period about 9 hours of
sleep and 4 hours 10 minutes of sleep in the last 24 hours.

The driver had a current medical certificate and indi.ated that he wes in good health on the
day of the accident. He reported that he was not taking any medications and that he does not drink
alcohol.

Title 49 Code of Federal Regulations (CFR) 830.2 defines fatal injury as "Any injury which results in

death within 30 days of the accident” and serious injury as an injury that ® (1) Requires hospitalization for more than
48 hours, commencing within 7 days from the date the injury was received; (2) results in a fracture of any bone
(except simple fractures of ringers, toes, or nose); (3) causes severe hemorrhages, nerve, muscle, or tendon damage;
(4) involves any intemal organ; or (5) involves second or third degree bums, or any bum affecting more than 5
percent of the body surface.”
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Driver 2 - The 46-yeai-cld driver of vehicle 2 had been a self-employed small dairy farmer
for 20 years. During that time, he often worked part-time hauling various agricultural commodities
and drove different sizes and types of trucks. His heavy truck combination experience began in
1969, and he bad been driving a tractor trailer part-time for Higgins Trucking of Wocdbury,
Tennessee, since June 1994, He reporied that he was very familiar with his travel route on the night
of the accident, that he had never before c¢xperienced fog in the accident area, and that he had not
ever experienced fog as thic': anywhere.

He possessed a current Ternessee-issued CDL. His driving record revealed one property
damage accident in April 1990.

Driver 2 usually made one delivery per week for Higgins Trucking. It most often began on
Sunday and ended on Wednesday; however, due to the holiday season, Higgins Trucking was
essentially closed between December 22, 1994, and January 5, 1995, and driver 2 did not work
during that time.

On Friday, January 6, driver 2 worked for the trucking company from 5 p.m. to 6 a.m.
delivering a load of cattle. He went to bed on Saturday between 10 and 10:30 p.m. after being off
duty on Saturday. On Sunday, he awoke at 9:30 am., took a nap from noon to 3 p.m,, reported to

work at 4:30 p.m., loaded cattle, and left Woodbury at 5 p.m. en route to Medford, Oklahoma. At
the time of the accident, driver 2 had been awake 10 hours $0 minutes and on duty 9 hours 20
minutes. He had 11.5 hours of night stecp and a 3-hour afternoon nap before the accident and 10
hours 40 minutes sleep in the last 24 hours.

Driver 2 had a current medical certificate, was in good health on the day of the accident, and
had not taken any medications, He had not consumed an alcoholic beverage in more than a year.

Driver 3 - The 26-year-old driver of vehicle 3 had been driving heavy truck combinations
for 3.5 years and had worked for his current employer, Hanna Manufacturing, since October 1994.
He had also attended a truck driver training class.

Driver 3 had a current Louisiana-issued CDL. His driving record showed no accidents or
violations.

He was off duty on the Friday and Saturday preceding the accident and reported to work at
6 p.m. on Sunday, January 8. He had a load of lumber to be delivered to Russellville, Arkansas,
approximately 30 miles beyond the accident site. He stopped once during the trip about 9 p.ni. fora
30-minute break. At the time of the accident, he had been on duty for 7 hours 50 minutes. (After
providing preliminary information, driver 3 declined to be of further assistance; therefore,
additional information about his background and recent activities was unavailable.)




Driver 3 had a current medical certificate, was in good health, and teok no medications on
the day of the accident.

Driver 4 - The 37-year-old driver of vehicle 4 had been driving heavy truck combinations
for 10 years and had hau’ed lumber products for the last 4.5 years. His current employer was Hanna
Manufacturing. He was very familiar with the route and said that ke hac experienced fog along it
previously. However, he could not recall having experienced fog at the accident site,

Driver 4 had a current Louisiana-issued CDL. His driving record revealed a single property
damage accident in April 1993.

His schedule was variable, but he usually worked at night during the week with Saturday
off. The week before the accident, he was off duty on Friday and Saturday. He went to bed
Saturday about 9 p.m. and awoke between 9:30 and 10 a.m. on Sunday. Lawr he took a nap
between 2 and 2.5 hcurs long until about 5 p.m. and went to work as usual at 6 p.m. He had been
awake about 8 hours 50 minutes and on duty 7 hours 50 minutes at the time of the accident. He had
12.5 hours of sleep on the night before the accident and an aternoon nap on Sunday. He had 10
hours 40 minutes of sleep in the last 24 hours.

Driver 4 had a current medical certificate. He tock a prescription medication for an ulcer
and reported that he was not ill on the day of the accident. He had not had an alcohoiic beverage
during the week preceding the accident.

Driver 5 - The 38-year-old driver of vehicle 5 had been a truckdriver for 16 years. He had
been working for his current employer, Mann Trucking Company, since August 1993, He was
familiar with the accident route as during the last 18 months he had traveled it two or three times a
month. He said he had encountered fog on this route previously but not at the accident site.

Driver $ had a current Mississippi-issued CDL. His driving record revealed two accidents in
1993 while driving an automobile and a speeding ticket in 1992 while driving a truck.

He typically worked irregular hours Monday through Friday and had the weekends off. He
finished his work week at 2 p.m. on Friday and was off duty on Saturday. He rctired between 1:30
am. and 2 am. on Sunday and awoke in time to attend a church service at 11 a.m. He then
remained at home and reported for work at 10 p.m. At the time of the accident, driver 5 had been
awake about 14 hours 5¢ minutes and on duty for 3 hours 50 minutes. His most recent sleen period
totaled about 8.5 hours, and he had 8 hours 10 minutes sleep in the last 24 hours.

Driver 5 possessed a medical certificate that expired on April 7, 1994. He reported that he
was in good health on the day of the accident and not taking any medication and that he last
consumed alcohol on Saturday evening.




Driver 6 -- The 48-year-old driver of vehicle 6 had been a truckdriver about 17 years and
worked the last 5 years for Builders Transport. Driver 6 received 3 days of training when he began
vsorking for the company in 1989. Builders Transport approved him in August 1994 as a driver
trainer, and he completed a 2-day instructional ciass for trainers in Oztober 1994. He also received
topic training at quarterly safety meetings. During the fll 1993 w:eeting, ke was instructed about
winter driving that included the fog instruction to reduce speed suft.ciently to bring the vehicle to a
controlled stop in the distance visible. He had transported assorted commoditics to stores across the
country and had no regular route.

Driver 6 held an Arkansas-issued CDL, and his driving record showed one speeding
conviction in 1988 and thr "987.

His work week began on Sunday night and ended on Friday night or Saturday morning. He
was usually away from home for the entire weck. On Friday, January 6, he called his wife to tell her
that he was tired and would finish his trip on the next day. He arrived home about -ioon on
Saturday, remained at home, and ratired at 9:30 p.m. On Sunday, e woke at 7:30 a.m., attended
church services, remained home during the day, napping betwee:a 2 and 3:30 p.m., and departed for
work at 6:30 p.m. He drove 2 hours, approximately 100 miles, {rom his home to the terminal where
he picked up his truck. At the time of the accident, driver 6 he:l been awake 10 hours 20 minutes.
His on-duty time is unknown because his log book was destroyed in the accident. He had 10 hours
sleep the night before the accident and a 1.5 hour nap on Sunday afternoon. He had 9 hours 10
minutes sleep in the last 24 hours.

Driver 6 had a medical certificate. He had a thyroid condition that was treated with daily
medication. His wife reported that he did not drink alcoholic beverages and that he was feeling well
over the weekend.

Driver 7 - The 34-year-old driver of vehicle 7 had been an employee of Southwestern Bell
for 14 years, transporting company mail and equipment for the last 5 years. Driver 7 had completed
a defensive driving class given by his employer and had 5 years experience driving the type of van
he was operating when the accident occurred. He was familiar with the accident route because he
had often made deliveries between Little Rock and Fort Smith, Arkansas.

Driver 7 possessed an Arkansas-issued driver's license. His driving record revealed an
accident in 1994 and one speeding ticket in 1993.

He worked 5 days a week, making deliveries 3 days and working 2 days in a North Little
Rock, Arkansas, warehouse. His regular schiedule was the night shift from inidnight to 8:30 a.m,,
and he had worked that shift for the preceding 18 months. His work week began midnight Sunday
and ended Friday moming. He normally departed for work at 11 p.m., arrived home by 9:30 a.m,,
and then slept until 4 or 4:30 p.m. His schedule for the week before the accident followed that basic
pattern; although, he had an extra day off on Friday. He was off duty on Saturday, retiring at 9 p.m,,
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and awoke on Sunday between 8 and 8:30 a.m. He reported for work just before midnight and last
talked to his supervisor at 12:25 a.m. on Monday. He made three deliveries before the accident. He
had been awake between 17 hours 20 minutes and 17 hours 50 minutes and on duty for 1 hour 50
minuics at the time of the accident. His most recent sleep period totaled 11.5 hours, and he had 6
hours 40 minutes sleep in the last 24 hours.

Driver 7 suffered from hypertension that was treated with prescription medication. His wife
reported he was not ill on Suriday when he went to work.

Driver 8 -- The 54-year-old driver of vehicle 8 had been operating heavy trucks for 28 years.
He had worked for his current employer, Advocate Services, for 6 months as part of a two-man
driving team (sleeper berth operation) with his 39-year-old nephew. The team was familiar with the
accident route because their regular schedule routing took them over it several times each week.
Whiether driver 8 had experienced fog along the route before the accident is not known, but his wife
stated that he was very experienced driving in fog. They had lived and driven trucks together for 20
years near Fresno, California, where they encountered tule fog, a dense fog common to that
Califomia area. The wife said that her husband would normally slow to between 30 and 40 mph
when he entered dense fog.

Driver 8 had a current Arkansas-issued CDL. His driving record showed one conviction for
speeding in 1994 and another one in 1992. His wife reported that he had been involved in one car
accident in 1969 but had never been involved in an accident with a truck.

The two-man driving team made three trips each week and alternated 5 hours driving with §
hours in the sleeper berth. Their work week began at 10 p.m. Saturday when they left Fort Smith
and drove to Charleston, IHlinois. The return trip usually had them arrive in Fort Smith on Sunday
between 7 and 9 p.m. Their second trip of the week began at 3 a.m. on Monday, and they travelled
from Fort Smith to Charleston to Longview, Texas. They usually retumed to Fort Smith about 10
a.m. on Tuesday. The third trip, repeating the route of the second, began at 3 am. on Wednesday
and ended by 10 am. cn Thursday. The driving team was then off duty from 10 a.m. on Thursday
until 10 p.m. on Saturday.

