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EDITORIAL 
Dr. Martin L. Fackler 

I am happy to report that the IWBA Confer
ence, held in Manhattan Beach, CA, in October 1997, 
was a great success. We had 80 attendees. The pres
entations were excellent and the discussions informa
tive. My special thanks to our office manager Robyn 
Townsend, and to Duncan MacPherson, whose hard 
work made the success of the conference possible. 

In this issue, we feature Duncan MacPher
son's article, "Improved Handgun Ammunition." As 
will be evident on reading the article, he has put a 
great deal of thoughtful analysis- and bullet testing
into this work. Many readers probably are unaware 
that Duncan previously wrote a landmark article, 
published ten years before the disastrous FBI "Miami 
Shootout," in which he laid out, clearly and undenia
bly, the irrationality of the Relative Incapacitation In
dex (RII), upon which most of the law enforcement 
community, including the FBI, had based their selec
tion of handgun bullets. Nobody paid much attention 
to that article, and it took the unnecessary sacrifice of 
two FBI Agents (and the wounding of five) to call the 
attention of the law enforcement community to the 
predictable failures of the too-light and too-fast bul
lets then in vogue. Now we know better: and the al
most universal shift by law enforcement to the heav
ier and slower handgun bullets has been a great step 
forward. It is necessary, however, to reexamine any 
program periodically, to make needed changes and, if 
possible, clarify and simplifY the program. This long 
overdue reexamination of law enforcement bullet 
testing is what Duncan has done. The simplicity and 
resource saving inherent in his new test technique can 
insure that law enforcement will procure better bul
lets - and be able to test them at less cost to the tax
payer. Let us hope that the law enforcement commu
nity remembers the unfortunate consequences of ig
noring Duncan's previous paper and gives the IWBA 
Ammunition Testing and Specification he has 
authored the attention it deserves. 

The shotgun "Bean bag" so-called "less than 
lethal" ammunition that had quite lethal results, as 
reported in this issue by Dahlstrom and Powley, was 
discussed at the recent IWBA Conference. Some time 
after the conference, however, this author was made 
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aware of an unfortunate case that demonstrates the 
other end of the spectrum - where the effects were, 
not only, "less than lethal," but also less than useful. 
In this case, the use of the baton-type of "less than 
lethal" rounds led to the death of an officer. The po
lice struck a felon twice in the chest with baton-type 
rounds and then went into a house to apprehend him, 
assuming his incapacitation. Far from being incapaci
tated, the felon shot and killed one of the officers. 
This case points out the n�ed for law enforcement 
officers to be wary of manufacturers' claims, and 
never to assume that a person will be incapacitated by 
any of these devices. Some persons struck by them 
just might call forth certain inherent physiologic re
sponses which enhance a felon's capacity for "fight or 
flight." 

Also in this issue is the thoughtful analysis of 
the "finger on the trigger" issue, by Don Bassett, an 
experienced and well respected law enforcement use 
of force trainer, in which he provides a comprehen
sive overview filled with valuable insights. This is a 
multifaceted and complex issue: which is the reason 
we feel that encouraging the ongoing discussion 
about it in our pages should provide valuable and 
badly needed assistance to the law enforcement com
munity. 

In our next issue (Volume 3, Number 4) we 
are proud to present a report of the shooting incident 
(35 killed, 21 wounded) that occurred in Port Arthur, 
Tasmania on 26 April 1996. We view this article, by 
Dutton, Lyons, and Dickinson, as the example of how 
such incidents should be reported: the well docu
mented and illustrated pertinent facts (including 
wound locations, organs struck, and bullet type used) 
are given, precisely, concisely, and clearly - without 
bias or political propaganda. 

Additionally, in the next issue we shall present 
Dr. Gary Robert's detailed report on the comparison 
of wounding effects of .223, 12 ga. shotguns, and 
pistol caliber shoulder fired weapons. Judging from 
the number of inquiries we have been getting re
questing information on .223 ammunition, this de
tailed article by Dr. Gary Roberts will be of great in
terest. 
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QUESTIONS AND COMMENTS 
Member Listing 

The issue of making a list of members with 
addresses and/or phone numbers came up again at the 
October Conference. The consensus at the confer
ence seemed to be that making and distributing such a 
list would be a good thing, and that this should be 
done for all members except those that did not want 
to be on such a list. However, very relevant develop
ments since the meeting were not a factor in this dis
cussion. 

