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In-Vehicle Safety Advisory and Warning Systems
Task B -- Final Report

1.0  Introduction

This document constitutes the final report for the UMTRI subcontract for Task B - In-
Vehicle Safety Advisory and Warning Systems (IVSAWS) (DTFH61-90-R-0030). This report
describes the definition and prioritization of candidate advisory, safety, and hazard situations that
could be affected by IVSAWS. Included are methods and rationale for situation selection, cases

illustrating select crash situations, and a privatization of identified IVSAWS application scenarios.
2.0  Delineation of Contractor Tasks from RFP

Identify candidate advisory, safety, and hazard situations, and using recent rural and urban highway
accident data, develop ranking criteria to determine the severity of accidents; list them in a hierarchical
order according to potential benefits to safety and traffic operations (i.e., operational performance and
estimated relative frequency of occurrence)...Determine which situations could be helped by an
IVSAWS. Refer to Chapter II, "The Highway Safety Problem" of FHWA/RD-81/124 Report for
guidance.

Using the Manual of Uniform Traffic Control Devices (MUTCD) as a guide, develop ranking criteria
and apply them to determine which wamning and regulatory signs should be replicated within a
motorist’s vehicle to improve safety and traffic operations. Use human factor analysis to make a
realistic determination of which messages shall affect the proper response given the attention needed
for the driving process. To reduce driver annoyance, a method to defeat or defer frequently repeated

messages shall be found.

As stated in the Task B workplan, FHWA report FHWA/RD-81/124 -- Feasibility and
Concept Selection of a Safety Hazard Advance Warning System is inadequate for determining
crash situations that could be ameliorated through implementation of IVSAWS technologies. To
improve the state of knowledge about possible crash scenarios that could benefit from IVSAWS
we held several group discussions involving experts in intelligent vehicle-highway systems
(IVHS), highway design, crash data analysis, accident investigation and reconstruction, and
human behavior.

The initial discussion focused on identifying crash data that could help pinpoint and rank
crash situations that could be remedied by an IVSAWS technology. This first meeting began




with a brainstorming session to determine a few crash situations we believed could be affected
by IVSAWS. This was done to provide sufficient background information for development of
a data analysis and prioritization system. Results from the FHWA report (FHWA/RD-81/124)
were reviewed and professional observations from the group members’ experience were used to
develop a short list of crash situations. From this discussion, it was determined that identifying
crash situations amenable to IVSAWS applications and subsequently ranking these applications
based on the analysis of extant crash data sets was infeasible. Existing computerized crash data
sets provide insufficient data detail to conduct analyses that would provide the type of
information necessary to identify crash situations amenable to IVSAWS technologies with
sufficient specificity.

At this point it was determined that the best course of action was to convene group
discussions to identify specific crash situations amenable to IVSAWS technologies using the
experience and knowledge of the experts involved in the discussions. Once specific situation
types had been identified, a review of detailed crash investigations was conducted to identify
individual cases that would illustrate the general crash scenarios.

However, the use of mass statistical data was not abandoned altogether. Examination of
crash data from the states of Michigan and Washington, as well as the 1988 General Estimates
System (GES, a probability sample of all police-reported crashes occurring in the U.S.) was
believed to be useful in helping to bound the number of crashes involving some scenarios. While
insufficient detail is available in these data sets to examine all of the scenarios identified by the

group discussions, scenarios represented by sufficient data were examined.
3.0  Crash Scenarios Amenable to IVSAWS Technologies

In general, it is our belief that IVSAWS technologies are best applied in situations in
which the risk of a crash which is relatively high, the risk is known in advance, and the situation
occurs infrequently. In addition, the severity of the crash which is risked would preferably be
high. Further, IVSAWS technologies are well suited for sites with relatively high travel speeds

that act to both reduce reaction time available for collision avoidance and increase crash severity.




In order for IVSAWS technologies to be maximally effective they should be applied in
ways that reduce driver habituation effects. That is, the systems should be activated infrequently
to avoid the situation of drivers ignoring frequently occurring warnings (spurious or real). It is
equally important that warnings be issued only to vehicles that can benefit from the advanced
warning. Reception of warnings by drivers who are not at risk will likely act to reduce the
attention paid to all IVSAWS warnings, reducing their effectiveness.

In the discussion to follow, each of the IVSAWS application scenarios identified by the
group discussions is detailed. For some of the scenarios, cases of specific crashes are provided

illustrating the general crash scenarios.

3.1  Accident-involved or disabled vehicles

An advanced wamning of a disabled vehicle ahead could prevent drivers from crashing into
the disabled vehicle from the rear or prevent drivers from having to perform a radical avoidance
maneuver that could force them into oncoming traffic or into some roadside obstacle like a ditch,
utility pole, or tree. Such a system could be activated automatically via crash sensors similar to
those used to activate airbags or the system could be activated manually by the driver. If
IVSAWS was implemented so that the automatically-generated warning (activated by a crash)
also sent out a distress signal to police (augmented with a vehicle location code), the system
could effect a significant reduction in death and injury outcomes by reducing the response time
for emergency medical treatment. Such a "mayday" signal could perhaps be sent only in crashes
having a sufficient delta-V that serious injury to vehicle occupants was likely.

Such an automatically activated system may have been of benefit to reducing the crash
trauma induced in the recent chain-reaction crashes in Tennessee and Utah which were caused
in part by high travel speeds and limited sight distance which obscured vehicles disabled by
previous crashes. Two cases involving collisions with disabled vehicles in the roadway follow

to illustrate this application’.

!Cases are taken from crashes investigated by the UMTRI crash investigation team headed by Dr. Donald Huelke
and sponsored by the Motor Vehicle Manufacturers Association. Cases were selected from over 500 reviewed
representing crashes occurring in Washtenaw County, Michigan from 1986 through 1990 involving late-model cars in
which at least one occupant was injured.




IVSAWS Application Case 1

Accident Involved or Disabled Vehicles




Case Vehicle (A): 1985 Volkswagen Vehicle (B): 1975 Buick

Type: GTI, 2-Dr. HB Type: Regal, 2-Dr. Sedan
Driver: 16-Yrs., Male Driver: Unoccupied
Situation

At about 1907 hours on Saturday, January 18, 1986, case vehicle (A) was traveling at an
unknown speed in the left southbound lane of Huron Parkway, a 4-lane asphalt parkway on the
eastside of Ann Arbor. Vehicle (B) had run out of fuel in the left southbound lane and was left
unattended with its parking lights on, but not its 4-way flashers. Perhaps due to the fog and the
low visibility of the parking lights, the driver of the case vehicle (A) failed to see vehicle (B) in
time to avoid a collision. Even though case vehicle (A) veered to the right at the last instant it
struck the rear right corner of vehicle (B). Both vehicles then lightly slapped together, but their
final positions are unknown. At the time of impact (B) was parked and the impact speed of case
vehicle (A) was estimated to be 48-58 kph.



CASE NO.: UM-2347-86

CASE VEH.(A): 1985 VOLKSWAGEN
TYPE: GTI, 2-DR. HB

DRIVER: 16-YRS., MALE

VEH. (B): 1975 BUICK REGAL

HURON PARKWAY

DATE/TIME:1-18-86 / 1907 HRS.
WEATHER: FOG

ROAD SURFACE: WET

ROAD CONSTRUCTION: ASPHALT
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IVSAWS Application Case 2

Accident Involved or Disabled Vehicles




Case Vehicle (A): 1987 Chevrolet Vehicle (B): 1977 Chevrolet

Type: Celebrity, 4-Dr. NB Type: Impala, 2-Dr. Cpe.
Driver: 33-yrs, Male Driver: 41-yrs., Male
Situation

On Friday, January 23, 1987, at about 1842 hours case vehicle (A) was southbound at a
driver estimated speed of 56 kph uphill in the curb lane of Washtenaw Avenue, a 4-lane asphalt
arterial roadway through the residential area of southeast Ann Arbor, Vehicle (B) was northbound
at an unknown speed in the curb lane. Just prior to the intersection with Brockman, southbound
vehicle (Z) was disabled in the curb lane. As case vehicle (A) approached the intersection, the
driver did not realize that vehicle (Z) was disabled until the last instant. The driver made a sharp
correction to the left causing case vehicle (A) to avoid vehicle (Z). Case vehicle (A) then
crossed the centerline into the path of vehicle (B) where the two struck head-on. Both vehicles
came to rest locked together, but their exact position is unknown. The impact of vehicle (B) was

estimated to be 24 to 32 kph while that of case vehicle (A) was 28 to 36 kph.




CASE NO.: UM-2447-87 DATE/TIME: 1-23-87/1842 HRS.

CASE VEH. (A): 1987 CHEVROLET WEATHER: CLEAR
TYPE: CELEBRITY, 4-DR. NB ROAD SURFACE: SNOWY
DRIVER: 33-YRS., MALE ROAD CONSTRUCTION: ASPHALT

VEH. (B): 1977 CHEVROLET IMPALA
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3.2 Crash site -- Police Activated

This application is similar to the previous one except that the deployment of the system
differs. In this application, a transmitter is programmed and placed at the crash scene by police
much like flares are currently deplbyed. Police could select an appropriate message to assist with
traffic control at the crash scene. Once again, secondary collisions at the crash scene and crashes

caused by avoidance maneuvers are the target of this [IVSAWS application.

