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Special Crash Investigations 
On-Site Child Restraint System Investigation 

Office of Defects Investigation 
Case Number: IN17016 

Vehicle: 2015 Hyundai Sonata 
Location: Ohio 

Crash Date: December 2016 
 

 
BACKGROUND 
This report documents the on-site investigation of the crash of a 2015 Hyundai Sonata (Figure 1) 
in which a 4-year-old female in a child restraint system (CRS) in the second-row center sustained 
fatal injuries. The crash involved the Hyundai and a 1997 Honda Accord. This investigation was 
initiated by the National Highway Traffic Safety Administration in March 2017 and assigned to 
the Special Crash Investigation Team at the Indiana University Transportation Research Center. 
The crash occurred in Ohio in December 2016 in the dark evening and was investigated by a 
local police agency. The Hyundai, crash scene, and Honda were inspected in April 2017. An in-
person interview was also conducted with the driver of the Hyundai in April 2017. 
 
This crash occurred on a curved, two-lane State 
highway. The Hyundai was a 4-door sedan 
equipped with multi-stage frontal air bags, 
driver’s knee air bag, front seat-mounted side 
impact air bags, and rollover/side impact 
inflatable curtain (IC) air bags. A Dorel Alpha 
Omega Elite convertible CRS used in the 
forward-facing position was secured in the 
second-row center seating position and was 
occupied by a 4-year-old female. The CRS was 
secured by the vehicle’s Lower Anchors and 
Tethers for Children (LATCH) system as well as 
a lap and shoulder seat belt. A belted 33-year-old 
female driver and a belted 33-year-old male 
front-row passenger also occupied the vehicle. The Hyundai was traveling in the southeast-
bound lane, negotiating a left curve and the Honda was traveling in the northwest-bound lane, 
negotiating a right curve. The Honda entered the southeast-bound lane and its front plane struck 
the front plane of the Hyundai head-on. The impact was severe and resulted in actuation of the 
Hyundai’s driver’s and front passenger’s seat belt pretensioners and deployment of both frontal, 
driver’s knee, seat-mounted side impact, and left IC air bags. Both vehicles came to final rest 
partially on the west shoulder of the roadway with the Hyundai heading south and the Honda 
heading northwest. The driver and front row passenger of the Hyundai each sustained police-
reported “A” (incapacitating) injuries and were transported by ambulance to a hospital. The 
second-row center passenger sustained critical injuries and was transported by ambulance to a 
hospital where she was pronounced deceased. The driver of the Honda was fatally injured. Both 
vehicles were towed from the crash scene due to damage. 
 

Figure 1. The damaged 2015 Hyundai 
Sonata. 
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SUMMARY 
Crash Site  
This crash occurred during dark, early evening 
hours on a curved, two-lane State highway. The 
weather conditions were cloudy, with 
southwesterly winds at 6 km/h (4 mph), a 
temperature of 0 °C (32 °F), and a dew point of -
2.8 °C (27 °F), according to local weather 
reports. The roadway traversed in a 
northwest/southeast direction and had one 
through lane in each direction. The southeast-
bound lane was 3.5 m (11.5 ft) wide and the 
northwest-bound lane was 3.1 m (10.2 ft) wide. 
The roadway was bordered by bituminous and 
gravel/grass shoulders 0.9 m (3.0 ft) wide. The 
roadway pavement markings consisted of solid 
white edge lines and double yellow centerline. 
The speed limit for both vehicles was 89 km/h 
(55 mph). A crash diagram is included at the end 
of this report. 
 
Pre-Crash  
The Hyundai was traveling southeast in its lane 
(Figure 2), negotiating a left curve at a speed 
recorded by the event data recorder (EDR) of 89 
km/h (55 mph) at -5.0 sec prior to algorithm 
enable (AE). The EDR reported the vehicle 
gradually decelerated with the service brake off 
to a speed of 87 km/h (54 mph) at -0.5 sec. The 
Honda was traveling northwest in its lane, 
negotiating a right curve (Figure 3) when it 
traveled into the Hyundai’s lane. The EDR 
reported the Hyundai’s speed at 0.0 sec as 83 
km/h (52 mph). 
 
