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Section I 
INTRODUCTION 

 Crush Protection Devices (CPDs) such as the Quadbar are intended to 
reduce some of the risk associated with All-Terrain Vehicle (ATV) rollovers. 
However, the only research to date based on a large sample of real-world 
overturn accident types with an injury monitoring dummy (Ref 1, Ref 2, Ref 
3) has found that the injury risks from (i.e., new injuries created by) a 
Quadbar are generally similar in magnitude to the injury benefits from (i.e., 
injuries prevented by) a Quadbar. 

 That research compared a Quadbar equipped ATV with a baseline ATV 
in 110 overturn accident types found in a sample of US/Consumer Product 
Safety Commission (CPSC) In-Depth Investigation (IDI) case files and a 
sample of UK Health and Safety Executive (HSE) case files using a multi-
body computer simulation model that had been calibrated against full-scale 
tests (Ref 5). The purpose of this report is to document the results of V-ditch 
and J-turn full-scale tests with an MATD dummy that can be used to extend 
the previous calibrations of the simulation model to include tests with and 
without a Quadbar fitted to the ATV. 
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Section II 
TEST SETUP 

 The ATV used for these tests was a 2004 Honda TRX 350 (Figure 1) 
which is similar to that used in the Refs 1 – 3 simulation model. Each test 
configuration was run with and without an aftermarket Quadbar CPD (Ref 6). 
The ATV was equipped with a control system that allowed the ATV’s 
steering, braking, and acceleration to be operated via remote control. This 
was similar to the system used in previous research (Ref 5), but without 
guide wires and without automatic speed control. 

   

Figure 1. Honda TRX 350 with Quadbar CPD 

 The entire remote control system was located below the front 
mudguard (Figure 2), except for the end of the pneumatic cylinder which 
was attached to the bottom of the front cargo rack through a hole cut in the 
front mudguard. The control system was powered by the ATV’s electrical 
system and by pneumatic accumulators that were filled with pressurized 
nitrogen gas prior to each test. 
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Figure 2. ATV control system 

 Forward acceleration was controlled using a servo actuator operating 
directly on the throttle lever. Braking was controlled by actuating a servo 
valve that allowed pressure from a pneumatic storage cylinder to be released 
directly into the brake line. This means that braking used on/off control. 
Since it was only used as a testing safety measure, proportional control was 
not needed. 

 The steering system was more complex, since a relatively large steer 
force and steering rate were needed in order to apply a step steer in these 
tests, and no available 12 volt electric actuator was capable of applying the 
necessary force at the necessary speed. However, the available pneumatic 
systems were not capable of the proportional control needed to steer the 
ATV in straight-line and gentle-turn maneuvers. 

 Therefore a hybrid system was used in which a low-pressure pneumatic 
system maintained a roughly constant low steer force to the right and a 12 
volt electric linear actuator was used to apply a low steer force to the left. 
The 12 volt electric actuator was operated via remote control. This allowed 
the low level right and left turn forces necessary for straight-line and gentle-
turn maneuvers. A separate high-pressure pneumatic system was used to 
apply a high steer force to the left in order to allow left turn step steer inputs 
triggered by remote control. 
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 Pneumatic accumulators were used to store the compressed air, with 
separate systems for the braking, low-pressure right steer, and high-pressure 
left step steer controls. The control system hardware was designed to allow 
left step steer inputs, but it could also be re-installed on different mounting 
points to allow right step steer inputs. However, for the tests described 
herein, only the left step steer configuration was used. 

 A radio controller with proportional throttle and steering control, along 
with step braking and left step steer control was used by the test engineer to 
drive the vehicle up to the intended test speed and to the intended test 
location and to apply the step steer input. 

 The CPD that was used was a Quadbar manufactured by QB Industries. 
For the CPD tests, the Quadbar was mounted to the towbar and rear rack in 
accordance with the manufacturer’s fitting instructions as shown in Figure 1. 

 A Motorcyclist Anthropometric Test Device (MATD) (Ref 7) was used as 
the crash dummy for the tests. This dummy represents a 50th percentile 
adult male rider, and it was selected as the most suitable type of dummy for 
ATV testing. The MATD dummy is capable of monitoring injuries to the head, 
neck, chest, abdomen, femurs, knees, and tibias. Skull/face pressure film 
was also available in order to monitor possible skull crush and facial fracture, 
but this was not used due to time constraints. The MATD dummy also 
includes features suitable for omni-directional impacts involving an 
unrestrained occupant, including an internal data acquisition system, a sit-
stand pelvis, frangible leg bones and knee ligaments, a neck designed for 
proper omni-directional response, gripping hands, etc. 

 The accelerations, forces, moments, and displacements relating to 
monitorable injuries were recorded, and the ISO 13232 Injury Cost Model 
(ICM) (Ref 9) was used in order to evaluate the injuries and to calculate 
normalized injury costs. 



5 
 

 Initial pilot tests indicated that the hands did not have sufficient 
durability, so standard Hybrid III dummy hands were used for subsequent 
tests. The hands were taped to the handlebars with a single wrap of cloth 
tape that was measured to have a tear away force (perpendicular to the 
hand grip) of 80 lb, which is comparable to the tear away force of the 
gripping MATD hands. 