3.3  Disabled Truck at Roadside

In this application IVSAWS warning would be activated to supplement or replace
reflectors at the roadside. This application would be particularly useful on primary and interstate
highways where travel speeds are high. One case involving collisions with a disabled truck at
the roadside follows to illustrate this application.
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IVSAWS Application Case 3

Disabled Truck at Roadside

14



Case Vehicle (A): 1986 Ford Vehicle (B): 1977 Mack

Type: Escort LX, 2-Dr. HB Type: DM-800ST, Tractor-Trailer
Driver: 55-yrs., Female Driver: Unoccupied
Situation

At about 1310 hours on Monday, February 24, 1986, case vehicle (A) was southbound
at a driver estimated speed of about 80 kph on Rawsonville Road, a 2-lane farm area road
southeast of Willis. Southbound vehicle (B) had broken down and was parked along the west
side of the roadway, but well into the southbound lane because there was a ditch on the west side
of the road. The driver was undemneath the semitrailer working on the brakes. The driver of
case vehicle (A) did not recognize that vehicle (B) was parked and case vehicle (A) struck the
rear left corner and dual wheels of the vehicle (B) semitrailer. Vehicle (B) was not available for
inspection, but as stated above it was stopped at the time of impact and the speed of case vehicle

(A) could not be estimated. However, by assuming a barrier type of impact a delta-v was

calculated using only the damage of case vehicle (A). The calculated delta-v for the assumption
was 32 kph.
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CASE NO.: UM-2359-86

DATE/TIME: 2-24-86 / 1310 HRS.

CASE VEH.(A): 1986 FORD WEATHER: CLEAR

TYPE: ESCORT LX, 2-DR. HB
DRIVER: 55-YRS., FEMALE

ROAD SURFACE: DRY
ROAD CONSTRUCTION: ASPHALT

VEH. (B): 1977 MACK TRACTOR-TRAILER
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3.4 School Bus or Other Special-Vehicle Hazard

Many special-use vehicles create hazards because of repeated stops or slow travel speeds
relative to regular traffic. Crashes resulting from the operation of these vehicles may be the
result of impacts with the special vehicle itself or with traffic backed up behind the vehicle or
maneuvering around the vehicle. An IVSAWS system could provide drivers with a warning of
the upcoming hazard in sufficient time to slow to react to the upcoming situation. Two cases
follow to illustrate this application. One case involves a car striking a slowly moving snow-
plow/salt truck on an interstate highway, the second involves a collision of a car with a civilian

car used as a mail delivery vehicle.
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IVSAWS Application Case 4

School Bus or Other Special-Vehicle Hazard
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IVSAWS Application Case 5

School Bus or Other Special-Vehicle Hazard
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3.5  Highway Construction Zones

IVSAWS transmitters could be deployed to accurately reflect the changing conditions at
and around construction zones. Work crews could change the transmitted message to reflect
current road conditions as work progresses and changes in character. In this way, drivers would
be presented with the most timely information, reducing the likelihood that they will dismiss

messages as not being pertinent.

3.6  Traffic Backups

IVSAWS transmitters could be deployed to notify drivers of impending traffic backups.
This may not be practical for some recurrent traffic congestion problems. In recurrent situations
the message may be so repetitive as to cause driver habituation, thus diminishing the value of
the message. However, this application may be more practical in nonrecurrent traffic backup
situations.

Traffic may backup as a result of a crash or other roadside or off-road event (via lane
blockage or "gapers block"). In these cases, police or other emergency personnel may set up
IVSAWS transmitters to inform up-stream traffic of the upcoming blockage. Another likely
application is at locations on the highway where traffic backups are frequent, but are not so
regular in occurrence that driver habituation becomes an issue. Such a location is at or near
construction zones. A case describing a crash that occurred up-stream of a construction zone

where traffic had backed up well in advance of the construction zone is described on the

following pages.
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IVSAWS Application Case 6

Traffic Backups
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Case Vehicle (A): 1988 Dodge Vehicle (B): 1985 Freightliner

Type: Ram Raider, 3-Dr. MPV Type: COE 6 x 4 Tractor-Trailer
Driver: 18-yrs, Male Driver: 49-yrs., Male

Vehicle (C): 1981 Pontiac Vehicle (D): 1976 Chevrolet
Type: Phoenix LJ, 5-Dr. HB Type: Camaro, 2-Dr. Coupe
Driver: 51-yrs, Male Driver: 32-yrs., Female

Vehicle (E): 1986 Buick Vehicle (F): 1973 Dodge

Type: Electra Park Avenue, 4-Dr. NB Type: Motorhome

Driver: 46-yrs., Male Driver: 64-yrs., Male

This is a multiple vehicle fatal crash with fire.

Situation

At about 0850 hours on Thursday, August 11, 1988, case vehicle (A) was reported to be
traveling at an unknown speed in the right lane of US-23(NB)/M-14(WB), a 4-lane divided
concrete expressway north of Ann Arbor. Vehicles (E), (D), (C) and (B) were westbound at
unknown speeds in the left lane while vehicle (F) and other traffic (S) thru (Z) were westbound
in the right lane. Due to construction ahead all traffic was stop-and-go except case vehicle (A)
and vehicle (B). As case vehicle (A) approached this situation, it reportedly switched lanes
abruptly in front of vehicle (B) and then had to slow down, but the driver of vehicle (B) was
apparently not attentive enough and could not stop in time. Vehicle (B) struck the rear of case
vehicle (A), which in turn struck the rear of stopped vehicle (C). Following the impact, vehicle
(C) yawed to the left into the median while case vehicle (A) bounced into the air and ran off the
median and rolled onto its right side. Both case vehicle (A) and vehicle (C) burst into flames
and were consumed. Case vehicle (A) came to rest on its right side headed easterly about 4
meters into the median while vehicle (C) was on its wheels headed easterly just ahead of case

vehicle (A) about 3 meters into the median. Following the initial impact, vehicle (B) began to
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jackknife and then struck the rear of stopped vehicle (D). Vehicle (B) then slid to a stop with
the front of the tractor just into the median headed southwesterly at the rear of vehicle (C).
Vehicle (B) left about 75 meters of skid marks. Following impact, the left front of vehicle (D)
struck vehicle (E) and bounced to the right where its left front corner was struck by vehicle (F)
and then sideswiped by vehicle (F). Vehicle (D) came to rest headed west astride the center of
the westbound lanes and 26 meters west of vehicle (B). Meanwhile, vehicle (E) came to a stop
on the median shoulder and vehicle (F) stopped on the right shoulder; both an unknown distance
west of vehicle (D). It is unknown whether or not vehicles (E) and (F) were moving at the time
of impact, but it was reported that vehicle (D) was stopped at the time that it was struck. The
impact speeds of vehicles (B), (C) or case vehicle (A) could not be determined.
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- _ o Date of Supplementary Report Primary File Class
] Additional Incident Page No. 4 9300-1

— .

To follow as page four after the page 3 UD-10

INFORMATION: ‘ _

Undersigned while S.B. on US-23 was stopped by a motorist near the Pl)rmou'ﬁh.Ex{t.

Motorist advised a bad accident had just occured near Nixon and M-1l4. The U/S_advised _ _

the post of the information and with full emergency equipment departed for the accident
___location. This was_approx._ 8:58 Hrs am. _

several people trapped inside one of the vehicles. At this time with use of an emergency
___blanket out of the patrol vehicle U/S_attempted a rescue. As_the U/S_approacehd the

burning vehicle and looked in it was obvious that I would not be able to render any

... assistance. This was_9:00 am.__ . . o e

__ Tpr._Gray had .arrived at. the scene at this time and Fire and HVA were dispatched.. .
Sgt. Ezinga accident reconstructionist from Jackson was requested and did arrive
.. at _the scene. (40-100-88) Tpr. Gray. interviewed the 4,5,6, vehicle in the accident
as well as witnesses while the U/S interviewed the driver of the Semi who struck the
_ K (death) vehicle. Vehicle 3 was also interviewed by the U/S.

