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Speed from Crush

Background - Measurement -History -
Calculation




Overview

Objections to using crush

- One of the stumbling blocks to using crush
ﬂten cited by people is that the
easurements take too much time

- Other objections to using it are -

- No class in crush (yet)

- Don't need it with now having CDR
- Inaccurate

- Don't like it - Prefer Momentum
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Measurement

Background

or 6 equally spaced measurements
- Referred to as the "Tumbas Protocol”
- Outlined in SAE # 880072 “"Measuring

Tumbas and Russell Smith

- “Standard” Measurement protocol says 2,4,

Protocol for Quantifying Vehicle Damage from
an Energy Basis Point of View” By Nicholas




Measurement

Backgrounc

- Do we need equally spaced damage
measurements?

- Why or why not? When? Where?

- Especially, do we need them out in the
field?
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Measurement
Background

* - In order to "Make Crush Work” ... NO!!! You do
not have to take equally spaced measurements.

x - Refer to the Presentation made at WREX 2016
which is on our web site at:
http://www.4n6xprt.com/papers/

* - You are much better off when out in the field to
measure to the “inflection points”

*x - To put it another way, document the critical
points just as you would document any other
evidence, If you can draw it, you can take
additional measurements when needed
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Measurement
Background

* - When needed .... what does that mean??

» - Many of the CRASH 3 programs require that the
crush measurements be entered with equal spacing
between the measurements.

* - SO .... now what???

» - Now you take your measurements made in the
field, draw them out to scale, and then lay out
where your equally spaced crush measurements
will be, then measure the crush
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Measurement
Background

% - If you are scanning the damage, and can scan an
exemplar vehicle, determining what the crush is,
and where to measure from and too, becomes even
easier with a program like CLOUD COMPARE (
https://www.danielgm.net/cc/ )

» - Whether you measure by hand, with a total
station, or with a scanner, it will always be easier
to measure the critical points in the field (and yes,
a scanner will get both c”critical” and non-critical
points as part fo its scan), and then get your
equally spaced crush measurements in the comfort
of your office.
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- S0, to summarize,

1 - Measure to the critical points (the
inflection or bend points) with appropriate

Measurement
Background

rences to “landmark” points on the vehicle
e in the field. This will speed up the
sical measurement process tremendously,

whi

remember
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Measurement
Background

- So, to summarize (cont)

2 - Obtain your equally spaced crush
easurements once you are back in the
omfort of your office. This is the "When” and
he “"Where” that these measurements should
e obtained, if and when they are needed.
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Crush - “"No Class”’

Another “objection” I have heard through the

years regarding not using crush is a lack of
formal training

- While formal training is of benefit, it is not
required

- This presentation, and others like it, can be
considered formal training

- The BEST training is self-training - i.e. - try
it and see what works




Crush - "No Class”
Self-Training steps

ave no crush, you cannot calculate the “speed from
rush”. This might sound like a simple concept, but
t times it has been lost on people. (seside 141

- Next, apply the various types of calculations (see
lslides to come) to the crush you have documented.

- Again, no crush = no speed to be calculated ...
Elthough, you might be able to say " The speed was

E— First you have to document the crush, since if you

‘less than” XX mph"” based on the elastic variable
CRASH 3).
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Crush - "No Class”
Self-Training steps

- Then, compare the speed(s) you have
alculated from crush to the speeds you have
btained through other methods (i.e. -
omentum, CDR, etc)

- Last, set a procedure (protocol) and/or set
f calculations for which you feel you can
efend what/why/how when you are
uestioned about it.




Crush - "Don't need 1t
due to CDR"”

- First - not every vehicle on the roadway
has a CDR/EDR to download

- Second - Even if it has the module, you
cant always GET a download

In the event of either or both of these
ﬁqccurring in your collision, you need a backup
ethod to determine speed.




Crush - "Don't need 1t
due to CDR"”

- You usually have to go through a process,
hich takes time, before you can do the
ownload. With the proper tools, you can get
n idea of the speeds from crush immediately
pon your return to the office, if not out at

he scene itself. This can at times help you
et an idea of what else about the case you
ight want to look at.




Crush - Inaccurate

In and of itself speeds arrived at from crush
are no more or less accurate than speeds
determined through other methods -
Momentum, other energy calculations (i.e.-
spin, yaw, skidding, braking, etc.), airborne,
ELC,

Speed from crush may, however, be less
PRECISE than other methods to determine
speeds




Crush - Inaccurate
Precise vs Accurate
Jaken from

nttps://www.honolulu.hawaii.edu/instruct/natsci/science/brill/scil22/SciLab/L5/accprec.html#
~:text=Accurate%20means%?20%22capable%200f%20providing,of%20the%20thing%20bei
1g%20measured.

The Science of Measurement: Accuracy vs. Precision

The dictionary definitions of these two words do not
learly make the distinction as it is used in the
cience of measurement.

ccurate means "capable of providing a correct

eading or measurement.” In physical science it
eans 'correct'. A measurement is accurate if it
orrectly reflects the size of the thing being
easured.
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Crush - Inaccurate
Precise vs Accurate
Jaken from

nttps://www.honolulu.hawaii.edu/instruct/natsci/science/brill/scil22/SciLab/L5/accprec.html#

~:text=Accurate%20means%?20%22capable%200f%20providing,of%20the%20thing%20bei
1g%20measured.

The Science of Measurement: Accuracy vs. Precision

The dictionary definitions of these two words do not
clearly make the distinction as it is used in the
science of measurement.

Precise means "exact, as in performance, execution,
or amount. "In physical science it means "repeatable,
reliable, getting the same measurement each time."
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Crush - Inaccurate
Precise vs Accurate

ttps://www.honolulu.hawaii.edu/instruct/natsci/science/brill/scil22/SciLab/L5/accprec.html#

~:text=Accurate%20means%?20%22capable%200f%20providing,of%20the%20thing%20bei
1g%20measured.

The Science of Measurement: Accuracy vs. Precision

We can never make a perfect measurement. The best
we can do is to come as close as possible within the
limitations of the measuring instruments.
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Crush - Inaccurate
Precise vs Accurate

ttps://www.honolulu.hawaii.edu/instruct/natsci/science/brill/scil22/SciLab/L5/accprec.html#
~:text=Accurate%20means%?20%22capable%200f%20providing,of%20the%20thing%20bei
1g%20measured.

Accurate, Not Precise Neither Precise Nor Accurate
This is an This is a
accurate pattern, randomlike
but not precise. pattern, neither
The darts are not precise nor

accurate. The
darts are not
clustered together
and are not near
the bull's eye.

clustered, but
their 'average’
position is the
center of the bull's
EYe.

Precise, Not Accurate Precise and Accurate

This pattern is
both precise and
accurate. The
accurate. The darts are tightly
darts are clust.ere[l g clustered and
toget]ller but did their average
not hit the position is the

intended mark. center of the bull's
eve.

This is a precise
pattern, but not

2023 . = < _
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Crush - Inaccurate

Precise vs Accurate
Taken from

ttps://www.honolulu.hawaii.edu/instruct/natsci/science/brill/scil22/SciLab/L5/accprec.html#

~:text=Accurate%20means%?20%22capable%200f%20providing,of%20the%20thing%20bei
1g%20measured.

The Science of Measurement: Accuracy vs. Precision
Some additional references -

https://manoa.hawaii.edu/exploringourfluidearth/physical/world-ocean/map-
distortion/practices-science-precision-vs-accuracy

https://www.thoughtco.com/difference-between-accuracy-and-precision-609328

https://www.quora.com/What-is-the-meaning-of-accuracy-and-precision-in-
Science

South Carolina Accident Reconstruction Specialists - 2023

Copyright 2022 - All Rights Reserved - 4N6XPRT Syste




Crush - Inaccurate

The accuracy of a speed from crush

alculation depends upon the crush
easurements taken, the data that is used to
evelop stiffness values, and how well the
rash under investigation fits the model that
as used to develop the calculation method.

s with any other calculation, if your data
ucks, and the model doesn't fit the crash in
uestion, your results should be EXPECTED to
e poor.




Crush - Inaccurate

Examples of poor data and/or bad models

Eome examples of poor data and/or bad
odels follow:

- Speed from skid when there are no
skidmarks - Statement gets made, the driver
didn't brake

- Speed from Yaw, using the "flattest” tire

[:ark when the vehicle was actually in a spin
i ina Acl i ialists - 2023 Copyright 2023 - All Rights Reserved - 4NG6XPRT Systems._




Crush - Inaccurate

Examples of poor data and/or bad models

Eome examples of poor data and/or bad
odels follow (cont):

- Calculating the minimum speed at the start
f skid for a vehicle to slide 10 feet and then
lam into a tree, leaving 2 feet of crush into
he front of the vehicle as 15 mph ....
QR(30*10%*.75)

.e.- ignoring the crush




Crush - Prefer
Momentum

s with the CDR preference, sometimes
omentum is not an option

the previous example of a car into a tree
light pole, bridge, house, etc) is one example
f this.

hard to do momentum if there are no
easurements for point/area of impact
nd/or points of rest due to lack of
ocumentation.




Speed from Crush

When should I use it?

You should do one or more crush calculations

every chance you get, not just when that is
the only thing left

- Like anything else, you need to stay “fluent”
In crush, which means practice, if you only

use it as a last resort, your gonna make
mistakes
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Speed from Crush

When should I use it?

- If you use it and compare to other results,
then when its all you have you can say "I
routinely calculate a speed from crush, and
find that it falls within the speed range of
other speed calculations. I have no reason to
expect it would be any different here if there
were other ways to check the speed”

- Your calculations do not have to be “in
depth” and you don't have to include them in
your report, especially if nothing goes down
on paper.
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Crush Measurements

Protocol / What do you need to measure
Damage? / End Damage / Side Damage
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Crush Measurements
Why?
*Document extent
*Document location

»Help determine PDOF and how the
vehicle(s) came together

x»Help determine Energy expenditure
(i.e. speed necessary to cause the
crush)

xHelp to illustrate the severity of the
collision

South Carolina Accident Reconstruction Specialists.-.2023 Copyright 2023 - All Rights Reserved - 4N6XPRT Systems
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Crush Measurements
Definition of PROTOCOL

http://www.merriam-webster.com/dictionary/protocol

*PROTOCOL

*3(b) : a set of conventions governing the
treatment and especially the formatting of
data in an electronic communications
system <network protocols>

*x3(c) : convention 3a,b

x4 : a detailed plan of a scientific or medical
experiment, treatment, or procedure
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Crush Measurements

Tumbas “Protocol” Summary

* SAE 880072 Lays it out
specifically for part 4 of the
previous definition

x Called the “"Tumbas Protocol” in
honor of one of the authors

* 2, 4, or 6 equally spaced
measurements along the FIELD
crush Length

* Locate damage midpoint, both
direct damage midpoint and
induced damage midpoint, and
position them relative to vehicle
Center of Mass

* Lots of other conditions for
handling “Specialty” situations

South Carolina Accident Reconstruction Specialists - 2023
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Crush Measurements

“Protocol” (cont)

* Do you really need to be worrying about all that at
a scene, or even in a tow yard?

*x Isnt it better to concentrate on documenting the
evidence, something you do regularly, instead of
worrying how many measurements, whats the
spacing, etc?

* Proper crush documentation - If you think it MIGHT
be important, or you MIGHT be asked about it, it
should probably be documented.

* More on this at the end
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Crush Measurements

What do you need to measure Damage?

What do you need to measure crush?

% Do you need a Scanner?
% A Total Station?
* A Commercial Jig?

While all of these are nice, and have there

uses, all you really need is several tape
measures.
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Crush Measurements

Minimalists guide

* How many measurements do you need to take? As
many as are required to properly document the
damage.

» If using a Total Station this could be as little as 1,
the max crush point, if you are already
documenting the vehicle as part of the scene.

* It should probably be at least 3 - the two “end
points” of the crush as well as the perceived max
crush point.
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Crush Measurements
Minimalists guide - cont

* With a Tape Measure Jig you will need at least 4
tape measures, 2 of which that are 25-35 foot in
length. 3 of these are for your jig, one is for
measuring “depth”. You also need a “plumb bob”,
for which there are many possible “Field
Expedients” including a bottle of water or another
tape measure. The purpose of the plumb bob is to
insure you are measuring depth and depth
measurement position “accurately”.