The Kennedy assassination conspiracy nut 
cases have come to life on the Internet, and are ac
cusing the IWBA and specific members of contribut
ing to the coverup. The IWBA office has received 
calls from individuals who insisted on speaking to 
specific members, but who would neither identifY 
themselves or give a number for callback. The list of 
names and cities of the Board of Directors that ap
pears in the Wound Ballistics Review has been printed 
on the Internet with a request for anyone who can 
provide any information on these individuals to do so. 
These crackpots have nothing better to do than to try 
to make life miserable for anyone who will not sup
port their fantasies, and dealing with them is not 
pleasant for anyone who actually has a life. 

It seems clear that any member list would 
make its way onto the Internet, and would be accom
panied by accusations that would ensure crank calls to 
members. The bottom line is that the IWBA will not 
publish a list of members with or without addresses. 
We will continue the present practice; anyone who 
wants to speak to a member can give their name and 
phone number to the IWBA office, this information 
will be forwarded to the member, and the member 
can return the call at his own discretion. 

The IWBA Board of Directors 

Gelatin Block Issues 
While roaming through Fuller's article on 

Predicting Stopping Power in Street Stoppers and com
paring it with your article on Fuller in Wound Ballistics 
Review Volume 3, Number 1, noticed that Fuller 
makes the following claim: 

4 

"Let's look at the 'calibration' of gelatin blocks. It is often 
assumed that the uniformity cif depth cif penetration cif a 

small air gun projectile is sufficient to 'calibrate' the test 
media. Implicit within that assumptions that the results 
from large, massive, high-velocity projectiles will simulate 
damage to human tissue and the results will also be com
parible to those at other test facilities. There is some evi
dence to show that, with deftnce rounds, this latter as
sumption is not valid. Some researchers have fOund that 
results can differ is one long block o[gelatin is replaced by 
two shorter blocks o[the same cross section and o[the same 
total length placed in contact, etzd to end. Other research
ers have {Outzd that restraining a block o[gelatin will pro
duce different results (rom m1 unrestraitzed block o[ the 
same size. Some facilities h(lve even gone so Jar as to use 
blocks cif a size and weight similar to an adult male. To 
be on the safe side I feel comparisons are best made be
tween data from the same facility. " 

--Street Stoppers, p341  
Fuller's comment is confusing, as he does not 

say what results differ (Expansion? Penetration?), nor 
does he provide and references. I know the penetra
tion can differ if the block is very small (from your 
book Bullet Penetration), but I'm curious as to his 
point. Will the use of multiple blocks change pene
tration results? More specifically, I'm wondering if 
encountering a new block in the last bit of the pene
tration regime might somehow give a misleading re
sult. I'm tempted to try the research myself if I'm 
sucessful in obtaining gelatin, but I thought it best to 
contact the IWBA first. 

Mike Hagen 
Response 

Mike has pointed out the logical problem 
(what results?) with this paragraph and also the ab
sence of any specific references as to exactly what was 
tested and who tested it. The combination of this 
vagueness and the fact that this is in Sanow's book 
raises the immediate suspicion that these "researchers" 
are just made up; this is possible, but it is also possible 
that these "researchers" are simply inept bunglers who 
got invalid results. Either way, the claims in this 
paragraph are wrong. However, the issues raised are 
not trivial, and could not have been answered so une
quivocally before the development of the penetration 
model (in Bullet Penetration) demonstrated the correct 
bullet penetration dynamics. Accordingly, a discus-
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sion of these issues gives insight into these dynamics. 
The gelatin block restraint and one vs. two 

gelatin block issues raised in the above underlined 
section from Street Stoppers will be discussed in several 
ways in the following paragraphs, but some back
ground will be useful. When taking the penetration 
data used to validate the penetration model described 
in Bullet Petzetration, I realized that there was no in
formation on what shot spacing was required to avoid 
invalid data. This was not surprising because the re
quired information could not be obtained without a 
really good penetration data base, which in turn was 
not available and needed to be generated to validate 
the penetration model. To avoid this problem, I took 
the data using large gelatin blocks and avoided shots 
within 2 inches of the block edges (or other shots) 
and did not include the occasional shots that violated 
these self imposed constraints. When the model was 
developed, I made specific tests to assess the effects of 
block size and shot spacing for typical JHP handgun 
bullets; these results are reported on Pages 80-83 of 
Bullet Penetration (and show that I was conservative in 
my original data taking requirements). As Mike 
mentions in his letter, this data shows that with con
ventional JHP handgun bullets, gelatin block size af
fects penetration depth only when the blocks are quite 
small. This effect is not large; the increase in pene
tration depth is less than 10% unless the blocks are 
ridiculously small. I do not know of any other inves
tigation of the effects of block size or shot spacing, 
but additional investigations would be welcome and 
useful. Note that such investigations are much more 
demanding than typical testing, and require good 
technique to accurately measure this small effect. 