—__INTERVIEW TRUCK DRIVER:

W/M 7-16-39

S

Vehicle 1985 Freightliner
___Vin_lFUEYCYB4FP255135

N - S P R

VN 25 read his Miranda Warnings_per the dept issued card_at’9:50 a.m same date _
at the scene. Herman advised he would cooporate and answer some questions for the

. .U/S officer. o L B )

W) -ivised he departed 2000 Stickley Ave. Toledo Ohio 43615 at 8:00 a.m. empty

__and was_enroute_to Evart Michigan. . took US 23 up from Toledo.. advised he . 1

was running around 50-55 and noticed the traffic getting a bit heavy on the W.B. M-l4.
VW :ivised it _was still flowing_good. (advised that_he_didn't notice the ___. __.
Blue vheicle (k) at first but then saw the blue vehicle cut in. At that point he noticed

. _traffic_back-up_started_to_slow down_then bingo struck the blue car._.,qdvised_______-.._
occure

he had about 5 to 10 feet in front of him and the blue vehicle. This in the
Jleft. of two._lanes on W..M-14. was_going north on US23 at the split about } mile
from the scene of the accident. When asked some time later to go over the details
of the accident @il advised " when I looked up he.was there and bam I hit him".
further advised he struck his brakes prior to impact and at this point it
_ appears so. , _ o

- . 1
i e \ Investigated By Reported Sv\ / l ( |Reviewed By
VI
T . It \ !
pr. Gretz fAT v
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INTERVIEW TRUCK DRIVER CONTINUE:
-agaln advised he didn't think the blue car was in front of him for more = ™
than a few seconds. M) did advise he noticed traffic slow down. The U/S went
" over the details” just prior to the accident several times with Herman giving these”
two stories. When asked about the other vehicle involved in the fire the Burgandy
“~vehicle with thé ¢Hild and parents in it WM 2dvised He didn't recdall §éeing that™
vehicle.

_appeared to be in good physical condition considering.

—— iy idvised he recieved about 7 hrs of good sleep the night beforeand had mot
been drinking. W further advised he takes no drugs but was on(SP) Thermadone

~ TTUTTT for his lumgs. In the U/S opinidn thé was no sign of drug or alcofiol use.

T T "yl WaS unablé to recall what type of vehicle it was he stfuck or even the
color He just knew the vehicle on fire was the one we were talking about.
"It was also the vehic¢lé he described 'as cutting in fromt of him etc. It should
be noted at this point the U/S is using the color in the report not-.(blue

~ Tand’ burgandy) T T

TTTTTTTTTADDITIONAL Y
The U/S did a driver 1nspect10n at the scene on-wn.th the following

“results.’ ToTTT T T
Seatbelt not on. \jjjllhadvised it was. Seatbelt was under debris and very dusty

- also QN had a Kiee injury the belft use would have prevented.

v1olat10n .

Drivers License, Class II good record.

Medical Cert. Current as of 1 18 88

REQUEST CHEMICAL TEST: '
TT"T "7 chemical test was requested of QNN at 2:32 p.m. at St Joes at which time T

—was given his Chemical Rights per DI-93. YR advised yes he would

""" give blood. Sample taken by RN S NENEG» V/F 9-12-62. results pending.

INTERVIEW OCCUPANTS VEHICLE 3 Burgandy: ‘

T T AR /Y 7-23-31
See UD-10 for further.

T ) saw the truck in his mirror and advised he knew he was not going to stop.

W 2150 stated he was comming very fast. —does'i't speak English well.

W/F 5-29-30

— 77777 Saw nothing.

I INRIVEY-YEIT]
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Qrigina: Date | 1ncident No.

CHIGAN DEPARTMENT OF STATE POLICE
8-11-88 | 26-4348-88

_‘j Suppiementary Incident Report
j Additional Incident Page No.

Date of Supplementary Report Primary File Class

m—

ADDITIONAL ACCIDENT INFORMATION:

To follow by Sgt. Ezinga out of Jackson S
_. Accident drawing, Speed est. Pictures. B o o
MOTOR CARRIER INVESTIGATION: -

Officer M. Jones Ypsi Post. was called to the scene to check the mechanical
condition_of the truck. Jones advised the mechanical condition was sound and

the brakes were working properly.

MEDICAL EXAMINER:

DL of _ S B —_

Tx. @D 2rrived and pronounced subject dead.

'PROPER ID OF SUBJECT: l
- ——. Dental records_were.obtained by .Ipr. Shaw.and comparison was made by Dr.. - e

W :nd Dr. QNS of U of M pathology Tx. “H of_ Durlng

.. -medical exam of the body positive I.D. was made. .. __

PARENTS CONTACTED:

S By Tpr. Gretz, Also See—Tpr_ —éﬁaw Supp S o )
FOLLOW-UP: __ .
All follow-up to Tpr. Gray.
STATUS: Open N - -
S— 4 A
3 Investigated By Reported B& |"‘\ \.K'b\ Reviewed By
2 Tpr. Gretz ( ’a;\ !
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(ICHHGAN DEPARTMENT OF STATE POLICE Original Date Incident No.
: 8.1:28 A=L3LE-c?
] supplementary Incident Report 8-11-C¢8 2b=h340-Cc
‘onal Incident Page N 1. Date of Supplementary Report Primary File Class
7] Additional Incident Page No. 9300-1
JoLU=2
c———
1 PCRTS: A FATAL MOTOR VEERICLZ ACCTII ZNm ' VIZSTIM: JAMES 2 PTRHINS 1% ¥rs

PPLZIENTAL INTCRMATION:
1 the above date, at approximately 9:00 am the undersigned officer and TROOPEZR: CARL
GRETZ in seperate patrol vehicles were s.b. US-23 near Plymouth rd. when an unknown

roterist xept flashing his lights on and off to stop the officers. The motorist advised

hat there was 2 %2d accident on w.b. M-1Y near Jixon Rd., where there were several
venicles burning _and people injured., Eoth officer resvonded.

£f in the distance 2s the officers were approaching, 2 large cloud of smoke could be
seen in the area of M-1l and Nixon Rd.

2RIVAL AT SCENE:
_ -t the time_the officers arrived, the Ann Arbor Twp. _Fire department also arrived.

All of W.B. M-1l4 traffic was comnletely stopped at the scene of the burning vehicle. There
ere pany people walking around the area, and yelling at the officers that there were
till people in the burning vehicles.

"t this time, TPR: GR"""Z, grabbed an emergency blanket from the patrol car trunk, ran it

hrough standmg water in the median to get it wet and ran back to the burning vehicles

to attempt a possible rescue. Both officers realized at this time that there would be
~o more survivors of the two autos due to the vehicles now totally engulfed in llames.

Both officers_checked the injured parties that were lying on the roadway not far from the

vehicles for serious injuries. None seemed to be in any serious danger and were being
. reated by concerned citizens who stopped to help. Also moments later fire rescue was
also checking the injuries.
l.nng *he tme »he ;u'e department was extlgulshm the ‘lames on the three turning
ehicles, people were advising that there were other reople iIn the burnipg autos,
A check of vehicle number 3 revealed that evervone had escaped however in vericle

umber 2 it was confirmed by _both officers that one person did not escape a_qu died in the

ehicle. Vehlc*e nunber tro was layln;., on its passenger side door.,\,Af the flames

FFICZRS ACTICMNS: e
At =2bout 3:10 the unders*'ned officer reoueste'* “adéitional backup in regards to traffic
»ssistance, a medical exaniner and an accident reconstructionist.

_ oGT BILL DARNELL of the Yosi post advised that at (9:16 AM) medical exeminer SN
was enroute to the scene, and an accident reconstructionist from JACKSCNSTA“ POLICE PCST
SGT_ROBERT ZZINGA ) _was _enroute.

TPR: CARL GRETZ is the officer in charge of handling the original report with TPR: GRAY

- ssisting. ‘TPR: GRETZ requested that the unders:.;,ned assist in obtaining witness infor-
ation. At the beginning of the investigation, it was believed that there was only a four

vehicle accident. As time went on at the scene, it was learned that there was an additional

wo more_vehicles . involved. TOTAL # of vehicles involved 6.

continued on next oa.ge. .o
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J Additiona! Incident Pace No, 8. 9300 p ‘!
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WITUISS INFORLTIICH:

-~ - val e

T >/ o R -
«a*ts # advised the fcllowing informaiicn; ;

-

MR. —state thet he was travelling in the righ* lane(slow.lane) when he saw
‘traXe lights ug ahezd; trafficstopping !R. (I ¥as drivinga seni=travior—traiter—
rig.

41

Venicle #1. was a shor:t distance anead of his rig, 2nd 3. D stzted that he knew

the.semi, (veh #1), wasn't goinz_to s*op_in_time, R [ stated_that he szw the semi !

hit his brakes z2ad t“l&'l he locked ur both the tractcr 2ad trailer brakes.
AR QR statec that _at_abaout_the tirme he locked his bzakes_up,_there was_2 huge

explosion.
e ) /

i
!
|
|
i
{
i

i
}
{
|
;
i
:
!

'R. G thouzht that the semi hit a car and possidly a Bronco type vehicle. N

_stated that_the SRONCO_type.vehiclepemddiately burst into_ flames._ (when asked

what vehicle was hit first, he stated that he wasn't sure and that it all happened

_so fast. R. -.stated_tnat he.was almost.stopped.due_to_the_traffic_up_ahead,.he____|

then pulled his rig to the shoulder and ran over to helz. MR. ) stated that his
__zain_concern nov was_the. safety_of people_involved. P then_advised_thai_he helped
in getting a trapped youth from the rear of vehicle number 3 which had just caught -

_fire.