 The MATD dummy was fitted with a THH T-70 medium half helmet, 
and the helmet was fitted to the dummy in accordance with the ISO 13232 
test procedures (Ref 10). This helmet meets AS 1698 and was selected over 
a full-face or three-quarter open-face helmet because it was believed to be 
more compatible with the thermal environment associated with farming 
activities. A Tyvec suit was fitted to the dummy in order to protect the 
dummy including its joints and electronics from dust and dirt. The MATD 
internal data acquisition recorded the sensor data specified in ISO 13232-4 
(Ref 8) allowing measurement of head linear and angular accelerations, chest 
longitudinal and lateral deflection, neck forces and moments, and lumbar 
spine forces and moments. 

 The total speed of the ATV was measured and recorded using a VBOX 
Sport GPS data logger. Four GoPro Hero 3+ Black cameras were used to 
record video of the tests at 120 frames per second. Three of these cameras 
were mounted on tripods, and the fourth was handheld in order to provide a 
view that followed the motion of the ATV. The run logs are shown in 
APPENDIX A. 

 For a valid matched pair of tests, it was necessary to match the ATV 
speed at overturn, overturn location, and dummy posture as closely as 
possible. In addition, it was necessary to have fully functioning dummy 
electronics during each run so that predicted injuries for the dummy could be 
calculated. 

 It is recommended that any future ATV overturn tests involve automatic 
control of speed, path and overturn point (as an update to the control 
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methods used in Ref 5), in order to improve test repeatability and efficiency. 
Considerable efforts in these tests were required to produce matched test 
pairs, using manual control methods. 
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Section III 
V-DITCH TESTS 

 The V-ditch overturn tests were conducted in a ditch having sides with 
a slope of approximately 30 degrees. This test condition was selected 
because the slope was approximately equal to the lateral static stability limit 
of a similar ATV, the Honda TRX500FM, in a loaded condition, as measured 
by Crashlab for Transport and Road Safety (TARS) (Ref 11). Another reason 
for selecting this test condition was because cross-slope and ditch overturns 
were relatively frequent in real-world US and UK accident databases. The 
goal was to induce a rollover of at least two quarter-rolls in the baseline ATV 
configuration. 

 The test was originally intended to be conducted by driving the ATV 
with MATD dummy across the western slope of the ditch with the left 
(uphill) side tires impacting a rock in order to induce overturn. However, 
initial pilot tests for this condition indicated that in order to maintain a path 
directly across the slope, the ATV needed an uphill steer input in order to 
prevent drifting toward the bottom of the ditch. This steer input induced a 
sideslip angle that increased the dynamic lateral stability and rollover 
resistance of the ATV (Figure 3) reducing the opportunity to record a rollover 
event. These pilot tests also indicated that the dummy could not maintain a 
seating posture in which the torso was initially in the vertical plane of the 
ATV, and the dummy would fall off the ATV as shown in Figure 3. The 
dummy could also slide off the seat when on a slope due to a relatively low 
coefficient of friction between the dummy’s suit and the ATV seat. 

 Subsequently, all V-ditch tests were run by starting the ATV from a 
higher point on the ditch and traveling at an angle toward the bottom of the 
ditch. When the ATV reached the target point, a large left step steer input 
was applied in order to induce overturn. 
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 In addition, instead of positioning the dummy in the vertical plane of the 
ATV, the dummy’s lower torso was centered on the left (uphill) edge of the 
seat. This positioning is consistent with a moderate rider active posture. In 
order to prevent the dummy from sliding off the seat, a hole was cut in the 
buttock area of the Tyvec suit, and Velcro was applied to the dummy’s 
buttocks and the ATV seat. This was intended to approximate the ability of a 
human rider to maintain their lateral position relative to the seat by pressing 
their uphill knee against the side of the fuel tank. 

 

Figure 3. ATV traversing across the side of the V-Ditch with sideslip in a 
pilot test 

 The V-ditch overturn test was intended to be a low-speed, low-energy 
overturn. For that reason, the overturn target location was approximately 3 
meters from the bottom of the ditch at a target speed of less than 10 mi/h 
(16.1 km/h). A series of runs were made in order to achieve a matched pair 
of speeds, overturn location, dummy posture, and fully functioning 
instrumentation suite, and eventually a pair of tests with matching speeds 
and relatively similar conditions was run, one with a baseline ATV and one 
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with an ATV fitted with a Quadbar. A comparison of the speed time histories 
is shown in Figure 4. The baseline ATV was traveling at a slightly lower 
speed at the point of overturn. However, the Quadbar ATV generally came 
to rest sooner, and the Baseline ATV continued to roll, rolling more quarter 
rolls than the Quadbar ATV. 

 
Figure 4. Speed time histories recorded in V-Ditch tests 

 A time-synced sequence of still images taken from the videos of these 
tests is shown in APPENDIX B, and the Injury Cost Model summary sheet is 
shown in APPENDIX C. 