The issue of gelatin block restraint is a curi
ous issue. In the first place, there is no such thing as a 
truly unrestrained block of gelatin in practical testing 
because the block is restrained on the bottom by the 
table it is resting on. In the second place, any effect of 
constraint on the gelatin block cannot be separated 
from block size. In the third place, it is not clear why 
anyone would want to make a serious investigation of 
the effect of gelatin block constraints because the re
sults have no practical application. 

The effects of block constraints can be pre
dicted qualitatively because the dynamic effects are 
the same as small block dynamics. Constraining small 
(i.e., as described on Page 82 of Bullet Penetratiotz for 
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typical JHP handgun bullets) blocks will reduce 
penetration somewhat, but constraining larger blocks 
will not cause an observable change in penetration 
depth. This result can be deduced from complex dy
namics considerations, but this prediction is also in
tuitive based on the knowledge that small uncon
strained blocks give increased penetration (putting 
constraints on the sides of a small block has the op
posite effect of reducing constraints by cutting away 
the sides of the block to make it small). This effect 
could be quantified by filling a 2 inch steel pipe with 
gelatin (instead of making a block), then shooting into 
it after appropriate curing, and finally carefully cutting 
the pipe open to measure, penetration, but I can't 
imagine why anyone would want to go to this trouble 
for an application with no practical use or conceptual 
significance. 

I did a lot of testing with spheres when vali
dating the penetration model. Part of the reason for 
this is because spheres do not have angle of attack ef
fects, and so are an especially desirable configuration 
to .use when precision is needed to detect small ef
fects. Another reason for sphere testing is that it is 
relatively easy to use spheres of different sizes and 
materials, and so to flush out any dynamic effects that 
depend on size or sectional density. The largest 
spheres I used had a diameter of about .68 inch, a 
weight of about 400 grains, and velocities up to 1600 
ft/sec, which I trust Fuller will consider "large, mas
sive, high velocity" relative to typical handgun bullets. 
Large spheres have a lot of penetration depth; the 
maximum penetration depth in the spheres I used was . 
almost 4 feet. Since the blocks I used had a length of 
22 inches, these maximum shots entered the third 
gelatin block, and many of the shots entered the sec
ond block. On the other hand, the small 6mm 
spheres did not fully penetrate a single block up to the 
maximum velocity tested (about 3200 ft/sec). This 
data is plotted in Figures 8-5, 8-6, and 8-7 of Bullet 
Penetration, and shows absolutely no effect associated 
with block-to-block bullet passage. This sphere data 
is probably the most reliable test data that can be ob
tained, but much of the JHP penetration data was also 
obtained by shooting through two blocks (for reasons 
described in detail on Pages 196-197) and also shows 
no effect of block-to-block transitions. 

The absence of detectable block-to-block 
transition effects is completely compatible with pene-
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tration dynamics. The only effect of cutting a block 
perpendicular to the bullet flight path (i.e., having two 
blocks instead of one) is to eliminate the shear forces 
at the cut location. The elimination of these shear 
forces is not important to either bullet expansion or 
penetration for reasons that I described in detail in 
Wound Ballistic Misconceptions in the Volume 2, #3 
Wound Ballistics Review. The bottom line is that these 
shear forces are too small relative to inertial forces to 
be important; more detail is in the article if you are 
interested. 

The final basic effect associated with the lack 
of dynamic effects from transitioning from block to 
block has to do with VT (the bullet penetration 
threshold velocity). This parameter is discussed in 
Bullet Penetration on Pages 94-95 and 153-157, but 
these locations are in the more technical sections of 
the book and easy to miss for anyone with limited 
interest in the technical details. This parameter (V T) 
turns out to be not only the minimum velocity re
quired for a bullet to enter gelatin, but also the mini
mum velocity in the gelatin; when the bullet velocity 
drops to this low level it deforms the gelatin elastically 
(and rebounds) without further penetration. In ef
fect, the bullet doesn't see the division between the 
two touching blocks even though it is obvious to you. 