Crash 
The front plane of the Hyundai (Figure 4) was 
struck head-on by the front plane of the Honda 
(Figure 5). The force direction on the Hyundai 
was in the 12 o’clock sector and actuated the 
driver’s and front row passenger’s seat belt 
pretensioners, deploying both stages of the driver’s frontal air bag and all three stages of the 
front passenger’s frontal air bag. The driver’s knee, seat-mounted side impact, and left IC air 
bags also deployed. The vehicle’s EDR reported the maximum longitudinal and lateral velocity 
changes as -77 km/h (-48 mph) and 14 km/h (8.7 mph), respectively. The damage algorithm of 
WinSMASH calculated the total delta V as 78 km/h (48 mph). The longitudinal and lateral 

Figure 2. Southeast-bound approach of the 
Hyundai. 

Figure 3. Northwest-bound approach of the 
Honda. 

Figure 4. Damage to the front plane of the 
Hyundai from the impact with the front plane 
of the Honda. 
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velocity changes were -77 km/h (-48 mph) and 
14 km/h (9 mph), respectively. WinSMASH 
calculated the Honda’s total delta V as 98 km/h 
(61 mph). The longitudinal and lateral velocity 
changes were -98 km/h (-61 mph) and 0 km/h, 
respectively. The results appeared reasonable. 
 
The Hyundai rotated clockwise approximately 30 
degrees following the impact and came to final 
rest partially on the west shoulder heading south. 
The Honda rotated counterclockwise 
approximately 15 degrees coming to final rest 
partially in the southeast-bound lane heading 
southwest with the front of the vehicle near the 
front of the Hyundai. 
 
Post-Crash 
The police were notified of the crash at 1840 hours and arrived on scene at 1902 hours. The 
driver of the Hyundai stated during the SCI interview that she exited the vehicle through the left 
front door, then fell to the ground due to her injuries. The front-row and second-row center 
passengers were removed from the vehicle by emergency responders. The driver and front row 
passenger of the Hyundai each sustained police-reported “A” (incapacitating) injuries and were 
transported by ambulance to a hospital. The second-row center passenger sustained critical 
injuries and was transported by ambulance to a hospital where she was pronounced deceased 77 
minutes following the crash. Emergency responders used a hydraulic rescue tool to cut and 
remove the roof of the Honda to extricate the driver from the vehicle. The driver of the Honda 
was fatally injured. Both vehicles were towed from the crash scene due to damage. 
 
2015 HYUNDAI SONATA  
Description 
The Hyundai was a front-wheel-drive, 5-occupant, 4-door sedan with the Vehicle Identification 
Number (VIN) 5NPE34AF9FHxxxxxx, manufactured September 3, 2014. The vehicle was 
equipped with a 2.4-liter, I-4 engine, 6-speed automatic transmission with sport shift feature, 4-
wheel antilock brakes with brake assist, traction control, and electronic stability control (ESC). 
The vehicle was also equipped with multi-stage frontal air bags, driver’s knee air bag, front seat- 
mounted side impact air bags, and rollover/side impact IC air bags that were certified by the 
manufacturer to be compliant to Federal Motor Vehicle Safety Standard No. 226, Ejection 
Mitigation. The second row was equipped with LATCH in the outboard seating positions. The 
driver estimated the vehicle’s mileage during the interview as 25,300 miles (40,715 kilometers). 
The vehicle’s specified wheelbase was 280 cm (110.2 in). 
 
The vehicle manufacturer’s recommended tire size was P215/55R17. The vehicle was equipped 
with Kumho Solus TA31 tires of the recommended size. The vehicle manufacturer’s 
recommended cold tire pressure for the front and rear tires was 235 kPa (34 psi). The tires were 
all in good condition at the time of the crash. 
 

Figure 5. Damage to the front plane of the 
Honda. 
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The front row was equipped with driver and passenger leather-covered bucket seats with 
adjustable head restraints. The second row was equipped with a leather-covered bench seat with 
folding backs, adjustable head restraints in the outboard seating positions, and an integral head 
restraint in the center seating position. The driver’s seat track was adjusted between the forward-
most and middle positions and the seat back was reclined 26 degrees aft of vertical. The top of 
the head restraint was located 21 cm (8.3 in) above the top of the seat back. The front 
passenger’s seat track was adjusted between the middle and rear-most positions and the seat back 
was reclined 10 degrees aft of vertical. The top of the head restraint was located 23 cm (9.1 in) 
above the top of the seat back. The second-row seat was fixed. 
 