South Carolina Accident Reconstruction Specialists - 2023 mnilurkﬂz\Il:mﬂﬁ:mh!imﬂﬂ:!ld’ﬁ en
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Crush Measurements

End Measurement

» Need to “tie” to an undamaged feature. Typically
this will be far “axle” position from the damage.
For a Front impact that would be the rear axles,
and vice-versa for a rear impact.

» If there is no end shifting, it is easiest to line up
both tapes so that they are agalnst the outside of
the tires. SE—— e
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Crush
Measurements

End Measurement - cont

* If there is end shift, you need to establish how far
“off” of undamaged positions on the vehicle the
tape is laid.

x Do this on both sides of the vehicle.

s ST S L ZavEm a=ia-ral
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Crush Measurements

End Measurement - cont

* Then extend a third tape across the two tapes at
the same point on the tapes. If the furthest
projection is at say, 123 inches, lay the third tape
across at the 130 inch point. For a lot of reasons,
it will simplify your life if you can remember to
have the “0" point of the tape on the driver side.
One of the primary reasons is because then your
progression C, to C; ., will be in the same
progression as the Protocol measurements. While
not essential, it removes a “"smoke screen” issue
from the other side when being asked about your
measurements. e

RE C s LEIT]
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Crush Measurements

End Measurement - cont
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Crush Measurements

End Measurement - cont

* From there,
document your
damage across and
in. If it is all at
one height, fine, if
not, you may want
to also document
the height of the
object above
ground as well.

South Carolina Accident Reconstruction Specialists - 2023 : e opyright 2023 - All Rights Reserved - 4N6XPRT System
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Crush Measurements

End Measurement - cont

% Usually you will be measuring at bumper height, however

* If you have a under/over ride situation, your bumper may have
been only partially engaged, or not engaged at all.

* Document the bumper position
* Document the crush depth, and height

* Depending upon how much of the vehicle structure is involved,
the measurements may not be able to be used in a CRASH 3
calculation, but should still be documented for damage extent
and allow for matching of one vehicle to the other. Also, there

are other methods of speed determination besides the CRASH
3 approach.

See - A Scientific Approach to Tractor-Trailer Side Underride Analysis -SAE 2003-01 -
0178
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Crush Measurements

End Measurement - cont
A Scientific Approach to Tractor-Trailer Side Underride Analysis -SAE 2003-01-0178
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Crush Measurements

End Measurement - cont

*» Before picking up your tapes, walk your side
measurements and note salient points -other axle
position, and any other damage such as back of
door relative to “"B” pillar.
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Crush Measurements

Side Measurement

* As a bit of forshadowing, this is also a valid
method for side damage measurements, especially
when there is bowing to the vehicle.

* Lay a tape down along the undamaged side.

* Lay a tape along the damaged side a set distance
off of the other tape. B

RIQI] RC gervea - |\
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Measurement

Front and Rear Damage
Find your Damage
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Measurement

Front and Rear Damage

Layout Tapes for Left and Right Side, with a
cross tape at the same distance on each side

[JILILS NESCTIVEU ~ FIVUAIN NI OySLCILIS

Copyright 2022 - All Rights Reserved - 4N6XPRT Syste




Measurement

Front and Rear Damage

Document your Reference Points

. e

RIQI] RCSC cd - INNO A A S LEIT]
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Measurement

Front and Rear Damage

Document your Reference Points

= c—— —
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Measurement

Front and Rear Damage

Take your measurement(s)

outh ﬁnmmrmimﬁﬁmmfmﬂrﬁmu : Copyright 2023 - All Rights Reserved - 4N6XPRI System
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Measurement

Front and Rear Damage

Record your measurement(s):

In this instance I made the field

adjustment for “"depth” of crease
minus depth of two bumper bar

corners.

It would be better documentation
practice to record the distance
“across” and “depth” for each
corner as well as the damage
“crease” when in the field, and then
do the calculations once you are
back in the office.

RIQI] RCSC cd - INNO A A S LEIT]
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Measurement

Front and Rear Damage

Don't forget the bumper foam/plastic/energy
absorber material thickness

A RC C cd - INNO A A S LEIT]
Copyright 2022 - All Rights Reserved - 4N6XPRT Syste



Measurement

Front and Rear Damage

At its thickest point the foam and/or plastic
energy absorber material is 3-4 inches thick.

It generally tapers at the ends to a thickness
of 1-2 inches.

When/if measuring your crush depth to the
bumper bar, you need to subtract this
thickness from your crush depth. If you do
not, your crush depth is too deep, which will
result in a higher speed calculation.

South Carolina Accident Reconstruction Specialists - 2023 Copyright 2023 - All Rights Reserved - 4NGXPRT Systems__
Copyright 2022 - All Rights Reserved - 4N6XPRT Syste




Measurement

Front and Rear Damage - Practical Application

For the vehicle shown in this example, for a
crush depth to the bar of 6 inches, which is at
the center of the bar, the resulting crush
depth would be 3 inches.

6 inches of crush minus 3 inches of foam =
3 inches of crush damage

Solith Carolina Accident Reconstruction Specialists - 2023 Copyright 2023 - All Rights Reserved - 4NGXPRT Systems__
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Measurement

Side Damage

South Carolina Accident Reconstruction Specialists - 2023 Copyright 2023 - All Rights Reserved - 4N6XPRT Systems
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Crush Measurements

Side Measurement

x»Again, best to line up the “0" end of
the tape with the rear corner or axle,
depending on where the crush (direct

or induced, whichever is furthest back)
ends.

Copyright 2022 - All Rights Reserved - 4N6XPRT Syste



Crush Measurements

Side Measurement

*You want to document both ends of
induced damage, and both ends of
contact damage, along with deepest
crush point.

- e

e

Copyright 2022 - All Rights Reserved - 4N6XPRT Syste



Crush Measurements

Side Measurement

Copyright 2022 - All Rights Reserved - 4N6XPRT Syste



Crush Measurements

Side Measurement

*Document other “tie in” points as you
feel are needed/appropriate - axles, A-
B-C pillars, etc.

System
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Crush Measurements

Side Measurement - cont

* Look for signs of “structural
failure”. One good indicator of
this would be the bottom of the
door(s) pulled away from the sill.
In this case you should document
depth to sill as well as deepest
point. Deepest point will normally
be about bumper level (of the
“bullet” vehicle). Also document
what failed and where it is.
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Crush Measurements

Side Measurement - cont
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Crush Measurements
Your “Guiding Light”

* Document the crush the same way you
would document any other evidence

*x Tie in your base line.

» Note WHERE the depth measurements were
taken along with how deep.

» If you feel its necessary for proper
documentation to measure up from the
ground to the point you were measuring, do
so. ESPECIALLY if the point is outside the
“normal” height range.

salth Carolina Accident Reconstruction Specialists.- 2023 Copyright 2023 - All Rights Reserved - 4N6XPRT Systems. .
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Crush Measurements
Your “Guiding Light”

»Photograph the damage before you lift
your baseline tape - while this is not
required, it could be helpful.

*Remember, if its not documented, it
can’t be considered.




Crush Analysis
Formulas

History
And
Formulas




Crush Analysis Formulas

History & Formulas

v=11C

» 1968 -R.I. Emori presented a formula in SAE paper
680016 for calculating vehicle impact speed based
on Maximum Permanent crush

= AL1C
% V = speed in miles per hour, C = maximum
permanent crush in inches

Salith Carolina Accident Reconstruction Specialists.- 2023 Copyright 2023 - All Rights Reserved - 4N6XPRT Systems. .
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Crush Analysis Formulas

History & Formulas

v=11C

SAMPLE APPLICATION

*For instance, you have a 3130 pound vehicle impacting a
barrier at 35 mph, which results in an average crush depth
of 21.4 inches. However, use of Emori’s formula does not
require exemplar test crashes. This is included in this
Sample Application for continuity with other Sample

Applications.

*NQO calculations are needed from exemplar crashes for an
application of Emori’s formula. It is what it is, which is part
of its appeal, especially for those just beginning to use
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Crush Analysis Formulas

History & Formulas

v=11C

*Now, in the “real” collision you have an average crush
depth of 10 inches, and a vehicle weight of 3000 pounds.
Applying your constant of 1.1, you get -

* Speed = (1.1*Crush Dist)
*Speed = (1.1*10)
* Speed = 11 mph
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Crush Analysis Formulas

History & Formulas

V=>b +bC

* 1974 -Kenneth L. Campbell presented a formula in
SAE paper 740565 for calculating vehicle impact
speed based on residual crush to assist in
estimating the severity of automobile collisions.

x V = Db(0o) + b(1)*C

* V=impact speed in mile per hour, b(o) = “y”
intercept in miles per hour, b(1) = crush vs. speed
slope in miles per hour per inch, and C = residual

crush in inches
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Crush Analysis Formulas
History & Formulas
B*(C?

F= A+ BC E=(4C+ > + G)*w

* ~1975 -Raymond R. McHenry followed Campbell’s
work with the CRASH computer program to
estimate impact speed from damage using a force
deflection (spring) model.

« F= A+ B*C
« E = (A*C + B¥CA2/2 + G) * w

Where

- E=Crush Energy in inch*pounds - F=pounds

- C = Crush depth in inches - w = the length (width) of the crush
- A = pounds/inch - B = pounds/inch”2

- G = A”22/2B in pounds
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Crush Analysis Formulas

History & Formulas

B*(C*
E=(AC+ S+ G) *w

» 1981 -David Segal gave a physical interpretation of

the constants in a presentation to Transport
Canada

*x A is the spring pre-loading value, pounds/inch

*» B is the energy absorbed in plastic (permanent)
deformation, the spring constant, Ib/in2

* G is the energy absorbed in the elastic (non-
permanent) range of the “structure”, (A”2 / 2*B)
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Crush Analysis Formulas

*C2
E=(AC+ +G)*w
L _ npg s 1275280 p Vb
0" mh 3600 ! Cr

* The constants (A, B, & G) are calculated using values
that seem to go back to Campbell’s work ... with slight
modification

* The first step in establishing the constants (A, B, & G) is
to calculate the values of b, and by,

\ 144

* b is again the "y” intercept, or "No Damage Speed”
(NE)S), only this time in inch/sec instead of miles/hour

x b, is again the slope of the crush vs. speed slope, only
now it has a few more elements involved in determining
its value, V, is the "impact” speed in inches/sec, and Cr
Is the crush value in inches.
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Crush Analysis Formulas

* (2
E=(AC+ LG *w
Wb, *b, AU [ A*4
- g*L - g*L 2*B

* A is calculated using both the b ,, and the b,
values, along with the vehicle weight (W), graV|ty
in mches/sec (g=386.4 in/sec/sec) and the Iength
(L) of the crush in inches. {Note: “Crush Length” is also

referred to as Crush Width, especially when looking at front
and rear end damage.}

* B is calculated using only the b ;, value in
conjunction with the vehicle weight (W), gravity
(g),and the length (L) of the crush.

* G is calculated as a ratio of Ato B
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Crush Analysis Formulas

History & Formulas

» Once you have "“stiffness” values, the constants (A,
B, & G), you can then calculate the energy
absorbed by the vehicle damage, and from there a
EBV/EES/EBS/BEV/BES/KEES.

(In the KEES calculation, gamma is comprised of the Yaw Moment of
Inertia and the Force Moment Arm, and can be ignored for Full Frontal

Barrier tests)
[Z*E*y)
B*(? 3600 12
E=(AC+ > +G)*w KEESmPh'szso*\ (W]
g
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Crush Analysis Formulas

History & Formulas

* This equation (the "Campbell” equation) is popular
due to its use in the various flavors of CRASH3
programs that are out for use, however, it also has
its problems, briefly -

* It is complex

x It relies on knowing the stiffness values or having
one or more tests to calculate the values from
(so what happens when you have no tests to
calculate the stiffness values from?? And if you
have only one test, how do you know that
vehicle/test is representative??)

