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Special Crash Investigations 
Case No.: CR16031 

On-Site Guardrail End Treatment Crash Investigation 
Vehicle: 2015 Chevrolet Silverado 3500 

Location: Missouri 
Crash Date: November 2016 

BACKGROUND 
This report documents the on-site investigation of 
an impact to an ET-Plus guardrail end treatment 
(Figure 1) by a 2015 Chevrolet Silverado 3500 
that resulted in fatal injuries to the vehicle’s 50-
year-old unbelted male driver. The Chevrolet was 
traveling west when it departed the left side of the 
road and struck the ET-Plus guardrail end 
treatment located in the median of a two-lane, 
divided highway. The Chevrolet deformed and 
then overrode the guardrail, traveled along the 
median, and struck a non-breakaway pole and its 
concrete base. The vehicle was then redirected 
over the guardrail system back into the roadway, 
where it came to final rest. The driver was transported from the crash site by ambulance for 
police-reported incapacitating (A-level) injuries but succumbed to his injuries and was 
pronounced deceased at the hospital. Although the Chevrolet was equipped with frontal air bags, 
they did not deploy in the crash.  

The crash was identified by the Missouri Department of Transportation (MoDOT), which 
notified the Federal Highway Administration (FHWA) in November 2016. The FHWA 
determined the crash type and guardrail end treatment met the criteria for further research and 
forwarded the notification to the Crash Investigation Division (CID) of the National Highway 
Traffic Safety Administration. The CID then assigned an on-site investigation of the crash to the 
Special Crash Investigations (SCI) team at Crash Research & Analysis, Inc. The SCI team 
initiated contact with MoDOT, and the on-site investigation took place in November 2016. The 
on-site investigation documented the guardrail system and the damage it sustained during the 
crash. The physical environment of the roadway and the guardrail were documented using a 
Nikon total station mapping system. Following inspection of the crash site, an inspection of the 
Chevrolet was conducted to document its exterior and interior damage and intrusion, identify 
points of occupant contact, and assess the manual and supplemental restraint systems. Although 
the Chevrolet was equipped with an event data recorder (EDR) that was reportedly supported by 
the Bosch Crash Data Retrieval (CDR) tool, the SCI investigator was unsuccessful in imaging 
any data from the Chevrolet’s EDR. 

Figure 1: Northwest-facing view of the deformed ET-Plus 
guardrail end treatment and crash site. 
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CRASH SUMMARY 
Crash Site 
The crash occurred in the median of a divided interstate highway during dark, nighttime hours. 
The posted speed limit was 113 km/h (70 mph). At the time of the crash the National Weather 
Service reported a temperature at 6 ºC (43 ºF) and a relative humidity of 86 percent, with clear 
skies and south-southeast winds at 16.7 km/h (10.4 mph). The police-reported environmental 
conditions were clear and dry. In the vicinity of the crash site the divided trafficway was oriented 
in a northwest/southeast direction (Figures 2 and 3). The roadway was constructed of concrete 
and was straight and level. The respective travel directions were separated by a 15.2 m (50.0 ft) 
wide depressed grass median. The westbound portion consisted of two lanes. The widths of the 
right and left lanes measured 3.5 m (11.5 ft) and 3.7 m (12.1 ft) respectively. The traffic lanes 
were separated by broken white lines and delineated by a solid white line on the right and a solid 
yellow line on the left. The width of the right and left shoulders measured 2.8 m (9.2 ft) and 1.2 
m (4.0 ft) wide, respectively. A rectangular rumble strip pattern was cut into each shoulder. The 
pattern measured 1.7 m x 0.8 m (5.6 ft x 2.6 ft), and each pattern was spaced approximately 9 m 
(30 ft) apart. Guardrails bordered both shoulders at the crash site. 

In the median the guardrail installation was 45.7 m (150.0 ft) in length and consisted of 25 posts. 
The guardrail protected the non-breakaway pole and concrete base that supported a highway sign 
that spanned the westbound lanes. The guardrail installation began 37.6 m (120.4 ft) southeast of 
the pole. The non-breakaway pole was tapered with an elliptical cross-section that measured 30 
cm x 46 m (12 in x 18 in) at its base. The pole was mounted to the center of a large elliptical 
concrete base. The concrete base measured 0.9 m x 2.4 m (3 ft x 8 ft) and was 61 cm (24 in) tall. 
In addition to the guardrail damage, physical evidence observed during the scene inspection 
included tire marks that defined the Chevrolet’s trajectory through the median and impact 
damage to the concrete base and pole.  

Figure 2: Southeast-facing lookback image along the 
trajectory of the Chevrolet 46 m (150 ft) southeast of  
the impact. 

Figure 3: Northwest-facing trajectory view approaching 
the crash site 15 m (50 ft) from of the point of impact. 
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Pre-Crash 
The Chevrolet was driven by a 50-year-old male traveling northwest in the left lane of the 
roadway at an estimated speed of 113 km/h (70 mph). The driver was unbelted, not using the 
available 3-point lap and shoulder seat belt. Although his trip plan was unknown, the location of 
his residence relative to the crash was indicative that he may have been returning to his home. 
During its travel, the Chevrolet departed the left lane for unknown reasons. The shallow 
departure angle was estimated at less than 5 degrees. Crash and impact diagrams are included at 
the end of this report. 