 In the Quadbar ATV test, the ATV overturns to the right after the left 
turn steer input is applied. The ATV overturns three quarter-rolls to the right 
and comes to rest with the edge of the left rear fairing on top of the 
dummy’s neck and the edge of the rear rack on top of the dummy’s left 
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shoulder as shown in Figure 5 and Figure 6. The MATD dummy’s head was 
trapped between the left rear fairing and the left rear tire as shown in Figure 
7. 
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Figure 5. Rear view of final position of Quadbar ATV V-ditch test 

 

Figure 6. Oblique view of final position of Quadbar ATV V-ditch test 
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Figure 7. View from bottom side of ATV showing head entrapment 

 In one of the Quadbar ATV tests, the dummy’s neck mechanically 
separated between one of the aluminum plates and urethane pucks due to 
lateral bending. Although this test was not used because the steer input was 
applied before the ATV reached the target overturn location, it should be 
noted that the neck mechanical separation is not indicative of an injury-
producing level of bending torque. This is because a human neck cannot fail 
in lateral bending1, since in lateral bending, the side of a person’s head will 
contact the shoulder which prevents large bending torques from occurring in 
the neck. However, the dummy’s neck can fail mechanically when subjected 
to lateral bending torques, as the dummy’s shoulder (being a “slouching” 

                                      
 
1 This fact is recognized in the ISO 13232-5 and other automotive dummies’ neck injury 
criteria, which have neck injury criteria for other neck forces and moments, but do not have 
a neck injury criterion for neck lateral bending. 



13 
 

shoulder for a car occupant) is in a lower position than would be the case for 
a motorcycle or ATV rider sitting upright and gripping the handlebar.2 

 In the Baseline ATV test, the ATV overturns to the right after the left 
turn input is applied. The ATV overturns four quarter-rolls to the right and 
comes to rest on its wheels next to the dummy as shown in Figure 8 and 
Figure 9. 

 The Injury Cost Model predicts a probable AIS level of zero for all body 
regions for both the Quadbar and Baseline ATV tests as shown in  

Table 1. The Normalized Injury Cost (ICnorm) for the Quadbar ATV test was 
0.002, and the ICnorm for the Baseline ATV test was 0.001. Although these 
ICnorm values are very low, the Quadbar ATV final resting position may 
indicate a potentially life-threatening condition because, depending on the 
circumstances, very small variations could have resulted in potential head or 
neck injuries, or asphyxia, and in addition, a human rider may not be able to 
extricate themselves from underneath the ATV when pinned in this manner. 

 

                                      
 
2 This fact and the need for a more elevated, rider-like shoulder position (thereby providing a 
mechanical stop for the MATD head/neck) has been reported by various researchers to the 
parent committee of the MATD dummy, ISO TC22/SC22/WG22, which has discussed 
various countermeasures. 
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Figure 8. Rear view of final position of Baseline ATV V-ditch test 

 

Figure 9. Front view of final position of Baseline ATV V-ditch test 
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Table 1. MATD injury measures for V-ditch tests 

Measure 
Quadbar 
ATV Test 

Baseline 
ATV Test 

Head AIS 0 0 
Neck AIS 0 0 
Chest AIS 0 0 
Abdomen AIS 0 0 
Femur AIS 0 0 

Knee AIS 0 0 
Tibia AIS 0 0 
Maximum AIS 0 0 
Normalized Injury Cost (ICnorm) 0.002 0.001 
Asphyxia No No 
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Section IV 
J-TURN TESTS 

 The J-turn tests were conducted on a dirt surface that was 
approximately flat and level at a target speed of 16 mi/h (25.7 km/h). 
Sixteen mi/h (25.7 km/h) is slightly above the speed necessary to induce 
overturn in a large steer angle J-turn with the Honda TRX 350 on this test 
surface without rider active behavior. 

 As in the V-ditch tests, the dummy was found to be readily able to slide 
on the seat of the ATV which caused the dummy to slide off the seat prior 
to overturn. In order to prevent this from occurring, Velcro was applied to 
the dummy’s buttocks and the ATV seat. This was intended to approximate 
the ability of a human rider to maintain their lateral position relative to the 
seat by pressing their knees against the sides of the fuel tank. 

 The J-turn test was intended to be a low-speed, low-energy overturn 
event. A pair of tests was run, one with a baseline ATV and one with an 
ATV fitted with a Quadbar. A comparison of the speed time histories is 
shown in Figure 10. 

 A time-synced sequence of still images taken from the videos of these 
tests is shown in APPENDIX D, and the Injury Cost Model summary sheet is 
shown in APPENDIX E. In both the Quadbar and baseline ATV tests the 
dummy leaned slightly toward its left (i.e., in the direction of the ensuing 
turn) during the run-up to the step steer input. Although this was 
unintentional, this could be a realistic moderately active riding position for a 
rider preparing to make a left turn. 
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Figure 10. Speed time histories recorded in J-turn tests 

 In the Quadbar ATV test, the ATV overturns to the right after the large 
left steer input is applied. The ATV overturns three quarter-rolls to the right 
and comes to rest with the edge of the left footrest platform on top of the 
dummy’s forehead with the edge of the helmet on the other side of (i.e., 
“below”) the footrest as shown in Figure 11 and Figure 12. 