* It is complex, as in hard to do by hand, even with
no rotation
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Crush Analysis Formulas

History & Formulas

* Campbell” equation cont.-

* It is complex, as in to use in “real” collisions, the
gamma value must taken into account due to
vehicle rotation -making the calculations even
more difficult to do by hand

* It is complex, as in hard to answer hypotheticals
when on the stand (i.e. -what happens to your
speeds if there is only 10 inches of crush instead
of the 18 you used?)

* And, did I mention, It is complex???
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Crush Analysis Formulas

History & Formulas

Speed , = y30* MID*CF

Is this the “Vomhof” Equation??7??




Crush Analysis Formulas
History & Formulas

* 1975 -The First Edition of the Traffic Accident
Investigation Manual by J. Stannard Baker was
published. In that manual he published a table of
“Typical Values of Acceleration and Deceleration of
Motor Vehicles on Level Surfaces” . In that table,
he gave the following Drag Factor values:

x Car crash into standing car = -5.00

» Crash into solid fixed object = -20.00

x These Drag factor values can be used in the well
known slide to stop equations:

Speed = 55\/d * f Speed = \/30*d*f

77777

Copyright 2022 - All Rights Reserved - 4N6XPRT Syste



Crush Analysis Formulas

T=YWic and Fo!in'un' 245
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total distance travelled, el e
Discoloratlen frome wisaaliativ, AECELZATIoN LTy i B Drag '\\ Meters Feet
The distance travelled while deceler- DECELERAT 10N Speed range gl?'-":"' par,  pen faCTOI'" per per,
ating from any velocity is calculated *a/9 e sac  gec ket
in the same wayaﬂb‘e distance trav- Froe tall F1L00 4+ 9.81 322 fz q/g% sec 5&32
z:lcdcnwh'lc IlI.Cu'I]l:l'lﬂl'.lg except that Pagsander cars Less than 20 mph (30 kn par hrl + 0.15 + 147 ¢+ 4.8
¢ change in distance i nofmal sccaferation | 29 10 40 mph (30 1o 60 ke per wrifl ¢+ 0.10 4 098 + 3.2
from rxrghn:r Ih‘:’l adde:tzu{:;:‘g: ezl Mors than 40 mph (60 km per hr) 208 +04n + 1.6
tance the vehicle would have trav- Passengsr cars, Less han 20 moR (30 m per hr) 0,30 +2.58 + 8.7
e:;l:d:;:“ns'am speed. The equation £#714: wooa|siwtion :i;’en1l‘-aun":; -:: .lué-f?mk:s:vwr"l ;I: . 'I3{=| H ;.: W hr } 0 3
then becomes
Mo |um Trucks. Less than 20 mph (30 &m par hr) » 0,10 +0.58 + 532
d= v — 16.1 l'"ff_!. ‘:n:, _!:I__:'“n,lm 20 o 40 meh (30 4o 60 m per heill + 0,05 + 0.48 + 1.6 per hr ) 0 ¥ 20 - O . 6
In the torcsmng cx:!mple. if the ve- More than &0 mph (80 km per hr) + 0.03 +0.29 + 1.0
hicle had been decelerating from 44 Big trucks losded, Less than 20 mph (30 km per hrd |l 4 0,05 + 0,48 s W hr ) 0* 39 = i L] 3
ft per sec (instead of accelerating), normal acceloration Iﬁg"ur:chng "fg:? ;gnﬁsmhl:eg!r r;rl + ggls ¢ [:11 .Ilg * rlnﬁ
at the end of 2 sec it would have gone — - = L ARl
a distanco of 88 f st he constant | P 2T bssrrin 1 vl kg 1gn sy rhr) Be-0.04 - 0.39 - 1.3
velocily, but from this must
ducted 6.44 ft due to slowing for 2 [ Posenger cars, | Less en 20mn G0 wmper by - 0.01 - 010 - 0.5 p@r |';F' M - 0.05 0.48 - 1.6
sec at 0.1g. That gives the actual dis- out of gaar More than 4D mph (60 km par hed) N - 0.00 - 0.39 - | i hr e 'G DE- D ?B - 2 6
tance travelled in the 2 sec as 88 — Fessenger cars, Less than 20 mph (30 kn per nri 0.04 = 0,39 ~ 1.3 " '
644 = R1.6 1 :-’sim braking 20 to 40 =ph (33 to &0 k= per -;—' 0.05 = 0.48 = I.5
CﬂICUIIlijIS PR g 3 = Igh gear More then 40 mph (G0 Wm par hr 0.08 - m 2.8
time, velocity, and drag factor can be Gracual slowieg, |lght braking 0.10 - 0.98 - 5.2 - 0.10 0.98 - 3 » 2
used in numberless combinations to [ 2™ FTORING, 70 P9I —_ - 0.20 1.96 = 6.4
i i ; 1ds on lce o snow 0.40 - 3.92 - 12 * * *
BUIGS probN M CODOCI S | ATt i Tt mrrhicia o5 g
auldﬂl‘[ r;;:onslructmn_ 0“-])" ak&w Max imum praking on high=friction surface - 0.9% - .32 = 30.6
examples of more common problems
o P . LB & 187 car -9, AT -— - r
cm.“]he g:en II"E]:J{S g i Crash Into :;rldr:iglggob?-cf - ;_O{) «196.0 ~&44.0 g. 4(5] g. gg ;g g
top-sign problems, A cg —— e — - - - .6 ' - .
Max i bra - 30.6
,’ - .
crash into standing car - 5.00 =-49.0I
Crash into solid fixed object -20.00 ~196.0
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Crush Analysis Formulas

History & Formulas

Speed, , =+30* MID*CF

Is this the “Vomhof” Equation??7??

Answer #1 - No, it is the “Speed from Skid” equation.
Answer #2 - No, it is the “Baker (?) Equation”.

Answer #3 - If anything is “WVomhof” about the equation, it is
the term “Crush Factor” and the modification and
refinement of the deceleration value (ie - CF).
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Crush Analysis Formulas
History & Formulas

* Our work between 1977-1990 with the values published
in the Traffic Accident Investigation Manual found
that the “Car crash into standing car” value seemed to
give speed values which were far too low when
compared to other calculations (i.e. -momentum)

* 1990-1991 we did some evaluation of the NHTSA Crash
Test data as published in the Accident Reconstruction
Journal, from which we were able to refine the Crush
Factor value to 21 for frontal crashes.

* We use the term “"Crush Factor” in the formula
because, well, we are talking about crush rather than
a skid/slide to stop.
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Crush Analysis Formulas
History & Formulas

* 1997-present further work with the NHTSA Crash Test
data has found that the “generic” value of 21 is still a
good first approximation number for determination of
the KEES from damage to the Front, Side, and Rear of
passenger vehicles.

*» See the January-February 2019 issue of the Accident
Reconstruction Journal for an article entitled "CRUSH
FACTOR: A VALIDITY ANALYSIS - PART I (FRONTAL)”
which covers the CF=21 for frontal impacts.

* A reprint of the article can be downloaded from our web
site at -http://www.4n6xprt.com/papers/
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Crush Analysis Formulas
History & Formulas

Speed, ; = \30* MID*CF

* 1991 - the first sales of Expert AutoStats and
Expert Qwic Calcs were made. These programs
incorporated the evaluation work completed
between 1990-1991. Expert AutoStats contained
the published Crush Factor values of:

* Frontal impact damage, CF=21

» Side or Rear impact damage, CF=27 (It has since
been determined that the CF=27 value calculates
an estimate of Bullet vehicle speed at impact
from Target vehicle damage only, no Post-Impact
Energy losses should be combined with this

speed)
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Crush Analysis Formulas
History & Formulas

Speed . = 30* MID*CF

* These values (CF=21 or CF=27) are used in the
equation Speed=SQR(30*MID*CF) where:

mph

* 30 = a constant that converts the input distance
of feet into an output of mph
*» MID = Maximum Indentation Depth in Feet

x CF = Crush Factor
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Crush Analysis Formulas

Speed . =30* MID*CF

nph

Who uses it??




Crush Analysis Formulas
Speed = SQR(30*MID*CF) - Who Uses It??

* In conjunction with our Update Order Forms for
the Expert AutoStats program in 2004 we
conducted a survey on the use of this formula.

* The 2004 survey was a two part survey.

* First part - Have you used the Expert AutoStats
Crush Factor Value for speed calculations?

* Second part - Have you found the calculated
speed to be in good agreement with your other
calculations? (i.e. -"Peer Review"” prior to
Daubert)
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Crush Analysis Formulas
Speed = SQR(30*MID*CF) - Who Uses It??

* Out of 417 updates -
* 235 responded to the survey (55%)

* 84 indicated they had tried the Equation and
Crush Factor values in Expert AutoStats (36% of
responses)

* Of the YES responses to part 1
* 72 said yes, there was reasonably good
agreement (85.7% of Pt 1 YES responses)
* 8 said no,, there was not reasonably good
agreement (9.5% of Pt 1 YES responses)
* 4 indicated they had tried the Equation but did

not indicate whether the agreement was good or
not (4.8% of Pt 1 YES responses)
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Crush Analysis Formulas

Speed = SQR(30*MID*CF) - Who Uses It??

*he 2004 survey comments-
» It works, what else can I say?

* [t is simple. Simple is good. Juries
understand simple.

* It is too simple
* 100 general in nature

xI've never seen the formula. Didn’t know
It was there.
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Crush Analysis Formulas
Speed = SQR(30*MID*CF) - Who Uses It??

* Conclusions from the 2004 survey -

* Of the people who have tried/tested the speed
from crush calculation using the Crush Factor
suggested in Expert AutoStats, the vast majority
have found that the results are in reasonably good
agreement with other methods of speed calculation
(again, pre Daubert, - peer reviewed)
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Crush Analysis Formulas
History & Formulas

Speed  °
- x * —_ =
Speed,, V30* MID* CF CF = 0% D

How is the Crush Factor (CF) Calculated?

* In the same way that you would derive a drag
factor from test skids, you obtain the Crush Factor

from test crashes -

x CF=Speed?/(30*Crush Distance)
» Note - the Crush Distance is in feet
» Note - the "Speed” is only the closing speed
when looking at frontal barrier tests
*x In vehicle-vehicle or moving barrier-vehicle tests,
additional calculations need to be made to find
the appropriate “"Speed” to use in the equation.
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Crush Analysis Formulas
History & Formulas - Sample Application

Speed  °
— * * _ P
- {30* MID* CF CF = o

SAMPLE APPLICATION

Speed

mph

* For instance, you have a 3130 pound vehicle
impacting a barrier at 35 mph, which results in an
average crush depth of 21.4 inches

*» For the CF value, Weight is not important

« TEST SPECIFIC CF=3572/(30%(21.4/12))
« TEST SPECIFIC CF = 22.897 (i.e. - 23)
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Crush Analysis Formulas
History & Formulas - Sample Application

Speedm2

- X * _
Speed,,, = V30% MID* CF CF = 0% ARD
* Now, in the “real” collision you have an average

crush depth of 10 inches, and a vehicle weight of
3000 pounds. Applying your constant from the test
crash, you get -
*» Speed = SQR(30*CF*Crush Dist)
* Speed = SQR(30*23*(10/12))
* Speed = 23.979 (i.e.-24 mph)
* Using the Generic CF from AutoStats, you get -
* Speed = SQR(30*21*(10/12))
* Speed = 22.91 (i.e.-23 mph)
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Crush Analysis Formulas
History & Formulas

2%k*c
Vequivalent =

m

* 1994 -The book Engineering Analysis of
Vehicular Accidents by Randall K. Noon is
published.

* In Chapter 10 he proposes the following method for
the evaluation of speed from Crush:
*» From test crashes, use the equation
KE=1/2*m*v* to develop a “k” value which has
the units Ib-ft/in
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Crush Analysis Formulas
History & Formulas

2*k*c

V

eqmvalent -

* 1994 -The book Engineering Analy5|s of
Vehicular Accidents by Randall K. Noon is
published. (Cont.)

