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Origin of the 44-mm Behind-Armor Blunt Trauma Standard

Erin Hanlon, PhD; Patrick Gillich, MS

ABSTRACT A nutnber of armed assaults on public officials occurred in the early 1970s, which prompted the
Lightweight Soft Body Artrtor Progtatrt to develop modern, concealable, soft body aimor. Methodology needed to be
developed to (1) detenrtine the effectivetiess of the soft body at"tnor to stop bullet petietratiot"t and (2) assess the potential
injury from nonpenetrating blunt impacts to the body. Extensive research was perfortrted under the program to develop
methodologies to assess soft body armor, including behind-armor blunt trauma (BABT) evaluation. This methodology is
still used today, and it has been applied extensively beyond the original ititetit. However, the origin of this tiiethodology
is not well understood by many researchers in the vatious fields in which it is being applied because the origitnal
documentation is difficult to obtain. Therefore, the put"pose of this article is to provide a cotiiprehet"tsive review of the
BABT to offer researchers information about its hi.stoty attd limitations.

INTRODUCTION
Body artnor has been used in various fortns throughout his-
tory to prevent penetrating injury to the wearer,' Following
the introduction of handguns, various types of soft body
armor were investigated to mitigate those threats, but many
were not useful for everyday wear. Because of a number of
armed assaults on public officials before 1973, the Depart-
ment of Justice (DOJ) charged the U,S, Army Land Warfare
Laboratory and the Wound Ballistic Branch of the U,S, Army
Bio-Medical Laboratory to develop a protective garment for
evetyday wear by these officials," This research, part of the
Lightweight Soft Body Armor program begun in 1952, was
overseen by the National Institute of Law Enforcement and
Criminal Justice (NILECJ), a branch of the Law Enforcement
Assistance Administration (LEAA), which was part of the
Depatiment of Justice, The NILECJ decided to add police
officers to the end user group of this program after police
officer deaths in the line of duty increa.sed by 126% frotrt
1966 to 1971,' This program led to the initial development
and evaluation of modem, concealable, soft body armor, spe-
cifically designed for daily u,se by police officers,'"

The NILECJ needed to be able to determine the effective-
ness of newly developed soft body armor. Therefore, it was
assessed for its ability to stop bullets and for the injury poten-
tial to the wearer resulting from defeated bullets. To defeat a
bullet, the soft body armor must dissipate the kinetic energy
of the bullet. This energy is dissipated in many ways, includ-
ing the deformation of the armor, the defoliation or frag-
mentation of the bullet, and the deformation of the underlying
body wall. Although the bullet can be effectively stopped
from penetrating the body, the energy transfer has the poten-
tial to cause serious injury or even death. When the armor
deforms and is pushed into the wearer's body, the body wall
is forced inward. The nonpenetrating injuries resulting from
this energy transfer are termed behind-armor blunt tt"aut"na
(BABT), "'" BABT injuries can also extend to the underlying

U,S. Amiy Research Laboratory, RDRL-SLB-W, 328 Hopkins Road,
Aberdeen Provitig Ground, MD 21005,

organs as a result of the rapid acceleration and localized
deformation of the thoracic wall, ' '

To develop a method to assess these risks, the NILECJ
funded the evaluation of BABT and its relationship to injury.
The initial intent of this evaluation was to provide police
departtnents with a quick and inexpensive way to evaluate
soft body armor on-site using a simple criterion that would
support a pass/fail evaluation. Both of these requirements
significantly litnited the testing ptocedures that could be pto-
posed. The resulting research was implemented into the
National Institute of Justice (NIJ) 0101 standard that is still
in place today (now in its sixth revision, NIJ 0101,06),'^ The
statidard is used to assess personal body armor in the NIJ
Voluntary Compliance Testing Program,

METHODOLOGY
The cutrent study evaluated the past literature in the area of
BABT and the 44-tnti"t standard. The databases Pubtned/
Medline, Google Scholar, and the Defense Technical Infor-
tnation Center were searched utilizing the following search
terms: BABT, backface signatute, ballistic blunt trautna, bal-
listic vest, behind armor, behind armor blunt trauma, behind
armour, behind amiour blunt ttautna, body armor, body
am"tour, bullet proof vest, wound ballistic, atid wound ballis-
tics. The search was restricted to articles that were written in
English, The reference section of any included joutnal atti-
cles was also t"eviewed to determine additional references
that t"nay be included. Journal atticles were included if they
telated to the development of the 44-mtn standatd, rep-
resented current use of the standard, or attet"npted to itnptove
upon the standard. When infonnation was not available in the
tesulting publications, personal communications with those
involved in the original testing were utilized.