Exterior Damage 
Exterior Damage: The Hyundai sustained direct damage to the full width of the front plane 
during the impact with the Honda. The direct damage began at the left corner of the front bumper 
and extended 160 cm (63.0 in) across the front plane. The Field L was 86 cm (33.9 in). The crush 
measurements were taken on the bumper bar and the maximum residual crush was 68 cm (26.8 
in) occurring 25 cm (9.8 in) left of the vehicle’s centerline. The crush values were C1 

= 60 cm (23.6 in), C2 = 62 cm (24.4 in), C3=68 cm (26.8 in), C4 = 66 cm (26.0 in), C5= 60 cm 
(23.6 in), and C6 = 55 cm (21.7 in). 
 
Damage Classification: The Collision Deformation Classification (CDC) was 12FDEW3 (350 
degrees). 
 
Event Data Recorder 
The Hyundai was equipped with an EDR that was not supported by the Bosch Crash Data 
Retrieval (CDR) software. The air bag control module (ACM), which contains the EDR, was 
removed1 from the vehicle and sent to NHTSA for imaging with the Hyundai CDR tool. The 
EDR was capable of storing the data for two events and could record a deployment and/or non- 
deployment event. The data for an air bag deployment event would be locked and could not be 
overwritten. The data for a non-deployment event, which could include actuation of a seat belt 
pretensioner without an air bag deployment could be overwritten by a subsequent non- 
deployment or deployment event. The EDR recorded one deployment event in this crash and the 
recording was reported as complete. The ignition cycles at the time of the crash and when the 
data were imaged were 2,575 and 2,578, respectively. The EDR report is attached to the end of 
this report as Appendix A. 
 
Deployment Event Data: The seat belt status for the driver and front row passenger was reported 
as “On.” The air bag warning lamp was reported as “Off.” The times from AE to deployment of 
stages one and two of the driver’s frontal air bag were 6 and 11 msec, respectively. The times 
from AE to deployment of stages one, two, and three of the front passenger’s frontal air bag were 
6, 11, and 44 msec, respectively. The time from AE to deployment of the driver’s seat-mounted 
side impact air bag and the left IC air bag was 11 msec. The time from AE to deployment of the 
driver’s and front passenger’s seat belt pretensioners was 6 msec. The maximum longitudinal 
and lateral velocity changes were reported as -78 km/h (48.5 mph) and 14 km/h (8.7 mph). 

                                                      
1 The SCI investigator obtained permission from the insurance company to remove the ACM. 
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Interior Damage 
The interior of the Hyundai sustained minor damage when the left and right toe pans intruded 
longitudinally 16 and 5 cm (6.3 and 2.0 in), respectively. Evidence of occupant contact consisted 
of a bent steering wheel rim that resulted from the driver’s chest loading through the deployed 
frontal air bag and contacting the steering wheel. The lower left instrument panel was deformed 
by contact from the driver’s left knee. The center instrument panel was scuffed, possibly from 
contact by the driver’s right hand. The outer panel of the glove box door was scuffed and the 
inner panel was cracked from contact by the front passenger’s right knee. The center instrument 
panel was scuffed, possibly from contact by the front passenger’s left knee. The right instrument 
panel was scuffed and cracked probably as a result of the passenger’s chest loading through the 
air bag and contacting the instrument panel. All the doors remained closed an operational. 
 
Manual Restraint Systems 
The front row was equipped with lap and shoulder seat belts that were equipped with retractor- 
mounted pretensioners, locking latch plates, and adjustable upper anchors. The driver’s upper 
anchor was adjusted to the full-down position and the pretensioner actuated during the crash. The 
front passenger’s upper anchor was adjusted to the full-up position and the pretensioner also 
actuated during the crash. The second row was equipped with lap and shoulder seat belts with 
locking latch plates, fixed upper anchors, and emergency/automatic locking retractors 
(ELR/ALR). 
 
The driver was restrained by the lap and shoulder seat belt as evidenced by a load mark on the 
belt webbing from the latch plate locking bar that was located 77 cm (30.3 in) from floor anchor. 
There was also a 19 cm (7.5 in) long scuff mark on the belt webbing from the D-ring that was 
located 153 cm (60.2 in) from the floor anchor. The vehicle’s EDR also reported the status of the 
driver’s seat belt as “On.” 
 
