NATIONAL TRANSPORTATION SAFETY BOARD
OFFICE OF HIGHWAY SAFETY
WASHINGTON, D.C.

VEHICLE FACTORS GROUP CHAIRMAN’S
FACTUAL REPORT

A. CRASH INFORMATION & CRASH SUMMARY

Refer to the Crash Information and Crash Summary Report in the docket for this
investigation.

B. VEHICLE FACTORS GROUP

Jerome Cantrell, Vehicle Factors Investigator, Group Chairman
NTSB Office of Highway Safety
490 L Enfant Plaza East, S.W., Washington, DC 20594

C. DETAILS OF THE VEHICLE FACTORS INVESTIGATION

Due to the Covid-19 travel restrictions in place when this crash occurred, NTSB staff did
not travel to the crash site or physically inspect the involved vehicles.

The crash information contained in this document was obtained from documents and
photographs provided by the Wisconsin State Police (WSP), and the detailed vehicle information
for the 2013 Freightliner was obtained from Daimler Trucks North America (DTNA). Of the eight
vehicles involved in this crash, the 2013 Freightliner is the focus of this investigation. The seven
additional involved vehicles will be mentioned along with general damage descriptions.

Photographs were utilized for damage description details and are not all-inclusive of the
complete damage sustained. The fire damage noted was done by examining the photographs only.

Lastly, this document will examine the availability of collision mitigation technology in
2013, and what was available at the time of the crash.
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D. VEHICLE INSPECTIONS:
1. 2013 Freightliner truck-tractor towing a 2017 Utility semitrailer!

1.1. General Information:

TRUCK TRACTOR:?

Make: Freightliner

Model: Cascadia

VIN: 1IFUJGLDR4DSBV4582

Model Year: 2013

Date of Manufacture: May 2012

Placed into Service: Unknown

Mileage: 818,391 miles?

Company Unit #: 52

GVWR: 52,000 lbs

GAWR (Axle 1): 12,000 1bs

GAWR (Axle 2): 20,000 Ibs

GAWR (Axle 3): 20,000 1bs

Engine: Detroit DD15, 14.8-liter, 455 HP.

Fuel Capacity: 200 Gallons (Two 100-gallon saddle tanks)

DEF Capacity: 23 Gallons

Transmission: Eaton Fuller, 10-speed Manual

Steering Gear: TRW, THP-60

Brake Type: Wabco, 4S5/4M, Air-Operated, Antilock Drum Brakes with
traction control

SEMITRAILER:

Make: Utility Trailer Manufacturing Co.

VIN: 1UYVS2538H7178208

Model Year: 2017

Placed into Service: January 2017

Company Unit #: 53524

!'See Vehicle Attachment — Wisconsin State Patrol Post-Crash Inspection (2013 Freightliner / 2017 Utility
semitrailer).

2 See Vehicle Attachment — 2013 Freightliner Build Specifications.

3 Mileage obtained from maintenance records; P.M. completed on 6-11-2020.
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1.2. Damage Description:

For uniform description, “left” will refer to the driver’s side, and “right” will refer to the
curb side of the vehicle. As stated above, the following damage description information was taken
from scene photographs and any post-crash inspections performed by the WSP.

Truck-Tractor:*

The truck-tractor sustained substantial crash and thermal damage, mostly forward of the
drive axles. The hood was missing and the burn damage in the engine compartment was near total.
It appears the combustible material in the engine compartment were consumed by the fire. Bare
electrical wires are strewn about the engine and cab areas. Both steer axle tires were deflated with
obvious fire and thermal damage. The front frame horns and radiator mount were displaced to the
right. The left side of the radiator was crushed rearward. The left side of the steering axle appears
to have been displaced rearward towards the battery box. Crash damage to the Freightliner was
concentrated more on the left side than the right.

