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Special Crash Investigations 
On-Site Rollover Investigation 

Case Number - IN18004 
Vehicle - 2016 Toyota Rav4 

Location - Texas 
Crash Date - February 2018 

 

BACKGROUND 
 

This report documents the on-site investigation of 
the crash and subsequent rollover of a 2016 
Toyota Rav4 (Figure 1) equipped with 
rollover/side impact inflatable curtain (IC) air 
bags, which were compliant to Federal Motor 
Vehicle Safety Standard No. 226, Ejection 
Mitigation. This crash investigation was initiated 
by the National Highway Traffic Safety 
Administration in March 2018, through the 
sampling activities of the Crash Investigation 
Sampling System (CISS) and was assigned to the 
Special Crash Investigation Team at the Indiana 
University Transportation Research Center. The 
crash involved the Rav4 and a 2005 Toyota Corolla. This crash occurred in Texas in March 2018 
and was investigated by local police. Both vehicles and the crash scene were inspected in March 
2018. 

This crash occurred in the intersection of two divided, nine-lane city streets. The Rav4 was a 4-
door compact sport utility vehicle (SUV) equipped with multi-stage frontal air bags, front seat-
mounted side impact air bags, and rollover/side impact IC air bags compliant with FMVSS 226. 
A belted 48-year-old female drove the vehicle. The Rav4 was traveling south in the center 
through lane approaching the intersection. The Corolla was traveling west in the center through 
lane and also approaching the intersection. The front plane of the Corolla struck the left plane of 
the Rav4 (event 1), resulting in deployment of the Rav4's driver’s seat-mounted side impact air 
bag and both IC air bags. The Rav4 rotated counterclockwise and rolled over (event 2), right side 
leading, four quarter turns, coming to final rest on its wheels facing north in the left through lane 
in the southern leg of the intersection. The Corolla also rotated counterclockwise and came to 
final rest in the center of the intersection heading east. The Rav4's driver sustained police-
reported “B” (non-incapacitating) injuries and was transported by ambulance to a hospital. The 
belted 40-year old female driver of the Corolla sustained no police-reported injuries. Both 
vehicles were towed from the crash scene due to damage.  

 

  

Figure 1: The damaged 2015 Toyota Rav4. 
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CRASH SUMMARY 
 
Crash Site 
This crash occurred at night under artificial light in the intersection of two nine-lane divided city 
streets. The weather conditions were clear with 16.1 kilometers (9 miles) visibility, southeast 
winds at 12.9 km/h (8 mph), a temperature of 7.2 °C (45 °F), according to local weather reports. 
The Rav4's roadway traversed in a northeast-southwest direction. The roadway had three 
southwest-bound through lanes, two left turn lanes, and a right turn lane. These lanes were 
separated from the northeast-bound lanes by a 2.1 m (6.9 ft) wide raised concrete median that 
was 13 cm (5.1 in) high. The center through lane was 3.3 m (10.8 ft) wide. The remaining lanes 
were approximately 3 m (10 ft) wide. The Corolla’s roadway traversed in an east-west direction 
and had three westbound through lanes, two left 
turn lanes, and a right turn lane. Each of the 
through lanes was 3.3 m (10.8) wide. The turn 
lanes were approximately 3 m (10 ft) wide. These 
lanes were separated from the eastbound traffic 
by a 1.0 m (3.3 ft) wide raised median that was 
13 cm (5.1 in) high. Both vehicles’ roadways 
were level concrete and the speed limit was 64 
km/h (40 mph) for both vehicles. The crash 
diagram is included at the end of this report. 