Crash 
The front plane/left aspect of the Chevrolet struck the ET-Plus end terminal (Event 1) and 
displaced it along the rail (Figure 4). The frontal air bags in the vehicle did not deploy. 
Displacement of the end terminal extruded 3.7 m (12.0 ft) of the W-beam. The wooden support 
posts (Post 1 to 3) fractured and were displaced into the median. The Chevrolet began to rotate 
counterclockwise in response to the left bias of the impact force. A tire scuff mark attributed to 
the right rear tire was identified on the roadway straddling the yellow line and directed along the 
vehicle’s path of travel. The tire mark measured 3.9 m (12.8 ft) in length and is identified by the 
arrow in Figure 4. 

Due to the off-road impact trajectory of the vehicle, its momentum and the resultant lateral 
loading of the W-beam, a bending moment was created between Posts 3 and 4. The W-beam 
deformed by bending approximately 180 degrees along the Chevrolet’s travel path, located 
approximately 6.1 m (20 ft) from Post 1. The left side and center of mass of the Chevrolet 
overrode the deformed guardrail; however, the right front wheel and tire became captured on the 
road side of the W-beam as the Chevrolet traveled into the median. A rubber transfer was 
observed on the W-beam (Figure 5). This transfer began in the area of Post 7 (approximately 
10.9 m (35.8 ft) from Post 1) and ended at Post 15 (approximately 26.8 m [88.0 ft] from Post 1). 

Figure 5: Northwest-facing view of the W-beam in the 
vicinity of Post 7 and the black transfer of the 
Chevrolet's right front tire. 

Figure 4 : Northwest trajectory view at the end 
terminal impact. The location of the right rear tire mark 
is denoted by the red arrow. 
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With the vehicle straddling the deformed 
guardrail and its right front tire/wheel captured on 
the road side of the guardrail, the Chevrolet 
initiated a clockwise rotation. Furrow marks 
attributed to the left side tires were observed in 
the median and are highlighted by the traffic 
cones in Figure 6. The length of the left front tire 
furrow (blue cones) measured 6.1 m (20.0 ft). The 
left rear dual marks (yellow and blue cones) 
measured 18.3 m (60.0 ft) in length. The 
Chevrolet’s right front tire ultimately climbed 
over and separated from the W-beam at Post 15. 
The vehicle had rotated approximately 20 degrees 
clockwise relative to the heading of the roadway. Its momentum was directed toward the 
concrete base and pole. 

The left front tire/wheel struck the concrete base, and the left doors of the Chevrolet struck the 
pole (Event 2). A 38 cm x 138 cm (15 in x 66 in) pattern of abrasions and paint transfer extended 
to a height of 229 cm (90.0 in) above the ground on the pole. The unbelted driver was partially 
ejected through the left front glazing opening and contacted the pole with his head during the 
vehicle’s engagement with the pole. The left rear dually tires/wheels then struck and engaged the 
concrete base (Event 3). A pair of distinct black transfer patterns and fractures to the top edge of 
the base (Figure 7) evidenced the contact of the left side tires with the base. The associated 
forces induced a rapid counterclockwise rotation to the Chevrolet. 

The Chevrolet again contacted and then overrode the guardrail from Post 20 to 24 (Figure 8). 
These guardrail posts were deformed in the vehicle’s direction of travel and the W-beam was 
deformed downward, contacting and abrading the road shoulder. Direct contact was observed on 

Figure 6: Northwest trajectory view toward the concrete 
base/pole and the furrow marks of the left side tires. 

Figure 8: Northwest-facing view of the deformed 
guardrail at Posts 21-25. 

Figure 7: Northwest-facing view of the impact damage 
and physical evidence on the concrete base and pole. 
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the field side of Post 23 and Post 24. A 2 m (6.7 ft) long scuff mark attributed to the right rear 
tire was observed in the left lane of the roadway and evidenced the vehicle’s trajectory. The 
Chevrolet came to final rest facing westward in the roadway approximately 45.9 m (150.0 ft) 
from the initial impact with the end terminal. Its front plane was in close proximity to Posts 24 
and 25 of the guardrail installation. 

Post-Crash 
Police, fire, and emergency medical services personnel responded to the crash site. The unbelted 
driver was unresponsive and found in cardiac arrest upon their arrival. He was removed from the 
vehicle and transported to a regional trauma center. Life support and resuscitation efforts during 
transport were unsuccessful and the driver was pronounced deceased upon arrival at the hospital. 
An autopsy was not performed. The Chevrolet was removed on a flatbed tow truck and 
transported to the local yard, where it was located at the time of the SCI inspection. 

ET-PLUS END TREATMENT AND GUARDRAIL 
The ET-Plus end treatment, manufactured by 
Trinity Highway Products, was an energy-
absorbing end terminal used to terminate W-beam 
guardrail installations. The end treatment met the 
requirements for National Cooperative Highway 
Research Program (NCHRP) 350 Test Level 3. 
Figure 9 is an oblique view of an exemplar ET-
Plus installation. The end terminal was designed 
to be displaced along the W-beam by the force of 
the impact and dissipate the impact forces by 
flattening the W-beam during its movement. The 
flattened and deformed beam was projected out of the impact head toward the field (off-traffic) 
side. The feeder chute of the end terminal involved in this crash was 10 cm (4.0 in) wide. The 
manufacturer’s literature and installation manuals can be found at 
www.highwayguardrail.com/products/etplus.html. 

The ET-Plus end treatment and guardrail system were inspected post-crash and documented by 
the SCI investigator through a combination of measurements and photographs. The overall 
guardrail installation consisted of 25 posts and spanned 45.7 m (150.0 ft). During the crash 
sequence, 24 posts and approximately 45.4 m (149.0 ft) of W-beam were damaged. A diagram 
depicting the deformed guardrail and the completed FHWA Guardrail Forms are included at the 
end of this report.  