_MR._ R as asied_as_to_the possible_speed_of vehicle number one, the semi. D

stated that he dida't think the truck was exceeding the speed limit of 55 mph. but

—Xnew_that he_was travelling at a speed which would not_enable him to_stop_in_time due

to the stopping itraffic he observed up zhead. (P vas already braking for traffic

-.ahead..Vehicle aumber_one_was_not_braxing unil it was _tco_late
/\_—/

W “The "dizgran to the left is the Iocafion oi witness
' vehicles relative at the tme of the crash.

WITNESS VEHCILZ W#¢ 1 —

T "

WITNZSS

¢ 2

witness " v 3 D

WITNESS " Vi L

WITNESS " w4 5 D

wWBLr ey

B '_—’_;"“- T \-Q- ’ see add—itional PageS.eens -
Laz.([,_m’ o ) : -

L
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e 8-11-88 26_L315-62
supplementary Incident Report
D | Incident Page N 3 Date of Supplementary Report Primary File Class
I
D Additional inc ge No. —_ 9300-1

/

WITNESS INFORMATIOH: continued
:r'

- Titness 72, NN/ 12-28-5C of — ST
EOME T D Viork; —advmed the following information;

‘.R. G st::cc that he was in the slow lane of e.z. ¥-1L when the accident occurred.

MR G SAic as he was e.b. he looked over” to the w.b. lanes of” Velb—bdeczuse——

traffic was so nheavy and backed up. IR, WS tated <hat he saw a burgundy vehicle
" iAthe fast lané at i complete stop.  The next tHinz ne saw wds a dlack LTwheel” cL;v

+ype vehicle (bronco t]rpe) get struck from the rear oy 3 semi-truck. It dburst into [{lanmes

" upea impact. T W stated thatTthe SRONCO spuriand collided with™The burgundy car:
R, —stated that Irom t‘le impact, the forward zczentum kept everything moving

and it all harpeded 50 fastT R, W rulled HIS vericle to thé shoulder; ran
across the mwedian and assisted in getting the trapped jouth out of vekicle number 3.
"SR st2ied the bronco was either stopped or doing the mosi 2 mph in backupy T
WITWESS #2 interview:

w/2"2h yrs of age 9-11-63 il
"ork— advised the following information.

QP s:::cd that he was travelling in the fast lane when he was approaching the

“traffic vack-up . QW s2id he was slowing down and traffic was possidlydoing two mph:

At this time QBN stated that he moved over to the rizht hand lane knowing traffic

""behind hix “7as doing 50 alsd. Statéd thdt he 166Ked id Tedrview mirror andsaw thatTthe—

sem Veh #1) was really moving along. Only S50 ft away the semi showed no signs of

“slowing down and hit the vehiclés, "WENEEPstated thaf he wis udsure of What vehicle wds ™

it first but saw the ERONCO type vehicle flip several times and burst into [{lames.
"Wstated that all of the vehicles ahead of theé semi were either stopped or only

crawling at 2 mph or so. -stated that he sav everything in his rear*n.e: mn‘ror
" and the chain reaction after.” ’

“When asked to sum up What he saw that happened, MMPSTATED:"The cars stopped; and the

truck didn' t"

WITNESS #4 interview;

© R ! 2o 22 6-T-66 of-%me S S

NS o-: WM :dvised the following information;

“R. QMM stated that he was w.b, M-1lb and was almost positive he was directly behind

““vehicle number one(thne semi) when ithe acciZeni occurred.” He too stated that everytaing

happened so quickly. S sov that traffic ahead was sarting to slow down. He <furiher

T advised that the semi zhead of him, didn't seem to be slowing down at all, and then 3ll

of a sudden "CRASHq.M vas questioned about the speed of the semi, and he couldnt
“say for sure how . fast, ‘but knew that he +Wasn't zoing to stop in time.,” When questioned ~
about brake lights from the semi,-stated that he didn't see any. -staved at

" the scene to zive assistance and witness iInformation to the investigating officers.

-stated that after fire rescue, ané tle undersignec officers were 6n the scene and
many people were in the area, @B n:c sroke with the driver of the seni. il asked
a man if he was the driver of the semi and the man stated that he was. il stated thz’
this man said, "I looked up, and just hit him.

WITNESS #S interview; continued on next page....
e ‘ Investigated 2y GG&?W / / - |Reviewed By
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,J Supplementary Incident Report
"j Adgiti | Incident P N io Date of Suppiementary Report Primary File Class
itional Incident Pa .
Z ge No G300-1

30 ’4-17-58“01"“

vork VD 2dvised the following information;

A ad s it ntad
(PSP Pite

#5 interview;

S vised the undersisned officer that she didnt see the sequence of events
thet led uUp to +he collision, oul she heéard tires Sjreeching and that she locked in~
her rearview zirror. VS STATED that she saw the vehicle collide and the fire.

' She further stated that everything was approaching her, so she drdve off onic fhe
sout"x shoulder to av01d belne, hit herself,

When asked about traffic conditicms at t‘le tme, she stated that she was in stop a.nd

"go traffic. (R stated that she was one or two vehicles aliead of the duick,
vehicle number 5. After the scene settled, —"en"‘ to t"le ald of the 1nju.red
emale in the orange Ciataro, vehicle number L4,

CADDITIONAL: 7 7 S
The undersigned officer along with CLEARZD TET SCINE and went to the

"U of M hospital to take statements Irom the driver of vehlcle nunber 3 and number

4. TPR: GRETZ spoke with the VNI ~hile TPR: GRAY Spoke with —

W s :2ted that she didn't know what took place but all of a sudden was struck
from behind and was tossed about inside of her car. She stated that if she didn't have
_her seat belt on, she really could have been hurt

m™R. GR z

L.

uhe steer:nb

W) suifered a badly bruised - ight hand, possibly broken, by

wheel.

SO, S,

STATUS- T T e . P - o
OPEJ, OPEN, PENDS REPORT ...O*‘ JACKS ACCID"’I’T RL.COI‘iSTRUCTICXIST, PHOTO' and re\'lﬂ'

Tpy rrosecutors office,

A
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,.:t:ht-:l.n Dapartment oOF go“‘z'-‘l“‘"‘h LATE iIN‘ ICENT N
. state Polica AUG 11, 1988 026 - 4348-38
SUPPLEMENTAL INCIDENT | SUPPLEMENTAL REFPORT LATE |[FILE CLASS
{INCILENT STATUS

| H 0 OPEN

S —

NATURE COF INCIDENT

FATAL TRAFFIC COLLISION

INFORMATION:
Undersizned officer was requested by TPRS GRAY & GRETZ to
assist with the investigation of tnis fatal traffic collision.
Officer was requested to attempt to make contact with the
registered owner of the vehicle containing the deceased driver
in an attempt to identify the victim and notify next of kin.

INVOLVED VEHICLE:

1988 Dodge Raider 4dr. NS 89/MI

Registered owner of the vehicle: SR
CONTACT RESIDENCE:

Officer responded to the residence z:t (NN Surcrior
Twp., to make contact with the registered owner of the vehicle
regarding further investigation of this incident.

VIN# JB7FJ43E3JJ001211

Orficer arrived at the residence at approx. 12:00PM this date

neeting with a female subject named
This subject stated that were both out

of state on vacation in Mass. and that she is staying at the
residence to watch the house while they are gone. Subject

stated that she is not related to the familyv but that
she is a graduate student of MR.{ R ~ho is a Professor
at the University of Michigan. 1'

Officer informed MS. (D of th= traffic collision and she
stated that she believed the decesased victinm is Gl
W son of the registered owner of the vehicle.

INTERVIEW SUBJECT Wiy :
il

WF 12-12-62

Subject GNN <xplained that she was house-sitting for the
U 'hilc they were in Mass. visiting family. MS.

stated that the Y son, W ::zc 18, had remainzd
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Michigoan Dapartment of |O9RIGINAL DAaTE ’IN' IDENT NoO,
Srmta Police ; AUG 11, 1688 L 026 - 43248-88
SUPPLEMENTAL INCIDENT |'s CPRLEMENTAL REFORT CATE |[FILE cLASS
REPORT Pace 2 L AUG 11, 1988 | 83001

nome and had left this morning in the vehicle reportecly involved
in this collision.

Supject U st::=c, that to the best of her Xnowl.zdze, sublel:

U [ -C 1-0t the residence at approx. 9:00aM this dats

in the 1988 Dodge and that he was enroute to a stable in Ann Arboor
1'

where he horse is poarcad. M5. (N stated that she is
unsure of the location of the stable, but stated that the name
is Stoney Ridge Farm and that the phone number is (NN

subject GHEIEEN. -her asked, stated that subject —

was the only subject in the v~h1cle and that he was w=arin
horse riding clothes d=scribed only as a light brown zair of
riding pants and boots. Subject W described WD as
a white male, age 18, approx. 6 foot in height, sturdy build,
and blonde curly hair. Subject described the vehicle as a
new Dodge 4 wheel which was brown or blue in color.

when asked, subject (SR stated that when (NN 1:=:t

the residence he appeared to be in a good state of mind and
did not appear to be under the influence of any substance.

