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Abstract

mpacts between passenger vehicles and heavy vehicles are

uniquely severe due to the aggressivity of the heavy vehicles;

this is a function of the difference in their geometry and
mass. Side crashes with heavy vehicles are a particularly severe
crash type due to the mismatch in bumper/structure height
that often results in underride and extensive intrusion of the
passenger compartment. Underride occurs when a portion of
one vehicle, usually the smaller vehicle, moves under another,
rendering many of the passenger vehicle safety systems inef-
fective. Heavy vehicles in the US, including single-unit trucks,
truck tractors, semi-trailers, and full trailers, are currently
not required to have side underride protection devices. The
NTSB, among other groups, has recommended that side

Introduction

ccording to the NHTSA’s FARS data, between 1975

and 2018 (Figure 22, Appendix A) there were 212,958

fatalities on US roads that involved a large truck with
70% of those fatalities being passenger vehicle occupants [1].
Considering all the fatalities in crashes between passenger-
vehicles and trucks, 96% of those killed were in the passenger
vehicle. Between 74,000 and 151,000 persons are injured
annually in crashes with large trucks [2]. When involved in a
crash with a heavy truck, occupants of passenger vehicles are
6 to 10 times more likely to be moderately, severely, or fatally
injured than the heavy truck occupants [3].

The need for crash compatibility between trucks and
passenger cars in the United States has been known since at
least 1953 with the introduction of federal regulation
393.86 [4]. Its inadequacy was reported at least by 1969 and
1971(5,6]. In 1972 the Transportation Research Board had
reported that designs for the prevention of fatal underride
crashes between passenger vehicles and trucks were needed [7].
Extensive research has been reported demonstrating the need
for substantial improvement of truck rear underride protec-

underride performance standards be developed and that
heavy vehicles be equipped with side underride protection
systems that meet those standards. The work presented used
virtual testing to evaluate the relative performance of example
side underride devices compared with a baseline. We also
evaluate the effects of different test conditions on underride
guard performance. Crash test results were utilized for cali-
bration purposes. A tractor-trailer, with and without side
impact underride protection, was impacted by a passenger car
and SUV under a range of impact conditions. Passenger
vehicle intrusion metrics were calculated to provide an indica-
tion of relative risk for each impact condition. The results can
support the development of side underride protection
recommended practices.

road currently demonstrating the achievability and practi-
cality for the trucking industry [26, 27, 28].

The introduction of requirements for front underride
protection on trucks during involvement with passenger
vehicles began at least by the early 1990s. Numerous papers
have been published on front underride protection over the
past thirty years. Front underride protection has been required
in Europe since the 1990s starting with UNECE 93 [29], with
enhancements involving energy absorbing front end under-
ride protection (insert info from front underride paper)
through the present with current requirements also including
automatic braking of heavy trucks as part of collision avoid-
ance being required during the past decade [16, 30, 31, 32, 33,

The present research reports on protection of passenger
vehicles associated with side underride impacts with heavy
trucks and trailers using finite element analysis (FEA) virtual
testing methods. FEA methods for crash analysis have been
used in the vehicle industry since as early as the 1960s [58, 59].
Examples of impact modeling of the vehicle fleet to assess
future effects has been conducted since the 1970s and continues
today with finite element modeling [37, 60, 61, 62, 63].
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Example conditions are provided related to impacts
involving 53’ trailers. Background review is provided followed
by a methodology used for virtual testing of example side
underride guard systems. Results and discussion follow. The
results can support the development of side underride protec-
tion recommended practices.

Background

Side underride guard protection for vehicles was illustrated
in an 1896 patent recorded for side underride protection asso-
ciated with street cars (Figure 23, Appendix A) [64].

By 1915 a patent for a side underride guard for motorbuses
and like heavy vehicles had been awarded to protect against
anyone from being driven over by the rear wheels (Figure 24,
Appendix A) [65].

In 1977, a patent for a guard rail device for use on a large
diameter wheel vehicle was issued as illustrated in Figure 25,
Appendix A [66].

In 2006, a patent was filed for a vehicle side underride
guard for use on trucks and trailers as shown in Figure 26,
Appendix A [67]. The side underride guard attaches to the
trailer and is positioned below the side edge of the trailer to
obstruct the progress of a passenger vehicle under the side
edge of the trailer.

