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Crash risk factors and proximal causes Knipling , 2009)

Enduring driver_
characteristics

Temporary
driver

characteristics

Situational
factors

Risk factors

Young age  Aggressive driving style

Chronic medical
__conditions

Susceptibility to
fatigue

Alertness factors (amount of sleep, circadigthms)

Temporary illness Moods (e.g., anger)

~ Undivided highways  Rushhour traffic

Extreme weather HIghfISk locations (eg

work zones, exit ramps)

_ Bad vehicle maintenance

Proximal causes

Actions of other motorists

Inattention (e.g. irvehicle and external
distraction, drowsiness)

Driving too fast for conditions
Failure to yield right of way
Tailgating

lllegal maneuvers

Execution errors

Cargo shift or mechanical
failure (e.g., brakes, tires)

o
»

Time to crash
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Types of truck crash data

C National crash statistics
AFatality Analysis Reporting System (FARS
AGeneral Estimates System (QES
AMotor Carrier Management Information System (MCMIS) Crésle

C In-depth crash investigations
AlLarge Truck Crash Causation Study

C Naturalistic driving studies

APublicly funded ND studies (Olson et al., 2009, Hickman, 2010)
ACommercial ND data collection (e.glLytx Smartdrive
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Advancing Transportation through Innovation 4

Things to keep In mind when interpreting crash
data

C Crashes per year vs. crashes per vehicle mile travelled (VMT)
C Risk vs. prevalence of factors

C The nature of crashes (crash types, factors and causes) differ at different
severity levels (fatalities, injuries, property damage, no property damage)
odovertical heterogeneityo

C Crash types differ in terms of factorsandcauseé® hor i zont al
heterogeneityo

-

Caution when generalizing
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National crash statistics
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National crash statistics: Fatal crashes

Number per year Number per VMT (crash rate)

Trends Figure 1. Fatal Crashes, Vehicles in Fatal Crashes, and Fatalities

in Large Truck Crashes, 1975-2014 Trends Figure 2. Large Trucks and Passenger Vehicles Involved in Fatal Crashes

per 100 Million Vehicle Miles Traveled by Vehicle Type, 1975-2014

Il Large Trucks WM Passenger Vehicles

3,000 Il Fatalities in Crashes Involving Large Trucks 1 = I I I I I I I I I I I I | I I I I I I I I I I I

B Large Trucks Involved in Fatal Crashes

2000 et i :975 1978 1981 1984 1987 1990 1993 1996 1999 2002 2005 2008 2011 2014
FMCSA: Large Truck and Bus Crash Facts 2

1975 1978 1981 1984 1987 1990 1993 1996 1999 2002 2005 2008 2011 2014

Note: A large fruck is defined as a truck with a gross vehicle weight rating (GVWR) greater than 10,000 pounds.
3424 fatal crashes involving large trucks ~=1% of police reported truck crashes 2014 (4
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Crash statistics: Injury and property damage only
(PDO) crashes

Injury crashes PDO crashes
Trends Figure 4. Large Trucks and Passenger Vehicles Involved in Injury Crashes Trends Figure 6. Large Trucks and Passenger Vehicles Involved in Property Damage Only (PDO) Crashes
per 100 Million Vehicle Miles Traveled by Vehicle Type, 1994-2014 per 100 Million Vehicle Miles Traveled by Vehicle Type, 1994-2014
200 400

I Large Trucks [ Passenger Vehicles

Il Large Trucks [ Passenger Vehicles

300 —

200 —

100 —

1994 1996 1998 2000 2002 2004 2006 2008 2010 2012 2014 1994 1996 1998 2000 2002 2004 2006 2008 2010 2012 2014

82,000 injury crashes ~=20 % of all police reported crashes 201-
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Some observations, truck vs. passenger vehicle
crash involvement

C Truck crashes generally more severe

C Trucks have more mileage

C -> similar fatality crash rate, lower injury/PDO crash rate
C Strongest improvement trend for large trucks in fatalities

C General crash mechanisms (etiology) Is generally simkamling
2008)
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Severity levels and crash types

Vehicles Table 19. Large Trucks in Crashes with Passenger Vehicles
by Crash Type and Severity, 2014