Pre-Crash 
The Rav4 was traveling south in the center 
through lane (Figure 2) approaching the 
intersection at an event-data-recorder reported 
speed range of 63 km/h (39.1 mph) to 60 km/h 
(37.3 mph) at -4.95 to 0 sec prior to algorithm 
enable (AE). The steering input was reported as-
25.5 degrees1 at AE, indicating the driver steered 
right to avoid the crash immediately prior to 
impact. The vehicle’s service brake was reported 
as “OFF” during the entire pre-crash recording 
except at 0 sec, where it was reported as “ON.” 
The Rav4's EDR- reported speed, percentage 
accelerator pedal, percentage throttle, engine 
rpm, service brake status, yaw rate, and steering 
input are presented in the table below. The 
Corolla was traveling west in the center through 
lane (Figure 3) approaching the intersection. According to the police crash report, the Corolla 
entered the intersection on a red traffic signal. 
 

  

                                                 
1 The EDR data limitations states that positive steering values indicate left turn. 

Figure 2: Southbound approach of the Rav4 to 
intersection. 

Figure 3: Westbound approach of the Corolla. 
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Rav4's EDR-reported pre-crash data 
Time 
(sec) 

-4.95 -4.45 -3.95 -3.45 -2.95 -2.45 -1.95 -1.45 -0.95 -0.45 0 
(TRG) 

Vehicle 
Speed 
km/h 
(mph) 

63 
(39.1) 

63 
(39.1) 

63 
(39.1) 

64 
(39.8) 

64 
(39.8) 

64 
(39.8) 

63 
(39.1) 

63 
(39.1) 

62 
(38.5) 

61 
(37.9) 

60 
(37.3) 

Accel. 
Pedal, 
% Full 

14.5 28.5 24.0 14.5 1.5 0.0 0.0 0.0 0.0 5.0 0.0 

Percent 
Engine 
Throttle 

4.0 7.5 7.0 4.5 00 0.0 0.0 0.0 0.0 1.5 0.0 

Engine 
RPM 

1,300 1,400 1,300 1,300 1,300 1,300 1,300 1,200 1,200 1,300 1,200 

Service 
Brake 

ON/OFF 

OFF OFF OFF OFF OFF OFF OFF OFF OFF OFF ON 

Steering 
Input 

(degrees) 

-9.0 -7.5 -4.5 -6.0 -7.5 -9.0 -10.5 -9.0 -6.0 -9.0 -25.5 

 

Crash 
The front plane of the Corolla (Figure 4) struck 
the left plane of the Rav4 (Figure 5, event 1). The 
force direction on the Rav4 was in the 10 o’clock 
sector and the impact activated the driver’s seat 
belt pretensioner, deployment of the driver’s seat-
mounted side impact air bag, and both IC air 
bags. The Corolla’s driver’s frontal air bag also 
deployed. The damage algorithm of the 
WinSMASH program calculated the Rav4’s total 
delta V as 14 km/h (8.7 mph). The longitudinal 
and lateral velocity changes were -10 km/h (-6.2 
mph) and 9 km/h (5.6 mph), respectively. The 
total delta V for the Corolla was 19 km/h (11.8 
mph). The longitudinal and lateral velocity 
changes were -10 km/h (-6.2 mph) and -16 km/h 
(-9.9 mph), respectively. The results were 
considered low for both vehicles based on the 
damage they sustained. 

The impact to the left plane of the Rav4 caused 
the vehicle to rotate counterclockwise and it 
rolled over (event 2), right side leading, four 
quarter turns across an estimated distance of 19 m 
(62 ft). The Rav4 came to final rest on its wheels 
in the southbound left through lane in the Figure 5: Damage to left plane of the Rav4. 

Figure 4: Front plane damage to the Corolla from 
impact with left plane of the Rav4. 
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southern leg of the intersection, heading north, based on the police crash schematic. The Corolla 
came to final rest in the intersection heading east based on the police crash schematic. 

Post-Crash 
The police were notified of the crash at 2033 hours and arrived at the crash scene at 2035 hours. 
Rescue personnel also responded. The driver of the Rav4 sustained police-reported “B” (non-
incapacitating) injuries and was transported by ambulance to a hospital. Efforts to obtain medical 
records and/or an interview were unsuccessful. The driver of the Corolla did not sustain any 
police-reported injuries and refused transport to a medical facility. Both vehicles were towed 
from the crash scene due to damage. 