The front passenger was also restrained by the lap and shoulder seat belt as evidence by a load 
mark on the belt webbing from the latch plate locking bar that was located 77 cm (30.3 in) from 
floor anchor. There also was a 64 cm (25.2 in) long load mark on the belt webbing from the D-
ring that began 160 cm (63.0 in) from the floor anchor. The vehicle’s EDR also reported the 
status of the front passenger’s seat belt as “On.” 
 
The second-row center passenger was seated in a forward-facing position in a convertible CRS 
that was secured to the vehicle by the LATCH and upper tether. The CRS was also secured by 
the lap and shoulder seat belt as evidenced by a slightly bent belt webbing locking clip that was 
found attached to the belt webbing at the SCI vehicle inspection. The CRS LATCH straps had 
been cut and remained attached to the vehicle’s LATCH anchors. The distance between the latch 
anchors was 43 cm (16.9 in). 
 
Supplemental Restraint Systems 
The Hyundai was equipped with multi-stage frontal air bags, driver’s knee air bag, front seat- 
mounted side impact air bags, and rollover/side impact IC air bags. Both frontal, driver’s knee, 
seat-mounted side impact, and left IC air bags deployed during the front-plane impact with the 
Honda. 
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The driver’s frontal air bag was located in the 
steering wheel hub. The module cover was a 3-
flap configuration constructed of pliable vinyl. 
The top flap was 14 cm (5.5 in) wide and 7 cm 
(2.8 in) high. Each bottom flap was 6 cm (2.4 in) 
wide and 7 cm (2.8 in) high. The cover flaps 
opened at the designated tear seams and were 
undamaged. The deflated air bag was 55 cm (21.7 
in) in diameter. The driver’s chest loaded through 
the deployed air bag during the crash contacting 
and bending the top of the steering wheel rim 
forward 2 cm (0.8 in). There was no damage to 
the air bag. 
 
The driver’s knee air bag was located under the 
instrument panel. The module cover was not 
visible. The deflated air bag was 50 cm (19.9 in) 
wide and 47 cm (18.5 in) high. There was no 
discernable evidence of occupant contact to the 
air bag and no damage. 
 
The driver’s seat-mounted 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 64 cm (25.2 in) high and 33 cm (13.0 
in) wide and had one vent port located on the side 
of the air bag. There was no discernable evidence 
of contact to the air bag and no damage. 
 
The IC air bags were located along the roof side 
rail inside the headliner and extended from the A-
pillar to the C-pillar. The deflated left IC was 178 
cm (70.1 in) long and 47 cm (18.5 in) high and 
extended 20 cm (7.9 in) below the beltline. There 
was a triangular-shaped gap between the front of 
the IC and the A-pillar that was 17 cm (6.7 in) 
high and 10 cm (4.0 in) wide at the beltline. 
There was no discernable evidence of occupant 
contact to the IC and no damage. 
 
The passenger’s frontal air bag was located in the 
top of the instrument panel and the module cover had a single flap that was 24 cm (9.4 in) wide 
and 12 cm (4.7 in) high. The cover flap opened at the designated tear seams and was undamaged. 
The deflated air bag was 40 cm (15.7 in) wide and 53 cm (20.7 in) high. There was what 
appeared to be a light scuff mark located approximately 12 cm (4.7 in) below the center of the air 
bag that was possibly the result of contact by the driver’s chest. The instrument panel was 

Figure 6. The Dorel Alpha Omega Elite 
convertible CRS. 

Figure 7. Arrows show the location of tears 
in plastic on each side of the CRS. 
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cracked in two places behind this area suggesting that the passenger’s chest loaded through the 
air bag and contacted the instrument panel. 

Child Restraint System 
The Hyundai’s second-row center seating position was occupied by a 4-year-old female in a 
Dorel Alpha Omega Elite convertible CRS (Figure 6). The CRS model number was CC098-
BXX and the date of manufacture was February 14, 2013. The CRS was equipped with an 
internal 5-point harness, harness retainer clip, upper tether, and hardware for the LATCH system. 
The CRS was designed to be used in the rear-facing position by children under 1-year-old, or in 
the forward-facing position with the internal 5-point harness, or as a belt-positing booster seat. 
The child was seated in the forward-facing position and was secured in the CRS by the 5-point 
harness. The CRS was designed for children along the following parameters when used in this 
manner: 

CRS Parameters: 
Weight:  Between 10 kg and 18 kg (22 – 40 lbs) 
Height: Between 86 cm and 109 cm (34 – 43 in)  
Age:  Over one year to be used; forward-facing  

The child who occupied the CRS met the requirements. 