On the trip that began at 10 p.m. on Saturday, January 7, the ccdriver drove first. The tnick
broke down about midnight near Russellville, Arkansas, and after notifying the company, the
driving team slept in the truck until a replacement tractor arrived between 5 and 6 am. The
breakdown set the trip 5 to 6 hours behind schedule; additional delay was caused by snow and ice
in fllinois. As aresult of the delays, little or no break came between the end of their first trip and the
beginning of their second. The driver contacted his wife on Sunday and told her that he would not
have time to come home between trips and that he planned to shower and change clothes at the
company temminal in Fort Smith. He asked her to bring additional clothing to the terminal at 3 am.

Technically known as radiation fog, it is the fog that is produced over a land area whea radiation cooling
reduces the air temperature to or below its dew point.
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Vehicle 1 ~ Vehicle 1 was & 1995 Peterbilt tractor in combination with a 50-foot, split level
Barrett livestock semitrailct inat was loaded with cattle. The combination weighed approximately
78,000 pounds. The undaraged tractor was released to its driver at the scene before Satety Board
investigators arrived, and drivers 1 and 2 retumed to Tennessee in it. Therefore, no pre- or
posteollision vehicle information is available on the tractor. Thirty-four inches of contact damage
began on the left rear and extended toward the center of the semitraiier. The rear axles were
displaced sideways to the left, and 17 feet of metal siding was displaced on the lefi side. (See
photograph 1 in appendix B.) A visual examination of the semitrailer brakes showed that no parts
were broken, missing, or excessively wom. No grease contamination was present, the drums were
free from irrcgularities, and the hrake linings met minimum requived thickness standards. The
traifer was equipped with automatic slack adjusters.

Vehicla 2 - Vehicle 2 was a 1992 Freightliner tractor in combination with a 1987 Barrett, 48-
foot split level livestock semitrailer that was loaded with cattle. The combination weighed 78,100
pounds. Thirty-one inches of contact damage was on the tractor front bumper, grill, and fenders,
extending from the right side toward the center. The front structure was shifled 11 inches to the
right, and the right side wheelbase was reduced 18 inches. The front structure of the semitrailer had
substantial damage. (See photographs 2 and 3 in appendix B.)

A functional inspection of the brakes on the tractor of vehicle 2 showed that all were
adjusted properly. No defects were noted on the tires, suspension, or stecring components.
Additionally, defects were not noted on the semitrailer, but the pushrod stroke could not be

measured becanse the tow truck operator had backed off the brakes when removing the vehicle
froin the scene.

Yehlule 3 ~ Vehicle 3 was a 1995 Kenworth truck tractor in combination with a 1990
Fruehauf, 48-foot flatbed semitrailer that was loaded with railroad ties. The estimated weight of the
combination was 79,000 pounds. The right front of the tractor had 34 inches of contact damage,
beginning at the right edge and extending in toward the czater. The right front wheel was tumed
outward 75 degrees; the right front airbrake hose was scparated from its frame connection. The
forward headwall of the right side fuel tank was puncturr.d, allowing fuel to leak out. The rear of the
semitrailer had 48 inches of moderate contact damage that extended from the lef side toward the
center. The cargo of wood ties moved forward 90 inches at impact, and the shifting cargo pushed
down and fractured the front headerboard.! The rear of the sleeper cab was pushed inward
approximately 24 inches. (See photographs 4, S, and 6 in appendix B.)

A functional brake test was performed on the tractor and semitraii=r. Pushrod stroke
measurements showed that all brakes, except the right forward axle semitraiwcr brake, met the
required minimum adjustment standards. That brake had a 2-inch pushrod stroke adjustment and
was not considered defective, but a readjustment would be required.

‘A protection device, installed behind the tractor cab or mounted on the front of a trailer, to prevent
forward-shifting cargo from crushing or penetrating the driver’s compartment.
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Vehicle 4 - Vehicle 4 was a 1992 Freightliner tractor in combination with a 1994 Utility, 48-
foot flatbed semitrailer loaaed with wood railroad ties. The estimated weight of the combination
was 80,000 pounds. The front of the tractor had radiator damage, and the semitrailer had 38 inches
of contact damage or- the left rear, extending from the left edge toward the center. Also, the
headerooard on the frunt of the semitrailer was fractured similarly to the vehicle 3 semitrailer whe..
its load shifted forward at impact. (Sce photographs 7 and 8 in appendix B.)

Vehicle § -- Vehicle 5 was a 1995 Kenworth truck tractor in combination with a 1984 Utility,
45-foot semitruiler loaded with scrap metal. The combination weighed 78,460 pounds. The tractor
sustained substantial damage on its front, and the semitrailer had extensive rear impact and fire
damage. The steel bed was pushed iiuward 11 inches, and the axles were destroyed by the posterash
fire. (See photographs 9 and 10 in appendix B.)

An examination of the tires, suspension, and steering indicated no precrash defects. A
functional test of the brakes showed that all tractor brakes were properly adjusted. Impact and fire
damage prevented & comprehensive inspection of the teailer.

Vehicle 6 - Vehicle 6 was a 1995 Intemational truck tractor in combination with a 1985
Fruehauf, 48 foot van scmitrailer loaded with general hardware, paint, and other combustibles. The
impact and postcrash fire destroyed the combination, and no mechanical examination was possible.
(See photograph 11 in appendix B.)

Vehicle 7 ~ Vehicle 7 was 4 1992 Chevrolet utility (cube) van. The impact forces and the
postcrash fire destroyed the van. In addition, the cleanup crew crushed and compacted the wreckage
during the removal process from the highway. (See photograph 12 in appendix B.) No mechanical
inspections were performed on the limited wreckage.

Vehiclo 8 -- Vehicle 8 was a 1995 International tractor in combination with a 1992 Strick, 53-
foot van semitrailer loaded with hot water heaters. The impact force and fire destroyed most of the
combination. The tractor frame, engine and driveline, and a 25-foot section of the rear of the
semitrailer were all that remained of the combination unit. The rear of the semitrailer was
undamaged. (See photographs 10 and 13 in appendix B.) The estimated weight of the semitrailer
cargo was 39,043 pounds. No mechanical inspections were performed on the remains of the tracter.
The right side of the tractor had a deep bow in the frame that is characteristic of a severe impact.
The brakes of the semitrailer were undamaged, but the tow truck operator changed the evidence of
adjustment by backing off the brakes to facilitate vehicle removal.

Veh'sle 9 -- Vehicle 9 was a 1992 Freightliner tractor in combination with a 1994 Wabash,
53-foot van semitrailer loaded with rolled paper for newsprint. Impact forces and the posterash fire
destroyed the combination (see photo 13 in appendix B), and no mechanical inspections were
performed on the limited wreckage.
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on Monday. At 12:15 a.m., he called her again and said that snow and ice would cause him to arrive
at th: terminal arour.d 4 a.m. During the telephone conversation, she learned that her husband was
driving the final portion of the trip. /.s it was his t.m fo drive, he resumed driving at their usual
switch point, which was the Missouri-Arkansas State line. Because of L..s schedule, the most recent
sleep period of driver 8 is estimated to be 5 hours.

The log book covering the on-duty time period of driver 8 was destroyed in the accident
fire. Information on thie events of the last trip was obtained from his wife.

Driver 8 had a current medical centificate. His wife said that he was in good health and that
he: did not report any illness during his Sunday or Morday telephone calls.

Driver 9 - The 31-year-old driver of vehicle 9 had worked as a mechanic in a family garage
and as a farm hand since high school until he was age 30. He attended a truckdriver training school
in October and November 1993, after which in January 1994, he went to work for a large trucking
company headquartered in Salt L.ake City, Utah. He received another 3 days of training with that
company and was employed there until July 1994 when he was employed by Wemer Enterprises,
Inc. He received another 2.5 days of training at Wemner that included some instruction for driving in
fop. He was taught to slow his vehicle to compensate for the reduced visibility. Driver 9 did not
have a regular route, and his familiarity with the accident route is not known.

He had a Texas-issued CDL with a hazardous materials endorsement. His Texas driving
record indicated no accidents or traffic convictions.

Driver 9 traveled throughout the country and stayed wherever the deliveries took him. He
maintained an address at his parents' Texas home and normally visited it for 3 days every 30 days.
He was last home between December 23 and 25, 1994, and spoke to his parents by ‘elephone on
December 31.

On Thursday, January 5, driver 9 was in Florida and rec.orded sleeper-berth time from 6:30
p.m. until Friday, January 6, at 2:45 am. (8.25 hours). He then made several deliveries on Friday in
Florida. He reported additional steeper-berth time between them from 7:15 a.m. to 12:45 p.m. (5.5
hours), from 3:30 to 6 p.m. (2.5 hours), and from 8:45 p.m. to 9:15 am. on Saturday, January 7,
(12.5 hours). Later on Saturday, he drove to Alabama and recorded slceper-berth time from 6 p.m.
until 7:30 a.m. on Sunday, Jam:aiy 8, (13.5 hours). After driving to Mississippi, he returned to his
sleeper berth at 1:30 until 10 p.m. (8.5 hours). Whether the sleeper-berth time of driver 9 directly
corresponds to his amount of sleep cannot be determined. However, based on his sleeper-berth
time, driver 9 had been awake and on duty for 3 hours 50 minutes at the time of the accident. He
also had 8.5 hours of sleep in his most recent sleep period and 14 hours 10 minutes sleep in the last

24 hours.

The January log book of driver 9 was destroyed in the postcrash fire; howevei, other
company documents provided some of his activities. A computer printout from his on-board
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satellite system, shipping papers, loading receipts, and weight tickets indicated that he was in
corapliance with the hours-of-service regulations. His sleeper-berth time was also obtained from
company documents.

Driver 9 had a current medical certificate. He suffered from hypertension that was
controlled with a prescription medication.