The bottom line is that you can take your pick 
of test results or theory to demonstrate that Fuller's 
"researchers" cannot produce valid results to back up 
any of the doubts that Fuller seems to be trying to 
attribute to gelatin testing. Fuller's comments show 
that he does not seem to have any understanding of 
the conceptual basis for gelatin calibration, and this 
may be part of the reason for his doubts. In any case, 
the idea that simply getting data from a given facility 
ensures uniformity or reliability of results is ludi
crous. 

Duncan MacPherson 

Authorized Ammunition 
I work for the Wells Fargo Guard Services 

(WFGS) security company, and WFGS has require
ments on authorized equipment. WFGS allows their 
armed guards to carry " ... a revolver, caliber .38 Special 
or .357 magnum only. No Automatics. Revolver 
barrel length is four to six inches. Revolver finish 
may be either blue or silver." Ammunition must have 
" .. .lead round nose bullets only. No Hollowpoints." 

On one occasion a supervisor checked the 
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revolver of a fellow guard and found he was carrying 
full metal jacket round nose factory ammunition. 
The supervisor told the guard ''You're off duty. Go 
home and change your ammo. We use round nose 
lead bullets only. No jacketed bullets allowed." 

This letter is to ask the advisability of asking 
WFGS management to allow their armed guards to 
carry a more effective bullet style in their required .38 
Special cartridges. No, I wouldn't ask for the "politi
cally incorrect" hollow points that the media loves to 
call "Dum Dum bullets". However, I am wondering 
if .38 Special lead semi-wadcutters would offer 
enough of an improvement to make it worth all my 
time and trouble. I word it that way because, at least 
in my company, those of us down at guard level are 
assumed to not know anything. It can be quite diffi
cult to prove otherwise. 

Name withheld by request 
This member letter was answered directly (support is 
given to all member requests for itiformation), but since 
this cotifidential request is of general interest we got per
mission to print it in the journal. 

Response 
I have two general comments before getting 

to your question. The first is that it seems to me that 
ifWFGS wants to place requirements on ammunition 
carried by their guards, they should provide the 
ammumt1on. Any legal or image rationale for 
controlling ammunition carried by their guards 
would be much enhanced by direct control of the 
ammunition rather than assuming each guard will 
fully understand and carry out their requirements. 
The second point is that your organization is not 
unusual in having ammunition selection decisions 
made by managers who do not have the interest and 
knowledge of firearms and ammunition that many 
working level individuals in the organization have. 
This unfortunate situation is not necessarily the rule, 
but it is not uncommon. 

The most effective (i.e., causing the most tis
sue trauma) handgun ammunition uses JHP bullets. 
These do tend to get negative comments from the 
media, but are used by most law enforcement de
partments. On the other hand, JHP bullets are not 
permitted in some departments (e.g., NYPD). If it is 
decided that JHP bullets will not be allowed, a non
expanding bullet design must be used. The most ef-
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fective non-expanding bullet design is a cylinder (i.e., 
a full wadcutter), which produces about 50% more 
tissue trauma than any other non-expanding design.1 
Cylinder bullets tend to cause feeding problems in 
automatics, but this is not a concern with revolvers if 
speed loading is not a requirement (almost certainly 
not a requirement for WFGS). 

Note that effectiveness in creating wound 
trauma with cylinder bullets does not require "hot 
loads", which produce over penetration without any 
useful increase in wound trauma generation. A ve
locity of 800 ft/sec with a bullet weight of 130 grains 
gives adequate penetration; this relatively light load 
makes recoil management easier, with a correspond
ing improvement in practical effectiveness if multiple 
shots are fired. The bullets should be a hard lead al
loy; linotype is ideal. The forward edge of the bullet 
should not be rounded; the photographs on page 177 
of Reference 1 show the ideal bullet profile. 

Using cylinder bullets would provide a sig
nificant improvement in effectiveness relative to the 
round nose bullets you are now using. These bullets 
do not have a threatening appearance or reputation in 
the media, so there is no obvious reason to judge 
them unacceptable in concept (and the fact that they 
are "light loads" should be an image asset). This op
tion seems worth pursuing with WFGS. 

