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Vehicle Crush Stiffness Values
Crash Testing and Available Vehicles

Why can’t I get data for my specific year/make/model
from the NHTSA Crash Test database?

Several Reasons -

» NHTSA is required to purchase the vehicles off of dealer lots
at the going price.

» This is part of the reason you don't normally see the “high end”
vehicles being crash tested .... it's a budget thing.

» For the same reason (budget), NHTSA will typically only test
the venhicles in the first or second year of a major change, and
then not test them again until the next major change.
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Vehicle Crush Stiffness Values
Crash Testing and Available Vehicles

» Thus, while you might have a 2019 venhicle, you will have to
base the stiffness values on a test of a 2017 vehicle.

What tests are typically available for a given vehicle?

» Typically there will be 1-2 tests for Front, 1-2 tests for side
(again, typically on the driver’'s side) and post-1998 1 or no
tests on the Rear.

» There may also be a number of tests that are not full vehicle

tests. They are for airbag deployment, restraints, etc. These
are not full vehicle tests in order to help save on costs.

California Association of Accident Reconstruction §pecia|ists - 2026 Copyright 2026 - Daniel W. Vomhof Ill - All Rights Reserved
4



Vehicle Crush Stiffness Values
Crash Testing and Available Vehicles

» The reasons for the lack of Rear testing is two-fold -

»» First, a money savings so that more testing of these other
types can be completed.

»» Second, a decision was made by NHTSA that people “were
no longer getting seriously injured” in rear end collisions, so
money would be better allocated to other testing.

Additionally, when there ARE rear tests available, it is not
uncommon for the online database to be missing some or all of
the data needed for calculating stiffness values. This data can
sometimes be found in the contractor report, but ... may be
limited as to what data is available (such as MAXIMUM crush

only).
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Vehicle Crush Stiffness Values
Crash Testing and Available Vehicles

So what tests ARE available?

» Using the 2009 model year as an example -

»» There are a total of 196 tests available in the NHTSA
database for the 2009 model year.

»» Of those 196 tests, 86 of the tests have one or more
crush depths recorded and reported in the database. The
remaining 110 tests have no crush depths reported in the
database. These are tests that either have no crush to report,
such as static airbag tests, or have no crush measurements
required as a part of the testing per contract.

»» Based on the reported impact angle, 40 of the tests with
reported crush are side impact tests.
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Vehicle Crush Stiffness Values
Crash Testing and Available Vehicles

»» Again, based on the reported impact angle, 12 of the 196
tests are rear impact fuel integrity tests, and again, NONE of
these tests have any reported crush depths, as they are not
required to have any per the crash testing contract (as
reported/stated to me by several different testing
representatives and or NHTSA representatives).

»» So lets count the numbers ... 86 tests with measurement
data, 40 of which are side tests, leaving 46 as frontal tests. If
one assumes 2 frontal tests and 2 side tests per model, one
being a full barrier and one a pole test, that means only ~23
models crash tested within the 2009 model year for frontal
impact, and ~20 tested for side impact.

»» The limited number of tests, in combination with the lack
of measurement data in some of the tests, limits what an
accident reconstruction professional can at times accomplish.

California Association of Accident Reconstruction §pecialists -2026 Copyright 2026 - Daniel W. Vomhof Il - All Rights Reserved
7




Vehicle Crush Stiffness Values
Crash Testing and Available Vehicles

»» The limited data also can force compromises between
what a perfect world would expect, and what can be done with
the data available.

This can be compared to what is known as the CSI effect,
where it is expected that DNA is run in mere hours, and a
total case wrapped up in 50 minutes .... or 1 hour when you
add in commercials.

The limited data is also why one operating as an Expert in
Accident Reconstruction should understand and be able to
explain the limitations, and why the compromises were
necessary when they become necessary.
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Vehicle Crush Stiffness Values
Crash Testing and Available Vehicles

There are other testing organizations throughout the
world. Why are the stiffness values calculated primarily
(only?) based on testing by NHTSA?

» The primary reason for this is that the other NCAP testing
done by agencies other than NHTSA do not publish things
such as crush depths. They may also be missing things like
weight and closing speed. Without this data, the stiffness
values cannot be calculated.

» For this reason (NHTSA data “only”) the crash testing is
based on vehicles intended for sale in the U.S./Canada.
Vehicles specific to other countries are not commonly (or at
all) tested.
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Vehicle Crush Stiffness Values
Speed

What speed(s) are reported in the NHTSA Crash Test
database?

» The NHTSA database reports CLOSING SPEED.
»» The database does not report any Av for a test.

»» The database does not report any exit speeds or
after/post impact speeds for a test.

»» The database does not report any Damage energy
speeds for a test.

»» The database does not report any stiffness values for a
test.

If any of this data is desired, it must be calculated from the
rest of the test data, or extracted from instrumentation data.
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Vehicle Crush Stiffness Values
Speed- Fixed Barrier Tests

What speed should be used in calculating stiffness
values?

» The common designation in the published formulas is Av,
... however ... the actual Av is seldom/never the speed to be
used in the calculations.

» the reason that the Av is not the appropriate speed is a
many layered answer. We will first look at the case of the
fixed barrier (primarily frontal) testing, and then we will look at

the movable barrier (primarily side/rear) testing.
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Vehicle Crush Stiffness Values

Speed- Fixed Barrier Tests
» Point 1 - First, remember that The Law of Conservation of
Energy says that energy is neither created nor destroyed.

So, for an example, a vehicle with a mass of 1000 comes
into a barrier at a speed of 35 mph, is crushed, and bounces
back at a speed of 4 mph.

Closing speed = 35 mph = 51.33 fps

Av speed = S; - S; (I.€. - Spe€dpg;impact = SPE€E€prs impact)
Av speed = (-4) - 35 = -39 mph =-57.2 fps

Lets remember that KE=1/2 * m*v?

So, in this example, the total energy coming into the barrier is
KE=1/2 * m*v® = 1/2*1000*51.33% = ~1,317,384

THIS IS THE TOTAL ENERGY COMING INTO THE
SYSTEM!!
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Vehicle Crush Stiffness Values
Speed- Fixed Barrier Tests

If the Av Is used, the system energy becomes
KE=1/2*m *v?=1*1000 * (-57.2)* = ~1,635,920
Completing the calculations -

Closing Speed system energy = ~1,317,384

Av Speed system energy = ~1,635,920

Result is 318,536 units of energy MORE at the end
of the test than there was coming into the test

Thus, using the Av violates The Law of
Conservation of Energy as energy has been
“created” during the test due to the impact with the

barrier.
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Vehicle Crush Stiffness Values

Speed- Fixed Barrier Tests

» Point 2 - The Crash Test database maintained by NHTSA
does not contain the “bounce back” speed.

This speed MIGHT be contained in the contractor report, but
often times is not.

This speed COULD probably be extracted from the
iInstrumentation, but which and how many of the sensors are
you going to use to establish the speed?

This speed could also, perhaps, be extracted from the vehicle
CDR/EDR in the more recent testing ... IF the CDR/EDR is
downloaded. For the majority of the tests this is not the case.

» Point 3 - For the same amount of crush, the higher the
speed, the stiffer the vehicle. Since the Av speed is higher
than the Closing Speed, using the Av speed will result in higher
stiffness values from the crash test which in turn results in a
higher calculated speed in the subject collision.
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Vehicle Crush Stiffness Values
Speed- Fixed Barrier Tests

Since a commonly heard “mantra”, especially within Law
Enforcement is “Minimum Speed” .... a stiffer vehicle is
undesirable.

» Point 4 - given that what we ACTUALLY want is the Energy,
expressed as a speed, that went into crushing the vehicle,
thought should be given to possibly using the Closing Speed
absolute value -the Bounce Back speed absolute value. Thus -

V..« = |Closing Speedl |Bounce Back Speed|
Viest = [35]-|-4] =

Again, Same Crush, LOWER speed, SOFTER stiffness,
LOWER subject collision speed.
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Vehicle Crush Stiffness Values

Speed - Fixed Barrier Tests

CAUTION -

Point 4 is not being promulgated as a recommended practice,
rather it is suggested for thought and something to test.

If the expert feels they can explain it, they might want work with
it, OTHERWISE, use the Closing Speed in the fixed barrier
tests.

» Point 5 - going back to the fact that the “bounce back” speed
IS not commonly/easily available, for standardization in the
calculation process, using the Closing Speed in the Fixed
Barrier collisions is proposed as the “proper” speed to use when
calculating stiffness values.
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Vehicle Crush Stiffness Values
Speed - Moving Barrier Tests

When are Moving Barriers used?

» The Moving Barrier Tests are typically a Side or Rear test.
However, there are some frontal barrier tests with moving
barriers as well. These are typically a Pole Test.

So, the Closing Speed. is there, is that the speed that I use?

» In a word .... NO.

» The Closing Speed is the only speed shown for these tests in
the NHTSA database.

» Using the closing Speed will give erroneously high stiffness
values, as use of the Closing Speed assumes that all of the
incoming Energy is absorbed by crushing the Target Vehicle.

» However, we KNOW that both the barrier and the target
vehicle continue “down stream” post impact.
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Vehicle Crush Stiffness Values

Speed - Moving Barrier Tests

» Thus, some of the incoming speed (energy) Is retained by
the barrier post impact, some of the speed (energy) is picked
up/gained by the target vehicle post impact, and some of the
speed (energy) goes into causing damage to the target
vehicle as well as the barrier.

» Assuming that all of the Closing Speed (energy) went into
causing the damage is an error that has been made by many.
It is also the reason that the authors of Expert AutoStats®
developed the Crush Factor (CF) value of CF=27 for the Rear
and Side estimations of Bullet Vehicle speed based on Target
Vehicle Damage only.

» Again, the speed to be used is the Damage Energy Speed
(I.e. - the Energy that went into crushing the vehicle,
expressed as a speed). This author likes to call that speed
KEES (Kinetic Energy Equivalent Speed).
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Vehicle Crush Stiffness Values
Speed - Moving Barrier Tests

Other authors will refer to the speed with various equivalents
of KEES, such as BEV (Barrier Equivalent Velocity), BES
(Barrier Equivalent Speed), EES (Energy Equivalent Speed),
DES (Damage Equivalent Speed) as well as other similar
terms. In the end, it boils down to using the energy
expressed which causes the damage, as a speed, NOT the
Av of either the barrier or the target.

Is this Damage Energy Speed given in the Crash Test
information?

» Again, in a word .... NO.

» As with the Fixed Barrier Tests, the Post Impact Speed
MIGHT be able to be extracted from the Instrumentation
Data. However, neither this, nor the Av, is the Damage
energy Speed.
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Vehicle Crush Stiffness Values

Speed - Moving Barrier Tests

» To illustrate this, we will examine 3 crash tests conducted in
2023 at the Pennsylvania State Police conference.

All 3 tests were instrumented, although not all of the
iInstruments recorded the full collision.

» CT1 and CT2 were a combined test where the bullet
vehicles, 2001 Ford Escorts, were pulled into the target
vehicles at the same time by the same vehicle.

» CT1 had a 2001 Ford Escort hitting the front of a 2005
Mercury Sable at about 53 mph.

» CT2 had a 2001 Ford Escort hitting the passenger side of a
1993 Buick Park Avenue at about 57 mph.

» Even though both Escorts were in theory traveling at the
same speed, since they were pulled by the same vehicle, they
had different instrumented closing/impact speeds.
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Vehicle Crush Stiffness Values
Speed - Moving Barrier Tests

» The difference in instrumented closing speed of the two
Escorts illustrates some of the variance that can be found
even in instrumented tests.

» CT3 had a 2000 Chevrolet Cavalier hitting the Rear of a
2004 Saturn lon at about 66 mph.

Since the model for calculating speed from damage assumes
that both vehicles reach a common speed/velocity at the
damage centroid, one can calculate the post impact speed of
both vehicles using an inline momentum calculation.

W1*S1 + W2*S2 = W1*S3 + W2*S4

A common Post Impact Speed is assumed so S3=54
If S2 = 0, then S3 can be calculated as

S3 =[W1*S1/ (W1 + W2)]
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Vehicle Crush Stiffness Values

Speed - Moving Barrier Tests

Then, knowing S3, a Av for each vehicle can be calculated as
follows:

Avl = S3-S1 And Av2 = S3-S2

These speeds can then be compared to the instrumented
Av’s to see if the calculated post impact speed is “good
enough” to continue with the comparison.

The KEES speed is calculated as
KEES = SQR[(Wtg,e: * Speedge"2) / (Wtgyer + Wihraged]

A paper discussing why and how the KEES is calculated can
be found on the 4N6XPRT Systems web site on the Papers
and Publications page. It is also available on the Conference
Material page from which this presentation can be
downloaded, and will be discussed at the end of the
presentation.
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Vehicle Crush Stiffness Values

Speed - Moving Barrier Tests

CT1 -

Bullet = Escort, Wt = 2506 pounds, Impact Speed ~53 mph,
Instrumented Post Impact Speed ~ 18.7 mph

Target = Sable, Wt = 3228 pounds, Impact speed = 0 mph,
Instrumented Post Impact Speed ~ 26.7 mph

Calculated Common Post Impact Velocity (V3) ~23.2 mph
Escort Av - Instrumented = 34.3 mph, V3-V1 =-29.8 mph
Sable Av - Instrumented = 26.7 mph, V3-V1 = 23.2 mph
KEES.,,. = SQR[(2506*53"2) / (2506+3228)]

KEESg,,. = 35.04 mph

Now, Compare the KEES to the Av’s first of the Sable, since
that is what the KEES applies to, and then to the Escort.

California Association of Accident Reconstruction §pecia|ists -2026 Copyright 2026 - Daniel W. Vomhof Il - All Rights Reserved
23



Vehicle Crush Stiffness Values
Speed - Moving Barrier Tests

It can be clearly seen that the KEES speed is NOT the Av speed
for the Sable. While not as clear in this test, due to the
Instrumented Escort Av being close in magnitude to the KEES
speed, it can also be seen that most likely the Escort Av is not the
KEES speed for the Sable either. Further, it can be seen that the
calculated common post impact velocity (V3) is relatively close in
magnitude to the post impact speed for both the Escort and the

- PSP 2023 - CT1
2001 Escort 2005 Sable
Pre-
Weight (Ibs) 2506 3228 W1*Vvi w2=y2 (W1+W2) *y3
Speed (mph) 53 o 132818 0 5734 *V3
V3= (WL*V1}/(WIi+WwW2)
Post - V3= 23.16
Weight (Ibs) 2506 3228
Speed (mph) 18.7 26.7
Delta-v Meas 34.3 26.7
Delta-v Calc 29.84 23.16 | |
KEES = SQR ( Wt bar * Spd Bar #2) / (wt bar + Wt Targ)
KEES Targ = 35.04

California Association of Accident Reconstruction Specialists - 2026
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Vehicle Crush Stiffness Values
Speed - Moving Barrier Tests

CT2 -

Bullet = Escort, Wt = 2568 pounds, Impact Speed ~57 mph,
Instrumented Post Impact Speed ~ 23.2 mph

Target = Park Ave, Wt = 3491 pounds, Impact speed = 0
mph, Instrumented Post Impact Speed ~ 25.6 mph

Calculated Common Post Impact Velocity (V3) ~24.2 mph
Escort Av - Instrumented = 33.8 mph, V3-V1 =-32.8 mph
Park Ave Av - Instrumented = 25.6 mph, V3-V1 = 24.2 mph
KEES,, ae = SQR[(2568*57/2) / (2568+3491)]

KEES;, .. = 37.11 mph

Now, Compare the KEES to the Av’s first of the Park Ave,
since that is what the KEES applies to, and then to the Escort.
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Vehicle Crush Stiffness Values

Speed - Moving Barrier Tests

It can be clearly seen that the KEES speed is NOT the Av
speed for the Park Ave. It can also be clearly seen that the
Escort Av is not the KEES speed for the Park Ave either.
Further, it can be seen that the calculated common post
Impact velocity (V3) is close in magnitude to the post impact
speed for both the Escort and the Park Ave.

PSP 2023 -C72
2001 Escort 93 Park Avenue
Pre -
weight (Ibs) 2568 3451 WI*V1 | W2*Vz = (Wi+w2) *y3
Speed (mph) 57 0 146376 0 6059 * V3
Vi=  (WI*v1)/(WL+W32)
Post- Vi= 24.16
Weight (Ibs) 2568 3451
Speed (mph) 23.2 25.6
Delta-v Meas 33.8 25.6
Delta-v Calc 32.84 24.16
KEES = SQR ( Wt bar * Spd Bar #2) / (wt bar + Wt Targ)
KEES Targ = 37.11
California Association of Accident Reconstruction Specialists - 2026 Copyright 2026 - Daniel W. Vomhof Il - All Rights Reserved
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Vehicle Crush Stiffness Values

Speed - Moving Barrier Tests

CT3 -

Bullet = Cavalier, Wt = 2597 pounds, Impact Speed ~66 mph,
Instrumented Post Impact Speed ~ 32.2 mph

Target = lon, Wt = 2786 pounds, Impact speed = 0 mph,
Instrumented Post Impact Speed ~ 31.3 mph

Calculated Common Post Impact Velocity (V3) ~31.8 mph
Cavalier Av - Instrumented = 33.8 mph, V3-V1 = -34.2 mph
lon Av - Instrumented = 31.3 mph, V3-V1 = 31.8 mph
KEES,, , = SQR[(2597*66"2) / (2597+2786)]

KEES,,, = 45.84 mph

Now, Compare the KEES to the v’s first of the lon, since that
Is what the KEES applies to, and then to the Cavalier.
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Vehicle Crush Stiffness Values

Speed - Moving Barrier Tests

It can be clearly seen that the KEES speed is NOT the Av
speed for the lon. It can also be seen that the Cavalier Av is
not the KEES speed for the lon either. Finally, it can be seen
that the calculated Post Impact Common Velocity (V3) is quite
close to the Post Impact Velocity of both the Cavalier and the
lon.

PSP 2023 -CT3
2000 Cavalier 2004 10N

Pre-
Weight (1bs) 2597 2786 WI*V1l W2=y2 = (WiI+w2) V3
Speed (mph) 66 0 171402 0 5383 *V3
V3= (W1*vi)/(Wl+W2)
Post - Vi= 31.84
Weight (Ibs) 2597 2786
Speed (mph) 32.2 31.3
Delta-v Meas 33.8 31.3
Cielta-v Calc 34.16 31.84
KEES = SQR | Wt bar * Spd Bar #2) / (wt bar + Wt Targ)
KEES Targ = 45.84
California Association of Accident Reconstruction Specialists - 2026 Copyright 2026 - Daniel W. Vomhof Il - All Rights Reserved
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Vehicle Crush Stiffness Values
Speed - Av,

But the commonly published formulas refer to Av as one
of the variables?

» As stated previously, the reason Av is not the appropriate
speed to be used is a many layered answer.

We have already seen examples of how/why Av is not
appropriate, as it is not the Damage Energy Speed, lets now
look at Av specifically in depth.

» Av is a linear calculation, commonly calculated as
Av=S; - S, where S; = Speed final and S, = Speed initial.

The other component of the Av is that within physics Av is a
vector value defined as change in speed, direction, or both.
Within the field of Accident Reconstruction, Av is commonly
treated as a scalar value and the change in direction
component is typically ignored.
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Vehicle Crush Stiffness Values
Speed - Av,

» When applied to calculating Stiffness values, some have
used the incoming barrier speed as the Initial speed, and the
calculated vehicle departure speed as the final speed to arrive
at their Av, and then use the absolute value of that speed.

» Problem, and it is significant. Crush is ENERGY.
Remember, KE=1/2*m*v?. Where is the v? in a Av
calculation?

» It doesn't exist. If we look at our three test crashes, and
compare the Av, calculated in the manner described
previously, and compare them to the KEES speed, we get -

CT1 - Av = |23 - 53| = 30 mph KEES = 35 mph
CT2 - Av = |24 - 57| = 33 mph KEES = 37 mph
CT3 - Av = |32 - 66| = 34 mph KEES = 46 mph
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Vehicle Crush Stiffness Values
Speed - Av,

» As can be seen, the Av calculation will typically result in lower,
sometimes MUCH lower speeds for the Stiffness Calculations.

» While the lower speed can be “good” if the intent is to try and
establish a minimum or “floor” speed, this approach illustrates a
lack of understanding of what is going on in crush, stiffness
values, and the calculations of the various values/numbers.

» Again - Speed from Av is a LINEAR value/calculation. Speed
from crush is an ENERGY calculation and thus has a
SQUARED term as part of its calculation.

» The choice to use the variable term Av, within the published
formulas relating to speed from crush calculations is an
unfortunate one, as it has led to several misunderstandings
regarding the mechanics of the calculations.
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Vehicle Crush Stiffness Values

Speed - Av,, - Additional “Fallout” - CF

» There are other stiffness values besides the CRASH Il A-B-
G values which are used in speed from crush calculations.
One of these types of values is the Crush Factor (CF) as
published in the Expert AutoStats® program

» The CF value is calculated in the same way that a “drag
factor” is calculated from test skids:

CF = Speed?/ 30 * Crush

where the Crush distance is the Maximum Crush in feet and
the Speed is the Crush Energy Speed (KEES) in mph.

» If the Av is used instead of the Crush Energy Speed
(KEES), lower to significantly lower values for CF are then
calculated, as can be seen from our three test crashes on the

following slides.
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Vehicle Crush Stiffness Values
Speed - Av,, - Additional “Fallout” - CF

» First, some explanations/definitions-

»» Within Expert AutoStats® publication a value of CF=21 is
recommended to calculate a KEES speed based on the
maximum crush.

»» Within Expert AutoStats® publication a value of CF=27 is
recommended to calculate a BULLET speed based on the
maximum crush to only the TARGET vehicle.

This CF=27 is a fallout from initially trying to calculate the CF
values based on the Closing Speed and the target damage,
taken verbatim from the NHTSA Crash Test database.

The following screens will show a comparison of the Test
Specific CF calculated based on the various Av’'s and Test
KEES, followed by a back calculation of speed using the
default CF values found in Expert AutoStats®.
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Vehicle Crush Stiffness Values
Speed - Av,, - Additional “Fallout” - CF

PSP 2023 -CT1
2001 Escort 2005 Sable 2005 sable
Max Crush
inches 27
feet 2.25
Closing - PIS
Delta-v Meas 34.30 26.70
Delta-v Calc 29.84 23.16 29.84
Test Specific CF based on Delta-v Closing - PIS
Delta-v Meas 17.4 10.6
Delta-v Calc 13.2 7.9 13.2
KEES Target = 35.04
Test Specific CF based on KEES 18.2
Compare to
CF=21 37.6 35.04 KEES mph
CF=27 42.7 53 Closing mph

Cahlornla KSSOCIatIOH OI chlaent ﬁeconstructlon Specialists-_m
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Vehicle Crush Stiffness Values
Speed - Av,, - Additional “Fallout” - CF

» Examining the data for CT1, we can see that the CF value
based on the various Av’'s is lower to significantly lower than
the CF based on the KEES. This makes sense given that the
KEES speed is higher to significantly higher than the Av
speeds.

» The Av which would normally be used based on crash testing
would be the one in the third column which is calculated in the
spreadsheet as Closing Speed - PIS (Post Impact Speed).

» It can be seen that in this test using the Av instead of the
KEES to calculate a Test Specific CF will underestimate the
KEES speed by a large, potentially significant, amount.

