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There are a number of common flaws in the analyses conducted by defense accident
reconstructionists when they calculate Delta V in automobile accidents. This usually leads to an
underestimation of the Delta V. These same flaws are seen in reports across the country and are
based on methodology originally developed by Biodynamic Research Corporation (BRC) of San
Antonio, TX, an organization that received more than $7.6 million in funding for services during
its formative years from 1990-1995. In this report, all of the common flaws will be thoroughly
analyzed.
Reporting a Barrier Equivalent Velocity As If It Was A Delta V
The most common and almost universal error by defense accident reconstructionists is to
report a figure for Delta V when it is actually a figure for Barrier Equivalent Velocity (BEV).
In a typical case, for example, a defense engineer claimed that the Delta V for a subject
Nissan was in the 6 to 8 mph range. He based this figure solely on testing from the Insurance
Institute for Highway Safety (IIHS) testing which involves an impact between exemplar vehicles
and a solid barrier. Impacts between a vehicle and a solid barrier results in a figure for Barrier
Equivalent Velocity (BEV), not Delta V, and the defense engineer’s failure to distinguish
between the two may have led to an underestimation of the Delta V.
The accident reconstruction textbook from Texas A&M University which is considered
an authoritative addresses this issue. The authors asked: “Will a vehicle which adheres to the 5
mph bumper standard protect the vehicle from significant damage in impacts up to 5 mph?”
Answer:
“NO! A review of Figures 1-1 and 1-2 indicate the standard requires a 5 mph
impact with a barrier. This is also known as a Barrier Equivalent Velocity, or
BEV. Clearly an impact with a wall at 5 mph is much more severe than an
impact from a Yugo at 5 mph. The concept of change in velocity, or Delta V
is the important feature here. One must be careful to speak in terms of
change in velocity (or at least acceleration) in comparing the bumper
standard requirement to vehicle-vehicle crashes.”
The authors, both certified accident reconstructionists, clearly distinguish between BEV
and Delta V. Comparing vehicle-to-barrier impacts to vehicle-to-vehicle impacts is like
comparing apples to oranges. The first produces a BEV, not a Delta V. The defense engineer
made no attempt to convert the BEV to Delta V using standard methods. Because of this fact, his
Delta V figure for the Nissan may not have been accurate.
One of the most basic and fundamental facts of accident reconstruction is that BEV
and Delta V are not the same. Nonetheless, the engineer presented BEV as Delta V. Literally
all defense engineers do the same. Delta V can be as much as 100% greater than BEV. A study
from the Society of Automotive Engineers (SAE) stated:

“DELTA V COMPARED TO BARRIER EQUIVALENT IMPACT VELOCITY”
“When performing an accident reconstruction, often it is necessary to express the severity
of a collision with a consistent and definable severity measure. Historically, Delta V has been
used due to its importance for impact speed determination. Additionally, Delta V serves as a
measure of potential injury exposure. Quantifying Delta V, therefore, is one of the major
objectives when performing an accident construction . . . the following definitions are to be
assumed for this analysis:
Delta V: The actual change in velocity, during the impact phase of a collision, that a
vehicle experiences. Generally considered as a severity measure of a car to car impact, Delta V
can also refer to the total change in velocity experienced during a rigid barrier impact.
Barrier Equivalent Velocity (BEV): This is the equivalent impact velocity of a vehicle
into a fixed rigid barrier that would result in the same magnitude of crush as observed on a
subject vehicle under analysis. The BEV and the Delta V will generally not have the same
magnitude for a subject vehicle in a car to car collision, except under certain circumstances.”
The study continues: “The bulk of publicly available crash test data is rigid barrier
government compliance tests. A utilization of this data can allow the reconstructionist to
determine the BEV for a given accident vehicle. Although the nature and shape of the crush may
differ in the car to car impact, the magnitude of the absorbed crush energy between the rigid
barrier and the subject vehicle is the same at the matching BEV. Once the BEV is calculated, the
Delta V may then be computed using Conservation of Momentum and Conservation of Energy
methods.