Duncan MacPherson 
Reference 
1. MacPherson, Duncan, Bullet Penetration - Modeliug the Dyuam

ics and the Incapacitation Resulting from Wormd Trauma, p 276-

278, Ballistic Publications, Box 772, El Segundo, CA , 1994 

Super Bullets Again 
One of the members who attended the Octo

ber 1997 IWBA Conference gave me promotional 
materials (a two page writeup and a 10 minute video
tape) from Mullins Ammunition, Inc. The gist of this 
promotional material is that the rifle and handgun 
ammunition produced by Mullins is very high quality 
and possesses the terminal ballistic performance that 
everyone has been dreaming of The first of these 
claims could well be true, but the second is preposter
ous. 

Mullins ammunition is essentially handloaded 
rather than being machine produced in quantity. The 
procedures typically followed by precision handload
ers are claimed to be (and apparently are) used in their 
production process. As a result, the claims for reli-
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ability and accuracy of the produced ammunition are 
probably true. Prices are not quoted, but the exten
sive use of hand labor means that prices have to be 
much higher than commercial ammunition produced 

, in larger quantities by more automated high volume 
machines. 

The illustrations of the Mullins rifle rounds 
in both the writeup and the video make them appear 
to be FMJ rounds of relatively conventional profile; 
although some of the rifle rounds shown in the video 
appear to have an unjacketed bullet tip. The different 
feature of the bullet construction is the interior core, 
which is powdered tungsten. I was given a .4SACP 
round, which I assume is typ,ical of handgun bullets. 
This .45ACP round has the profile of military hard
ball, but the jacket ends about 0.10 inch from the 
bullet nose. This exposed core appears to be the 
powdered tungsten core covered by a thin, not com
pletely uniform thin lead alloy wash, but in any case 
the surface has the appearance and hardness of a lead 
alloy. The handgun bullet core is obviously pow
dered tungsten in some kind of binder, and I presume 
the rifle rounds are also, although neither the writeup 
nor the video explains this. The bullets weights are 
typical for both the rifle and handgun bullets. 

One claim for these bullets is that they "totally 
fragment on surfaces that would cause lead bullets to 
ricochet"; this claim is almost certainly an exaggera
tion, but these bullets probably do break up well on 
most surfaces that would produce ricochets with bul
lets of typical construction. 

The least supportable claims made tor these 
bullets is that they are "explosive on organic targets" 
and "deliver massive shock trauma to organic targets 
resulting in one shot stops". The curious thing about 
these claims is that the video states very e:x.-plicitly that 
these bullets will not break up in ballistic gelatin. 
Associated comments on the video (made while a very 
surly guy holds a knife and glowers at you) describes 
how devastating these bullets are on "organic targets", 
and urges anyone who really cares about their loved 
ones to get this ammunition in order to protect them 
properly. No mention is made of the need to hit 
bone to break up these bullets, in fact, it is more or 
less directly stated that this organic target (i.e., Mr. 
Surly) is so hard and tough that he will break up the 
bullet. Maybe their theory is that sociopaths don't 
have any soft tissue. Someone should tell these guys 
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that hard-hearted is just a figure of speech. 
The video shows a Russian Boar being shot 

through the bony shoulder plate (a big point is made 
of the hardness of this location) with one of these 
9mm handgun bullets. This boar runs a little ways, 
drops, and dies. The shoulder bone probably did 
break up the bullet, but the effect of this is not shown 
(the details of this shot location are not given). There 
is a brief glimpse of damaged tissue and claims of dev
astation, but nothing remotely convincing. This is a 
good result, but any FMJ round through the heart 
would do about the same. 

If this sounds like the claims made for the 
now defunct Rhino/Razor ammunition, it is because 
the claims were essentially the same. As was the case 
with the Rhino/Razor ammunition, it is not clear 
whether this promotion is being made by someone so 
uninformed in wound ballistics that they actually be
lieve these claims, or whether the promotion is cyni
cally aimed at the suckers who believe everything 
written in the popular "gun magazines". 