The two 100-gallon fuel tanks appeared intact and remained mounted in their respective
mounting locations. The right-side fuel tank shows some black color on the front, but no
degradation of the tank can be seen. The left-side fuel tank was black in color with melted material
covering the top half. Photographic evidence does not show the entirety of the tank; therefore, it
is undetermined if the top of the fuel tank was degraded. The Diesel Exhaust Fluid (DEF) tank,
typically mounted forward of the right-side fuel tank, appears to have been consumed by the fire.

The burn damage in the passenger compartment was progressive from front to rear. All
combustibles inside the passenger compartment and sleeper berth were consumed; the right-rear
corner of the sleeper berth remained. The right side of the sleeper berth had a burn pattern that
tapered from the top rear corner down to the floorboard next to the passenger seat. The rear of the
sleeper berth also had a burn pattern that tapered from the right rear corner downward towards the
bottom of the left rear corner. The left side of the sleeper berth and the complete passenger seating
area were consumed by fire. A large presence of white colored material covering the passenger
and sleeper berth areas.

From the back of the sleeper berth area to the rear of the truck-tractor there appears to be
more thermal damage than fire damage. The service and emergency brake air hoses mounted to
the rear of the sleeper berth and connected to the front of the semitrailer, were melted in half and
draped over and on the outside of the axle 2 outside tire. The brake hoses remained connected to
the front of the semitrailer via gladhands. The drive axle tires appear to be inflated, but thermal
damage can be seen in the tread areas of the visible tires. There was no mention of tire damage in
the post-crash report

4 See Vehicle Attachment — Vehicle Factors Photographs.
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Semitrailer:

The semitrailer remained attached to the truck-tractor via a king pin. The right-front corner
sustained fire and thermal damage. There was black color along with exposed bare and melted
metal: more so on the right side than the left. The top half of the right front corner was missing
exposing the cargo area. Two of the front support members were buckled towards the front, two
to three feet from their respective lower mounting locations. The left front sustained a tear and
puncture above the gladhands. There was black coloring on the front of the left side, above the left
side of axle 3 where the Ford F150 pickup truck was on fire. The left rear corner had been crushed
forward. The left rear corner was in contact with the rear of the Mack dump truck. The top half of
the back doors show a light black coloring. The right front of the semitrailer was resting on the
outside tire on axle 2.

1.3. Steering System:

This truck-tractor was equipped with a TRW THP60 hydraulic power assisted steering
system which consisted of a pitman arm, a drag link, steering knuckles, a tie rod, and ball joint
connectors. Besides thermal damage, it is unknown the amount of crash damage sustained to these
components.

The scene photographs of the roadway did not show any scraps or gouges that would have
indicated a steering system failure or malfunction prior to the initial impact with the 2021 Kia
Seltos sedan.

1.4. Suspension System:

For this vehicle, axles are numbered 1 through 5 beginning with the steering axle on the
truck-tractor and ending with the last axle on the semitrailer.

The suspension on axle 1 was a non-independent system which consisted of a solid axle
with dual-tapered leaf springs, and shock absorbers at each axle end.

The suspensions on axles 2 and 3 were non-independent systems which consisted of solid
axles with transverse torque arms. Each axle end was mounted with air springs, shock absorbers,
leaf springs, and either an adjustable or non-adjustable torque arm.

The suspensions on axles 4 and 5 (semitrailer) were non-independent systems which
consisted of solid axles with air springs and shock absorbers mounted on each axle end.

There was no information provided regarding the condition of the suspension components
for this truck-tractor combination unit.

1.5. Tires and Wheels:

At the time of manufacturing the Freightliner was equipped with 22.5 x 8.25 wheels and
295/75R22.5 tires. It is unknown if the same size tires and wheels remained on the Freightliner at
the time of the crash.
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The tires mounted on axle 1 were deflated and showed signs of fire and thermal damage.
There was no damage identified to the wheels in either the post-crash report or photographs.