The end treatment consisted of the end terminal, foundation tubes, and a ground strut at post 
locations 1 and 2, a cable anchor, seven wooden controlled release terminal posts with wood 
block-outs at Posts 3 to 7, 7.6 m (25 ft) W-beam sections, and associated hardware. Beginning at 

Figure 9: Oblique view of an exemplar 10 cm (4 in) 
ET-Plus installation. 
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Post 8, the guardrail installation used standard 10 cm x 15 cm (4 in x 6 in) I-beams supports. 
Composite block-outs were used to attach the W-beam at Posts 8 to 11. Wooden block-outs were 
installed at Posts 12 to 25. Splices in the W-beam guardrail sections were located at Posts 5, 9, 
13, 17, and 21. The height of the guardrail measured 67 cm (26.5 in) at Post 25. 

Figures 10 and 11 depict the overall damaged guardrail system at the time of the SCI inspection. 

Pre-impact, the end terminal was fastened to Post 1 by two lag screws through hanger brackets 
welded to the terminal. The left front corner of the Chevrolet struck the impact face of the end 
terminal. The width and height of the end terminal’s impact face measured 38 cm x 71 cm (15.0 
in x 28.0 in), respectively. Examination revealed a 14 cm x 57 cm (5.5 in x 22.5 in) area of direct 
contact damage to the face with an 8 cm (3.0 in) deflection of the traffic side edge. At impact the 
lag screws released and the displaced end terminal extruded approximately 3.7 m (12 ft) of W- 
beam. As the W-beam deformed to the field side by bending in the area of Post 3 and 4, the 
Chevrolet’s bumper contacted the traffic side of the end terminal. Deformation and abrasive 

Figure 10: Southeast-facing image along the deformed 
guardrail from Post 13. 

Figure 11: Northwest-facing image along the deformed 
guardrail from Post 13. 

Figure 12: South-facing image of the extruded W- 
beam and the impact face of the end terminal. 

Figure 13: Overhead image of the end terminal depicting 
its deformation. 
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contact damage were noted to the weldment. All welds remained intact. Figures 12 and 13 are 
images of the end terminal and extruded rail. 

The wooden posts at locations 1 to 7 were fractured by the force of the impact and the 
subsequent off-road trajectory of the Chevrolet. The W-beam deformed into a U-shape by 
bending with the vertex between Post 3 and 4. This deformation was not considered a kink. 

As the Chevrolet overrode the deformed rail, its right front tire/wheel was captured on the traffic 
side of the guardrail. Due to their contact with the vehicle’s undercarriage, the steel I-beam posts 
at locations 8 to 11 deformed by bending at ground level. The posts were deflected 
approximately 60 degrees along the direction of the Chevrolet’s travel. The carriage bolts, 
originally supporting the W-beam at each post, deformed the slot in the web and were pulled 
through, thus releasing the rail. 

The deflection of the posts at location 12 to 14 diminished to approximately 30 degrees as the 
Chevrolet separated from the guardrail at Post 15. The W-beam remained attached to the post 
and block-out at Post 16. The post deflection then progressively increased from 40 degrees at 
Post 17 to approximately 70 degrees at Post 23, as the Chevrolet overrode the guardrail (a second 
time) after its impact with the concrete base and pole. Post 24 was rotated clockwise and bent 
approximately 10 degrees. Separated from the posts, the W-beam was deflected downward 
contacting the shoulder and bowed out toward the roadway (traffic side). Post 25 was relatively 
undamaged. The W-beam remained attached to this post with slight movement of the carriage 
bolt head within the hanger slot. 

2015 CHEVROLET SILVERADO 3500 
Description 
The 2015 Chevrolet Silverado 3500 (Figure 14) 
was manufactured in April 2014 and identified by 
the vehicle identification number 
1GC4KYC89FFxxxxxx. Its odometer indicated 
77,048 km (47,877 mi) at the time of the 
inspection. This 4-door crew cab truck was 
configured on a 424 cm (167.0 in) wheelbase with 
a dual-wheel rear axle and had 4-wheel drive 
capabilities. The powertrain consisted of a 6.6-
liter, turbo-diesel engine linked to a 6-speed 
automatic transmission. Service brakes were 
power-assisted hydraulic 4-wheel disc with ABS. 
Standard equipment included traction control, electronic stability control, and a tire pressure 
monitoring system. The Chevrolet was equipped with an aftermarket replacement front bumper. 
The all-steel replacement bumper was manufactured by Fab Fours, Inc. (www.fabfours.com) 

Figure 14: Left side view of the Chevrolet. 

http://www.fabfours.com/
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and had a full brush guard incorporated into the design. A placard declared that the Chevrolet’s 
gross vehicle weight rating (GVWR) was 5,908 kg (13,025 lb), with specific gross axle weight 
ratings of 2,450 kg (5,600 lb) front and 4,253 kg (9,375 lb) rear. The curb weight was 3,382 kg 
(7,454 lb). At the time of the SCI inspection, the Chevrolet was equipped with Hankook 
DynaPro ATM tires on the front axle and Michelin LTX tires on the rear axle. All were of the 
vehicle manufacturer’s recommended size of LT235/80R17. Manufacturer recommended cold 
tire pressures were 480 kPa (70 PSI) front and 450 kPa (65 PSI) rear.  