 

2016 TOYOTA RAV4  
 
Description 
The Rav4 was a front-wheel drive, 5-occupant, 4-door, SUV with the VIN 
2T3WFREV1GWxxxxxx), manufactured in April 2016. The vehicle was equipped with a 2.5- 
liter, L-4 engine, 6-speed automatic transmission with sport shift, 4-wheel antilock brakes with 
electronic brake force distribution, brake assist, traction control, and electronic stability control. 
The vehicle’s specified wheelbase was 266 cm (104.7 in). 

The vehicle manufacturer’s recommended tire size was P225/65R17. The vehicle was equipped 
with Michelin Latitude Touring tires of the recommended size. The vehicle manufacturer’s 
recommended cold tire pressure for the front and rear tires was 241 kPa (35 psi). The tire data for 
the Rav4 are presented in the table below. 

 

Position Measured Tread 
Depth Restricted Damage 

LF 7 mm ( 9 /32 in) No None 

LR 7 mm ( 9 /32 in) No None 

RR 6 mm ( 8 /32 in) No None 

RF 7 mm ( 9 /32 in) No None 
 

The front row was equipped with driver and front right passenger cloth-covered bucket seats 
with adjustable head restraints. The back row was equipped with a cloth-covered split bench seat 
with folding backs and adjustable head restraints at the outboard seat positions. The driver’s seat 
track was adjusted between the middle and rearmost positions and the seat back was reclined 30 
degrees aft of vertical. The top of the driver’s head restraint was located 26 cm (10.2 in) above 
the top of the seat back. The remaining seating positions were unoccupied at the time of the 
crash. 
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Exterior Damage 
Exterior Damage Event 1: The Rav4 sustained damage to the left fender and left doors during the 
impact with the front plane of the Corolla. The direct damage began 53 cm (20.9 in) forward of 
the left rear axle and extended 165 cm (65.0 in) forward. The Field L was 170 cm (66.9 in) 
beginning 49 cm (19.3 in) forward of the right rear axle. Crush measurements were taken at the 
lower-door level and the maximum residual crush was 10 cm (3.9 in) occurring 186 cm (73.2 in) 
forward of the left rear axle. The crush values were: C1 = 2 cm (0.8 in), C2 = 6 cm (2.4 in), C3=10 
cm (3.9 in), C4 = 6 cm (2.4 in), C5 = 9 cm (3.5 in), C6 = 0 cm. The sill height was 36 cm (14.2 in) 
and the height of the maximum crush was 70 cm (27.6 in). The sill height was 42 cm (16.5 in) 
and the height of the maximum crush was 48 cm (18.9 in). The Door Sill Differential (DSD) was 
8 cm (3.1 in) 

Damage Classification Event 1: The collision deformation classification (CDC) was 10LYEW1 
(310 degrees). The severity of the damage was considered moderate based on damage to the 
fender and doors. 

Exterior Damage Event 2: The top plane and both side planes were damaged during the rollover. 
The direct damage on the left plane began at the front of the fender and extended rearward onto 
both doors, the roof side rail, and quarter panel. The direct damage on the right plane began the 
front bumper corner and extended rearward on the fender, A-pillar, and the roof side rail. The 
direct damage on the top plane was limited to both roof side rails. The maximum vertical crush 
was 3 cm (1.2 in) and occurred at the left windshield header. The maximum lateral crush was 2 
cm (0.8 in) and occurred at the right roof side rail adjacent B-pillar. 

Damage Classification Event 2: The CDC was 00TDDO2. The severity of the damage was 
minor based on the extent of the crush to the top plane 

Event Data Recorder 
The Rav4’s EDR was imaged with version 17.6.1 of the Bosch Crash Data Retrieval software via 
direct connection to the air bag control module (DLC) and reported with version 19.1.1 The EDR 
reported a side event and a rollover. Each event recording was complete and the driver’s seat belt 
status was reported as “ON.” No diagnostic trouble codes were reported for either event. The 
EDR report is attached to the end of this report as Appendix A. 