 In the Baseline ATV test, the ATV overturns to the right after the large 
left steer input is applied. The ATV overturns four quarter-rolls to the right 
and comes to rest on its wheels some distance from the dummy as shown in 
Figure 8 and Figure 9. 
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Figure 11. View toward the bottom of the ATV showing the final position in 
Quadbar ATV J-Turn Test 

 

Figure 12. Close-up view toward the bottom of the ATV showing the final 
position of the dummy’s head and helmet in the Quadbar ATV J-Turn test 
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Figure 13. View toward the rear of the ATV showing the final position in the 
baseline ATV J-turn test 

 

Figure 14. View toward the front of the ATV showing the final position in 
the baseline ATV J-turn test 
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 The Injury Cost Model predicts a probable AIS level of zero for all body 
regions for both the Quadbar and baseline ATV tests as shown in Table 2. 
The Normalized Injury Cost (ICnorm) for the Quadbar ATV test was 0.006, 
and the ICnorm for the Baseline ATV test was 0.002. Although these ICnorm 
values are very low, as can be seen in Figure 12, very small variations could 
have resulted in head or neck injuries, or asphyxia. . 

Table 2. MATD injury measures for J-turn tests 

Measure 
Quadbar 
ATV Test 

Baseline 
ATV Test 

Head AIS 0 0 
Neck AIS 0 0 
Chest AIS 0 0 
Abdomen AIS 0 0 
Femur AIS 0 0 

Knee AIS 0 0 
Tibia AIS 0 0 
Maximum AIS 0 0 
Normalized Injury Cost (ICnorm) 0.006 0.002 
Asphyxia No No 
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Section V 
CONCLUSIONS 

 A pair of tests in a V-ditch configuration and a pair of tests in a flat, 
level J-turn were run that can be useful in the further calibration of an 
existing ATV/MATD dummy computer simulation model. Each test pair 
consisted of a test run with an ATV equipped with a Quadbar CPD and a test 
run with a Baseline ATV. 

 Both of the test pairs involved low speed, low energy conditions, and 
the resulting injury indices and normalized injury costs were very low. All of 
these injury levels in all of the tests resulted in probable AIS levels of zero 
(no injury) for all body regions. 

 However, even though the monitored injury levels were all very low, 
both the V-ditch and J-turn Quadbar ATV tests resulted in three quarter-rolls 
and pinning of the dummy beneath the ATV, while the Baseline ATV tests 
resulted in four quarter-rolls, complete separation of the dummy from the 
ATV, and no pinning of the dummy. The test video still images indicate that 
while the Quadbar can briefly preserve space beneath the ATV while it is 
upside down and in motion, the rider dummy does not remain in this space, 
and in fact is eventually pinned under the ATV. With the Baseline ATV the 
rider dummy is not necessarily injured when the ATV rolls over and beyond 
them. With the Quadbar ATV, the rider dummy can be pinned by the ATV in 
its final resting position. This can occur because the ATV is not necessarily 
upside down or, if it is upside down, the rider dummy is not necessarily in 
the preserved space at that time. Furthermore, because the Quadbar arrests 
the motion of the ATV, rider separation may be hindered, increasing the 
likelihood of the ATV coming to rest on the rider dummy.. 

 The ATV and dummy trajectories recorded in these four tests can be 
used to further calibrate and validate the multi-body computer simulation 
model of the ATV, with and without Quadbar, and the MATD dummy. 
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V-Ditch Baseline ATV Test Run Log 
 

Test 
No. Test Config. Notes 

A29293 V-ditch, with 
Baseline ATV OT, 3/4 roll, speed too low 

A28714 V-ditch, with 
Baseline ATV OT occurs before target OT location, 5/4 roll 

A29505 V-ditch, with 
Baseline ATV OT, 3/4 roll, apparent intermittent dummy power 

A28126 V-ditch, with 
Baseline ATV 

OT, 4/4 roll, OT begins before steer input perhaps due to terrain 
irregularity 

A21037 V-ditch, with 
Baseline ATV 

OT, 1/4 roll, steer input and OT after target OT location, dummy 
data trigger problem - apparently due to loose wire 

A21048 V-ditch, with 
Baseline ATV 

OT, 4/4 roll, throttle stuck open end of test causing ATV to continue 
in a circle, multiple subsequent hits to dummy; handlebar and 
control system wiring damage 

A25722 V-ditch, with 
Baseline ATV 

OT, 4/4 roll, speed close to target speed, OT location close to target 
OT location, electronic data checked and valid, dummy posture 
good 
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V-Ditch Quadbar ATV Test Run Log 
 

Test 
No. Test Config. Notes 

A15060 V-ditch, with 
Quadbar ATV 

OT, rollover before target OT location, 7/4 rolls, ATV lands on top of 
dummy, check channels a4/5/6 

A11741 V-ditch, with 
Quadbar ATV OT point about 2 m below target OT point, 1/4 roll 

A14532 V-ditch, with 
Quadbar ATV 

OT, dummy slumps onto handlebars before OT, steer input applied 
beyond target OT location 

