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First some “Intro” .... Bookmarks are available

Introduction to Presentation

Vehicle Crush Stiffness Values
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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 vehicles in the first or second year of a major change, and
then not test them again until the next major change.

Crash Testing and Available Vehicles

Vehicle Crush Stiffness Values



                          Copyright 2025 - Daniel W. Vomhof III - All Rights ReservedIPTM Symposium 2025

4

< Thus, while you might have a 2019 vehicle, 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.

Crash Testing and Available Vehicles

Vehicle Crush Stiffness Values
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< The reasons for the lack of Rear testing is two-fold -

   << First, a saving on money 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).

Crash Testing and Available Vehicles

Vehicle Crush Stiffness Values
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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.

Crash Testing and Available Vehicles

Vehicle Crush Stiffness Values
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   << 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.

Crash Testing and Available Vehicles

Vehicle Crush Stiffness Values
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   << 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.

Crash Testing and Available Vehicles

Vehicle Crush Stiffness Values
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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.

Crash Testing and Available Vehicles

Vehicle Crush Stiffness Values



                          Copyright 2025 - Daniel W. Vomhof III - All Rights ReservedIPTM Symposium 2025

10

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

< The NHTSA database reports CLOSING SPEED. 

   << The database does not report any Δv 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.

Speed
Vehicle Crush Stiffness Values
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What speed should be used in calculating stiffness
values?

< The common designation in the published formulas is Δvtest

... however ... the actual Δv is seldom/never the speed to be
used in the calculations.

< the reason that the Δv 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.

Speed- Fixed Barrier Tests

Vehicle Crush Stiffness Values
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< 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

Δv speed = Sf - Si (i.e. - SpeedPost impact - SpeedPre impact)

Δv speed = (-4) - 35 = -39 mph = -57.2 fps

Lets remember that KE=1/2 * m*v2

So, in this example, the total energy coming into the barrier is
KE=1/2 * m*v2 = 1/2*1000*51.332 = ~1,317,384

THIS IS THE TOTAL ENERGY COMING INTO THE
SYSTEM!!

Speed- Fixed Barrier Tests

Vehicle Crush Stiffness Values



                          Copyright 2025 - Daniel W. Vomhof III - All Rights ReservedIPTM Symposium 2025

13

If the Δv is used, the system energy becomes

KE=1/2 * m * v2 = ½ * 1000 * (-57.2)2 = ~1,635,920

Completing the calculations - 

Closing Speed system energy = ~1,317,384

Δv 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 Δv violates The Law of
Conservation of Energy as energy has been
“created” during the test due to the impact with the
barrier.

Speed- Fixed Barrier Tests

Vehicle Crush Stiffness Values
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< 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
instrumentation, 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 Δv speed is higher
than the Closing Speed, using the Δv speed will result in higher
stiffness values from the crash test which in turn results in a
higher calculated speed in the subject collision.

Speed- Fixed Barrier Tests
Vehicle Crush Stiffness Values
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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 -

Vtest = |Closing Speed| - |Bounce Back Speed|

Vtest = |35|-|-4| = 31

Again, Same Crush, LOWER speed, SOFTER stiffness,
LOWER subject collision speed.

Speed- Fixed Barrier Tests
Vehicle Crush Stiffness Values
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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.

Speed - Fixed Barrier Tests

Vehicle Crush Stiffness Values
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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.

Speed - Moving Barrier Tests

Vehicle Crush Stiffness Values
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< 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).  

Speed - Moving Barrier Tests

Vehicle Crush Stiffness Values
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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
Δv 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 Δv, is the Damage
energy Speed.

Speed - Moving Barrier Tests

Vehicle Crush Stiffness Values
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< 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
instruments 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. 