Vehicle Information

The wreckage of the accident vehicles was inspected over a 3-day period at tow yaids in
Morrilton and Conway, Arhansas. Fxaminations, where possible, of the tires, steering components,
suspension, and brakes were conducted. A functional test to determine the pushrod stroke was
performed on those vehicles not damaged too severely. The last three combination units and the
van were almost completely destroyed by the impact forces, posterash fire, and highway cleanup;
consequently, a mechanical inspection of these vehicles was limited. The ignition source of the fire
could not be determined due to the lack of evidence remaining after the intense postcrash fire and
the wreckage removal operations.

The semitrailer of vehicle & was not completely destroyed, but the brake pushrod strokes
could not be measured because the tow truck operator had backed off the brakes to facilitate
removal of the wreckage.” This situation also occurred on the semitrailer of vehicle 2. When the

tow truck operator caged the spring brakes with a caging bolt on the semitrailer of vehicle 1. the
evidence of adjustment was preserved. However, the pushrod stroke could not be measured because
the displaced axles of this unit were used to brace other parts of the wreckage and movement could
have resulted in tuming the semiteailer over in the tow yard. Considering vehicle 1 had the lead
position in the collision sequence, its brake adjustments could not have contributed to the accident.

The tail lamp assemblies on the semitrailers of vehicles 1, 3, 4, and § were removed and
examined at the Safety Board laboratory to determine whether they were incandescent when struck.
The lab test showed that the only filament with any appreciable stretching (under certain
circumstances may indicate incandescence) was the left outside tail lamp filament of vehicle 1. The
famp filament from vehicle 5 was bumed too severely to make any determinations. No filaments
could be found in the wreckage of the remaining vzhicles.

*When air is lost in an airbrake system, a safety feature results in the mechanical application of spring
brakes installed on certain air chambers. The vehicle is immovable until the brake is released by recompression of
the spring or a readjustment of the slack adjuster stroke is accomiplished. Readjustment of the slack adjuster,
commonly known as "backing off" the brakes, destroys evidence of precrash adjustment. Recompression of the
spting can be accomplished by either reapplying air (if the system will hold pressuie) or mechanically compressing
th~ spring by use of a "caging” bolt. When used, the caging bolt is inserted through the rear of the spring brake
chamber housing and thea turned to compress the spring.
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Motor Carrier Information

Motor Carifer 1 - West and Weaver Trucking of Woodbury, Tennessee, operated vehicle 1.
The company was a private interstate operation, which began in 1994, and retained only this
vehicle and its driver. The carrier was net registered with the U.S. Department nf Transportation
(DOT), as required by 49 CFR Part 390.21, and no safety compliance review had ever been.
performed by the Federal Highway Administrution (FHWA) Office of Motor Carriers (OMC)”}
After the accident, Safety Board investigators reviewed 30 days of the driver's logbooks, fuel
receipts, trip tickets, and shipping papers Mo hours-of-service violations were noted in the review,

Motor Carrler 2 ~ Brady Higgins of Woodbury, Tennessee, operated vehicle 2. The motor
carrier was a private intersiate carrier with DOT Census No. 389190. The company operated three
combination units and employed three truckdrivers. It received a safety compliance audit from the
OMC on January 20, 1993, and obtained a satisfactory safety performance rating. A review of the
qualification file of driver 2 showed that he had not been administered a preemployment drug
screen as required.

Motor Carriet 3 - Hanna Manufacturing of Winnfield, Louisiana, an interstate for-hire motor
carrier with 48-State operating authority, operated under Interstate Commerce Commission (ICC)
No. 262144. The company operated two tractors, one of which was vehicle 3, and employed two

drivers. The primary cargo was lumber, logs, poles, and beanis.

Records from OMC disclosed that it audited the motor carrier on February 24, 1994, and
assigned a conditional rating. Follow-up compliance inspections by the OMC indicated that all
observed deficiencies had been corrected, but the conditional rating had not yet been upgraded to
satisfectory.

Motor Carrier 4 -~ Hanna Manufacturing, which operated vehicle 3, additionally operated
vehicle 4.

*The OMC began assigning safety ratings to motor carriers in the 1960's through examinations called
safely management audits. In 1985, the examination process was reorganized into two separate inspection levels:
safety reviews and compliance reviews. Either ievel of examination could result in a safety rating of satisfactory,
conditional, or unsatisfactory. Beginning in 1995, the OMC delegated safety reviews to the States but continued
performing compliance reviews as the sole means of assigning safety ratings. Currently, compliance teviews are
conducted in response to written complaints that are found to have merit.

At the end of 1993, the most recent fiscal year for which data have been compiled, 41.2 percent of the
aclive interstate motor carriers had been assign:d safety retings. Of that 41.2 percent, 60.4 percent were rated
satisfactory, 32.4 percent were rated conditional, snd 7.2 percent were rated unsatisfactory.

If the OMC conducts an audit that resuits in an unsatisfactory rating or an enforcement action against a
motor carrier, the OMC would return 4 to 6 morths afer the case was seitled 10 conduct a reaudit. Although the
OMC intent is 15 manage conditional ratings under the same guidelines, the stafT is generally not available to fulfill
that goal.
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Motor Carrier § - Mann Trucking Company of Greenville, Mississippi, operated vehicle 5.
The carrier was registered under DOT Census No. 179474 and ICC Nos. 154006 and 183598. It
was an authorized for-hire general freight interstate carrier, which operated 16 tractors with 37
trailers and employed 24 drivers. The IMC performed a safety compliance review of the company
on January 15, 1985, and assigned a satisfactory rating.

Motor Carrier 6 ~ Builders' Transport of Camden, South Carolina, operated vehicle 6. The
carrier operated a fleet of 2,738 truck tractors with 5,761 semitrailers and employed 2,981 drivers.
It received a satisfactory compliance rating after an OMC safety compliance review on May 2,
1994,

Motor Carrier 8 - Advocate Services, Inc., of Butler, Pennsylvania, operated vehicle 8. The
carrier operated 139 tractors with 268 semitrailers and employed 162 drivers. It received a
satisfactory rating from the OMC on November 9, 1987,

Moter Carrier 9 - Wemer Enterprises of Omaha, Nebraska, operated vehicle 9. The carrier
operated a fleet of 2,709 tractors with 6,170 semitrailers and employed 3,078 drivers. After a
compliance review on October 8, 1992, by the OMC, Wemer received a satisfactory safety rating.

Highway Information

General - 1-40 is a four-lane, east-west, limited access highway that runs through the north
central portion of Arkansas from the eastern border with Tennessee to the western border with
Oklahoma. The accident occurred near MP 118, about .5 mile east of the Menifee interchange (8
miles north of Conway) and about 35 miles northwest of Little Rock. The speed limit was 65 mph
for both passenger vehicles and trucks.

Approaching the accident site, the westbound lanes had a 200-foot vertical curve (hillcrest)
transitioning to a 3-percent downhill grade. (See photograph 14 in appendix B.) The crest of the hill
was about .5 mile east of the accident site,

The road had a portland cement concrete surface with asphalt shoulders and was dry at the
time of the accident. The cross section consisted of two 12-foot-wide lanes with an 11-1oot right
and a 4-foot left shoulder in each direction. A 58-foot-wide median separated the eastbound and
westbound lanes. The lanc markings were 12-foot-long, painted, white stripes at 28-foot intervals.
These lane markings and the standard 4-inch solid yellow and white edge lines were all visible.

Postaccldent Physical Evidence - As a result of the ccllisions, the road surface was covered
with fuel and debris. A large portion of the road surface, approximately 20 feet by 40 feet, was
burned and scorched. (See photographs 15 and 16 in appendix B.) A significant amount of physical
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evidence on the road was destroyed by the fire, the rescue and vehicle recovery equipment, and the
postaccident traffic before Safety Board investigators arrived.

Some of the physical evidence that was not estroyed consisted of tire marks about 340 feet
long in the left lane leading to the impact area. Tire marks continucd in the left lane and veered left
across the left shoulder into the center median. Tire furrows advanced approximately 35 feet to the
middle of the median. (See photograph 16 in appendix B.) Scrape and gouge matks were on the
right and left lanes about 2,100 feet from the crest of the hill. Additional scrape and gouge marks
proceeded beyond this point approximately 200 feet to the site of tae first impact.

The postaccident location of vehicles, cargo, anu occupants was reconstructed from police
reports and the driver and witness statements. The wreckage was spread over a 400-foot-long area.
Vehicle 2 came to a final position in the inedian, and vehicle 1 was stopped in the right-hand lane
with the right side of the tractor from vehicle 3 in contact with the left side of the semitrailer. The
tractor and forward portion of the semitrailer from vehicle 3 extended across both westbound lanes.
Vehicle 4 stopped at the rear of vehicle 3 with its tractor wedged into the vehicle 3 rear. Vehicle 5
remained in contact with the rear of vehicle 4, and the vehicle 5 tractor was cocked to the left,
extending into the left-hand westbound lane.

The remains of three tractor/semitrailers and the delivery van were at the rear of vehicle 5
and extended rearward for a distance of 59 feet. All victims were within 15 feet of the rear of
vehicle 5. The vehicle 6 semitrailer was perpendicular to the rear of the vehicle 5 semitrailer and
extended approximately 20 feet into the median. The vehicle 9 semitrailer was also perpendicular to
the rear of vehicle 5 and extended about 35 feet onto the north roadside.

Postaccident Traffic Control ~ After the accident, traffic control was set up by the Arkansas
State Police (ASP) and the Conway police department. Fastbound traffic was routed oft' I-40 to
U.S. 64 (US-64) at the Menifee exit 117; westbound traffic was routed to US-64 from the Conway
exit 125. ASP contacted the highway department for assistance with traffic control. Highway
department crews responded and installed flashing lights, karricades, and an arrow board at the
above locations.

Accldent History and Traffic Count - The 5-year accident history for log miles 116 through 118
on 1-40 revealed one fog-related accident in 1991 that involved four vehicles: a motor home, a van,
a passenger car, and a truck tractor semitrailer. No fatalities resulted in that accident.

The average daily traffic count in 1993 on 1-40 in the accident area was 24,130. The 1993
classification counts indicated that about 29 percent of the vehicles were trucks with five or more
axles.