* Using that k value, and the equation
Vo —SQR(Z*k*c/m), calculate the speed from crush
|n ft/sec

» V =Velocity equivalent of a impact into a fixed
barrier (feet/sec)

* k=constant with units of pound-feet/inch
* C=average inches of crush
* m=vehicle mass, (weight/gravity)
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Crush Analysis Formulas
History & Formulas - Sample Application

2%k*c
Vequivalent =

m
SAMPLE APPLICATION

*» Again, you have a 3130 pound vehicle impacting a
barrier at 35 mph, which results in an average
crush depth of 21.4 inches

» From this you calculated the Kinetic Energy
expended was 128,200 Ib-ft (KE=1/2*m*v ?)

» Dividing the Kinetic energy by the crush depth
gives you a “k” value of 5990 Ib-ft/in
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Crush Analysis Formulas
History & Formulas - Sample Application

\/2 ¥k e
v =

ival

equaem‘ m

* Now, in the “real” collision you have an average
crush depth of 10 inches, and a vehicle weight of
3000 pounds. Applying your constant from the test

crash, you get -

*» V ,,=SQR(2*5990%*10/(3000/32.2))
* V,,=SQR(119800/93.17)

* V,,=35.86 ft/sec or 24.4 miles/hour
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Crush Analysis Formulas
History & Formulas - Sample Application
* laking the sample applications one step further -if you

have 30 feet of pre-impact skid on a .74 mu surface, how
fast was the vehicle going at the start of the skid / “loss of

control”?7?7?
Skid Energy loss = SQR(30*30*.74)=SQR(666)=~25.81mph
* Emori crush speed (impact ~11 mph), beginning speed -28.05 mph

* CF ~ 23 crush speed (impact ~23.98 mph), beginning speed -35.23 mph
* CF ~ 21 crush speed (impact ~22.91 mph), beginning speed -34.51 mph
* k ~5990 crush speed (impact ~24.4 mph), beginning speed -35.51 mph

* . Calculated Beginning Speed ~ 35 mph (except for Emori)
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Crush Analysis Formulas
History & Formulas - Sample Application

* laking the sample applications one step further (cont)

* “What If” the “"Actual” Crush (impact) speed was 20 mph?
28 mph?
* If “Actual” impact ~ 20 mph, beginning speed -32.65 mph
* If “Actual” impact ~ 28 mph, beginning speed -38.08 mph
* .. "Actual” Beginning Speed +/- ~ 3 mph from our
calculated speed (Except for Emori, which is conservatively
low)
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Crush Analysis Formulas
History & Formulas

* Several formulas have been presented, including
some with a “case sample”

» Note, I haven't even attempted to do a case
sample with the "Campbell” approach (Did I
mention it's complex??)

* Of the formulas presented, Emori and the
“Minimum Speed From Skid” formulas require the
least amount of supporting data and are the easiest
to use

* Emori’s formula is conservative, maybe TOO
conservative
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Crush Analysis Formulas
History & Formulas

* Several formulas have been presented (cont)

*» The "Minimum Speed From Skid” formula with the
AutoStats CF values is designed as a "Near Actual”

value for the crush speed, as is Noon’s approach,
rather than a "minimum speed”

* The "Minimum Speed From Skid” formula can be
made to be more conservative by reducing the CF

value and/or by applying it to AVERAGE crush of
the subject vehicle.
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Speed Calculations
Crash Test Examples

The following three examples are based on
crash tests done this year as part of SCARS

The first two were hit over the axles, to
illustrate adjustments needed to the
ACM/CDR speed values.

The third test was designed so that the PDOF
goes nearly through the CG of the Target
vehicle.
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Speed Calculations

Curb Weight (pounds):
Occupant + Cargo Weight (pounds): [ o]
Total Weight (pounds):
Angle Coll Force to Normal (degrees):
No Damage Speed (mph):
Energy Crush Depth (inches):
Damage Length (inches):
Crush Profile Measurements: I:l
Equal Z¢
Spacing Zone Area Def

(inches) (inches?) (ind 8

C1 (inches) [ 7.00]
| 65.00| | 975.00] |
C2 (inches) |_23.00 | I 1 ] 1 |

Crash Test Examples - CT1
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Speed Calculations
Crash Test Examples - CT1

2015 DODGE CHARGER - Side Impact

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

Angle Coll Force to Normal (degrees):

.

= =
i
-

No Damage Speed (mph):

Y

Energy Crush Depth (inches): 0

=

Damage Length (inches): 4

| #BHH B

Crush Profile Measurements:

Unequal
Spacing Zone Area
(inches) (inches?)

C1 (inches) [ 0.00 |
C2 (inches) |_13.00 |

C3 (inches) |__7.00]

| 4700 | |  305.50 |

| 37.00 | |__370.00 |
| | l
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Speed Calculations
Crash Test Examples - CT1
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Speed Calculations
Crash Test Examples - CT1

Emaori
Speed mpl.1 ¥ cC
C= Maximum Crush in inches

Crush Factor
Speed mp SQR{30*CF*MID)

nNID = Maximum Crush in Feet (at primary contact level)
CF= Crush Factor (G's}

MNoon

vin fps= [SQR{Z2*k*c/m)

k= Ib-ftfin

c inches =avg crush depth - inches

m = vehicle mass=wt f 32.2
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Speed Calculations
Crash Test Examples - CT1

CRASH 3
E= [A*C+(B*C*C/2)+G) *L (inflbs)

= Spring pre-lading value (Ibs/inch)
B= Energy absorbed in permanent deformation (lb/(in*in))

= Energy abosrobed in elastic deformation ((A*A)/(278))

= Avg Crush (inches)
L= Damage Length [in)
KEES / BEV / ERS
KEES = (360/528)* SQR] ((2*E*gamma)/12) / (w/g)] (mph)

= Crush Energy (inch/lbs)
gamma = constant coming from Yaw Moment of Inertia and Moment arm - ignored for these illustrations
W= weight {lbs)
= gravity (ft/s/s)

f ZaTe L AT e e
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Speed Calculations
Crash Test Examples - CT1 - Input Variables

CRASH3 Noon's

: Crush Avg Max
Weight A B G E k
Length ~ Crush  Crush

4236 b5 15 23 3454 1162 5223 12233520 274859 Bullet 2013 Ford Taurus AWD

3350 84 8.04 13 249.8 335.9 97.1 11431110 1469.33 Target 2015 Dodge Charger

Copyright 2022 - All Rights Reserved - 4N6XPRT Syste



Speed Calculations
Crash Test Examples - CT1 - Output

Emori Crush Factor Noon CRASH 3
Damage Speed Damage Speed Damage Speed Damage Speed
v="fps v=mph v="fps v=mph v="fps v=mph v="fps v=mph
Bullet 2013 Ford Taurus AWD  37.1 i 25.3 51.0 34.7 24.5 17.0 38.1 26.7
Target 2015 Dodge Charger 21.0 i 14.3 38.3 26.1 13.9 9.5 35.4 26.9
Combined Speed 29.1 43.5 19-4 37.8
Instrumented Closing Speed ~47 ~47 ~47 ~47
Instrumented delta-v Bullet 22-23 22-23 22-23 22-23
Instrumented delta-v Target ~26-27 ~26-27 ~26-27 ~26-27
Combined Crush + Rollout Speed 45.8 56.1 40.4 51.8

South Carolina Accident F ion Specialists - 2023 Copyright 2023 - All Rights R | - ANGXPRT S
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Speed Calculations
Crash Test Examples - CT2
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Speed Calculations
Crash Test Examples - CT2

2008 LINCOLN MKZ - Front Impact

Curb Weight (pounds):
Occupant + Cargo Weight (pounds): Ijl
Total Weight (pounds):
Angle Coll Force to Normal (degrees):
No Damage Speed (mph):
Energy Crush Depth (inches):
Damage Length (inches):
Crush Profile Measurements: |:|
Equal
Spacing Zone Area
(inches) (inches?)
C1 (inches) [ 18.00] 74
| 6200 | 930.00 )

C2 (inches) [_12.00 ] |

Solith Carolina Accident R truction Specialists - 2023
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Speed Calculations
Crash Test Examples - CT2

2015 DODGE CHARGER - Side Impact

Curb Weight (pounds): !
Occupant + Cargo Weight (pounds): Ijl
Total Weight (pounds):
Angle Coll Force to Normal (degrees):
No Damage Speed (mph):
Energy Crush Depth (inches):
Damage Length (inches):
Crush Profile Measurements: E'
Unequal
Spacing Zone Area
(inches) (inches?)
C1 (inches) 0.00
[ 3100] [ _10850] [

C2 (inches) |__7.00 |

[ 10.00] [10a50] [

C3 (inches) |__4.00 |

[3200] [6a.00] [

C4 (inches) |___0.00 ]
| | 1 T

- Copyright 2023 - All Rights Reserved - 4NGXPRT Systems__
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Speed Calculations
Crash Test Examples - CT2
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Speed Calculations
Crash Test Examples - CT2

Emaori
Speed mpl.1 ¥ cC
C= Maximum Crush in inches

Crush Factor
Speed mp SQR{30*CF*MID)

nNID = Maximum Crush in Feet (at primary contact level)
CF= Crush Factor (G's}

MNoon

vin fps= [SQR{Z2*k*c/m)

k= Ib-ftfin

c inches =avg crush depth - inches

m = vehicle mass=wt f 32.2

South Carolina Accident R truction Specialists.-.2023 c ight 2023 - All Rights R | - 4N6XPRT Syst
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Speed Calculations
Crash Test Examples - CT2

CRASH 3
E= [A*C+(B*C*C/2)+G) *L (inflbs)

= Spring pre-lading value (Ibs/inch)
B= Energy absorbed in permanent deformation (lb/(in*in))

= Energy abosrobed in elastic deformation ((A*A)/(278))

= Avg Crush (inches)
L= Damage Length [in)
KEES / BEV / ERS
KEES = (360/528)* SQR] ((2*E*gamma)/12) / (w/g)] (mph)

= Crush Energy (inch/lbs)
gamma = constant coming from Yaw Moment of Inertia and Moment arm - ignored for these illustrations
W= weight {lbs)
= gravity (ft/s/s)

f ZaTe L AT e e
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Speed Calculations
Crash Test Examples - CT2 - Input

CRASH3 MNoon's
Crush Ay Max
Weighi e A B G E k
Length  Crush  Crush

3519 b2 15 14 336.7 121, 7 5227 12129984 187548 Bullet 2008 Lincoln MKz

3930 B2 3.38 [ 243.3 333.9 57.1  243900.5 1469.33 Target 2015 Dodge Charger

South Carolina Accident R truction Specialists.-.2023 c ight 2023 - All Rights R 1 - 4N6XPRT Syst
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Speed Calculations
Crash Test Examples - CT2 - Output

Emori Crush Factor Noon CRASH 3
Damage Speed Damage Speed Damage Speed Damage Speed

v="fps y=mph v=Tps v=mph v =Tps v =mph v =Tps v =mph

Bullet 2008 Lincoln MKz 29.0 i 19.8 45.1 30.7 227 15.5 43.0 29.3
Target 2015 Dodge Charger 11.3 § 7.7 28.1 19.2 9.0 6.1 18.2 12.4
Combined Speed 21.2 36.2 16.6 31.3
Instrumented Closing Speed ~48 ~48 ~43 ~48
Instrumented delia-v Bullet 22-23 22-23 22-33 22-23
Instrumented delta-v Target ~26-31 ~26-31 ~26-31 ~26-31
Combined Crush + Rollout Speed 44.2 53.1 42.2 50.2

Copyright 2022 - All Rights Reserved - 4N6XPRT Syste




Speed Calculations
Crash Test Examples - CT3

SW - 7071 .'\"'A"ll'llI'A:'.IA-_;\I.n‘l'lll;.n\-ﬁ\—ll'l-ﬁ'_—'ll I‘IA‘_L‘-\A:L‘IK-!IIN
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Sal

Speed Calculations

Crash Test Examples - CT3

Curb Weight (pounds):
Occupant + Cargo Weight (pounds): |I|
Total Weight (pounds):
Angle Coll Force to Normal (degrees):
No Damage Speed (mph):
Energy Crush Depth (inches):
Damage Length (inches):
Crush Profile Measurements: I:l
Unequal
Spacing Zone Area
(inches) (inches?)
C1 (inches) [ 18.00]
| 33.00| [ 643.50] =