The tires mounted on axles 2 and 3 sustained thermal damage, but it is unknown if all the
tires remained inflated. There was no damage identified to the wheels in either the post-crash report
or photographs.

The tires mounted on axles 4 and 5 appeared to be inflated with no damage evident.
1.6. Brake System:

The Freightliner was equipped with a dual air Antilock Brake System (ABS) with drum
brakes on all axles. All air-braked vehicles are required to be equipped with a dual air brake system.
The dual air brake system allows for separation between the front and rear brakes. Each brake
system contains an air reservoir with a one-way check valve installed on the inlet side of the
reservoir. The one-way check valves will open if the air pressure entering the reservoir is greater
than the air pressure inside the reservoir. Once the air pressure inside the reservoir becomes equal
to or greater than the air pressure being supplied, the check valve will close to prevent air loss from
that side of the brake system. The dual air brake system was designed so that if one of the two
brake systems were to fail, the air-braked vehicles would still have one brake system available for
braking. When air-braked vehicles are operated in combination with a towed vehicle, the towed
vehicle will always have brake air regardless of which side of the brake system fails.

The Freightliner was equipped by the manufacturer with 24-inch Haldex long-stroke brake
chambers on axle 1, with a maximum pushrod stroke of 3-inches. According to the post-crash
inspection report (WI2711001082), there no brake adjustment measurements taken on axle 1, but
the brake chambers were identified as a 20-inch regular stroke clamp type brake chambers which
have a maximum pushrod stroke of 1 3/4-inches.

The Freightliner was equipped by the manufacturer with 30-inch Haldex long-stroke brake
chambers on axles 2 and 3, with a maximum pushrod stroke of 3-inches. According to the same
post-crash inspection report, axle 2 was equipped with 30-inch regular stroke clamp type brake
chambers which have a maximum stroke of 2-inches. The pushrod stroke measurement recorded
for the left-side brake chamber was 2 1/8-inches. The pushrod stroke measurement recorded for
the right-side brake chamber was 2 1/2-inches. Both brakes are out-of-adjustment per the
Commercial Vehicle Safety Alliance (CVSA) North American Standard Out-of-Service Criteria.
Axle 3 was equipped with 30-inch long-stroke brake chambers. The pushrod stroke measurement
recorded for the left-side brake chamber was 2 3/8-inches and the pushrod stroke measurement
recorded for the right-side brake chamber was 2-inches.

The brake chambers mounted on axles 4 and 5 were identified as 30-inch clamp type which
have a maximum pushrod stroke of 2-inches. The pushrod stroke measurements recorded for axle
4 were 1 7/8-inches on the left and 2-inches on the right. Pushrod stroke measurements recorded
for axle 5 were 1 1/4-inches on the left and 1 1/4-inches on the right.
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The brake chamber mounted on the right side of axle 3 was identified as having an audible
air leak from the diaphragm. According to the CVSA North American Standard Out-of-Service
Criteria, this defect in combination with axle 2 brakes being out-of-adjustment is an out-of-service
condition.

1.6.1. Anti-Lock Brake System (ABS):

The truck-tractor was equipped with a Wabco, 4S/4M, Air-Operated, Antilock Drum
Brakes with traction control. There was no information regarding the condition of the ABS sensors
or modulators.

1.7. Driver Controls:

All the driver controls were destroyed by the fire. In the photographs the metal of the
steering wheel ring is visible along with the compensating sleeve of the lower steering arm.

1.8. Vehicle Recorded Event Data:

The Detroit Diesel DD15 engine was controlled by a DDEC ECM system consisting of
three separate units: A Motor Control Module (MCM), a Common Powertrain Controller (CPC),
and an Aftertreatment Control Module (ACM). The primary function of the ECM is to control the
engine’s performance, fuel efficiency, and emissions based on various engine and sensor inputs.
The ECM is also capable of recording diagnostics associated with engine and/or sensor faults,
which may then activate warnings on the dash, as well as record vehicle speed, engine speed, and
other parameters during triggered events. There is an internal clock and calendar, with an internal
battery, which tracks time and stamps event-based occurrences such as hard braking incidents and
last stop records. Due to fire the DDEC was destroyed.