The CRS had been removed from the vehicle and was inspected at the driver’s (the child’s 
mother) home. The CRS was secured to the vehicle by the lower anchor straps (see further 
information on usage, below), tether, and the lap and shoulder seat belt based on the SCI vehicle 
inspection and interview with the driver. The seat belt was routed through the forward-facing 
belt path and a belt webbing locking clip was 
used to secure the belt webbing. The locking clip 
was found attached to the belt webbing and 
located 2.5 cm (1.0 in) above the latch plate at 
the SCI vehicle inspection. The locking clip was 
slightly bent from loading during the crash. The 
seat belt retractor was not switched to the ALR 
setting according to the driver. The child was 
secured in the CRS with the 5-point harness. The 
driver stated during the interview that the harness 
clip was positioned above the child’s arm pit 
level. The harness straps were routed through the 
single set of slots on the back of the CRS. The 
harness could be adjusted by moving the back of the CRS up or down to one of five settings via a 
steel adjustment bar. The adjustment bar was located in the second position from the bottom. The 
crotch strap was located in the forward-most of three slots. 
 
Inspection of the CRS revealed that the harness strap adjustment bar was bent from the child 
loading the harness straps. The top guide on the plastic harness retaining clip was fractured for 
each harness strap and the harness strap was out of each guide. The plastic was stressed and torn 

Figure 8. Tear on the left side of the CRS. 
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on each side of the CRS where the side joined 
with the bottom (Figure 7). The length of the 
tears was 7 cm (2.8 in) on the left (Figure 8) and 
8 cm (3.1) on the right (Figure 9). The cause of 
these tears is not known. Their location and 
appearance suggested the possibility that the 
vehicle’s seat belt may have been improperly 
routed through the holes in the side of the CRS at 
this location. However, the driver stated during 
the interview that the vehicle’s seat belt was 
routed through the forward-facing belt path and 
load abrasions in the plastic on the edges of the 
belt path observed during the SCI inspection 
indicated the seat belt was probably routed in this 
manner.  
 
2015 HYUNDAI SONATA OCCUPANTS  
Driver Demographics 
Age/sex: 33 years/female 
Height: 157 cm (62 in) 
Weight: 64 kg (140 lb) 
Eyewear: Contact lenses 
Seat type: Bucket 
Seat track position: Between forward-most and middle  
Manual restraint usage: Lap and shoulder seat belt  
Usage source: Vehicle inspection, EDR 
Air bags: Frontal, knee, seat-mounted side impact, and left 

IC; deployed  
Alcohol/drug data: None 
Egress from vehicle: Exited through left front door without assistance  
Transport from scene: Ambulance 
Medical treatment: Hospitalized 10 days 
 
Driver Injuries 

Injury 
No. 

Injury Injury 
Severity AIS 

2015 

Involved  
Physical Components  

(IPC) 

IPC 
Confidence 

Level 

1 Sprain, left shoulder, not 
further specified 771010.1 

Isolated  
Interior - Shoulder portion of 
belt restraint 

Possible 

2 Fractured right thumb, not 
further specified 752611.1 

Isolated  
Front – Center instrument 
panel  

Probable 

3 
Laceration (tear) tendon in 
left wrist, not further 
specified 

740800.1 Isolated  
Front – Left instrument panel  Possible 

Figure 9. Tear in plastic on the right side of 
the CRS.  
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Injury 
No. 

Injury Injury 
Severity AIS 

2015 

Involved  
Physical Components  

(IPC) 

IPC 
Confidence 

Level 

4 
Fracture, comminuted 
(shattered) right talus, not 
further specified 

857200.2 

Tandem IPC 
Initial:  Floor – Foot controls 
including parking brake 
Secondary:  Floor – Floor 
(including toe pan)  

 
Certain  

 
Certain 

5 Fracture, right big toe, not 
further specified 858211.1 

Isolated  
Floor – Floor (including toe 
pan)  