C2 (inches) [_21.00 |
[__2600] [ 442.00]
C3 (inches) |__13.00 | ¥ |

Copyright 2022 - All Rights Reserved - 4N6XPRT Syste



Speed Calculations
2016 DODGE CHARGER
Curb Weight (pounds):
Occupant + Cargo Weight (pounds): Ijl
Total Weight (pounds):
Angle Coll Force to Normal (degrees):
No Damage Speed (mph):
Energy Crush Depth (inches):
Damage Length (inches):
Crush Profile Measurements: E'
Unequal
Spacing Zone Area
(inches) (inches?)
C1 (inches) [ 0.00]
[ 4a00] [_aa00] [
C2 (inches) [ 2.ﬂiﬂ
[ so0] [_1250] [
C3 (inches) |_3.00 |
[4300] [ 193501 [
C4 (inches) |_6.00 |
| ] [
South Carolina Accident R truction Specialists.-.2023 c ight 2023 - All Rights R | - AN6XPRT Syst
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Speed Calculations
Crash Test Examples - CT3
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Speed Calculations
Crash Test Examples - CT3

Emaori
Speed mpl.1 ¥ cC
C= Maximum Crush in inches

Crush Factor
Speed mp SQR{30*CF*MID)

nNID = Maximum Crush in Feet (at primary contact level)
CF= Crush Factor (G's}

MNoon

vin fps= [SQR{Z2*k*c/m)

k= Ib-ftfin

c inches =avg crush depth - inches

m = vehicle mass=wt f 32.2

South Carolina Accident R truction Specialists.-.2023 c ight 2023 - All Rights R | - 4N6XPRT Syst
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Speed Calculations
Crash Test Examples - CT3

CRASH 3
E= [A*C+(B*C*C/2)+G) *L (inflbs)

= Spring pre-lading value (Ibs/inch)
B= Energy absorbed in permanent deformation (lb/(in*in))

= Energy abosrobed in elastic deformation ((A*A)/(278))

= Avg Crush (inches)
L= Damage Length [in)
KEES / BEV / ERS
KEES = (360/528)* SQR] ((2*E*gamma)/12) / (w/g)] (mph)

= Crush Energy (inch/lbs)
gamma = constant coming from Yaw Moment of Inertia and Moment arm - ignored for these illustrations
W= weight {lbs)
= gravity (ft/s/s)

f ZaTe L AT e e
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Speed Calculations
Crash Test Examples - CT3 - Input

CRASH3 Noon's
Crush Ay Max
Weight . A B G E K
length  Crush ~ Crush

2626 35 184 21 2871 833 4615 1230790.6 1577.77 Bullet 1996 Mazda 626

3950 92 272 b 2438 3559 971 1925653 1469.33 Target 2016 Dodge Charger

South Carolina Accident R truction Specialists.-.2023 c ight 2023 - All Rights R 1 - 4N6XPRT Syst
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Crash Test Examples - CT3 - Output
Emori Crush Factor Noon CRASH 3
Damage Speed Damage Speed Damage Speed Damage Speed
v="Tps v =mph v="ps v=mph v="Tps v=mph v="Tps v=mph
Bullet 1996 Mazda 626 139 | 23.1 48.7 33.2 26.7 18.2 50.2 34.2
Target 2016 Dodge Charger 9.7 [ 6.6 26.0 17.7 B.1 5.5 16.2 11.0
Combined Crush Speed 24.0 37.6 19.0 35.9
Instrumented Closing Speed ~50'51 ~50'51 ~50'51 ~50'51
Instrumented delta-v Bullet ~37-38 ~37-38 ~37-38 ~37-38
Instrumented delta-v Target ~22-23 ~22-23 ~22-23 ~22-23
Combined Crush + Rollout Speed 35.2 45.6 31.9 44.2
Solith Carolina Accident R ion Specialists.- 2023 Copyright 2023 - All Rights R | - ANGXPRT S
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Distance: 15695872
15.6955873
| 3 TE2147
15313435

21.304925
J.266106
21,053087

Distamce: 13739736
& L16675 13739736
11086023 | 8. 116676
0.000000° =¥ 11.086023

13.874886 15.186752
~6.174544 BLEES 131874886
0.000000 6174544

i., LIl UdlOlllNad ACCIACIIL RECOINSLIUction specialists =

Cloud Compare

Crush Measurements

xV1 Crush Measurements

Distance; 15.100622
3 -15.089577 o 15.100622
0577453 15.089577
-0.000462 Eoeal  0.577460

19347061
19, 340561
0.501545

16084108
15909844
2897552

i e e e
.

COPVYTIJIIL ZUZS All RIGILS KESEIVEU = SINOAFRI OYSLEITNIS

Copyright 2022 - All Rights Reserved - 4N6XPRT Syste

V1 -
Ford Police Interceptor
X = depth
y = length

units = inches




Diskance: 9.445473.
Al -9 440754 9445235
-0,290901 '9.440993
-0.067818 0.298702

12645574
- 12643611
0.211698

2077474
HE B
0214261

=7, 329529 7.330304
| -0, 106573 | 7329529
-0.601702 0106593

6,636953 6544681
-0,324535 L0Ed 6.836967
0,007751 0.324628

2.915158 2,919384
-0,157402 2915199
0,018898 0158532

Cloud Compare

Crush Measurements

x\V2 Crush Measurements

Distance: 14, 250557
8.688035
-11. 285065
0472435

14242554
8, 701773

11,294950 V2 -
20.188545 2015 Charger

OE42101
20.172397

1859591
-13.585854
0, 160273

Distance: 10.483012
-0 029781
" -10:481510
0174950

13.716852 RS depth
1,896377 y= Iength

13,586800

10481552 units = inches

0. 177466
10482970

Distance: 2.3863689
A -0 1442587
-2, 374157
-0.193420

0590546

South Carolina Accident Reconstruction Specialists - 2023

2378537

o 0241309

2382023

29.190716
0,603632
29196421
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Speed Calculations
Crash Test Examples - CT2

Emaori
Speed mpl.1 ¥ cC
C= Maximum Crush in inches

Crush Factor
Speed mp SQR{30*CF*MID)

nNID = Maximum Crush in Feet (at primary contact level)
CF= Crush Factor (G's}

MNoon

vin fps= [SQR{Z2*k*c/m)

k= Ib-ftfin

c inches =avg crush depth - inches

m = vehicle mass=wt f 32.2

South Carolina Accident R truction Specialists.-.2023 c ight 2023 - All Rights R | - 4N6XPRT Syst
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Speed Calculations
Crash Test Examples - CT2

CRASH 3
E= [A*C+(B*C*C/2)+G) *L (inflbs)

= Spring pre-lading value (Ibs/inch)
B= Energy absorbed in permanent deformation (lb/(in*in))

= Energy abosrobed in elastic deformation ((A*A)/(278))

= Avg Crush (inches)
L= Damage Length [in)
KEES / BEV / ERS
KEES = (360/528)* SQR] ((2*E*gamma)/12) / (w/g)] (mph)

= Crush Energy (inch/lbs)
gamma = constant coming from Yaw Moment of Inertia and Moment arm - ignored for these illustrations
W= weight {lbs)
= gravity (ft/s/s)

f ZaTe L AT e e
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Speed Calculations
Crash Test Examples - CT1 - Input

CRASH 3  Noon's
Crush By Max
Weight g I B ] E k
Length Crush Crush

Bullet 2013 Ford Taurus AWD 42596 56.7 13.15 193 348.4 1156.2 522.3 859036.6 | 2748.59 .I

Target 2015 Dodge Charger 3950 87.1 5.32 12.6 249.8 355.9 971 562879.2 1489.39
Solth Carolina Accident R truction Specialists -.2023 c ight 2023 - All Rights R | - 4N6XPRT Syst
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Speed Calculations
Crash Test Examples - CT2 - Output

Emori Crush Factor Moon CRASH 3
Damage Speed Damage Speed Damage Speed Damage Speed
v=fps | v=mph v=fps v=mph v=fps v=mph v=fps v=mph
Bullet 2013 Ford Taurus AWD = 311 | 21.2 46.7 31.8 23.3 15.9 32.8 22.3

L

Target 2015 Dodge Charger 20.3 13.9 37.7 25.7 11.3 7.7 27.7 12.9
Combined Speed 25.4 40.9 17.6 29.2
Instrumented Closing Speed ~47 ~47 ~47 ~47
Instrumented delta-v Bullet 22-23 22-23 22-23 22-23
Instrumented delta-v Target ~26-27 ~26-27 ~26-27 ~26-27
Combined Crush +Rollout Speed 43.5 54.1 39.5 45.9

Solith Carolina Accident R ion Specialists - 2023 Copyright 2023 - Al Rights R | - AN6XPRT S
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Cloud Compare

Crush Measurements
»But the question is there ....

Do “better” measurements have a
significant effect on the calculated
speeds?

*» The following slides show the crush
measurements taken for the same
vehicles using Recon-3D and Cloud
Compare .... and what the resulting
caolculated speeds are.

S‘Jlih Carolina Accident Reconstruction Specialists - 2023




Cloud Compare

Crush Measurements

* [ he answer to the question, at least
for now, is left to you the reader.
Look at the comparative calculations
and then draw your own conclusions.

Solith Carolina Accident Reconstruction Specialists - 2023 Copyright 2023 - All Rights Reserved - 4NGXPRT Systems__
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Distance: 100174626
-9.523712
-3.560750 [
0012711

Distance: 6.376666

0453331

Distance: 23435577
-3.855225
-23:108867
0.585537

Distance: 21,094391
5. 712646
N -20,200470
2073914

Cloud Compare

Crush Measurements

x\V/3 Crush Measurements

10,174619
9.523721
3.580772

23428261
3.899457

23118302

20,992697
6.077454
200, 306652

Distance: 8,406520
5.055084
-6, 709671
0317896

Diskance: 17067657
16,423340
4635412 |

0,252922

A 17.085784
4 16.425287

4.645303

Distance: 5.925253
5756362
0.017975

-1,408947

5.755390
5.8258220

1.409082 V3 - MKZ

Distance: 42296356
4.113586
0.432587

-0 853797

Distance: 11.275829
11.215332
0.455550
1.060604

Distamce: 11.556271

11452240 11.551378
1.510147 11457174
-0 336235 1547126

Distarice: 14127794

14.095425 14127794
0.955750 4| 14.095428
0.002407 ERQl 0.955753

o 11265369

X = depth
y = length
units = inches

11.225838

1166465
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Cloud Compare

Crush Measurements
xV4 Crush Measurements

V4
2015 Charger

| Cistance: 16,537451
A 16.526455

o x = depth
bistancer 642242 .. y= Iength

-5.408364
Ll 0555454 B
a.004513 [

units = inches
Distance: 8034028
-5,021673
| 0441753 F

Diskarce: 27, 189635
27189636
0.151400
27189159

South Carolina Accident Reconstruction Specialists.-.2023 ' Copyright 2023 - All Rights Reserved - 4N6XPRT Systems
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Speed Calculations
Crash Test Examples - CT2

Emaori
Speed mpl.1 ¥ cC
C= Maximum Crush in inches

Crush Factor
Speed mp SQR{30*CF*MID)

nNID = Maximum Crush in Feet (at primary contact level)
CF= Crush Factor (G's}

MNoon

vin fps= [SQR{Z2*k*c/m)

k= Ib-ftfin

c inches =avg crush depth - inches

m = vehicle mass=wt f 32.2

South Carolina Accident R truction Specialists.-.2023 c ight 2023 - All Rights R | - 4N6XPRT Syst
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Speed Calculations
Crash Test Examples - CT2

CRASH 3
E= [A*C+(B*C*C/2)+G) *L (inflbs)

= Spring pre-lading value (Ibs/inch)
B= Energy absorbed in permanent deformation (lb/(in*in))

= Energy abosrobed in elastic deformation ((A*A)/(278))

= Avg Crush (inches)
L= Damage Length [in)
KEES / BEV / ERS
KEES = (360/528)* SQR] ((2*E*gamma)/12) / (w/g)] (mph)

= Crush Energy (inch/lbs)
gamma = constant coming from Yaw Moment of Inertia and Moment arm - ignored for these illustrations
W= weight {lbs)
= gravity (ft/s/s)

f ZaTe L AT e e
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Speed Calculations
Crash Test Examples - CT2 - Input