As seen in the car to car staged collision, the crush energy is shared mutually but not
necessarily equally, between the two vehicles. This differs from a rigid barrier impact which
directs all of the crush energy into the one test vehicle. The impulse or acceleration pulse in the
two vehicle collision will have different characteristics than the rigid barrier test. The car to car
impact will generally have a longer acceleration pulse duration when compared to a similar Delta
V rigid barrier impact . . . If the accelerations are lower, crushing forces will be lower, resulting
in lower overall vehicle crush.” (Kerkhoff et al, 1993)
A 2001 SAE article assessed four classes of vehicular impact testing: “vehicle to vehicle,
vehicle to infinitely massive rigid barrier, vehicle to infinitely massive compliant barrier and
vehicle to finite mass movable rigid barrier.” The author concluded: “For a prescribed level of
vehicular dynamic deformation, it is possible to have a 100% variation in the change in vehicle
velocity (Delta V), depending upon the structural dynamics of the testing involved . . . As has
been shown, a wide variation in the change in vehicle velocity (Delta V) can be developed for a
given level of dynamic deformation, depending upon the type of test utilized by a researcher.”
(Burkhard, 2001) (Emphasis added)
Another 2001 SAE study provides the mathematical formula needed to convert BEV to
Delta V. (Carpenter and Welcher, 2001) Here is the abstract of the study with emphasis added:
ABSTRACT

Accident reconstruction typically requires estimating the change in
velocity (Delta-V) imparted to vehicles during collision. Estimating Delta V
commonly involves measuring or estimating the deformation of the vehicles
involved in a collision. Material coefficients, which relate barrier equivalent
velocity (BEV) to deformation of the two vehicles, are then interpolated or
extrapolated from barrier crash test data. Finally, the Delta-V for each of the two
vehicles is usually calculated using single-degree-of-freedom (SDOF) impact
mechanic formulas . . . Relative closing speed and Delta-V are then related to
BEV by a factor that is efficiently a function of relative vehicle weight and
relative crush progression behavior. (Emphasis added)
The Delta V required to cause a prescribed amount of damage to the subject target
vehicle as a result of a vehicle-to-vehicle collision is generally greater than the Delta V required
to produce the same amount of damage to an identical vehicle as a result of a rigid barrier-tovehicle impact. It is possible to have a 100% variation. Considering the IIHS testing which
results in a BEV of 6-8 mph in this case, the Delta V could have been in the range of 6-16 mph.
If we assume that the Delta V is 50% greater than the BEV which would be an average, the Delta
V in this case would be in the range of 9 to 12 mph. A Delta V in this range is widely agreed to
be consistent with significant injury in most individuals, and was consistent with the diagnosed
injuries in this case.
Therefore, the first flaw to look for in the defense engineer’s report is whether a BEV
was reported as a Delta V, or if the engineer failed to properly convert the BEV to the Delta V
and in failing to do so underestimated the Delta V in these grounds alone.
Minimizing or Ignoring the Medical Records and Practicing Beyond Engineering Bounds
An injury causation analysis requires genuine consideration and reliance upon the
medical records. In most cases, the defense engineer completely ignores and dismisses the
medical records. Even if the engineer comments on the medical records, it is essential to
challenge those comments on the basis of foundation since engineers have no medical training,
education or experience that would provide them the expertise to read and comprehend medical
records. Therefore, while they are required to genuinely rely on medical records in their analysis,
they are wholly unqualified to read and comprehend medical records and so any of their opinions
in this area must be excluded by the court.