A15893 V-ditch, with 
Quadbar ATV 

OT, dummy slumps onto handlebars before OT, steer input applied 
beyond target OT location 

A19604 V-ditch, with 
Quadbar ATV OT, dummy fell off before OT due to rough terrain 

A19225 V-ditch, with 
Quadbar ATV OT, 1/4 roll, steer input applied beyond target OT location 

A18826 V-ditch, with 
Quadbar ATV 

OT, steer input applied before reaching target OT location, 5/4 roll, 
dummy neck broken and replaced 

A18797 V-ditch, with 
Quadbar ATV OT, 1/4 roll, steer input applied beyond target OT location 

A12448 V-ditch, with 
Quadbar ATV 

OT, 3/4 roll, dummy falls off before OT due to rough terrain, broken 
knee pin 

A15089 V-ditch, with 
Quadbar ATV OT, 1/4 roll, steer input applied beyond target OT location 

A23650 V-ditch, with 
Quadbar ATV OT, 3/4 roll, speed input not steady 

A25371 V-ditch, with 
Quadbar ATV 

OT, 3/4 roll, speed close to target speed, OT location close to target 
OT location, electronic data checked and valid, dummy posture 
good 
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J-Turn Baseline ATV Test Run Log 
 

Test 
No. Test Config. Notes 

A39419 J-Turn, with 
Baseline ATV OT, 6/4 roll, ATV speed too high 

A49950 J-Turn, with 
Baseline ATV 

OT, 3/4 roll, ATV speed too low, dummy slumped severely to the 
left prior to OT perhaps due to terrain irregularity 

A45021 J-Turn, with 
Baseline ATV 

OT, problem with remote and engine speed control, ATV speed too 
low, no dummy data, apparent intermittent dummy power 

A41212 J-Turn, with 
Baseline ATV 

OT, 3/4 roll, ATV speed too high, no dummy data, apparent 
intermittent dummy power, left knee varus valgus pin sheared, left 
femur Fx 

A48143 J-Turn, with 
Baseline ATV 

OT, 3/4 roll, ATV speed too low, no dummy data, apparent 
intermittent dummy power 

A44164 J-Turn, with 
Baseline ATV 

OT, 4/4 roll, ATV speed approx. 16 mph, no dummy data, apparent 
intermittent dummy power 

A46565 J-Turn, with 
Baseline ATV OT, 3/4 roll, ATV speed too low 

A41076 J-Turn, with 
Baseline ATV OT, 5/4 roll, ATV speed too high 

A40577 J-Turn, with 
Baseline ATV 

OT, 2/4 roll, ATV speed too low, no dummy data, apparent 
intermittent dummy power 

A40378 J-Turn, with 
Baseline ATV 

OT, 3/4 roll, ATV speed too low, no dummy data, apparent 
intermittent dummy power 

A49009 J-Turn, with 
Baseline ATV 

OT, 3/4 roll, ATV speed too low, no dummy data, apparent 
intermittent dummy power 

A52520 J-Turn, with 
Baseline ATV 

(Broken dummy power cable found and repaired) OT, 3/4 roll, ATV 
speed too low 
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Test 
No. Test Config. Notes 

A54822 J-Turn, with 
Baseline ATV OT, 4/4 roll, ATV speed too low 

A57373 J-Turn, with 
Baseline ATV OT, 4/4 roll, ATV speed too high 

A53441 J-Turn, with 
Baseline ATV 

OT, 4/4 roll, ATV speed 16 mph, dummy left lean at OT, OT location 
close to target OT location, electronic data checked and valid 
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J-Turn Quadbar ATV Test Run Log 
 

Test 
No. Test Config. Notes 

A22329 J-Turn, with 
Quadbar ATV OT, 4/4 roll, ATV speed too high 

A37250 J-Turn, with 
Quadbar ATV 

OT, 1/4 roll, ATV speed too low, steering system responding slowly - 
apparently too much friction, steering cable rubbing on mounting 
block 

A33012 J-Turn, with 
Quadbar ATV OT, 4/4 roll, ATV speed too high, left knee varus valgus pin sheared 

A32783 J-Turn, with 
Quadbar ATV OT, 4/4 roll, ATV speed too high 

A39704 J-Turn, with 
Quadbar ATV 

OT, 4/4 roll, ATV speed too low, steer input applied before target 
location 

A38665 J-Turn, with 
Quadbar ATV OT, 3/4 roll, ATV speed too low 

A39136 J-Turn, with 
Quadbar ATV OT, ATV speed too low 

A30277 J-Turn, with 
Quadbar ATV OT, 3/4 roll, ATV speed too high 

A37538 J-Turn, with 
Quadbar ATV 

No test, dummy would not power up after test, apparent power 
cable damage 

A38111 J-Turn, with 
Quadbar ATV 

OT, 3/4 roll, ATV speed approx. 16 mph, dummy leaning left at OT 
(similar to baseline ATV test), OT location and speed close to target, 
electronic data valid 

 



B-1 
 

 
 
 
 
 
 
 
 