Subject (R 2dvised that the believed victim's mother and
father were staying at Lhe below listed location:

(MRS. sister's residence)
residence

Nantucket, Mass. 02554

Res. TX#%
Subject advised that the are to return home from their

trip on Saturday August 13, 1988.

POSSIBLE IDENTITY OF DECEASED DRIVER:

DI L 4-14-70
O
MI OPS+ S

FURTHER INVESTIGATION:

Officer made phone contact with the horse stable learning that
believed victin“(l @ had not arrived at that location this
date.

Officer, with the assistance of house-sitter (. checked
the residence in an attempt to locate the name of the family
dentist to obtain dentzl records for identification purposes.
Officer was unable to locate the name of the family dentist
after making numerous calls to the U of M Employee's benefit
office as well as contacting the insurance carriers direct.
Officer did make contact with the family's dental insurance
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carrier, United of ¢Cmaha TX: SN

o iss
ation unt

[¢1]
[N
<

[
to
)
)
w

er did make contact with the VD ::==
d that he would check his recorzs and az
entist and re-contact officer.
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CONTACT WITH POST DESK:

Cfficer made phone contact with SGT. DARNELL at the Post
to inform him of information obtained at this point. &f
further advised of the next of kin location and that a r
to Mass. authorities would have to be made to deliver the
nessage once positive identification of the victim was obt

o]
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M (D

i
q

D (D H1
ac O
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SGT. DARNELL advised that the il doctor had contacted the
Post advising the name of the family dentist. SGT. DARNELL
stated that he had contacted the dentist. NN |
and made arrangements to have undersigned officer meet him

at his office in Ann Arbor to obtain the dental records

of N SGT. DARNELL further requested
that undersigned officer transport the dental records to the
University of Michigan Hospital Morgue and turn same over to
the Pathologist. :

MS. —stated that she would remain at the resiaence
pending positive identification of the victim and notification
of the parents.

DENTAL RECORDS OF NN

Officer responded to GENEENENEEN®D.0.S. office locatzd at (R
, Ann Arbor, Michigan (TAAyNEEEER 3t approx. 2:00PH
to obtain the dental records of .

Officer met with the dentist and obtained the required records.

CONTACT U OF M HOSPITAL MORGUE: .

Officer responded to the U of M Hospital Morcue meeting with
Pathology personnel. Officer turned over the dental records
to same along with information on the believed identity of the
victim. Pathology advised that they would contact the Post
once positive identification of the victim has been made.

CONTACT NEXT OF KIN:

Officer returned to the Post learning that SGT. DARNELL had
sent a LEIN message to Nantucket Police in Mass. reguesting
that notification be made with the victim's next of kin.

At approx. S5:30PM this date notification was made with

MR. & MRS. _by the Mass. authorities. The Post was
also notified at this time by U of M that the victim was
positively identified zs \uuiNENNNEEN by c2ntal
records.
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:S., phoned the
Z regarding
some initial details of the collision.

ADDITIONAL INFORMATION:
The victim had left his residence on (MBRd., just north of
and was gnroute to ,
Chelsea, Michigan TX# , at the time of this collision.
The most direct route for the victim from his residence would have
been westbound on M-14 which would have taken him to the lcocation
of this collision.

STATUS:
Open pending further investigation.
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3.7  "Mini-zones" Involving Roadside Work

Crashes may occur at roadside "mini-zones"--areas where roadside work is in progress
for limited periods of time. Examples of these mini-zones include utility construction sites where
utility vehicles are present in the roadway while work is in progress at or near the roadway itself.
Presence of these zones could be announced to up-stream traffic via IVSAWS. We should note
that conversations with the corporate safety directors of several Michigan utilities have suggested
that crashes involving roadside utility crews and/or their vehicles are extremely rare events.
However, further research into the number and nature of such crashes may shed more light on
IVSAWS applicability in these situations. Unfortunately, available crash data are unsuitable for
this level of detailed analysis.

3.8  Temporary Detour Routes

The IVSAWS applications on temporary detour routes take two basic forms. First,
IVSAWS could serve to warn of special hazards that may be encountered on the detour. An
example of this application can be found on the following pages describing a crash of a semi-
trailer truck as it tried to negotiate a curve at excessive speed on an interstate highway detour.
The second possible application deviates from IVSAWS as a safety warning system and, instead,
serves to provide route guidance. Transmitters could be placed along a detour path (created
because of construction, a massive accident, or other special event) to direct traffic so that drivers
do not get lost. While this application deviates from the hazard warning application of IVSAWS,
it capitalizes on an IVSAWS installation to obtain greater functionality as a public service.




IVSAWS Application Case 7

Temporary Detour Routes
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Case vehicle (A): 1978 International
Type: CO-4070B, Tractor-Trailer
Driver: 40-yrs, Male

Situation
This is a fatal crash.

At about 0055 hours on Wednesday, February 4, 1987, case vehicle (A) was traveling at
an unknown speed in the right lane of the 3-lane westbound 1-94 detour route. There were two
other lanes on the right than continued on to Ecorse Road. On a fairly sharp uphill curve to the
left that went across an overpass, the case vehicle (A) was apparently traveling too fast and ran
off the driving lane onto the right shoulder. The driver apparently attempted to return to the
roadway too abruptly causing the case vehicle (A) to roll onto its right side. It then slid on its
right side up the pavement and onto the right shoulder where it struck the guardrail. It was then
directed on up along the guardrail where it struck the concrete rail of the overpass. The case
vehicle (A) came to rest on its right side on the north shoulder near the center of the overpass.
The rollover speed of the case vehicle (A) is unknown. The semitrailer contained two moderate
(23,770 1bs total) weight rolls and one heavy (27,430 Ibs) roll of stainless steel. The two smaller
rolls remained in the semitrailer while the larger roll broke loose and came to rest in the center

of the roadway.




CASE NO.: UM-2455-87 DATE/TIME: 2-4-87/0055 HRS.

CASE VEH. (A): 1978 INTERNATIONAL WEATHER: CLOUDY
TYPE: CO-4070B, TRACTOR-TRAILER ROAD SURFACE: DRY
DRIVER: 40-YRS., MALE ROAD CONSTRUCTION: ASPHALT

ACOTH

INCRE TE
i DEEF RA/L

Cco,
BRI
(J]
* M

1— OVERPASS

£CORSE RD. (EB)

GUARDRAIL




UM=-24 53\;8 7

FENALTY:  Moemmno ] i CIRCLE THE APPROPRIATE SELECTION _
LEIN Numper Department Compiaint No. ' Ares
/D-10 (Rew. 9-85) Department Name , ‘
State of Michigan l ) . 766—5
. i DO NO
*FICIAL TRAFFIC ACCIDENT REPORT | ,, S ; joo Node U Pawao
= «<TCounty No. |City No. Twe. No. !S«:non No. |Dayo \Acmdenl ate. Faki !Tnme ::\A ’
=8 ; F S| ' 2, p" } c - Time
ze | SMTmT L_“ 12.5% &
a :l,ial 20 I!Rw“ No. d ¥ 77 fntersection Route Nos
< Name 1 W " | R
< lonm =QL W/B /7 Willoer Dun B /L T Q)s € Tlerady _ | No- U
- ATHER . LIGHT | ROAD SURFACE TOTAL TOTAL NO |
= i | i LANES Divided VEHICLES | 5o
we Ia Clesr or Clguaw 3 Rain | 1 Day 3. Street Lights Dry 3 Snowyor lcy Q N Construction Zone
? g' 2 F 4 Snow |2 Dawnor ark 2 Wet 4 Other ! T ¢ Limied Access 0 N Investigated at Scene Ho. Xineg
¢ ;, o8 | Dusk 0) i V 3 i3 Oiner e
. : e———
- ‘S(ate |Driver's License 1DOB: Mo/Da/Yr i H3zardous ' Citation Cnarge HBD - Tes:  +eimer ol Resigence
T, : i iAction No. ! N z ;
= anyr LKL = 1 k3
z VLTIV Adoress < gl State Age
D.;Q Test
Yr/State |VIN (Make Letters Larger Than Numbers) 1 Removed to/oy
- : / , intent
s ~ Py Py,
o eSS [harhbace y i Truck Cargo PRSIy PrAN
= | az. Citation oy rive- Re-exam {@4 Venicle Detfec: @ Fuel Leakage _’ .0\‘ Carao Spiilage
LY ther Citation [, 1s10n Obstruct... &/e:. Driveabie 0emcre Fire 0 7 Tarao Descriotion C o/l S Z‘A:E ! Directior