The EDR was capable of storing deployment and non-deployment events. Data from deployment 
and pretensioner actuation events cannot be overwritten. Data from non-deployment events can 
be overwritten if the subsequent event is a deployment or pretensioner actuation. 

System Status at Event (1st Prior Event, TRG 1): This event was recorded during the vehicle’s 
left plane impact with the Corolla. The EDR reported the “Time to Fire” for actuation of the seat 
belt pretensioner as 5 msec after AE. The EDR also reported the “Time to Deploy” for 
deployments of the side impact and IC air bags as 5 msec after AE. No maximum longitudinal or 
lateral delta Vs were reported in the record. 

System Status at Event (Most Recent Event, TRG2): This event was reported as a rollover. The 
“Time to Deploy” for the ICs was reported as 845 msec after AE. The “Time to Fire” for both 
front row seat belt pretensioners was reported as 845 msec after AE. Again, no maximum 
longitudinal or lateral delta Vs were reported in the record. The roll angle peak was reported as 
365.4 degrees and the Roll Angle at the Time of TRG was -2.0 degrees. 
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Interior Damage 
The interior of the Rav4 sustained minor damage from intrusion. There were a total of four 
intrusions of the occupant compartment. The most severe intrusions to the driver’s seating area 
included the rear lower quadrant of the left front door, the left A-pillar, and left B-pillar, which 
intruded laterally 6 cm (2.4 in), 5 cm (2 in), and 3 cm (1.2 in), respectively. 

Inspection of the interior revealed cuts on the interior of the left IC air bag from an unknown 
source, but no discernable evidence of occupant contact. Both left doors were jammed shut. The 
right doors and hatch remained closed and operational. 

Manual Restraint Systems 
The front row seating positions were equipped with lap and shoulder seat belts with sliding latch 
plates and adjustable upper anchors. The driver’s upper anchor was adjusted to the full-up 
position. The front row seat belts were also equipped with retractor-mounted pretensioners, both 
of which actuated during the crash. The second row was equipped with lap and shoulder seat 
belts with sliding latch plates and fixed upper anchors. 

The driver was restrained by the lap and shoulder seat belt as evidenced by load marks from the 
belt webbing on the latch plate belt guide. There was also a 10 cm (3.9 in) long scuff on the belt 
webbing near the D-ring located 144 cm (5.5 in) from the floor anchor. The vehicle’s EDR also 
reported the status of the driver’s seat belt switch circuit as “On.” The remaining seating 
positions were unoccupied at the time of the crash. 

Supplemental Restraint Systems 
The Rav4 was equipped with multi-stage frontal air bags, front seat-mounted side impact air 
bags, and side impact IC air bags with roll sensors. The driver’s seat-mounted side impact air bag 
and both IC air bags deployed during the crash. 

The driver’s side impact air bag was located in the outboard side of the seat back and deployed 
through a tear seam. The deflated air bag was 20 cm (7.9 in) wide and 58 cm (22 in) in height. 
Inspection of the air bag revealed no discernable 
evidence of occupant contact and no damage. 

The IC air bags were located along the roof side 
rails behind the headliner and the deflated IC air 
bags extended from the A-pillar to the D-pillar. 
The left IC air bag was 185 cm (72.8 in) wide, 47 
cm (18.5 in) high, and extended 17 cm (6.7 in) 
below the beltline. There was a 6 cm (2.4 in) gap 
between the front of the IC and the base of the A-
pillar. There was no discernable evidence of 
occupant contact to the IC, though there were 5 
cm (2 in) and 3 cm (1.9 in) cuts in the interior 
fabric of the IC, starting 7 cm (2.8 in) forward of 
the B-pillar and 13 cm (5.1 in) above the belt 
line. Also, the rear portion of the air bag near the left C-pillar did not fully deploy as indicated by 
condition of the air bag material at the roof side rail (Figure 6). The right IC air bag was of the 
same approximate dimensions as the left. The front portion of the IC had been cut by emergency 
responders. 