Property Damage Only
(; Rea'rend CraSheS Fatal Crashes Injury Crashes Crashes
re|at|Ve|y maore Crash Type Number | Percent | Number | Percent | Number Percent
commonin InjU ry Large Truck Rear-Ending Passenger Vehicle 88 4.7% 9,000 18.0% 28,000 13.2%
and CI’aSheS than |n Passenger Vehicle Rear-Ending Large Truck 281 14.9% 8,000 16.2% 21,000 9.9%
Large Truck Crossing Center Median (Head-On) 39 2.1% * 0.3% * 0.1%
prope rty damage Passenger Vehicle Crossing Center Median (Head-On) 292 [ 155% | 1,000 | 1.9% - 0.1%
Large Truck Striking Passenger Vehicle (Other 716 38.0% 18,000 34.1% 64,000 30.0%
only crashes ge Truck Striking Passeng Other)
Passenger Vehicle Striking Large Truck (Other) 344 18.2% 10,000  19.8% 61,000 28.8%
ther Collision .07 ; Ao ; /o
(; Head_on Crashes Other Collisi 125 6.6% 5,000 9.7% 38,000 17.9%
Total 1,885 100.0% 52,000 100.0% 213,000 100.0%

re|at|Ve|y more *Less than 500.

common |n fa‘ta“‘“es Notes: A large truck is defined as a truck with a gross vehicle weight rating (GVWR) greater than 10,000 pounds. A
passenger vehicle is defined as a car or light truck (including pickups, vans, and sport utility vehicles). Individual numbers

I may not add up to the totals due to independent rounding. Percentages are based on unrounded numbers.
(espeCIa”y passenger Sources: Fatal Crashes: National Highway Traffic Safety Administration, Fatality Analysis Reporting System (FARS). Injury

Veh|C|e CrOSS| ng and Property Damage Only Crashes: National Highway Traffic Safety Administration, General Estimates System (GES).
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Crashes Table 6. Fatal Crashes Involving Large Trucks by Roadway Function Class
and Number of Vehicles Involved, 2014

F atal tru C k Single-Vehicle Crashes | Multiple-Vehicle Crashes Total
Number Percent Number Percent

Roadway Function Class Number Percent

crashes b o
y Interstate 105 14.7% 334 12.3% 439 12.8%

Advancing Transportation through Innov,

Other Principal Arterial 94 13.2% 614 22.7% 708 20.7%

roadway CIaSS Minor Arterial 54 7.6% 382 14.1% 436 12.7%

Major Collector 80 11.2% 255 9.4% 335 9.8%

Minor Collector 17 2.4% 21 0.8% 38 1.1%

Local Roads 45 6.3% 70 2.6% 115 3.4%

Unknown 3 0.4% 2 0.1% 5 0.1%

A 26 percent or(rura| or urban) Total Rural Crashes 398 55.7% 1,678 61.9% 2,076 60.6%
Interstate hlg hways. Urban Crashes

Interstate 105 14.7% 347 12.8% 452 13.2%

A 61 percent Of a” fatal CraSheS Freeway/Expressway 18 2.5% 89 3.3% 107 3.1%

mvolvmg |arge trucks occurred other Principal Arterial 66 9.2% 302 11.1% 368 10.7%

ther high d | Minor Arterial 41 5.7% 140 5.2% 181 5.3%

onother nignways ana rura Collector 18 2.5% 47 1.7% 65 1.9%

roads Local Roads 54 7.6% 86 32% 140 4.1%

. i ; Unknown 3 0.4% 1 » 4 0.1%

A _S“” mlleage hlghesln Total Urban Crashes 305 42.7% 1,012 37.3% 1,317 38.5%

Inte rStateS Unknown Roadway Function Class 11 1.5% 20 0.7% 31 0.9%

A -> Interstates relatively safe Total 714 100.0% 2,710 100.0% 3,424 100.0%

“Less than 0.05 percent.
Note: A large truck is defined as a truck with a gross vehicle weight rating (GVWR) greater than 10,000 pounds.
Source: National Highway Traffic Safety Administration, Fatality Analysis Reporting System (FARS).
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In -depth crash investigations
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Large-Truck Crash Causation Study: An Initial
Overview (Starnes, 2000)

C LTCCS was a data collection -
project funded by the USDOT Physical Driver Factor (e.g., asleep)

C Involved irdepth crash Driver Recognition Factor (e.g., distraction) 17

Investigation of approximately

1000 serious truck crashes 34

(fatalitiesiand Injuries) Driver Performance Factor (e.g., overcompensation) 12
MR IMRRCE V= reieea Facor e, camoshited) B8

26% in multivenicle (vuoicar) - B N DI -
C Driverrelated critical reasons 0

dominate

5/22/@17~—— ———
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Naturalistic driving studies




Advancing Transportation through Innovation 14

Naturalistic Truck Research at VTTI

C Several studies over a 20 year period have implemented a
naturalistic driving research method in heavy truck operations

C Study drivers during their normal operations on revenue
producing deliveries

C Instrumented vehicles include various sensors;board computer,
video

+¢¢LQF aAyA

-

: ' j‘ - el Vir“giniaTEChmd

Transportation Institute




Advancing Transportation through Innovation

Commercial Vehicle Naturalistic DatasetsT Completed or
Ongoing
D ) 2 e e I

Drowsy Driver Warning System Field

Operational Test (FOT) U
Naturalistic Truck Driving Study 11/05¢ 05/07
Heavy Vehicle Camera/Video Imagin