APPENDIX B 
 

Split Screen Images of the V-Ditch Tests 
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 The following pages contain a sequence of images at 0.50 second 
intervals taken from the video camera located at the south end of the V-ditch 
test area. 
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 The following pages contain a sequence of images at 0.50 second 
intervals taken from the video camera located at the north end of the V-ditch 
test area. 
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 The following pages contain a sequence of images at 0.50 second 
intervals taken from the video camera located at the west side of the V-ditch 
test area. 
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 The following pages contain a sequence of images at 0.50 second 
intervals taken from the video camera located at the east side of the V-ditch 
test area. 
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APPENDIX C 
 

V-Ditch Injury Cost Model Summary 
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V-Ditch Quadbar ATV Test 
 
Injury Cost Model input: 
 
  Number of AIS 3 Femur Fractures                    = 0 
  Number of AIS 2 Tibia Fractures                    = 0 
  Number of AIS 3 Tibia Fractures                    = 0 
  Number of AIS 2 Knee Dislocation Injuries          = 0 
  Number of AIS 3 Knee Dislocation Injuries          = 0 
  Maximum Abdomen Penetration                        = 0 
  Maximum GAMBIT                                     = 0.32 
  Cmax                                               = 4.93 
  VCmax                                              = 0 
  HIC                                                = 204.24 
  NII (2005 MATD Neck)                               = 0.86 
  Head Vault Work                                    = 0 
  Face Work                                          = 0 
  Location of Cmax                                   : upper sternum 
  Location of VCmax                                  : upper sternum 
 
 
Injury Cost Model output: 
 
  MAIS                                               = 0 
  Total AIS                                          = 0 
  Normalized Injury Cost                             = 0.002 
  Normalized Cost of Survival                        = 0.002 
  Normalized Cost of Dying                           = 0.000 
  Probability of Fatality                            = 0.000 
  Probability of Fatality due to non AIS 6 injuries  = 0.000 
  Probability of Fatality due to AIS 6 injuries      = 0.000 
  Permanent Partial Incapacity                       = 0.000 
  Risk of life threatening brain injury (%)          = 0.000 
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V-Ditch Quadbar ATV Test 
 

Injury Probability by Body Region Table: 
 
 |------| ---------------------------------------------------------------------| 
 |      |                              BODY REGION                             | 
 |  AIS | ---------------------------------------------------------------------| 
 |      |    HEAD   |    NECK   |   CHEST   |  ABDOMEN  |          LEG         | 
 |      |Probability|Probability|Probability|Probability|Probability|# Injuries| 
 |------|-----------|-----------|-----------|-----------|-----------|----------| 
 |   0  |   0.952   |   1.000   |   1.000   |   1.000   |   1.000   |    0     | 
 |   1  |   0.022   |   0.000   |   0.000   |   0.000   |   0.000   |    0     | 
 |   2  |   0.017   |   0.000   |   0.000   |   0.000   |   0.000   |    0     | 
 |   3  |   0.009   |   0.000   |   0.000   |   0.000   |   0.000   |    0     | 
 |   4  |   0.000   |   0.000   |   0.000   |   0.000   |   0.000   |    0     | 
 |   5  |   0.000   |   0.000   |   0.000   |   0.000   |   0.000   |    0     | 
 |   6  |   0.000   |   0.000   |   0.000   |   0.000   |   0.000   |    0     | 
 |------|-----------|-----------|-----------|-----------|-----------|----------| 
 | PAIS |   0.084   |   0.000   |   0.000   |   0.000   |   0.000   |          | 
 |------|-----------|-----------|-----------|-----------|-----------|----------| 
 | PAIS |     0     |     0     |     0     |     0     |     0     |          | 
 |------|-----------|-----------|-----------|-----------|-----------|----------| 
 | Body |           |           |           |           |   0.000   |   Femur  | 
 |Region|   0.002   |   0.000   |   0.000   |   0.000   |   0.000   |   Knee   | 
 | NPIC |           |           |           |           |   0.000   |   Tibia  | 
 |      |           |           |           |           |   0.000   |   Leg    | 
 |------|-----------|-----------|-----------|-----------|-----------|----------| 
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V-Ditch Baseline ATV Test 
 
Injury Cost Model input: 
 
  Number of AIS 3 Femur Fractures                    = 0 
  Number of AIS 2 Tibia Fractures                    = 0 
  Number of AIS 3 Tibia Fractures                    = 0 
  Number of AIS 2 Knee Dislocation Injuries          = 0 
  Number of AIS 3 Knee Dislocation Injuries          = 0 
  Number of AIS 2 Humerus Fractures                  = 0 
  Number of AIS 2 Radius/Ulna Fractures              = 0 
  Maximum Abdomen Penetration                        = 0 
  Maximum GAMBIT                                     = 0.17 
  Cmax                                               = 19.18 
  VCmax                                              = 0 
  HIC                                                = 104.13 
  NII (2005 MATD Neck)                               = 1.38 
  Head Vault Work                                    = 0 
  Face Work                                          = 0 
  Location of Cmax                                   : upper sternum 
  Location of VCmax                                  : upper sternum 
 
 
Injury Cost Model output: 
 