Specific tire data at the time of the SCI vehicle inspection is provided in the following table. 
  Tire Pressure Measured Tread Depth Restricted Damage 
 LF 501 kPa (73 PSI) 6 mm (7/32 in) No None 

LR Outer 310 kPa (57 PSI) 2 mm (2/32 in) 
No None Inner Unknown 3 mm (4/32 in) 

RR Outer 363 kPa (53 PSI) 2 mm (3/32 in) 
No None Inner Unknown 2 mm (2/32 in) 

 RF 507 kPa (74 PSI) 6 mm (7/32 in) No None 
 
The interior of the Chevrolet was configured for seating of five occupants (2/3). The front row 
was equipped with manual bucket seats with adjustable head restraints. The driver seat was 
adjusted to a mid-track position that measured 12 cm (4.7 in) forward of full rear. The total seat 
track travel measured 26 cm (10.2 in). The seatback was adjusted 10 degrees aft of vertical and 
the head restraint was adjusted up 8 cm (3.1 in). The second row consisted of a non-adjustable 3- 
passenger split bench seat. Manual safety systems consisted of 3-point lap and shoulder seat belts 
in all seat positions. The front seat belts used retractor pretensioners. Supplemental safety 
systems consisted of advanced dual-stage frontal air bags for the driver and front row right 
positions. The GVWR of the Chevrolet exceeded the 4,536 kg (10,000 lb) weight limit stated in 
Federal Motor Vehicle Safety Standard No. 208; therefore, the frontal air bags were not required 
to meet the certified advanced 208-compliant requirements. 

Aftermarket Front Bumper 
An aftermarket front bumper was installed on the Chevrolet at the time of the crash. The bumper 
was manufactured and sold by Fab Fours, Inc. The all-steel bumper was constructed of 5 mm 
(3/16 in) diamond plate and 5 cm (2 in) formed tubing. The bumper measured 108 cm (82.0 in) 
wide. The bumper’s straight center aspect was 97 cm (38.0 in) wide. Each corner tapered 
rearward 20 cm (8.0 in) forming a wide V-pattern. The brush guard grill extended vertically to 
the hood. The installation guide (Appendix B) stated that the replacement bumper attached to 
the truck’s frame with an aftermarket mount. The bumper was not tested for crashworthiness or 
evaluated to understand how it may affect the crash sensing of the vehicle’s supplemental 
restraints. 

NHTSA Recalls and Investigations 
A search for product safety recalls on the NHTSA website www.safercar.gov indicated that there 

http://www.safercar.gov/
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were 14 recalls for the 2015 Chevrolet Silverado. One of these recalls, identified as NHTSA 
#16V- 651, stated that the sensing and diagnostic module (SDM) in affected vehicles contained a 
software glitch that in rare cases could prevent deployment/actuation of supplemental restraints. 
However, a VIN-specific search of the Safercar website for recall data indicated that there were 
no open recalls concerning this specific Chevrolet Silverado. Warranty data obtained from the 
Chevrolet dealer indicated that service for the aforementioned air bag recall service was 
conducted on November 10, 2016. At that time, the vehicle’s odometer indicated 76,595 km 
(47,595 miles). 

Exterior Damage 
The exterior damage to the Chevrolet consisted of crush deformation on the front and left planes 
which was consistent with the events of the crash. Two distinct regions of direct damage contact 
were present on the front plane (Figure 15). The direct damage related to contact with the impact 
face of the end terminal began at the left corner and extended to the right 14 cm (5.5 in). This 
bumper corner deflected rearward approximately 13 cm (5 in) and contacted the body structure at 
the leading aspect of the left fender and forward left aspect of the hood (Figure 16). The damage 
profile at the fender and hood, caused by the dynamic deflection of the end terminal 
impact, matched the shape of the bumper guard. The bumper then rebounded through 
restitution. 

The second region of front damage extended from the end terminal damage across the left and 
center aspect of the bumper and ended 46 cm (18.0 in) right of center. This second region was 
related to contact with the side of the end terminal and W-beam as the guardrail deformed by 
bending. The Chevrolet then overrode the guardrail evidenced by the damage to the lower aspect 
of the replacement bumper and abrasions to the undercarriage. The collision deformation 
classification (CDC) of the overall frontal damage pattern was 12FDEW1.  

  

Figure 15: Front view of the Chevrolet and the 
deformation of the aftermarket bumper. 

Figure 16: Overhead view of the front left corner of 
the Chevrolet depicting the impact deformation. 
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A residual crush profile of the bumper measured with the Nikon total station and accounting for 
freespace produced the following measurements: C1 = 18 cm (7.1 in), C2 = 13 cm (5.2 in), C3 = 
5 cm (2.0 in), and C4 – C6 = 0. The untested properties of the replacement bumper and yielding 
properties of the guardrail impact were beyond the scope of analysis by the WinSMASH 
program. However, for comparative purposes, a borderline analysis of the crash severity (delta-
V) was calculated using the barrier algorithm. The calculated total delta-V was 16 km/h (10 
mph), with longitudinal and lateral components of -16 km/h (-10 mph) and 0 km/h, respectively. 

Impact damage from the concrete base began at the left front wheel and tire. The heads of two lug 
nuts securing the wheel to the rotor were sheared. Abrasions and concrete dust covered the 
wheel. The left front axle position was deformed rearward 5 cm (2.0 in). 