Speed - Moving Barrier Tests

Vehicle Crush Stiffness Values
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< 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 Ion 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=S4

if S2 = 0, then S3 can be calculated as

S3 = [W1*S1 / (W1 + W2)]

Speed - Moving Barrier Tests
Vehicle Crush Stiffness Values
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Then, knowing S3, a Δv for each vehicle can be calculated as
follows:

Δv1 = S3-S1    And    Δv2 = S3-S2

These speeds can then be compared to the instrumented
Δv’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[(WtBullet * SpeedBullet^2) / (WtBullet + WtTarget)]

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.

Speed - Moving Barrier Tests

Vehicle Crush Stiffness Values
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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 Δv - Instrumented = 34.3 mph, V3-V1 = -29.8 mph

Sable Δv - Instrumented = 26.7 mph, V3-V1 = 23.2 mph

KEESSable = SQR[(2506*53^2) / (2506+3228)]

KEESSable = 35.04 mph

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

Speed - Moving Barrier Tests

Vehicle Crush Stiffness Values
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It can be clearly seen that the KEES speed is NOT the Δv speed
for the Sable.  While not as clear in this test, due to the
Instrumented Escort Δv being close in magnitude to the KEES
speed, it can also be seen that most likely the Escort Δv 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
Sable.

Speed - Moving Barrier Tests
Vehicle Crush Stiffness Values
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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 Δv - Instrumented = 33.8 mph, V3-V1 = -32.8 mph

Park Ave Δv - Instrumented = 25.6 mph, V3-V1 = 24.2 mph

KEESParkAve = SQR[(2568*57^2) / (2568+3491)]

KEESParkAve = 37.11 mph

Now, Compare the KEES to the Δv’s first of the Park Ave,
since that is what the KEES applies to, and then to the Escort.

Speed - Moving Barrier Tests

Vehicle Crush Stiffness Values
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It can be clearly seen that the KEES speed is NOT the Δv
speed for the Park Ave.  It can also be clearly seen that the 
Escort Δv 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.

Speed - Moving Barrier Tests

Vehicle Crush Stiffness Values
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CT3 - 

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

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

Calculated Common Post Impact Velocity (V3) ~31.8 mph

Cavalier Δv - Instrumented = 33.8 mph, V3-V1 = -34.2 mph

Ion Δv - Instrumented = 31.3 mph, V3-V1 = 31.8 mph

KEESIon = SQR[(2597*66^2) / (2597+2786)]

KEESIon = 45.84 mph

Now, Compare the KEES to the v’s first of the Ion, since that
is what the KEES applies to, and then to the Cavalier.

Speed - Moving Barrier Tests

Vehicle Crush Stiffness Values
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It can be clearly seen that the KEES speed is NOT the Δv
speed for the Ion.  It can also be seen that the Cavalier Δv is
not the KEES speed for the Ion 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
Ion.

Speed - Moving Barrier Tests

Vehicle Crush Stiffness Values
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But the commonly published formulas refer to Δv as one
of the variables?

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

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

< Δv is a linear calculation, commonly calculated as

Δv=Sf - Si where Sf = Speed final and Si = Speed initial.

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

Speed - Δvtest

Vehicle Crush Stiffness Values
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< 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 Δv, and then use the absolute value of that speed.

< Problem, and it is significant.  Crush is ENERGY. 
Remember, KE=1/2*m*v2.  Where is the v2 in a Δv
calculation?

< It doesn't exist.  If we look at our three test crashes, and
compare the Δvtest calculated in the manner described
previously, and compare them to the KEES speed, we get -
   CT1 - Δv = |23 - 53| = 30 mph            KEES = 35 mph

   CT2 - Δv = |24 - 57| = 33 mph            KEES = 37 mph

   CT3 - Δv = |32 - 66| = 34 mph            KEES = 46 mph

Speed - Δvtest

Vehicle Crush Stiffness Values
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< As can be seen, the Δv 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 Δv 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 Δvtest 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.

Speed - Δvtest

Vehicle Crush Stiffness Values
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< There are other stiffness values besides the CRASH III 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 = Speed2 / 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 Δv 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.

Speed - Δvtest - Additional “Fallout” - CF

Vehicle Crush Stiffness Values
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< 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 Δv’s and Test
KEES, followed by a back calculation of speed using the
default CF values found in Expert AutoStats®.