  MAIS                                               = 0 
  Total AIS                                          = 0 
  Normalized Injury Cost                             = 0.001 
  Normalized Cost of Survival                        = 0.001 
  Normalized Cost of Dying                           = 0.000 
  Probability of Fatality                            = 0.000 
  Probability of Fatality due to non AIS 6 injuries  = 0.000 
  Probability of Fatality due to AIS 6 injuries      = 0.000 
  Permanent Partial Incapacity                       = 0.000 
  Risk of life threatening brain injury (%)          = 0.000 
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V-Ditch Baseline ATV Test 
 
Injury Probability by Body Region Table: 
 
 |------| ---------------------------------------------------------------------| 
 |      |                              BODY REGION                             | 
 |  AIS | ---------------------------------------------------------------------| 
 |      |    HEAD   |    NECK   |   CHEST   |  ABDOMEN  |          LEG         | 
 |      |Probability|Probability|Probability|Probability|Probability|# Injuries| 
 |------|-----------|-----------|-----------|-----------|-----------|----------| 
 |   0  |   0.993   |   1.000   |   0.864   |   1.000   |   1.000   |    0     | 
 |   1  |   0.001   |   0.000   |   0.122   |   0.000   |   0.000   |    0     | 
 |   2  |   0.001   |   0.000   |   0.013   |   0.000   |   0.000   |    0     | 
 |   3  |   0.005   |   0.000   |   0.000   |   0.000   |   0.000   |    0     | 
 |   4  |   0.000   |   0.000   |   0.000   |   0.000   |   0.000   |    0     | 
 |   5  |   0.000   |   0.000   |   0.000   |   0.000   |   0.000   |    0     | 
 |   6  |   0.000   |   0.000   |   0.000   |   0.000   |   0.000   |    0     | 
 |------|-----------|-----------|-----------|-----------|-----------|----------| 
 | PAIS |   0.017   |   0.000   |   0.149   |   0.000   |   0.000   |          | 
 |------|-----------|-----------|-----------|-----------|-----------|----------| 
 | PAIS |     0     |     0     |     0     |     0     |     0     |          | 
 |------|-----------|-----------|-----------|-----------|-----------|----------| 
 | Body |           |           |           |           |   0.000   |   Femur  | 
 |Region|   0.001   |   0.000   |   0.001   |   0.000   |   0.000   |   Knee   | 
 | NPIC |           |           |           |           |   0.000   |   Tibia  | 
 |      |           |           |           |           |   0.000   |   Leg    | 
 |------|-----------|-----------|-----------|-----------|-----------|----------| 
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APPENDIX D 
 

Split Screen Images of the J-Turn Tests 
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 The following pages contain a sequence of images at 0.50 second 
intervals taken from the video camera located to the southeast from the J-
turn test area. 
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 The following pages contain a sequence of images at 0.50 second 
intervals taken from the video camera located to the southwest from the J-
turn test area. 
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 The following pages contain a sequence of images at 0.50 second 
intervals taken from the video camera located to the northeast from the J-
turn test area. 
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 The following pages contain a sequence of images at 0.50 second 
intervals taken from the video camera located to the northwest from the J-
turn test area. 
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APPENDIX E 
 

J-Turn Injury Cost Model Summary 
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J-Turn Quadbar ATV Test 
 
Injury Cost Model input: 
 
  Number of AIS 3 Femur Fractures                    = 0 
  Number of AIS 2 Tibia Fractures                    = 0 
  Number of AIS 3 Tibia Fractures                    = 0 
  Number of AIS 2 Knee Dislocation Injuries          = 0 
  Number of AIS 3 Knee Dislocation Injuries          = 0 
  Number of AIS 2 Humerus Fractures                  = 0 
  Number of AIS 2 Radius/Ulna Fractures              = 0 
  Maximum Abdomen Penetration                        = 0 
  Maximum GAMBIT                                     = 0.48 
  Cmax                                               = 2.67 
  VCmax                                              = 0 
  HIC                                                = 341.47 
  NII (2005 MATD Neck)                               = 1.04 
  Head Vault Work                                    = 0 
  Face Work                                          = 0 
  Location of Cmax                                   : upper sternum 
  Location of VCmax                                  : upper sternum 
 
 
Injury Cost Model output: 
 
  MAIS                                               = 0 
  Total AIS                                          = 0 
  Normalized Injury Cost                             = 0.006 
  Normalized Cost of Survival                        = 0.005 
  Normalized Cost of Dying                           = 0.001 
  Probability of Fatality                            = 0.001 
  Probability of Fatality due to non AIS 6 injuries  = 0.001 
  Probability of Fatality due to AIS 6 injuries      = 0.000 
  Permanent Partial Incapacity                       = 0.000 
  Risk of life threatening brain injury (%)          = 0.000 
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J-Turn Quadbar ATV Test 
 