Meteorological Information

The closest weather reporting facilities to the accident area were Adams Field in Little Rock
and Little Rock Air Force Base in Jacksonville, Arkansas, 31 and 36 miles southeast of the accident
area, respectively. Neither station forecast fog on the night of ihe accident. The only stations in
Arkansas reporting reduced visibility from fog around the accident time were in the northem pert of
the State.

On the night betore the accident, the National Weather Service public zone forecasts for
Conway and Faulkner Counties were: “Tonight. . .fair a' 4 cold low near 30. Northwest wind 5-10
miles an hour.” No fog was forecasted.

Also, an infrared satellite image for the nominal time of 2:31 a.m. was obtained through the
MAN computer Interactive Data Access System (McDAS) at the University of Wisconsin. The
infrared data resolution was 4 kilometers. Mostly clear conditions existed over the southern half of
the State, and no apparent areas of fog were documented by the imagery.

About 20 minutes before the accident occurred, a local ambulance traveled by MP 118, and
the occupants later reported that no fog had veen present at the accident site. Responding Menifee
fire department personnel stated that the fog was localized over a .5- to 1-mile area that began on
the downslope of the hill where the accident occumed and extended to the west. Additionally,
police and fire personnel stated that the fog moved in and out of the area several times over a period
of hours during the .escue process.

Arkansas Highway and Transportation Department (AHTD) personnel familiar with the
area stated that fog was not common in any particular area of [-40. The AHTD employees who
responded to the accident stated that at their arrival, the fog at the accident site was thick, not
stirring, and confined to the low area betweer: the crest of the hill and the Menifee 2xit. AHTD
personnel stated that they did not have a policy requiring the placement of signs to wam motorists
of fog. They indicated that their experience with fog in the State did not warrant warning signs.

Medical, Pathological, and Toxicological Information

The drivers of vehicles 6, 7, 8, and 9 and the codriver in vehicle 8 were killed. The
Arkansas State Medical Examiner's Office reported that driver 9 died from multiple blunt force
injuries and that the remaining fatalities died from smoke inhalation and carbon monoxide
poisoning. The drivers of vehicle 6, 7, and 8 and the vehicle 8 codriver had blood carbon monoxide
levels of 60, 24.2, 32.4, and 38.2 percent, respectively. An interpretive guide to toxicological
findings® indicates that a 15- to 30-percent concentration of carbon monoxide is considered toxic
and that any concentration over 30 percent is generally regarded as a fatal dose.

SHuman Toxicology (1983), Volume 3, pp. 437-464.
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Since 1967, the Safety Board has investigated numerous catastrophic accidents involving
multiple vehicles in conditions of low visibility and/or low awareness. (See appendix C.) The two
common themes in many of those investigations are that drivers enter conditions of low visibility at
widely varying speeds and that drivers fail to perceive vehicles moving slowly or stopped in the
travel lanes forward of them. Some representative investigations of collisions occurring in low-
visibility conditions and the resulting safety recommendations are discussed below.

Nev: Jersey Turnpike -~ At 7:45 a.m. on November 29, 1969, in a southbound lane of the New
Jersey Tumpike, & 1969 Mercury entered sudden dense fog at 45 mph. The driver slowed to about
30 mph but was rapidly overrun by a tractor tank/semitrailer with a combined vehicle weight of
76,340 pounds and loaded with 9,257 gallons of propane. After striking the Mercury, the tank
semitrailer overtumed, blocking both southbound lanes and the shoulders.

Ten vehicles entered the area just north of the blocked lanes in rapid succession, and
multiple collisions between them and the semitrailer occurred. Fire started near one of the
passenger vehicles. Twenty-nine vehicles were eventually involved in i2 to 15 primary collisions
due to the initial road blockage. Twelve vehicles were destroyed, and most of the others were
damaged. Six fatalities and 3 serious and 15 less serious injuries resulted.”

The Safety Board determined that the probable cause of the accident was penetration by
vehicles into an area of dense fog where the visibility was 20 to 50 feet, together with the varying
speeds that prevented evasive actions. As a result, the Safety Board asked the National Highway
Traffic Safety Administration (NHTSA) to:

Initiate (through an appropriate demonstration project) a program and procedures
for minimizing the likelihood of catastrophic chain-reaction collisions on high-
speed, multilane highways in adverse weather or visibility conditions; such a
program to cons'der, among others: (1) the use of four-way flashers by all vehicles,
(2) prohibit stopping on the traveled portion of highways (unless conditions will not
permit otherwise), and (3) evacuate vehicles under certain conditions. (H-71 -017)

In a letter dated August 17, 1983, the Safety Board acknowledged that NHTSA had taken
action consistent with the intent of the recommendation and subsequently classified Safety
Recommendation H-71-017 "Closed--Acceptable Alternate Action."

Special Study of Reduced Visibility (Fog) Accidents - After the investigation of several fog-
related accidents, the Safety Board initiated a special study concerning the issues of limited-

*Highway Accident Report--Multiple Vehicle Collisions Under Fog Conditions and Fire, New Jersey
Turnpike, November 29, 1969 (NTSB/HAR-71/3).
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visibility driving conditions.’” This study looked into the facts and circumstances of the New Jersey
Tumpike accident, as well as accidents in Joliet, lllinois, in August 1967 and in Petersburg, Indiana,
in November 1969. The Safety Board also convened a special Highway Fog Symposium in August
1971. (See appendix C.)

As a result of the special study and related symposium, the Safety Board found:

(1)  The most significant driver-related problem is overdriving one's visual
range; this results from the inability and failure of the driver to assess his visual
range in fog and to relate that distance to the stopping capability of the vehicle.

(2)  There is no national agreement among educators and experts as to specific
steps to be taken when drivers enter and operate in a dense fog zone. A need exists
to resolve the present controversy over the conflicting advice currently being
disseminated conceming driving procedures in fog.

The special study recommendations primarily addressed driver training issues that were
eventually incorporated into the NHTSA response to recommendations issued from the following
investigation.

$2n Bemardino, Californfa - At 7:25 am. on November 10, 1980, southbound traffic on I-15
suddenly encountered dense fog north of the Highland Avenue off ramp that reduced visibility to
between 0 and 50 feet. Drivers, whose vehicles were traveling 55 mph on the well-maintaired
eight-lane divided highway, said that the visibility obscurement was immediate and unexpected.
Sume drivers slowed their vehicles partially as they entered the fog bank and others did not. A
tractor-trailer combination vehicle braked suddenly to avoid a small car that changed lanes in front
of it, and a pickup truck struck the trailer from the rear. This initiated a chain-reaction collision that
involved at least 24 vehicles wiihin 5 to 10 minutes over a 450-foot distance. Nine of the vehicles
were tractor-semitrailer units, 2 were full-size pickup trucks, and 13 were passenger cars; all
vehicles were extensively damaged. The collisions resulted in 7 fatalities, 2 of whom were struck
by a heavy truck outside of their vehicles, and 17 injuries."

The Safety Board determined that the probable cause of the accident was the failure of the
drivers of many of the vehicles involved to reduce speed as necessary to be able to stop in distances
compatible with visibility severely restricted by dense fog. Contributing to the severity of the
consequences was the extremely varied sizes and weights of the vehicles in the collisions.

WSpecial Study--Reduced Visibility (Fog) Acciderts on Limited-Access Highways, November 15, 1972
(NTSB/HSS-72/04).

"Highway Accident Report--Multiple Vehicle Collisions and Fire in Fog, San Bernardino, California,
November 10, 1980 (NTSB/HAR-81/2).
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The Arkansas State Crime Laboratory, Medical Examiner Division, conducted postaccident
toxicological testing on specimens obtained from the five fatalities. All tests were negative for
alcohol except for driver 9, aad no drugs were detected except in the codriver’s specimen. The
blood specimen of driver 9 was found to contain 0.02 percent of ethanol W/V; however, a vitreous
humor sample from the same driver was negative for alcohol. This difference indicated, and the
Arkansas Medical Examiner also stated, that the alcohol in the blood was of postmortem
production. The bacteriological growth in the blood caused it to produce its own ethanol, and the
driver had not consumed alcohol. Additionally, the urine specimen from the codriver of vehicle 8
contained cannabinoids (marijuana metabolite); however, no drugs were found in the codriver's
blood sample. A positive urine test and a negative blood test indicate no impainnent but rather the
use of marijuana in the recent past (within about 2 weeks). The codriver’s employer had
preemployment and random drug testing programs. (The random testing covered 50 percent of the
employees each year.) The codriver passed a preemployment drug test, but he had not been tested
under the random program in the 10 months he worked for the company.

None of the surviving drivers were required to submit specimens for postaccident
toxicological testing. (Though not required, driver 5 was given a postaccident urine test, which he
passed.) The FHWA regulations in effect at the time of the accident required toxicological testing
of only those drivers from motor carriers with 50 employees or more. The five surviving drivers

worked for smaller motor carriers, which will be subject to postaccident testing rules beginning
January 1, 1996. These surviviug drivers were interviewed by the on-scene police, who found no
reason to suspect alcohol or other drug use and, thus, did not have the probable cause necessary to
order testing under Arkansas law.

Emergency Response

The accident site was in rural Conway County, where fire protection was provided by 12
volunteer fire departments (VFDs). The county had a disaster plan, and a drill was conducted in
November 1994 that concentrated on large numbers of causalities needing transportation and
treatment. The disaster plan, however, was not activated because this accident did not fit the
definition of a major disaster. The local hospital was placed on alert but was not needed.

An attendant at a local truck stop about 1/4 mile north of the accident site was monitoring
channel 9 on the CB radio about 1:50 a.m. He heard calls from the truckdrivers at the scene
requesting someone to notify the police and fire departments. The attendant notified the local
sheriff's department, and by 1:54 a.m., the dispatcher had notified the State police dispatcher and
the Menifee VFD, as well as a private ambulance service in Morrilton. The Menifce VFD was
about 1 miile from the accident scene and arrived on scene by 2 a.m. The chief immediately notified
the fire dispatcher that several heavy trucks were engulfed in flames and requested mutual aid of
fire equipment and peiconnel from surrounding jurisdictions. The mutual aid first-alarm respouse
consisted of the Hill Creek Fire Department and the Sardis Fire Department. About 10 minutes
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later, the Hill Creek fire chief, a paid firefighter with the city of Little Rock, assumed command and
established an incident command post directly across from the wreckage on I-40 eastbound.