Certain 

6 
Abrasion, lower left lip 
with teeth marks present, 
not further specified 

210202.1 
Isolated 
Left Air Bag – Steering wheel 
hub 

Certain 

7 
Contusion (bruise), 10.2 
cm (4.0 in), over left upper 
chest, not further specified 

410402.1 
Isolated  
Interior - Shoulder portion of 
belt restraint   

Certain 

8 
Abrasions, heavy, 10.2 cm 
(4.0 in) on right hip, not 
further specified 

810202.1 
Isolated  
Interior - Lap portion of belt 
restraint  

Certain 

9 
Abrasions, heavy, 10.2 cm 
(4.0 in) on left hip, not 
further specified 

810202.1 
Isolated  
Interior - Lap portion of belt 
restraint   

Certain 

10 
Contusion (bruising) from 
left knee to ankle, not 
further specified 

810402.1 
Isolated  
Left Air Bag – Left bottom 
instrument panel   

Probable 

Source: interviewee data–driver. 

Driver Kinematics 
The driver was restrained by the lap and shoulder seat belt and the seat track was adjusted 
between the forward-most and middle positions with the seat back reclined 26 degrees aft of 
vertical. The top of the head restraint was located 21 cm (8.3 in) above the top of the seat back. 
The frontal impact to the Hyundai resulted in actuation of the driver’s seat belt pretensioner and 
deployment of both stages of the driver’s frontal air bag. The driver’s knee, seat-mounted side 
impact, and left IC air bags also deployed. The driver was displaced forward and loaded the seat 
belt resulting in a contusion to her upper left chest and an abrasion to each hip. Possible contact 
with the seat belt also resulted in a sprained left shoulder. Her face and chest loaded the frontal 
air bag, which caused an abrasion to her lower lip. The driver’s chest loaded through the frontal 
air bag contacting and displacing the top of the steering wheel rim forward 2 cm (0.8 in); 
however, she reported no injury from this contact. The driver’s left lower leg loaded the knee air 
bag resulting in a contusion that extended from the knee to the ankle. The driver’s right hand 
probably contacted the center resulting in a fracture to her right thumb. Her left hand possibly 
contacted the left instrument panel causing a torn tendon in her left wrist. The driver’s left foot 
contacted the intruded toe pan resulting in a fracture to her left great toe. Her right foot probably 
contacted the foot controls and intruded toe pan resulting in a comminuted fracture to her right 
talus. The driver then rebounded back into her seat. She stated during the interview that she 
exited the vehicle through the left front door unassisted, but immediately fell to the ground due 
to her injuries. The driver was transported by ambulance to a hospital where she was hospitalized 
for 10 days. 
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Front-Row Right Occupant Demographics  
Age/sex: 33 years/male 
Height: 180 cm (71 in) 
Weight: 83 kg (183 lb) 
Eyewear: Glasses 
Seat type: Bucket 
Seat track position: Between middle and rear-most  
Manual restraint usage: Lap and shoulder 
Usage source: Vehicle inspection, EDR 
Air bags: Frontal: deployed; seat-mounted side impact, right 

IC: not deployed 
Alcohol/drug data: None 
Egress from vehicle: Removed by emergency responders  
Transport from scene: Ambulance 
Medical treatment: Hospitalized 
 
Front-Row Right Occupant Injuries 

Injury 
No. 

Injury Injury 
Severity AIS 

2015 

Involved  
Physical Components  

(IPC) 

IPC 
Confidence 

Level 

1 Injury, brain, not further 
specified 100099.9 

Tandem IPC 
Initial:  Right Air Bag – Right 
top instrument panel 
Secondary:  Front - Right 
instrument panel  

 
Possible  

 
Probable 

2 
Laceration (severed) artery 
in abdomen, not further 
specified 

521408.4 
Isolated  
Interior - Lap portion of belt 
restraint   

Probable 

3 
Fractured right proximal 
femoral shaft, not further 
specified 

853221.3 
Isolated  
Front - Glove compartment 
door  

Probable 

4 
Fracture 1st lumbar 
vertebrae, not further 
specified 

650616.2 

Critical IPC 2-point 
Critical #1:  Interior – Lap 
portion of belt restraint 
Critical #2:  Interior – This 
occupants seat cushion  

 
Probable  

 
Possible 

5 Fracture right wrist, not 
further specified 752400.2 Isolated  

Front - Right instrument panel  Probable 

6 Fracture left forearm, not 
further specified 751900.2 

Isolated  
Front - Center instrument 
panel  

Probable 

7 
Fracture right knee 
(patella), not further 
specified 

854500.2 
Isolated  
Front - Glove compartment 
door   

Probable 

8 Fracture right talus, not 
further specified 857200.2 

Isolated  
Floor – Floor (including toe 
pan)  

Probable 
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Injury 
No. 