THE LIGHTWEIGHT SOFT BODY ARMOR
PROGRAM OVERVIEW
The initial reseatch funded by the Lightweight Soft Body
Armor Program to develop and impletnent protective artnor
was performed at Edgewood Arsenal, Aberdeen Proving
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Ground, Maryland, by researchers in the U.S. Army Wound
Ballistics Program,'''"' The Army Wound Ballistics Pro-
gram was started in 1952 and included three Corps within
the Army, the U.S. Army Chemical Corp, the U.S. Army
Medical Corp, and the U.S. Army Ordnance Corp. The Bio-
physics Division at Edgewood Arsenal, part of the Army
Wound Ballistics Program, completed the experimental work
that led to the development of concealable soft body armor,
the BABT deformation limit, and original test methodology
that is included in the NU 0101 set of standards. Experimental
research performed by this group included work on antiper-
sonnel munitions, weapons effectiveness, and development
and effectiveness evaluation of personal soft body aiTnor, A
published account of the majority of the research that was
performed within this program is either not available or not
easily obtainable, particularly in open literature publications
(Edward Davis, personal communication).

Initial Soft Body Armor Research
The initial tesearch ptogram set out to develop lightweight
soft body armor for everyday wear by public officials, which
is why the original prototypes were implemented into sport
coats.' The program was later expanded to include police
officers (Fig, 1). The development of lightweight soft body
armor was possible due to the invention of the Kevlar fiber by
DuPont in 1965.' The first phases of the research program
investigated various materials including Kevlar, their effec-
tiveness in stopping a bullet, and the number of plies required
to limit injury to officers while keeping the vest lightweight.
Once Kevlar was deemed the best option," tests were devel-
oped and performed to assess trauma from bullets that were
defeated, and field tests were carried out to determine the
vest's wearability and real-world effectiveness,''*^'^'^*''^'

The objectives of the program were to develop soft body
armor that could stop the most common threats against
police officers at that time, which were .38 Special rounds
and .22 long handgun rounds,''^'^^ These low-energy rounds
were chosen, as opposed to a worst-case scenario, to permit
the development of lighter-weight soft body armor while
still providing protection against the most prevalent threat

at the time. The armor needed to be inconspicuous, light-
weight, and worn externally. This new armor was to be used
for discreet, everyday wear by public officials and police
officers. Resulting garments needed to prevent bullet pene-
tration, limit blunt trauma mortality risk to less than or
equal to 10%, and allow an adult rnale to walk from the site
of the shooting.'"^ These requirements included the assurnp-
tion that medical attention would be accessed within 1 hour
of being shot.^

Tests needed to be developed to determine both the stop-
ping ability of the armor as well as the potential blunt-trauma
effects for the ,38 Special rounds and ,22 long rifle rounds.
Additional work was to be performed on a more extensive
set of rounds to determine the potential blunt-trauma effects,
but the funding was stopped,'"*'"^ Some of this work was
completed, 9-mm and .357 impacts to both goats and clay
(unpublished data), but was never fully completed or pub-
lished because of funding limitations.

The first step in the development of lightweight soft body
armor was to determine what materials could stop the neces-
sary rounds. In a study carried out by Montanarelli et al,~ the
most promising material candidates for soft body armor, of
which Kevlar-29 was the ftontrunner, were defined and tested
on goats as an initial measure of serious injury and lethality.
Armored, anesthetized goats were impacted with both the
.38 Special and .22 caliber projectiles. Goldfarb et al'^ per-
fomied follow-up studies using the same goat model and the
same caliber projectiles to predict the probability of serious
injury and lethality. One of the major assumptions was that the
40- to 50-kg goat model accurately represented a 70-kg man,
specifically that a 70-kg man would have no more damage than
the goat.'''