Figure 27, Appendix A, shows a side skirt and side under-
ride cable system included in a 2010 patent application. The
side underride cable system was configured to be coupled to
a trailer via a front mounting bracket and a rear mounting
bracket [68, 69].

Patents in 2016 and 2018 (US 9,908,493 B1, US 9,463,759;
Figure 28, Appendix A) described an underride guard that
integrated with the rear guard and pre-tensioned fabric guard.
This work effectively led to other similar designs and triggered
additional research in the area.

Additional patent applications were made in 2018 for a
side underride guard (US 20190077470A1) as shown in
Figure 29, Appendix A. The patent application included a
support system including a brace system and cable. The brace
system included cross-braces that extended the width of the
trailer. The cable extends across the intervals between the
cross-braces [70].

In 2018 a patent was also filed for a side underride guard
(Figure 30, Appendix A), “..configured to be coupled to a
trailer, may comprise a first skirt wall of the trailer, positioned
below a first sidewall of the trailer and extending along a first
length of the trailer between a skirt wall front end and a skirt
wall rear end and a cable system including a first cable coupled
to the trailer, positioned below the first side wall, and extending
along a second length of the trailer between a cable system
front end and a cable system rear end, the skirt wall rear end
being positioned forward of the cable system rear end” [71].

The Motor Carrier Act of 1935 directed the establishment
of Federal rules and regulations for interstate motor carrier
operations that govern “security for the protection of the
public” [72]. During the 1960’s underride crashes involving
well known people made headlines drawing attention to the
underride issue associated with trucks and trailers. In 1978

Calspan [73] conducted an analysis of heavy truck underride
crashes. The Motor Carrier Act of 1980 contained a section
“...to create additional incentives to carriers to maintain and
operate their trucks in a safe manner...” [74] In Europe, lateral
protection devices were incorporated in the regulations by
1988 [75]. While the protection was to prevent entrapment of
motorcyclists, bicyclists and pedestrians along the open sides
of trucks and trailers, it has been reported that such underride
guards also demonstrated effectiveness in helping prevent cars
from underriding [76]. In 1993, Rechnizter [77] studied fatal
and injury crashes of passenger cars with the sides of heavy
vehicles with additional work reported in 2002 [78]. In 2003,
Trigo [79] reported that underride crash testing had estab-
lished sufficient relationships between different body and roof
styles to support a general formula for impact speed analyses
in support of effective trailer side underride protection devices.

In 2006, Bodapati evaluated the effectiveness of partic-
ular underride guard designs [80]. Using FEA methods, two
new guards for both the rear and side underride conditions
were modeled for a straight truck and the performance of the
guard in preventing passenger compartment intrusion was
analyzed using LS-DYNA. Significant passenger compart-
ment intrusion reductions were demonstrated. The perfor-
mance of the side underride guard was studied with the
striking passenger car impacting at 49, 64, and 80 km/h (30,
40 and 50 mph) with impacts on the side engaging the middle
of the underride guard. It was noted that conducting the study
with moving trucks instead of stationary trucks would
be more realistic.

In 2009, Aparicio [81] reported on a study of truck side
design improvements. In 2010, Patten [82] reported on a back-
ground investigation associated with side guards for trucks
and trailers in Canada. In 2011 Moradi [83] investigated the
influence of side underride guard height on compartment
intrusion utilizing FEA methods. It was reported that the
probability of severe injuries to occupants of small cars was
reduced by 250% compared to a no guard configuration. In
2012, a study of side under run protection was conducted for
the Australian Trucking Association [84].

In 2013, Galipeau-Belair [85] reported on the develop-
ment of a regulation for testing the effectiveness of rigid side
underride protection devices adapting the Canada rear test
equipment to the side. While in 2014 [86, 87] he reported an
FEA study on the design and development of side underride
protection devices (SUPD) for heavy vehicles in which designs
for trailers and straight trucks, where the exterior surfaces
representative of roadside guardrails or square tube designs
were demonstrated. It was suggested that 525kN force levels
be achieved based with these devices.