Injury Probability by Body Region Table: 
 
 |------| ---------------------------------------------------------------------| 
 |      |                              BODY REGION                             | 
 |  AIS | ---------------------------------------------------------------------| 
 |      |    HEAD   |    NECK   |   CHEST   |  ABDOMEN  |          LEG         | 
 |      |Probability|Probability|Probability|Probability|Probability|# Injuries| 
 |------|-----------|-----------|-----------|-----------|-----------|----------| 
 |   0  |   0.795   |   1.000   |   1.000   |   1.000   |   1.000   |    0     | 
 |   1  |   0.102   |   0.000   |   0.000   |   0.000   |   0.000   |    0     | 
 |   2  |   0.082   |   0.000   |   0.000   |   0.000   |   0.000   |    0     | 
 |   3  |   0.020   |   0.000   |   0.000   |   0.000   |   0.000   |    0     | 
 |   4  |   0.000   |   0.000   |   0.000   |   0.000   |   0.000   |    0     | 
 |   5  |   0.000   |   0.000   |   0.000   |   0.000   |   0.000   |    0     | 
 |   6  |   0.000   |   0.000   |   0.000   |   0.000   |   0.000   |    0     | 
 |------|-----------|-----------|-----------|-----------|-----------|----------| 
 | PAIS |   0.328   |   0.000   |   0.000   |   0.000   |   0.000   |          | 
 |------|-----------|-----------|-----------|-----------|-----------|----------| 
 | PAIS |     0     |     0     |     0     |     0     |     0     |          | 
 |------|-----------|-----------|-----------|-----------|-----------|----------| 
 | Body |           |           |           |           |   0.000   |   Femur  | 
 |Region|   0.006   |   0.000   |   0.000   |   0.000   |   0.000   |   Knee   | 
 | NPIC |           |           |           |           |   0.000   |   Tibia  | 
 |      |           |           |           |           |   0.000   |   Leg    | 
 |------|-----------|-----------|-----------|-----------|-----------|----------| 
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J-Turn Baseline ATV Test 
 
Injury Cost Model input: 
 
  Number of AIS 3 Femur Fractures                    = 0 
  Number of AIS 2 Tibia Fractures                    = 0 
  Number of AIS 3 Tibia Fractures                    = 0 
  Number of AIS 2 Knee Dislocation Injuries          = 0 
  Number of AIS 3 Knee Dislocation Injuries          = 0 
  Number of AIS 2 Humerus Fractures                  = 0 
  Number of AIS 2 Radius/Ulna Fractures              = 0 
  Maximum Abdomen Penetration                        = 0 
  Maximum GAMBIT                                     = 0.39 
  Cmax                                               = 2.72 
  VCmax                                              = 0 
  HIC                                                = 90.46 
  NII (2005 MATD Neck)                               = 1.41 
  Head Vault Work                                    = 0 
  Face Work                                          = 0 
  Location of Cmax                                   : upper sternum 
  Location of VCmax                                  : upper sternum 
 
 
Injury Cost Model output: 
 
  MAIS                                               = 0 
  Total AIS                                          = 0 
  Normalized Injury Cost                             = 0.002 
  Normalized Cost of Survival                        = 0.001 
  Normalized Cost of Dying                           = 0.000 
  Probability of Fatality                            = 0.000 
  Probability of Fatality due to non AIS 6 injuries  = 0.000 
  Probability of Fatality due to AIS 6 injuries      = 0.000 
  Permanent Partial Incapacity                       = 0.000 
  Risk of life threatening brain injury (%)          = 0.000 
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J-Turn Baseline ATV Test 
 
Injury Probability by Body Region Table: 
 
 |------| ---------------------------------------------------------------------| 
 |      |                              BODY REGION                             | 
 |  AIS | ---------------------------------------------------------------------| 
 |      |    HEAD   |    NECK   |   CHEST   |  ABDOMEN  |          LEG         | 
 |      |Probability|Probability|Probability|Probability|Probability|# Injuries| 
 |------|-----------|-----------|-----------|-----------|-----------|----------| 
 |   0  |   0.906   |   1.000   |   1.000   |   1.000   |   1.000   |    0     | 
 |   1  |   0.061   |   0.000   |   0.000   |   0.000   |   0.000   |    0     | 
 |   2  |   0.029   |   0.000   |   0.000   |   0.000   |   0.000   |    0     | 
 |   3  |   0.004   |   0.000   |   0.000   |   0.000   |   0.000   |    0     | 
 |   4  |   0.000   |   0.000   |   0.000   |   0.000   |   0.000   |    0     | 
 |   5  |   0.000   |   0.000   |   0.000   |   0.000   |   0.000   |    0     | 
 |   6  |   0.000   |   0.000   |   0.000   |   0.000   |   0.000   |    0     | 
 |------|-----------|-----------|-----------|-----------|-----------|----------| 
 | PAIS |   0.131   |   0.000   |   0.000   |   0.000   |   0.000   |          | 
 |------|-----------|-----------|-----------|-----------|-----------|----------| 
 | PAIS |     0     |     0     |     0     |     0     |     0     |          | 
 |------|-----------|-----------|-----------|-----------|-----------|----------| 
 | Body |           |           |           |           |   0.000   |   Femur  | 
 |Region|   0.002   |   0.000   |   0.000   |   0.000   |   0.000   |   Knee   | 
 | NPIC |           |           |           |           |   0.000   |   Tibia  | 
 |      |           |           |           |           |   0.000   |   Leg    | 
 |------|-----------|-----------|-----------|-----------|-----------|----------| 
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