Duncan MacPherson 

Daisy 880 Velocity 
David Townshend's letter to the editor that 

was printed in the Wound Ballistics Review recently, 
(Volume 3, Number 2, 1997) has prompted me to 
add my comments. I would agree with Townshend's 
indications of higher velocities for the Daisy 880. It is 
my impression, that the "average maximum velocity 
(obtained with 25 pumps per shot) for the Daisy 
Model 880" of 632.5 fps. as reported by Rathman, was 
probably from a defective airgun. Historically over the 
years, the normal average for 10 pumps has rather 
routinely exceeded the Rathman figure for 25 pumps. 

The admonition by Daisy against pumping 
the airgun is not a simple recommendation. The fol
lowing is noted in their Model 880 Operation Man
ual. (Part No. 35602.) "NOTE: Do not pump your 
gun more than 10 times. Muzzle energy increases 
produced by more than 10 pumps are minor, and in
creased pumping will damage your gun." They 
are obviously suggesting that increased pumping 
could damage the pump and valve mechanism. The 
same manual indicates the BB velocity at 10 pumps to 
be 685 fps. 

A few years ago, I started a computer data base 
on airgun velocities. I have accumulated a number of 
880 velocities among many others. 
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It is interesting to note that in 1972, the H. P. 
White Laboratory rendered a report on velocity tests 
that they conducted on the Daisy 880. That report 
indicates that for 10 pumps the velocity varied from 
671 to 682 fps. 

In 1974, the American Rifleman (5!74) re
viewed the Daisy Model 881. (Accurized version of 
the 880.) Their velocity tests at 10 pumps gave them a 
velocity of 681 fps. with BBs. They concluded that 
"velocity firings with the Model 881 produced excel
lent uniformity with both BB's and pellets. BB veloc
ity varied only an average of 18 fps. shot to shot. (Ve
locity was measured at 15 feet.) 

It is noted that a 1975 advertisement by Daisy 
for the Models 880/881, indicates the 10 pump BB 
velocity to be 707 fps. I very recently test fired a 
Daisy Model 880. (Lot No. 059624370) I obtained a 
average velocity of 685 fps with 10 pumps. My aver
age velocity at only 7 pumps, slightly exceeded the 
Rathman figure for 25 pumps. I also test fired a Daisy 
Model 880 (Lot No. 0794-14824) that produced an 
average velocity of 715 fps with 10 pumps. 

It should be noted that the Daisy Perform
ance Acceptance Criterion dated 9/3/1987 sets mini
mum and maximum velocity values for the Model 
880/881 of 635-735 fps. Their specification value is 
685 fps. (This value is for 10 pumps.) 

Because of the damage admonition by Daisy, 
I have been reluctant to test fire any evidence airguns 
beyond the 10 pump maximum. I did however test 
fire a non evidence Daisy airgun (Made in 1992), by 
going to 20 pumps. That particular rifle produced an 
average velocity of 723 fps. (731 fps maximum) at 20 
pumps. I measure the velocity in my testing by using 
an Oehler 35P Chronograph. 

The lethality of BBs fired from multi-pump 
pneumatic air rifles is well established. The U.S. 
Consumer Product Safety Commission has been 
collecting airgun injury data for some time. A few 
years ago, their data indicated that 18 people ages 2 to 
14 had been killed with airguns. (1979-1990.) I had 
personal involvement with one of the cases that took 
place here in Minnesota. The decedent was a young 
girl age 6, who died of a BB fired into her chest by a 
playmate who thought it wouldn't hurt her. The BB 
penetrated the chest and into the heart. 

Stanton 0. Berg 
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COMMENTS ON THE "FINGER ON 

THE TRIGGER" ISSUE 
Donald A Bassett 

I'm writing to belatedly thank Dr. Fackler and 
Ernie Tobin for the article, "Officer Reaction - Response 
Times in Firing a Handgun", in Wound Ballistics Review, 
Vol 3, No 1, 1997. The article provides valuable insights 
regarding officer reaction time in firing a handgun, and 
its relationship to "suspects shot in the back" and "finger 
on the trigger" issues. This study confirms what many of 
us in law enforcement firearms training have long be
lieved - that the additional time required to fire a hand
gun beginning with the finger outside of the trigger 
guard is significant, and could be decisive in a close
proximity shooting event. 