Speed - Δvtest - Additional “Fallout” - CF

Vehicle Crush Stiffness Values



                          Copyright 2025 - Daniel W. Vomhof III - All Rights ReservedIPTM Symposium 2025

34

Speed - Δvtest - Additional “Fallout” - CF

Vehicle Crush Stiffness Values
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< Examining the data for CT1, we can see that the CF value
based on the various Δv’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 Δv
speeds.

< The Δv 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 Δv 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).

Speed - Δvtest - Additional “Fallout” - CF

Vehicle Crush Stiffness Values
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Speed - Δvtest - Additional “Fallout” - CF

Vehicle Crush Stiffness Values
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< Examining the data for CT2, we can see that the CF value
based on the various Δv’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 Δv
speeds.

< The Δv 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 Δv 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).

Speed - Δvtest - Additional “Fallout” - CF

Vehicle Crush Stiffness Values
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Speed - Δvtest - Additional “Fallout” - CF

Vehicle Crush Stiffness Values



                          Copyright 2025 - Daniel W. Vomhof III - All Rights ReservedIPTM Symposium 2025

39

< Examining the data for CT3, we can see that the CF value
based on the various Δv’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 Δv
speeds.

< The Δv 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 Δv 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).

Speed - Δvtest - Additional “Fallout” - CF

Vehicle Crush Stiffness Values
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< The effect of using Δv 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 Δv, 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 Δv from crush. Even the apparent
linear “Rules of Thumb” (1 mph per 1 inch of crush) are
referring to the KEES, not the Δv.

Speed - Δvtest - Additional “Fallout” - CF

Vehicle Crush Stiffness Values
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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 vehicle, 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.

Crash Test Contractor “Issues”
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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.

Crash Test Contractor “Issues”
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Crash Test Contractor “Issues”
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< 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”.

Crash Test Contractor “Issues”
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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 III formula 

            Crushavg = (c1 + 2*c2+ 2*c3 + 2*c4 + 2*c5 + c6) / (2*5)

Provides what is known as a TRAPEZOIDAL average.  The
average calculated by the contracting agencies is most
commonly a SIMPLE average. 

                     Crushavg = (c1 + c2+ c3 + c4 + c5 + c6) / 6

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

Crash Test Contractor “Issues”
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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.

Case Example 1 - Illustration of Problems

Vehicle Crush Stiffness Values



                          Copyright 2025 - Daniel W. Vomhof III - All Rights ReservedIPTM Symposium 2025

47
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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.

Case Example 1 - Illustration of Problems
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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.

Case Example 1 - Illustration of Problems
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<- Isuzu mirrored to correlate damage outline

Case Example 1 - Illustration of Problems
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From the scans of the Isuzu and Hyundai which were put
together to show alignment, I was able to scale off some
additional crush measurements for both vehicles.

Case Example 1 - Illustration of Problems
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Case Example 1 - Illustration of Problems
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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.

Case Example 1 - Illustration of Problems
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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[(WtBullet * SpeedBullet^2) / (WtBullet + WtTarget)]

Case Example 1 - Illustration of Problems
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By rearranging this formula, one can calculate/estimate a
Closing Speed from the KEES:

        KEES = SQR[(WtBullet * SpeedBullet^2) / (WtBullet + WtTarget)]

Rearranged gives

        SpeedBullet = SQR[(KEES^2 * (WtBullet + WtTarget) / WtBullet) ]

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.

Case Example 1 - Illustration of Problems
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However ..... 

From the Defense Expert (DE)- 

< The DE attempted to find test data for the I30, 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 -

Case Example 1 - Illustration of Problems
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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.

Case Example 1 - Illustration of Problems
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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.