In Arizona, the Arizona Department of Insurance concurred with this position so strongly
that it issued a formal Circular Letter which has the power of law on the subject. Circular Letter
2000-2 states:
“A fair and reasonable investigation includes a genuine effort to determine the
nature and extent of the injuries actually sustained by the claimant. Though a claims
investigation may begin with an assessment of the likelihood of the claimed injury based
on certain characteristics of the collision and its observable consequences, the
investigation must progress to an evaluation of all the reasonably available relevant
evidence to determine what injury the particular claimant actually sustained. If an
insurer merely determines that it has an arguable basis to assert that it is unlikely that a
claimant could have been injured at all or beyond a certain extent based solely on the

relative speed of the collision and the extent of resulting physical damage, the insurer
has not completed a fair and reasonable investigation of the claim.
Generally, a fair and reasonable investigation of a first or third party claim for
bodily injury arising out of a vehicular collision should include consideration of, at a
minimum, if reasonably available: (1) claimant statements; (2) witness statements; (3)
police reports; (4) visual evidence depicting the full nature and extent of the physical
damage to all vehicles involved in the collision and any other property damage; and (5)
relevant medical records and physician statements pertaining to both medical history of
the claimant and treatment arising out of the subject collision. If the insurer is unable to
obtain any of this basic information, the claim file should reflect the attempts to obtain
the information and an explanation as to why the information was unavailable. An
insurer may not refuse to accept or consider relevant information offered by the
claimant.
These same general principles apply to the use of biomechanical or injury
causation analyses to evaluate low impact claims. This kind of analysis is an attempt to
extrapolate the severity of bodily injuries resulting from a collision through assessment
of the objective consequences of the collision, particularly the physical damage to the
vehicles. Because it is a predictive exercise that ultimately cannot yield more than an
opinion as to the likelihood of bodily injury, it cannot constitute the sole basis for a final
claim decision that comports with the requirements of A.R.S. § 20-461. Before it may
arrive at a final decision, the insurer must also genuinely consider the other available
relevant evidence to determine what specific injuries the particular claimant actually
sustained as a result of the collision.”
Defense engineers never genuinely consider the relevant medical records. No engineer is
qualified by training or education to do so. Here is the legal definition of an engineer in Arizona
which is nearly identical to that of every state. No engineer should be allowed to opine outside of
his actual scope of practice. ARS 32-101 states:
11. "Engineer" means a person who, by reason of special knowledge of the
mathematical and physical sciences and the principles and methods of engineering
analysis and design acquired by professional education and practical experience,
is qualified to practice engineering as attested by registration as a professional
engineer.
12. "Engineering practice" means any professional service or creative
work requiring engineering education, training and experience and the application
of special knowledge of the mathematical, physical and engineering sciences to
such professional services or creative work as consultation, research investigation,
evaluation, planning, surveying as defined in paragraph 22, subdivisions (d) and
(e), design, location, development, and review of construction for conformance
with contract documents and design, in connection with any public or private
utility, structure, building, machine, equipment, process, work or project. Such
services and work include plans and designs relating to the location, development,

mining and treatment of ore and other minerals. A person shall be deemed to be
practicing or offering to practice engineering if the person practices any branch of
the profession of engineering, or by verbal claim, sign, advertisement, letterhead,
card or any other manner represents that the person is a professional engineer, or
is able to perform or does perform any engineering service or other service
recognized by educational authorities as engineering. A person employed on a
full-time basis as an engineer by an employer engaged in the business of
developing, mining and treating ores and other minerals shall not be deemed to be
practicing engineering for the purposes of this chapter if the person engages in the
practice of engineering exclusively for and as an employee of such employer and
does not represent that the person is available and is not represented as being
available to perform any engineering services for persons other than the person's
employer.
22. "Land surveying practice" means the performance of one or more of
the following professional services:
(d) Measurement by angles, distances and elevations of natural or artificial
features in the air, on the surface and immediate subsurface of the earth, within
underground workings and on the surface or within bodies of water for the
purpose of determining or establishing their location, size, shape, topography,
grades, contours or water surface and depths, and the preparation and perpetuation
of field note records and maps depicting these features.