» The default CF=21 only slightly overestimates the KEES
speed in this test (~2.6 mph over). The CF=27 underestimates
the closing speed of the bullet vehicle (11-12 mph under).
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Vehicle Crush Stiffness Values
Speed - Av,, - Additional “Fallout” - CF

PSP 2023 -CT2
2001 Escort 93 Park Avenue 93 Park Avenue
Max Crush
inches 33
feet 2.75
Closing - PIS
Delta-v Meas 33.80 25.60
Delta-v Calc 32.84 24.16 32.84
Test Specific CF based on Delta-v Closing - PIS
Delta-v Meas 13.8 7.9
Delta-v Calc 13.1 7.1 13.1
KEES Target = 3711
Test Specific CF based on KEES 16.7
Compare to
CF=21 41.6 37.11 KEES mph
CF=27 47.2 57 Closing mph
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Vehicle Crush Stiffness Values
Speed - Av,, - Additional “Fallout” - CF

» Examining the data for CT2, we can see that the CF value
based on the various Av’'s is lower to significantly lower than
the CF based on the KEES. This makes sense given that the
KEES speed is higher to significantly higher than the Av
speeds.

» The Av which would normally be used based on crash testing
would be the one in the third column which is calculated in the
spreadsheet as Closing Speed - PIS (Post Impact Speed).

» It can be seen that in this test using the Av instead of the
KEES to calculate a Test Specific CF will underestimate the
KEES speed by a large, potentially significant, amount.

» The default CF=21 only slightly overestimates the KEES
speed in this test (~4.5 mph over). The CF=27 underestimates
the closing speed of the bullet vehicle (~10 mph under).
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Vehicle Crush Stiffness Values
Speed - Av,, - Additional “Fallout” - CF

PSP 2023 - CT3
2000 Cavalier 2004 10N 2004 10N
Max Crush
inches 33.7
feet 2.81
Closing - PIS
Delta-v Meas 33.80 31.30
Delta-v Calc 34.16 31.84 34.16
Test Specific CF based on Delta-v Closing - PIS
Delta-v Meas 13.6 11.6
Delta-v Calc 13.8 12.0 13.8
KEES Target = 45.84
Test Specific CF based on KEES 24.9
Compare to
CF=21 42.1 45.84 KEES mph
CF =27 47.7 66 Closing mph
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Vehicle Crush Stiffness Values

Speed - Av,, - Additional “Fallout” - CF

» Examining the data for CT3, we can see that the CF value
based on the various Av’'s is lower to significantly lower than
the CF based on the KEES. This makes sense given that the
KEES speed is higher to significantly higher than the Av
speeds.

» The Av which would normally be used based on crash testing
would be the one in the third column which is calculated in the
spreadsheet as Closing Speed - PIS (Post Impact Speed).

» It can be seen that in this test using the Av instead of the
KEES to calculate a Test Specific CF will underestimate the
KEES speed by a large, potentially significant, amount.

» The default CF=21 slightly underestimates the KEES speed
In this test (~3.7 mph under). The CF=27 underestimates the
closing speed of the bullet vehicle (~18 mph under).
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Vehicle Crush Stiffness Values
Speed - Av,, - Additional “Fallout” - CF

» The effect of using Av instead of KEES for calculating the
CF values will be seen in any other stiffness value calculation.
The CF values were used for this illustration due to the ease
of calculation.

» The “last” issue on this is that, as we have seen, crush
calculations are not linear in nature. Therefore, basing
stiffness values on Av, a linear/scalar calculation, is
erroneous, and will lead to erroneously underestimating
speed based on crush sustained in a crash.

» Due to speed from crush being an energy calculation, which
IS not linear, to this author’'s knowledge there is no way to
DIRECTLY calculate a Av from crush. Even the apparent
linear “Rules of Thumb” (1 mph per 1 inch of crush) are
referring to the KEES, not the Av.
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Vehicle Crush Stiffness Values
Crash Test Contractor “Issues”

Why do some of the Frontal tests have a PDOF of 180?

» When reviewing the NHTSA Crash Test database, one
needs to remember that the contractors conducting the tests
are not, for the most part, trained in accident investigation.

» For that reason, a frontal test, which should have a PDOF of
0, which is the direction of the Force Vector outwards from
the venhicle, is assigned a PDOF of 180, since the force is
acting to crush the parts of the vehicle towards the rear.

» For this reason, the author tends to rely on the VDI (Vehicle
Damage Index) clock position more than the PDOF -i.e. - 12
= Front, 03 = Passenger side, 06 = Rear, and 09 = Driver
Side.
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Vehicle Crush Stiffness Values

Crash Test Contractor “Issues”

For Front and Rear tests, why would we want to use the
vehicle width instead of the Indentation length for the

crush length?

» First, you can identify what a vehicle width is, you cannot
necessarily identify where the two ends of the Indentation
length are positioned on the vehicle.

» Second, the NHTSA definition of “Indentation Length” is a
measurement from the start of Induced damage on one side,
through the contact damage, to end of Induced damage on the
other side, as long as it does not exceed the overall width of
the vehicle.

With that said/identified, there are a suspiciously large number
of tests with a 60 inch indentation length, consistent with
contact only damage.
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Vehicle Crush Stiffness Values
Crash Test Contractor “Issues”

55. LENCNT — Total Length of Indentation

Integer, millimeters, () or positive

LENCNT 1s the length of the total contact damage incurred by the vehicle. Figure 2-10, on the next
page, shows an example of how the total length of the indentation is the combination of direct and

induced damage.

TOTAL
LENGTH OF

| INDENTATION ___
(LENCNT)

' < ] /L

Vehicle 2 —e

e ~4 DIRECT 4+ ~ta
! CONTACT %
INDUCED ‘ EQ';Q?,E INDUCED
DAMAGE \* DAMAGE
LENGTH LENGTH
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Vehicle Crush Stiffness Values
Crash Test Contractor “Issues”

» For these reasons the author prefers to use the
vehicle width instead of the indentation length for the
crush length when calculating stiffness values.

» An additional benefit of using the vehicle width over
the indentation length is the greater length will result
in slightly softer stiffness A-B values, resulting in
slightly more conservative ultimate speeds but with a

basis that the user can explain, and is not based
upon an “error’.
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Vehicle Crush Stiffness Values
Crash Test Contractor “Issues”

Why doesn’t the AVERAGE CRUSH stated by a
contractor in a contractor report match the average
calculated in the “normal” CRASH III formula?

» The average crush calculated in the CRASH Il formula
Crush,,, = (c;+ 2"Co+ 27C5 + 2°C, + 27C5 + Cg) / (275)
Provides what is known as a TRAPEZOIDAL average. The

average calculated by the contracting agencies is most
commonly a SIMPLE average.

Crush_,,=(C;+Cy+ C3+C,+C;+Cq) / 6

avg —

Again ... the Contractors are not Accident Reconstructionists
and are, to a certain extent, working under different “rules”.
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Vehicle Crush Stiffness Values

Case Example 1 - lllustration of Problems

This case came out of Australia, and is a collision initially
between an Isuzu 2013 FRR600 Box Truck (front) and a 2015
Hyundai I30 (similar to Elantra) “Sedan” (Hatchback - rear).
Subsequent to the rear impact, the Hyundai was struck on the
left side by the front of a 2013 Volkswagen Amarook (similar
to Ford Ranger/Chevrolet Colorado) “Utility” (pickup) travelling
In the opposite direction.

The Hyundai was slowing or stopped prior to making a right
turn (similar to a left in the U.S.A.).

As a result of the initial collision, the Hyundai was rotated to
the right (clockwise) and pushed into the oncoming traffic lane
and thus the Volkswagen’s path.

Due to power loss or some other reason, there was no
CDR/EDR data recorded by the Hyundai. The Volkswagen
was not supported, and the Isuzu did not have an CDR/EDR.
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Vehicle Crush Stiffness Values
Case Example 1 - lllustration of Problems .

2
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Vehicle Crush Stiffness Values
Case Example 1 - lllustration of Problems
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Vehicle Crush Stiffness Values
Case Example 1 - lllustration of Problems
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Vehicle Crush Stiffness Values

Case Example 1 - lllustration of Problems
The speed limit for the Isuzu is posted as 80 kph (~ 50 mph).

It was deemed necessary to try and determine a speed for
the Isuzu, however,

- Speed determination via CDR/EDR was unavailable.

- Speed calculations through the use of momentum were
complicated due to the multiple impacts in opposite
directions.

Therefore, speed calculations using crush were deemed to be
the most appropriate.

- Due to the large number of vehicles that are unable to have
good A-B-G values calculated due to the lack of crash tests,
the CF is reportedly used extensively.
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Vehicle Crush Stiffness Values
Case Example 1 - lllustration of Problems

Maximum Crush to the rear of the Hyundai was reported at
~0.58 meters (~1.9 feet).

No crush depth for the Isuzu was reported.
No crush depth for the Volkswagen was reported.
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Vehicle Crush Stiffness Values
Case Example 1 - lllustration of Problems
Sl CIDED Jll > | '! Il
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Vehicle Crush Stiffness Values
Case Exa_p{lle1 - IIIuration of Problems
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Vehicle Crush Stiffness Values

Case Example 1 - lllustration of Problems
MW —— 1_48 metres_

g

1.48 metres

(019 s |

o

-f1su2u |
0 =

California Association of Accident Reconstruction §pecialists -2026 Copyright 2026 - Daniel W. Vomhof Il - All Rights Reserved
54



Vehicle Crush Stiffness Values
Case Example 1 - lllustration of Problems

==
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<- Isuzu mirrored to correlate damage outline
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Cru

) Equal

al (in)
C2 (in.)
3 (in)
C4 (in.)
C5 (in.)
€6 (in.)
C7 (in.)
C8 (in.)
9 (in.)
10 (in.)

Average Crush (inches): | 14.45
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Vehicle Crush Stiffness Values

Case Example 1 - lllustration of Problems

From the scans of the Isuzu and Hyundai which were put
together to show alignment, | was able to scale off some
additional crush measurements for both vehicles.

2015 HYUNDAI ELANTRA GT 2013 ISUZU FRR600

Curb Weight (pounds): 2954

Occupant + Cargo Weight {pounds): 306

Total Weight (pounds): 3260

Angle Caoll Force to Mormal (degrees): 0
No Damage Speed (mph): 2
Energy Crush Depth (inches): 14.45

Auto-Calculate Energy Crush Depth (V]

Damage Length (inches): 398

<h Profile Measurement= 5

Crush Spacing

8 Non-Equal
0.00 Spacm.g Zone Area

4,00 29.80
142

3.50 5215
149

17.40 263.61
154

14,90 229.46
154

e

Zone

PDOF

Lewver Arm Distance (inches):

Yaw Moment of Inertia (Ib-ft-sec®):

1]
2151 80

Auto-Calculate Yaw Moment [7]

Impact Location

Front Side @ Rear

Vehicle 1 Crush Measurements

Alefin,
Average 26356
Minimum 155.7
Maximum 4403
Stck. Devation 731

Area Zone

Depth(x). Depth(x) Depthiy)
(inches) (inches') (inches)

497
A5
7.58
770

ueh 267
228 52 525

199703 4355
1766.84 5245

B (Ib/in.)

854

310

191.5

423
Area

Depthiy)
(inches")

7947
27379

11479.65
11966.34

| Other

Curb Weight (pounds); 23259 PDOF
Occupant + Cargo Weight (pounds): 190
Total Weight (pounds): 23449

Angle Coll Force to Normal (degrees): (0

Mo Damage Speed (mph): 10

@ Front ) Side ) Rear Other
Energy Crush Depth (inches): 6.87
Auto-Czleulate Energy Crush Depth [V
Damage Length (inches): 298
Crush Profile Measurements: 3
Crush Spacing
7 Equal @ Mon-Equal
Zone Area Zone Area
Depth(x)  Depth(x)] Depth(y) Depthiy)
€1 (i) 0.00 Spacing ZoneArea  (inches)  (inches’)  (inches)  (inches’)
5,00 1875 2.50 46.88 333 6250
C2 (i) 7.5
24,80 186,00 3.75 697.50 37.20 6919.20
3 (in.) 75
C4 (in)
C5 (in)
6 (in.)
C7 (i)
CA& (in.)
9 (im)
10 (in)

Average Crush (inchesk:

Lewer Arm Distance (inches): 0
Yaw Moment of Inertin (Ib-ft-sec®): 22809.47

Auto-Caleulate Yaw Moment [V]

Impact Location
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Vehicle Crush Stiffness Values
Case Example 1 - lllustration of Problems

2015 HYUNDAI ELANTRA GT F 2013 ISUZU FRR600 4
Curb Weight (pounds): 2954 Curb Weight (pounds): 23259 *
Occupant + Cargo Weight (pounds): 306 i Occupant + Cargo Weight (pounds): 120 {;
Total Weight (pounds): 3260 '; Total Weight (pounds): 23449 :
Angle Coll Force to Mormal (degrees): 0 ?, Angle Ceoll Force to Mormal (degrees): 0 f
Mo Damage Speed (mph): 2 ['E No Damage Speed (mph): 10 ]i
Energy Crush Depth (inches): 1445 “ Energy Crush Depth (inches): 6.87 ;

= . -
Damage Length (inches): 39.8 i Damage Length (inches): 29.5 3
Crush Profile Measurements: 5 “: Crush Profile Measurements: 3 (
oo, A Crush Spacigees. — _en. i o v o) oo CTUsheiRAGIng e canin. b gt o apF
: Depth(x)‘ . Deptnix) ‘
CI Gin) 0.00 Spacing ZoneArea  (inches) 1 (in) 0.00 Spacing fLoneArea (inches)
e i — 4.00 29.80 497 4 N 5.00 18.75 2.50 l
i, B .
3.50 5215 745 24,80 185.00 275
C3 (in.) 14.9 1 C3(in.) 75
17.40 26361 758 :
C4 Gin) 154 & C4 (in) . #
14.90 229 .46 T.70 - ! Y
5 (in.) 15.4 _ 1 C5 (in.) ‘ 1
C6 (in.) «| €& (in) |l :
—_— —————————————
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Vehicle Crush Stiffness Values
Case Example 1 - lllustration of Problems

In the initial work up, the Reporting Officer used the CF=27
value and the 0.58 m of max crush to calculate the delta-v for
the Hyundai. Armed with that delta-v, the Closing speed was
then calculated using standard formula.

PROBLEMS -

» As we have already discussed, crush cannot calculate the
delta-v directly.

» Using CF=21, or a test specific CF value based on the
Damage Energy, a Damage Energy Speed can be calculated.
From there, using additional calculations, a Closing Speed
and delta-v could be calculated.

» The CF=27 is used to estimate the Bullet Vehicle Closing
Speed based on Target Vehicle damage only. Using CF=27
In this instance and way is the wrong CF value to use.
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Vehicle Crush Stiffness Values
Case Example 1 - lllustration of Problems

When using CF=21 and -

» the reported Max Crush of ~0.58 m (~1.9 ft), a KEES of
~55.5 kph (~34.5 mph) is calculated

» when using the ~0.6 feet of max crush to the Isuzu scaled
(conservatively) from the vehicle scan provided in
combination with the ~1.9 feet of crush to the Hyundai, a
KEES of ~ 38.8 mph (62.4 kph) is calculated

» when using only the ~1.3 feet of max crush for the Hyundai
scaled (conservatively) from the vehicle scan provided, a
KEES of ~ 28.6 mph (46.0 kph) is calculated

Remember that KEES can be calculated/estimated from
Closing speed in a “vehicle” vs “vehicle” impact as follows:

KEES = SQR[(Wtg,; * Speedg2) / (Whger + Wi oger)]
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Vehicle Crush Stiffness Values

Case Example 1 - lllustration of Problems

By rearranging this formula, one can calculate/estimate a
Closing Speed from the KEES:

KEES = SQR[(Wtgye; = Spe€dpyer2) / (Whgyier + Wirarger)]
Rearranged gives

Speedg,r = SQR[(KEES"2 ™ (Wigyer + Whrarger) / Wigyie) |
From this a closing speed for the Isuzu can be calculated of -
Crush = 1.9 ft then Closing Speed = 36.9 mph (59.3 kph)
Crush = 2.4 ft then Closing Speed = 41.5 mph (66.8 kph)
Crush = 1.3 ft then Closing Speed = 30.5 mph (49.1 kph)

All of these speeds are below the posted limit of 80 kph (50
mph). Thus, based on this information, overly excessive
speed (at impact) on the part of the Isuzu was not an issue.
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Vehicle Crush Stiffness Values
Case Example 1 - lllustration of Problems

However .....
From the Defense Expert (DE)-

» The DE attempted to find test data for the 130, but was
unable to do so.

» The DE was able to find Youtube videos of a number of
different rear end tests. Of the available rear impact tests,
two tests were used by the DE for his analysis. One of these
was for a standard Jetta sedan (totally dissimilar to the
subject vehicle body type), the other was for a Hyundai
Accent sedan (again, dissimilar vehicle body type). The
Contractor Reports for these two tests are attached to this
presentation.

Reviewing these two reports, one finds -
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Vehicle Crush Stiffness Values
Case Example 1 - lllustration of Problems

For the Jetta -

» NO vehicle crush depths or Indentation Length
» NO barrier crush depths or Indentation Length
» NO post impact (departure) speed

For the Accent -

> NO barrier crush depths or Indentation Length

» A reported “average” crush depth of 666 mm (pg 2-1) which
IS In fact the maximum centerline crush depth (pg 3-8)
» NO post impact (departure) speed

In both cases the DE made (reasonable) estimates of the
missing data to fill in the gaps. This author has no argument
with that, you have to work with what you are given.
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Vehicle Crush Stiffness Values
Case Example 1 - lllustration of Problems

However, DE then went on to critique the CF value
based upon its failure to correctly estimate the
CHANGE IN VELOCITY, which is not what the CF
value calculates. The DE also was critical that the
CF value, which is an average of a large number of
tests, did not “correctly” calculate the speed in two
selected tests. Again, a failure to understand how
the value was obtained and what it was calculating.

These problems were then further compounded by
calculating a “proper” CF using the calculated delta-v
from these two tests.
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Vehicle Crush Stiffness Values

Case Example 1 - lllustration of Problems
Jetta -

Closing Speed = 79 kph, Departure Speed = 36 kph,
crush depth = 0.98 m, Av . = 36 kph

Then using the metric form:
CF = (Av,.) "2/ (254*0.98) = 36”2/ 248.92 = 5.2
Accent -

Closing Speed = 79 kph, Departure Speed = 39 kph,
crush depth = 0.666 m, Av,.... = 39 kph

Then using the metric form:
CF = (AVaeen) "2/ (25470.666) = 3972 /169.2 = 9.0
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Vehicle Crush Stiffness Values
Case Example 1 - lllustration of Problems

The math is performed correctly for the numbers that
are input into the formula, HOWEVER, when one
uses the improper variables, the values obtained as
answers are meaningless.

The difference In calculation, and values obtained,
go as follows:

First realize that for the same vehicle (i.e. moving
barrier) KEES = SQR (CS*2 - PIS*2)

Where CS = Closing Speed and PIS = Post Impact
Speed
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Vehicle Crush Stiffness Values
Case Example 1 - lllustration of Problems

SO -

Jetta -

Impact ~79 kph (49.1 mph), PIS ~ 36 kph (22.4 mph)
Crush depth 0.98 m (3.2 ft)

KEES = SQR ( 7972 - 36"2) = 70.3 kph (not 36 kph)

This is the Kinetic Energy Equivalent Speed from the barrier
that went into creating the damage to the Jetta (and the
barrier).

CF = KEES 72/ (254 * Crush, meters)
CF = 70.3/2 / (254*0.98) = 4945 / 248.92 = 19.8 (not 5.2)
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Vehicle Crush Stiffness Values
Case Example 1 - lllustration of Problems

In the same way -

Accent -

Impact ~79 kph (49.1 mph), PIS ~ 39 kph (24.2 mph)
Crush depth 0.666 m (2.2 ft)

KEES = SQR ( 7972 - 39"2) = 68.7 kph (not 39 kph)

This is the Kinetic Energy Equivalent Speed from the barrier
that went into creating the damage to the Accent (and the
barrier).

CF = KEES 22/ (254 * Crush, meters)
CF = 68.772 / (254*0.666) = 4719.69 / 169.16 = 27.9 (not 9.0)
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Vehicle Crush Stiffness Values
Case Example 1 - lllustration of Problems

As this presentation was being prepared, in the back
of the author’'s mind the crowd could be heard
muttering “Boy, this guy is REALLY defensive!”

However, it was not the author’s intent to be
defensive, rather the intent was to clearly show that if
one starts with the wrong assumptions, the wrong
answers are derived.

To carry this example through to the end of the
matter, and to illustrate the problem further, lets look
at our 5 CF values ....
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Vehicle Crush Stiffness Values
Case Example 1 - lllustration of Problems

DE obtained values -
CFAvJetta = 9.2

CF, 5l=9 0

And Energy obtained values-
CFKEESJetta =19.8
CFKEESAutoStatsdefauIt =21
CFKEESAccent =2/7.9

Lets now use the reported Hyundai maximum crush
depth of 0.58 m (1.9 feet) to get the KEES speed for
the Hyundail damage
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Vehicle Crush Stiffness Values
Case Example 1 - lllustration of Problems

The resulting calculated KEES speeds (keeping in
mind that the first two are not really KEES speeds)

after changing just one “leetle” variable (the CF
value) are -

CF 5 = 5.2 -KEES = 27.7kph - CS,,,,= 29.6 kph
CF ponccar = 9.0 -KEES =36.5kph - CS,,,= 38.9 kph
CFuccsiona = 19.8  -KEES =54.1 kph - CS, = 57.7 kph

CI:KEESAutoStatsdefauIt =21 - KEES = 55.7 kph y CSIsuzu= 99.4 kph
CFrcecncan = 27.9  -KEES =64.2kph - CS,.= 68.5 kph
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Vehicle Crush Stiffness Values
Case Example 1 - lllustration of Problems

The standard or typical +/- speed range to be
expected when using the CF=21 value, as stated in
Expert AutoStats is +/- 5 mph (8 kph).

» [t can be seen that when the calculations are made with the
proper data, the Jetta’s test specific CF when applied to the
subject collision is well within this range.

» While the Accent’s test specific CF is ~1 kph outside of the
standard +/- 8 kph range, it is still within acceptable (to this
author) tolerances, especially when one considers that one is
applying a “Sedan” body type to a flat “Hatchback” vehicle.

Also keep in mind that the CF = 21 is a “average” of the
NHTSA Crash Test tests, and is applicable to finding the
KEES speed for Front, Side, and Rear impacts when nothing
else is “known” about the impacted vehicle.
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Vehicle Crush Stiffness Values
Case Example 1 - lllustration of Problems

For further in depth analysis work on the CF values as applied
to Frontal tests as contained in the NHTSA database, please
refer to “CRUSH FACTOR: A VALIDITY ANALYSIS - PART

1 (FRONTAL)” on the 4N6XPRT Systems web site -

https://www.4n6xprt.com/papers/
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Vehicle Crush Stiffness Values
Case Example 1 - lllustration of Problems

As a check on the Crush Factor analysis, a Force Balance
analysis using traditional A-B-G values was also conducted
within the 4N6XPRT StifCalcs program.

A “CLASS” vehicle was first created by looking for REAR
tests on FLAT Rear Cars (i.e. - Hatchback & Station Wagon).

Although not included in this CLASS vehicle preparation,
depending upon the crash to be evaluated, Van and Utility
body styles might also be included as they also have relatively
“flat” rear ends.