1.9. Maintenance History, Recalls, and Warranty Work:

Maintenance and inspection records for the truck-tractor and semitrailer were obtained
from K Express INC., by the NTSB Motor Carrier Factors Group Chairman. All carrier
maintenance records along with any recall and warranty work documentation, obtained from the
manufacturer were reviewed.’

The maintenance records reviewed were from January 2019 to June 11, 2020. The records
indicate routine maintenance repairs and inspections. The Freightliner underwent a scheduled
preventative maintenance inspection on June 11, 2020. According to the maintenance record, no
discrepancies were discovered during this inspection. The last annual inspection was conducted in
August 2019; no discrepancies listed on the report.

The semitrailer maintenance records indicated a complete brake job along with a brake
chamber having been replaced on February 18, 2020. The last annual inspection conducted in
December 2019.

5 See Vehicle Attachment — 2013 Freightliner Combination Maintenance Files.
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2. 2021 Kia Seltos Sport Utility Vehicle (SUV)

The 2021 Kia Seltos (Kia) was located east of northbound Interstate 39 (I-39) in the
drainage ditch. The vehicle had come to rest on the passenger’s side with the front facing in a
southerly direction. The Kia sustained substantial crash damage. The rear passenger seating and
cargo areas of the Kia had been crushed and displaced forward towards the rear of the front
passenger seating area.

3. 2006 Volkswagen Passat sedan®

The 2006 Volkswagen Passat sedan (Volkswagen) was located east of 1-39, south of the
Freightliner truck-tractor, and was pointed in an easterly direction. The vehicle sustained crash
damage to all sides of the vehicle. The trunk lid, roof and majority of the left-side body panels
were crushed or missing.

The left side rear passenger door was located close to the rear of the 2017 Utility
semitrailer, and roof was located under the front bumper. The mufflers had separated from the
vehicle and remained on the roadway.

The left-front corner sustained fire and thermal damage to the tire, fender, driver’s door,
and engine compartment. An arial view of the crash scene depicted an area of vegetation that had
burned between the Freightliner and Volkswagen.

4. 1999 Chevrolet Malibu sedan’

The 1999 Chevrolet Malibu sedan (Chevrolet) was located east of I-39 with the front
pointed in a southerly direction. The front of the vehicle remained engaged with the left front
bumper and frame rail of the Freightliner. All four sides of the Chevrolet sustained major crash
and subsequent fire deformation. The rear bumper cover was located on the eastside shoulder of
the roadway.

Most of the combustible materials were destroyed by the fire. Arial photographs of the
crash scene depicted the vegetation around the vehicle with various degrees of damage. The color
of the vegetation underneath and within 18-inches of the vehicle was black in color. Moving away
from the vehicle the vegetation is brown in color with some green areas dispersed throughout.

5. 2018 Ford F150 pickup truck®

The 2018 Ford F150 pickup (Ford) was located east of 1-39 with the front pointed in a
southerly direction. The vehicle came to rest with the front bumper contacting the left outside tire
mounted on axle 3 of the Freightliner. All four sides of the pickup truck sustained crash damage,
and the subsequent fire consumed most of the combustibles from the engine firewall back to the

¢ See Vehicle Attachment — Vehicle Factors Photographs.
7 See Vehicle Attachment — Vehicle Factors Photographs.
8 See Vehicle Attachment — Vehicle Factors Photographs.
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front bulkhead of the cargo bed. The vehicle’s hood was located at the rear of the Mack dump
truck.