In 2018 side underride protective device designs for
oblique impacts with passenger cars were analyzed with FEA
impact simulations. Three oblique angle impacts of 30, 22.5
and 15 degrees from the rearward direction of the trailer were
used with the striking vehicle impacting at 80 km/h (50 mph)
as well as some studies of gap effects. A Toyota Camry was
used as the striking vehicle with a stationary trailer.
Optimization methods were used to minimize weight while
redirecting the impacting vehicle without passenger compart-
ment intrusion [88]. However, material failure was not
included in the simulation models.
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Figure 1 shows the side underride of a passenger car under
a tractor trailer; the passenger vehicle was traveling about 78
km/h and impacted the trailer at about a 25-degree angle. The
semi-tractor trailer was turning left across a 4-lane highway
with a multi-direction turn lane dividing the lanes.

Figure 2 shows the results from a narrow angle impact
where the truck was turning onto a two-lane road moving at
about 8 km/h (5 mph) with the striking vehicle moving at
about 70 km/h (45 mph). The impact angle is about
15-20 degrees.

Figure 3 shows the results of a narrow impact between
the tractor trailer moving at about 72 km/h (45 mph) and a
pickup moving at about 49 km/h (30 mph). The crash occurred
on a curve the trailer rear being over the middle of the snow-
covered road.

The result of a fatal underride crash in which a small SUV
impacted a semi-trailer at an intersection with speeds of 80
km/h (50 mph) and 100 km/h (65 mph), respectively, is shown
in Figure 4. The SUV under-rode the trailer toward the middle
and then engaged with the rear passenger side tires.

© SAE International.

m Fatal underride crash at intersection

Examples of Retrofit Side
Underride Guards

Side underride guards have been retrofitted on trailers in the
United States and Canada. Examples include the AngelWing,
SafetySkirt, and PHSS.

The AngelWing consists of two side assemblies, each with
several rectangular steel vertical members (dependent on
trailer length) welded at the lower edge to a rectangular tube.
The length and number are dependent on the trailer length.
For a 53 trailer there are seven vertical members on each side.
Each of the vertical members are attached to the trailer floor
supports with a fastener. The left and right assemblies are
connected with an X-brace made from rectangular steel tubes
and connected at the top and bottom of the vertical members.
A skirt is attached to the vertical members to provide drag
reduction and improved fuel economy. An example AngelWing
is shown in Figure 5.

The SafetySkirt and ToughGuard underride guard system
consists of an aluminum structure (ToughGuard) at the end
of the trailer connected to the trailer and rear underride

IETILEER AngelWing side underride guard (shown without
air deflector above)

=T

© SAE International.
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guard. A flexible material couples to the ToughGuard at the
rear and a mounting structure toward the front of the trailer
or to an AngelWing underride guard. This system is shown
in Figure 6.

PHSS of Canada has a Lateral Protection side underride
guard installed on trailers in the field. The system has a high-
resistance vinyl skirt, multiple high strength belts that create
a safety net, is highly resistant to weather conditions, and has
a galvanized steel structure. It reportedly is easily retractable
from front to rear or from rear to front to simply trailer main-
tenance. An example is shown in Figure 7 below.

Methodology

Virtual testing was conducted to investigate the performance
of an exemplar side underride guard based on an existing
design in select impact scenarios. The performance of a
tractor-trailer combination with and without a side underride
guard in a trailer-side impact was calibrated against existing
test data (Figure 8). The calibrated model of the trailer and
side underride guard was then used to simulate an exploratory
subset of the full range of impact conditions summarized in
the test matrix in Table 1. The test matrix is meant to include
the range of anticipated impact conditions based on real-world
data. Fifty-six (56) km/h was selected as one of the impact
velocities since it matched the velocity used for calibration
tests and is also representative of the design speed of many
systems. Eighty (80) km/h was also used since it is similar to
the test speed for longitudinal roadside barriers and is repre-
sentative of the low-end speed on roadways where passenger

TABLE 1 Full set of underride guard impact conditions

Impact Angle _Velocity Vehicle
Impact Mode (deg) Vehicle Truck Type
Centered on 90,60,30,10 56,80 0,56,80 Sedan,
trailer SuUv
Forward 1/3
on trailer
Rear1/3 on
trailer

Centered on
trailer - sliding

60, 30,0 28,56 0,56,80 Sedan,

SuUvV

IR Replication of 11HS test configuration (air

deflector not shown)

m Top view of center impact configurations
(*indicates impact duplicated with SUV)

T

80/0
80/80

30°

80/0
80/80

60°

56/0
56/56
56/80
80/0
80/80*

vehicles and heavy trucks would interact. We also included
‘Sliding’ conditions that were meant to replicate the impacting
vehicle sliding on an icy road surface. The direction of impact
was selected to provide the maximum difference in velocity
between the truck and passenger vehicle which was intended
to provide for a worse-case scenario.