Tests where the “A” value exceeded a value of 500, or had a
value of O or less were excluded. The Statistical Summary for
the 47 tests found in the search is shown on the next slide.
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Vehicle Crush Stiffness Values
Case Example 1 - lllustration of Problems

ANG6XPRT StifCalcs® |--em=V e hicle Width-eme—|

Available Test Results |------Stiffness Value s-—--—-- | Crush

A B G Kv Factor

Rear Impact Test Summary

Average (AVG) 263.6 85.4 428.4 137.0 19.5

Minimum (MIN) 155.7 31.0 339.5 45.9 9.7

Maximum (MAX) 440.3 191.5 644.9 3131 48.5

Standard Deviation (STDev-sample) 73.1 42.3 65.4 70.0 7.1

Number of Tests (n) 47

Note the average CF value is 19.5. Not far from the
19.8 calculated for the Jetta Sedan, and as we have
seen, the difference between CF~19 and CF 21 is
minimal.
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Vehicle Crush Stiffness Values
Case Example 1 - lllustration of Problems

The Statistical Summary A-B values were imported to the
Force Balance module, and the crush profiles for both the 130

and FRR were input based upon scaling off of the alignment
scan.

Due to the damage to the 130 reportedly going over the
bumper, a NO DAMAGE value of 2 mph was used for the 130.
Per Wikipedia, the Elantra is a similar vehicle to the 130.

Due to the bumper affixed to the FRR appearing to be more
substantial than a “normal” bumper, a NO DAMAGE value of
10 mph was used for the FRR

The data inputs can be seen on the next slide.
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Vehicl-e Crush Stiffness Values

2015 HYUNDAI ELANTRA GT
25
306
3260

Curb Weight (pounds):
Occupant + Cargo Weight (pounds):
Total Weight (pounds):

Angle Call Force to Normal (degrees): 0

No Damage Speed (mph): 2
Energy Crush Depth (inches): 1445

Auto-Calculate Energy Crush Depth ||

PDOF
Lever Arm Distance (inches): 0
Yaw Moment of Inertia (lb-ft-sec’); 215180

Auto-Calculate Yaw Moment V]

Irnpact Location

Front Side @ Rear | Other

Yehicle 1 Crush Measurements

Aflb/in) B (lb/in’)
Average 2635 854
Damage Length (inches): 338 Minimum 1557 L0
Crush Profile Measurements: 5 Maimum 4403 1915
Crush Spacing Std. Devation 731 423
' Equal @ Non-Equal
Zone Area Zone Area
Depth(x}  Depthix) Depthly) Depthly)
QGn) oo  _pecing ZoneAres (inches) (inches) (inches) (inches)
4,00 2980 497 14801 267 1947
QGn) 19
3.50 5215 745 38852 525 231
Gin) 148
1740 26361 7.8 199703 4355 11479.85
C4 (in.) 154
1490 223946 7.0 176684 5215 11966.34
C5(n) 154
CB(in)
a7 ()
C&(in.)
8 in)
10 (in.)

Average Crush (inches): | 1445

alifornia Association of Accident Reconstruction Specialists -

7T

2013 ISUZU FRR600

Cutb Weight (pounds); 23259
1%
pETT

Occupant + Cargo Weight (pounds):

Total Weight (pounds):
Angle Coll Force to Normal (degrees): 0

10
6.87

Mo Damage Speed (mph):
Energy Crush Depth (inches):
Auto-Caleulate Energy Crush Depth V]

Damage Length (inches): 298
Crush Profile Measurements: 3

Crush Spacing
7 Equal @ Mon-Equal
Zone
Depth(x)
Spacing  ZoneArea  (inches)

500 185 2%
A8 1|00 3T

c (in)
€2 (in)
€3 (in)

0.00
15
15
4 (in.)

5 (in.)

6 {in)

C70n) | :
CE (in.) : :
€8 (in)) : :
10 (in) '

Average Crush (inches): | 687

FDOF
Lever Arm Distance (inches):

Yaw Moment of Ineria (Ib-ft-sec’): 2280947

Auto-Calculate Yaw Moment [/

Impact Location
@ Font () Side () Rear | Other
Area Zone Area
Depthix)  Depth(y] Depthly)
(inches) _(inches) (inches)
46,88 333 62.50
£97.50 3120 £819.20
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kph target range.

2015 HYUNDAI ELANTRA GT

Curb Weight (pounds): 2954
306

3260

Occupant « Cargo Weight (pounds):
Total Weight (pounds);

Angle Coll Force to Normal (degrees): 0

PDOF
Lever Arm Distance (inches): 0
Vaw Moment of Inertia (Jb-ft-sec?):  2151.80

Auto-Calculate Yaw Moment [7]

2013 ISUZU FRR600

Curb Weight (pounds): 23259
190

23449

Occupant + Cargo Weight {pounds):
Total Weight (pounds):

Angle Cell Force to Normal (degrees): 0

Mo Damage Speed (mphj: 2

Impact Location

No Damage Speed (mph): 10

"t Front ") Side @ Rear =) Other
Energy Crush Depth (inches): 1445
Results
Average  Damage Closing
A B Force Energy KESpeed  Delta V Speed
(Ib/in.) (I/in°)  (poundsf)  (ft"lbs) (mph) (mph) {mph)
Minimum 155.7 310 1201264 1986998 135 300 342
Avg - 2 5td. Deviations 1174 038 2566.30 3448374 178 306 343
Avg -1 Std. Deviations  190.5 FER] 1618457 2507419 155 314 357
Average 2636 854 29802.84 445079 203 353 40.2
Avg + 1 5td. Deviatio,.. 3367 1277 4342110 6337934 242 388 442
Awvg + 2 Std. Deviatio... 409.8 1700 57039.37 8220898 275 420 478
Maximum 4403 191.5 6382875 9141840 290 434 495
Damage Centroid Depth (x) (inches): 7.48 k* 306057
Damage Centroid Depth (y) (inches): 4139 Eff. Mass Ratio (gammaz)  1.00

Area of Damage (inches’): 57511

Vehicle Crush Stiffness Values
Case Example 1 - lllustration of Problems

The resulting speeds for this Force Balance analysis can be seen below
and in the next slide. The calculated Closing Speed based on the CLASS
average A-B values was 40.2 mph (64.7 kph), slightly higher than the
Closing Speed calculated using the CF=21 value, but well within the +/- 8

Lever Arm Distance (inches): 0

Yaw Moment of Inertia (Ib-ft-sec®): 22809.47

Auto-Calculate Yaw Moment [¥]

Impact Location

@ Front “ Side " Rear ) Other
Energy Crush Depth (inches): 687
Results
Average  Damage
A B N Force Energy KE Speed Delta V
(Ib/in.) (Ib/in.%) (poundsf)  (ft*Ibs) (mph) (mph) bSubl
Minimum 745.7 88 1201264 9167484 108 4.2 2.1
Avg - 2 5td, Deviations 1691 05 2566.20 8131975 102 4.2 0.5
Avg -1 Std. Deviations 9814 153 1618457 9609596 111 44 27
Average 16896 152 2980284 11003587 119 49 47
Avg + 1 5td. Deviatio.., 23257 85.7 4342110 12339680 126 54 65
Avg + 2 5td. Devaatio... 29081 1339 5703937 13632615 13.2 58 81
Maximum 31821 1604 6382875 14264138 135 6.0 8o
Damage Centroid Depth (x) (inches): 364 K 451034
Damage Centroid Depth (y) (inches): 3410 Eff. Mass Ratio (gamma) 1.00
Area of Damage (inches’): 20473

Cahlornla KSSOCIatIOH OI chlaent ﬁeconstructlon §pe0|a||sts = 5655
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2015 HYUNDAI ELANTRA GT

Curb Weight (pounds): 2954
306

3260

Occupant « Carge Weight (pounds):
Total Weight (pounds);

Angle Coll Force to Normal (degrees): 0

Damage Centroid Depth () (inches): 4139
Area of Damage (inches’): 575,11

Cahlornla KSSOCIatIOH OI Kcmaent Heconstructlon §peC|a||sts = 5656

PDOF
Lever Arm Distance (inches): 0

Yaw Moment of Inestia (Ib-ft-sec’): 21518[]
Auto-Calculate Yaw Moment [7]

" . [mpact Location
Na Damage Speed (mph): 2 Eifiont ©5ide SR O Othe
Energy Crush Depth (inches): 1445
Results
Average  Damage Closing
J‘; ) Force Energy KESpeed  DeltaV Speed
(Bfin)  (Ibfin-) (poundsf) (f%bs)  (mph)  (mph)  (mph)
Minimum 1557 310 1201264 1986998 135 300 M2
Avg - 2 Std. Deviations 1174 08 256630 344834 178 306 M8
Avg-15td.Devistions 1905 431 1618457 2910 155 34 37
Average 2636 854 2980284 M591.79 203 353 402
Avg + 1 5td, Deviatio., 336.7 1217 4110 63379 M2 338 442
Avg+ 2 5td. Deviatio... 409.8 1700 5103937 8220998 275 420 478
Maximum 440.3 1915 6382875 9141840 200 434 495
Damage Centroid Depth (x) finches): 748 K 306057

Eff, Mass Ratio (gamma)  1.00

2013 ISUZU FRRG00

23159
190
23449

Curb Weight (pounds):
Occupant + Cargo Weight (pounds):
Total Weight (pounds);

Angle Coll Force to Notmal (degrees): 0

Vehicle Crush Stiffness Values
Case Example 1 - lllustration of Problems

PDOF

Lever Arm Distance (inches): 0

Yaw Moment of Inertia (Ib-ft-sec’); 2280947

Auto-Calculate Yaw Moment [7]

o Impact Location
No Darage Specd (mphk 13 Sfont  OSide ORear O Other
Enerqy Crush Depth (inches); 687
Results
Average  Damage
A v FD[{E Energy KE SpEEd Delta V bs bl
(b/m) b/} (poundsf) (fbs)  (mph)  (mph) v
Minimum  745.7 88 1201264 9167484 108 4.2 21
Avg - 2 Std. Deviations 1691 05 256630 8131975 102 42 05
Avg-15td. Deviations 9814 153 1618457 9609586 111 44 27
Average 16835 452 2980284 11003587 118 49 47
Avg +15td. Deviatio,, 23257 85,7 4100 1233%680 126 54 6.5
Avg + 2 5td. Deviatio... 20081 1339 5103937 13632615 132 58 81
Maaimum 31821 1604 6382875 14264138 135 60 83
Damage Centroid Depth () (inches); 364 K 451034
Damage Centroid Depth (y) (inches): 3410 Eff, Mass Ratio (ggmma) 100
Area of Damage (inches): 20473
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Vehicle Crush Stiffness Values
We have CDR/EDR - Case Example 2

So Why ??2?

Do We Need Crush?

So Why ???

Do We Need
“Old Fashioned” Techniques?
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Vehicle Crush Stiffness Values
Case Example 2 - Why Do We Need Crush?

A comment I have heard somewhat frequently lately is
“Why do I need crush? I get my data from the CDR
download.”

As we have seen in the previous example, for a variety of
reasons, a download is not always available.

Worse yet, at least in my mind, even when available a
download is not done, even in criminal cases where a search
warrant should be able to be easily obtained, and even when
no warrant is needed because the vehicle is owned by the
government entity.

This first example is from Florida.
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Vehicle Crush Stiffness Values
Case Example 2 - Why Do We Need Crush?

Collision is between a 2016 GMC C1500 Pickup
driven by a Florida DLE officer on a throughway, and
a 2004 Ford F150 Pickup towing a trailer coming off
of an offramp.

Issues/Questions are -

» Was the FDLE officer exceeding the posted speed
limit of 45 mph such that the driver on the exit ramp
thought they had sufficient time to clear the
“intersection”?

» Did the driver on the exit ramp come to a stop prior
to entering the “intersection”?
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Vehicle Crush Stiffness Values
Case Example 2 - Why Do We Need Crush?

Driver of the Ford was cited for failure to stop and failure to
yield. To the authors thinking, a search warrant for a
download to support the charge should be easily obtainable.

Since FDLE owns the GMC, no search warrant should be
necessary. Additionally, FDLE should be doing the download
as a preventative matter just to be able to show excessive
speed was not an issue in the case.

More than a year after the incident, during mediation, FDLE’s
defense for not doing the download was “We don't think they
can be.”

Guess what .... they can be ... both of them.
Both vehicles are supported.
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Vehicle Crush Stiffness Values
Case Example 2 - Why Do We Need Crush?
Bosch Support

CDR°® Vehicle List

CDR Software 23.2

Madule Abbreviations: ACM: Airbag Control Module, ADS: Advanced Driver System ASCM: Active Safety Control Module, FCM: Forward Camera Module,
PCM: Powertrain Control Module, PPM: Pedestrian Protection Module, ROS: Rollover Sensar,

Module

Year Make Model Su - Important Coverage Notes Market
2016 GMC Canyon ACM NAFTA
2016 GMC Savana ACM NAFTA,
2016 GMC Sierra ACM NAFTA,
2016 GMC Terrain ACM NAFTA
2016 GMC Yukon ACM NAFTA
2004 Fard Explorer PCM US, Canada
2004 Ford F-150 (excapt Haritage) PCM U5, Canada
2004 Ford F-150 (Heritage) ACM US, Canada
2004 Ford F-250, F-350, F-450, F-550 Super Duty ACM Us, Canada
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Vehicle Crush Stiffness Values
Case Example 2 - Why Do We Need Crush?

In addition to no downloads ....
» NOo scene measurements

» VERY few scene photographs

» No Post collision documentation of damage to either vehicle
other than the photographs at the scene

» Only a few additional photographs of the Ford taken by the
owners in a storage yard - No additional measurements - No

download - No scans

Both occupants of the Ford were “Life Flighted” to the hospital
- thus, serious, possible life threatening injuries.
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Vehicle Crush Stiffness Values
Case Example 2 - Why Do We Need Crush?

Scene Diagram - Note POR positions

Daggram not o scae
1-10 WB ext ramp {exit 283)

__ Us 129 northbound

W04 final rest = @
puumy

L .
-r.._! hi;’F

P
I_

'
-
-
v
4. -
T

£
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Vehicle Crush Stiffness Values
Case Example 2 - Why Do We Need Crush?

Scene overhead view

Measure distance

Click on the map to add o your path

Total distance: 190,270 it (57.98 m)

£ FERF i s o
Imagery £2023 Maxar Technologies, Map deta ©2023
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Vehicle Crush Stiffness Values
Case Example 2 - Why Do We Need Crush?

Scene overhead view
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Vehicle Crush Stiffness Values
Case Example 2 - Why Do We Need Crush?

Scene street view - Does @‘
this match diagram? ottt o N

1

:L':‘_I:
&L
.

e
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Vehicle Crush Stiffness Values
Case Example 2 - Why Do We Need Crush?

. * ‘-.I'-
Scene street view - 0 e e & N,
Does this match ) oo R ¢ W >
diagram®? | B e fae—

i
[t
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Vehicle Crush Stiffness Values
Case Example 2 - Why Do We Need Crush?

Crush - F150 - ~19 inches

> ) '-.?
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Vehicle Crush Stiffness Values
Case Example 2 - Why Do We Need Crush?

Crush - GMC 1500 - RF Tire displacement ~10
iInches

. 4 I‘- 3 - _ >
N I [ iy . .
¢ <)
L0 = s BT r x
| T -t % B Y ol B = o e
i -y
= i = e .
- - = i .
oo VRGeS SIEREL R AL P - _
s e e T
-
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Vehicle Crush Stiffness Values
Case Example 2 - Why Do We Need Crush?
Ford AOI-POR Travel Distance

Measure distance
Click onthe map to add to your path

Total distance: 52.62 1t (16.04 m)

b T ey e

Copyright 2026 - Daniel W. Vomhof il - All Rights Reserved
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Vehicle Crush Stiffness Values
Case Example 2 - Why Do We Need Crush?

GMC AOI-POR Travel Distance

Measure distance
Click on the map to add to your path

Total distance: 52.70 1t (16.06 m)

! Map :ia'samnzz,flapdm 82023 itead Eglitan® .30 Enrth vis
alifornia Association of Accident Reconstruction pecia ists - 2026

3 ] feedba 20
Copyright 2026 - Daniel W. Vomhof il - All Rights Reserved

94



Vehicle Crush Stiffness Values
Case Example 2 - Why Do We Need Crush?

Calculations

Based on the scene photographs and the aerial photos from
Google

- Preliminary Post Impact travel distance for the FDLE GMC
was determined to be ~53 feet.

- Preliminary Post Impact travel distance for the F150 was
determined to be ~52 feet.

Post Impact Travel Speed (pits) = SOR( 30 * distance in feet *
friction )

- FDLE GMC = SQR (30 *53 * 0.7 ) = SQR (1113) = 33.4 mph
-F150 = SQR (30 * 52 * 0.7 ) = SQR (1092) = 33.0 mph
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Vehicle Crush Stiffness Values
Case Example 2 - Why Do We Need Crush?

Calculations
Based upon the photographs of the F150 and the FDLE GMC
vehicles

- Preliminary maximum crush measurements for the F150 of 19
Inches was determined.

- Preliminary maximum crush measurement for the GMC FDLE
vehicle of 10 inches was determined.

Speed from Crush (sfc) = SOR ( 30 * max crush distance in feet * Crush Factor )
- FDLE GMC = SQR (30 * 10/12 * 21 ) = SQR ( 525) = 22.9 mph
- F150 = SQR (20 * 19/12 * 21 ) = SQR(997.5) = 31.6 mph
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Vehicle Crush Stiffness Values
Case Example 2 - Why Do We Need Crush?

Calculations

Since all of the energy losses expressed as speed in
the northeastward direction came from the FDLE
vehicle, and all of the crush energy losses expressed
as a speed came from the FDLE vehicle, an impact
speed for the FDLE vehicle can be calculated by
combining the above 4 speeds.
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Vehicle Crush Stiffness Values
Case Example 2 - Why Do We Need Crush?

Calculations

FDLE Impact speed = SQR ( FDLE
F150,,.2)

FDLE Impact speed = SQR (33.4"2 + 33.0"2 +22.9"2 + 31.6"2)
FDLE Impact speed = SQR (1113 + 1092 + 525 + 997.5)
FDLE Impact speed = SQR (3727.5)

"2 + F150,,."2 + FDLE "2 +

pits pits

FDLE Impact speed = 61.0 mph
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Vehicle Crush Stiffness Values

Case Example 2 - Why Do We Need Crush?
Summary

Is this an optimistic calculation for the F150 side?

- YES

However, it DOES show the need for Crush and “Old
Fashioned” Techniques, and it does illustrate how these
techniques can be used under less than ideal circumstances

when they need to be.
- Additionally, take this to heart ....

IF documentable evidence is NOT obtained, especially when
its obtainable by YOU ....

Don't “whine” when the other side takes that “optimistic”
stance. You could-a should-a .... but didnt .... so .... look in
the mirror.
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Vehicle Crush Stiffness Values

Case Example 2 - Why Do We Need Crush?

Summary

In Florida, "spoliation of evidence" refers to the intentional or negligent FU I”[her, COnSider that

destruction, alteration, or hiding of evidence relevant to a pending or 6 1+ ”
reasonably foreseeable lawsuit, which can result in court sanctions against the Sp0||at|0n Of

spoliator. @ evidence is NOT just
Here's a more detailed explanation: ItS deStrU C’[IOﬂ .

Definition:
Spoliation is defined as the “intentional destruction of evidence or the significant and
meaningful alteration of a document or instrument” and "the intentional concealment of

il o It is also a failure to
Duty to Preserve: preserve (or hldlng)
A party to litigation, or even a non-party, has a duty o preserve evidence that is relevant E

evidence relevant to

to a pending or reasonably foreseeable |awsuit. This duty can arise from a contract,

statute, or discovery requesis. @ a reaso N ab | y
Elements of a Spoliation Claim:

To establish a claim for spoliation, a plaintiff must prove: fo reseeable |aWSU It

= [Existence of a2 potential civil action. @

A legal or contractual duty 1o preserve evidence. &

» [Destruction of that evidence. &

s Significant impairment in the ability to prove the lawsuit. @

= A connection between the evidence destruction and the inability to prove the
lawsuit. @

« Damages. &
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Vehicle Crush Stiffness Values

Case Example 2 - Why Do We Need Crush?
Summary

Scene overhead view. One last point - Line of Sight

4, *Aan S gl
| .mj_e_slq'b_u i

| Measure distance

Click on the map to add o your path

Total distance: 190,270 it (57.98 m)

£ FERF i s o
Imagery £2023 Maxar Technologies, Map deta ©2023
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Vehicle Crush Stiffness Values

Case Example 2 - Why Do We Need Crush?
Summary

One last point - Line of Sight - this is why the speed
evaluation is important in this case.

Live Oak, Florida

Copyright 2026 - Daniel W. Vomhof il - All Rights Reserved
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Vehicle Crush Stiffness Values
We have CDR/EDR - Case Example 3

S0 Why ???

Do We Need Crush?

So Why ?2?

Do We Need
“Old Fashioned” Techniques?
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Vehicle Crush Stiffness Values
Case Example 3 - We have EDR !!!

This last case comes out of California.

Unfortunately, it is NOT a case where crush could be used ....
because it was never measured .... or scanned .... or
photographed .... which would have been helpful. However,
other techniques could be, and were, used by the author.

Again, CDR/EDR was available on both involved vehicles, a
2020 Nissan 370Z and a 2020 Ford Fusion, but neither was
downloaded.

CRUSH could answer, or aide in answering, the question of
speed on the part of the through vehicle (3702).

CDR/EDR could have answered questions of speed on the

part of the through vehicle (370Z), and “Did they stop?” as

well as for how long, on the part of the left turning vehicle
(Fusion).
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Vehicle Crush Stiffness Values
Case Example 3 - We have EDR !!!
DRE tidbit -

Alcohol is involved, and will be discussed. However,
Driver 1 was not fighting the alcohol portion, just the
iIncreased penalties due to “excessive speed” ....

Speed note -

NO work was provided documenting ANY kind of
speed analysis. It was just labeled “excessive” and
the Prosecutor ran with it.
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Vehicle Crush Stiffness Values

Case Example 3 - We have EDR

i
w ol E
/

Scene -

- fit,

!

¥ Ak

)

V-

7

/

|

v

/

-

\l\|
/ Legend
A- Double Yellow Line

B- Raised Curb

G- Broken White Line

D- Solid White Limit Line
E- Sidewalk

F- Crosswalk

(- Solid Yellow Line

H- Solid White Line

J- Dirt
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Vehicle Crush Stiffness Values
Case Example 3 - We have EDR !!! .

Scene

’i ALAAAKAAL
s
~ ;
Vanderlip Pl

ll
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Vehicle Crush Stiffness Values

Case Example 3 - We have EDR !!!
Vehicle 1 - 2020 Nissan 370Z

40 mph Speed L|m|t (play fore shadowmg mu3|c)

SETATE

BICY- EYES HEIGHT
CLST
1 ] nry non leien
HER. BLK BD 5's
| STHER | HOME PHONS IDENTIFIGATION NUMBER
D VEHICLE TYPE | DESCRIBE VEHICLE DAMAGE SHADE IN DAMAGED AREA
= e ——— — POLICY NUVBER | o [Jnowe [ Jminor Wy
QPER. "__, UNK. | JnoNE [ Tminor e —
1 |AAA z 1 i ok
= 01 ] |‘ [Jmop. [X]masor [ JroLL-OVER ! ’
DIROP—ON STREET OR HIGHWAY TANE | TRRU | YOTAL | SPEED i
TRAVEL LANES | LANES | Liaim |7 por
N HOLT AVE 1 4 4 40 Jeaut TCPPSC MICAMX
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Vehicle Crush Stiffness Values
Case Example 3 - We have EDR !!!