Case Example 1 - Illustration of Problems

Vehicle Crush Stiffness Values



                          Copyright 2025 - Daniel W. Vomhof III - All Rights ReservedIPTM Symposium 2025

65

Jetta - 

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

Then using the metric form:

CF = (ΔvJetta) ^2 / (254*0.98) = 36^2/ 248.92 = 5.2

Accent - 

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

Then using the metric form:

CF = (ΔvAccent) ^2 / (254*0.666) = 39^2 / 169.2 = 9.0

Case Example 1 - Illustration of Problems
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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

Case Example 1 - Illustration of Problems
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So - 

Jetta - 

Impact ~79 kph (49.1 mph), PIS ~ 36 kph (22.4 mph)

Crush depth 0.98 m (3.2 ft)

KEES = SQR ( 79^2 - 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 ^2 / (254 * Crush(in meters)) 

CF = 70.3^2 / (254*0.98) = 4945 / 248.92 = 19.8 (not 5.2)

Case Example 1 - Illustration of Problems
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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 ( 79^2 - 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 ^2 / (254 * Crush(in meters)) 

CF = 68.7^2 / (254*0.666) = 4719.69 / 169.16 = 27.9 (not 9.0)

Case Example 1 - Illustration of Problems

Vehicle Crush Stiffness Values



                          Copyright 2025 - Daniel W. Vomhof III - All Rights ReservedIPTM Symposium 2025

69

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 ....

Case Example 1 - Illustration of Problems
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DE obtained values -

CF
ΔvJetta = 5.2

CF
ΔvAccent = 9.0

And Energy obtained values-

CFKEESJetta = 19.8

CFKEESAutoStatsdefault = 21

CFKEESAccent = 27.9

Lets now use the reported Hyundai maximum crush
depth of 0.58 m (1.9 feet) to get the KEES speed for
the Hyundai damage

Case Example 1 - Illustration of Problems
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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
ΔvJetta = 5.2              - KEES = 27.7 kph     - CSIsuzu= 29.6 kph

CF
ΔvAccent = 9.0            - KEES = 36.5 kph     - CSIsuzu= 38.9 kph

CFKEESJetta = 19.8         - KEES = 54.1 kph     - CSIsuzu= 57.7 kph

CFKEESAutoStatsdefault = 21 - KEES = 55.7 kph     - CSIsuzu= 59.4 kph

CFKEESAccent = 27.9       - KEES = 64.2 kph     - CSIsuzu= 68.5 kph

Case Example 1 - Illustration of Problems
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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).

< It 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.

Case Example 1 - Illustration of Problems
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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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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 0 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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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.

Case Example 1 - Illustration of Problems
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The Statistical Summary A-B values were imported to the
Force Balance module, and the crush profiles for both the I30
and FRR were input based upon scaling off of the alignment
scan.

Due to the damage to the I30 reportedly going over the
bumper, a NO DAMAGE value of 2 mph was used for the I30.
Per Wikipedia, the Elantra is a similar vehicle to the I30. 

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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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
kph target range.
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So Why ???
Do We Need Crush?

So Why ??? 
Do We Need

“Old Fashioned” Techniques?

We have CDR/EDR - Case Example 2
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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.

Case Example 2 - Why Do We Need Crush?
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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”?

Case Example 2 - Why Do We Need Crush?
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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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Bosch Support

Case Example 2 - Why Do We Need Crush?

Vehicle Crush Stiffness Values



                          Copyright 2025 - Daniel W. Vomhof III - All Rights ReservedIPTM Symposium 2025

85

In addition to no downloads ....

< No 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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Scene Diagram - Note POR positions

Case Example 2 - Why Do We Need Crush?
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Scene overhead view
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Scene overhead view
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Scene street view - Does
this match diagram?

Case Example 2 - Why Do We Need Crush?
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Scene street view -
Does this match
diagram?
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Crush - F150 -  ~19 inches
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Crush - GMC 1500 - RF Tire displacement ~10
inches
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Ford AOI-POR Travel Distance
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GMC AOI-POR Travel Distance
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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) = SQR( 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



                          Copyright 2025 - Daniel W. Vomhof III - All Rights ReservedIPTM Symposium 2025

96

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) = SQR ( 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

Case Example 2 - Why Do We Need Crush?
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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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Calculations

FDLE Impact speed = SQR ( FDLEpits^2 + F150pits^2 + FDLEsfc^2 +
F150sfc^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
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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.