(e) Setting, resetting or replacing of points to guide the location of new
construction.
Biomechanical Engineering is recognized by educational authorities as
engineering (see, e.g. http://biomechanical.stanford.edu/Main_Page for the curriculum of the
Department of Mechanical Engineering at Stanford University;
http://bioen.okstate.edu/graduate/graduatemech.htm for the curriculum of the M.S. and Ph.D.
programs available in Biomechanical Systems within the Biosystems and Agricultural
Engineering Department at Oklahoma State University).
Dr. Peles’ determination of Delta V is based on an evaluation of the amount of
force necessary to cause the crush damage which was caused by the subject accident. This is a
generally reliable method except when the bumpers are equipped with energy or impact
absorbers as was the case in the subject accident. As noted by Dr. Peles, the bumper of the
subject Nissan Pathfinder was equipped a “foam impact absorber.” The following is what Texas
A&M University states regarding accident reconstructions involving such bumpers:
Underestimating Delta V in Vehicles With Foam, Honeycomb and Deformable Strut
Bumpers
Many passenger cars are equipped with bumpers that consist of a plastic cover
with a foam impact absorber behind it. Some accident reconstructionists will inspect the bumper
after a collision and take measurements of the amount of permanent crust damage. Usually there

is very little evidence of permanent crush since the foam absorber did the job of absorbing and
releasing the force without showing any signs afterward of an impact. The reconstructionist will
then conclude that the only forces involved were those responsible for causing the crush that was
still visible and able to be measured. This crush is then measured, a crush analysis is performed,
and a Delta V is calculated. All of the force applied to the foam absorber is ignored and so the
true Delta V is underestimated. Here is what Texas A&M University states regarding accident
reconstructions with bumpers equipped with foam, honeycomb or deformable struts:

Therefore, certain facts can be stated:
1. “No reliable relationships have been established relating damage/deformation of these
types of bumpers to impact severity.” Therefore, the amount of Delta V to which the an
impact absorber was exposed in any particular case is unknown. The reconstructionist
can determine the amount of force required to cause the physical damage but that may be
only part of the forces that occurred with the accident.
2. Texas A&M states that when a vehicle is equipped with a foam bumper, “there are no
useful measurements to obtain upon inspection of the vehicle.” Such measurements
would include measurements of crush damage. These measurements are not considered
useful because they do not consider the amount of force absorbed by the absorbers and so
can be misleading.
3. It is unknown how much force is absorbed and released by the impact absorber in the
bumper. This is additional force above that required to cause the physical damage which
was the sole basis of the reconstructionist’ s Delta V calculation.

4. If this additional amount of force was added in then the total Delta V in this case could
substantially increase from the reconstructionist’ s figure.
In conclusion, the Delta V in such a case is unknown since the reconstructionist
did not consider the amount of force that was absorbed and released by the impact absorber. It is
a well-accepted fact in the field of accident reconstruction that these types of absorbers show
little or no evidence of impact and so crush measurements are not useful in such cases and may
even be misleading. This is a very basic and fundamental concept in accident reconstruction that
most reconstructionists either knows or should know, but ignore in their analyses.
Relying Solely on Photographs and Not Performing a Physical Inspection or Reviewing
Repair Estimates
A fatal flaw of any accident reconstruction is to solely rely on photographs in the
absence of either a physical inspection of the vehicle before repairs have been performed or
review of repair estimates. Review of photographs has been proved unreliable.
A study published by the Society of Automotive Engineers was entitled “Evaluating the
Uncertainty in Various Measurement Tasks Common to Accident Reconstruction.” (SAE 200201-0546) In the section on “Measuring Vehicle Crush,” the researchers report the findings of an
experiment performed with 17 accident reconstructionists. Each was asked to measure the depth
and length of crush damage on a van. The results: “the average crush depth recorded by the 17
participants ranged from 11.8 to 34 inches, with an average of 19.4 inches and a standard
deviation of 5.2 inches. The reported length of the damage area ranged from 45 to 78 inches,
with an average of 62.4 inches and a standard deviation of 9.9 inches.”