Later in the report ....

divivu L] C YV o i vl
necrete curb, Holt Avenue

So, what is the speed limit? Is it 40 mph, or is it 45
mph?
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Vehicle Crush Stiffness Values
Case Example 3 - We have EDR !!!

Vehicle 2 - 2020 Ford Fusion

ar 1 an CHANICAL DEFECTS!
o U

m

=
o;n- INSURANCE CARRIER ' = POLICY NUMBER 1 ‘ ]
OPER: - I Tune E | Ivmor -
[] |[NoNE REFER TO NARRATIVE I s M
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Vehicle Crush Stiffness Values

Case Example 3 - We have EDR !!!
Damage Description -

e Crushed left rear passenger door

¢ Crushed left driver door
Crushed left rear fender

¢ Crushed windshield

¢ The airbags were deployed
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Vehicle Crush Stiffness Values
Case Example 3 - We have EDR !!!
Driver 2 Injuries

I

: o
o |
=]

-
I

Supplemental

this collision. related that she would be send me an email describing the injuries. She sent me copies
of her hospital billings and described the following care required:

On 2/27/23, I spoke with Victim on the telephone about the injuries she sustained as a result of

Injuries
Crushed right ankle

Fibula Fracture
Pelvic Fracture
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Vehicle Crush Stiffness Values
Case Example 3 - We have EDR !!!

Statements of what happened attributed to the
parties involved.

TA S:
Party #1 ( ) was contacted seated on the east curb on Holt Avenue, north of Vanderlip
Avenue. Party #1 was identified by his California driver license as Party #1 related

to me the following: He was driving Vehicle #1 (Nissan) on Holt Avenue southbound, north of Vanderlip
Avenue, in the #2 lane at approximately 45 miles per hour. A moment later he felt an impact to the front of
his vehicle. After the crash, Party #1 exited Vehicle #1 and awaited assistance.

Party #2 ( ) was contacted by Officer C , at the crash scene, and later at _
Medical Center, and related the following, in essence: She was driving Vehicle #2 (Ford) on
Vanderlip Avenue westbound, east of Holt Avenue. Party #2 was stopped at the intersection of Holt Avenue
and Vanderlip Avenue, getting ready to make the left tumn to go southbound on Holt Avenue. Party #2
looked both ways, did not see another vehicle approaching, Party #2 made the left turn. As Party #2 was
entering southbound Holt Avenue, she felt an impact to the left side of her vehicle, After the crash, Party #2

~remained-trapped-inside-Vehicle #2-and had-to be assisted vut of the vehicte:
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Vehicle Crush Stiffness Values

Case Example 3 - We have EDR !!!
Summary

This crash occurred within the intersection of Holt Avenue at Vanderlip Avenue, Party #1 was driving
Vehicle #1 on Holt Avenue northbound, south of Vanderlip Avenue, in the #1 lane, at a speed greater than
65 miles per hour, approaching Vehicle #2 from the south, while under the influence of an alcoholic
beverage. Party #2 was driving Vehicle #2 on Vanderlip Avenue westbound, east of Holt Avenue, and was
at a complete stop, at the limit line, preparing to make a left turn onto Holt Avenue southbound. Vehicle #3
was parked along the casterly road edge of Holt Avenue, north of Vanderlip Avenue, north of Vehicle #1
and Vehicle #2. Vehicle #4 was parked along the easterly road edge of Holt Avenue, north of Vanderlip
Avenue, directly in front of Vehicle #3. -
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Vehicle Crush Stiffness Values
Case Example 3 - We have EDR !!!

Summary (cont)

Q
-
t

After the crash, Vehicle #1 came to rest on its wheels, facing in an easterly direction, blocking the #1 and #2
lane of Holt Avenue northbound, Vehicle #2 came to rest on its wheels, facing in an easterly direction, on
the southwest sidewalk corner of Holt Avenue and Vanderlip Place, and Vehicle #3 and Vehicle #4 came to
rest on their wheels, facing in a northerly direction, along the east road edge of Holt Avenue northbound.
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Vehicle Crush Stiffness Values
Case Example 3 - We have EDR !!!

Causation -

Yet, statements as to the speed of the Nissan are
made with NO documentation, calculation, or work
conducted to establish that speed!!
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Vehicle Crush Stiffness Values
Case Example 3 - We have EDR !!!

Speed “Calculations” -

» No EDR/CDR downloads
» No damage measurements

» No photographs of the damage, post collision vehicle
positions, or any other physical evidence

» No POR position measurements for any of the vehicles

For the moment, lets take the Alcohol issue out of the equation. For the
LE’s in the audience, lets say you have to review this for another agency
as an officer involved collision, with no lights or sirens.

So, what can we do?? Can we do ANY calculations to
establish a speed at impact?
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Vehicle Crush Stiffness Values
Case Example 3 - We have EDR !!! .

Scene

AOl’s
were
reported
inthe &
Traffic ==
Collision #
Report

Ave

’i ALAAAKAAL
s
~ ;
Vanderlip Pl

ll
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Vehicle Crush Stiffness Values
Case Example 3 - We have EDR !!!

Speed Calculations (cont)

As can be seen, the Nissan’s heading is to the
RIGHT post Impact 1, which is opposite of what it
should be in order to use traditional 360 degree
momentum calculations.

However, we can still do some Inline Momentum
calculations.

So lets start “walking” our way backwards ....
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Vehicle Crush Stiffness Values
Case Example 3 - We have EDR !!!

Speed Calculations (cont)

AQI 4 is between the front of a Toyota Tercel and
the rear of a Jaguar F-Pace, with minimal damage to
either of them.

Assuming a 1 foot Post Impact Travel distance, for
both vehicles we get a speed at impact between the
Toyota and the Jaguar of ~6-10 mph, depending
upon if you assume that the Toyota hit the Jaguar
alone, or if you had the Nissan pushing the Toyota
into the Jaguar.
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Vehicle Crush Stiffness Values

Case Example 3 - We have EDR !!!
Speed Calculations (cont)

For AOI 3, the Nissan into the Toyota, we get an impact
speed of ~9 mph for the Nissan, consistent with the described
damage to the Toyota of a “dented bumper”, but no other
described damage.

AQI 2 is between the Fusion and the West curb.
For AOI 1 to AOI 2 -

ALL of the energy in the Northbound direction comes from the
Nissan. ALL of the energy in the Westbound direction comes
from the Fusion. SO ....

California Association of Accident Reconstruction §pecia|ists - 2026 Copyright 2026 - Daniel W. Vomhof Ill - All Rights Reserved
121



Vehicle Crush Stiffness Values
Case Example 3 - We have EDR !!!

Speed Calculations (cont)
For AOI 1 to AOI 2 (cont) -

The calculated speed for the Fusion based on the
westward movement is ~ 26 mph and is attributed to
the Fusion at impact.

The calculated speed for the Fusion based on the
northward movement is ~ 19 mph and is attributed to
the Nissan at impact.
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Vehicle Crush Stiffness Values
Case Example 3 - We have EDR !!!

Speed Calculations (cont)

For the Nissan’s travel from AOI 1 to AOI 3, a range
of speeds from ~14-39 mph is calculated based
upon the amount of braking assigned to the Nissan.

Braking efficiencies of 10%, 25%, 50%, 75%, and
100% were evaluated.
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Vehicle Crush Stiffness Values
Case Example 3 - We have EDR !!!

Speed Calculations (cont)

Combining the Energy losses expressed as speeds in the
northbound direction, we get a speed at AOI 1 for the Nissan
of ~ 25-50 mph. The “correct” speed is depending on the
amount of braking from AOI 1 to AOI 3 by the Nissan.

The most likely “braking efficiencies” under these conditions
would be expected to be 50%-75% which would result in an
expected impact speed of ~38-44 mph.
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Vehicle Crush Stiffness Values
Case Example 3 - We have EDR !!!
But WAIT .... THERE’s MORE!!!!

The house on the Northeast corner had a “ring”
camera, which shows the impact ......
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Vehicle Crush Stiffness Values
Case Example 3 - We have EDR !!!

But WAIT .... THERE’s MORE!!!! (cont)

» In the video, Nissan has both headlights functional

» Fusion does not, in the author’s opinion, come to a
“full and complete” stop

» Fusion definitely is not at a stop for sufficient time

for the driver to look caretully in both directions
before commencing it's left turn

» Significant rotation post impact on the part of the
Fusion consistent with an impact at or behind the
Rear axle

... Did the Reporting Officer even review the video??
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Vehicle Crush Stiffness Values
Case Example 3 - We have EDR Il

Alcohol
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Vehicle Crush Stiffness Values

Case Example 3 - We have EDR !!!
Alcohol -

» Started drinking at 10:30p, ended at 11:00p. Okay, since the
collision reportedly occurred at 10:50p (or 10:53p per the video), we
know that the end time is not correct, BUT, this does indicate that
the end of drinking was shortly before the collision. Also, when
asked the time at 10:50, many/most people will reply with “11".

» “Did you Bump Your Head? - NO” ... come on, Really? Airbags
went off. Supposedly impact speed 65 mph or greater. Yet the
driver didnt “bump” his head in an unexpected collision?

» PAS - Test 1 at 2330 = 0.200, Test 2 at 2333 = 0.221

STRONGLY indicative that alcohol absorption is still
occurring post collision.
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Vehicle Crush Stiffness Values

Case Example 3 - We have EDR !!!
Alcohol -

)
{
()

» Per the PAS tests, 0.021 rise in alcohol in 3 minutes.
Collision occurred at 2250, first PAS test at 2330, so lets do the standard

criminalist calculation ...
2330 - 2250 = 40 minutes. Divide that by 3, and you get 13+ increments.

13*0.021 = ~0.27+ absorption from 2250 to 2330. This is MORE THAN
the amount of alcohol in the system of the driver at the time of test per the

PAS device.
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Vehicle Crush Stiffness Values
Case Example 3 - We have EDR !!!

Alcohol -

Blood test draw at 0025 = 0.24.
Blood is ~0.02-0.04 higher than at PAS testing.

This is again indicative of rising level, not falling, between
collision and the time of the blood draw.

Interesting to the author on a “curiosity level” is that the blood
tests were conducted by 2 different analysts.

LABORATORY ANALYTICAL RESULTS AND INTERPRETATIONS - (See below for final result)

Analyst Analysis Date (ID) Method Ethanol Result (% W/V)  Volatiles Detected
M. N GOFD/MS REASEOIS Collision 2250, PAS
M. H GC/FID/MS 02420013 2330, Blood 6025

1
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Vehicle Crush Stiffness Values

Crash Test Data, Data Problems, and Common Misconceptions
Case Example 3 - We have EDR !l

» PAS - Test 1 at 2330 = 0.200
» PAS - Test 2 at 2333 = 0.221
» Blood at 0025 = 0.246 / 0.242

Yet, only 1 drink? .... wait ... LA Water ... was the
driver not being sarcastic???
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Vehicle Crush Stiffness Values

Crash Test Data, Data Problems, and Common Misconceptions
Case Example 3 - We have EDR !!!

Q_ is "la water" a type of drink 5 9,

All Images Short videos Forums Shoppinc

Dive into the refreshing depths of the
"LA Water"” cocktail, an electrifying
libation that embodies the vibrant
spirit of Los Angeles. This colorful
concoction boasts an eclectic blend
of fruity flavors, combining the zesty
kick of citrus with the tropical
sweetness of blue curacao, melon
liqueur, and coconut rum.
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Vehicle Crush Stiffness Values

Crash Test Data, Data Problems, and Common Misconceptions
Case Example 3 - We have EDR !!!

INGREDIENTS DIRECTIONS
1. In a shaker with ice, add vodka,
My Bar blue curacao, melon liqueur,
coconut rum, sweet and sour
1 0z vodka 4 mix, and pineapple juice.
1 oz pineapple juice (buy) X 2. Shake the mixture vigorously for
about 10-15 seconds to blend the
1 07 coconut rum X flavors and chill the ingredients.
3. Strain the mixture into a highball
1 0z blue curacao X glass filled with ice and garnish
oy s the LA Water cocktail with a slice
1 0z midori X _
of orange for a citrusy and
1 0z sweet and sour mix visually appealing
(buy) X touch(optional).
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Vehicle Crush Stiffness Values

Crash Test Data, Data Problems, and Common Misconceptions
Case Example 3 - We have EDR !l

So no, the driver was NOT being sarcastic or
flippant.

At a weight of 145 pounds, with 4 drinks in him ....
especially if the pour was heavy, makes total sense
that he got up to 0.24(??) Off of “1 drink”.

But enough about the alcohol issues, lets wrap up
the “high” (or is it low??) Points of the Recon/speed
determination in this example ....
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Vehicle Crush Stiffness Values

Case Example 3 - We have EDR !!!
Summary

Irregardless of the alcohol issues -

» Even when the reconstructionist is dealt a less than perfect
hand, much can be done with the traditional methods of
accident reconstruction. These skills are STILL needed and

important.

» If crush had been documented, that would provide a method
of solidifying and narrowing the speeds determined through
the inline momentum method presented.

» [f the EDR/CDR had been downloaded, a number of issues
would probably have been resolved.

» Proper documentation saves EVERYONE time and effort.

» If you aren’t going to document or analyze it .... should you
be “talking” about it?
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Vehicle Crush Stiffness Values

Case Example 3 - We have EDR !l
Summary
Trial Outcome -

After 1+ days of deliberation, the jury came back with -

Fusion driver caused the collision, however, the Nissan
drivers speed caused her injuries, so ....

Guilty.

Once again this affirms, we have a LEGAL System, NOT a
JUSTICE System
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Vehicle Crush Stiffness Values

Crash Test Data, Data Problems,
and Common Misconceptions
SUMMARY

» There are a number of “problems” within the NHTSA Crash
Test database. While there is little that can be done about
the problems, we need to be aware they exist and how to
work around them.

» Crush calculations are ENERGY calculations, not Av
calculations. You cannot mix the two and get proper answers.
You can convert back and forth, but not mix.

» Av should not be used in calculating stiffness values.

Again, it is a different speed than a crush speed. Also, if a Av
IS used to calculate stiffness in frontal tests, you are violating
laws of physics.

California Association of Accident Reconstruction §pecia|ists -2026 Copyright 2026 - Daniel W. Vomhof Il - All Rights Reserved
136



Vehicle Crush Stiffness Values

Crash Test Data, Data Problems,
and Common Misconceptions
SUMMARY

» Speed from Crush calculations provide valid speed
estimates when they are conducted properly.

» There are more than just A-B-G stiffness values out “in the
world”, and when used appropriately, they will provide useful
and reliable answers to vehicle speeds.
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Definition of Terms Used by this Author

N2 - Square the value immediately in front of the carrot (") .

A - B - G - Stiffness Values used to evaluate crush within the CRASH Il program

AOI - Area of Impact

Bullet - The incoming vehicle or object imparting damage to a “Target”

CDR - Crash Data Retrieval, also referred to as an “Airbag Module”

Closing Speed or Impact Speed - For the purposes of crash testing the terms are used
interchangeably. Typically the Closing speed is obtained by a time trap spatially

placed immediately prior to the impact point.

CF - Crush Factor - A unitless calculated stiffness value to be used in calculating speed
from crush, similar to a drag factor or coefficient of friction.

CLASS vehicle - a representative vehicle or group of vehicles based upon one or more
vehicle characteristics to be used in place of the subject vehicle due to a lack of
crash data for the subject vehicle.

CRASH 111 - Calspan Reconstruction of Accident Speeds on the Highway. - CRASH IlI
is the third iteration of the software program

Crush Factor - A unitless calculated stiffness value to be used in calculating speed from
crush, similar to a drag factor or coefficient of friction.

CS - Closing Speed - Pre Impact Speed.

CT - Crash Test

DamageSpeed - Speed determined from damage - KEES.

DPD - Damage Profile Dimension - a crush depth measurement

Av - delta-v

delta-v - Change in Speed or direction or both. However, it is commonly used without
reference to direction within the collision investigation/reconstruction industry.

Commonly used Speed units may be fps, mps, mph, or kph.

DepartureSpeed - Speed departing from an event - Sf - PostimpactSpeed.



EDR - Event Data Recorder, also referred to as a “Airbag Module”

ft or f - Feet.

fps or ft/sec - Feet per second.

ImpactSpeed - Speed at Impact - Si - PrelmpactSpeed - Closing Speed.
IW - Impactor Weight - Moving Barrier Weight - Bullet Vehicle Weight.
KE - Kinetic Energy

KEES - Kinetic Energy Equivalent Speed, otherwise stated as Kinetic Energy
EXPRESSED as a Speed.

kph or km/h - Kilometers per hour.

m - Meter or mass, depending on context.

MaxCrushinFeet - The maximum crush depth in units of feet
mm - Millimeter.

MPH or mph - Miles per Hour.

mps or m/sec - Meters per second.

NHTSA - National Highway Traffic Safety Administration
PDOF - Principle Direction of Force

PrelmpactSpeed - Pre Impact Speed - Si - Closing Speed - Impact Speed
PIS - Post Impact Speed

pits - Post Impact Travel Speed

POR - Point of Rest

PostIlmpactSpeed - Post Impact Speed - Sf. - DepartureSpeed
S = Speed

Si - Initial speed - the speed of an object entering an event to be evaluated -
PrelmpactSpeed



Sf - Final Speed - the speed of an object departing an event to be evaluated -
PostImpactSpeed

sfc - Speed from Crush

SqgRoot( ) - Square Root of the value calculated within the parenthesis.
SQR() - Square Root of the value calculated within the parenthesis.
Target - The vehicle or object which receives damage from the “Bullet”
v - Velocity, standard units are fps or mps.

VDI - Vehicle Damage Index

VW - Weight of the Target Vehicle - Weight of the object for which the KEES is being
determined.

W - Weight

Wt - Weight
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EXPERT WITNESS SERVICES, INC

FORENSIC RESEARCH LABORATORIES 8387 UNIVERSITY AVE., LA MESA, CA 91942
(619) 464-3477

Daniel William Vomhof III, E.I.T.
Certified Accident Reconstruction Specialist

EDUCATION:
B. S. Engineering October
A. S. Engineering June
A. S. Surveying August
ACCIDENT SPECIFIC EDUCATION (3,640+

PROFESSTIONAL CERTIFICATION:

® Engineering E.I.T. Registration #XE088556, 1993

® Accredited Traffic Accident Reconstructionist, The Accreditation
Commission for Traffic Accident Reconstruction, Registration #484,
1993-2028

® Certified Accident Reconstruction Specialist - Institute of Police
Traffic Management, 1983

EXPERIENCE:

Expert Witness Services, Inc.

(1992-present) - Accident Reconstructionist.
(1984-1992) - Accident Reconstruction Assoc.
(1981-1984) - Accident Reconstructionist.
(1976-1981) - Technician.

Primary responsibilities include:

® Evaluation of traffic signal timing related to vehicle, pedestrian,
and motorcycle accidents

® Reconstruction of vehicle, pedestrian, and motorcycle accidents

® FEvaluation of Pedestrian/Facility/Walking Surface interactions

® Measurement and evaluation of lighting as it affects perception of
hazards

® Measurement and evaluation of sound levels

® Documentation of vehicle evidence and scene conditions through
photography and measurements

® Preparation of scale scene diagrams and other exhibits for use in
depositions, arbitration hearings, and trial.

AN6XPRT Systems
(1992-present) - General Manager/Technical Support/Programmer

Primary responsibilities include:

® Maintain data and Software Programs available for sale

® Provide Technical Support to program owners

® Provide data to Accident Investigators throughout North America when
requested via email, phone, or fax
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City of La Mesa - Traffic Engineering
(1988-1992) - Engineering Technician I.

Primary responsibilities in the field included preparation, review, and
inspection of traffic control plans; preparation of striping, signing, and
traffic signal plans and layouts for the field crews; traffic signal system
coordination; field changes to traffic signal timing plans; and determination
of proper sign type and placement to remedy existing traffic problems.

Primary responsibilities in the office included monthly review of accident
reports for possible conditions contributing to the accidents which would be
correctable by engineering projects; preparation of individual and system
traffic signal timing plans; preparation of staff reports and exhibits for
public hearings; and presentation of staff reports at public hearings.

Acted as Primary Interface between Traffic Engineering and Police Department
in issues of Traffic Signal timing and downloads

SWORN TESTIMONY :

Qualified in San Diego and San Bernardino Superior Court on:
* Traffic Signal timing sequence and “who had the green” issues

Qualified in San Diego, El1 Cajon, Vista, San Bernardino, Pasadena, Solano, and
Wisconsin Superior Courts on one or more of these issues:
*Time-Speed-Distance-Force calculations
*Speed survey design, conduction, & data analysis
*Preparation of scale diagrams of roadways
*Lighting considerations
*Vehicle and pedestrian paths of travel
*"Normal" vehicle speeds for an area
*Human factors - Perception, Reaction, Line-of-Sight
*Vehicle and Occupant movements
*Speed from Damage

Computer Software Programs Developed and Maintained:

D.W. Vomhof III, D. W. Vomhof, and S. Young, 4N6XPRT StifCalcs, 4N6XPRT
SYSTEMS, La Mesa, CA (2007-2023)

D.W. Vomhof III and D. W. Vomhof, Expert AutoStats, 4N6XPRT SYSTEMS, La Mesa,
CA (1993-2024)

D.W. Vomhof, D. W. Vomhof III, and S. Young, Expert VIN DeCoder, 4N6XPRT
SYSTEMS, La Mesa, CA (2007-2023)

D.W. Vomhof III, D. W. Vomhof, and B. Cunningham, 4N6XPRT StifCalcs, 4N6XPRT
SYSTEMS, La Mesa, CA (2003-2006)

D.W. Vomhof and D. W. Vomhof III, 4No6XPRT Ped & Bike Calcs, 4N6XPRT SYSTEMS,
La Mesa, CA (1996)

Publications:

A-B-G Stiffness Values ... How to Research .... and Calculate .... Step-by-
Step, Published by IPTM Press, Copyright 2014
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Kinetic Energy Equivalent Speed:
What is it? Why Calcalate it? How to Calculate it?

Copyright 2001-2002 by Daniel W. Vomhof III. All Rights Reserved.
Kinetic Energy Equivalent Speed (KEES) - What is it?

One of the tools of the accident reconstructionist is a Kinetic Energy (K.E.) analysis. In this type
of analysis the K.E. transfers, or “losses,” are summed for each of the vehicles in order to

datarmine tha haoginnino enesada/valacities i
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“crushing” a vehicle during impact.
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At its most basic, the K.E. Equivalent Speed is the speed equivalent of the K .E. loss. Two
common K E. losses are from damage and from sliding across a surface. The Speed Equivalent of
the K E. loss is calculated with the following equation':

T ouce adnce J-l1
Lguation #1:

[ ano N
_ | 30*(£nergyLoss)

Speed(mph)=

peed(mph) \‘ (ObjectWeight)

When calculating a speed from damage, historically the most common “crash test” is a frontal
impact into a fixed, non-deformable barrier. In this type of test, the weight of the vehicle is
known, the damage is to the test vehicle only, the crush distance can be measured, the pre-impact
speed is known, and the post-impact speed is known (assumed) to be zero. In this type of

cnllician haconice avarvthing 1@ knawn tha FEnarov lncge can ha anqily calenilatad Onea tha En nerey
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loss has been calculated the energy equivalent speed can be calculated. Now, armed with a speed
and a crush depth, stiffness values can be calculated. These stiffness values can be the A-B-G
values used for a Crash III analysis, the Crush Factor values published in the Expert AutoStats®
program, or some other stiffness value, possibly a modification/refinement of the Emori equation®
for a specific type of collision.