Damage on the left plane associated with contact 
from the pole itself began at the A-pillar, 77 cm 
(30.3 in) aft of the front axle, and extended 
rearward 184 cm (72.4 in) to the left C-pillar 
area. The most significant lateral deformation 
was sustained above the beltline. The most 
representative crush was observed to the left roof 
side rail. A residual crush documented to this 
profile produced the following resultant 
measurements: C1 = 15 cm (5.9 in), C2 = 26 cm 
(10.2 in), C3 = 27 cm (10.6 in), C4 = 21 cm (8.3 
in), C5 = 15 cm (5.9 in), C6 = 0. The left rear 
door was shifted rearward 38 cm (15.0 in) and 
overlapped the C-pillar. The forward left corner of the cargo bed was deformed rearward 6 cm 
(2.5 in). The CDC assigned to the Chevrolet for the impact with the pole was 10LDEW3. A 
borderline analysis of the delta-V was calculated using the Barrier Algorithm of the WinSMASH 
model. The calculated total delta-V was 19 km/h (12 mph), with longitudinal and lateral 
components of -10 km/h (-6 mph) and 16 km/h (10 mph), respectively. 

The left rear dually tires/wheels also struck the concrete base (Event 3), evidenced by the large 
black transfer on the concrete. This impact force displaced the left rear axle position 24 cm (9.5 
in) rearward. Corresponding engagement also induced rapid counterclockwise rotation to the 
Chevrolet. The CDC assigned to this damage pattern was 10LBWW1. An analysis of this impact 
was beyond the scope of the WinSMASH model. 

Event Data Recorder 
The 2015 Chevrolet Silverado 3500 was equipped with an SDM, which controlled the sensing, 
diagnostic and deployment/actuation command functions of the vehicle’s Supplemental Restraint 
Systems. The SDM also had EDR capabilities. The Help File in the Bosch CDR tool indicated 

Figure 17:  Left side of the Chevrolet depicting the 
Event 2 pole impact damage. 
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that this vehicle’s EDR was supported. The software available at the time of the inspection was 
version 17.0. During the SCI inspection, it was determined that there was no damage to the 
vehicle’s electrical system or its 12-volt battery. Battery power was reconnected and the CDR 
tool was connected to the communication buss via the diagnostic link connector (DLC). Several 
attempts to image the EDR were made, and all were unsuccessful. Communication with the EDR 
could not be established. The error message returned stated: “This vehicle module is not 
supported. Software ID not recognized. ID: CE446.” No crash data was recovered from the 
Chevrolet. It should be noted that the CDR Help File combined all Chevrolet C/K Silverado 
pickup trucks into one category, regardless of GVWR. It is probable that this 3500 series (Class 
3) truck was not supported due to its weight rating (in excess of 4,536 kg (10,000 lb). The 
FVMSS No. 563 EDR Rule was applicable to vehicles weighing less than 3,856 kg (8,500 lb). 

Interior Damage 
The interior damage to the Chevrolet consisted of the component-intrusion of the left plane and 
driver contacts to the interior. There was no deployment of the front air bags. The lateral 
intrusion of the left front and rear doors measured 10 cm (4.0 in) and 15 cm (6.0 in), 
respectively. The left B-pillar intruded 8 cm (3.1 in). The lateral intrusion of the left roof side rail 
measured 8 cm (3.1 in) at row 1 and 17 cm (6.7 in) at row 2. At impact, the driver contacted 
components forward and left of his position (Figure 18). Occupant contact was identified on the 
knee bolster, left instrument panel, center hub (driver air bag module) of the steering wheel 
evidenced by scuffs to the components. The driver contacted these components with his lower 
extremities, his left upper extremity, and chest, respectively. His left upper extremity also 
contacted the door at the A-pillar. The driver’s head scuffed the upper door frame evidenced by a 
13 cm x 3 cm (4.1 in x 1.1 in) contact area on the weather stripping. His head was partially 
ejected through the window opening and struck the pole. Rebound contacts were observed at the 
left roof side rail, B-pillar door frame, and head restraint. Hair and tissue were embedded in the 
scuffed areas of contact (Figure 19). 

Figure 18: Left interior view depicting the driver contact 
evidence. 

Figure 19: Interior view of the driver's rebound contact 
evidence. 
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Manual Restraint Systems 
The Chevrolet was configured with manual 3-point lap and shoulder seat belt systems for the 
five seat positions. The seat belts in the front row used retractor and buckle pretensioners. All 
seat belt systems used continuous loop webbing and sliding latch plates. The driver’s seat belt 
retracted onto an emergency locking retractor (ELR) while the other systems used dual mode 
ELR/automatic locking retractors (ALR). The driver’s adjustable D-ring was in the full-up 
position. At inspection, the driver’s seat belt was stowed and the retractor was locked. There was 
approximately 8 cm (3.1 in) of slack in the webbing. The retractor was locked due to 
deformation of the lower B-pillar which engaged the inertia-locking feature of the retractor. 
Examination of the webbing and latch plate revealed evidence of historical wear. There was no 
crash-related evidence. Based on the observations of the inspection, it was determined that the 
driver was not restrained by the manual seat belt at the time of the crash. 

Supplemental Restraint Systems 
The Chevrolet was equipped with advanced frontal air bags for the driver and passenger. The 
driver’s frontal air bag module was located in the center hub of the steering wheel, while the 
passenger’s frontal air bag module was a top-mount design located in the right aspect of the 
instrument panel. Neither air bag deployed in the crash. During the inspection, the instrument 
panel was energized by rotating the ignition key to Run. It was noted that a “Service Air Bag” 
message was displayed in the driver’s instrument cluster, and the air bag warning lamp was 
illuminated. It could not be determined if these warnings existed pre-crash, or if they were now 
displayed as a result of the crash. 