Figure 6: Rear of left IC air bag, not fully 
extended from roof liner. 
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Rollover Mitigation 
The Rav4’s rollover mitigation features consisted of ESC and roll sensing. The ESC uses sensors 
to detect a loss of steering control and selectively applies the brakes to minimize the control loss 
and keep the vehicle on the intended path. The driver was unable to regain control of the vehicle 
after the impact with the Corolla. 

In general, the design of a vehicle’s rollover sensing considers a proprietary combination of that 
particular platform’s roll angle, rate of roll, and speed to determine an impending rollover 
situation and the deployment timing for the IC air bags. The specific IC air bag deployment 
parameters for the Toyota Rav4 under investigation remain unknown. However, it is clear after 
analysis and review of the Rav4’s EDR data that the IC air bags deployed 5 milliseconds after 
the side impact trigger (prior to the development of the rollover dynamics). The Rav4’s rollover 
criteria would have commanded IC air bag deployment 845 milliseconds after trigger. 

Based on testing, NHTSA has given this vehicle model a 4-star rollover rating on a 5-star scale. 
The rollover star rating is determined based on a static measurement and a dynamic test for 
rollover. The static measurement is a mathematical calculation considering the vehicle’s weight, 
track width, and height of the center of gravity and is referred to as the static stability factor. The 
dynamic test is conducted with a weighted vehicle that simulates a load of five occupants and a 
full tank of fuel. The test vehicle enters a left steering avoidance maneuver of 270 degrees at 56 
to 81 km/h (35 to 50 mph), and then a right steering over-correction of 540 degrees is initiated. If 
instruments detect two tires that lift at least 5 cm (2 in), then the vehicle is considered to have 
“tipped up,” which is the precursor to a rollover. The “Dynamic Test Results” for the 2015 Rav4 
were reported as “No Tip,” and the vehicle was reported to have a 16.9 percent risk of a rollover. 

Rollover Discussion 
The rollover of the Rav4 was initiated following the impact with the Corolla as the Rav4 rotated 
counterclockwise due to the impact. There was no physical evidence of the impact with the 
Corolla or of the Rav4's rollover at the crash scene. It was estimated that the Rav4 traveled 9 m 
(30 ft) prior to rolling over, right side leading, four quarter turns. The rollover distance was 
estimated to be 19 m (62 ft). The rollover initiation type was classified as “turn-over” since there 
were no gouge marks from the vehicle’s right side wheel rims located at the crash site. And the 
only damage to the right side wheels where minor abrasions on the rims and tire side walls from 
the rollover. The roll path of the vehicle was confined to the southbound roadway. The vehicle 
came to final rest upright and facing northeast on the left southbound through lane in the 
southern leg of the intersection. 

The vehicle’s IC air bags were certified to FMVSS No. 226, Ejection Mitigation. They provided 
full coverage of the side window glazing in the front and second rows. The driver was restrained 
by the lap and shoulder seat belt and remained in the vehicle throughout the crash. 
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2016 TOYOTA RAV4 OCCUPANT  
 
Driver Demographics  
Age/Sex: 48 years/female 
Height: Unknown 
Weight: Unknown 
Eyewear: Unknown 
Seat type: Bucket 
Seat track position: Between middle and rear-most  
Manual restraint usage: Lap and shoulder seat belt  
Usage source: Vehicle inspection, EDR 
Air bags: Frontal, not deployed; seat-mounted side impact and IC  

air bags, deployed 
Alcohol/drug involvement: None  
Egress from vehicle: Unknown 
Transport from scene: Transported by ambulance to hospital  
Medical treatment: Unknown 

Driver Injuries  
No injury information was available for the driver. 