Restraints by Name Adoress

occupants pos

Cb;. Hu

i
i 1 N —_—
1! 2! 3 Sttugtion
L N .
al ILDcal Use/Owner, Pnone (if Veh T 7 or rer) Insurance Co. i Agency Agoress IMured taken 0.0y ’
: i State 1Driver s License D0¢&: Mo, La/ Y- Hazaroous :&.0n Lnargs HEC el meime: o. Resioence
™ : “Action No. Y N v 2,
s ' ' i - I,
Z Driver s Name First '...“‘_ Las: Agoress Citv Stat: Age  Sex in 2! 7
A - - Test
o N
: [Vear TMake No. Type [ Traner ' Reg. Yr'State 1VIN (Make Letters Larger Than Numoers, Femovec t0.Cy :
a | R i . | Inten:
w | oo |
: | | impac: Severity Truck Cargo Ciass i
s fY N Haz.Citation '*Y N Driver Re-exam '°Y N Venicie Defect 'V N Fuel Leakage 'Y N Caros Soinace !
: ‘:Y N Otner Citation f‘Y N Vision Costruc:..|Y N Ven. Driveabre *Y N Venicle Fire Cargo Desc;zotlor V i Director
Res:raints by Name Adaress Fos  mcs Se.  In me me .
occupants pos. vt  Copmn
) i RS ;
1 2| 3 Situatio
-2 |
4 s 6 . — | Com e
@ Local Use/Owner, Prone (If Ven. Type 7 or 8, List Carrier;  +Insurance Co. "Agency Address iniured taxe~ 10,0y i
e : |
tupants |
LCCIDENT DESCRIFTION AND REANARKS f*Zx0iai~ . D Roao Ai -
NORTH : TTDATMS A PLMA® MOTHTA INolobaaioiomnl 5\&
C ! Trate
. . = n Oy Temya— - I}
Wehicle #1 was travelling on I\/~ 7illov Tmun Xi
Fr N2 iesa A ehkicle YI was Q“\g Aoss 150
lentering 2 curve, with 2 posted LScph speed, \%
£ Acc. Tvn
) M™iic ares is temporary ;-Oh w/E. Due to 2
* LdnJa 2 o L. | da U T FR-G- S\ :
toe—ohee Ol VeIl TIE Lo <dl uvlY £0d8 OUa vOLa . Wnere
Steel, Vehicle 71 tipped onto its right cide \k\}f
. . S M
- mupcn entering into the curve. #1 then struck %w‘i o
g i - TeES . . ce AN | T
2 ithe right side cuard rail until coming to ]
N / < rest on the right shouldex, DIriver of #1 f Road De’
. a . o
6 ; 7 o 1Veh Det
—----J-‘ " ;' === |the cab. In leavin; the cab, the driver of \“—*
i 1 g '3 = N -
! Witkow o [F1 struck his head camsing death. ‘,\\2 1Visior O
" gun 'FWX K ", : i r axom. of the vehicle shows that " 3’2 5
o ‘e * . . . 9,2Veh. Det
o the trailer had defective brakes. There \)g
| : 5 @ SIIgET opill or Tuel anc oil. §~.'§pv.s--»-»6
P Im™we slower cpeed is nosted well irn advance ofN\Z
. | e the sonstruction zone -
I - . 5
| INCLUDE -
ALL TRAFFIC \ MALI
! CONTROL DEVICES c
] lg= =
\eported: Mu/Da/Yr"Tame AM. Xlnvesmator:f. - ﬁé-g/ Badge No. | Dmaged Property Otner Tha~ Venrcle . I T
) _ne '1.08  PM é,( f.;__./g EC( AR i Do
t‘:'\mo: by ¢ Como. D-?’Jﬁ:.‘" 'Rewnwerl Auvn.‘ﬂ i Damaagec - -.*t L Cortro Device ACUress
reron Open T 1 -. |N1rnl Dare Time .




3.9  Multiple (Compounding) Hazardous Conditions

IVSAWS applications could be useful in reducing the problems caused by multiple
hazards. Take the example of the semi-trailer truck crash while traveling at excessive speed
through the curve. The curve was not a significant hazard when traveled at the posted speed, but
became hazardous to a vehicle traveling at excessive speed. A system could be designed to relay
a "slow-down" message to vehicles traveling at an excessive speed through a curve. The vehicle
message system could monitor vehicle speed, and the message would be signalled only to drivers
in vehicles which are traveling over a predetermined speed.

Systems which could take advantage of environmental sensors may signal drivers at sites
(e.g., curves, bridges) which have become particularly hazardous because of changes in the
conditions of the roadway (e.g., wet, ice, snow) or atmospheric conditions (e.g., fog). The
increased reaction time afforded drivers by IVSAWS technologies may be especially helpful in
these conditions where stopping distance or decision sight distance is reduced by weather or road
conditions.

Other multiple-hazards involve road features which are somehow hidden from the driver
because of horizontal or vertical curvature of the road or other obstacles. The case presented on
the following pages describes a crash in which a car encountered a rough railroad grade after

coming out of a curve at an excessive speed.
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IVSAWS Application Case 8

Multiple (Compounding) Hazardous Conditions
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Case Vehicle (A): 1989 Ford
Type: Probe GT 2-Dr. HB
Driver: 42-yrs., Female

This is a fatal crash. The driver had been drinking and a chemical test was given; however, no

results were obtained.

Situation

At about 0513 hours on Sunday, August 5, 1990, case vehicle (A) was eastbound at a
high rate of speed on East Forest, a 2-lane asphalt roadway through a commercial area of
Ypsilanti. When case vehicle (A) crossed two sets of very bumpy railroad tracks it went out of
control, went up the curb and left the south edge of the roadway. It traveled off the road about
17 meters where it struck a fire hydrant head-on. The hydrant was broken off at the ground and
flew about 5 meters where it struck the side of the building. Following the impact with the fire
hydrant, case vehicle (A) rotated clockwise becoming partially airborne and struck a utility pole
on the left side and roof. The case vehicle (A) rolled upwards with the roof contacting the pole

seven feet above ground. The car came to rest at an angle against the pole.
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3.10 Supplemental Traffic Control Device

Changes in traffic control devices may surprise drivers who travel through the site very
frequently, thus contributing to crashes. Changes may result from engineering initiatives (€.g.,
replacing a yield with a stop sign, removing a stop sign) or because of some unplanned event
(e.g., traffic light maintenance, power failure at a traffic signal). IVSAWS technologies could
be applied to inform drivers of changes in traffic control devices before they arrive at the area

where driving decisions based on the changed traffic control device would be required.

3.11 Railroad Grade Crossings

Railroad grade crossings can be hazardous. Drivers often have difficulty judging the
speed of the oncoming train, or may be unaware of the existence of the crossing. This is
particularly true at night, in rural areas, at crossings without lights or gates. IVSAWS could be
applied to remedy this hazard by mounting IVSAWS equipment on the engine, itself, signalling
ahead to vehicles approaching the nearby crossing.

312 Siénalling Emergency Vehicle Presence

IVSAWS could be applied to increase drivers’ awareness of approaching emergency
vehicles. While these vehicles are already equipped with auditory and visual signals (i.e., sirens
and lights), IVSAWS technologies could be applied to increase drivers’ awareness of the
approach of such vehicles. These technologies might be best used in high density areas where

there are many distractions obscuring the emergency vehicles’ lights or sirens.
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4.0 Hierarchy Development for IVSAWS Application Situations

The IVSAWS applications described in the previous section were ranked using a two-
phase scheme. First, crash data were analyzed to determine the number and relative injury
severity of crashes that occur involving each scenario. Because crash data were unavailable for
six of the scenarios, this step was supplemented by a prioritization based on issues of practicality

and perceived benefits that may be derived from each IVSAWS application situation.

4.1  Crash data analysis

Three crash-data sets were used to estimate frequencies of crash types that may be
affected by the IVSAWS application scenarios. These data sets were the 1989 crash files from
Michigan and Washington state, and the 1988 General Estimates System (GES) data produced
by the National Highway Traffic Safety Administration, National Center for Statistics and
Analysis. The Michigan and Washington state data sets are census files of police-reported
crashes in the respective states. The reporting threshold for Michigan is property damage of at
least $200. For Washington, the reporting threshold is $300. GES is a probability-based sample
of crashes from the U.S. intended to be representative of all crashes nationwide.

The objective of the crash-data analyses was 10 generate accident and injury frequencies
of accident types that are represented in the twelve IVSAWS applications described in the
previous section. Data necessary to isolate many of these crash scenarios are not currently
available. Much of the information required for this objective concerns the precrash situation,
but the focus of most crash-data files has been on the crash itself and its outcome. Data
collection in the past has focussed on crashworthiriess, not crash avoidance. Consequently, it is
not possible to estimate even broad crash frequencies for some crash types. Excluded crash types
include "mini-zones," temporary detour routes, traffic backups, crashes which may be related to
changes in traffic control devices, and, for the most part, crashes related to previous crashes. For
the others, it has been possible to isolate crash scenarios which are either a subset or superset of

the crash scenarios described earlier. These analyses are described in the following sections.
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4.1.1 Accident involved or disabled vehicles

For this scenario, the analysis subset consisted of crashes in which a vehicle was stopped
or disabled which were not intersection- or driveway-related. The purpose of the latter constraint
was to eliminate crashes where a vehicle was stopped for a traffic light or stop sign. This subset
identifies crashes involving vehicles stopped on the roadway where they would normally be
expected to be moving. |

In Michigan, there were 26,776 such crashes (6.4% of the 417,252 crashes in 1989). This
subset had a lower proportion of fatal, A-level (serious), and B-level (moderate) injuries, and a
higher proportion of C-level (minor) injuries than the crash data overall. Overall in Michigan,
13.9% of crashes involve C-level injuries as the worst injury in the crash. For this subset, 23.4%
involved C-level injury as the worst injury. This crash scenario was overinvolved on limited-
access, U.S., and State-numbered routes compared to all crashes.