Air Bag Non-Deployment Discussion 
The frontal air bags did not deploy during the crash sequence for undetermined reasons. Based 
on SCI field experience, frontal air bag deployment is typically commanded during a front 
impact with an end terminal. An air bag deployment would also be expected given the severity of 
the deceleration generated during an impact equivalent to the concrete base/pole impacts of this 
sequence. However, multiple confounding factors and circumstances regarding the vehicle and 
air bag system existed in this particular crash. 

The vehicle’s GVWR was in excess of 4,536 kg (10,000 lb). The advanced air bag portion of 
FVMSS No. 208 did not apply, and the Chevrolet was not subject to the FMVSS No. 563 ruling. 
EDR crash data (if available) could not be imaged from the vehicle due to a communication 
error. The module was not recognized by the Bosch CDR tool. Absent the EDR data, it is not 
known if the crash was recognized by the air bag sensing system. 
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A product safety recall was issued for this vehicle on September 8, 2016. The remedy for the 
recall required a reprogramming of the SDM to eliminate a software defect in the crash sensing 
algorithm. However, warranty data indicated the Chevrolet was serviced for this recall on 
November 10, 2016, by a manufacturer dealership. This service was conducted 454 km (282 mi) 
prior to the crash. 

During the SCI inspection, it was observed that an air bag service warning was illuminated on 
the driver’s instrument cluster. However, it could not be determined if this warning was present 
prior to the crash or appeared as an artifact of the crash. 

The Chevrolet struck the end terminal at the extreme left end of the bumper. The direct contact 
damage did not involve the frame rail. Additionally, the original bumper had been replaced with 
an (untested) aftermarket bumper. The combination of these factors, particularly the location of 
the impact and the stiffness properties of the bumper, may have affected the ability of the SDM 
to recognize the crash. 

2015 CHEVROLET SILVERADO 3500 OCCUPANT DATA 
Driver Demographics 
Age/Sex: 50 years/male 
Height: Unknown (Not documented within records) 
Weight: Unknown (Not documented within records) 
Eyewear: Prescription glasses 
Seat Type: Forward-facing bucket seat with adjustable head restraint 
Seat Track Position: Mid track 
Manual Restraint Usage: None 
Usage Source: Vehicle inspection 
Air Bags: Front air bag available, not deployed 
Alcohol/Drug Involvement: Unknown 
Egress From Vehicle: Removed by EMS due to perceived serious injury 
Transport From Scene: Ambulance to a Level 1 trauma center 
Type of Medical Treatment: None; pronounced dead on arrival 

 

Driver Injuries 
 

Injury 
No. Injury AIS 2015 Involved Physical 

Component (IPC) 
IPC 

Confidence 
1 Unsurvivable head injury, NFS 100999.9 Non-breakaway pole Certain 
2 Multiple rib fractures, NFS 450210.2 Left door panel Probable 
3 Crepitus of pelvis, NFS 856100.2 Left door panel Probable 
4 Multiple facial lacerations 210600.1 Non-breakaway pole Certain 
5 Lacerations on scalp 110600.1 Non-breakaway pole Certain 
6 Laceration on left ear 210600.1 Non-breakaway pole Certain 
7 Multiple lacerations bilateral arms 710600.1 Left instrument panel Probable 
8 Multiple abrasions bilateral arms 710202.1 Left instrument panel Probable 

Source – Emergency Room records, Medical Examiner summary 
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Driver Kinematics 
The unbelted 50-year-old male was seated in an unknown posture with the driver seat adjusted to 
a mid-track position. He was operating the Chevrolet in the left lane of the roadway when the 
vehicle departed the left side of the road at a shallow angle estimated at less than 5 degrees. 

The front left corner of the Chevrolet struck the end terminal and subsequently overrode the 
deformed guardrail. The driver air bag was deployed. The driver responded to the 12 o’clock 
direction of this impact force with a forward trajectory. His lower extremities contacted the knee 
bolster, evidenced by scuffing to the left lower instrument panel. The driver’s chest loaded the 
center hub of the steering wheel, and his upper extremities contacted the mid-aspect of the 
instrument panel. Although these contacts may have produced injuries, subsequent contacts of 
greater severity occurred. 

As the Chevrolet traveled through the median, it initiated a clockwise rotation. The driver 
remained in a forward position and his trajectory was directed to the left as the vehicle 
decelerated. The left plane of the vehicle then struck the concrete base with its left front 
tire/wheel, the pole with the center aspect of the left plane, and the concrete base with the left 
rear tires/wheels. The glazing of the left windows disintegrated. The driver responded to the 10 
o’clock direction of the impact forces with a left and forward trajectory. He loaded the intruding 
door panel with his left flank, resulting in the multiple rib and pelvic fractures. His head scuffed 
the left roof side rail and window frame as it became partially ejected through the left front 
glazing opening. The driver’s partially ejected head contacted the pole, resulting in an 
unsurvivable closed-head injury. 