Case Example 2 - Why Do We Need Crush?
Summary

Vehicle Crush Stiffness Values
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Further, consider that
“Spoliation” of
evidence is NOT just
its destruction.

It is also a failure to
preserve (or hiding)
evidence relevant to
a reasonably
foreseeable lawsuit.

Case Example 2 - Why Do We Need Crush?
Summary

Vehicle Crush Stiffness Values
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Scene overhead view. One last point - Line of Sight

Case Example 2 - Why Do We Need Crush?
Summary

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

Case Example 2 - Why Do We Need Crush?
Summary
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So Why ???
Do We Need Crush?

So Why ??? 
Do We Need

“Old Fashioned” Techniques?

We have CDR/EDR - Case Example 3
Vehicle Crush Stiffness Values
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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 (370Z).

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).

Case Example 3 - We have EDR !!!

Vehicle Crush Stiffness Values
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DRE tidbit - 

Alcohol is involved, and will be discussed.  However,
Driver 1 was not fighting the alcohol portion, just the
increased 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.

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

40 mph Speed Limit (play fore shadowing music)

Case Example 3 - We have EDR !!!
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Later in the report ....

So, what is the speed limit?  Is it 40 mph, or is it 45
mph?

Case Example 3 - We have EDR !!!
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Vehicle 2 - 2020 Ford Fusion

Case Example 3 - We have EDR !!!
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Damage Description - 
Case Example 3 - We have EDR !!!
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Driver 2 Injuries

Case Example 3 - We have EDR !!!
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Statements of what happened attributed to the
parties involved.

Case Example 3 - We have EDR !!!

Vehicle Crush Stiffness Values
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Summary

Case Example 3 - We have EDR !!!
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Summary (cont)

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

Yet, statements as to the speed of the Nissan are
made with NO documentation, calculation, or work
conducted to establish that speed!!

Case Example 3 - We have EDR !!!
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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?

Case Example 3 - We have EDR !!!
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Scene

AOI’s
were
reported
in the
Traffic
Collision
Report

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

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

AOI 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.

Case Example 3 - We have EDR !!!
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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.

AOI 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 ....

Case Example 3 - We have EDR !!!
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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.

Case Example 3 - We have EDR !!!
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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.

Case Example 3 - We have EDR !!!
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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.

Case Example 3 - We have EDR !!!
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But WAIT .... THERE’s MORE!!!!

The house on the Northeast corner had a “ring”
camera, which shows the impact ......

Case Example 3 - We have EDR !!!
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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 carefully 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??

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

Case Example 3 - We have EDR !!!
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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.

Case Example 3 - We have EDR !!!

Vehicle Crush Stiffness Values



                          Copyright 2025 - Daniel W. Vomhof III - All Rights ReservedIPTM Symposium 2025

129

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.

Case Example 3 - We have EDR !!!
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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.

Case Example 3 - We have EDR !!!
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<<<< 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???

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

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

< If 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?

Case Example 3 - We have EDR !!!
Summary
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< 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 Δv
calculations.  You cannot mix the two and get proper answers.
 You can convert back and forth, but not mix.

< Δv should not be used in calculating stiffness values. 
Again, it is a different speed than a crush speed.  Also, if a Δv
is used to calculate stiffness in frontal tests, you are violating
laws of physics.

Crash Test Data, Data Problems,
and Common Misconceptions

SUMMARY

Vehicle Crush Stiffness Values
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< 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.

Crash Test Data, Data Problems,
and Common Misconceptions

SUMMARY
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Presentation available for Download from www.4N6XPRT.com
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Presentation available for Download from www.4N6XPRT.com
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Presentation available for Download from www.4N6XPRT.com
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Presentation available for Download from www.4N6XPRT.com

Vehicle Crush Stiffness Values



Definition of Terms Used by this Author

^2 - Square the value immediately in front of the carrot (^) .