Twenty-six underride guard impacts using a passenger
vehicle and three with a Sport Utility Vehicle (SUV) were
simulated. An impact between a passenger vehicle and trailer
with no underride guard was used as a baseline test. Overviews
of the impact orientations are provided in Figure 9, Figure 10,
and Figure 11. Finite element simulations were conducted
using LS-DYNA version 10.1 [89]. The finite element models
typically contained 2.5 million elements.

Modified Finite Element (FE) models of a 16 m (53 ft)
trailer (dry van) and tractor, originally developed under an
NTRCI project [90] were used as the target vehicle. For all

© SAE International.

© SAE International.

© SAE International.



Downloaded from SAE International by Garrett Mattos, Wednesday, April 07, 2021

PROTECTING PASSENGER VEHICLES FROM SIDE UNDERRIDE WITH HEAVY TRUCKS i

m Side view of rear impact configurations

(*indicates impact duplicated with SUV)
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90° Rear

56/0
56/56
80/0
80/56

90° Rear (with gap)

56/56*
56/80
80/56

IGEEERRN Top view of sliding impact configurations;

vehicle trajectory perpendicular to trailer

| | g

0° Stiding]

28/0

30° Shiding
56/0

56/0

60° Sliding
56/0
56/56
56/80

simulations, the semi-trailer was ballasted to a total test weight
of 16,584 kg. The bullet vehicles were a 2012 Toyota Camry
[91] and a 2003 Ford Explorer.

A FE model representing the AngelWing (US 20080116702
A1) underride guard was created for this study from existing
CAD files and engineering drawings. Material properties were
defined, including failure thresholds, using a combination of
publicly available data and internal test results.

The performance of the FE trailer and underride guard
were calibrated against existing ITHS test data. The ITHS tests
utilized a Chevrolet Malibu to impact the center of a 16 m (53
ft) dry van at 56 km/h with and without the AngelWing
underride guard (ITHS Test CF17003 and CF17002). The test
conditions were replicated in an FE environment. The vertical
positions of the vehicles were defined such that the underride
guard had a ground clearance of 478 mm and the front bumper
of the passenger vehicle overlapped the underride guard by
49 mm to be consistent with the ITHS test conditions. Physical
test data was limited to observations of vehicle damage and
high-speed video measurements of intrusion relative to
the trailer.

The calibrated FE models were then used to simulate the
range of depicted in Figure 9, Figure 10, and Figure 11. These
included impacts centered on the underride guard (‘Center’)
as well as those with the driver side tires aligned with the rear

© SAE International.

of the underride guard (‘Rear’). A ‘Gap’ test was also conducted
in which the front set of tires in the rear tandem were removed
(Figure 10-bottom) to generate a 1686 mm gap between the
aft end of the underride guard and the forward most part of
the rear tires. The standard gap for all other runs was 441 mm.
Scenarios meant to represent icy conditions were also simu-
lated and notated as “Sliding”. In these scenarios the friction
coefficient between the vehicle tires and the ground was
defined to be 0 with a velocity oriented directly perpendicular
to the trailer.

For each simulation, the amount of passenger compart-
ment intrusion (PCI) and the peak acceleration of the
impacting vehicle were measured.

Results

The test conditions and comparative results between the
physical and FE tests are shown in Table 2. The FE models
demonstrated realistic and representative performance under
the conditions explored. In the underride guard scenario, the
FE model produced results nearly identical to the physical
test. The damage to the vehicle and underride guard for the
physical and FE tests can be seen in Figure 12. In the no-under-
ride guard scenario the FE model translated about 37 cm

TABLE 2 Summary of calibration data

No guard Underride guard
[Physical / FE] [Physical / FE]
Physical FE Physical FE

Impact Angle 90 deg 90 deg

Impact Speed  56.4 km/h 56.4 km/h

Peak intrusion 265 302 86 84

of vehicle under

trailer (cm)

Time of peak 346 270 116 110

intrusion (ms)

m Comparison of vehicle at maximum intrusion in
IIHS test conditions with underride guard