When the participants were asked to evaluate crush damage from photographs, the results
were an average estimated crush of 13.6 inches with a standard deviation of 4.2 inches (review of
one photo), and an average estimated crush of 13.1 inches with a standard deviation of 3.3 inches
(review of two photos).
Clearly, review of photos alone is not reliable.
“Eyeballing” Method of Calculating Delta V
This method simply consists of an accident reconstructionist looking at the
vehicle and stating that “based on my experience, I conclude that the amount of Delta V required
to cause this damage is in the range of 4-5 mph.” Many reconstructionists actually write reports
in this manner even though it is a violation of all of the rules of accident reconstruction. This
“eyeballing” technique of determining Delta V is completely invalid and should never be
accepted. No one is able to simply look at a vehicle and make an accurate determination of Delta
V.
Computer Program Generated Delta V Calculations
One report from an accident reconstructionist concluded that his Delta V conclusion was
based on an analysis using “the damage based mode of EDCRASH reconstruction software . . .”

The reconstructionist did not provide any evidence that the EDCRASH reconstruction
software produces results that are valid or accurate. No independent external scientific studies
were cited that have proven the validity or accuracy of this software. No evidence was provided
that this software program has achieved general acceptance in the accident reconstruction
community. All that was provided is the reconstructionist’ s personal attestation that this
software program produces valid and accurate results. That is not enough to require acceptance
of this software and its results.
Furthermore, the reconstructionist did not provide the input variables which he used with
the software program. Therefore, it was impossible to check his work to determine if it was
accurate.
Considering all of these facts, the reconstructionist did not establish a basis for anyone to
accept the results of the EDCRASH software calculation of Delta V in this case. This would be
true of any other software program with similar facts.
Calculating Delta V Using Crush Analyses
Delta V can be calculated accurately using the crush analysis method if the
method is used properly. One example of an inaccurate application of the crush analysis method
is Cipriani method. This method was widely used until it was scientifically analyzed with
extensive Frye hearings in Virginia to examine whether the method is scientifically valid and if it
has achieved general acceptance in the relevant accident reconstruction community. The Virginia
Supreme Court reviewed the Frye Hearing results and conclusively determined that the actual
Cipriani method, defended by Dr. Alfred Cipriani himself, failed the test for validity and
reliability. The Court ruled that “the challenged (Cipriani) expert testimony is speculative, is
founded upon assumptions lacking sufficient factual basis, relies upon dissimilar tests, and
contains too many disregarded variables. Consequently, we hold that the testimony is unreliable
as a matter of law, and, therefore, the trial court erred in admitting it.” (Tittsworth v. Robinson,
252 Va. 151, 475 S.E.2d 261 (1996))
Therefore, it is essential that if an accident reconstructionist uses the crush analysis
method, the method must be used properly. The stiffness coefficient of each part of the vehicle
that was crushed must be found and listed, along with the source. The exact physical
measurements of the crush width and depth for each part must be reported. The formula used for
calculating Delta V must be included in the reconstructionist’ s report, not just the final
conclusion. Stiffness coefficients must come from the same vehicle as that involved in the
subject accident, not dissimilar vehicles. Then, and only then, may a crush analysis-derived Delta
V be accurate. It is very rare for an accident reconstructionist do to a truly complete and
scientific crush analysis Delta V determination. In most cases, shortcuts and guesses are made
which can be uncovered with careful examination.
Conclusion
In most cases, accident reconstructionists, hired by the defense, are not objective and aim
at trying to underestimate the Delta V. In this report you have now learned all of the most
common ways that Delta V is commonly underestimated. Look for these flaws and you will
commonly find them.
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