Stz O 07/09¢ 09/10
AdvanceSystem Testing Utilizing a

Data Acquisition System on the 09/11¢ 08/12
Highways (FAST DASH) 1

Winter Maintenance 01/13¢ 04/13
FAST DASH 2 09/13¢ 08/14
OnboardMonitoring System (OBMS): 05/13¢ 07/15
Motorcoach

_Cr)rrlljt():(la(ardMonltorlng System (OBMS): 02/12¢ 03/13

Crash Avoidance System (CAS) FOT 11/13¢ 06/15
Canadian Truck Study 12/14¢ 01/16

Oil & Gas Operations 07/14¢ 10/14

17

206

150

Line/Long Haul
Line/Long Haul

Long Haul

Long Haul

Snowplow
Long Haul
Motor Coach
Line/Long Haul
Line/Long Haul

Long Haul

Maintenance/Service
(Medium-Duty Pickup)

100

12

21

27

73

167

180

26

2,300,000 100-Car

735,000 100-Car

275,000 100-Car

1,335,000 NextGen
Not available ~ NextGen
1,450,000 NextGen
1,142,000 NextGen
2,516,000 NextGen
3,245,000 MiniDAS
800,000 (est)  NextGen
45,000 MiniDAS
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See Hanowski et al.
See Blanco et al.

See Fitch et al.
See Schaudt et al.

See Camden et al.

See Krum et al.

Data reduction in
progress

Data reduction in
progress

See Grove et al.

Data collection
complete, no reduction
Data collection and
reduction complete

1ech.=
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Naturalistic crash data collected
through commercial operations

C +300,000 vehicles equipped
with video logging units as
part of commercial behavior
change management
programs

C Thousands of crashes
recorded each month

Transportation Institute
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WVirdiria Tzen |AS, Do ot dualicais or digidn kb,
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Driver Fatigue (video from Lytx)

FWD +0.02 LAT +0.02 Time -10.00 61 MPH
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Sample of Findings from these Truck NDS

C 78% of safety events recorded in a study was initiated by the light
vehicle driver (Hanowski et al., 2006)

C Driver error is a predominate factor in truck crashes

AFatiguewas a contributing factorn 20.8% of safety events where the truck
driver was determined to be afault (Hanowski et al., 2001)

ADriver distraction was identified in 60% of safety events (Olson et al., 2009)

ATasks with high visual/manual involvement have the greatest associated risk
(Dingus et al., 2011)

ATalking/listening to cell phones or CB radios did NOT increase risk (Olson et
al., 2009; Hickman et al., 2012)
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Driver distraction in commercial vehicles: Odds ratios
based on naturalistic driving data (~ relative risk of

crash/near crash)

N 100-car study CVO (Olson et al Drlv_eCanALyt
Activity (Klauer et al., 2009) X (Hickman et

2006) al., 2010)

Looking at external object 3.7
Reading 3.38 3.97
Applying makeup 3.13
Dial cell phone 208 5.93 EH3)
Talking/listening to a hantleld phone 1.29 1.04 0.9
Talking/listening to a hanftee phone 0.44 0.65
Text messaging on a cell phone 232 163.6
Interact with/look at a dispatching

’ 9.93
device
Write on pad/notebook 8.98
Use calculator 8.21
Talk or listen to citizens band radio 0.55

21

OR = 1> no change
In risk

OR > 1> increased
risk

OR < 1> reduced
risk

Safety critical
event (SCE) NonSCE

Task X
present A B
Task X not C D
present
; ¥
Odds Ratio wx
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Relative risk of taking the eyes off the road

3,5
3 -
25 !
o - * —&— 100-car (Klauer et al.,
® 2 . 2006)
* * /7
S 15 (Vo) evo 2" _ @ - CVO (Olson et al.,
0,5
0 | 1 1 I
<0.5s 056-1s 1-15s 15-2s =>2s.
Total Time of Eyes Off the Forward
Roadway
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/0 rear-end crashes (mainly trucks and buses; Engstrom et al.,

2013)

23
Percentage
Number |of
of distraction
Distraction type crashes |crashes
a. Vehicle-externaldistractionno gazediversion |0 0%
b. Vehicle-externaldistractiongazediversion 9 30%
c. Vehicle-internaldistractionno gazediversion |1 3%
d. Vehicle-internaldistractiongazediversion 20 67 %
Sum 30 100%

Gaze diversion involved in 29/30

distraction cases

¥

Purely cognitive load (e.g., phone
conversation) seems to be a very infrequent
factor contributing to avoidance failures in

rear-end crashes
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