A - B - G - Stiffness Values used to evaluate crush within the CRASH III 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 III - Calspan Reconstruction of Accident Speeds on the Highway. - CRASH III
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

Δv - 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 - PreImpactSpeed - 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

PreImpactSpeed - Pre Impact Speed - Si - Closing Speed - Impact Speed

PIS - Post Impact Speed

pits - Post Impact Travel Speed

POR - Point of Rest

PostImpactSpeed - Post Impact Speed - Sf. - DepartureSpeed

S = Speed

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



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

sfc - Speed from Crush

SqRoot( ) - 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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	 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

FEDERAL SHUTDOWN SLOWS PROBES OF TRANSPORTATION DEATHS
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CRUSH FACTOR: A VALIDITY 
ANALYSIS - PART I (FRONTAL)

by Daniel W. Vomhof III and Daniel W. Vomhof, PhD
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:

CF   =   S  *  S 
             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, 
	 •	 a whole number, as opposed to a number with 
		  decimals attached, was easy to remember, 
	 •	 it was felt it would be of benefit to others 

		  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 

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
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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 (Q0), 1/4 
point (Q1), ½ 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 

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 

		  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 

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 - 

	 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-

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.

Figure 3

Figure 2
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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 

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.

“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.

Figure 5

Figure 4
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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.

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 

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 

Figure 7

Figure 6
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Figure 9

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 

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-

Figure 8



48	 	 	 	 	 	 	 	 	          ACCIDENT RECONSTRUCTION JOURNAL

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

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, VANs, 
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.
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	 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
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no fault of the Journal. The authors (primarily
Daniel Vomhof III) 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.htm#CF_Ft_21

and start scrolling down, you will quickly see where
the figures are for this article.
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MIBDNOPBDBIQPIGHDRDFBISJTJKRBNDGFIIUDVRSVPSRHJOKDWOBDHXIDYZ[ED\IXJVSIDXRGD]IIKDFBIFRBIUCD̂XIGI
VRSVPSRHJOKGDRBID]RGIUDPFOKDIGHJTRHIGDWBOTDFXOHO_BRFXGDOWDFOGHD\IXJVSIDHBR\ISDWOBD]OHXDHXIDYZ[E
\IXJVSIDRKUDHXID̀OPJKaGD\IXJVSIbDRGDcISSDRGDVBPGXDHOD]OHXD\IXJVSIGCDdKWOBHPKRHISNbDUPIDHODHXIDSRVeDOW
UOVPTIKHRHJOKDOWDFXNGJVRSDI\JUIKVIDO]HRJKIUDRKUfOBDFBO\JUIUD]NDHXIDYZ[EDRKUDYgMbDIGHJTRHIGDWBOT
FXOHO_BRFXGDRBIDHXID]IGHDHXRHDVRKD]IDUOKICDhHDGXOPSUD]IDKOHIUDHXRHDHXIBIDJGDRDUJGVBIFRKVND]IHcIIKDHXI
MOJKHDOWDiIGHDWOBDHXID̀OPJKaGD\IXJVSIDJKDHXIDYgMDBIFOBHbDRKUDcXIBIDJHDJGDSOVRHIUDJKDHXIDGVIKI
FXOHO_BRFXGC

jRGIUDOKDHXIDSJTJHIUDGVIKIDFXOHO_BRFXGDGXOcJK_DHXIDFOJKHGDOWDBIGHDOWD]OHXD\IXJVSIGbDGOTIDFOGHDJTFRVH
HBR\ISDUJGHRKVIGDcIBIDO]HRJKIUDPGJK_D̀OO_SIDTRFGCD̂XIGIDFR_IGDRBIDRHHRVXIUCDMOGHDJTFRVHDHBR\ISDOW
R]OPHDklDWIIHDWOBDHXIDYZ[ED\IXJVSIDRKUDR]OPHDkmDWIIHDWOBDHXID̀OPJKaGD\IXJVSIDcIBIDO]HRJKIUC