Once Kevlar-29 was selected, further goat testing was
performed to determine the number of plies needed to pro-
vide sufficient protection from blunt trauma, which was indi-
cated by a mortality risk of less than 10%' and the ability of an
adult male to walk from the site of the incident. More plies of
material added more weight, but they also provided more
protection. Itnpacts using a .38 caliber bullet with an 800 fps
impact velocity were perfotmed on anesthetized, intubated

LÍ2hí\\eisht Soft Both .\imor Program
Kevlar t"iba Soft body amior Material Niedical
developedby program initiated evaluations evaluation of new

DuPont --public officials were perfotmed softbodvannor
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FIGURE 1, Timeline of the soft body armor program.
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goats wearing the 7-ply Kevlar-29 protective garments.
Impacts were performed over the heart, spine, lung, liver,
gut, and spleen.

Human mortality was determined by defining the exposed
area of vulnerable human organs in four planes (front,
back, sides). Although the exposed area was determined
on human organs, vulnerable organs were defined as goat
organs with damage following impact. It was assumed that
the same organs would be vulnerable in humans. The prob-
ability of mortality was calculated by multiplying the vul-
nerable area by a mortality rate that was assigned to the
organ based on previous human surgical data. An average
of this probability in the four planes was used to define
the mortality rates. Human mortality after being shot with
a .38 Special was determined to be 7% to 25% when no
garment was worn and 1% to 5% when wearing the 7-ply
Kevlar-29. indicating a clear improvement when wearing
the garment. 17

Initial BABT Research
To determine the risk of BABT injury, a standard methodol-
ogy for measuring back-face signatures (BFS), the maximum
deformation of the soft body armor as a result of ballistic
impact, in soft body armor successes had to be developed.
Metker et al'*' performed a study to characterize BFS and
relate it to tissue damage. Gelatin blocks, 20 % ballistic
gelatin, were used in the study to determine the loading rate
(impulse) of deformation using high-speed photography. The
armor was attached to the blocks and shot with either a
.38 Special or a .22 caliber at approximately 800 fps. These
tests were performed during methodology development, and
the velocity for .22 caliber shots was increased to 1000 fps
for the remaining tests. Deformation of the gelatin was mea-
sured frame-by-frame with a focus on the depth and diameter
of deformation. It was determined by Metker ct al that BFS
could be successfully measured in this way.

Parametric Lethality Model
A parametric lethality model for blunt trauma developed by
Clare et al'^ in 1975 was used in developing assessment
techniques for BABT. The model was developed to be species-
independent to reduce the need for animal testing. To
develop the model, existing blunt-trauma data were
reviewed and analyzed to assess their usefulness. Because
researchers were using these existing datasets, the input data
for the model development was limited. In addition to reduc-
ing or eliminating the need for animal testing in this appli-
cation, the model also provided the ability to compare
previous blunt-trauma data to the body-armor work that
was going on at the time. 14,t.'i,23 A modified, four-parameter
model was determined by Clare et al to be the best fit based
on its ability to accurately classify fatalities versus non-
fatalities. Modifications and refinements have been made to
this model since its origination.̂ "^

Model Validation
The model utilized lethality in all assessments of the thorax
data from the goat study discussed previously. However,
fracture/no-fracture was used for validation of the abdominal
model using liver impacts. The model was validated after
determining appropriate limits for three zones: low lethality,
tnid-lethality, and high lethality. Datasets, which were not
used in the creation of the model, were then applied to deter-
mine tnodel accuracy, which was found to be conservative in
the higher range. Although this model was deemed species-
independent because of the use of the body mass parameter, it
was only validated using the goat. Re.searchers suggested that
larger animals should be assessed to determine the validity of
the model in higher mass ranges and its applicability to
humans. Validation using larger animals was not published,
but blunt impacts were performed on steer as a method of
validating the model (unpublished data).

This methodology was developed using a specific dataset
that did not include BABT impacts. Although it successfully
provided a nonbiologic measure of the BABT effects, Clare
et al'^ recommended further evaluation in order to use BFS
parameters as a measure for armor effectiveness. Specifi-
cally. BFS measures need to be correlated to the probability
that a specific combination of parameters relating to ballistic
impact conditions will result in lethal injury. This correlation
of BFS measures to BABT injuries still does not exist.