Engagement of the Chevrolet’s left rear dually 
tires/wheels with the concrete base induced a 
rapid counterclockwise rotation to the vehicle. It 
again overrode the guardrail, before coming to 
rest in the roadway. The driver rebounded to his 
right, scuffing the roof side rail and head restraint 
with his head. His body contorted over the center 
console and he came to rest with his head lying 
on the front right seat (Figure 20). An area of 
dried blood on the seat cushion provided evidence 
of his final rest position. He was found to be 
unresponsive and in cardiac arrest upon the 
arrival of the police and EMS personnel. He was removed from the vehicle and transported by 
ambulance to a regional trauma center but pronounced deceased upon his arrival. Only a brief 
external survey of the driver’s body was conducted; an autopsy was not performed.  

Figure 20: Right interior view of the Chevrolet. 
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CRASH DIAGRAM  
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IMPACT DIAGRAM  
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POST-IMPACT GUARDRAIL DIAGRAM
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In-Service End Treatment Evaluation       Data Collection Form 
Case No.: CR16031 

A-2 
Version 3.2 

 
PREPOPULATED DATA (BY OTHERS) 

Crash Date November 2016 Time of Crash Overnight 

Case Number CR16031 State Missouri 

Traffic Route Limited access 
roadway Direction (Southbound = SB) WB 

Ambient Conditions (at time of crash) 
Temperature 

(°F) 48 °F Lighting Dark, not lighted 

Atmospheric Clear   
 

SCENE INFORMATION 
Type of area where crash occurred Urban   Rural    Suburban 

Terminal on a horizontal curve? No      Curve/LT  Curve/RT  
Estimated or Reconstructed Speed at 

Impact (mph) 70 mph 

Est. distance (straight line) from terminal 
impact to COM final rest position (ft.) 

Z =   136.3 ft 
Road side      Field Side  

Est. distance (longitudinal) along guardrail 
from terminal impact to COM final resting 

location (ft.) 
X = 136 ft 

Est. distance (normal) from either  
1. the white paint line; or  

2. roadway/shoulder/pavement edge  
to COM rest position (ft.) 

Y = 8.3 ft 

Super elevation +2%      -2%    NONE or FLAT 

Curve Radius (ft.) N/A 
 
KEY: 

• COM - Center of Mass of Vehicle 
• Distance Measurements 

 
 
 
 
 
 
 
 
  

Z X 

Y Final 
Rest 

Z 
X 

Rest 

Terminal 
Impact 

Terminal 
Impact 

Field Side 
Measurements Road Side 

Measurements 

Y Final 
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ON-SCENE INFORMATION 
End 

Treatment 
Type 

Extruder   ET2000   ET-PLUS 4in  ET-PLUS 5in    SKT    FLEAT     SOFT STOP 

Telescope   X-LITE    X-TENSION   
 

Curb? No 
Yes     

AASHTO Type A 
AASHTO Type F  

 AASHTO Type B 
AASHTO Type G  

 AASHTO Type C 
AASHTO Type H  

 AASHTO Type D  
 

AASHTO Type E  

Curb Height: N/A 
 

 
GUARDRAIL INSTALLATION 

Post 
No. 

Post Block-Out PRE-Existing Damage Offset to post or 
post hole (ft.) Spacing 

to 
next post 
(ft. -in.) 

Type Dim. Type Dim. Yes 
No 

Unknown 
Describe Travel 

way Curb Steel 
Wood 
Other 

D x W (in.) 
or 

Dia. (in.) 

Steel 
Wood 

Composite 

D x W 
(in.) 

1 Wood 7.5 x 5.5 None N/A No N/A 1 ft 2 in N/A 6 ft 2 in 

2 Wood 7.5 x 5.5 None N/A No N/A 1 ft 1 in N/A 6 ft 2 in 

3 Wood 7.5 x 5.5 Wood 7.5 x 5.5 
x 14 No N/A 1 ft 7 in N/A 6 ft 4 in 

4 Wood 7.5 x 5.5 Wood 7.5 x 5.5 
x 14  No N/A 1 ft 7 in N/A 6 ft 4 in 
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GUARDRAIL INSTALLATION 

Post 
No. 

Post Block-Out PRE-Existing Damage Offset to post or 
post hole (ft.) Spacing 

to 
next post 
(ft. -in.) 

Type Dim. Type Dim. Yes 
No 

Unknown 
Describe Travel 

way Curb Steel 
Wood 
Other 

D x W (in.) 
or 

Dia. (in.) 

Steel 
Wood 

Composite 

D x W 
(in.) 

5 Wood 7.5 x 5.5 Wood 7.5 x 5.5 
x 14  No N/A 1 ft 7 in N/A 6 ft 10 in 

6 Wood 7.5 x 5.5 Wood 7.5 x 5.5 
x 14  No N/A 1 ft 7 in N/A 6 ft 4 in 

7 Wood 7.5 x 5.5 Wood 7.5 x 5.5 
x 14  No N/A 1 ft 6 in N/A 6 ft 4 in 

8 Steel 6 x 4 Composite 3.8 x 7.5 
x 14 No N/A 1 ft 6 in N/A 6 ft 8 in 

9 Steel 6 x 4 Composite 3.8 x 7.5 
x 14 No N/A 1 ft 4 in N/A 6 ft 4 in 

10 Steel 6 x 4 Composite 3.8 x 7.5 
x 14 No N/A 1 ft 2 in N/A 6 ft 3 in 

11 Steel 6 x 4 Composite 3.8 x 7.5 
x 14 No N/A 1 ft 3 in N/A 6 ft 4 in 
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GUARDRAIL INSTALLATION 

Post 
No. 

Post Block-Out PRE-Existing Damage Offset to post or 
post hole (ft.) Spacing 

to 
next post 
(ft. -in.) 