An ASP unit was dispatched at 1:54 a.n\. and amrived at 2:06 a.m. Additional police units
from the Conway police department and the State police closed a 13-mile section of 1-40 between
Conway and ’lumervilte about 10 hours so that traffic could be rerouted onto US-64.

The incident commander stated that an estimated 1,500 gallons of diesel fuel, 100 truck
tires, and a truck load of hardware supplies including spray paints, paint thinner, plastic bottles, and
other combustible material were involved in the fire. He stated that he immediatelv requested foam
to control the fuel oil and tire fires. About 2500 gallons of foam suppressant, generated from 150
gallons of foam concentrate, were used attempting to control the flames. He later issued a second
mutual aid call for additional fean and water tankers. The Springfield, Opello, Overcup, Birdtown,
Morrilton, and the city of Conway fire departments responded. The incident commander stated that
50 firefighters responded to the accident scene.

The fire was under conlirol and put out by 4 and 6:30 am., respectively. The eastbound
lanes of 1-40 and one westbound lane were reopened to traffic by 12:30 p.n. Next, an
environmental cleanup company began spreading clean soil at the accident site to absorb fuel and
other contaminants, The contaminated soil was then removed to an approved hazardous material
storage facility. The cleanup and wreckage removal continued until the following day.

OTHER INFORMATION

Other Safoety Board Highway Accident Investigations

As part of its mission, the Safety Board routinely investigates nonmajor accidents involving
commercial vehicles, school buses, multiple fatalities, and accidents where the road or environment
had an: effect. It has examined the circumstances of several accidents including cither low visibility’
or low awareness.® The Safety Board has found that the same types of low-visibility and low-
awareness collisions occur today much as they did 30 years ago and result in similar damage and
injuries.

"Low visibility includes fog, rain, snow, smoke, darkaess, and other conditions where the driver’s ability to
sec the road environment is somehow cotnpromised.

YLow awareness includes those conditions of driver impairment, such as fatigue, where the driver's ability
to perceive the road environment is somechow compromised.
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As a result, the Sa...7 Board reiterated Safety Recommendation H-71-017 to NI1TSA,
which was made after the investigation of the 1969 New Jerscy Tumpike accident. At the time, the
recommendation was classified “Open--Acceptable Action.” In addition, the Safety Board also
urged NHTSA to:

Consider the circumstances of this and other similar limited-visibility accidents and
develop a strategy. . .to inform motorists faced with adverse, limited-visibility
driving conditions about the safest actions to take to protect themselves from injury.
(H-81-26)

Safety Recommendation H-81-26 was classified “Closed--Acceptable Altemate Action” in
1983, when NHTSA referred most of the Satety Board recommendations to the States. The
recommendation concerning the uniform use of hazard flashers was forwarded to the Operations
Subcommittee of the National Committee on Uniform Traffic Laws and Ordinances. It was
considered on March 13, 1974, and the subcommitiee decided that this was a matter of State
responsibility and was not a subject for inclusion in the Uniform Vehicle Code (UVC).

Calhoun, Tennessee - About 9:10 am. on December t1, 1990, a tractor-semitrailer in the
southbound lanes of I-75 struck the rear of another tractor-semitrailer that had slowed because of
fog. The uninjured truckdrivers exited their vehicles and attempted to check for damage. After the
initial collision, an automobile struck the rear of the second truck and was in turn struck in the rear
by another tractor-semitrailer. Fire ensued and consumed two trucks and the automobile.
Meanwhile, an automobile in the northbound lanes of 1-75 struck the rear of another automobile
that had slowed because of fog. A pickup and two other automobiles then became involved in a
chain-reaction rear-end collision. Subsequently, 99 vehicles in the northbound and southbound
lanes were in the collision that killed 12 pecple and injured 42 others. The accident involved 24
tractor-semitrailer combinations, 6 straight body trucks, 16 pickup trucks, 3 motor homes, 8 vans or
special use vehicles, and 42 passenger cars. '

The Safety Board determined that the probable cause of the accident was drivers responding
to the sudden loss of visibility by operating their vehicles at significantly varying speeds. As a
result of the Calhoun investigation, the Safety Board concluded that nonuniform driver response
(varying reduction in speed) to sudden limited-visibility situations was a recurring problem. In the
absence of specific behavioral guidance, drivers perceived risks differently in sudden limited-
visibility conditions. Based upon its investigations and research, the Safety Board determined that
accidents during limited visibility are primarily due to varying vehicle speeds in the traffic stream.
The Safety Board stated that to prevent multiple-vehicle collisions during such conditions,
countermeasures were needed to ensure that drivers proceed through limited-visibility conditions at
uniform reduced speeds.

“iighway Accident Report--Multiple-Vehicle Collisions and Fire During Limited Visibility (Fog),
Interstate Highway 75, Calkoun, Tewnessee, December 11, 1990 (NTSB/HAR-92/02).
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The Calhoun investigation and numerous other past investigations of collisions in low-
visibility-driving conditions demonstrated a recurring transportation safety problem of great
concern to the Safety Board. As a result in Aprii 1991, the Safety Board convened a special public
hearing” in Knoxville, Tennessee, conceming fog accidents on limited-access highways to
determine how the United States and other countries respond to fog. Sixteen U.S. and European
experts discussed countermeasures for fog on highways, driver perception and reaction to fog, and
state-of-the art fog sensing and highway-user system warning devices.

After consideration of the public hearing discussions as well as other appropriate research,
the Safety Board concluded (in part) that:

1. Based on the European limited-visibility countermeasure system experience,
a comprehensive U.S. system should include a combination of visibility sensors and
traffic flow detectors that automatically activate traffic control devices when
hazardous conditions occur or traffic slows.

2. Weather forecasting is not sufficiently accurate, comprehensive, or timely to
predict that fog vall form in a specific area.

3. Based on the accidents discussed in that report, motorists are not provided
with sufficient specific behavioral guidance on responding to limited-visibility
situations.

As a result of the Calhoun accident and the subsequent public hearing, on October 20, 1992,
the Safety Board asked the DOT to:

Incorporate fog and other limited-visibility condition countermeasures in
demonstration projects of the Intelligent Vehicle Highway System [IVHS] program.
(H-92-86)

In a letter to the Safety Board dated May 24, 1993, the DOT enclosed a copy of its
December 1992 IVHS strategic plan report to the U.S. Congress. In that report, the DOT supports
the development of IVHS products and technologies that may prove useful in both urban and rural
environments. The FHWA has also approved projects for Georgia and Utah to study adverse
visibility warning systems.

In its letter dated June 25, 1993, the Safety Board acknowledged that the FHWA had
preduced functional specifications for sensing fog and other visual restrictions and that it was about

Yproceedings, Special Public Hearing - Fog Accldents on Limited Access Highways, 1992 (NTSB/RP-
92/01).
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to test an array of commercially available senscrs. Pending further response from the DOT, Safety
Recommendation H-92-86 is classified “Open--Acceplable Response.”

Additionally, the Safety Board made several recommendations to the appropriate agencies
to review and update remedial training material to ensure that guidance for driving in limited-
visibility conditions is uniform and complete. These recommendations are discussed in the
following text.

The Safety Board urged the FHWA, NHTSA, the American Association of Motor Vehicle
Administrators (AAMVA), the American Automobile Association (AAA), and the American
Driver and Traffic Safety Education Association in Safety Recommendations H-92-88 and -89, H-
92-94, and H-92-96 and -97, respectively, to:

In cooperation, review and update driver license, educational, and remedial training
materials to ensure that guidance for driving during limited-visibility conditions is
uniform and complete and is included in commercial driver license materials.

On February 6, 1995, Safety Board staff met with the AAA director of highway
transportation. The AAA has taken the lead to review and update driver license, educational, and
remedial training materials for driving during limited-visibility conditions. In the latest edition of its
manual How To Drive, the AAA gives specific instructions and questions on adverse driving
conditions and emergencies. Additionally, the AAA Foundation for Traffic Safety, in coordination
with industry groups, has developed the video Driving in Bad Weather. Using the setting of a
television newscast, this video dramatizes the blinding effects of fog, dust, smoke, rain, snow, and
ice. It stresses the need either to slow down to maintain control or to get off the road safely in
adverse conditions. Based on the information provided by the AAA, Safety Recommendations H-
92-88 and -89, H-92-94, and H-92-96 and -97, were classified “Closed--Acceptable Action.”

The Safety Board also asked that NHTSA and the AAMVA, respectively,:

In cooperation with the American Association of Motor Vehicle Administrators,
develop model test questions for licensing examinations on driving during limited-
visibility conditions. (H-92-90)

In cooperation with the National Highway Traffic Safety Administration, develop
model test questions for licensing examinations on driving during limited-visibility
conditions. Provide this information to your members for inclusion in driver
manuals, (H-92-95)

On May 24, 1995, Safety Board staff met with AAMVA members. All State driver's
manuals, to date, contain the sections “Special Driving Situations” that emphasize driving in rain or
fog, and expressway, night, winter, and emergency driving. Model test questions for licensing
exaniinations have also been developed. For commercial drivers, the newly revised CDL manual
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(version 2.0) and the CDL license tests (version 2.0) contain information and test questions on
driving during limited-visibility conditions. Based on this information, Safely Recommendations
H-92-90 and -95 have been classified "Closed--Acceptable Action."

The Safety Board urged the FHWA to:

Following completion of the National Cooperative Highway Research Program
Project 20-5, Topic 23-12, "Reduced Visibility on the Highway," ensure the
continued development of effective fog and other limited-visibility countermeasures
and make information about these countermeasures available to States on a timely
basis. {}1-12-87)

In a letter dated March 29, 1993, the FHWA indicated that it was working with the National
Cooperative Highway Research Program in assessing the applicability of fog countermeasures to
other factors contributing to reduced visibility.

The Safety Board noted in its June 11, 1993, letter that @ comprehensive system of limited-
visibility countermeasures should be based on detecting traffic flow disruption and providing
drivers with specific behavioral guidance. A program of engineering, education, and enforcement is
needed to cope with the limited-visibility problem. Pending further response from the FHWA,
Safety Recommendation H-92-87 is classified "Open--Acceptable Response.”