..... T innrot colamt Qeannn A 4~

i ai he term “Kinetic ENncrgy unlvalcut opccu to tn
the author’s knowledoe was first used and published by Daniel W. Vomhof III and Damel
Vomhof, Ph.D. in the Expert AutoStats® program in 1991. In most collisions no fixed, non-
deformable barrier is involved. Thus the creation of this term, which they believe is a better
descriptor of what is being dealt with in the context of vehicle collisions than the more commonly

used term “FEguivalent Barrier Speed” or anv other term? usine the word “Barrier.” There have
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been some stated objections to using the term “Kinetic Energy” when discussing this speed, since
a spring formula is being used (in the case of the Crash 11T model’s A-B-G values), and a spring
model calculates Potential Energy. The creators of the term disagree with this objection for the
following three reasons:

1) Potential Energy is stored energy. In the aftermath of a collision, the Potential

Energy of the undamaged vehicle has been changed to Kinetic Energy in
tha crmiching nf tha vahicla
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2) Not all formulas for calculating “Speed from Crush” are based on a spring
model, and

E

1
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3) Tn mogt
important to the accident investigator and reconstructionist.
Finally, there has been some objection to the term “Kinetic Energy” because other forms of
energy are released in a collision - primarily heat, sound, and light. While these energies are
acknowledged, they have not been generally measured, and they are not of (primary) concern to
the accident 1nvestlgator/reconstructlomst Further these are the energies that the Kinetic Energy
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Kinetic Energy Equivalent Speed (KEES) - Why calculate it??

The calculations of the stiffness values become somewhat more complicated when a side impact
or rear impact test is conducted, or when a frontal impact test is conducted with a moving
“barrier.”

Before going further, think about two commercials commonly seen on television in the United
States. The first commercial is for a Mercedes. This commercial shows the vehicle approaching a
barrier, crushing, and coming to a stop right there at the barrier. This illustrates your common

frontal barrier test. The second commercial is for a Saturn. This commercial shows an oncoming
b

arrier annraachino the driver’e daoor At the lact mament the camera anole chanoeg to an
aliivi uyl.ll. \Ju\JlllllB LIV VLI VVE O VMUUL, AL LIV 1AL 11LIVILIVIIL Ldvw valdlavi G ullsl\/ \Jllulle\/ﬂ v Qi

C

overhead view and shows the barrier impacting the vehicle and then barrier and vehicle continue
out of camera view. This iliustrates the probiem with the side and rear impact tests. Not ALL of
the energy of the moving barrier is used in crushing the vehicle. Only a portion of that energy is
transferred or “lost” in damaging the target vehicle.

This is a VERY important and often overlooked point when attempting to calculate vehicle
431 nag voliiag hacad 11nnan rragh tagt Aata WMhan +ha £:11 Alacing ancnd 10 11gad 0 calanilata
bLllllleb vaiucs vasca ulJUll Crasini teSt Gata. vvinei nc ruu Ciost 15 DPCCU 1d udCuU LU Ccaicuiaic
stiffness values, erroneously high values are the result. In order to calculate “correct” stiffness
values, the speed equivalent to the energy that went into damaging the vehicle MUST be

calculated.

Equation #2
0.5 [ #5280 )7 (1,.+5280)° ( VP]S*QSO\Z]
= x|[W* —-(IW)* - *
e |2 322 L 3600 J @) L 3600 J " l 3600 J
ADDQ—% JUx = ~ [W ~ =

IW = Impactor Weight, I, = Impactor Impact Speed, 1

PIS
TYAar T 7 ks ds T

VW = Vehicie Weight, V,, = Vehicle Posi Impact Speed

= Impactor Post Impact Speed

In this formula the object weight used as the divisor in caiculating the KEES, is the moving
impactor barrier weight because that is the object imparting the damage. The more commonly
used object weight in the divisor is that of the vehicle being impacted. Which weight to use, and
why, will be resolved later in this paper.

Copy right 2001-2002 by Daniel W. Vomhof IIl. All Rights Reserved.
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Post Impact Speeds for any of their tests. This is most particularly of concern for any of the
NON-FRONTAL (side and rear) impact tests, as well as the frontal impact tests involving a
moving impact “barrier.” Since this important item of data is not reported, one or more
assumptions must be made. The first assumption is that the Impactor and Vehicle reach a
common post impact velocity. To help the non-reconstructionist visualize this, it is further
assumed that the 1ﬁ‘p"uu1 and vehicle “stick” chether p"S 1111

imp
vehicles reaching and maintaining a common post impact speed.
no rotational energy involved post impact.

At~

ot M
auvt, Lllub 111u>uaL1115 LllC LWU

inally, it is assumed that there is

With these assumptions, Equation #2 may be simplified to:

Equation #3:

‘ 0.5 | (1,+5280)° ( PIS%5280)
K-, 322 *YW*L 3600 J W) L 3600 J J
w

IW = Impactor Weight, I, = Impactor Impact Speed
VW = Vehicle Weight, PIS = Post Impact Speed

Using the same assumptions, the calculations may be further simplified through the principle of
reduced mass. One important aspect of the principle of reduced mass is the idea of frame of
reference. If one views the collision from the frame of reference of the impacting barrier, the

harriar annraachec tha vahicla imnacte tha vahicla and than hag caontinniing nogt imnact
valllvl appiruauiivs uiv VUILVIC, HLIPAauls UIv VUILLVIV, alil il Has VULLULIULLLE PUSL Liipavt

movement in the direction of its original path of travel. If one views the collision from the frame
of reference of the vehicle, the vehicle approaches the barrier,* impacts the barrier, and then
“rebounds” from the barrier. The rebounding movement has been traditionally ignored in the
calculation of stiffness values. The principle of reduced mass, allows for the calculation of the
energy loss in the barrier impact®. The expanded reduced mass formula is:

T ouc addnce J-l/l
Lguation #a:

05 % Mase + Mg v 12
b O Vehicle, O Vehicle, ¥ Closing
Energy MaximumDamage
Mass, + Mass._, , . .
l/emctel V@HZC[€2
VClosing = Closing Velocity (Speed) in feet per second

Substituting in the NHTSA specific terms for the general terms the formula becomes:

Copy right 2001-2002 by Daniel W. Vomhof IIl. All Rights Reserved.
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I

Closing

= Closing Velocity (Speed) in feet per second

When the speed is reported in miles per hour and the weights are in pounds, this formula
becomes:

Torwatinn Hke
LQUationl 79,
14 elghl Impactor 1z eighllfel7icl€ (S d 1 5280\
. * * | Spee smg*
Energy. . = 22 22 174 L - J
&Y MaximumDamage Welgh Impactor eithVe,ﬁcle
~A 7N
322 S4.4

Simplified the equation reads as:

Equation #7:
Fnovon _ 1089 « Welgh Impactor WelghtVehicle * (SpeedClosing>z
IS MaximumDamage ' ]
65205 Welgh Impactor WelghlVehicle
The KEES is now calculated as
Equation #8:
| 30+
Speed = nerg‘yMaxmmmDamage
P Al (ObjectWeight,
v N J S (pounds)’
Using the same reasoning process as before, that the object imparting the damage should be in the
divisor, the Object weight to be used is the Vehicle Weight rather than the Impactor Weight
(remember, we are assuming the Vehicle hits the barrier). The resulting “final” equation is
therefore:

Equation #9:

| 30xEnergy, . N

d S Maximi mLsaniage

(mph) \J (Vehicle Welght(pounds))

Spee

We have now seen a logical, rational, explanation where either the Impactor Weight or the
Vehicle Weight is the proper weight to use in the divisor. But which is correct??!!?7?

Copy right 2001-2002 by Daniel W. Vomhof IIl. All Rights Reserved.
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First caution - again, why calculate the KEES speed?

To illustrate the effect of using the reported impact speed vs. the KEES speed, consider the
NHTSA Rear Impact test for a 1988 Chevrolet Cavalier (# 1279). The pertinent data is as
follows:

Impactor Weight = 4000 pounds
Vehicle test weight = 3989 pounds
Closing speed = 29.4 mph

average crush depth = 13.1 inches
a “No damage” value of 5 mph

crush width = vehicle width = 65.5 inches.

When one calculates the A-B-G values based upon the closing speed of 29.4 mph, the results are:
A=4571,B=170.7, G=612.0

Using the same data, the KEES speed = 20.8 mph, and the A-B-G values based on this speed are:
A=2953,B=713,G=612.0

it can be seen that there is a significant difference between the two A-B stiffness resuits. To get

the proper visualization of what is being calculated in the first set of stiffness values, picture a

vehicle with steel rods securing the vehicle to the ground at each of the four tires. The Impactor

barrier hits the vehicle, and ALL of the impact energy of the impactor barrier goes into the

resultant crush of the vehicle. When using these stiffness results for a reconstruction of a

racr_andar aalliciann tnovalang o gmilor Chavealat Cacaliage hichar than ont anrncad 1

.|
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will be the likely result.

Second caution - which “vehicle” weight should be used in the divisor for the KEES speed
calculation?

Again using the data from NHTSA test #1279, what is the difference on the KEES speed between
using the Impactor Weight and the Vehicle Weight in the divisor? If the calculated Energy loss =
57663.798, then the KEES speed calculated using the Impactor Weight =20.796 mph, and the
KEES speed using the Vehicle Weight = 20.825 mph, a difference of only 0.029 mph. A
difference which is not enough to be concerned about, and is in fact practically an invisible
difference . . . when the weights are close.

However, let us now apply a principle of ESP® (Exaggeration of System Parameters) and
substitute your “typical” tractor (aiso calied a “semi-tractor” or “over-the-road tractor™) for the
impacting barrier, which is the nearest thing the author can think of to a “non-deformable”
impactor barrier in a “real” collision. While the vehicle weight remains at 3,989 pounds, the
barrier weight now becomes 13,500 pounds which results in a calculated Energy loss of
88900.553. When the vehicle weight is the divisor the resulting KEES speed is 25.857 mph, and

wvihoan tha fraesmntnm coaralat io thn dixiione tha TETLQ qinand 3 £ omnamnls Wil a WAt qinnnde o

WIICI1 LllC l’lll]u(/l(ll WCLSIEL iS 1€ QiviSor e Ao DPCCU lb l“f UJU llll)ll vy 11iic UULll DPCCUD are
mathematically correct and valid, this, most would agree, is a SIGNIFICANT difference in
speeds.
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Which speed is “truly correct”? What is the point? If both speeds are “valid,” what does this
illustrate?

This example illustrates the point that when calculating the KEES speed, use the divisor weight of
the “vehicle” for which the stiffness values are to be calculated.” ® This is the weight to use, NOT
hanniiga 1 ~ Animoga hat hanniion +1. 1.
0oECausSc w

/€ are pretending it is the object ii‘ﬁp?u ting t the aamage, out oecause IT is the vehicle
upon which the energy loss is acting.

Summation and Conclusions

The concept of a KEES speed, by whatever name it is called, is important. Its calculation is
simplified when the collision is into a fixed barrier, much as the speed change from skid is

simplified when the ending speed is zero. However, just as when the ending speed is not zero, the
speed change from skidding becomes more complicated, so does the calculation of the KEES
speed become more complicated when the barrier is not fixed. In order to obtain a correct initial
speed when the ending speed from skid is not zero it is important to go through extra calculations.

Likewise, if one is going to calculate stiffness Values from Vehlcles in test crashes to be applied to
Orf nt to on thro ou 1ch the extra

LLALL WU 5V UL VUgIL LIV VAU G

a vahicle invnlved in a cide nr rear lmna r‘r\"
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calculations to obtain the KEES speed.

The calculations demonstrated have often times either not been made or made incorrectly. In fact
this paper came about due to questions arising regarding calculation errors in A-B-G stiffness
values in NHTSA test # 1279. As also demonstrated, an incorrect test speed WILL lead to
incorrect stiffness values, and thus an incorrect speed calculation in the subject collision.

Finally, it must be remembered that while the NHTSA crash data is usually the best data available,
several critical assumptions MUST be made in order to calculate stiffness values for the side and
rear of test vehicles. These assumptions may, or may not, be valid. Therefore, the reliance upon
the speed calculations made based upon the calculated stiffness values must always be examined
carefully by the accident reconstructionist.
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“The Investigation of Automobile Collisions with Wooden Utility Poles and Trees” as
presented by Joseph Cofone at the S.A.T.A.I. Spring Conference, 3/9-10/2001.

For a variety of terms, the reader is referred to DOT/HS 800 624 and the following SAE
papers - 680016, 740565, 850256, 850437, 930899, 940914, 2000-01-0462, 2001-01-
0499, and 2001-01-0500.

Again, refer to the Saturn commercial. As one views the approaching barrier, the viewer
does not know if the barrier is approaching the vehicle or if the vehicle 1s approaching the
barrier. We only “know” that the barrier is approaching the vehicle due to our having
knowledge not immediately present in the camera shot.

The reduced mass principle can be stated as [m1*m2/(m1+m2)]. Mr. Bonnett has further
refined this for his applications of determining CEEBS (Crush Energy Equivalent Barrier
Speed). Mr. Bonnett discusses this further in an as yet unpublished paper “Stiffness
Coefficients - Energy and Damage” © George M. Bonnett, JD 2001 All Rights
Reserved. It is also discussed in SAE papers 850437, 930899, 2000-01-0462, 2001-01-
0499, and 2001-01-0500.

I first saw a reference to this term in the book Star Driver, ©1980 by Lee S. Corey. In
applying this principle you make some part of what you are working on very big, very
small, very fast, very slow, etc. blowing that part totally out of proportion to the rest of
what you are working on. This then helps to see problems where they might otherwise not
be detected, as in the case of which object weight to use. When both objects are nearly the
same weight and the numerical display is only to one decimal place, the difference in
speeds are not detected, in both cases for test 1279 “the calculated speed” is 20.8 mph.

As a result of work on this paper, the formula used at 4N6XPRT Systems for calculating
the KEES speed from the NHTSA crash test data has been modified to:

‘ 0.5 { (1g+5280)° (PIS*SZSO\J
‘ 3600 ) TN 3600
KEES, . = |30+
Avid 11 ‘V VW

IW = Impactor Weight (pounds), I,, = Impactor Impact Speed (MPH),
VW = Vehicle Weight (pounds), PIS = Post Impact Speed (MPH)

Further condensation of Equations 7 & 9 results in the following “simplified” equation:

1 torWeight
KEES. - 484 mpactorWeight .

MPIT /\l 483 ]mpaclol” Weight(pounds)

y * C losingSpeed(MPH)

+ VehicleWeight ...
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FEDERAL SHUTDOWN SLOWS PROBES OF TRANSPORTATION DEATHS

Because of the partial federal government shutdown, 10 new
crashes in which 22 people died have not been investigated by the
National Transportation Safety Board.

The nation’s top transportation oversight investigative agency
has been unable to study the circumstances of seven plane crashes in
which 13 people were killed, two fatal railroad crashes, a highway
crash in which seven people died and an incident in which a school
bus collided with a tractor-trailer, injuring 15.

The NTSB also was unable to gather enough information to
determine whether to send investigators to three other crashes — two
on roadways and one on rails — that killed eight people.

“The National Transportation Safety Board’s mission to pro-
mote safety in transportation has come to almost a complete halt
because of this absurd government shutdown,” said Rep. Peter A.
DeFazio (D-Ore.), the new chairman of the House Transportation
Committee. “This means dozens of ongoing investigations are sitting
idle, and that numerous accidents that have occurred since the shut-
down are not getting investigated.

“When NTSB employees cannot determine what caused an
accident, we can’t establish how to prevent similar accidents from
happening,” DeFazio said. “For the safety of all those who travel
within our country, we must reopen the government.”

Dolline Hatchett, acting director of the NTSB’s Office of
Safety Recommendations and Communications, said the agency’s
investigators have been furloughed and it is unable to go to “major
accidents, as well as other accidents where specific risks to transpor-
tation safety exist.”

NTSB investigators routinely are sent when planes and trains
are involved in fatal crashes, and they often are dispatched to look at

vehicle crashes such as the October limousine crash in Upstate New
York that killed the driver, his 17 passengers — including four sisters
and three of their husbands — plus two pedestrians.

Since the shutdown began, the agency has been unable to send
teams to fatal small-plane crashes in Georgia, Florida, South Dakota,
Tennessee and California. Two fatal rail crashes in New York have
not been scrutinized by the agency. Neither has a Jan. 3 highway
collision involving two tractor-trailers in a crash with a 15-passenger
van that resulted in seven deaths. - Washington Post
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Background

4N6XPRT Systems began selling the
Expert AutoStats® program in December
1991. As part of that program a set of “Crush
Factor” values was published. These values
were the summary of data analysis performed
by the authors independently and jointly.
None of the in-depth background analysis
used to arrive at the Crush Factor values was
published at that time or subsequently. How-
ever, a brief discussion of the authors’ efforts
was presented at the "Crash 98" conference.

The approach of calculating speed
from crush using the speed from skid formula:

S = \30*d*f

Where: S = Speed in miles per hour,
f = drag factor
d = distance in feet

was originally ‘suggested’ to the authors in the
“Traffic Accident Investigation Manual” by J.
Stannard Baker. [Ref. 1] One of the tables on
page 245 in that First Edition was titled “Typ-
ical Values of Acceleration and Deceleration
for Motor Vehicles on Level Surfaces”. Two
lines were found at the bottom of that table are
presented here in Table 1.

No discussion as to how these factors
were arrived at was presented in the manual.
The authors found that the value of -5 for a ve-
hicle-to-vehicle impact was much lower than
was practical based on vehicle reconstructions
when they used this approach. However, in
many of the reconstructions where they had
other independent ways of calculating vehicle
speeds other than using the crush, such as mo-
mentum, the values obtained using the -20 val-
ue seemed to be in reasonable agreement with
the other methods. The authors found that de-
pending upon both the physical evidence and
the “fact” situation, a Crush Factor of between
15-22 to calculate a speed from crush matched
well with other speed estimates in nearly ev-
ery situation.

The Crush Factor is obtained/calculat-
ed in the same manner as a drag factor:
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CRUSH FACTOR: A VALIDITY
ANALYSIS - PART I (FRONTAL)

by Daniel W. Vomhof I1I and Daniel W. Vomhof, PhD

CF =S*8

MID*30

Where: S = Speed in miles per hour,
CF = Crush Factor,
MID = Maximum Indentation Depth
(in feet)

The NHTSA Crash tests, as published
in the Accident Reconstruction Journal [Ref.
2-6] as well as crash test data published by
Engineering Dynamics Corp, [Ref. 7] were
analyzed to find an independent Crush Factor
Value based on crash tests as opposed to a val-
ue which was to a certain extent “force fit” into
a crash reconstruction. Much of the data pub-
lished by Engineering Dynamics was for ve-
hicles older than the vehicles contained in the
NHTSA crash test database, [Ref. 8] which
is important for reconstructionists who work
in areas outside of the snow/rust belt of the
United States where vehicles are on the road
for 10, 20, 30, and more (sometimes MANY
more) years after they were originally sold.

Since the value in question was being
used to evaluate Speed from Crush, the au-
thors retitled the value “Crush Factor” in or-
der to separate it from a speed from skid (and
because it avoided the question of what was
dragging across what).

The analysis of the various crash test
data previouslyreferred to found that the tests
tended to group about a Crush Factor of 21.
Using a Crush Factor value of 21 in a back cal-
culation of speed in each of the tests resulted
in a calculated speed within +/- 5 mph of the
recorded test closing speeds for the vast ma-
jority of the tests. The round number of CF=21
for frontal damage was used, in part, because:

* it was based upon known crash tests,

* it could be easily checked by others in
the accident reconstruction community,

* it was usable in a commonly
recognized formula,

+ it was EASY to use..ESPECIALLY while
on the witness stand or in a deposition,

+ awhole number, as opposed to a number with
decimals attached, was easy to remember,

+ it was felt it would be of benefit to others

TABLE 1. Typical Values of Deceleration
for Motor Vehicles on Level Surfaces [Ref. 1]

Deceleration Type Drag Factor | Meters/sec/sec Feet/sec/sec
Car Crash into Standing Car 5.00 49.01 161.0
Car Crash into Solid Fixed Object 20.00 196.0 644.0

in the accident reconstruction community, and

+ it was independent of make, model, year,
or body style of vehicle where the GVWR
was under 10,000 pounds

Since originallypublishing the Crush
Factor values there has been some resistance
in certain quarters to using the approach, for
one or more of the following reasons:

* it’s too simple,

+ one stiffness value cannot possibly be
valid for all vehicles,

+ the approach becomes erratic when
minimal crush is present.

Thus, it was felt that it was time to
re-evaluate the Crush Factor value both to
give more background to the value AND to
see if it had changed significantly since the
original work was completed 33 years ago.

Analysis Process and Assumptions

In order to generate the initial data
groups the 4N6XPRT StifCalcs® program
was used to search the NHTSA Crash Test da-
tabase (as downloaded on May 12, 2017) for
all frontal crash tests in the database. One data
set was developed based on the calculated AV-
ERAGE crush, the other based on the MAX-
IMUM crush. Figure 1 and Figure 2 show the
Average Crush data summaries.

It can be seen that the total number of
frontal impact tests available where average
crush can be calculated is 3045 tests.

The speed used for the stiffness calcu-
lation is the Kinetic Energy Equivalent Speed
(KEES) rather than the Closing Speed. In the
event that the vehicle is moving and strikes a
fixed barrier, KEES = Closing Speed. However,
when a barrier is moving and impacts the vehicle,
the KEES needs to be used instead of the Closing
Speed, as the Closing Speed will be erroneous-
ly high. The authors define the Kinetic Energy
Equivalent Speed as the Kinetic Energy required
to create the damage expressed as a speed.

The data was then imported into an Excel
spreadsheet for further analysis and filtering.

The 4N6XPRT StifCalcs® program
provides test summaries with the statistical
measurements of the data set of: Number of
tests, Average, Minimum, Maximum, and
Standard Deviation (Sample). The Average
value output by the program is the Arithme-
tic Mean value of the data. By using the Excel
program the analysis can add the additional
AVERAGE measurement methods of MEDI-
AN - the central value of the data set, MODE
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- the most commonly occurring value in the
data set, and QUARTILE 2 - the 50% val-
ue of the data set, which is also the MEAN.
Further use of the Excel spreadsheet allows
display of Quartiles 0-4 from which we can
quickly see the values within the data set of
various data points at the minimum (QO), 1/4
point (Q1), ¥ point (Q2), 3/4 point (Q3) and the
maximum (Q4). Finallywe can easily display-
the Standard Deviation value spread from the
AVERAGE (Mean) value rather than having
the reader do the calculations in their head.
In each case the Standard Deviation value
used for this display is the SAMPLE Standard
Deviation. Where the “A” stiffness value was
negative, the A-B-G stiffness values were de-
leted but the test as a whole was retained as
the data for a Crush Factor was still available.
Where the Kv stiffness values were negative
those values were also deleted.

When the analysis of the Crush Factor
is broken down by body style, an additional
filter of an upper threshold value for the “A”
stiffness value is applied. The values applied
are based on the calculation of A-B-G stiff-
ness values and application of those values to
vehicles involved in crash tests for hundreds
of vehicles.

The A value is commonly defined as
‘A = Maximum force per inch of damage
without permanent damage”. This can be
confirmed through unit analysis. Restated,
when the Force per inch of crush length ex-
ceeds that shown in the A value, you will have
permanent crush, when the Force is less than
that shown in the A value, you will see no
damage post impact. Values above the filter

No

thresholds applied are usually indicative of
measurement errors and/or “air gap” issues
within the data.