YBOTDFXOHO_BRFXGDOWDHXID̀OPJKaGD\IXJVSIDJKDHXIDHOcfGHOBR_IDNRBUbDRKUDHXIDYZ[ED\IXJVSIDRHDHXIDGVIKIb
FBISJTJKRBNDTRnJTPTDVBPGXDTIRGPBITIKHGDWOBDHXID̀OPJKaGD\IXJVSIDOWDopDJKVXIGDRKUDWOBDHXIDYZ[E
\IXJVSIDOWDoqDJKVXIGDcIBIDO]HRJKIUC

dGJK_DVOTTOKSNDRVVIFHIUDWOBTPSRGDWOBDVRSVPSRHJK_DrGFIIUDWBOTDGeJUsDRKUDrGFIIUDWBOTDVBPGXsDHXI
WOSSOcJK_DVRSVPSRHJOKGDcIBIDVOTFSIHIUDL

MOGHDhTFRVHD̂BR\ISDtFIIUDuvwxyzD{Dt|iuDlqD}DUJGHRKVIDJKDWIIHD}DWBJVHJOKDz

YZ[ED\IXJVSID{Dt|iDuDlqD}DklD}DqC~DzD{Dt|iDuooolzD{DllC�DTFX
ÒPJKaGD�IXJVSID{Dt|iDuDlqD}DkmD}DqC~DzD{Dt|iDuoqpmzD{DllCqDTFX

tFIIUDWBOTD�BPGXDuy��zD{Dt|iDuDlqD}DTRnDVBPGXDUJGHRKVIDJKDWIIHD}D�BPGXDYRVHOBDzD������������������
������������������������������������������������������������������������������������������������������
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YZ[ED\IXJVSID{Dt|iDuDlqD}DoqfomD}DmoDzD{Dt|iDukmkzD{DmmCpDTFX
ÒPJKaGD\IXJVSID{Dt|iDuDmqD}DopfomD}DmoDzD{Dt|iupp~CkzD{DloC¢DTFX

tJKVIDRSSDOWDHXIDIKIB_NDSOGGIGDInFBIGGIUDRGDGFIIUDJKDHXIDKOBHXIRGHcRBUDUJBIVHJOKDVRTIDWBOTDHXIDYZ[E
\IXJVSIbDRKUDRSSDOWDHXIDVBPGXDIKIB_NDSOGGIGDInFBIGGIUDRGDRDGFIIUDVRTIDWBOTDHXIDYZ[ED\IXJVSIbDRK
JTFRVHDGFIIUDWOBDHXIDYZ[ED\IXJVSIDVRKD]IDVRSVPSRHIUD]NDVOT]JKJK_DHXIDR]O\ID�DGFIIUGC
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FXOHO_BRFXGDRBIDHXID]IGHDHXRHDVRKD]IDUOKICDhHDGXOPSUD]IDKOHIUDHXRHDHXIBIDJGDRDUJGVBIFRKVND]IHcIIKDHXI
MOJKHDOWDiIGHDWOBDHXID̀OPJKaGD\IXJVSIDJKDHXIDYgMDBIFOBHbDRKUDcXIBIDJHDJGDSOVRHIUDJKDHXIDGVIKI

VRSVPSRHJOKGDRBID]RGIUDPFOKDIGHJTRHIGDWBOTDFXOHO_BRFXGDOWDFOGHD\IXJVSIDHBR\ISDWOBD]OHXDHXIDYZ[E
\IXJVSIDRKUDHXID̀OPJKaGD\IXJVSIbDRGDcISSDRGDVBPGXDHOD]OHXD\IXJVSIGCDdKWOBHPKRHISNbDUPIDHODHXIDSRVeDOW