Other recommendations that resulted from the Calhoun investigation and public hearing
addressed the development of road-based countermeasures. Those countermeasures are designed
primarily for situations where fog occurrence is somewhat predictable and not necessarily for
situations of randomly appearing fogs of short duration in rural areas. Because the Menifee
investigation involved the latter type of fog occurrence, another lengthy discussion of road-based
countermeasures would not contribute to this report. The issue of vehicle-based countermeasures
was briefly discussed during the 1991 public hearing.' Since that time, significant progress has
been made in the development of this mobile collision waming technology.

Bakersfield, California. - On July 27, 1993, a tractor-semitrailer crashed into traffic that was
slowing or stopped near a construction work zone. According to witnesses and from physical
evidence, the truckdriver did not attempt to slow his truck or take other evasive actions.
Subsequently, seven vehicles were involved in the chain-reaction collision, and a fire ensued. Nine
people were fatally injured, and nine others received minor injuries.

“For a complete discussion of road-based low-visibility collision countermeasures, see Multiple-Vehicle
Collisivns and Fire During Limited Visibility (Fog) on Interstate 75 Near Calhoun, Tennessee, December 11, 1990
(NTSBHAR-92/02) and Proceedings, Special Public Hearing, Fog Accidents on Limited Access Highways,
(NTSB/RP-92/01).
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Weatherford, Texas -- On July 3, 1994, a tractor-semitrailer ran into the rear of a slow moving
van. A fire subsequently ensued, and 14 van passengers were fatally injured. The Safety Board
found that the truckdriver was fatigued at the time of the crash.

Fairfax, Minnesofa -- On December 23, 1994, a tractor-semitrailer, traveling in heavy fog at an
estimated 55 mph, was unable to stop for a school bus loading children at the side of the road. The
tractor jackknifed and struck three children of whom one was fatally injured and two received
serious injuries. The school bus had flashing lights and a top-mounted strobe light activated at the
time of the accident.

Mobile, Alabama - On March 20, 1995, a series of multiple-vehicle collisions occurred in
heavy fog on the bayway of 1-10 near Mobile. Of the 169 vehicles involved, 17 were tractor-
semitrailer combinations and the remaining vehicles were straight trucks, passenger cars, vans, and
pickups. One fatality and 71 injuries of varying severity resulted. A 40-vehicle collision had also
occurred at this location in October 1992.

In each of the four accidents described above, the driver's responsiveness to the preceding
vehicles was affected by either low visibility due to fog or low awareness due to either fatigue or

distraction.

Investigative Conference and Related Research

As a result of the Menifee accident and similar accidents investigated over the last 30 years,
the Safety Board researched available and future technologies that might be effective in preventing
or otherwise reducing the severity of rear-end collisions. The Safety Board sponsored the
investigative conference Mobile Collision Waming Technology for Low Visibility/Low Awareness
Collisions on April 4 and 5, 1995, in Arlington, Virginia. (See appendix A for agenda.)
Representatives from Govemment, academia, and the transportation industry panicipatad.'s

This conference focused on vehicle-mounted technologies that could alert vision-restricted
or inattentive drivers to impending hazards. The technologies discussed ranged from low-tech
improvements in lighting and reflective tape to high-tech radar and laser collision waming systems.
A foundation for the discussion of the effectiveness of these technologies was provided by lectures
in the areas of human periormance and perception, as well as the physical nature of fog, rain, and
other atmospheric conditions that affect driver perception and performance.

YA copy of the conference transcript may be obtained from Capital Hill Reporting, 1825 K Street, NW,
Washington, DC 20006; telephone: (202) 466-9500.
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The infortnation presented in the following sections of this report is summarized from
materials presented at the conference and related research. Supplementary information, provided
from other sources, is footnoted.

Rear-End Accldents ~ Statistical evidence indicates that the vast majority of rear-end accidents
occur during conditions of daylight, clear weather, and dry roads and can most often be attributed to
low driver awareness (inattention or following too closely). Research,'® conducted by NHTSA
using 1990 data, summarizes the problem of rear-end accidents as follows:

Approximately 1.5 million rear-end crashes with 2,084 fatalities and 844,000 injuries, of
which 68,000 were serious or incapacitating, were reported by police.

The lead vehicle was stopped (LVS) and the lead vehicle was moving (LVM) in 70 and 30
percent of these crashes, respectively.

Rear-end crashes constitute about 23.4 percent of all police-reported crashes as well as
about 4.7 percent of all fatalities.

Eighteen of every 100 vehicles on U.S. highways will be involved in a rear-end crash
during their operational life.

A truck tractor, operating as a combination unit, is more than three times as likely to be
involved in a rear-end collision during its operational lifetime than a passenger vehicle is.

A rear-end accident that involves a combination unit as a striking vehicle is 12 times more
likely to result in a fatal injury than a rear-end accident that involves only passenger vehicles.

A rear-end accident that involves a combination unit as a struck vehicle is 31 times more
likely to result in a fatal injury than a rear-end accident that involves only passenger vehicles,

Nonpolice reported rear-end crashes are an estimated 1.76 million per year.

Rear-end crashes result in about 144 million vehicle hours of delay annually and are
tesponsitle for about a third of all crash-caused highway delays.

The most common causal factors in rear-end collisions were driver inattention and
following too closely, representing 93 percent of the clinical sample.

' Two-volume report released in May 1993: Rear End Crashes: Problem Size Assessment and Statistical
Description (DOT HS807 994) and Assessment of IVHS Countermeasures for Collision Avoldance: Rear End
Collisions (DOT HS807 995).
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Catastrophic fog-related accidents often involve a number of passenger vehicles, multiple
fatalities, snd heavy trucks; however, fog-related accidents are a relatively small portion of the rear-
end accident problem.

Fog-related fatal crashes constitute about 0.5 percent of all rear-end crashes and about 1.5
percent of all rear-end fatal crashes.

Most fog-related crashes are single vehicle, followed by angle collisions and rear-end
crashes.

Thirty-four percent of all fog-related crashes occur between midnight and 6 a.m.

Fifty-six percent of all fog-related accidents occur on roads with speed limits in excess of
40 mph.

More fog-related crashes occur on wet roads than on dry roads. Not only is visibility
limited, but stopping distance is increased.

Large trucks involved in fog-related crashes are more often the struck vehicle than the
striking vehicle.

Low-Visibliity Accidents'’ ~ Few rear-end accidents occur under conditions where a fully
attentive driver is operating his vehicle in conditions of limited visibility, and that limited visibility
becomes a primary factor in the accident sequence. From a human performance perspective, a
driver involved in such a limited-visibility accident is often described as traveling too fast for
conditions by overdriving his effective visual range of the road ahead.

What happens to the driver in this limited visibility? It's good and bad news.
'The good news is that stress goes up. For long duration that's bad, but for short
duration, high stress is good. The amount of attention that we allocate to the task
goes up and therefore reaction time is faster. The bad part is that vision is impaired.
Drivers know that they see less. The question is how much do they think they see
less relative to how much they are actually seeing less.'"®

To operate a vehicle safely in conditions of limited visibility, the driver is expected to (1)
accurately esidimate both his effective visual range and the distance necessary to stop his vehicle
under the pr:vailing frictional capabilities of the road and (2) slow his vehicle to a speed that would

""This section contains summarized testimony of David Shinar, Ph.D., and Raymond Lee, Ph.D., taken at the
April 1995 conference.

"*David Shinar, Ph.D.




allow him ample time to react and initiate steering response or stop before striking a hazard that
may appear in his path.

However, in conditions of limited visibility, drivers actually react somewhat differently.
They (1) tend to focus on the road edges as guideposts, paying less attention to determining a clear
headway; (2) may not be intuitively capable of making accurate visual range estimates and
stopping-distance calculations; and (3) tend to reduce their speed only incrementally.

Therefore, electronic collision waming technology, namely forward looking radar, can
serve an important function not only by increasing the situational awareness of a distracted or
inattentive driver but also by alerting a fully attentive driver to hazards hidden from his visual range
due to low-visibility conditions. The use of certain types of low-tech countermeasures, such as
increased vchicle lighting and retroreflective material, in reduced-visibility situations may also
increase driver visual range under adverse conditions.

To discuss the effectiveness of various collision avoidance technologies in dealing with
conditions of limited visibility, those conditions that create limited visibility must be defined.
Limited-visibility conditions will most often take place in one of the following categories:
darkness, fog, heavy snow, or rain. The discussion will include a general description of the physical
properties of each medium and the manner in which those properties affect human perception.

Darkness -- All road vehicles are generally required to be operated with lights between 172
hour after sunset and 1/2 hour before sunrise. Under clear weather conditions, the average driver
will generally be able to perceive other lighted vehicles with ample opportunity to react to any
hazard presented. Therefore, all night time accidents under clear weather conditions do not
necessarily involve an element of reduced visibility. However, the visibility of vehicles during the
hours of darkness may become a factor in an accident sequence when 1) the hazard vehicle is unlit
or inadequately lit, 2) disguised by similar background lighting, or 3) not lit in a manner to allow
pattern recognition on the part of an approaching driver, or 4) the approaching driver has visual
deficiencies in night vision, color vision, and/or depth perception.

Fog -- For surface transportation, fog may be defined as a cloud in contact with the ground.
The water droplet radii in that cloud may range from 10 to 100 micrometers (1,600 micrometers is
a millimeter). These are very small water droplets. Per the intemational definition, haze or mist
becomes fog when visibility is reduced to less than 1 kilometer (.621 mile). However, fog may not
become a ground transportation problem until visibility is reduced to within 500 to 1,000 feet,
depending upon highway speeds and vehicle stopping and handling characteristics.

Fog results like other clouds from either mixing air with different temperatures and relative
humiditie= or cooling air to its dewpoint. The kinds of fogs most inhibiting to surface transportation
visibility a ~. those fogs that form in valleys, very often where cool air flows down from higher
elevations. Wi * that cool air reduces the temperatures below the dewpoint temperature, reaching
100-percent relat,  humidity, fog is created.
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How does fog affect incident illumination, whether daylight, headlights, or fixed lighting?
Figure 3 illustrates light interaction with a single water droplet. Molecules and paticles of any kind
will scatter light waves or photons, changing their direction of travel. Larger particles will scatier
more light. Scattcring by a single water droplet, such as those that constitute fog, will peak in the
forward direction (away from the light source). Most light energy is scattered in the forward
direction away from the light source with a significant few scattered off to the side in a rainbow
effect as well as back toward the light source.
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Light’s trip through a water droplet in fog

Figure 3. -- Water droplet effect on light transmission.