Additional discussion of the A value
filter and why the particular values were cho-
sen is present in the discussion of each body
type data set.

To help the reader quickly see various
items, the Crash III “A” value column and the
Crush Factor column have been highlighted
with color. Additionally, selected values have
been boxed as they are important and will be
discussed in the analysis.

Part of the maximum crush Crush Fac-
tor analysis also includes a “back calculation”
of the KEES speed based on the reported max-
imum crush and an evaluation of the calculat-
ed speed as compared to the reported speed.

For the purposes of this analysis, it is
assumed that:
the data contained in the NHTSA data-
base is correct, which based on our anal-
ysis of the database, for the majority of
the data is a valid assumption,
the data is assumed to have a normal
distribution

Maximum Crush vs. Average Crush

It should be noted that the calculation
of the Crush Factor as published in the Expert
AutoStats® program, and thus the speed from
crush in a subject accident, was based on the
“maximum crush”, not the average crush as
was, and is today, more common. This was in-
tentionally done for several reasons, including:

+ ease of calculation using one point
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instead of multiple points,
reduced measurement, and calculation time,
relative ease of spotting the measurement
point in the field, and
in general represents the point of maxi-
mum work/energy exchange

Since the original work was complet-
ed, it has been found that using the maximum
crush has the added benefit of having a “data
normalization” effect which is important for
offset and pole tests. Additionally, a review
of the statistical summary of the data shows
increased “scatter” in the results when the av-
erage crush is used for the crush depth. (See
Figures 1 & 2) Figure 1 is a summary of the
entire NHTSA database as of May 12, 2017
with calculations based on the Average Crush
Depth, and Figure 2 is the same database fil-
tered with the following restrictions: the Crush
Factor Value is in the range of 0<CF<100 and
the Average Crush Depth, in inches, is within
the range of 0<Crush<60. A quick review of
these tables will begin to indicate to the read-
er why the original analysis was based on the
maximum crush. No further work beyond these
two tables will be shown in this discussion.

Maximum Crush - All Tests - No Filter

Figure 3 shows the data summary for
all Frontal Tests where stiffness can be calcu-
lated based upon MAXIMUM crush. It should
be noted that there are a total of 3056 tests
available for use using maximum crush where
as noted previously there are only3045 tests
with the availability of AVERAGE crush.

The first thing to note in this table

fisroi Avaraga Eitich Fiah Vehicla
e T
Year Make Model  Body Style & Crush KEES A B G Kv b_sub_1 Weight
Speed (inch) L Ly {pounds)
{mph)
Number of Tests (n) " 30457 30457  3045" 30457 3045" 30457 3045° 30457 3045”7 30457 3045
r r r r r r r Ld r r r

Average (AVG) 5 13.2 12.3 13088.49 284233750 2231 46947549.1 B83.1 1166.2 69.6 3811.6
Minimum (MIN} Y 5" 00" 47" -96379.3" -42739.8-123367.6" -61951.77 527 -8.8" 04" 18295
Maximum (MAX) f 5" 695 61.6'6764107.2"44862276416,6°  6455.8775593115214,7 374924.0" 583651.4" 229,77 17756.8
Standard Deviation (STDev-sample) 4 0" 6.8 6.37 170957.8" ©80045204.6" 5690.1" 1477205730.87 10018.1" 14s581.8" 747 9547
standard Deviation (STDev-population) i a” 68" 6.37 170929.7" 879900776.1" 5689.1" 147696314837 1001647 14573.4" 747 9545
Median r 5" 14.2" 9" 43337 163.27  531.3" 23177 292" 335" 70.0" 37006
Mode § 5" 01" 350"  a010" 114.2" 566,77 913" 281" 331" 665" 29939
Quartile 0 i 14 0.0" 4.7" -96379.3" -42739.8"-123367.6 -61951.7" 52" -8.8" -0.4" 18295
Quartile 1-25% 4 4 89" 295" 3339”7 107,3: 459.1: 1.51,3: 242" 23,1: 66.77 3152.0
Quartile 2- 50% 4 5" 1427 349" 43337 163.2 531.3 2317 29.2" 33.5 70.07 37096
Quartile 3- 75% r 7 17.77 3517 6259 32457  603.6" 477.1" 411 47.7" 7297  4366.5
Quartile 4 g 5" 69.5" 61.6'6764107.2"44962276416.67  6455.8"75593115214.7 374924.0" 583651.4"  220.77 17756.8

-2 5td Dev -328827.2 -1731667214,2' -11157.1 -2907463912.4 -19153.1

-15td Dev -157869.4 -851621919.6 -5467.0 -1430258181.7 -9135.0

Average 13088.4  28423375.0 2231 46947549.1  B83.1

+1 Std Dev 1840462 9084686606 59131 1524153279.9 109011

+25td Dev 355004.1 1788513964.2 11603.2 3001359010.6 20919.2
5-2017 Front AVG Summary . 0<CF<100 Cr<60 CAR 0<A<500 . Pickup D<A<650 , VAN D<A<700 . Utiity 0L — — -

Figure 1
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is that while the average Crush Factor val-
ue is 24.9, the Median/Q2 value (the cen-
tral value) is 21.3. It can also be seen that
the back calculation of speed based on the
Max Crush depth and a CF=21 value cal-
culates the speed from crush for at least
75% of the tests within a +/- 5 mph range.

The lack of filtering of the data set
leads to some very wide data scatter as
can be seen from the Standard Deviation
values for the various calculated stiffness
values (A-B-G-Kv-CF).

Maximum Crush - All Tests -

ACCIDENT RECONSTRUCTION JOURNAL

Filters = 0<CF<100 and 0<Crush<60

Figure 4 is the summary of the data
after the most extreme outliers are eliminat-
ed. The tests where the Crush Factor was not
positive (equal or less than 0) or greater than
100 were deleted, as were the tests where the
reported maximum crush was not positive or
was greater than 60 inches. This filtering re-
sulted in the elimination of 57 tests, bringing
the total number of tests evaluated down to
2999. The Average (MEAN) CF value of all
the tests has dropped to 22.1 and the Median/
Q2 value (the central value) is still at 21.3.

The Standard Deviation values for the
A-B-G stiffness values are still running more
than 100, which is a good indication that this
data set still has some significant scatter. How-
ever, even with this scatter more than 75% of
the tests are within +/- 5 mph of the KEES.

At this point, it has been shown that,
based on the current NHTSA Crash Test da-
tabase, speed from crush for frontal impacts
accurate to within +/- 5 mph can be obtained
75+% of the time using a Crush Factor of 21
for all vehicles.

It will now be explored whether this
holds true when specific body types are ex-

No
Average Vehicle
Test Damage Crush Crush
Year Make Model Body style g Crush KEES A B G K¥ b_sub 1 Weight
Number Speed Factor == =
(mph) (inch) {pounds)
mph
Number of Tests (n) 2695 2695 2695 2695 2605 2695 26957 2685 2695 2695 2695
Average (AVG) s wW7T e 996" 1w0.2" 044" 2637 N9 wa”  @9” 1w
L4 r Ld L3 L4 L3 L4 " - r r
Minimum (MIN) 5 0.2 4.7 -78725.7 -25164,3 -123367.6 -36538.8 3.7 88 04 18295
v v ’ ; - v v v ' v b
Maximum [MAX) 5 48.0 60.0 4507.8 334877 6455.8 28195.7 991" 1568 2297 17756.8
Standard Deviation (STNev-sample} 4 a 5 57 m9a” 1waas”  amze’ 176147 18" 17a 7a'  eEL7
’ ’ ’ ’
Standard Deviation (STDev-population) o 55 5.7 3208.8 10940” asi70” w611T 149 174 737 9616
" r r " ¥ " - " L]
Median 5 151 29" 408.2 14638 5358 208:2 28.0 320 01 37559
. ¥ € - 4 : 9 - E ! s
Mode 5 153 35.0 2943 924" 5667 913 5.1 341 655 29999
y " L v ’ - " " - - " ’
Quartile 0 B 0.2 4.7 -78725.7 -25164.3 -123367.6 -36538.8 37 88 04" 18295
Quartile 1 - 25% I i 114" 295" 1.8 wie”  araa” 13537 23.6' 274" wa 31773
L4 L L4 " L4 L
Quartile 2- 50% s 153 19" 408.2 468" 5358 208.2 280° 32070 w1 3159
L4 - - - - L3 - -
Quartile 3- 75% F 5 18.2 35.1 5274 2316  610.7 335.4 8 01" BAT w4
v v ¥ ’ v .
Quartile 4 5' 480 600 4507.8 3487 64558 819577 993 1568 297" 177568
-2 Std New -£119.2 20082 -4531.5 A236.6 20
-15td Dev -2909.8 9140 46136 -1475.2 17.0
Average 299.6 180.2 3044 2806.3 1.9
+1'5td Dev 3509.0 12743 52223 2047.7 46,9
+25td Dev 6718.4 23685 10140.2 3809.1 61.8
» 0| D<CF<100 Cr<60 , CAR0xA<500 _ Pickup D<A<650 VAN 0<A<700 _ Utity 0<A<650  7a T m "
Figure 2
[} [ 1] £ [ ) " I | 3 k M T ('] v W X v i Lty
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vesr | Mk Madal Bty Style “""':;' Cragh  KERS A " o Kv :‘" ":: caled | Bror | trer
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w071 i ;
3071 Numbar of Tests (n) 5056 2058 1056 088 1056 8088 1048 sose] 1438 1618 Humbar of Tasts (n] |
308 ﬁ‘erc"lﬂ\'h’ 5 e s 164 ey 2158 FELT ﬂﬂ o 42 4.2 Avwwragn fawei]
074 Minimum (AN} 5 03 00 «EE1727 -2065A8 1233675 -3004012 an 40 0.0 4710 Miaimar (MIN)
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Figure 3
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amined, or do the large amount of CAR front
ends “swamp out” differences in the smaller
number of samples PICKUP, VAN, and UTIL-
ITY vehicle types.

Maximum Crush - All Tests -
Filters = CAR and “A”<500

Figure 5 shows the CAR type vehi-
cles from the data set that resulted in Figure
4, with the application of an additional filter
that eliminates tests where the “A” stiffness
value is greater than 500. The CAR data set
has a total of 1918 tests after this filtering
is completed. The benefit of the additional
filter based on the “A” stiffness value can be
seen in that the Standard Deviation for the

[ P - ) S 0 SN 0 TS 0 00 NSO ™ O O 00 W00 T O OO ... L (")
D.::I' Max Crash e peed Speed
Vear Maks Model Body Style Crush (1.1 A a G LY Ealc'd Error Erroe
il | ::;:’I ] linen) L R | oeed Cver WUndier | ! |
5044
5015 Humbser of Tests (n) 1999 1989 1958 2088 1988 1988 1988 1698 1995 id1a 1578 Hiuimber of Tests (n
a1 A Ruwrage IAV) [} FLV) A LT T “aan 151 | 2 a0 1. A age [AVE]
3017 Minimum (MIN) 5 03 ar 441 16 350 51 1 40 a0 315 in mamm (MIN)
s018 i masm [MAX) [ 1 LT ALE AT ATOOS  BASSA 111429 e w51 LYY oo hawimim (MAX)
3019 Mandard Deviation (STOev-sample) o 62 58 i3s 1321 1535 aza L 51 44 in Hantfard Deviation (STDev-samile)
8020 Standard Deviation (STDev-pooulation] 0 61 LY 1824 1821 JLES S 8228 1] 51 i a8 Standard Deviation (5TDev poculation)
041
02 1968 Madinn ] ma 4R 20A8 BOE LLE 1183 116 16 2% Tledian
3013 001 Mode 5 Uns 350 697 794 566.7 1059 09 336 12 i4 Mode
024
04y I Hil) L1181 5% of Spaed Samp e |
3018
027 1972 Cuaitile 0 ] [+8. ar a8 18 FLL Y] 1 11 an oo 313 Cluaartile O
018 1880 Qumrtile 1 - 25K L} 6.7 285 231 0.5 4718 817 b =4 {81 4.4 Cuartiie 1 I5%
3019 1999 Quartile 2 - 50% S 202 348 2056 805 5324 113 :ﬁ 326 28 5 Quartile I - 50%
B0 2007 Quiartile 3 - 755 s 234 ELR N 15 1112 604 e 1569 FIES 350 +.6) 12
5031 2017 Quinetile 4 L LUE] B18 28347 87009 S4%5H 111429 e LEE) 34 00|
3032
3033 <2 Gl Dev il - L & 162.7 1306 4539 4B
3054 -4 5t Dew i M= EMLE -30.6 1938 1710 i34
3035 Average "oasw " oeem M6 1015 466 1518 A
1034 41 5td Daw RN W 4480  2a0s 1001 arazy 100
3nxt 1 St Dy - s1as 4657 BSA6 97 S »s
FLIT
W4 M| BeCr<100.0r<00 ) CARS A<B00 | Pickups A<D VANS A<700, Utity A<800 _ PUlsUtl A<6D0 3 N L ™
Figure 4
[ c o [ v a " ) ) f L [ ] m v w X Y m A8
Mo Man 21 Speed  soeed
Year Make Model Doy $tyle D:"n:::' Crush NEEY A L] @ v ::.': Calcd Erfor Erroe
tinen) Spced  Dver  Under
Al (mph S
1933
1984 Mumber of Tests (n) 1l BRIA 1SIN 1909 L8OW wos  i9it i o | g7 943 Numbser of Tests (n) |
1099 Rwsragn [AVO) 5 W 0o FRLTY Tas L) m |I L an Al Mg sgw LAY
1906 Minimum (M) 5 03 4.7 441 1% W3 51 EA 40 (1] LA R} Minimum (MIN]
10AT M| e [ RAAX) L] L e &18 aui s LIEE EAT@ 13iare we LLE ] fas an okl RbAx)
1994 Sandatd Devintion (STDev-sanple) 0 62 an 770 403 T41 0% 9 0 10 47 33 Standard Deviation [ $TDew sampiel
{11 ] Standard Deviati on ($TDev-pooulntian) o 62 6.0 7o 402 141 wsE 1o S0 a7 LE Standard Dewiation |3TDew oapulation)
1980
1031 160t Ml an L1 0% R 2641 723 avrR oLy A 17 22 el s
1041 2001 Mode ] 209 BO 2607 794 44L4 LS 07 31 10 14 Mode
1944
1944 | 141 10 i of fpesd Sample
1848
1940 1673 Ounrtile 0 L] 03 a7 4a 8 m78 s1 21 &) 00 318 Cuartile 0
1947 1207 Quartile 1 - 23% 5 170 95 22989 40 45 761 7. 20 13 +0f Quertite 1 - 35%
10an 1906 Quartile 2 < 50% 5 05 LY ] 2661 na e llﬂ.lﬂ ny a7 23 Quartile 2 - 50N
194y 200% Quartile 3 - 75% & 282 =0 3342 947 LR R 154 24 35 3 5.1 Ly Guactile 3 - 79%
1980 o017 Quinrtle 4 L} 583 B4 4905 3118 #5379 111429 98 4 543 o0 Cluartile &
1951
1951 2 fvd Dev i 1166 18 3474 4903 L
1933 -1 5t Dew i F 7 aaa 1936 36 4 ARG -AB4 S 141
1954 Average "oasn T e W06 e A7 A A
1053 o1 K Day WA W BT iles 598 4ars LT
1956 +1 Sid Dew L\ e 4185 1590 G40 7 %0
1087
W00 Derel00 Cretl) ] CARS A<S00 - Bickips A<B00._ VANS A<700 _ Uty A<BOD . Busitl Aeod. 3 AN I L

“A” value has dropped to ~77, and the “B”
and “G” Standard Deviations have dropped
to even lower values, which indicates a
“tighter” data set.

The Average (MEAN) CF value of all
the tests has dropped to 21.1 and the Median/
Q2 value (the central value) is at 20.9. Look-
ing at the Quartile analysis, the 75% point
in overestimating the speed is just above 5
mph higher (5.1 mph) than the KEES. On the
underestimate side, the speed is only 4 mph
less than the KEES. The authors are confi-
dent that an in-depth evaluation would show
that a CF=21 value would still estimate more
than 75% of the tests within +/- 5 mph. That
analysis will be discussed in a subsequent

paper.
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Maximum Crush - All Tests -
Filters = PICKUP and “A”<800

Figure 6 shows the PICKUP type ve-
hicles from the data set that resulted in Figure
4, with the application of an additional filter
that eliminates tests where the “A” stiffness
value is greater than 800. The PICKUP data
set has a total of 287 tests after this filtering
is completed. The filtering based on the “A”
stiffness value of less than 800 only dropped
the Standard Deviation for the “A” value to
~101. However, experience with the NHTSA
database has shown that because some Heavy
Duty Pickups with their sturdier frames are
included in the database, a higher top thresh-
old “A” value is appropriate.

Figure 5
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The Average (MEAN) CF value
of all tests has dropped to 20.2 and the
Median/Q2 value (the central value) is at
19.9. This is surprising as it is an indica-
tion that PICKUPs are actually somewhat
softer than CAR front ends. Looking at
the Quartile analysis, the 75% point in
overestimating the speed is again just
above 5 mph higher (5.1 mph) than the
KEES. On the underestimate side, the
speed is only~4 mph less than (3.9 mph)
the KEES. The authors are again confident
that an in depth evaluation would show
that a CF=21 value would still estimate
more than 75% of the tests within +/- 5
mph. That analysis will also be discussed
in a subsequent paper.
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Maximum Crush - All Tests -
Filters = VAN and “A”<700

Figure 7 shows the VAN type vehicles
from the data set that resulted in Figure 4,
with the application of an additional filter that
eliminates tests where the “A” stiffness value
is greater than 700. The VAN data set has a
total of 208 tests after this filtering is complet-
ed. The “A” stiffness value top threshold of
700 is based on the short front end of a num-
ber of the full size vans. It can be seen in that
the Standard Deviation for the” A” value has
dropped to ~81, and the “B” and “G” Standard
Deviations have dropped to even lower values,
which indicates a “tighter” data set.

The Average (MEAN) CF value of all
tests has dropped to 21.2 and the Median/Q2

M ]

value (the central value) is at 21.3. The Quartile
analysis indicates that a CF=21 value will quite
comfortably estimate the speed of more than
75% of the tests within +/- 5 mph of the KEES.

Maximum Crush - All Tests -
Filters = UTILITY and “A”<800

Figure 8 shows the UTILITY type ve-
hicles from the data set that resulted in Figure
4, with the application of an additional filter
that eliminates tests where the “A” stiffness
value is greater than 800. The UTILITY data
set has a total of 446 tests after this filtering is
completed. The “A” stiffness value top thresh-
old of 800 is based on the Utility Vehicles
often being considered interchangeable with
the pickups in regard to front end shape and
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stiffness. Therefore the same top end thresh-
old was used for the UTILITY vehicles as was
used for the Pickups. This can be seen in that
the Standard Deviation for the “A” value has
dropped to ~81, and the “B” and “G” Standard
Deviations have dropped below 100 as well,
which indicates a “tighter” data set than was
present in the Figure 4 data set.

The Average (MEAN) CF value of
all tests has dropped to 23.1 and the Median/
Q2 value (the central value) is at 23.0. This
is more along the lines of what was expected
from the Pickups, a stiffer front end than is
found in the CAR body style front end. How-
ever, the Quartile analysis indicates that a
CF=21 value will quite comfortably estimate
the speed of more than 75% of the tests with-
in +/- 5 mph of the KEES. The author would

not argue with someone who wishes to use a
slightly stiffer CF value for Utility vehicles
based on this analysis. At the same time, the
author feels that the Quartile analysis indi-
cates that the potential benefits in possible
accuracy are outweighed by the loss of uni-
formity of using a “default” CF value other
than 21.

Maximum Crush - All Tests -
Filters = PICKUP+UTILITY and “A”<800

Figure 9 shows the PICKUP + UTIL-
ITY type vehicles from the data set that re-
sulted in Figure 4, with the application of an
additional filter that eliminates tests where the
“A” stiffness value is greater than 800. The
PICKUP + UTILITY data set has a total of
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739 tests after this filtering is completed. This
combining of the PICKUPS with the UTILI-
TY vehicles was done to see if the front ends
really are “interchangeable”. It can be seen
that the Standard Deviation for the “A” value
has dropped to ~81, and the “B” and “G” Stan-
dard Deviations have dropped below 100 as
well, which indicates a “tighter” data set than
was present in the Figure 4 data set.

The Average (MEAN) CF value of all
tests is at 22.0 and the Median/Q2 value (the
central value) is at 21.9. The Quartile analysis
indicates that a CF=21 value will quite com-
fortably estimate the speed of more than 75%
of the tests within +/- 5 mph of the KEES. The
effect of the UTILITY body type tests can be
seen in the reduction of the A-B-G Standard
Deviation values as well as the Q3 speed over-
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estimation speed error reduction, and the ef-
fect of PICKUP tests can be seen in the slight
reduction of the CF average values from what
we saw in Figure 8.

Summary

The analysis of the NHTSA Crash
Test Database frontal tests using MAXIMUM
crush has shown that:

1) It IS appropriate to use a Crush Fac-
tor value of 21 for CARs, PICKUPs, VANSs,
and UTILITY vehicle front ends and that a
speed estimate within +/- 5 mph can be ob-
tained 75% or more of the time.

2) This approach is less accurate when
dealing with minimal crush. However, the au-
thor believes this to be true to most approach-
es to minimal crush. Additionally, while er-
ratic from a statistical view point, the speed
estimates still fall within the +/- 5 mph bracket
in most cases, and when they don’t, it is usual-
ly only slightly outside of that bracket.

It is stressed, however, that caution
must still be used when applying any method
to calculating speed from crush. Just because
one has a formula, a stiffness value and some
crush depths, it does not mean one should
blindly apply the formula. Some thought still
needs to be exercised.

This is the first of what is intended to
be a series of articles. Future articles will
deal with the side and rear tests and values
derived there from.

References

1. J. Stannard Baker, Traffic Accident
Investigation Manual, The Traffic Institute,
Northwestern University, 1975.

2. "NHTSA Barrier Impact Crush
Data, 1983 and 1984 Model Year Vehicles,"
Accident Reconstruction Journal, March/
April, 1989.

3. "NHTSA Barrier Impact Crush
Data, 1981 and 1982 Model Year Vehicles,"
Accident Reconstruction Journal, May/June,
1989.

4. "NHTSA Barrier Impact Crush
Data, 1980 Model Year Vehicles," Accident
Reconstruction Journal, July/August, 1989.

5. "1979 Vehicle Frontal Crash Test
Data," Accident Reconstruction Journal, July/
August, 1990.

6. "1978 Vehicle Frontal Crash Test
Data," Accident Reconstruction Journal, Sep-
tember/October, 1990.

7. “Vehicle Crush Stiffness Coeffi-
cients for Model Years 1970-1984 With Dam-
age Profile Supplement,” EDC Library Ref.
No. 1042, Engineering Dynamics Corp.

8. National Highway Traffic Safety
Administration, Vehicle Crash Test Database,
https:/www-nrd.nhtsa.dot.gov/database/veh/
veh.htm # # #

ACCIDENT RECONSTRUCTION JOURNAL

UTAH TO IMPLEMENT THE NATION’S STRICT-
EST DUI LIMIT, FIRST STATE TO GO TO .05

On New Year’s Eve, as people across
the country raise a glass or two to toast the end
of one year and the beginning of another, resi-
dents of Utah probably will have to decline that
last drink if they want to drive home afterward.