Injury Injury 
Severity AIS 

2015 

Involved  
Physical Components  

(IPC) 

IPC 
Confidence 

Level 

9 
Fracture right calcaneus 
(heel), not further 
specified 

857300.2 
Isolated  
Floor – Floor (including toe 
pan)  

Probable 

10 Abrasion right hip, not 
further specified 810202.1 

Isolated  
Interior - Lap portion of belt 
restraint    

Certain 

11 Abrasion left hip, not 
further specified 810202.1 

Isolated  
Interior - Lap portion of belt 
restraint    

Certain 

Source: interviewee data-driver. 
 
Front-Row Right Occupant Kinematics 
The front row right occupant was restrained by the lap and shoulder seat belt and the seat track 
was adjusted between the middle and rear-most positions with the seat back reclined 10 degrees 
aft of vertical. The top of the head restraint was located 23 cm (9.1in). The frontal impact 
resulted in actuation of the occupant’s seat belt pretensioner and deployment of all three stages of 
the passenger’s frontal air bag. The occupant was displaced forward and loaded the seat belt, 
which caused abrasions to both hips. He also sustained a severed artery in his abdomen, probably 
from loading the seat belt. He loaded through the frontal air bag and his head probably contacted 
the right instrument panel causing a concussion. Loading of the air bag possibly contributed to 
this injury. His right arm probably contacted the instrument panel resulting in a fractured wrist. 
The occupant’s legs probably contacted the glove box door resulting in a fracture of the right 
knee and right femur. The occupant’s feet probably contacted the intruded toe pan causing a 
fracture of the right calcaneus and talus. The occupant also sustained a fracture of L1, probably 
from loading the seat belt with possible contribution from contact to the seat cushion during 
rebound. The occupant was transported by ambulance to a hospital where he was admitted for 
treatment of his injuries for 37 days. The occupant was subsequently readmitted due to 
complications from his injuries and was still hospitalized at the time of the SCI interview in 
April 2017. 
 
Second-Row Center Occupant Demographics 
Age/sex: 4 years/female 
Height: 109 cm (43 in) 
Weight: 15 kg (33 lb) 
Eyewear: None 
Seat type: Forward-facing CRS secured by LATCH and 

vehicle’s lap and shoulder seat belt 
Seat track position: Fixed 
Manual restraint usage: CRS 5-point harness 
Usage source: CRS inspection, driver interview 
Air bags: None 
Alcohol/drug data: None 
Egress from vehicle: Removed by emergency responders  
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Transport from scene: Ambulance 
Medical treatment: Pronounced deceased at hospital 
 
Second-Row Center Occupant Injuries  

Injury 
No. 

Injury Injury 
Severity AIS 

2015 

Involved  
Physical Components  

(IPC) 

IPC 
Confidence 

Level 

1 
Dislocation atlanto-
occipital joint, not further 
specified 

650208.3 

Isolated 
Interior - Child safety seat 
harness system, (i.e., straps, 
retainer clip, latchplate, 
buckle)  

Probable 

2 
Abrasion, 1.9 x 1.3 cm 
(0.75 x 0.5 in) on left 
upper eyelid 

210202.1 
Isolated 
Interior - Other seating 
position seatback  

Probable 

3 

Contusion 2.5 x 2.5 cm 
(1.0 x 1.0 in) on midline of 
forehead, not further 
specified 

210402.1 
Isolated 
Interior - Other seating 
position seatback  

Probable 

4 
Contusion (hemorrhage in 
the right 4th intercostal 
space), right chest wall 

410402.1 

Isolated 
Interior - Child safety seat 
harness system, (i.e., straps, 
retainer clip, latchplate, 
buckle) 

Certain 

5 

Abrasion, 3.8 x 1.9 cm 
(1.5 x 0.75 in), over right 
shoulder extending 4.4 cm 
(1.75 in) obliquely and 
medially 

710202.1 

Isolated 
Interior - Child safety seat 
harness system, (i.e., straps, 
retainer clip, latchplate, 
buckle) 

Certain 

6 

Contusion 3.8 x 1.9 cm 
(1.5 x 0.75 in), over right 
shoulder, extending 4.4 cm 
(1.75 in) obliquely and 
medially 

710402.1 

Isolated 
Interior - Child safety seat 
harness system, (i.e., straps, 
retainer clip, latchplate, 
buckle) 

Certain 

7 
Abrasion, 1.3 x 0.6 cm 
(0.5 x 0.25 in) on left 
medial thigh 

810202.1 

Isolated 
Interior - Child safety seat 
harness system, (i.e., straps, 
retainer clip, latchplate, 
buckle) 

Certain 

Sources: Autopsy records, coroner records, and interviewee data–driver. Injury Numbers 2 through 7 came only 
from autopsy records. Injury Number 1 came from a combination of interviewee data and autopsy records. 
 