CRASH2 Moon's

) Crush Avg Max
Weight A B G E k
Length Crush Crush
Bullet 2008 Lincoln MKz 3519 b64.2 B.74 114 356.7 1217 5227 532120.6 | 1875.48
Target 2015 Dodge Charger 3350 784 5.92 8.4 245.8 355.9 57.1 612434.0 1469.39
Solith Carolina Accident R truction Specialists - 2023 Copyright 2023 - Al Rights R | - ANGXPRT Syst
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v="fps
Bullet 2008 Lincoln MKz i8.4
Target 2015 Dodge Charger i3.6

Combined Speed

Instrumented Closing Speed

Instrumented delta-v Bullet
Instrumented delta-v Target

Combined Crush + Rollout Speed

r

L

Emori
Damage Speed

v=mph
12.5

9.2

15.6

~48
22-23
~26-31

41.8

Crush Factor
Damage Speed

v="Tps
35.9

30.8

Speed Calculations
Crash Test Examples - CT2 - Output

v=mph

24.5

v="Ffps
172

21.0 11.3

32.2

~48
22-23
~26-31

50.4

MNoon
Damage Speed

CRAS
Damage
v=mph wv=1ps
11.8 28.5
2.1 28.8
14.3
~48
22-23
T26-31
41.4

H3
Speed
v =mph

19.4

19.7

27.6

~48
22-23
~26-31

47.6

Copyright 2022 - All Rights Reserved - 4N6XPRT Syste




Distance: 20.200424
-19.049285
-6,735336
~0:243973

Distance: 23, 379595
-6, 166641
-22.551224 @
-0.143051

Distance; 30937367
5.449326

Wl 50442007 I
0472435 el

Distance: 17265250
15.419006
o 7761597
0317337

South Carolina Accident Keconstruction Specialists - 2023 ‘ 202,

x\/5 Crush Measurements

Cloud Compare

Crush Measurements

i 20, 204850
19050545
6. 739754

10.225525 10226976

0.172254 £ 10232921 v5 -

-0, 355969 0425405

23.379160 § N Mazda 626
5. 168300

221551678 ot xX= depth
y = length

Distance: 13.847849
13523475 [ 13841050 units = inches
-0,698097 [ 13,530241
-0,432564 0.821250

A0,933760 i Distance: 7.752954
5,469766 7.627399 BB 7.643649
3.0.4!.33663 F 3 | 0.495135 | 7736964
-1.2597455 1,389795

17.262333
15422272
7.768051
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Cloud Compare

Crush Measurements

x\/6 Crush Measurements

Distance: 19979952

) vb -
Ditance: 13.2419? g 2016 Charger

P 13241226 [
0.140554. | PRl 0250521 IREE s0.753390
0,000000. (A -30, 752304 0.832138

-0, 730634 30, 762466 X = depth
y = length

units = inches

Distance: 8 338675
P -5.337600 WO G.330670
0.116547 | 8,337860 \ Distarice; 57,859965
0.001092 : \ & B8 -1.554460 WELN 57 551685
1 Al 57, 6z0954 A z.1z3540
0.975893 B8 57.520760

h -r-.--uln--_\}h.-.-...-u-m-um-.--.—.-u-‘u.-‘u-‘-u-.._pm—gur O PV gIICc 20— T NG eSS O C O o7 o ro— oy ol T
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Speed Calculations
Crash Test Examples - CT2

Emaori
Speed mpl.1 ¥ cC
C= Maximum Crush in inches

Crush Factor
Speed mp SQR{30*CF*MID)

nNID = Maximum Crush in Feet (at primary contact level)
CF= Crush Factor (G's}

MNoon

vin fps= [SQR{Z2*k*c/m)

k= Ib-ftfin

c inches =avg crush depth - inches

m = vehicle mass=wt f 32.2

South Carolina Accident R truction Specialists.-.2023 c ight 2023 - All Rights R | - 4N6XPRT Syst
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Speed Calculations
Crash Test Examples - CT2

CRASH 3
E= [A*C+(B*C*C/2)+G) *L (inflbs)

= Spring pre-lading value (Ibs/inch)
B= Energy absorbed in permanent deformation (lb/(in*in))

= Energy abosrobed in elastic deformation ((A*A)/(278))

= Avg Crush (inches)
L= Damage Length [in)
KEES / BEV / ERS
KEES = (360/528)* SQR] ((2*E*gamma)/12) / (w/g)] (mph)

= Crush Energy (inch/lbs)
gamma = constant coming from Yaw Moment of Inertia and Moment arm - ignored for these illustrations
W= weight {lbs)
= gravity (ft/s/s)

f ZaTe L AT e e
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Speed Calculations
Crash Test Examples - CT3 - Input

CRASH3 MNoon's
Crush Avg Max

Weight A B G E k
8 Length Crush Crush
Bullet 1996 Mazda 626 2626 67.4 9.78 13.8 287.1 89.3 451.5 508199.6  1577.77
Target 2016 Dodge Charger 3950 101.2 8.17 13.2 249.8 355.9 97.1 1418412.4 1469.39
Soluth Carolina Accident R truction Specialists.- 2023 Copyright 2023 - All Rights R | - 4N6XPRT Syst
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Emori
oo Damage Speed
v=fps v=mph
F
Bullet 1996 Mazda 626 22.3 15.2
F
Target | 2016 Dodge Charger 21.3 14.5
L]
Combined Crush Speed 21.0
()
Instrumented Closing Speed 50'51
Instrumented delta-v Bullet ~37-38
Instrumented delta-v Target #3223
Combined Crush + Rollout Speed 33.2

Speed Calculations
Crash Test Examples - CT3 - Output

Crush Factor
Damage Speed

Damage Speed

Moon

CRASH 3

Damage Speed

v=fps | v=mph vwv=fps wv=mph wv=fps wv=mph
39.5 26.9 13.5 13.3 32.2 22.0
38.6 26.3 14.0 0.5 43.9 29.9

37.6 16.3 37.1

~50-31 ~50-31 ~50-51

~37-38 ~37-38 ~37-38

"22-23 "22-23 =22-23

45.6 30.4 45.1

Copyright 2022 - All Rights Reserved - 4N6XPRT Syste




Speed Calculations

Force Balance




Speed Calculations
Force Balance

The Force Balance model is an extension of
the CRASH 3 model.

The original purpose of this model was to
“get” stiffness values for one vehicle when
none were otherwise obtainable, and is based

on Newton’s Third Law of “"Equal but Opposite
Force”.

Solith Carolina Accident Reconstruction Specialists - 2023 Copyright 2023 - All Rights Reserved - 4NGXPRT Systems__
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Speed Calculations
Force Balance

In many instances you have collisions with
“non-standard” alignment. The most common
instances of this are:

- Under/Over ride

- One vehicle lacks a bumper (dump truck,
box truck, semi trailer, etc.)

Additionally or alternatively, you may have a
vehicle which has no crash tests:

- Rear impact after 1998
- Lamborghini, Maserati, Porsche, etc.

South Carolina Accident Reconstruction Specialists Copyright 2023 - All Rights Reserved - 4N6XPRT Systems. .
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Speed Calculations
Force Balance

One way to develop A-B-G stiffness values is
through a process called Force Balance.

In this method/model you calculate the Force
on the vehicle that you “know” the stiffness
values for (or at least have the most
confidence in that vehicles values).

Then applying the Law of “Equal but
Opposite” Forces, you calculate the Stiffness
values for the “"Unknown” venhicle.

Salith Carolina Accident Reconstruction Specialists.- 2023 Copyright 2023 - All Rights Reserved - 4N6XPRT Systems. .
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Speed Calculations
Force Balance

Extending this model a bit further, in addition
to calculating Stiffness values for the
unknown venhicle, you can calculate

- KEES/BEV for the damage to both vehicles
- delta-v for both vehicles
- Closing Speed between the vehicles.

Salith Carolina Accident Reconstruction Specialists.- 2023 Copyright 2023 - All Rights Reserved - 4N6XPRT Systems. .
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have

Salith Carolina Accident Reconstruction Specialists.- 2023 Copyright 2023 - All Rights Reserved - 4N6XPRT Systems. .

In order for this model to work, you must

- Stiffness values for one vehicle
- Damage to both vehicles

Speed Calculations
Force Balance

Copyright 2022 - All Rights Reserved - 4N6XPRT Syste



Speed Calculations
Force Balance - CT1

: Avermge KE Closing
Results Force Damage Speed DelaV  Speed
BULLET A B (poundsfi  Enengy (ft*lbs) (mph)  (mph)  (MPH)
Avg - 1 5td, Deviations |___269.5 || 626 || 3927625 || 6680292 || 216 || 151 | 468 |e—
Average | 3484 || 1162 || 6797050 ||  108659.78 || 275 || 194 601 |
Avg + 1 5td, Deviations | 4273 || 1608 ||  9eeeays |[ 1see1293 || 325 | 220 ][ 710
Average KE
Results Force Damage Speed Dela V
TARGET A B {poundsf)  Energy (ftYlbs) (mph) (mph}) bsubl
Avg -1 5t Deviations | 1234 || 1010 || 3927625 || 3464623 || 162 164 283 |
Average | 1652 || 1807 || 6797050 || sede606 || 211 211 385 |
Avg + 15td. Deviations | 1987 || 2615 ||  9eeeeays || 8200864 || 250 | 249 463 |

Instrumented Closing Speed

Instrumented delta-v Bullet

Instrumented delta-v Target
South Caronna Acclaent Keconstruction SPeCIalSts = ZU:s

~47
22-23
~26-27

Copyright 2022 - All Rights Reserved - 4N6XPRT Syste



Speed Calculations
Force Balance - CT2

Results A:Tcge Damage spid Delta V ?ﬁf
B U LLET A B {poundsf) Energy {ft*lbs)  (mph) {mph) {MPH)
Avg - 1 Std. Deviations [ 288.7 || 775 4498720 70800.01 || 246 20a]|[ 38.0]
Average | 3567 |[ 1217 |[ 6764820 ][ 10202637 ][ 295|[ 242 |] 458 |
Avg + 1 5td. Deviations [ 4247 | 1e59][ oo0309.20|[ 13343801 337 277]|[ s24]
Results I&::ige Damage Ep}:d Delta V
TARGET A B (poundsf)  Energy (ft*lbs) (mph)  (mph)  bsubl
Avg - 1Std. Deviations | 2023 || 2648 a49g720]| 1917632 121 179]] 461]
Average | 2528 || 4134]| 6764820|| 2818458|| 146|[ 216]|[ 57.6]

Avg + 1 Std. Deviations | 205.4 | |

564.3 || 90309.20 | | 37133.87 || 16.8 | | 247 || 672

Instrumented Closing Speed

Instrumented delta-v Bullet
Instrumented delta-v Target

~48
22-23
2631 |

Copyright 2022 - All Rights Reserved - 4N6XPRT Syste



Speed Calculations
Force Balance - CT3

Average KE Closing
Results Force Damage Speed DeltaV  Speed
BULLET A B (poundsf)  Energy (ft*lbs) (mph)  (mph)  (MPH)

Avg - 1 5td. Deviations | 181.6 || 275 2028420 42ss4.21|| 220 186|[ 310
Average | 287.1 || 893 || 5694149 || 10350536 || 344 2902 || 485 |

Avg + 1 5td. Deviations | 392.6 || 151.1 || ©3s9878|| 165374.08|] 435 369 || 614]

Average KE
Results Force Damage Speed Delta V
T A RG ET A B {poundsf) Energy (ft*lbs) (mph) {mph) bsubl
Avg - 1 5td. Deviations | 1263 || 1157 |[  20284.20]] 795456 || 78| 124 323]
Average | 2264 3719|| 5694148|| 20655.05]| 125|| 194 578]|

Avg + 1 5td. Deviations | 2968 || 639.0 | 93598.78|[ 3318831 156)] 245|] 375.8]

Instrumented Closing Speed ~50'51

Instrumented delta-v Bullet ~37-318

Instrumented delta-v Target ~22-23
South varvuna AcciusiL KELLIRLULLIVE SpELIaNRL = £U£D = =
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Speed Calculations

Special Considerations
Narrow Objects




Speed Calculations

Special Considerations - Narrow Objects
* Crush Factor

% The general value, when nothing else is known, is 21

% This is an average value, rounded to the nearest whole number, of all
NHTSA Crash tests 1979-1992

% This value is still observed to hold true when reviewing 4N6XPRT StifCalcs®
reports

»Narrow Object (Pole) Impacts
* KEES = SQR (30*MID*CF*0.60)

Solith Carolina Accident Reconstruction Specialists - 2023 Copyright 2023 - All Rights Reserved - 4NGXPRT Systems__
Copyright 2022 - All Rights Reserved - 4N6XPRT Syste




Speed Calculations

Special Considerations - Narrow Objects
»Narrow Object (Pole) Impacts

*KEES = SQR (30*MID*CF*0.60)
% Due to the Narrow Object concentrating the force, the crush depth will be

greater

% The concentration of force is compensated for by reducing the Crush Factor.
This is why the 60% (0.60) multiplier is present in the formula.