© SAE International.
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m Comparison of sedan at maximum intrusion

under trailer in [IHS test conditions with no underride guard

m Sedan structure; undamaged (top) and at

maximum dynamic intrusion (bottom) [80_80_60]

m Summary results

Results Summary
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Baseline
80_0_90
80_0_60
80_0_30
80_0_10
80_80_90
80_80_60
80_80_30
56_0_60
56_80_90
56_80_60
56_80_90_Rear

-----

80_0_90_Rear
$_0_0_SLIDE T
56_0_0_SLIDE

56_0_90_Rear

56_56_90_Rear

80_56 90 RearGAP
SUV_80_80_60
SUV_56_56_REAR__GAP

560 30 SLIDE ——

56_0_60_SLIDE
56_56_60_SLIDE

80_56_90_Rear

56_56_90_Rear__GAP
2
56_80_60_SLIDE
SUV_80_80_90

further under the trailer than the physical vehicle (Figure 13).
This is most likely a result of the FE vehicle being a different
model than in the physical test.

A summary of the passenger compartment intrusion and
peak vehicle acceleration for the baseline and underride guard
impacts is shown in Figure 14. The labels for each column can
be read as: ‘sedan velocity_truck velocity_impact angle_condi-
tion”. For example, 56_0_90_Rear translates to a sedan trav-
eling at 56 km/h and impacting the rear of a stationary truck
at 90 degrees.

The baseline condition (no underride guard) resulted in
1534 mm of intrusion (Figure 13). In the underride guard
impacts the magnitude of passenger compartment intrusion
ranged from 0 mm to 323 mm with an average of 190 mm.
The average peak resultant acceleration of the sedan in all 26
cases was 30.5 g, with the greatest value being 52.8. Generally,

© SAE International.

© SAE International.
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shallower impact angles resulted in lower amounts of intru-
sion and lower acceleration. Typically, the greatest amount of
intrusion for the forward-directed impacts was limited to the
leading side firewall (Figure 15). In the sliding side impacts,
the maximum intrusion occurred at about the window line
(Figure 18). For reference, this vehicle exhibited approximately
160 mm of intrusion near the A-post in the ITHS small overlap
test (CEN1349).

The time histories of vehicle CG acceleration for the sedan
in the 80 km/h and 56 km/h perpendicular impacts with the
underride guard are shown in Figure 16 along with the accel-
eration for the same vehicle in a 57 km/h frontal barrier
impact (NHTSA Test V10146). The overall shape of the frontal
acceleration pulses was similar, with a greater magnitude
exhibited in the higher velocity impact.

The acceleration pulses for ITHS (CES0622) and NHTSA
(V10144) side impact crash tests are shown with the accelera-
tion pulse for the same vehicle in a side impact with the under-
ride guard in Figure 17. Note that the underride guard impact
conditions are much more severe, in terms of delta-V and peak
acceleration due to the mismatch in vehicle masses. In the
impact with the underride guard, an icy road condition was
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m Time histories of vehicle CG acceleration in side
impacts. N.B., underride condition is more severe than others

m Passenger compartment intrusion in 80 km/h

impacts with and without truck motion

Vehicle Acceleration in Side Impact

——IIHS 50 kph ——NHTSA 61.91 kph =———Underride guard 56 knv/h

2)

Acceleration (

" o

0.02 0.04 0.06

Time (s)

m Side impact damage overlayed onto

undamaged cross-section [56_0_0_SLIDE]

replicated with the coefficient of friction between the vehicle’s
tires and the ground surface defined as ‘0’. The peak accelera-
tion was much greater in the side impact underride scenario
than in the side impact crash tests. The maximum intrusion
in the side impact underride scenario is shown in Figure 18.

The maximum intrusion into the passenger compartment
for the ITHS, NHTSA, and underride impacts was 250 mm,
173 mm, and 199 mm, respectively. The increased acceleration
in the underride scenario vs the crash tests was a result of the
larger reaction force provided by the trailer. The collision
severity is significantly greater in the underride condition that
in either of the typical side impact crashes with roughly double
the delta-V. Despite the increased crash severity of the under-
ride test, the depth of penetration into the passenger compart-
ment did not increase.

Greater intrusion was measured in underride scenarios
with a moving truck than with a stationary truck (Figure 19
and Figure 20), with one exception. In the 90-degree impact
with an 80 km/h sedan, increasing the truck speed resulted
in greater lateral deflection of the sedan engine bay and front
tires. This effectively reduced the amount of intrusion into the
passenger compartment at the firewall.