Within minutes of impact, multiple witnesses approached the Ford to assist with passenger
extractions. The witness statements say the vehicle was on fire at this point. One of the witnesses
attempted to extinguish the fire with a hand-held extinguisher. An aerial view of the Ford shows
little fire and/or thermal damage to the vegetation surrounding the vehicle. There did not appear
to be a burn line to suggest the fire had traveled from one vehicle to another via the vegetation.
The front bumper of the Ford was chrome and shiny. Except for the forward bulkhead of the cargo
bed, there was still blue paint on the side body panels and inside the cargo bed area.

The cargo bed was equipped with a plastic bedliner which was still attached to the left-rear
quarter panel and appeared untouched by the fire.

6. 2018 Mack dump truck

The 2018 Mack dump truck (Mack) was located on the eastside shoulder of 1-39, with the
front pointed in a westerly direction and the rear pointed downward towards the drainage ditch.
The Mack came to rest with the right-rear corner of the dump box in contact with the left-rear
corner of the 2017 Utility semitrailer. The hood, grill and dump box sustained crash damage. There
were some transfer marks located on the left front of the hood that matched the colors of the 2014
Utility refrigerated semitrailer that was connected to the 2020 Peterbilt.

7. 2020 Peterbilt 579 truck-tractor towing a 2014 Utility semitrailer

The 2020 Peterbilt truck-tractor (Peterbilt) and 2014 Utility semitrailer combination unit
remained in the middle travel lane (three lanes total) of northbound I-39 with the front pointed in
a northbound direction. There was no apparent crash damage to the truck-tractor, but the right
side of the semitrailer sustained some damage. The right-side landing gear leg was displaced
forward, at this location seven to eight feet of the lower right-side railing had been torn from the
rivets. The outside metal skin was torn, exposing the insulation between the interior bulkhead and
metal skin. No other damage to the truck-tractor semitrailer combination was apparent from the
photographs, nor was there mention of additional damage in the post-crash inspection report
conducted by the WSP.

8. 2020 Volvo truck-tractor towing a 2007 Utility semitrailer

The Volvo truck-tractor and Utility semitrailer combination had pulled to the right shoulder
after the crash. The right-rear corner of the semitrailer sustained contact damage causing the side
panel to buckle.

E. COLLISION MITIGATION TECHNOLOGY:

The primary goal of any Collision Mitigation System (CMS) technology is to prevent rear-
end crashes by detecting a conflict and alerting the driver, and, in many systems, aiding in brake
application or automatically applying brakes. There are multiple systems working together to make
up a collision mitigation system such as radars, sensors, braking, and in the newest systems
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cameras. According to the Freightliner operator’s manual, a Detroit Assurance Suite of Safety
Systems brochure, and guidance received from consultation with Daimler Trucks North America
engineers, the following describes the intent and capabilities of the Freightliner / Daimler system.

Daimler began placing collision mitigation systems on their vehicles manufactured in the
United States, in 2008. In 2008, the collision warning system only consisted of a visual warning.
In 2015, Daimler introduced a suite of safety systems called Detroit Assurance™.

Detroit Assurance 2.0 first became available on Cascadia truck-tractors beginning with the
2015 model year. After two years, advancements in technology and software were made to the
suite of safety systems and beginning with the 2017 model year Cascadia truck-tractors, Detroit
Assurance 4.0 was installed — see Table 1 for 2.0 and 4.0 systems comparison.

The Detroit Assurance collision mitigation system utilizes a bumper mounted radar unit,
which has a 600-foot plus forward range, in conjunction with the Video Radar Decision Unit
(VRDU) to monitor objects ahead of the vehicle. The VRDU commands the ABS, transmission,
and other engine functions in the truck in case of need.’ The radar and VRDU can track and identify
up to 40-objects at once.