Smaller crops scatter more in the backward direction proportionally compared with larger
drops; hence, fog with smaller drops restricts driver visibility more at night because more of the
headlight luminance is scattered back towards the driver. The trip of each photon through a fog
bank involves many collisions and reflections. Referred to as multiple scattering, it will eliminate
any spectral selectivity or rainbow effect due to single scattering. So the effect is: when you put
white light in, you get white light out; when you put red light in, you get red light o.t. The color of
the light does not affect its ability to penetrate fog.

Drivers are close to headlights, angularly speaking, and, thus, see the backward scattering
peak of light striking water droplets, which is the consequence of single scattering. Therefore, low
beam lights aimed down at the road are preferable to high beam lights in heavy fog. Driver
perception can be enhanced by raising the driver's eye to the greatest height possible above the
headlight source. Therefore, fog lights mounted at road level may provide additional visual range
when compared with headlights mounted normally. Drivers of large trucks have an advantage
because they sit high above the road and the lights of their own vehicle, as well as the lights of
approaching vehicles. Conversely, small sports cars can be severcly “fog challenged,” according to
Dr. Raymond Lee.




Multiple light scattering reduces transmission of the headlight beam and, thus, the ability to
illuminate objects effectively. However, it is not the absolute level of light on an object that matters.
It is the conspicuity or contrast of that object with its surroundings. Multiple scattering by fog
incteases the luminance of objects within the light beam and the luminance of their surroundings.
Such increased luminance might sound as if it would aid visibility, but because visual detection
depends upon some distinct luminance difference between an object and its surroundings, the
contrast is actually reduced, particularly in daylight.

The least dense fog, in which visual range equals 1 kilometer, extinguishes light 50 times as
rapidly &s clear atmosphere. The fogs that cause accidents, in which nominal visibility is 500 feet or
less, impose a severe penalty on headlight or taillight luminance transmission through the
atmosphera.

Light transmission through fog of a given density is reduced exponentiatly with distance
from the light source. (See figure 4.) Therefore, the driver may perceive that the visual range
created by his headlights suddenly hitsa "wall of fog” ahead when the fog is of relatively uniform

Contrast
*Wall of Fog"

Threshold COﬂlf‘ﬁolzl
- \\

Distunce from Lead Vebhicle

Contirast in daylight fog is reduced exponentially wilh
distance, giving an impression that a vehicle suddenly
appears from a ‘wall of fog.*

Figure 4, - Illustration of the “wall of fog" effect.




density. Likewise, as its contrast with surroundings becomes suddenly perceptible, 2n object hidden
by the fog may often seem to suddenly appear from nowhere. Fog may also significantly affect
driver depth or distance perception. Objects that appear hazy under normal conditions can be
interpreted as far away. Therefore, the presence of fog may either cause drivers to misjudge
following distances and closing speeds or cause delayed reactions to the perceived threat of a road
hazard.

Snow -- Heavy snow can often reduce visibility to less than 500 feet, particularly under
conditions of sirong winds and blowing surface snow. Anecdotal evidence suggests that accidents
involving limited visibility in snow are often associated with one vehicle passing another, such as a
snow plow or heavy truck, where surface snow is thrown into the visual field of the passing driver.

Headlight use during heavy snow at night can create a blinding glare. White-out conditions,
whether from snow or fog, create a homogenous visual field. When driving under white-out
conditions with little or no external stimuli, the world outside the windshield starts to fade even
should something be there to be seen. Eliminating moving contours from the visual field may also
eliminate perception of both form and color; colored lights bezome invisible.

Rain -- Driver visibility during rain depends primarily on the rainfall rates and type, which
determine the number and sizes of raindrops within a driver's line of sight. Scattering by rain and
the fog often found with rain can reduce contrast and degrade visual range.

Windshield blurring also affects driver visibility. In moderate to heavy rainfall, the smooth
outer surface of the windshield changes to an irregular wavy one. This change causes the driver to
look through a water-distorted lens, which is only partially ameliorated by the windshield wiper
action.

Another problem associated with driver visibility in rain is reflectivity. Because forward
scattering is increased during rain, reflectivity of the road and its surroundings is reduced. On an
absorbing surface such as asphalt, or to a lesser extent concrete, the projected light bounces ofi the
surface at an angle in a mirror-like effect and not back at the driver; thus, the road surface becomes
less visible.

Furthermore, retroreflective paints are seriously degraded in wet weather conditions
because the tiny glass beads imbedded in the paint are immersed in a thin film of water. This
phenomenon is similar to seeing u clear drinking glass in a sink filled with clear water, which is
significantly more difficult than secing the same glass on the counter. The refractive index of glass
and water is closer than the refractive index of glass and air.

Backscattering by raindrops reduces contrast. Headlight luminance transmitted in any
direction is reduced by raindrop scattering, meaning that the total amount of light reaching objects
is less (see figure 3). Specular or mirror-like reflections from the road will increase markedly,
which increases the glare and driver distraction.
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Rain may provide some limited benefit because some light is reflected forward by the
mirror-like road surface, thus providing greater illumination to objects and pedestrians on or near
the road. However, the moderate increase in illumination to objects and pedestrians is more than
offset by the sudden appearance of very bright glare from street lights and oncoming vehicles, an
effect absent in dry pavement conditions.

Low-Awareness Accidents - The mobile collision waming conference addressed some of the
factors that affect a driver’s ability to easily see or notice an object or highway hazard. These
factors, including size, color, motion, pattern, illumination, contrast, and location within a driver's
field of vision, differentiate an object from its background. The measure of the tendency for an
object to be easily scen, or be conspicuous, is conspicuity.

However, conspicuity does not refer simply to the physical state of an object or hazard but
has another component. For the hazard to be perceived, it must be filtered through the senses and
past experiences of the driver. Conference speaker Dr. David Shinar reported, “Conspicuity is not a
tie physical measure. It's a psycho-physical measure becanse it relates physical parameters to a
psychological phenomenon. There is a tremendously big cognitive component in conspicuity.”

That cognitive component includes perception and interpretation of information as well as a
decision on how to react to it. These three actions occur in sequence. If perception is lacking, an
interpretation and a decision cannot take place. Similarly, for perception to occur, attention must be
attracted first. A driver can begin the process that leads to addressing a hazard only when that
individual attends to sensory input.

Inadequate sleep can reduce or eliminate sensory input, thereby precluding both attention
and the factors noted above that enhance conspicuity. The Safety Board described the effects of
sleep in its analysis of crew fatigue in the AIA Guantanamo Bay aviation accident report
(NTSB/AAR-94/04). The report stated that:

sleep is a vital physiological need. When an individual is deprived of food and
water, the brain provides specific signals - hunger and thirst - to drive the individual
to meet these basic physiological needs. Similarly, when deprived of sleep, the
physiological response is sleepiness. . . . Eventually, when deprived of sleep
(acutely or chronically), the human brain can spontaneously, in an uncontrolled
fashion, shift from wakefulness to sleep in order to meet its physiological need for
sleep. The sleepier the person, the more rapid and frequent are the intrusions of
sleep into wakefulness. These spontaneous sleep ¢pisodes can be very short (i.e.,
microsleeps lasting only seconds) or extended (i.e., lasting minutes). At the onset of
slcep, an individual disengages perceptually from the extemal environment,
essentially ceasing to integrate outside information. . . . A microsleep can be
associated with a significant performance lapse when an individual does not receive
or respond to extermnal information. With sleep loss, these uncontrolled sleep




episodes can occur while standing, operating machinery, and even in situations that
would put an individual at risk, such as driving a car.

Another previous Safety Board report (NTSB/RAR-89/02) noted that “just before and just
after [a microsleep), the perscn will perform quite well: during [a microsleep], he does not perform
at all and will not respond to external stimuli unless they are massively sensory in nature, very
unusual, or particularly meaningful.”

Electronic collision waming technology can serve an important function in focusing driver
awareness on those obstacles that are already fully visible and in encouraging drivers to follow at a
safe distance. The driver may then take effective evasive action, if necessary.

Enhanced Driver Detection of Obstacles'’

Retroreflective Tape and Palnt ~ Retroreflective tape and paint treatments are required on all
trailers manufactured after December 1, 1993, and are designed to (1) make the trailer conspicuous
at night and (2) provide a pattem of reflection that suggests the size and shape of the vehicle. These
aspects of enhanced visibility and pattern recognition help drivers judge their speed and distance on
approach. Regulations were created with attention to making installation of this particular treatment
inexpensive, using as little material as possible while still accomplishing the goals of accident
reduction.

An important characteristic of retroreflective tape and paint permits portions of a headlight
beam to reflect directly back toward the source of the light, thus allowing the driver to see the
obstacle more clearly. Therefore, even a large angle between the light source and the plane of the
retroreflective material on the truck will still let an approaching motorist perceive the hazard.

Tests of retroreflective material on the clothing of pedestrians demonstrate the value of
pattem recognition. Test subjects wearing retroreflective tape outlining the skeletal frame, such as
shoulders, arms, and joints, were more quickly and effectively recognized than those wearing
clothing simply adomed with retroreflective tape in no particular pattem. Drivers recognized the
human form as a potential hazard and were able to judge distance and closing speed more easily as
a result of the relative size of the form.

This same principal works, according to Dr. David Shinar, when applying retroreflective
tape and paint to vehicles. Installation of this treatment on a box trailer is comparatively simple. As
a minimum, the rear of the trailer must be marked at the bottom and comers. Studies have shown

The following section contains testimony of Pat Boyd, David Shinar, Ph.D., and Raymond Lee, Ph.D., taken at the
April conference.
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such treatment to be effective in enabling drivers to judge distance just as well as the more
expensive treatment of surrounding the whole rear profile with this material,

Other types of trailers, including tankers and flatbeds, require greater flexibility in
placement. The Federal regulations were written to allow a common sense implementation on any
kind of trailer.