Similar analyses were conducted for Washington state data. Although the specific code
values used to generate the subset differed from those used for Michigan, roughly the same crash
subset was isolated. For Washington, subset crashes consisted of those where one vehicle was
stopped on the roadway and was struck by another traveling in the same direction. Intersection-
and driveway-related crashes were again excluded. In Washington, there were 6,335 such crashes
in 1989, 4.9% of the 128,000 total crashes. As in Michigan, C-level injuries were

overrepresented and more serious injuries were underrepresented.

4.12 School-bus Involved

Michigan includes a data code for school-bus involved or influenced crashes. In 1989,
there were 2,182 such crashes, 0.5% of the total. The school bus itself was physically involved
in 1,606 of the crashes. In 54 crashes, a person boarding or exiting the bus was injured by
another vehicle. The remaining 522 did not physically involve the bus, but the bus was reported
to have influenced the crash by its stop. The profile of crash severity for school bus crashes was
very similar to that of all crashes. Interestingly, school bus crashes were more likely to have
occurred at an intersection than crashes overall. Over 60% (1,318) occurred at an intersection

or driveway, compared to 53.3% for crashes overall.
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School-bus involvement is also coded in the 1988 GES data. GES is designed to yield
national estimates for different crash types, but 1988 was the first year of GES availability, and
frequency estimates should be used with caution. For example, the GES estimate for the total
number of fatal crashes in 1988 is 30,922. The census number from the Fatal Accident
Reporting System (FARS) is 42,119. While the FARS figure is within the 95% confidence
interval for the GES estimate, these differences illustrate the fact that there is a good deal of
variance associated with GES estimates. The proportion of crashes involving school buses in the
GES data is 0.58%, virtually the same as in Michigan. Crash severities are again similar to those

in crashes overall.

4.1.3 Highway Construction Zones
The coding for highway construction zones in the Michigan data are widely considered

to be unreliable, even within the Michigan Department of Transportation. Review of hard copies
of police crash reports has shown that in many cases the construction zone was inactive or even
nonexistent. With that caveat, there were 6,755 crashes (1.6% of the total) coded as occurring
in construction zones. These crashes closely matched the severity profile of crashes overall.
Daylight crashes, when a construction zone is typically active, were overrepresented compared
to crashes overall (74.5% versus 61.4%).

4.1.4 Multiple (compounding) hazardous conditions

This is a particularly difficult set of crash scenarios to isolate in computerized crash data.
In most cases, identifying such a crash requires detailed information about a sequence of events
and/or the relationship between roadway features. The combination of hazards and their sequence
is critical for meaningful analysis, but such information is not generally available in current crash
data that focus more on crashworthiness rather than crash avoidance. Nevertheless, it is possible
to isolate some broad categories of crashes that might fit this IVSAWS application. The first
discussed is snowy or icy roads in combination with curves and/or grades (horizontal and vertical

curves).
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In Washington state there were 12,475 crashes (9.7% of the total) on snowy/icy roads in
1989. Crashes on curves were overrepresented, and the combination of a grade and curve was
the worst, having twice the proportion of snowy/icy crashes than crashes overall. Specifically,
15.2% (1,900) of the snowy/icy crashes occurred on road segments with both curves and grades,
while only 7.5% of all crashes in Washington state were on such road segments. The proportion
of property-damage crashes for this crash scenario was higher than the proportion for crashes
overall (64.0% versus 55.7%).

Another application of [IVSAWS technology fitting this general scenario is to provide
warnings at bridges when roads are snowy or icy. In Washington, 410 such crashes occurred
(coding for Michigan on this scenario has been inconsistent and thus is not detailed). Although
the overall crash risk is low, there could be payoff in identifying specific bridges with particularly
hazardous conditions that would warrant an IVSAWS signalling application.

Fog is another weather hazard that can be compounded by road alignment. There were
2,868 crashes (6.8% of the total) occurring in foggy conditions in Michigan in 1989. Serious
crashes were somewhat overrepresented among fog crashes. Fog crashes were found to occur
more often on a curved portion of the road than crashes overall (7.4% versus 5.2%). IVSAWS

application should probably focus on areas with severe recurrent fog problems.

4.1.5 Railroad grade crossings
Although car-train collisions are relatively infrequent events, they are usually more severe

than other crashes. There were 279 such crashes in Michigan in 1989 (0.07% of the total).
However, 26 (9.3%) resulted in at least one fatality compared to 0.4% for crashes overall.
Although the rural-urban distinction is not captured with great precision in Michigan, it appears
that rural areas are overrepresented, as are crashes in darkness.

In Washington state in 1989, there were 98 car-train collisions (0.08% of the total). As
was the case in Michigan, these crashes tended to be more sever than average (6.1% involving
at least one death versus 0.3% for all crashes). The urban-rural coding is better in Washington
state data, and again rural areas were overrepresented. Almost 35% of car-train crashes occurred

in rural areas compared to 21.4% for crashes overall.
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4.1.6 Emergency vehicles
Michigan crash data includes a code for crashes involving emergency vehicles. In 1989,

there were 1,679 crashes (0.4% of the total) involving ambulance, fire, or police vehicles. These
crashes tended to be more severe than the average crash. The same proportion of crashes
resulted in death, but nonfatal-injury crashes were overrepresented (34.8% versus 25%). Almost
75% of crashes involving emergency vehicles were coded as intersection crashes compared to
55.6% for crashes overall. Interestingly, almost 45% of emergency-vehicle-involved crashes were
at intersection with both vehicles traveling in the same direction. Only 22.1% of crashes overall
had that configuration. Another 34.1% of the emergency-vehicle-involved crashes were same

direction, non-intersection.

4.2  Hierarchy of IVSAWS Application Situations

These analyses show that there is much we do know about crashes that might be
prevented by IVSAWS application, but there is still more that remains unknown about these
crashes. The following table provides ranks of the twelve IVSAWS situations detailed in this
report according to the crash data and a final hierarchical ranking based on the crash data,
professional estimates of crash occurrence (based on experience rather than hard data), and an
understanding of how IVSAWS technologies might be implemented and used in the field.
Following the table is a brief discussion of the rationale for the final IVSAWS application
rankings.
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Rankings of Possible IVSAWS Applications

IVSAWS Application Crash Data Rank Overall
Rank
Crash Injury
Freq. severity
Signalling emergency vehicle 5 2-3 1
presence
Railroad grade crossings 6 1 2
Multiple (compounding) 3 2-3 2
hazardous conditions
Highway construction zones 2 5-6 3
Supplemental traffic control NA NA 4
device
Crash site -- Police Activated NA NA 4
School bus or other special 4 4 5
vehicle hazard
Temporary detour routes NA NA 5
Disabled truck at roadside NA NA 6
"Mini-zones" involving NA NA 7
roadside work
Traffic backups NA NA 7
Accident-involved or 1 5-6 8
disabled vehicles

IVSAWS applications were ranked based on actual crash exposure and overall utility of
the IVSAWS application. The "overall” utility ranking was based on the number and severity
of crashes, the number of transmitters that would need to be deployed, and the general
applicability and utility of IVSAWS technology for affecting crashes in each scenario.
Obviously, this final ranking criterion is subjective. The specific rationale for the ranking of each

scenario is provided in the following section.




Rank 1: Signalling emergency vehicle presence. Crash data show this scenario represents a very
small proportion of all crashes, but that injury severity from these crashes is greater than for
crashes overall. The configurations of the crashes in the data analysis (i.e., predominately same
direction-intersecﬁon, and same direction-nonintersection) suggest that drivers may not be aware
of the presence of these vehicles as they approach, despite the lights and sirens. Thus, an
IVSAWS message may provide them with additional information necessary to prevent a crash.
The number of vehicles that would require IVSAWS transmitters is limited to the number of
emergency vehicles in the population (presumably a manageable number). Full penetration of
IVSAWS transmitters and/or receivers is not necessary for benefits of this application to accrue
because these systems would provide a supplementary warning to sirens and lights. In addition,
benefits of preventing emergency vehicle crashes go beyond the crash incident itself. That is,
when an emergency vehicle is involved in a crash, some emergency need is not met in a prompt

manner, perhaps resulting in unnecessary property loss or additional personal injury.