Backing Material
The backing material plays a critical role in quantifying
penetration resistance characteristics of the armor material
since, when a bullet is defeated by soft body armor, the
energy dissipation deforms the armor and the backing mate-
rial. Traditionally, BFS testing used ballistic gelatin as a
backing material,*' but the use of gelatin was very expensive
because of the need for high-speed video to characterize the
back-face depth over time. As a result, the NILECJ needed
to develop a new test methodology that would be inexpen-
sive and easy-to-conduct to allow law enforcement agencies
to perform testing at their own facilities (Russell Prather,
personal communication).

Because gelatin had been found to respond similarly to
human tissue and had been used in previous studies,^'~''~'~ it
was determined that a backing material that responded simi-
larly to gelatin was needed. Ideally, the LEAA wanted a new
backing material that had a similar deformation depth and
rate as gelatin, was reusable, and had a limited material
recovery so that high-speed video was not required (Russell
Prather, personal communication).

To find a backing tnaterial that fit the needs of the
NILECJ, depth and rate of deformation tests were performed.
These tests were performed using a 200-g, 80-mm hemi-
spherical impactor at 55 m/s with no vest material over the
backing material.'' Deformation-time histories of the goat
thorax and abdotnen were used to compare deformation-time

MILITARY MEDICINE, Vol. 177, March 201 : 335



BABT Standard

histories of the other backing materials that were tested to
determine the ability of each material to simulate a tissue
response (Fig. 2). The goat abdomen, goat thorax, 20% gela-
tin, and two types of clay (Plastilina 1 and 2) were tested to
compare the nonbiological backing materials to the goat
model. Plastilina 1 is an oil-based modeling clay (Sculpture
House, Skillman NJ), but no details were provided about the
composition or manufacturer of Plastilina 2. None of the
materials successfully mimicked the goat thorax when
assessing both deformation and time. It was determined that
clay was a more conservative model than the gelatin used
previously, and statistically significant differences were not
seen. The Roma Plastilina 1 clay that was selected for use is a
highly plastic material that undergoes viscous flow when
deformed and shows little to no recovery.'' Roma Plastilina
1 was found to have the same depth of deformation of the
thorax, but it reached that depth in a shorter time frame. This
study employed the parametric lethality model to determine
whether or not impacts fell within the low lethality zone. To
use this model with clay, the effective mas's and effective
velocity had to be calculated using conservation of momen-
tum. When this methodology was used, the estimates of mass
and velocity were conservative.

The results of this testing were considered to be prelimi-
nary as no lethalities were observed for nonpenetrating bullet
impacts on armor, and higher energy rounds had yet to be
evaluated.'^' No solid conclusions were drawn as-a result of a
limited dataset, but the deformation depth was correlated to
the probability of lethality that was established using the
parametric lethality model, and 15% probability of lethality

8- 5

e
•a

I

Gel

Goattliorax
20 % ballistic gelatin
Plastilina 1
Plastilina 2
Undefined foam backing

was determined to occur at a penetration depth of 5 cm. It
was detemiined that Roma Plastilina 1 clay met the NILECJ
requirements since it was readily available, inexpensive, and
easy to use."' It was also determined that Roma Plastilina 1
could be correlated to tissue response, however, defomiations
in clay were never directly correlated to injury or severity.

Development of the 44-mm BABT Standard
There are two different recollections of how the exact maxi-
mum deformation of 44 mm became the BABT standard.''^
Both accounts indicate a relationship to the average of the
maximum deformations of shots performed on gelatin with a
,38 caliber as seen in Figure 3, These impacts were on gela-
tin, but the standard would use clay because of the similari-
ties in maximum deformation as demonstrated by Prather
et al.^' Although the accounts are similar, Prather indicates
that the LEAA selected the actual average value, 44 mm, as
the standard which should be u.sed (Russell Prather, personal
communication), but elsewhere it iè stated that Goldfarb
et al recorhmended 44 mm based on tbé average, stated as
4.74 cm, less one sample standard deviation, .33 cm.'"' Both
accounts relied on the same empirical datasets that demon-
strated a lack of serious injury or death in the goat population
at a deformation depth. This fact indicated to researchers and
administrators that if the 40 to 50 kg goat was a good model.