Type Dim. Type Dim. Yes 
No 

Unknown 
Describe Travel 

way Curb Steel 
Wood 
Other 

D x W (in.) 
or 

Dia. (in.) 

Steel 
Wood 

Composite 

D x W 
(in.) 

12 Steel 6 x 4 Wood 7.5 x 5.5 
x 14 No N/A 1 ft 3 in N/A 6 ft 4 in 

13  Steel 6 x 4 Wood 7.5 x 5.5 
x 14 No N/A 1 ft 3 in N/A 6 ft 6 in 

14 Steel 6 x 4 Wood 7.5 x 5.5 
x 14 No N/A 1 ft 2 in N/A 6 ft 2 in 

15 Steel 6 x 4 Wood 7.5 x 5.5 
x 14 No N/A 1 ft 2 in N/A 6 ft 4 in 

16 Steel 6 x 4 Wood 7.5 x 5.5 
x 14 No N/A 1 ft 1 in N/A 6 ft 4 in 

17 Steel 6 x 4 Wood 7.5 x 5.5 
x 14 No N/A 1 ft 3 in N/A 6 ft 4 in 

18 Steel 6 x 4 Wood 7.5 x 5.5 
x 14 No N/A 1 ft 3 in N/A 6 ft 4 in 
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GUARDRAIL INSTALLATION 

Post 
No. 

Post Block-Out PRE-Existing Damage Offset to post or 
post hole (ft.) Spacing 

to 
next post 
(ft. -in.) 

Type Dim. Type Dim. Yes 
No 

Unknown 
Describe Travel 

way Curb Steel 
Wood 
Other 

D x W (in.) 
or 

Dia. (in.) 

Steel 
Wood 

Composite 

D x W 
(in.) 

19 Steel 6 x 4 Wood 7.5 x 5.5 
x 14 No N/A 1 ft 3 in N/A 6 ft 3 in 

20 Steel 6 x 4 Wood 7.5 x 5.5 
x 14 No N/A 1 ft 4 in N/A 6 ft 4 in 

21 Steel 6 x 4 Wood 7.5 x 5.5 
x 14 No N/A 1 ft 2 in N/A 6 ft 6 in 

22 Steel 6 x 4 Wood 7.5 x 5.5 
x 14 No N/A 1 ft 1 in N/A 6 ft 6 in 

23 Steel 6 x 4 Wood 7.5 x 5.5 
x 14 No N/A 1 ft 2 in N/A 6 ft 5 in 

24 Steel 6 x 4 Wood 7.5 x 5.5 
x 14 No N/A 1 ft 2 in N/A 6 ft 7 in 

25 Steel 6 x 4 Wood 7.5 x 5.5 
x 14 No N/A 1 ft 4 in N/A 6 ft 3 in 

Additional Comments: 

NONE
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EXTRUDER 
Feeder Channel Width at impact head 4 inches 5 inches   Other         

Guide Chute Exit Height (in.) 20 in 
Connection of feeder  

channels to head damaged? No Yes Are Welds 
Broken? No Yes 

Anchor Cable Present? No Yes     Connected? No Yes 

Rail Extrusion? No Yes     Length (ft. in.) 12 ft 

Rail Extrusion Direction Traffic Side Field Side 
 Total Length of Rail Damaged (ft.) 
[total length would include extruded 

rail plus damaged rail downstream 
from head.] 

149 ft (entire system) 

 
TELESCOPE 

Rail Displacement No  Yes   Length:  No of Panels  
Displaced 

1 2 3 
4 5 6    

 
ALL-SYSTEM PERFORMANCE 

Railkinks Downstream of Head? No  Yes     No. of Kinks in 
Rail: N/A 

Was there intrusion into the Occupant Compartment by 
foreign object (guardrail)? No Yes 

Did vehicle impact other objects after impact with terminal? No Yes 

Object Contacted Large highway sign post and concrete base 

  

ALL-SYSTEM PERFORMANCE ENVIRONMENT 

SIDESLOPE 50 ft in advance of 
Post 1 At Post 1 50 ft Past Post 1 

Percent - % 8.5% 3.4% 13.1% 

Adjacent Lane Width (ft) 11.8 ft 
Lane Type (NAS EDS 
Variable: Sur. Type) Concrete 

Shoulder Type Concrete with rumble strips 

Shoulder Width (ft) 3.0 ft 

Guardrail Height (in) 26.5 in (top, measured at post 25) 
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VEHICLE INFORMATION 

Vehicle Type (NHTSA Input) 2015 Chevrolet Silverado 3500 
Vehicle Identification Number 

(VIN) 1GC4KYC89FFxxxxxx 

Vehicle Mass  
(NASS var.: veh.wgt) 6,695 lbs 

Vehicle orientation upon impact 
 Case Type 1  Case Type 2  Case Type 3 
 Case Type 4  Case Type 5  Case Type 6 
 Case Type 7  Case Type 8  Other 

If 'Other', describe N/A 
Collision Deformation 

Classification 12FDEW1, 10LDEW3 

Delta-V 10 mph (WinSMASH calculated) 

Occupant Compartment 
Penetration of rail No  Yes;     Describe: 

Did the Vehicle Rollover? Yes  No     

Quarter Turns (NASS EDS 
variable: Rollover) 

1 2 3 4 5 6 7 8 9 10 11 12 
13 14 15 16 17+ 

Object Precipitating Rollover, 
(NASS EDS variable: Rollobj) N/A 

Rollover Type, Terhune Scale, 
(NASS EDS variable: rolintyp) N/A 
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