Rank 2: Railroad grade crossings. The probability of a car-train crash is quite low; however,

the results of such crashes are disproportionately severe. The crash data also show that car-train
crashes occur disproportionately at night in rural areas (many of which are probably unguarded
crossings). This suggests that a supplemental warning could be effective in preventing these
crashes. IVSAWS transmitters would only have to be installed on the lead engine of each train.
This should not pose an unreasonably large burden. Messages transmitted from the trains could
be totally unambiguous and standardized. There are also probable benefits on the train-side of
the crash situation, especially when hazardous cargos are involved (i.e., special hazardous

commodity codes could be encrypted onto the transmitted message).

Rank 2: Multiple (compounding) hazardous conditions. Crash data are not available for the
majority of situations that fit this scenario, but the data that are available (i.e., fog, slippery

conditions and vertical or horizontal curvature) are compelling. It is certain that there are many
more crashes that involve multiple hazardous conditions than could be readily identified by the
crash data. This is a rich domain for safety-and-traffic engineers who could tailor IVSAWS

messages to suit the local problems. The number of sites for transmitter deployment need not
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be excessively high. In fact, not every potential site should be instrumented. Sites should be
selected based on identified needs from crash experience (of course, this would require adequate
recordkeeping). Many of the multiple hazard scenarios are likely to include excessive speed as
one of the compounding conditions. An IVSAWS system that relayed a warning only to vehicles
traveling over some predetermined "safe" speed seem to constitute a valuable and practical

application of IVSAWS deployment.

Rank 3: Highway construction zones. This is a valuable application of IVSAWS because
construction zone crashes present a hazard not only to vehicles traveling through the zone, but
also to workers in the zone. A significant number of crashes are reported to occur in
construction zones, but not so many zones that transmitter deployment should be overly
burdensome. Construction zones also present an ideal IVSAWS application opportunity because
we know precisely where the site is, we know much about the hazards associated with the site,
and the zone is not permanent, thus reducing possible habituation effects. In fact, as the
characteristics of the zone change, it should be possible to change the characteristics of applicable

warning messages, further reducing habituation.

Rank 4: Supplemental traffic control device. No crash data were available to describe the extent

of the hazard these situations cause. However, it is not difficult to think of situations where
signals or signs have been changed or disabled for one reason or another that have the potential
for creating traffic conflicts. IVSAWS would serve as a supplement to existing signals, and thus
it would represent an additional safety message to equipped vehicles. Unequipped vehicles
should not be negatively affected by the lack of an IVSAWS warning. The safety value of such
a system cannot be determined precisely in the absence of crash data, but the value for crash

prevention is probably quite low.

Rank 4: Crash site -- Police activated. There is little to no crash data available to describe the

potential for this application to prevent crashes. However, the potential for such a system to
inform drivers of an upcoming crash site (and possible lane blockage, debris, etc.) is appealing.

Such a system may involve the active deployment by officers in the field to select the message,
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signal direction and strength, transmitter placement in the roadway, and perhaps other features.
If the system was burdensome to the officers, they may not be prone to use the system. Such
a system may be combined with the emergency vehicle alert system mentioned previously. If
this was feasible, the utility of the total system would be enhanced. If this system required a
separate transmitter, it would represent perhaps a doubling of the cost of IVSAWS installation

to police agencies.

Rank 5: School-bus or other special vehicle hazard. Crash data showed that school bus crashes
are relatively rare events, and it is unclear if additional signalling would be beneficial in
preventing the few that do occur. Given the large number of busses that would have to be
equipped, it is unclear if the cost (and problem with frequent and redundant signalling) is worth
the benefit that may be derived. For other special vehicles such as rural mail carriers (see

example in previous section), the utility of a IVSAWS system is less sure.

Rank 5: Temporary detour routes. No crash data are available to determine the threat to safety

that is presented by temporary detour routes. In fact, temporary detours are themselves not
threatening, but the conditions they create may be. Thus, these threats may be conceived as
fitting into more specific IVSAWS applications. On the other hand, IVSAWS applications as
markers for a temporary detour could be useful as temporary route-guidance technology. Until
there is 100% market penetration, these IVSAWS route markers would have to be used as

supplements to traditional detour markers.

Rank 6: Disabled truck at roadside. Specific data on the hazard created by disabled trucks at

the roadside are not available. The most significant problem with this.application is the large
number of vehicles that would have to be equipped with a transmitter. In addition, [VSAWS
information would only supplement existing use of flares and reflective triangles. It is unlikely

that the benefits derived from the system would approach or exceed the costs of deployment.
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Rank 7: "Mini-zones" involving roadside work. Through conversations with several utility
companies it was determined that "mini-zones" do not create any special crash hazard. Therefore,

IVSAWS application is unwarranted.

Rank 7: Traffic backups. No crash data are available describing the extent to which traffic
backups create a significant traffic safety hazard. At best, this application is a subset of the
construction zone or police-activated systems. Recurrent traffic backups are not suitable for

IVSAWS application because of the potential for habituation effects.

Rank 8: Accident-involved or disabled vehicles. Although a large number of crashes seem to
involve vehicles stopped in the roadway for some reason, the crash data are unclear on the reason
why these vehicles were stopped. It is likely that many were stopped for reasons other than a
crash or the vehicle being disabled. Even if all of these crashes did fit the original scenario, the
cost of deploying an [IVSAWS transmitter and receiver in every vehicle is likely to exceed the
benefits derived from such deployment. This negative conclusion is strengthened when one
considers that a higher than expected proportion of crashes involving vehicles stopped in the

roadway involve minor injuries and a lower proportion of these crashes involve serious injuries.

4.3  Summary

In sum, it may be most useful to consider the 12 IVSAWS application situations described
in this report as fitting into one of three priority categories. The highest priority category
includes IVSAWS applications for:

. signalling emergency vehicle presence,

. railroad grade crossings,

. multiple (compounding) hazardous conditions, and
. highway construction zones.



These applications are most likely to provide a significant safety benefit and reasonably fit the
IVSAWS application concept. The second tier of IVSAWS applications includes IVSAWS as:

. a supplemental traffic control device,

. police-activated crash site IVSAWS,

. school-bus or other special vehicle hazard signalling, and

. signalling at temporary detour routes.
These applications have only limited and highly speculative crash reduction potential. The lowest
priority category includes IVSAWS for:

. disabled trucks at the roadside,

. traffic backups,

. "mini-zones", and

. accident-involved or disabled vehicles.
Each of these applications has even more limited or speculative crash reduction potential than
the second priority situations, and the costs associated with equipping all heavy trucks and

passenger vehicles are prohibitively high.
5.0 Signalling Recommendations

Replication of Manual of Uniform Traffic Control Devices (MUTCD) roadside signing
is not a feasible signalling strategy for most of the [IVSAWS applications identified in this report.
There are only two cases in which existing MUTCD road signs might be reproduced directly in
the vehicle (i.e., railroad grade crossings and supplemental traffic control devices). The use of
icons similar to those used in MUTCD signs is clearly one strategy for IVSAWS signalling, and
new icons could be developed to identify IVSAWS situations for which MUTCD icons do not
currently exist. However, drivers would have to become acquainted with these new icons for
them to be effective. It is probable that many drivers would not take the time necessary to
become fully acquainted with the new icons prior to the time they may encounter them on the
road. It is also probable that the drivers who could use the hazard information most (i.e., risky
drivers) would be the least likely to learn icon meanings prior to driving. In this case, these

drivers would only learn the new icon meanings while driving and encountering the hazardous
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situations, severely diminishing the value of the icons during the "learning trials." In addition,
IVSAWS situations should be relatively infrequent events, thus drivers would have few occasions
to become acquainted with the new icons and their meaning. The IVSAWS message system
should also be sufficiently flexible that it could be incorporated into developing driver
information systems. These broader driver information systems will probably utilize information
systems more sophisticated than icon replication, and the IVSAWS system should be developed
with these upcoming technologies in mind. For these reasons, we do not recommend MUTCD
replication or the development of similar icons for the IVSAWS situations identified earlier.

Signalling of IVSAWS situations should be based on thorough human factors research on
both auditory and visual information transmission systems. It is recommended that in addition
to somehow describing the hazardous situation ahead, signals should provide specific information
on the behaviors drivers should employ or be prepared to employ to avoid a crash, rather than
simply informing drivers of an upcoming hazard. This is still another reason why simple icon
use is not a recommended strategy for IVSAWS signalling.

While messages could be conveyed via auditory systems only (e.g., voice 'synthesis), there
may Be a benefit to using an auditory signal to alert drivers of an upcoming [IVSAWS message
that would be transmitted visually. A visual message could remain available for the driver to
attend to in his/her own time, and remain available for repeated reference. On the other hand,
auditory transmission of IVSAWS warnings would be less visually distracting, permitting drivers
to keep their eye on the road. An auditory system could also be developed which would be able
to repeat messages upon driver request. The pros and cons of visual versus auditory systems or
their combination are speculative at this point and the selection of the signalling system must be

based on rigorous human factors and behavioral testing.
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