HBR\ISDUJGHRKVIGDcIBIDO]HRJKIUDPGJK_D̀OO_SIDTRFGCD̂XIGIDFR_IGDRBIDRHHRVXIUCDMOGHDJTFRVHDHBR\ISDOW
R]OPHDklDWIIHDWOBDHXIDYZ[ED\IXJVSIDRKUDR]OPHDkmDWIIHDWOBDHXID̀OPJKaGD\IXJVSIDcIBIDO]HRJKIUC

YBOTDFXOHO_BRFXGDOWDHXID̀OPJKaGD\IXJVSIDJKDHXIDHOcfGHOBR_IDNRBUbDRKUDHXIDYZ[ED\IXJVSIDRHDHXIDGVIKIbYBOTDFXOHO_BRFXGDOWDHXID̀OPJKaGD\IXJVSIDJKDHXIDHOcfGHOBR_IDNRBUbDRKUDHXIDYZ[ED\IXJVSIDRHDHXIDGVIKIb
FBISJTJKRBNDTRnJTPTDVBPGXDTIRGPBITIKHGDWOBDHXID̀OPJKaGD\IXJVSIDOWDopDJKVXIGDRKUDWOBDHXIDYZ[E



YZ[EDhTFRVHDGFIIUD{Dt|iDuDYZ[EvwxyÃmDÄD̀ÅdhÆvwxyÃmDÄDYZ[Ey��ÃmDÄD̀ÅdhÆy��Ãmz
YZ[EDhTFRVHDGFIIUD{Dt|iDuDllC�ÃmDÄDllCqÃmDÄmmCpÃmDÄDloC¢ÃmDz
YZ[EDhTFRVHDGFIIUD{Dt|iDuooolDÄDoqpmDÄDkmkDÄDpp~Ckz

YZ[EDhTFRVHDGFIIUD{Dt|iDul~m~Ckz
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jRGIUDPFOKDHXJGDRKRSNGJGbDHXIDGFIIUDOWDHXIDYZ[ED\IXJVSIDcRGDJKDHXIDKIJ_X]OBXOOUDOWD¢oDTFXDRHDJTFRVH
cJHXDHXID̀OPJKaGD\IXJVSICDhWDHXIBIDcRGDRKNDFBILJTFRVHDGeJUf]BReJK_D]NDHXIDYZ[ED\IXJVSIbDHXIDGFIIUDRH
GHRBHDOWD]BReJK_DcOPSUDXR\ID]IIKDXJ_XIBDHXRKDHXJGC

jRGIUDPFOKDHXIDJKWOBTRHJOKDR\RJSR]SIDHODTIDRHDHXJGDHJTIbDHXIDR]O\IDJKWOBTRHJOKDJGDVOBBIVHDHODR
BIRGOKR]SIDUI_BIIDOWDGVJIKHJWJVDVIBHRJKHNCDhWDRKNDRUUJHJOKRSDJKWOBTRHJOKD]IVOTIGDR\RJSR]SIDBI_RBUJK_DHXI
FXNGJVRSDI\JUIKVIDRHDHXIDGVIKIDOWDHXJGDVBRGXbDHXIGIDVRSVPSRHJOKGDcJSSDXR\IDHOD]IDBIL\JGJHIUDcJHXDHXRH
RUUJHJOKRSDJKWOBTRHJOKDJKDXRKUC

EBBOBDBRHIDRSSOHTIKHGDOWDÄfLDoq×DRBIDHNFJVRSSNDRGGJ_KIUDHOD\RBJR]SIGDPGIUDJKDHXIDR]O\IDVRSVPSRHJOKGC
ØFFSNJK_DHXJGDÄfLDoq×DIBBOBDBRHDHODHXIDVRSVPSRHIUDWJKRSDGFIIUDRBBJ\IGDRHDRDhTFRVHDGFIIUDBRK_IDWOBDHXI
YZ[ED\IXJVSIDOWDÙk¢L¢~DTFXC

MSIRGIDeIIFDTIDRU\JGIUDJWDRKNDRUUJHJOKRSDI\JUIKVIDUOVPTIKHRHJOKDURHRD]IVOTIGDR\RJSR]SIC
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