The state plans to impose the country’s
strictest limit for alcohol consumption before
driving, making the new blood alcohol limit
.05, down from the .08 standard nationwide.
The measure — slated to take effect Dec. 30
— has prompted some criticism and spurred
new training for law enforcement officials, but
if it helps reduce drunken-driving deaths, other
states could take notice.

“I don’t anticipate other states immedi-
ately following,” said Jonathan Adkins, execu-
tive director of the Governors Highway Safety
Association. But, he said, “if it turns out this
has been successful and is having an impact on
drunk driving, it’s certainly possible that other
states will follow.”

The shift in Utah — the first state to
lower its limit below .08 — comes as deaths
from drunken driving remain a serious dan-
ger nationwide. While down significantly
during the past three decades amid aggressive
enforcement of drunken-driving laws, alco-
hol-impaired drivers were involved in nearly
one-third of all motor vehicle fatalities in 1997.

More than 37,000 people were killed
in crashes in 2017, and more than 10,000 of
them — about 29 percent — died in crashes
involving drivers impaired by alcohol, defined
as those with blood alcohol concentrations of
.08 or higher, according to the National High-
way Traffic Safety Administration. In Utah,
about 19 percent of traffic deaths involved
alcohol-impaired drivers, the lowest figure of
any state.

Utah has long had restrictions on alco-
hol, including limits on how strong beer can
be and prohibitions against bringing alcohol in
from other states, but officials say drinking and
driving remains an ongoing problem there.

“Despite decades of public cam-
paigns and other efforts to discourage driving
after drinking, survey and observational data
show that many people continue to do so,”
the Utah Department of Public Safety said in
a statement addressing the new law. “Over
the last five years, there were 54,402 arrests
for DUI in Utah, which represents an average
of 29.8 per day.”

The public safety department said that
law enforcement agencies in the state had to
undergo refresher training on field sobriety
tests. The law taking effect this month states
that a person cannot operate or be in physical
control of a vehicle if a test shows that they
have “a blood or breath alcohol concentration”
of .05 or greater. It also states that a person

who has that alcohol amount and “operates a
motor vehicle in a negligent manner causing
the death of another” will have committed an
automobile homicide, a felony.

Utah Gov. Gary R. Herbert (R) signed
the new law last year, noting that while he had
some issues with the measure, it would “save
lives, therefore it is good public policy.”

The .08 standard nationwide was set in
a bill signed by President Bill Clinton in 2000,
though the exact laws and penalties often vary,
according to the Governors Highway Safety
Association. Most states and the District also
have harsher penalties for drivers with partic-
ularly high blood alcohol measurements, al-
though again, the specifics depend on the state.
Federal authorities have long pushed for tough-
er drunken-driving laws than the .08 standard.
The National Transportation Safety Board ar-
gued in 2013 for dropping that figure to .05,
saying that research showed drivers above
that level “are impaired and at a significantly
greater risk of being involved in a crash where
someone is killed or injured.”

The American Beverage Institute — a
restaurant trade association that lobbies for the
industry and has opposed lowering the blood
alcohol level — once called that 2013 proposal
“terrible.” It also decried the new Utah measure.

“I have no doubt that proponents of .05
laws are well-intentioned, but good intentions
don’t necessarily yield good public policy,”
Jackson Shedelbower, spokesman for the insti-
tute, said in a statement this week.

Shedelbower described the new mea-
sure as “targeting moderate and responsible
drinkers” rather than people with much higher
blood alcohol levels “and repeat drunk driving
offenders responsible for the vast majority of
alcohol-related traffic fatalities.”

Federal statistics link deadly accidents
with greater alcohol consumption. NHTSA has
said that while .08 is considered impaired, “the
large majority of drivers in fatal crashes with
any measurable alcohol had levels far higher.”
Adkins, who said his group is monitoring the
Utah law to see what impact it has, said that to
combat drunken driving, “we need to reduce
the high alcohol offenders.”

The Centers for Disease Control and
Prevention says a 160-pound man would reach
a .05 blood alcohol concentration level — and
have a reduced ability to track moving objects
or steer — after having about three drinks in an
hour. The CDC describes a standard drink as
12 ounces of beer, five ounces of wine or a shot
of liquor, though it notes that a person’s specif-
ic reaction to alcohol can vary depending on
their age, physical condition, weight and other
factors.

- Washington Post



The tables in the article are .... small .... through
no fault of the Journal. The authors (primarily
Daniel Vomhof 111) assumes that responsibility as
he could not figure out how to break them up into
smaller chunks without losing meaning. In an effort
to help lessen that effect, the tables are available on
our web site in jpg format for easier viewing and
printing in a larger size.

If you go to

http://www.4n6xprt.com/papers.ntm#CF_Ft_21

and start scrolling down, you will quickly see where
the figures are for this article.
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SECTION 1
PURPOSE AND SUMMARY OF TEST

PURPOSE

This rear impact test is sponsored by the National Highway Traffic Safety
Administration (NHTSA) under contract number DTNH22-06-C-00030. The purpose of
this test is to reduce deaths and injuries occurring from fires that result from fuel spillage
during and after motor vehicle crashes and resulting from ingestion of fuels during
siphoning.

SUMMARY

A 2011 Volkswagen Jetta was impacted by a Moving Deformable Barrier (MDB)
at a velocity of 78.7 km/h. The test was performed at MGA Research Corporation on
May 26, 2011. Pre-and post-test photographs of the vehicle and dummies can be found
in Appendix A.

One real-time camera and five high-speed cameras were used to document the
impact event.

o Left Rear Half 1000 fps
¢ Right Rear Half 1000 fps
o Left Overall 1000 fps
e Overhead Overall 1000 fps
¢ Right Overall 1000 fps
e Real Time Pan 30 fps

Two ballast Part 572E, 50" percentile male anthropomorphic test devices (ATDs)
were placed in the driver and right-front passenger seating positions according to
dummy placement instructions specified in the Laboratory Indicant Test Procedure.

There was no Stoddard Solvent leakage after the event or during any phase of
the static rollover.

The vehicle appeared to comply with all the requirements of FMVSS No. 301
“Fuel System Integrity.”



SECTION 2
DATA SHEETS

DATA SHEET NO. 1

TEST VEHICLE SPECIFICATIONS

Test Vehicle: 2011 Volkswagen Jetta NHTSA No.: CB5801

Test Program:  FMVSS 301 Fuel System Integrity = Test Date: 5/26/2011

TEST VEHICLE INFORMATION

Manufacturer Volkswagen DE Mexico
Model Jetta

Body Style Passenger Car
Major Options None

NHTSA No. CB5801

VIN 3VW1K7AJ2BM056484
Color Reflex Silver Metallic
Delivery Date 4/22/11
Odometer Reading (mile) 166

Dealer ED Schmidt Auto Group
Transmission Manual

Final Drive Front Wheel Drive
Number of Cylinders 4

Engine Displacement (L) 2.0

Engine Placement Lateral

DATA FROM VEHICLE’S CERTIFICATION LABEL

Manufactured By Volkswagen DE Mexico GVWR (kg) 1820
Date of Manufacture 01/11 GAWR Front (kg) 910
GAWR Rear (kg) 960

VEHICLE CAPACITY DATA

Measured Parameter

Front Rear

Type of Seats

Bucket Split Bench

Number of Occupants

2 3

Capacity Wt. (VCW) (kg)

495

Number of Occupants x 68 kg.

340

Cargo Wt. (RCLW) (kg)

155




DATA SHEET NO. 1 (continued)
TEST VEHICLE SPECIFICATIONS

Test Vehicle: 2011 Volkswagen Jetta NHTSA No.: CB5801
Test Program:  FMVSS 301 Fuel System Integrity = Test Date: 5/26/2011

DATA FROM VEHICLE’S TIRE PLACARD

Measured Parameter Front Rear
Maximum Tire Pressure (kPa) 350 350
Cold Pressure (kPa) 220 220
Recommended Tire Size P195/65R15 P195/65R15
Recommended Load Range 91H 91H
Tire Size on Vehicle P195/65R15 P195/65R15
Tire Manufacturer Continental Continental
Location of Placard of Vehicle Lower B-Pillar

Type of Spare Tire (full size/space saver) Full Size




DATA SHEET NO. 2
PRE-TEST DATA

NHTSA No.:
Test Date:

Test Vehicle: 2011 Volkswagen Jetta CB5801

Test Program:

FMVSS 301 Fuel System Integrity

WEIGHT OF TEST VEHICLE

5/26/2011

As Delivered (UVW) (Axle) As Tested (ATW) (Axle)
Units Front Rear Total Front Rear
| eft kg 374.2 273.1 423.2 374.2
Right kg 377.4 282.1 423.2 381.9
Ratio % 57.5 42.5 52.8 47.2
Totals kg 751.6 555.2 1306.8 846.4 756.1
CALCULATION OF TARGET TEST WEIGHT (TTW)
Measured Parameter Units Value
Total Delivered Weiaht (UVW) kg 1306.8
Rated Cargo/Luggage Weight (RCLW) kg 155
Weight of 2 P572E ATDs kg 148
Calculated Vehicle Target Weight (TVTW) kg 1609.8
Vehicle Wheelbase 2651 mm
Vehicle Width 1782 mm
Weight of Ballast Secured in Rear Seat 153.8 kg
Method of Securing Ballast Ratchet Straps
Vehicle Components Removed for Weight Reduction None
VEHICLE ATTITUDES
Units LF RF LR RR
As Delivered mm 671 673 683 689
As Tested mm 649 650 641 642




DATA SHEET NO. 2 (continued)

PRE-TEST DATA

Test Vehicle: 2011 Volkswagen Jetta NHTSA No.: CB5801
Test Program:  EMVSS 301 Fuel System Integrity = Test Date: 5/26/2011

FUEL SYSTEM DATA

Units: Liters
Usable Capacity of “Standard Tank” (Owner’s Manual) 55.0
Usable Capacity Figure Furnished by COTR 55.0
Usable Capacity of “Optional” Tank _
92-94% of Usable Capacity 50.6 to 51.7
Actual Test Volume (entire fuel system filled) 51.1

Test Fluid Type

Stoddard Solvent

Test Fluid Kinematic Viscosity (centistokes)

2.1¢cSt@ 20° C

components, capacity, etc.)

Test Fluid Color Purple
Type of Vehicle Fuel Pump Electrical
Activate Electric Fuel Pump Operation with Ignition Yes
Switch ON, but Engine OFF
Comments (noticeable attributes of fuel system N

one




DATA SHEET NO. 3
MOVING BARRIER DATA

Test Vehicle: 2011 Volkswagen Jetta

Test Program:  FMVSS 301 Fuel System Integrity

NHTSA No.: CB5801
Test Date: 5/26/2011

MOVING BARRIER’S TEST WEIGHT

Units Front Rear Total
Left kg 374.2 308.8
Right kg 389.5 291.2
Totals kg 763.7 600.0 1363.7
Tires (Mfr, line, size) Kumho
Tire Pressure (kPa) 207
Brake Abort System (Yes/No)? Yes
Date of Last Calibration 8/6/2008




DATA SHEET NO. 4
POST-TEST DATA

Test Vehicle: 2011 Volkswagen Jetta NHTSA No.: CB5801
Test Program:  FMVSS 301 Fuel System Integrity  Test Date: 5/26/2011
IMPACT VELOCITY
Units: km/h
Required Impact Velocity 80.0
Actual Impact Velocity (Trap No. 1) 78.7
Actual Impact Velocity (Trap No. 2) 78.7
Average Impact Speed 78.7
Temperature at Time of Impact (°C) 12
Test Time 1:18 pm
WELDING ROD IMPACT POINT
Units: mm
Vertical distance from target center 12 up
(+ above target / - below target)
Horizontal distance from target center 2 left

(+ to the right / - to the left)




DATA SHEET NO. 5
STATIC ROLLOVER TEST DATA

Test Vehicle: 2011 Volkswagen Jetta NHTSA No.: CB5801
Test Program:  FMVSS 301 Fuel System Integrity  Test Date: 5/26/2011

STODDARD SOLVENT SPILLAGE MEASUREMENT

A. From impact until vehicle motion ceases: 0 g

(Maximum Allowable = 28 grams)

B. For the 5 minute period after motion ceases: 0 g

(Maximum Allowable = 28 grams)

C. For the following 25 minutes: 0 g

(Maximum Allowable = 28 grams/minute)

D. Spillage: ___None

FMVSS 301 STATIC ROLLOVER DATA

s ' 1. The specified fixture
= por rollover rate for each 90°
o e of rotation is 60 to 180
seconds.

2. The position hold time
at each position is 300
seconds (minimum).

(1 [ | []
REAR BUMPER

0°/360°

180° to 270° 270° to 360°

3. Details of Stoddard Solvent spillage locations: Not Applicable



DATA SHEET NO. 5 (continued)
STATIC ROLLOVER TEST DATA

CB5801
5/26/2011

2011 Volkswagen Jetta NHTSA No.:
FMVSS 301 Fuel System Integrity Test Date:

Test Vehicle:
Test Program:

STODDARD SOLVENT SPILLAGE MEASUREMENT
Hold Time = 5 minutes at all intervals

0° TO 90° Rotation Time (sec) = 118 sec
Test Phase Spillage (g) Spillage Details
First 5 minutes from onset of rotation 0
Sixth minute from onset of rotation 0
Seventh minute from onset of rotation 0
Eight minute if required N/A
90° TO 180° Rotation Time (sec) = 109 sec
Test Phase Spillage (g) Spillage Details
First 5 minutes from onset of rotation 0
Sixth minute from onset of rotation 0
Seventh minute from onset of rotation 0
Eight minute if required N/A

180° TO 270° Rotation Time (sec) =

105 sec

Test Phase Spillage () Spillage Details
First 5 minutes from onset of rotation 0

Sixth minute from onset of rotation 0

Seventh minute from onset of rotation 0

Eight minute if required N/A

270° TO 360° Rotation Time (sec) =

118 sec

Test Phase Spillage (g) Spillage Details
First 5 minutes from onset of rotation 0

Sixth minute from onset of rotation 0

Seventh minute from onset of rotation 0

Eight minute if required N/A




FORM 1

TEST VEHICLE INFORMATION

Test Vehicle: 2011 Volkswagen Jetta NHTSA No.: CB5801

Test Program:  FMVSS 301 Fuel System Integrity = Test Date: 5/26/2011

NORMAL DESIGN RIDING POSITION

With the seat in the mid fore-aft seat track position Upright
the angle of the driver's seat back when it is in the
nominal riding position is set on seat back frame at

19.0 degrees. Front outboard passenger seat is set

at 19.1 degrees.

Angle
(Degrees) !

Position —’

i ,/' Inclinometer
Seat Cushion @
Adjuster

FRONT SEAT ASSEMBLY

Driver Seat Back Angle

19.5° on seat back frame

Passenger Seat Back Angle

18.8° on seat back frame

SEAT FORE/AFT POSITIONING
Total Fore/Aft Placed in Position #
Travel
Driver Seat 250 mm 125 mm
Passenger Seat 170 mm 90 mm

D-RING ADJUSTMENT

The driver and passenger D-rings were full up.

STEERING COLUMN ADJUSTMENT

The steering column was placed in the mid position.
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Post-Test Underbody View 3
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Static Rollover at 360 Degrees
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SECTION 1

PURPOSE AND TEST PROCEDURE

This rear impact test is part of the FMVSS 301 Compliance Test Program sponsored by the National Highway
Traffic Safety Administration (NHTSA) under Contract No. DTNH22-06-C-00031. The purpose of this test was to
determine if the subject vehicle, a 2009 Hyundai Accent 4-door Sedan, meets the performance requirements of FMVSS No.
301R-02 “Fuel System Integrity — Rear Impact.” The test was conducted in accordance with the Office of Vehicle Safety

Compliance's Laboratory Test Procedure (TP-301R-02, dated January 17, 2007).
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SECTION 2

COMPLIANCE TEST RESULTS SUMMARY

A 1350 kg 2009 Hyundai Accent 4-door Sedan was impacted from the rear by a 1362.5 kg moving barrier at a velocity
of 78.54 kph (48.8 mph). The test was performed by Calspan Corporation on April 09,2009.

The test vehicle was equipped with a 44.7 liter fuel tank which was filled to 92 percent capacity with stoddard fluid prior
to impact. Additional ballast (30 kg) was secured in the vehicle cargo area. Two ballast Part 572E 50th percentile male

Anthropomorphic Test Device (ATD) were placed in the front occupant seating positions.

The crash event was recorded by three high-speed cameras and one real-time camera. High-speed camera locations and
other pertinent camera information are found on page 3-6 of this report. Pre- and post-test photographs of the vehicle can be

found in Appendix A.
There was no fuel system fluid spillage following the impact or during any portion of the static rollover test. The

average vehicle longitudinal crush was 666 millimeters. The vehicle appeared to comply with all the requirements of

FMVSS No. 301 "Fuel System Integrity."
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SECTION 3

SUMMARY OF TEST RESULTS
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DATA SHEET 1

TEST VEHICLE SPECIFICATIONS

TEST VEHICLE INFORMATION:

Year/Make/Model/Body Style: 2009 Hyundai Accent 4-door Sedan

Vehicle Body Color: Gray NHTSA Number: C90503

Engine Data: 4 Cylinders; - CID; 1.6 Liters; - cc
Transmission: L Speed; - Manual; X Automatic; - Overdrive

Final Drive: - Rear Wheel Drive; X Front Wheel Drive; - Four Wheel Drive

MAJOR TEST VEHICLE OPTIONS:

_Xx AC: _x PwrSteering: __x Power Brakes: - Power Locks: __- Power Seats
- ABS; - Tilt Wheel; - Stab Control - Traction Control - Anti-Theft
DEALER AND DELIVERY INFORMATION:
Date Received: 9/26/08 ; Odometer Reading 63 km
Selling Dealer: Transitowne Hyundai
Dealer Address: 7420 Transit Rd Williamsville, NY 14221
DATA FROM VEHICLE'S CERTIFICATION LABEL:
Vehicle Manufacturer: Hyundai Motor Company
Vehicle Build Date: 12/08
VIN:: KMHCN46C39U285639
GVWR: 1650 kg; GAWR: 870 kg FRONT; 850 kg REAR
DATA FROM VEHICLE'S TIRE LABEL AND SIDEWALL:
Location of Tire Placard: Lower B-Pillar
Type of Spare Tire: Temporary
Front Rear
Maximum Tire Pressure (sidewall - kPa) 300 300
Cold Pressure (tire placard - kPa) — test pressure 220 220
Recommended Tire Size (tire placard) P185/65R14 P185/65R14
Vehicle Tire Size with load index & speed symbol 85H 85H
Tire Manufacturer Kumbho Kumho
Tire Name Solus Solus
Treadwear, Traction, Temperature 440 AA A 440 AA A
VEHICLE CAPACITY DATA:
Type of Front Seats: - Bench; X Bucket; - Split Bench
Number of Occupants: 2 Front; 3 Rear; 5 Total
Vehicle Capacity Weight (VCW) = 385 kg
No. of Occupants x 68.04 kg = 340 kg
Rated Cargo/Luggage Weight (RCLW) = 45 kg
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DATA SHEET 2

PRE-TEST DATA

WEIGHT OF TEST VEHICLE AS RECEIVED FROM DEALER (with maximum fluids)= UDW:

Left Side (kg) Right Side (kg) Ratio (%) Total (kg)
Front = 365 363 62.9 728.0
Rear = 222 207 37.1 429.0
Total Delivered Weight (UDW) = 1157.0
CALCULATION OF VEHICLE'S TARGET TEST WEIGHT:
Total Delivered Weight (UDW) = 1157.0 kg
Rated Cargo/Luggage Weight (RCLW) = 45.0 kg
Weight of 2 p.572E Dummies @ 78 each = 156 kg
TARGET TEST WEIGHT = 1358.0 kg
WEIGHT OF TEST VEHICLE WITH TWO DUMMIES AND 37.0 KG OF CARGO WEIGHT:
Left Side (kg) Right Side (kg) Ratio (%) Total (kg)
Front = 417 410 61.3 827.0
Rear = 264 259 38.7 523.0
Total Vehicle Test Weight (ATW) = 1350.0
Weight of Ballast Secured in Vehicle' = 30 kg Ballast Type Lead Shot

Method of securing Ballast: Compartment placement

Components Removed for Weight Reduction:None

VEHICLE ATTITUDE (all dimension in millimeters):

Left Front Right Front Left Rear Right Rear CG?
IAS DELIVERED: 657 663 657 660 928
IAS TESTED: 641 645 639 638 970
Vehicle's Wheel Base: 2504 mm

'Ballast weight does not include the weight of instrumentation, on-board cameras and data acquisition system

2Rearward of the front axle centerline.

VEHICLE PRE-TEST WIDTH AND IMPACT OFFSET MEASUREMENT:

Vehicle Width at Widest Point: 1694 mm Location: Rear Axle

Centerline offset for impact line: 339/ 1355 mm

Filler neck side (left/right ) Left
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DATA SHEET 2 (continued)

PRE-TEST DATA

Vehicle: 2009 Hyundai Accent 4-door Sedan NHTSA No. C90503

3.2

33

Nominal Design Riding Position for adjustable driver and passenger seat
backs. Please describe how to position the inclinometer to measure the
seat back angle. Include description of the location of the adjustment
latch detent, if applicable. =

FRONT SEAT ASSEMBLY

Seat back angle for driver's seat: 25 degrees

Measurement instructions: Found with h-point machine in seat

Seat back angle for passenger's seat: 25 degrees

Measurement instructions: ~ Found with h-point machine in seat

SEAT FORE AND AFT POSITIONING:
Positioning of the driver's seat: Full forward full rear 0-240mm seat was set at 120 using front of seat cushion

in lowest position — Notch 12 was mechanical middle

Positioning of the passenger's seat: Full forward full rear 0-22 notches; seat was set in notch 11

FUEL TANK CAPACITY DATA:
A. "Usable Capacity" of the standard equipment fuel tank is 44.67 liters

B. "Usable Capacity" of the optional equipment fuel tank is - liters

C. "Usable Capacity" of the vehicle(s) used for certification
testing to requirements of FMVSS 301 =

41.1 to 4199 liters

Actual Amount of Stoddard solvent added to vehicle for test = 41.64 liters
Stoddard Fluid: specific gravity: 0.764 ; kinematic viscosity:  0.96 centistokes;  color: Red
Is vehicle equipped with electric fuel pump? Yes- x ; No- -

If YES, explain the vehicle operating conditions under which the fuel pump will pump fuel.
With ignition turned “ON”

STEERING COLUMN ADJUSTMENTS:

Steering wheel and column adjustments are made so that the steering wheel hub is at the geometric center of the locus it
describes when it is moved through its full range of driving positions. If the tested vehicle has any of these adjustments,
does your company use any specific procedures to determine the geometric center.