Effect of Truck Speed (0 kph vs 80 kph)
Car = 80 kph

Truck =0 kph mTruck =80 kph

250

150
100
50 I
0
90 60 30 10

Impact Angle (deg)

(&)
o
S

Intrusion (mm)
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m Passenger compartment intrusion in 56 km/h

impacts with and without truck motion

Effect of Truck Speed (0 kph vs 56 kph)
Car =56 kph

Truck =0 kph  ®mTruck = 56 kph

150

Intrusion (mm)

90_Rear
Impact Angle (deg)
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m Passenger compartment intrusion in impacts
with and without a gap between underride guard and

rear wheels

Effect of Gap in Rear Impacts
Truck = 56 kph

No Gap mGap

Intrusion (mm)

100

Vehicle Impact Speed

© SAE International.
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Discussion

The results of the analysis indicate that available side underride
guards are effective at reducing passenger compartment intru-
sion (PCI) substantially in what are often fatal side underride
crashes. This is supported by physical testing that has shown
good performance up to 64 km/h. Nearly all passenger compart-
ment intrusion above the beltline was mitigated other than in
the purely lateral impact conditions. When intrusion did extend
above the beltline, e.g., in the purely lateral sliding condition,
the amount of PCI was similar to the intrusion generated in a
56 km/h side impact of a 5-star rated vehicle. Further, the
average amount of PCI in the above tests was similar to the
amount resulting from small overlap tests of the same vehicle.
These results demonstrate that an underride guard can provide
a sufficient reaction surface to allow for the vehicle’s passive
and active safety systems to protect the occupant. The underride
guard also causes the location of PCI to move from near the
occupant’s head and torso to the lower extremities which
reduces the likelihood of serious or fatal injury.

In general, the results suggest that impacts with a moving
truck/trailer combination are more severe than when the truck
is stationary. The added velocity of the truck/trailer combina-
tion results in greater intrusion of the bullet vehicle firewall as
well as slightly higher peak accelerations. Impact severity was
also increased when the size of the gap between the end of the
underride guard and the rear tires was increased. The increased
gap size allowed the bullet vehicle to interact more with the rear
tires. In the impacts with a large gap, the trailer tires very nearly
engaged the driver side door. These results can help to define a
comprehensive test plan that can be used to assess the perfor-
mance of an underride guard.

The acceleration pulses for all impacts were within the
range of frontal and side impact crash test pulses generated
in similar tests of vehicles that exhibit 5-star safety ratings.
This indicates that these impacts were all survivable. The most
severe impact scenario was a 56 km/h sideways slide into the
trailer with an underride guard.

As shown, there is an 80% or greater reduction in PCI for
impacts with an underride guard compared to the baseline
condition. Additionally, the location of PCI in the underride
guard impacts was generally found to be at the outer firewall
area rather than at or above the beltline as in the baseline case.
Reducing the PCI and moving the location of PCI away from
the occupant’s head and torso both significantly reduce the
likelihood of serious injury. No adverse effects were observed
as a result of the underride guard.

These results indicate that tests used to evaluate the
performance of underride guards should account for a moving
truck/trailer combination as this was found to increase the
severity of the impact. Additionally, the location and size of
gaps between an underride guard and the trailer tires and/or
landing gear should also be considered as this was found to
affect the results. The results demonstrate, along with other
work in the literature, that Finite Element analysis can
enhance physical tests to expand the number of impact
scenarios in a cost-effective and time-efficient manner. While
additional impact conditions and test cases can be analyzed,
the results are expected to further demonstrate the impor-
tance of trailer side underride guards in reducing passenger
compartment intrusion under these crash conditions.

Side underride guards integrated into the trailer structure
may further enhance the safety benefits associated with
preventing trailer underride and limit added weight.
Exploration of these design alternatives should be explored
in the future in conjunction with additional crash vehicles
and configurations.
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Definitions/Abbreviations

Heavy truck definitions - The definitions used for medium
and heavy trucks vary but can include Characterization by
vehicle GVW as defined by: Class 3,4,5,6 (straight trucks)
GVW 26,000, Class 7 &8 (GVW >26,000) with trailer capability

FEA - Finite Element Analysis
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Appendix A

m Total deaths involving large trucks (FARS data) m 1977 patent for guard rail device for

large-wheeled vehicles

Total fatalities involving large trucks
1975-2018 (FARS)
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