Driver Kinematics 
The driver was restrained by the lap and shoulder seat belt. The seat track was adjusted between 
the middle and rearmost positions and the seat back was reclined 30 degrees aft of vertical. The 
top of the head restraint was located 26 cm (10.2 in) above the top of the seat back. The left 
plane impact to the Rav4 resulted in actuation of the driver’s seat belt pretensioner and 
deployments of the driver’s side impact and both IC air bags. The driver was displaced to the left 
and forward and she loaded the side impact and IC air bags. The driver was then redirected in 
multiple directions as the vehicle rolled over, right side leading. The driver sustained police- 
reported “B” (non-incapacitating) injuries and was transported by ambulance to a hospital. 
Efforts to obtain medical records and/or an interview were unsuccessful. 

 
2005 TOYOTA COROLLA 
 
Description 
The Corolla was a front-wheel-drive, 5-occupant, 4-door sedan  with theVIN 
1NXBR30E55Zxxxxxx equipped with a 1.8-liter, L-4 engine, and a 4-speed automatic 
transmission. 
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Exterior Damage 
The Corolla sustained damage to the front plane 
(Figure 7). The bumper, bumper fascia, grille, 
hood, fenders, and both headlamp/turn signal 
assemblies were directly damaged. The crush 
measurements were taken on the front bumper and 
the maximum residual crush was 19 cm (7.5 in), 
occurring at 68 cm (26.8 in) right of the left bumper 
corner. The Field L was 113 cm (44.5 in). The crush 
values were: C1  = 2 cm (0.8 in), C2 = 8 cm (3.1 in), 
C3 =15 cm (5.9 in), C4 = 19 cm (7.5 in), C5 = 18 cm 
(7.1 in), C6 = 17 cm (6.7 in). 

Damage Classification, Event 1: The CDC was 
02FDEW1 (60 degrees). 

Event Data Recorder 
The Corolla’s EDR was imaged with version 17.6.1 of the Bosch Crash Data Retrieval software 
and reported with version 19.1.1. The EDR was imaged with external electrical power via 
connection to the DLC. The EDR reported two front/rear events. Each event recording was 
complete and the driver’s belt status was reported as “BUCKLED.” The EDR report is attached 
to the end of this report as Appendix B. 

The EDR was capable of storing deployment and non-deployment events. Data from deployment 
and pretensioner actuation events cannot be overwritten. Data from non-deployment events can 
be overwritten if the subsequent event is a deployment or pretensioner actuation. 

1st Prior Frontal/Rear Event, TRG): This event was recorded during the vehicle’s front plane 
impact with the left plane of the Rav4. This record did not include any pre-crash or air bag 
deployment timing data. The record reported the maximum longitudinal delta-V as -3.1 km/h (-
1.9 mph) occurring at 153.6 msec, which was the end of the reported air bag timing data. 

Most Recent Frontal/Rear Event, TRG 2: This record was for a frontal/rear event yet there was 
no discernable impact damage noted on the vehicle that this event can be correlated to. This 
record did not include any pre-crash or air bag data. 

Occupant Data 
The 40-year old female driver was restrained by her lap and shoulder seat belt. She did not 
sustain any police reported injuries and was not transported for treatment. 

 
  

Figure 7: Front plane damage to the Corolla 
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CRASH DIAGRAM 
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APPENDIX A:  2016 TOYOTA RAV4 EVENT DATA RECORDER (EDR) 
REPORT2 

 
 
 
 
 
 
 
 
 
 
 

 
 
 

                                                 
2 The EDR report contained in this technical report was imaged using the current version of the Bosch CDR 
software at the time of the vehicle inspection. The CDR report contained in the associated Crash Viewer application 
may differ relative to this report. 
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APPENDIX B:  2005 TOYOTA COROLLA EVENT DATA RECORDER 
(EDR) REPORT3 

 
 
 
 
 
 
 
 

 
 

                                                 
3 The EDR report contained in this technical report was imaged using the current version of the Bosch CDR 
software at the time of the vehicle inspection. The CDR report contained in the associated Crash Viewer application 
may differ relative to this report. 
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