Table 1: Detroit Assurance 2.0 and 4.0 Systems Comparison

Detroit Assurance 2.0 Detroit Assurance 4.0

Active Brake Assist Active Brake Assist
(radar only) (Always on) (radar only) (Always on)
e Full braking on moving objects” e Full braking on moving objects
e Full braking on stopped objects”" e Full braking on stopped objects
e Partial braking on stationary objects” e Full" braking on stationary objects

e  Warning and partial braking on

Adaptive Cruise Control . L e
moving pedestrians

e Automatically adjusts vehicle cruising
speed to maintain a safe following
distance

e Optional headway switch allows the
driver to adjust the following distance
from 2.3 seconds to 3.5 seconds in 3-
seconds intervals

Adaptive Cruise Control

Optional headway control is in the interactive
dash display, and allows the driver to adjust
the following distance from 2.4 seconds to 3.6
seconds in 2 and 4-seconds intervals

and service brakes to reduce the speed
of the vehicle

e Uses torque reduction, engine braking, o

Uses torque reduction, engine braking,
and service brakes to reduce the speed
of the vehicle

e Maintains the reduced cruising speed
and returns to the set cruise speed

e Maintains the reduced cruising speed
and returns to the set cruise speed

? https://demanddetroit.com/technology/safety/radar-system/

19 Bold Italicized words or sections denote changes or new systems between the Detroit Assurance 2.0 and 4.0

safety systems.
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once the slower vehicle has moved
from the path of the vehicle

once the slower vehicle has moved
from the path of the vehicle

Lane Departure Warning

Lane Departure Warning

Only available as an additional option
to the radar system

Only available as an additional option
to the radar system

Tracks the position of the vehicle and
sounds a warning if the vehicle veers
out of the intended travel lane without
utilizing a turn signal

Tracks the position of the vehicle and
sounds a warning if the vehicle veers
out of the intended travel lane without
utilizing a turn signal

Optional Video Capture camera
continuously records video to capture
any severe collision mitigation events
— 10-15 seconds before and after the
event along with other vehicle
parameters are captured for analysis
by fleet owners

Optional Video Capture camera
continuously records video to capture
any severe collision mitigation events
— 10-15 seconds before and after the
event along with other vehicle
parameters are captured for analysis
by fleet owners

Tailgate Warning

System is independent of the Active
Brake Assist and Adaptive Cruise
Control systems

Warning is activated at speeds

Above 45 mph if the vehicle is within
2.7 seconds behind the front vehicle
for 10 seconds or more

Between 35 and 45 mph if the vehicle
is between 1.8 and 2.7 seconds
behind the front vehicle 10 seconds
or more

Between 25 and 35 mph if the vehicle
is at 1.8 seconds or less behind the
front vehicle

Tailgate warning will only deactivate
at speeds below 20 mph

If tailgate warning exceeds 10
seconds in duration, the warning
becomes a reportable event via the
J1939

*Vehicles that are still moving but are moving slower than the approaching vehicle.

**Vehicles that were moving and then came to a stop all while being detected by the radar.

**Parked vehicles, stopped traffic in vehicle’s path that has not moved while being detected by the radar.
****Pedestrians must be in motion and remain in motion to be detected, system only works at speeds below 25 mph.

Active Brake Assist, Adaptive Cruise Control, and Tailgate Warning (4.0 only) safety
systems are radar based and are the only systems offered as standard equipment on newer model
Cascadia truck-tractors. Lane Departure Warning requires a camera to be installed which is
optional equipment.
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F. DOCKET MATERIAL

The following attachments and photographs are included in the docket for this
investigation:

LIST OF ATTACHMENTS

Vehicle Attachment - Wisconsin State Patrol Post-Crash Inspection (2013 Freightliner /
2017 Utility semitrailer)

Vehicle Attachment - 2013 Freightliner Build Specifications

Vehicle Attachment - 2013 Freightliner Combination Maintenance Files

Vehicle Attachment - Vehicle Factors Photographs

END OF REPORT

Jerome F. Cantrell
Senior Vehicle Factors Investigator

Arlington, WI — Vehicle Factors Factual Report (Docket 3-14-2022)
Page 11 of 11