% It was thought that the multiplier would be easier to remember than a
“newl/different” Crush Factor value.

»But what is a "Narrow Object”?

South Carolina Accident Reconstruction Specialists - 2023 Copyright 2023 - All Rights Reserved - 4NGXPRT Systems__
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Speed Calculations

Special Considerations - Narrow Objects
*»But what is a "Narrow Object"?

*A Narrow Object is, generally,

SO

mething that has a “diameter” of ~

2 foot or less

* A
CO
CO

nole, a tree, but also it can be a
rner of a building, or bridge support

umn




Speed Calculations

Special Considerations - Narrow Objects
*When is the 60% modifier applied?

»In general, if you can see an
indentation to the crush profile as
opposed to a “flat” line, start thinking
about a possible modifier.

xIf the crush indentation is 6-10 inches
in from the sides or less, you usually
want to use the full Crush Factor




Speed Calculations

Special Considerations - Narrow Objects

*When is the 60% modifier applied?
(Cont)

*If the crush indentation is 12-18
inches in from the sides or more, you
usually want to use the 60% modifier.

*»In the area of 6-18 inches .... you
need to look at the rest of the
evidence and THINK!




“No brain
at all,
some of
them
[people],
only grey
fluff
that's
blown
into their
heads by
mistake,
and they
don't
THINK."”
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Speed Calculations

Special Considerations - Narrow Objects

*When is the 60% modifier applied?
(Cont)

»D0 you have a concentration of Force
which results in greater crush depth

penetration than you would expect?
*x Yes - Apply modifier
* No - Use full value




Speed Calculations

Special Considerations - Narrow Objects
SCARS 2013 Pole Impact Tests

l ~19inches [ _
;-‘!:-'._

q-_a

e
O
B
Pt
-

4. ; L S SERAL e e A R
South Carolina Accident Reconstruction Specialists - 2023_ C i = i served - AN6XPRT Syst
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Speed Calculations

Special Considerations - Narrow Objects
SCARS 2013 Pole Impact Tests
1998 Saturn SL2 - KEES Speed

*Max Crush at Bumper Level ~ 13
inches
* KEES = SQR(30*(13/12)*21*0.6)
* KEES ~ 20 mph

x*Max Crush at Hood ~ 17 inches
x KEES = SQR(30%*(17/12)*21%*0.6)
x* KEES ~ 23 mph




Speed Calculations

Special Considerations - Narrow Objects
SCARS 2013 Pole Impact Tests (1998 Saturn SL2)
Field Evidence

Leading edge of hole to LF axle ~ 33 ft 6 in
REMEMBER TO ADD FRONT OVERHANG!!

Leading edge of hole to bumper contact
point ~ 54 inches

Drag factor not measured. Grass on moist
dirt/clay, ending in “swamp"

Pole Break ~ 2 feet 2 inches above ground level
Pole circumference @ 2 foot ~ 28 inches
Pole circumference @ 3 foot ~ 27.5 inches

Pole circumference 1 foot below break
~ 28 inches

1 T
)

Pole Angle from vertical ~ 50 degrees

"Pole Crash Investigation - It's a Matter of Evidence™
Daily, Shigemura, & Rich - 2011

Copyright 2022 - All Rights Reserved - 4N6XPRT Syste



Speed Calculations

Special Considerations - Narrow Objects
SCARS 2013 Pole Impact Tests
1998 Saturn SL2 - Impact Speed

» Drag factor estimated 0.4-0.6

» Max Crush at Bumper Level ~ 13 inches
* Impact Speed = SQR(KEES”™2 + 30*%33.5*%0.4)
* Impact Speed ~ 28-29 mph

* Max Crush at Hood ~ 17 inches
* Impact Speed = SQR(KEES”™2 + 30*33.5*%0.6)
» KEES ~ 33-34 mph

*» Instrumented Impact Speed = 41-42 mph

Salith Carolina Accident Reconstruction Specialists.- 2023 Copyright 2023 - All Rights Reserved - 4N6XPRT Systems. .
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Speed Calculations

Special Considerations - Narrow Objects
SCARS 2013 Pole Impact Tests

l ~19inches [ _
;-‘!:-'._

q-_a

e
O
B
Pt
-

4. ; L S SERAL e e A R
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Speed Calculations

Special Considerations - Narrow Objects
SCARS 2013 Pole Impact Tests
1992 Volvo 240 DL- KEES Speed

x*Max Crush at Bumper Level ~ 23
inches
* KEES = SQR(30%*(23/12)*21*0.6)
x» KEES ~ 27 mph

x*Max Crush at Hood ~ 19 inches
* KEES = SQR(30*(19/12)*21*0.6)
* KEES ~ 24-25 mph




Speed Calculations

Special Considerations - Narrow Objects
SCARS 2013 Pole Impact Tests (1992 Volvo 240 DL)
Field Evidence

Leading edge of hole to LF axle ~ 30 ft 2 in
REMEMBER TO ADD FRONT OVERHANG!!

Drag factor not measured. Grass on miost dirt/clay

Pole Break ~ 1 foot 7 inches above ground level
Pole circumference @ 1 foot ~ 27.5 inches
Pole circumference @ 2 foot ~ 27.25 inches

Pole circumference 1 foot below break
~27 inches

"Pole Crash Investigation - It's a Matter of Evidence"
Daily, Shigemura, & Rich - 2011

ght 2023 - All Rights Reserved - 4N6XPR g
Copyright 2022 - All Rights Reserved - 4N6XPRT Syste




Speed Calculations

Special Considerations - Narrow Objects
SCARS 2013 Pole Impact Tests
1992 Volvo 240 DL - Impact Speed

» Drag factor estimated 0.4-0.6

* Max Crush at Bumper Level ~ 23 inches
* Impact Speed = SQR(KEES™2 +
30*%33.2*0.4)
* Impact Speed = ~ 33-34 mph

» Max Crush at Hood ~ 19 inches
*» Impact Speed = SQR(KEES”™2 +
30*%33.2*0.6)
* Impact Speed = ~ 34-35 mph

*» Instrumented Impact Speed = 42 mph

Solth Carolina Accident Reconstruction Specialists - 2023 Copyright 2023 - All Rights Reserved - 4N6XPRT Systems
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Speed Calculations

Special Considerations - Narrow Objects
SCARS 2014 Pole Impact Tests - 1999 Ford Taurus

Bumper Cover
Crush ~6-8 inches

Copyright 2022 - All Rights Reserved - 4N6XPRT Syste
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Speed Calculations

Special Considerations - Narrow Objects
SCARS 2014 Pole Impact Tests - 1999 Ford Taurus

Bumper Cover
Crush ~6-8 inches

— RS 0
Copyright 2022 - All Rights Reserved - 4N6XPRT Syste




Speed Calculations

Special Considerations - Narrow Objects
SCARS 2014 Pole Impact Tests - 1999 Ford Taurus

Copyright 2022 - All Rights Reserved - 4N6XPRT Syste



peed Calculations

Special Considerations - Narrow Objects
SCARS 2014 Pole Impact Tests - 1999 Ford Taurus

Copyright 2022 - All Rights Reserved - 4N6XPRT Syste



Speed Calculations

Special Considerations - Narrow Objects
SCARS 2014 Pole Impact Tests - 1999 Ford Taurus

Crush Bumper
Cover to Bar

~18-20 inches

Copyright 2022 - All Rights Reserved - 4N6XPRT Syste



Speed Calculations

Special Considerations - Narrow Objects
SCARS 2014 Pole Impact Tests
1999 Ford Taurus - KEES Speed

»Max Crush measured from ~ bumper
cover to bumper bar =19 inches

x»Energy absorbing Plastic thickness =~ 4
inches

*» herefore, Max Crush at Bumper Level
~ 15 inches (not 19)
* KEES = SQR(30*(15/12)*21*0.6)
* KEES ~ 21.7 mph

S‘Jllh Carolina Accident Reconstruction Specialists - 2023 Copyright 2023 - All Rights Reserved - 4N6XPRT Systems
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Speed Calculations

Special Considerations - Narrow Objects
SCARS 2014 Pole Impact Tests - 1999 Ford Taurus

Field Evidence

* Front of post to point of
rest of front tire 59 paces
at ~ 3 feet per pace
* Taurus front overhang
3.4 feet
* Post impact travel 59*3
=~ 177 feet + 3.4
= ~180 feet

*6-30 pole, circumference
26-1/4 inches

* Fracture point 2 foot

above ground surface

RIGN Reserved - 4N6XPR SVystem
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peed Calculations

Special Considerations - Narrow Objects
SCARS 2014 Pole Impact Tests - 1999 Ford Taurus

Field Evidence

Front of hole to fracture point
9 foot 4 inches

PRT Systen

Copyright 2022 - All Rights Reserved - 4N6XPRT Syste



Speed Calculations

Special Considerations - Narrow Objects
SCARS 2014 Pole Impact Tests - 1999 Ford Taurus

Impact Speed

*» Drag factor estimated 0.2-0.4

* Instrumented Drag Factor - Rolling - WITH Brakes -
0.4

*» Max Crush at Bumper Level ~ 15 inches
» Impact Speed = SQR(KEES”™2 +
30*%180*0.4)
* Impact Speed ~ 51 mph

» Instrumented Impact Speed = 50 mph

Salith Carolina Accident Reconstruction Specialists.- 2023 Copyright 2023 - All Rights Reserved - 4N6XPRT Systems. .
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Speed Calculations

Special Considerations - Narrow Objects
SCARS 2014 Pole Impact Tests - 2008 Ford Crown Victoria

Plastic energy
absorber
~ 4 inches

Max crush ~17 inches
to "bumper bar"

Copyright 2022 - All Rights Reserved - 4N6XPRT Syste



Speed Calculations

Special Considerations - Narrow Objects
SCARS 2014 Pole Impact Tests
2008 Ford Crown Victoria - KEES Speed

*Max Crush measured from ~ bumper
cover to bumper bar =17 inches

x»Energy absorbing Plastic thickness = 4
inches

* Therefore, Max Crush at Bumper Level
~ 13 inches
* KEES = SQR(30%*(13/12)*21*0.6)
» KEES ~ 20 mph

Solith Carolina Accident Reconstruction Specialists.= 20 Copyright 2023 - All Rights Reserved - 4N6XPRT Systems.
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Speed Calculations

Special Considerations - Narrow Objects
SCARS 2014 Pole Impact Tests - 2008 Ford Crown Victoria

Field Evidence

* 6-30 Pole with a circumference of
28-1/4 inches 2 foot above ground ~ 186 foot post impact

* Stump pulled out of ground by £1° : Uk g A
B Ry p d 1V movement along path of travel
impact. Originally sunk 7 foot into ' : | P i ap el

* Center of stump moved 25 feet
rom center of hole due to impact. . 3 : a2
Crown Vic Weight ~ 4145 pounds 3 e il 0 1Y S A7 et b 1
Crown Vic Ft overhang ~ 3.6 feet 5 —~ ' . | ' /

* Post impact vehicle movement of
ehicle - 61 paces from front of

hole to front tires at POR at ~3 feet

per pace, thus Travel Distance -

Copyright 2022 - All Rights Reserved - 4N6XPRT Syste



Speed Calculations

Special Considerations - Narrow Objects

Field Evidence

Stump Movement
~ 26 feet

Stump base
~ 7 feet into ground

Fracture point
~ 2 feet above ground

RIGN Reserved - 4N6XPR SVystem
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Speed Calculations

Special Considerations - Narrow Objects
SCARS 2014 Pole Impact Tests - 2008 Ford Crown Victoria

Impact Speed
* Drag factor estimated 0.2-0.4

* Instrumented Drag Factor - Rolling -No
Brakes - 0.2

*» Max Crush at Bumper Level ~ 13 inches
*» Impact Speed = SQR(KEES"™2 +
30*%186*0.2)
* Impact Speed ~ 39 mph

» Instrumented Impact Speed = 47-49
mph
Solth Carolina Accident Reconstruction Specialists - 2023 Copyright 2023 - All Rights Reserved - 4NGXPRT. Systems...
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Speed Calculations

Special Considerations - Narrow Objects
SCARS Pole Impact Tests
Summary

» What have we left out?
*» Break Energy for the Pole
* Energy to move the post in the earth

* Look to “"Pole Crash Investigation - It's a
Matter of Evidence” by Daily, Shigemura,
and Rich -2011 for the addition of the
above energies, and calculation of damage
energy through the use of the CRASH III
approach.