Second-Row Center Occupant Kinematics 
The second-row center occupant was restrained by a 5-point harness in a forward-facing CRS. 
The frontal impact displaced the occupant forward and she loaded the 5-point harness resulting 
in a contusion to her chest and abrasion over her right shoulder and upper left thigh. Probable 
contact to the back of the right front occupant’s seat caused a contusion to her left upper eyelid 
and forehead. The occupant then rebounded back into the CRS. The occupant also sustained an 
atlanto-occipital dislocation resulting from forward displacement of her head due to impact 
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forces. Emergency responders removed the occupant from the vehicle and transported her to a 
hospital where she was pronounced deceased 77 minutes following the crash. The coroner 
reported the cause of death as atlanto-occipital dislocation. 
 
1997 HONDA ACCORD  
Description 
The Honda was a front-wheel-drive, 5-occupant, 4-door sedan with the VIN 
1HGCD5656VAxxxxxx that was equipped with a 2.2-liter, I-4 engine, a 4-speed automatic 
transmission, and frontal air bags. 
 
Exterior Damage 
The Honda sustained direct damage to the entire front plane from the impact with the front plane 
of the Hyundai. The direct damage began at the right corner of the front bumper and extended 
159 cm (62.6 in) across the front plane. The Field L was 127 cm (50.0 in). The crush 
measurements were taken on the upper radiator frame since the bumper was missing from the 
vehicle. The maximum residual crush was 96 cm (37.8 in) occurring 78 cm (30.7 in) right of the 
vehicle’s centerline. The crush values were C1 = 67 cm (26.4 in), C2 = 77 cm (30 in), C3 = 85 cm 
(33.5 in), C4 = 93 cm (36.6) C5 = 95 cm (37.4 in), and C6 = 96 cm (37.8 in). 
 
Damage Classification: The CDC was 12FDEW4 (0 degree). 
 
Occupant Data 
The 20-year-old male driver of the Honda was restrained by a lap and shoulder seat belt 
according to the police crash report. He sustained critical injuries and was transported by 
helicopter to a hospital where he died 13 days following the crash.



14 
 

CRASH DIAGRAM 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

A-1 
 

APPENDIX A: 2015 Hyundai Sonata Event Data Recorder (EDR) Report2 
 

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



 
 

 



 
 

 



 
 

 



 
 

 



 
 

 



 
 

 



 
 

 



 
 

 



 
 

 



 
 

 



 
 

 



 
 

 



 
 

 



 
 

 



 
 

 



 
 

 



 
 

 



 
 

 



 
 

 



 
 

 



 
 

 



DOT HS 812 956 
May 2020 

14782-051820-v2b 


	BACKGROUND
	SUMMARY
	Crash Site
	Pre-Crash
	Crash
	Post-Crash

	2015 HYUNDAI SONATA
	Description
	Exterior Damage
	Event Data Recorder
	Interior Damage
	Manual Restraint Systems
	Supplemental Restraint Systems
	Child Restraint System

	2015 HYUNDAI SONATA OCCUPANTS
	Driver Demographics
	Driver Injuries
	Driver Kinematics
	Front-Row Right Occupant Demographics
	Front-Row Right Occupant Injuries
	Front-Row Right Occupant Kinematics
	Second-Row Center Occupant Demographics
	Second-Row Center Occupant Injuries
	Second-Row Center Occupant Kinematics

	1997 HONDA ACCORD
	Description
	Exterior Damage
	Occupant Data

	CRASH DIAGRAM
	APPENDIX A: 2015 Hyundai Sonata Event Data Recorder (EDR) Report1F

	appendix.pdf
	DISCLAIMER
	Technical Report Documentation Page
	SPECIAL CRASH INVESTIGATIONS