Minimum

— Average

^ ^ Maximum

-5

Time {vas)

FIGURE 2, Assesment of potential backing materials.^''

Depth of Penetration (cm)

FIGURE 3, The envelope of deformation on gelatinwhen shot by a
.38 caliber."
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then men sustaining similar impacts would also lack life-
threatening injuries.

To develop the 44-mm BABT standard in clay, correla-
tions needed to be made to assess the probability of lethality.
To achieve this correlation, some very tenuous relationships
were established. The maximum depth of the BFS in clay
backing was compared to the maximum in.stantaneous depth
created by a blunt projectile in gelatin and determined to be a
suitable substitute. These correlations were all based on a
single impact per backing material. To coirelate clay to
lethality, it was first correlated to gelatin that had been corre-
lated to the ballistic pai-ameters using the paratrietric lethality
model: Lethality versus nonlethality in goats was used to
develop the parametric lethality model and that gpat model
was determined to be valid for lethality and nonlethaiity in

humans. 14-17.1')-2l Although clay and gelatin deformation-
time histories were both compared, to the goat thorax-
deformation response, neither were a match; however, gelatin
had been u.sed in previous deformation studies successfully
and had been related to potential lethality in goats. Since the
clay had a similar maximum deforrnation to gelatin, it was
believed that the same correlation to goat lethality developed
using gelatin would be acceptable for use with clay.

No direct relationship to injury was established for the
44-mm BABT standard, and only an indirect relationship to
nonlethality is evidenced, but it has been shown to be very
effective in practice. Although there is no direct correlation
to injury, since 44-mm of deformation became the standard,
BABT has not been responsible for any documented lethal-
ities. Similar success with the standard has been seen in
military applications; however, it is challenging to track
these types of data in the field. The lack of field data in
military environments also limits epidemiological studies to
assess body-armor effectiveness and BABT injuries.

In addition to determining a new backing material for the
evaluation of BABT, Prather et al also related the depth of
penetration into goats with probability of lethality (Fig. 4)
showing that a 44-mm deformation demonstrated a 6% prob-
ability of lethality.'•'''"' The relationship between goat-thorax
deformation and probability of lethality was developed
(Fig, 4) using the original blunt impactor data,'^'^' but it does
not relate a deformation in clay to a probability of lethal-
ity.'"^ "' As stated earlier, the clay response was not represen-
tative of the goat thorax response. None of the backing
materials tested matched the deformation of the goat thorax.

The initial objectives for the Lightweight Soft Body
Armor program were met successfully, as itidicated by the
completion of the program. It was determined that the newly
developed, soft body armor could .stop the indicated threats as
shown by Montanarelli et aP in the initial research. After
developing methodology to assess blunt-trauma mortality
risk, it was shown that the 44-mm standard deformation in
clay provided a 6% probability of lethality, which fell under
the initial requirement of less than or equal to 10%. One
requirement that was not explicitly met, allowing an adult
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FIGURE 4. Relationship between the natural log qf the deformation of
goat thorax and the probability of lethality*' using the daia from the devel-
opment of the blunt trauma model where unarmored goats were impacted
with a blunt impactor.

male to walk away from the site of the shooting, was assumed
to be met. This assumption was made since none of the
armored goats died within the 24-hour postimpact window.

CURRENT BABT STANDARD USE
AND LIMITATIONS
The current BABT standard is u.sed in both civilian and
military applications as well as in other countries."** In tnili-
tary testing, the back-face deformation limit of 44 mm is used
in first article testing and lot acceptance testing for both soft
body armor and hard plate armor. In the civilian environ-
ment, all personal body armor that is submitted to the NU
Voluntary Compliance Testing Program is assessed using this
standard.'^ In addition to testing currently manufactured
body armor, there is research being done that uses this mea-
sure. The use of clay and the 44-mm standard was intended to
be preliminary and was not meant to have the widespread use
it has today.-' Following the Prather et al assessments, addi-
tional follow-up research to address the limitations was
recommended by the researchers, but this work was never
completed because of a discontinuation of the funding.''''"'^