NHTSA pilot studies, tracking the 2-year accident experience of treated vehicles, have
concluded that retroreflective treatment can reduce side accidents by 15 percent and rear-end
accidents by 15 to 25 percent. NHTSA is unaware of any studies evaluating the use of
retroreflective materials in fog, snow, or other adverse ccuditions. Even though the effectiveness of
retroreflective treatment would be degraded in fog, some additional margin of safety should be
provided compared with a nontreated surface.

Vehicle Lighting ~ The increased luminance of hazard flashers increases visibility about 50
percent over taillight use alone. The low beams of an oncoming vehicle can be seen at more than
twice the distance of mere taillights. As the fog bank density increases, nominal visibility decreases
and the visibility of various vehicle lights decreases proportionately.

The use of fog lamps on the rear of trailers has been discussed in some NHTSA reports of
the late 1970's. However, the idea apparently did not gain any momentum. The Society of
Automotive Engineers (SAE) rear fog lamp specifications were precisely the same photometrically
as specifications for stop lamps. Also, the turn sngnal and hazard signal have the same brightness
specification as both stop lamps and rear fog lamps.??

The use of hazard flashers on vehicles in fog could have as beneficial an effect for hazard
perception as separate fog lamps on the rear of vehicles, which might mask brake lights. However,
a 50-State Safety Board telephone survey (see appendix D) found that although 4 States require
hazard flasher use in low-visibility conditions, at least 6 States prohibit their use on moving
vehicles.

Many States resuict hazard light use to situations such as heavy trucks ascending hills,
traveling below minimum speeds on interstate or secondary highways, or being stopped or disabled
along the shoulder of the highway. Most States do not address the use of hazard flashers in low-
visibility conditions. The 1992 edition of the Uniform Vehicle Code®! section 12-215 suggests the
following:

*Title 49 CFR 571.108 specifies that stop and red tum-signal Jamps, in single lighted sections, must emit no
less than 80 and no more than 300 candlepower. Tail lamps ar¢ required to emit between 2 and 18 candiepower.

®The Uniform Vehicle Code is a specimen set of motor vehicle laws that is designed and advanced as a
comprehensive guide or standard for State motor vehicle and traffic laws. It reflects the need for uniformity in traffic
regulation throughout the United States and, to this end, serves as a reliable, contemporary guide for use by State
legistatures.
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® The driver of any vehicle equipped with vehicular hnzard waming lights
may activate such lights whenever necessary to wam the operators of following
vehicles of the presence of a traffic hazard ahead of the signaling vehicle, or to wam
the operators of other vehicles that the signaling vehicle may itself constitute a
traffic hazard. (INEW, 1986)

(g) The driver of a truck, bus, or truck tractor pulling a trailer or trailers,
equipped with vehicular hazard waming lights may activate such lights when that
vehicle is proceeding up a grade, or under other conditions requiring it to be
operated at a speed less than the prevailing speed of traffic. (NEW, 1986)

Representatives of Motor Coach Industries’” (MCI) indicate that some consideration might
be given to wiring the overhead rear brake light on their buses into the four-way emergency flasher
system. This modification was suggested to provide the driver who was overtaking with additional
warning and some size concept of the vehicle that was being overtaken.”? The Safety Board found
no records of past research in this area.

Strobe lights of approximately 200 candela have been mounted on the top and rear of some
school buses around the country and are activated when the vehicle is moving. Similarly, strobe
lights have been used on rail locomotives. During a visibility test’! for conspicuity on locemotivesg

test subjects reported the strobe lights to be “readily visible and attention getting.” A 1980 stud:,f2
with three railroads indicated fewer accidents for the strobe-equipped locomotives; however, the
limited sampling and operating environment precluded national inferences. The value of such lights
is also uncertain in highway transportation applications. The Safety Board knows of no conclusive
studies about the effectiveness of these lights in clear weather or in fog and other limited-visibility
conditions.

High-intensity forward-facing fog lamps or high-intensity narrow-beam head lamps have
been discussed as a possible low-tech solution. However, the reflective nature of fog suggests that
even greater backscatter would result, providing more glare to the driver, as when high beams are
currently used in a fog bank. Furthermore, the forward projection of the high-intensity beam would

*2Manufacturers of the MCI motor coaches.
B Apeil 1995 mobile collision waming technology conference, Norm Littler, MCI.

2D B. Devoe and C.N. Abemathy, Field Evaluation of Locomotive Conspicuity Lights. Prepared for Federal
Railroad Administration, U.S.D.O.T. by RSPA/TSC, U.S.D.O.T,, Final Report, Repoit No. FRA-OR&D-75-54, May
1975.

25y B, Hopkins, Operational Testing of Locomotive-Mounted Strobe Lights, Prepared for the Federal Railroad
Administration, U.S.D.O.T. by RSPA/TSC, US.D.O.T,, Interim Report., Report No. DOT-TSC-FRA-80-48, June
1980.
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tender little additional headway visibility because of the fog “wall affect.”” A more practical
solution to seek, according to Dr. Raymond Lee, is one in which the lead vehicle transmits a higher
intensity light rearward, traveling only one way to the receiver, rather than attempting to project a
high-intensity beam from the following vehicle that must be reflected and retumed to the following
driver.

Citizens Band Radios ~ According to trucking industry sources, approximately 97 percent of
all heavy trucks traveling interstate highways arc equipped with CB radios. Many truckdrivers
routinely use their CB radio to receive and transmit information conceming hazards that might lay
ahead, and channel 19 is primarily used for vehicle-to-vehicle communications. Many emergency
services providers also routinely monitor the CB channels, and channel 9 is reserved for emergency
communication. On flat land, with the legally permissible 5 watts of power, a range of 5 miles ur
more is normally expected. Seven of the eight truck tractors in the Menifee accident were equipped
with CB radios.

Trucking industry representatives at the Safety Board's April conference supporied
enhanced driver communication as an effective means to warn drivers of local fog and other
visibility-related issues. However, truckdrivers have found that the common CB channel airwaves
are often overcrowded, thus reducing the effectiveness of the CB radio to wam other truckers and
motorists of road hazards ahead.*®

Some CB radios currently in production have an override switch that when activated, causes
any transmission made on emergency channel 9 to automatically override reception of other
channels. This feature has been made available to police and emergency response providers;
however, no information is available about the number of CB radios currently in operation that
have this feature.?’

A Federal Communications Commission (FCC) official indicated that the FCC sees some
merit in encouraging a channel 9 override as standard equipment on CB radios to enhance highway
safety. The FHWA is currently considering a number of frequencies for Intelligent Transportation
System (ITS) technology, some of which could be used miore effectively for emergency
communication on the highways than the curren CB fre:quencies.23

The Salety Board reviewed literature to identify IVHS products, pret: tvpes, and
experimen‘al collision waming systems that can be mounted onboard vehicles. Probu’..: the most

*Information provided by trucking industry speakers at the mobile collision warning technology conference.

Ylnformation provided on June 19, 1995, during discussions with Mac Slayton, Manager of Regulatory
Affairs for the Tandy Cotporation .

Dnformation provided on June 19, 1995, during a telephone discussion with Dr. Mike Marcus of the FCC.




complete discussion of the developing technologies was found in a 1994 DOT-sponsored study®
that categorized and briefly described countermeasure technologies for many crash types (not just
rear-end crashes). Many similar products were presented in chart form for easy review and
comparison.

Forward Looking Sensor Technologies - FLSs operate in a wide range of frequencies:

Laser Radar
Near-Infrared (NIR) = 0.753 - 3 mm

Wave Radar
Microwave (m-wave) = 1 - 30 GHz
Millimeter-wave (mm-wave) = 30 - 300 GHz

Wave Radar-Based
Radar sensors, operating in various modes of transmission, include:
-pulse,
-pulse doppler,
-frequency modulated continuous wave (F'M-CW),
-binary phase modulation using maximal-length pseudonoise (PN) code
sequences, and
-pulse frequency modulation (PFM).

Manufacturer field testing found that side lobes of a 50 GHz FM-CW radar beam would
often sense roadside objects. Rainfall did not significantly decrease the effectiveness of sensors,
Some missed targets occurred at the beginning and end of a vertical curve in the road.

Laser-Based Sensors — Laser sensors (optical radar) filter out false alanms using honeycomb
and infrared (IR) filters. A sensitivity time control circuit filters out fog and road surface reflections
in the near field below the sensitivity of the laser receiver. Detection performance is degraded due
to dirt on the receiver, heavy rain, thick fog, and car exhaust. One tested unit sustained a 30-percent
decrease in range because of rain in the atmosphere and on various surfaces, including the
reflectorized surfaces of the lead vehicle. Other field tests indicated that a narrow beam FLS laser
lost track of targets over 60 meters due to vehicle pitch and roll.

Laser systems using passive transponders (tagging) on the rear of vehicles display some
advantages. Transponder-mounted vehicles were detected at a range up to 150 meters. However,
vehicles with damaged transponders and nonequipped obstacles can not be detected.

¥ Wassim G. Najim, Ph.D., A Review of IVHS Crash Avoldance Technologies, Volpe National Transportation
Systems Center, Cambridge, Massachusetts, March 1994.
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Intelligent Crulse Control Systems ~ The discussed radar-based technologies can be used to
monitor and to maintain a safe following distance behind a lead vehicle or to maintain a
predetermined cruise control speed when no vehicics or obstacles are detected in the path of the
equipped vehicle. Four ICC systems, three using laser and one using wave radar technology, can be
operated in an automatic mode that provides direct vehicle control through both the throttle and
braking or in an informative mode that provides only information and recommendations to the
driver.

Headway Detection System Technology - The DOT concluded, low-tech measures aside, that
the most applicable rear-end collision countermeasure concept was a headway detection (HD)
svstem.’® HD systems electronically monitor the dynamic relationship, including relative distance
and velocity, between equipped vehicles and other vehicles or objects in their forward paths of
travel as well as provide audio and visual waming to the driver when a potential hazard is
detected.”!

Current HD systems use one of two primary competing technologies, either radar or laser,
to detect obstacles in a vehicle's path. The older of the two technologies, radar is more correctly
described as microwave/millimeter wave radar. The newer laser technology is actually active laser
radar and functions using a highly concentrated light frequency.

'The leading HD technologies are radar and laser; however, other HD system technologies
have been developed. Ultrasonic and infrared systems 