Operational Instructions: No adjustment

SEAT BELT UPPER ANCHORAGE:
Nominal design riding position: 0 to 3 detents - placed in detent 1

COMMENTS:
None
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DATA SHEET 3

MOVING DEFORMABLE BARRIER (MDB) DATA

Vehicle: 2009 Hyundai Accent 4-door Sedan

MDB FACE MANUFACTURER AND SERIAL NUMBER:

N/A

NHTSA No. C90503

MDB DETAILS:

Overall Width of Framework Carriage 1250 millimeters
Overall Length of MDB (incl. honeycomb impact face) 4120 millimeters
Wheelbase of Framework Carriage 2591 millimeters
Tread of Framework Carriage (Front & Rear) 1875 millimeters
C.G. Location Rearward of Front Axle 1139 millimeters
MDB WEIGHT:
Left Front = 357.0 kg Left Rear = 323.0 kg
Right Front = 404.0 kg Right Rear = 273.5 kg
TOTAL FRONT = 761.0 kg TOTAL REAR = 596.5 kg
TOTAL MDB WEIGHT = 1357.5 kg
Tires (Mfr, line, size): N/A
TIRE PRESSURE:
Left Front = 207 kPa Left Rear = 207 kPa
Right Front = 207 kPa Right Rear = 207 kPa
Brake Abort System? (Yes/No) Yes
Date of Last Calibration: 06/07
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DATA SHEET 4

HIGH SPEED CAMERA LOCATIONS AND DATA SUMMARY

Vehicle: 2009 Hyundai Accent 4-door Sedan

NHTSA No. C90503

2 4
205 OF WIDTH GF TEST
i A VEHICLE + SI1hM
/',,f’ —
TEST = —
\ %
" JI,..____L_ VEHOE) @?, = | N — .
- =0 = [0}
— ”?l-’/_ﬁ _.I_I_a
COMNCRETE PAD ..
’_’ TOWROAD
—1
TOP VIEW
Camera . - Angle Lens | Film Speed
No. View Coordinates (millimeters) (deg.) (mm) (fps)
X* Y* 7*
1 Left Side View 7117 1805 1094 3.6 25 1000
2 Real-Time Camera - - - - - 30
3 Overhead View 0 0 4880 90 12.5 1000
4  |Right Side View 7764 1423 954 1.1 25 1000
* Reference (from point of impact); all measurements accurate to within £6 mm.
X = (Impact Point) + Forward
Y = (Impact Point) + To Right
Z = (Ground Level) + Down
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DATA SHEET 5

POST-TEST DATA

Vehicle: 2009 Hyundai Accent 4-door Sedan

REQUIRED IMPACT VELOCITY RANGE:: 78.5 to 80.1 km/h
ACTUAL IMPACT VELOCITY WITHIN 1.5 M OF IMPACT PLANE:
Trap No. 1 = 78.54 km/h Trap No. 2 = 78.54 km/h
Average Impact Speed = 78.54 km/h
WELDING ROD IMPACT POINT:
0 Vertical distance from target center (+ is above) Tolerance: 40 mm
0 Horizontal distance from target center (+ is right) Tolerance: £50 mm

STODDARD SOLVENT SPILLAGE MEASUREMENT:

A. Front impact until vehicle motion ceases -
Actual = 0 g Maximum Allowable =28 g
B. For 5 minute period after vehicle motion ceases -
Actual = 0 g Maximum Allowable =28 g
C. For next 25 minutes -
Actual = 0 g/minute Maximum Allowable =28 g/minute
D. Provide Spillage Details:

None

NHTSA No. C90503

3-7
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DATA SHEET 5

POST-TEST DATA (Continued)

Vehicle: 2009 Hyundai Accent 4-door Sedan

POST TEST SEAT DATA

NHTSA No. C90503

LOCATION SEAT MOVEMENT (mm) SEAT BACK FAILURE
P1 (Left Front) 0 None
P2 (Right Front) 0 None

POST TEST ATD CONTACT DATA

LOCATION Position 1 (Driver) Position 2 (Passenger)
Head Back of head to head restraint Back of head to head restraint
Chest None None
Abdomen None None
Left Knee None None
Right Knee None None
VEHICLE DIMENSIONS:
Vehicle length:
Left Side Centerline Right Side
Pre-Test 4153 4279 4153
Post-Test 3555 3613 3580
Crush 598 666 573
Vehicle Wheel Base:
Left Side Right Side
Pre-Test 2503 2503
Post-Test 2425 2503
Crush 78 0
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DATA SHEET 6

FMVSS 301 ROLLOVER DATA

Vehicle: 2009 Hyundai Accent 4-door Sedan NHTSA No.: C90503

REAR VIEW

90 270

REAR VIEW

I. DETERMINATION OF SOLVENT COLLECTION TIME PERIOD:

Rollover Rotation Time FMVSS 301 Total Time Next Whole
Stage (spec. 1 -3 min) Hold Time Minute Interval
0°-90° 1 minutes| 05 [seconds 5 minutes 6 minutes 5 seconds 7 minutes
90° - 180° 1 minutes 12 |seconds 5 minutes 6 minutes 12 seconds 7 minutes
180°-270° 1 minutes| 09 [seconds 5 minutes 6 minutes 9 seconds 7 minutes
270°-360° 1 minutes| 06 [seconds 5 minutes 6 minutes 6 seconds 7 minutes
II. FMVSS 301 REQUIREMENTS: (Maximum allowable solvent spillage):
First 5 minutes from onset of rotation 6th min. 7th min. 8th min. (if required)
142 g 28¢g 28 ¢ 28¢g
III. ACTUAL TEST VEHICLE SOLVENT SPILLAGE:
Rollover First 5 minutes 6th min. 7th min. 8th min. (if required)
Stage from onset of rotation (g) (2) (2) (g)
0° - 90° 0 0 0 N/A
90° - 180° 0 0 0 N/A
180°-270° 0 0 0 N/A
270°-360° 0 0 0 N/A

Note: Record spillage for whole minute intervals only as determined above.

IV. SOLVENT SPILLAGE LOCATION(S):

Rollover Spillage Location
Stage
0° - 90° None
90° - 180° None
180°-270° None
270°-360° None
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Figure A-2: Vehicle Tire Placard
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Figure A-4: Post-Test Front View
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Figure A-6: Post-Test Left Side View
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Figure A-7: Pre-T
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Figure A-8: Post-Test Right Side View
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Figure A-9: Pre-Test Left Front Three-Quarter View

Figure A-10: Post-Test Left Front Three-Quarter View
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Figure A-12: Post-Test Right Front Three-Quarter View
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Figure A-14: Post-Test Left Rear Three-Quarter View
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Figure A-16: Pre-Test Right Rear Three-Quarter View




Figure A-17: Pre-Test Rear View
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Figure A-18: Post-Test Rear View
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Figure A-19: Pre-Test MDB Front View

Figure A-?O: Post-Test MDB Front View
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Figure A-21: Pre-Test MDB Left Side View
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Figure A-23: Pre-Test MDB Right Side View
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Figure A-25: Pre-Test MDB Top View
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Figure A-27: Pre-Test Overhead Vehicle and MDB View
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Figure A-29: Pre-Test Front Underbody View
Figure A-30: Post-Test Front Underbody View
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Figilr.e-_A-36: Post-Test Fuel Filler Cap View
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Figure A-37: Impact View
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Figure A-38: Rollover 90° View

Figure A-39: Rollover 180° View
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Figure A-40: Rollover 270° View

Figure A-41: Rollover 3‘60° View
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Preliminary Speed calculations for Mediation on 9/15/2023

Subject: Preliminary Speed calculations for Mediation on 9/15/2023
From: Daniel Vomhof Il <dv3@4n6xprt.com>
Date: 9/8/2023, 1:05 PM

Per your request a preliminary speed calculation for the FDLE vehicle has been prepared. These
calculations are based upon estimates from photographs of post vehicle travel for both the FDLE
vehicle and the Gc. s vehicle, as well as crush to both vehicles. Unfortunately, due to the lack of
documentation of physical evidence obtained and/or provided by the FDLE and FHP, estimates from
photographs are the best that can be done. It should be noted that there is a discrepancy between the
Point of Rest for the Gc.’ s vehicle in the FHP report, and where it is located in the scene
photographs.

Based on the limited scene photographs showing the points of rest of both vehicles, some post impact
travel distances were obtained using Google maps. These pages are attached. Post impact travel of
about 53 feet for the FDLE vehicle and about 52 feet for the G(.s vehicle were obtained.

From photographs of the G(.s vehicle in the tow/storage yard, and the FDLE vehicle at the scene,
preliminary maximum crush measurements for the Gc. s vehicle of 19 inches and for the FDLE
vehicle of 10 inches were obtained.

Using commonly accepted formulas for calculating “speed from skid” and “speed from crush” the
following calculations were completed -

Post Impact Travel Speed (pits) = SQR( 30 * distance in feet * friction )

FDLE vehicle = SQR ( 30 * 53 * 0.7 ) = SQR (1113) = 33.4 mph
Gouin’s Vehicle = SQR (30 * 52 * 0.7 ) = SQR (1092) = 33.0 mph

Speed from Crush (sfc) = SQR ( 30 * max crush distance in feet * Crush Factor ) (Note, I have been
told that FHP teaches this method and equation for calculating speed from crush to their officers as a
preliminary speed determination formula for them to use in the field)

FDLE vehicle = SQR ( 30 * 10/12 * 21 ) = SQR (525) = 22.9 mph
Gouin’s vehicle = SQR (20 * 19/12 * 21 ) = SQR(997.5) = 31.6 mph

Since all of the energy losses expressed as speed in the northeastward direction came from the FDLE
vehicle, and all of the crush energy losses expressed as a speed came from the FDLE vehicle, an
impact speed for the FDLE vehicle can be calculated by combining the above 4 speeds.

9/8/2023,1:07 PM



Preliminary Speed calculations for Mediation on 9/15/2023

FDLE Impact speed = SQR ( FDLEpits"2 + GOUINpits"2 + FDLEsfc"2 + GOUINsfe"2)
FDLE Impact speed = SQR ( 33.4"2 + 33.0"2 +22.9"2 + 31.6"2)
FDLE Impact speed = SQR (1113 + 1092 + 525 + 997.5)
FDLE Impact speed = SQR (3727.5)

FDLE Impact speed = 61.0 mph

Based upon this analysis, the speed of the FDLE vehicle was in the neighborhood of 61 mph at impact
with the Gc. s vehicle. If there was any pre-impact skid/braking by the FDLE vehicle, the speed at
start of braking would have been higher than this.

Based upon the information available to me at this time, the above information is correct to a
reasonable degree of scientific certainty. If any additional information becomes available regarding the
physical evidence at the scene of this crash, these calculations will have to be re-visited with that
additional information in hand.

Error rate allotments of +/- 10% are typically assigned to variables used in the above calculations.
Applying this +/- 10% error rat to the calculated final speed arrives at a Impact speed range for the
FDLE vehicle of ~56-67 mph.

Please keep me advised if any additional evidence documentation data becomes available.

Respectfully,

Daniel W. Vomhof Ill, ACTAR # 484

Expert Witness Services, Inc.

8387 University Avenue

La Mesa, CA 91942-9342

Phone: (619) 464-3477

Fax: (619) 464-2206

E-mail: dv3@4n6xprt.com

Expert Witness Services web site: http://www.ews-4n6xprt.com/

—23F006 - GMC Post Travel.jpg
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Preliminary Speed calculations for Mediation on 9/15/2023

IMezsure disiance
Elick on the map to add to your path
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Preliminary Speed calculations for Mediation on 9/15/2023
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EXPERT WITNESS SERVICES, INC.

FORENSIC RESEARCH LABORATORIES 8387 University Avenue, La Mesa, CA 91942
Phone: (619) 464-3477

June 28, 2024

« F

Attomei at Law

RE: People vs

Case #C
OUR CASE FILE: 24-F
SUBJECT: File Review and Preliminary Speed Calculations

Dear Ms. _

Pursuant to your request, I have reviewed the following supplied materials:

* Felony Complaint dated 4/25/2023

* 4 pages of “WebWS 5.7" printout

* 1 page of nearly illegible “Crime Summary Information”

* 3 page “Driving Under the Influence Arrest - Investigation Report”

* 16 page Traffic Crash Report # w07/06/2022

* 1 page Property Receipt - Control # Disc Containing Video of
Crash

* 1 page CHP Vehicle Report A-for a 2020 Nissan 370Z

* | page Narrative/Supplemental dated 2/28/23

* Video with file name “VIDEO DISCOVERY - Hij G
showing the Ford Fusions movements immediately prior to the first collision

along with the first collision and the Nissan 370Z’s movement away from the first
collision.

SCOPE OF WORK

Expert Witness Services Inc was to conduct an accident reconstruction, and if possible,
arrive at a speed determination for the vehicles involved from the information available.
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DATA CONSIDERED

The majority of the information came from the Traffic Crash report, primarily pages 1, 2,
6,7,9,10, 11, & 14.

- Page 1 & 2 identified the vehicles involved, for which weights were obtained. Page 1
also indicates that no photographs were taken.

- Page 6 and 7 showed the basic intersection configuration, some dimensions, and
generally the locations and movements of the vehicles.

- Page 9-11 give a general description of the damage to each vehicle

- Page 14 identifies the “approximate” locations of each of the “four” impacts

No dimensions were given for points of rest for any of the vehicles.

The information within the Traffic Crash Report was supplemented by observations made
from the video of the crash and the time immediately prior to and post crash.
DISTANCES & DIMENSIONS & OTHER PHYSICAL CONSTRAINTS

Using the 4 AOT’s identified in the Traffic Crash report, the following distances to be
used in subsequent calculations were obtained.

AOI #2 1s about 19.66 feet North of AOI #1. This is important for the speed calculations
as all of the energy to move the Ford Fusion North of AOI #1 came from the Nissan 370Z.

The distance from AOI #1 to AOI #3 1s about 90.5 feet
The distance from AOI # 3 to AOI #4 is about 14.75 feet.

The Roadway surface is identified as dry and of asphalt and concrete construction (pages
3 & 8). From tables, a typical friction value of rubber to pavement is 0.75.

Vehicle 1, a 2020 Nissan 370Z has a published curb weight of 3533 pounds.

Vehicle 2, a 2020 Ford Fusion Hybrid has a published curb weight of 3615 pounds.

Vehicle 3, a 1995 Toyota Tercel has a published curb weight of 1950 pounds and an
overall length of 13.50 feet.

Vehicle 4, a 2020 Jaguar F-Pace SUV has a published curb weight of 4015 pounds.

SPEED CALCULATIONS

All speed calculations are directly or indirectly based on, and limited by, the
documentation within the Traffic Crash Report.

No photographs or other documentation, other than a general description of the damage to
each vehicle, was made for the damage of any of the vehicles.
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No final rest positions of any of the involved vehicles was documented. Therefore, post
impact movements of vehicles need to be estimated in order to conduct the calculations.

The standard method of conducting speed calculations in a multiple impact collision is to
start at the end, and move “back” to the start of the events.

Using Inline Momentum calculations, at AOI #4 an impact speed of 5-10 mph for the
Toyota Tercel into the Jaguar F-Pace was calculated. An impact speed of this magnitude is
consistent with the description of bumper damage only for the Jaguar. This is also consistent
with the sketch of the damage to the Toyota as contained on Page 1 of the Crash Report as the
Toyota would tend to dip down and slide under the bumper of the Jaguar, thus “denting” the
hood and grille, and breaking the left headlight assembly as described on page 10.

Again, using Inline Momentum calculations, at AOI # 3 an impact speed of about 9 mph
was calculated for the Nissan 370Z into the rear of the Toyota Tercel. This impact speed is
consistent with the described damage to the Rear of the Tercel of a “dented rear bumper” with no
other rear end damage noted.

A calculation for the energy loss expressed as a speed for the Nissan 370Z as it traveled
from AOI #1 to AOI #3 was conducted using braking efficiencies of 0.1, 0.25, 0.5, 0.75, and 1.0.
These calculations resulted in a energy loss range expressed in units of speed of 14-45 mph.

A calculation for the energy for the Northbound movement of the Ford Fusion as it
traveled from AOI #1 to AOI #2 was calculated. As stated earlier, all of this energy came from
the Nissan 370Z traveling in the Northbound direction. The calculations for this energy “loss”
expressed as a speed was just under 19 mph.

If one combines the calculated impact speed for the Nissan 370Z at AOI #3, the “speed”
for the travel distance from AOI #1 to AOI #3, and the Northbound “speed” for the Ford Fusion
from AOI #1 to AOI #2, the resultant speed will be the impact speed for the Nissan 370Z at
impact. This speed calculates out to a speed range of about 25-50 mph. The biggest variable here
is the energy loss while traveling from AOI #1 to AOI #3. This energy loss is determined by the
braking “efficiency” (i.e. - brake application percentage) over this distance.

A breakdown of the resultant speeds by braking efficiencies are as follows:

Efficiency =0.10 AOI #1 Impact Speed =~ 25.3 mph
Efficiency = 0.25 AOI #1 Impact Speed =~ 30.7 mph
Efficiency = 0.50 AOI #1 Impact Speed =~ 38.1 mph
Efficiency = 0.75 AOI #1 Impact Speed = ~ 44.3 mph
Efficiency = 1.00 AOI #1 Impact Speed =~ 49.7 mph

If better documentation of vehicle Points of Rest, damage, and evidence on the ground
had been conducted, more refined calculations for the speed of the Nissan 370Z at impact could
have been completed.
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VIDEO
Several items of note were observed within the video of the collision

1. The Ford Fusion did not come to a full and complete stop, neither at the limit line nor
at the curb line, prior to entering Holt Avenue.

2. Due to the lighting and the limited field of view, there are insufficient landmarks to
conduct a video evaluation of the speed of the Nissan 370Z.

3. The rapidity of the rotation of the Ford Fusion as it departs from AOI #1 is a strong
indication of the impact between the Ford Fusion and the Nissan 370Z occurring
at the Rear axle or even further back on the Ford Fusion. The further rearward that
the impact occurs on the Ford Fusion, the greater the rotation of the Ford Fusion
will be. Impact at the driver’s door or directly behind the drivers door will not
impart the rotation of the Ford Fusion that is observed in the video.

4. The Nissan 370Z as it departs AOI #1 towards AOI #3 has some slowing due to the
impact with the Ford Fusion, but does not appear to be slowing as it travels from
the AOI #1 to out of screen on the right frame of the video.

5. The headlights for the Nissan 370Z were on and both were functional.

FINDINGS

The lack of full documentation of damage to the 4 vehicles along with a lack of
documentation of the vehicles Points of Rest limits the ability to calculate a speed of Impact for
the Nissan 370Z at AOI #1.

The lack of a CDR/EDR download of either or both of the Nissan 370Z and the Ford
Fusion results in a failure to document the speed of the Nissan 370Z at impact, the speed of the
Ford Fusion at impact, and whether the Ford Fusion came to a full and complete stop, and if it
did, for how long.

The Ford Fusion, based on observations of the vehicle in the video of the collision, failed
to come to a full and complete stop prior to entering Holt Avenue. The vehicle definitely was not
“.... stopped at the intersection of Holt Avenue and Vanderlip Avenue, getting ready to make a
left turn to go southbound on Holt Avenue. Party #2 looked both ways, ....” as stated on page 12
of the Crash Report. It is also inconsistent with the statement that Vehicle #2 “.... was at a
complete stop, at the limit line, preparing to make a left turn ....” As stated on page 13. The
failure of the Ford Fusion to come to a full and complete stop prior to entering Holt Avenue
would eliminate the ability of the driver to carefully look in both directions prior to entering Holt
Avenue and thereby reduce the driver of the Ford Fusion’s ability to fully check for, and properly
evaluate the speed of, any oncoming vehicles.

I have been present for, observed, and helped document over 160 vehicle to vehicle crash
tests. Many of these tests involved a driver operating the “bullet” vehicle. The comment made by
these drivers when asked about their foot on the brake pedal is that if they had their foot on the
brake pedal at impact, the foot was displaced from the brake pedal at impact and it took a period
of time before they could get their foot back onto the brake pedal.
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The “normal speed” for this area, established in part by the speed limit, argues against the
two lower “braking efficiencies” of 0.10 and 0.25 as they result in impact speeds that are
unreasonably low for normal traffic on this roadway. In the same manner,

-the lack of described damage to the Nissan 370Z regarding fenders into and locking
either of the front wheels,

- the various driver comments during crash testing regarding foot position on the brake
pedal,

- the lack of any roadway markings left by the Nissan 370Z within the report, and

- the limited speed reduction for the Nissan 370Z observed post AOI #1 in the video

argues against a “braking efficiency” of 1.00, as this braking action would be visible and
apparent in the video and would be expected to leave some roadway markings.

The “braking efficiencies” of 0.50-0.75 resulting in a calculated impact speed range of
~38-~44 mph is consistent with some braking on the part of the Nissan 370Z while keeping with
the lack of noticeable slowing post impact #1 for the Nissan 370Z observed in the video.

The location of the damage to the Ford Fusion is indicated by the rapid spin of the vehicle
as it departed AOI #1. The rapid spin indicates that the major force on the Ford Fusion by the
Nissan 370Z would have been applied to the Ford Fusion at some distance behind the drivers seat
and in a rearward direction. This is inconsistent with the driver suffering a “crushed right ankle”
as a result of this collision as stated in the Narrative/Supplemental dated 2/28/23. An impact at
this general location and with an impact force towards the rear of the Ford Fusion is also
inconsistent with the windshield of the Ford Fusion being “crushed” as described on page 10 of
the Crash Report. It is very likely that the windshield was broken, not by the force of the impact,
but by the deployment of the vehicle’s frontal airbags.

There is nothing within the Traffic Crash Report to substantiate nor support the speed of
“greater than 65 miles per hour” attributed to the Nissan 370Z on page 13 of the report.

The most likely speed of the Nissan 370Z at impact was ~40-45 mph, based upon the
documentation of the collision scene that is contained within the Crash Report. This speed is
consistent with the speed of “approximately 45 mph” stated by Mr. R-in his statement as
contained on page 12 of the Crash Report.

Part of setting speed limits is to consider traffic on the roadway, road width and road
surface. There are no documented weather conditions limiting visibility, or roadway surface
conditions reducing the ability to control a vehicle. There are no documented unusual traffic
conditions on the roadway for the time period around the time of the collision. The posted speed
limit for Holt Avenue at the location of this collision is 45 mph. The calculated most probable
speed for the Nissan 370Z based on the information available is in the range of 40-45 mph.
Given that the calculated most probable speed for Mr. R-of 40-45 mph is at or near the
posted speed limit of 45 mph and there are no other documented adverse roadway or traffic
elements as described in the Basic Speed Law, there is no support for the statement that Mr.

was traveling at an unsafe speed and thus was in violation of 22350 V.C. Therefore, Mr.
speed would not be a contributing factor to this collision.
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Based on physics, and time-speed-distance relationships, there is a two-fold “cause” of
this crash on Ms. s part. The first is Ms. 1\/.3 failure to bring her vehicle to a full and
complete stop at the limit line prior to entering Holt Avenue from Vanderlip Avenue. This
failure to come to a full and complete stop limited her ability to properly observe and evaluate
oncoming traffic. This in turn led to her entering the intersection and attempting to make a left
turn in front of the oncoming Nissan 370Z when it was “so close as to constitute a immediate
hazard” to her and her vehicle.

OPINIONS AND CONCLUSIONS
Based upon the information available to me at this time:

1 - Mr. R-Was traveling at or near the speed limit of 45 mph when his Nissan 370Z
impacted the Ford Fusion. As such, he was not driving “a vehicle upon a highway at a speed
greater than is reasonable or prudent having due regard for weather, visibility, the traffic on,
and the surface and width of, the highway.” and thus was not in violation of 22350 V.C.

2 - Irrespective of the level of possible intoxication of Mr. l'at the time of the
collision, the cause of the collision was Ms. N.s failure to fully stop before pulling into the
intersection in front of Mr. I.when he was operating a vehicle “approaching from another
highway or so closely that it's an immediate hazard.” As such 21802 V.C. requires that “Drivers
approaching a stop sign at an intersection must yield to vehicles approaching from another
highway or so closely that it's an immediate hazard.”

If additional information, testimony, or reports are submitted, my opinions may be
modified depending on the information submitted. Additional opinions may also be expressed if
questions requiring them are asked during deposition or other sworn testimony.

Respectfully submitted,

PoTly e

Daniel W. Vomhof III, EIT
ACTAR # 484
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