BABT Standard Misuse
The BABT standatd is also being used in applications for
which it was never intended nor validated. Examples include
the use of the 44-mm back-face measure to assess hard-body
armor, body armor for small individuals, and impacts with
rounds other than a .38. Impacted hard-armor plates load the
torso differently than soft body armor, which could create
different injury patterns in BABT situations. Therefore, a
different evaluation technique tnay be needed to assess plate
armor. It was also indicated by researchers that the current
standard may not be valid for small individuals and women
and that further research needed to be performed to address
this limitation.'^'-'* The standard was developed using a
model that was designed to represent a 70-kg man, and testing
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was not performed to determine the risk of injury for smaller
men and women. It is possible that smaller individuals would
be at a higher risk of injury when exposed to the same impact
conditions as a larger person. Investigations have been per-
formed to assess the differences between male and female
injuries, but no definitive differences were reported with rela-
tionship to deformation,""*

BABT Standard Limitations
The 44-mm standard has a number of additional issues
including the lack of a direct correlation to injury. Along with
the inability to assess injury level or a probability of injury,
the standard only provides a pass/fail criterion. No additional
information can be gleaned from the depth of an impression
in clay. Additionally, the current standard was developed
using a single type of armor with only ,38 Special and
,22 long rifle rounds traveling with an 800 and 1000 fps
impact velocity, respectively, without validation of other
rounds or armor configurations. The original intention was
to include higher energy rounds in the BABT standard devel-
opment, but these were not included. However, Prather
et al"''^" performed a portion of these shots on various back-
ing materials using a ,357, 9 mm, and ,44 magnum, but the
corresponding shots were not performed using the goat model
to assess injury. Additional research would be required to
determine the applicability to higher energy rounds. These
issues with the current standard are all related to the actual
tolerance limit, but there are also many issues with the use of
clay for the backing material,"^^"^^ These include problems
with variability in clay response because of handling, thixo-
tropic effects, and changes in clay formulation since its
implementation into the standard is dictated by requirements
for its use in the art community.

CURRENT RESEARCH
Current research is being conducted to address the issues
described in the BABT standard limitations section. Much of
this research is focused on altemative backing materials and
mechanical surrogates, but direct-injury correlations and
repeatability remain challenging. In addition to these chal-
lenges, finding a sensor system that successfully captures the
necessary measures at ballistic rates without resulting in sen-
sor damage remains difficult. Some of the directions that
researchers have taken in this area are (1) making compari-
sons of cadaveric injury responses to mechanical surrogates,"**
(2) developing new mechanical surrogates, and (3) develop-
ing both mathematical computer models '̂̂ ^"" '̂ and finite ele-
ment models"''"'^ to as,sess BABT injury.

In addition to these efforts, there is research underway to
develop clay specifically for ballistic testing. Requirements
for this development include clay use at room temperature,
consistent batch properties, and a lack of age and temperature
dependency. By eliminating the variation in clay testing,
researchers may be able to more accurately provide injury

relationships to the clay measures, which are currently being
collected in testing.

Other attempts to improve the current BABT standard
include trying to determine a different backing material to
remove variability associated with clay testing,^^ comparing
animal injuries with depressions in soap,"̂ ""* and assessing
animal injury when the animal is wearing armor,"̂  Researchers
have also made attempts to quantify the level of injury and
correlate that to varying impressions in clay backing,̂ "*'"''*''"'''"'*"̂ ^
This research has been done both through re-creating officer
incidents in a laboratory setting with the same armor and
ammunition on clay backing''*''^"'^'''"* and comparing the
injuries sustained by the officers to the impressions created
in the clay. The re-creations that have occurred have been
civilian cases because of a lack of military data. This lack of
data is caused by challenges that occur in collecting military
field data, Re,searchers are also comparing animal injury to
the sensitivity of measurements in clay using the same input
conditions for the animal impacts and the clay impacts,̂ "**

Although much research is being conducted to replace
clay, it is still being used in current military and civilian
standards and acceptance testing. In addition, the BABT
standard has been successful since its implementation in
preventing blunt trauma injuries in both the civilian and mil-
itary settings. To improve current standards testing using
clay, it is necessary that researchers understand the origin of
the BABT standard. In addition to understanding what the
standard was designed to do, this historical information pro-
vides insight into the limitations along with the successes the
standard has had in limiting lethality caused by BABT,
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