S‘Jllh Carolina Accident Reconstruction Specialists - 2023
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Speed Calculations

Special Considerations - Narrow Objects
SCARS Pole Impact Tests
Summary

* Again, look to “Pole Crash Investigation - It’s a Matter of Evidence”
by Daily, Shigemura, and Rich -2011 for the calculation of damage
energy through the use of the CRASH III approach and how to
calculate the Pole Fracture Energy and the energy required to move the
pole in the earth.

* When those energy losses are included, and combined with the

speed/energy calculated with the Crush Factor approach (as opposed to
CRASH III approach) -

* Taurus Impact Speed ~ 59 mph (Inst=50 mph) **
*» Crown Vic Impact Speed ~46 mph (Inst=47 mph)

**It is suspected that part of this descrepancy in speed is due to trying to “pace” the
roll out distance in essentially “swamp” while watching for water moccasins, leading
to unequal strides.

South Carolina Accident Reconstruction Specialists - 2023 Copyright 2023 - All Rights Reserved - 4NGXPRT Systems__
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Speed Calculations

Special Considerations - Narrow Objects
Calculation Summary

*» 2013
*» Saturn - Max Crush 13-17 inches
* Saturn - Post Impact Roll Out ~37 feet

* Volvo - Max Crush 13-17 inches
* Volvo - Post Impact Roll Out ~33.2 feet

* 2014
* Crown Vic - Max Crush ~13 inches
* Crown Vic - Post Impact Roll Out ~186 feet

* Taurus - Max Crush ~15 inches
* Taurus - Post Impact Roll Out ~180 feet

Copyright 2022 - All Rights Reserved - 4N6XPRT Syste
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Speed Calculations

Special Considerations - Narrow Objects
Calculation Summary

*» 2013
* Saturn - Calculated Impact Speed - 33-34 mph
* Saturn - Instrumented Impact Speed -41-42 mph

* Volvo - Calculated Impact Speed - 33-34 mph
* Volvo - Instrumented Impact Speed - 42 mph

* 2014
* Crown Vic - Calculated Impact Speed ~ 39 mph

* Crown Vic - Instrumented Impact Speed = 47
mph

* lTaurus - Calculated Impact Speed ~ 51 mph
* Taurus - Instrumented Impact Speed = 50 mph

Copyright 2022 - All Rights Reserved - 4N6XPRT Syste



Speed Calculations
Crush - Your “Guiding Light”

*

Remember ..

if its not documented,

it can’t be considered!




Crush Analysis
Considerations

This presentation has been and still is a continuing “Work in Progress”.
As such, it 1s will possibly be updated between when it 1s submitted to
IATAI and when 1t is being presented. Any updates will be provided to

IATAI AS WELL AS uploaded to my website and can be downloaded
from my web site at the following page -

http://www.4n6xprt.com/IATAI-2022.htm

Some additional “extras” will also be made
available on that page.

South Carolina Accident Reconstruction Specialists - 2023 Copyright 2023 - All Rights Reserved - 4NGXPRT Systems__
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Crush Analysis Considerations
www.4n6xprt.com/SCARS-2023.htm

Crush Analysis Considerations

Use of Crush in Vehicle Accident Reconstruction for the Purpose of Determining Impact Speed

vaload Excel Spreadsheet with Crosh Caleulations

herps:/www.b

lulu.hawaii.edwinstruct

Download Video 21 - Overhead "
Download Video 31 - Overhead
B _ . Download Video 12 - Angled Download Video 22 - Angled
Download SCARS 7022 Force Balance Analyvsis and Commontary (this is also includod with the Overhead Overhead
5) i h
=i D load Vidoo 33 - D Vi
Download Video 13 - Driver View | Download Video 23 - Driver View | — 2 "“o' e
T e with Speedometer
with Speedometer with Speedometer
. L. L — 34 - Combinati
Download Video 14 - Combination | Download Video 24 - Combination e
of all DV3 cameras of all DV3 cameras
<1 <
Web site References
POy SR > S - » " -

Mrilliseil22/Seil ab/L S/aceprec.himli: —stext=Accurate®s0means¥620%22

https:/manoa.hawaii.edu/oxploringourfls

Presentation Materials for

SCARS 2023

PP W i S P e

i = |
1o

Slide per page

Please note that the videos may take some time to download

SCARS 2022 SCARS 2022

SCARS 2022
Crash Test 1

Crash Test 2 Crash Test 3
Download Video 11 - Overhead

P

Precision vs Accuarcy

ble%200{%%20providing.of%s20the?s20thing %2 0being % 20:

| h/physicalworld-ocea | practice:

South Carolina Accident Reconstruction Specialists.- 2023

vs_accuracy
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Crush Analysis
Considerations
Using CRUSH -

Summary
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Crush Analysis Considerations
Summary

* Crush/Energy solution is a valid tool which should
not be ignored

* Even when a momentum solution can be
performed, an energy solution SHOULD ALSO be
performed as a double check. Results should
generally compare within +/- 5 mph or less

x Crush calculations can be made to be MUCH more
complex than they need to be

* While a class in Crush is useful, in a number of
ways, it IS NOT a pre-requisite to a person
conducting basic speed from crush calculations

Copyright 2022 - All Rights Reserved - 4N6XPRT Syste



Crush Analysis Considerations
Summary

*However, sometimes ...
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Crush Analysis Considerations
Summary
No matter how hard you

(i ackzdEratieaand Bnzie Pasnaciie Sinss

Eipackarn|Eannies sl
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Crush Analysis Considerations
Summary
*You have those cases ....

Copyright 2022 - All Rights Reserved - 4N6XPRT Syste



Crush Analysis Considerations
Summary

*\Where no matter what you do ....

Copyright 2022 - All Rights Reserved - 4N6XPRT Syste



Crush Analysis Considerations

Summary
*Something is going to “trip” you up ....

Copyright 2022 - All Rights Reserved - 4N6XPRT Syste




Crush Analysis Considerations

/ Summary
xIn which case ....

Copyright 2022 - All Rights Reserved - 4N6XPRT Syste



Some days all vou can do 1s smile and wait for some kind soul
to come pull your ass out of the bind you've gotten yourself into.

South Carolina Accigent KECONSUVCION SPCCIANSLS = LYLD LOPYNGNE U4 = AILINGNES Keservea - #oAPRT Systems
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MMMMMWAH ... Good bye!

N6XPRT Syste



Distance: 15095672

Diskance: 13739736
&.116676
11.886023 |
0,000000

153, 8748606
-6.174544
0.000000

i., LIl UdlOlllNad ACCIACIIL RECOINSLIUction specialists =

xV1 Crush Measurements

15695573

3762147
18313435

21. 304925
32EE106
21,053087

13, 739736
8. 116676
L1. 066023

15,186752

| 13.874886

6174544

Cloud Compare

Crush Measurements

V1 -
Ford Police Interceptor
15100622 X= depth
0.577453 15.089577 y [ength

-0.000462 Sl 0.577480

19,347061 units = inches

19. 340561
0,501545

16084105
15909844
Z2.597552

LCOPVYTIIJIIL ZUZS All RKIGIILS RESEIVEU = SINOAFRI OYSLEITNIS
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Cloud Compare

Crush Measurements
x\V2 Crush Measurements

Distance: 14.250387
Distance: 2.445475. . 8.688033 14.242554
~2440754 9445235 / : -11,285065 .ﬂi‘s.. 8.701773

0.290901 '9.440958 i z 11.294950 Vz
| 3 & B -

0298702
-0.818771 20,188545 15 CharQEr

| -20.171936 fiEEs  0.842101

1?.5.455?4 \ i z 0.196846 20, 172597
| 12643811

ozitese [ - Diskarice: 13.717568 X = depth

1.8859591 13.7166352

13.585854 | 1.896377 ) i Iength

0. 160275 13586800

Distance: 10.453012

-0.025761 [[ERY 10.481552 units = inches

0. 177466
10482970

-7,329529 7330304
| 0108575 [0 7320520 [ |
RS Ries | _0.144287 2378537
' | -2,374157 W 0241309
0,103420 2362023

6,836953 £.544651
-0,324535 [ £,536957 |
0;007751 0,324628 ! :

: - 29.190716

-29,190449 el 0,603632

2,915138 2,919254 0.590546 20196421

-0,157402 2915193
0.018898 0158532
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Cloud Compare

Crush Measurements
x\V/3 Crush Measurements

Distarice; 100174626
-9,523712 10,174519 . Distance: 5.926253

-3.580750 ol 0573721 il 5750362 RaEdl 5750390
0L0z711 3560772 Buall 0.017975 8 5.928226

-1, 408947 1409062 V3 - MKZ
Distance: 4229636

. 4.113586 X= depth
-4,247223 [ w7 —
B / 0432587 |JiEpa 4,207457 y = |ength

-0. 853797

Distarice; 5, 10606 Dittante: 11275820 units = inches
-2.867340 11,215332 11225838
| 5575005 465550 [0 11,265369
0453331 1080604 1166465

Distance: 23.435577
-3.855225 23428261
| -23.108887 | 3.890457
0.585537 23116302

20.992697 T Distance: 11.556271

6.0??45.4 \ 11 452240 11551378
20, 306652 1 1.510147 8 11457174
-0,336235 1547126

8 -6, 709671 : Distarice: 14.127794
.317606 [0 14.095425 WERH 14.127794
! 0.955750 4 14.095428

0.002407 8 0955753
16423340 & 17.065784

4636412 P 16425267
0.252022 4645303
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Cloud Compare

Crush Measurements
xV4 Crush Measurements

V4
2015 Charger

| Cistance: 16557451
=5, B32356 16.526455
16.075974 3.679475

el 0.602951 | 16087275 X= dEPth
Distance: 8.423902
y = length
EUN 0.535454
[.535475:

-0.572993 35090218 units — inches

& 35.079357 1,371773
1058132

Diskance: 27, 189635
0161301 8 27, 189636
27189159 0. 161400
-0.005657 g 27189159
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Crush Measurements
x5 Crush Measurements

Distapce: 200206429
-19.049286 Z0,204950
-6,735336 £ 19.050845

-0:243973 £.73975% | Distance: 10,234370

10225525 W 10.226976
0172264 _-f& | 10232921 v5 -
Distance: 23379596 { f el -1, 355959 M 0.425405

-6, 16E641 23.379160 : _ Ty Mazda 626

-22 551724 £.163300

-0, 143051 22551675 ; x = depth
y = length

Distance: 15.847849
13823475 [ 13841060 units = inches
-0,698097 13.530241
-0.432564 Wl 0.821250

@ 30,933760 Diskance: 7. 752934
5 469765 7.627393 7643642
i : | O.49B1EE | 776954
-1,297455 1,389795

Distance: 17265250
15419005 WRGH 17.262333
-7.761597 [WEl 15422272
0317357 Bl 7.753081
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Cloud Compare

Crush Measurements
V6 Crush Measurements

Diskance:

v6 -
2016 Charger

X = depth
y = length

units = inches

Distance

&0
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