The topic of unintended discharges by police 
clearly warrants vigorous examination, and you are to be 
commended for providing the forum for it in the Jour
nal. However, the responses to your article by Lt. E. Fred 
Bosse, Charles J. Key, and Duncan MacPherson, which 
appeared in Wound Ballistics Review, Vol 3, No 2, 1997, 
suggest to me that some confusion may exist regarding 
"finger-on/off-the-trigger" doctrine, which lies at the 
heart of the issue, preventing clear definition of the de
bate. 

What do we mean by the phrase, "finger off the 
trigger?" Bosse and MacPherson allude to "finger-off
the-trigger" doctrine, but fail to fully define or describe it, 
assuming, perhaps, that we all share a common under
standing. Charles Key states that an officer should keep 
his finger outside the trigger guard until prepared to 
shoot, but later questions the advisability of having the 
finger on the trigger prior to the time that the decision to 
shoot has been made. The requirement that law en
forcement officers keep their fingers outside the trigger 
guard until they are prepared to shoot is dramatically 
different than requiring them to do so until they have 
made the decision to shoot e.g., a bird hunter moving 
across a field is prepared to shoot, but doesn't make the 
decision to shoot until a bird presents itsel£ 

The responsible practice of teaching officers to 
keep their trigger fingers outside the trigger guard of fire
arms while covering potentially threatening persons or 
areas is not new to law enforcement. This doctrine had 
long been taught by the FBI when I underwent Special 
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Agent training in 1965; it was designed to protect agents, 
suspects and the public from unintended discharges. 

What is new, and in my view very problematic, 
is that some departments are now requiring officers to 
keep their finger outside of the trigger guard until the 
decision to shoot has been made. Since a police officer is 
always in a position of reacting to the action of an assail
ant; and since reaction is always slower than action, such 
a policy will further handicap an already-disadvantaged 
officer by an average of .312 seconds according to your 
figures. In essence, "finger off-the-trigger until deciding 
to shoot" policy denies the officer the authority to as
sume the highest state of defensive preparedness 
(weapon trained on the suspect with finger on the trig
ger) short of making the decision and commitment to 
shoot. 

Charles Keys may be correct in stating that it is 
the officer's decision to shoot which is the subject of 
most litigation; and if our primary concern is liability 
avoidance, then requiring officers to keep their fingers 
off the trigger until deciding to shoot is clearly the solu
tion to the unintended discharge problem. However, if 
our primary concern is officer survival, the speed and 
accuracy with which an officer can react to an assailant's 
attack after making a sound decision to do so are critical, 
and must not be minimized. 

The debate, in my view, focuses on two ques
tions: should officers be required to keep their fingers 
outside of the trigger guard until they have made the de
cision to shoot, to reduce the chance of unintended dis
charges; and can we expect the majority of police officers 
to do so while laboring under the stress of a shooting 
event? 

There is no question that unintended discharges 
of police firearms are a problem that should be of con
cern to us all. Unfortunately, we do not know the precise 
scope of the problem due to a lack of definitive data. It is 
also clear that unintended discharges are caused by the 
officer's finger being in contact with the trigger. But 
there is a serious and legitimate question whether bur
dening law enforcement officers with "finger-off-the
trigger until deciding to shoot" policy is an appropriate 
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solution to the problem. 
The statistics provided by Mr. Keys are not 

helpful in this regard, because they fail to provide a 
meaningful comparison of officers shot accidentally with 
the total officers killed by firearms during the referenced 
period. I offer an alternative statistical perspective: Ac
cording to Law Etiforcement Officers Killed and Assaulted: 
1995 (U.S. Department ofJustice, FBI, Uniform Crime 
Reports) during the period 1986-1995, 44 law enforce
ment officers were accidentally killed by firearms in the 
U.S. (pg 63). This figure represents less than 7% of the 
647 officers feloniously killed by firearms during the 
same period (pg 15). Of the 44 accidental deaths, 36 were 
caused by crossfires, mistaken identities, and firearm 
mishaps; 7 occurred during training sessions; and 1 was 
self-inflicted (pg 63). These data do not indicate how 
many of these accidental fatalities were related to the 
"finger-off-the-trigger issue", but it is obvious that not all 
of them were (e.g., crossfire and mistaken identity 
shootings are typically intentional firings which strike an 
unintended target). Nor do the data indicate how many 
of the 647 officers who died in gunfights between 1986 
and 1995 might be alive today had they increased their 
survival margin by an additional .312 seconds by having 
their finger on the trigger. In short, any argument based 
on the above statistics, that "finger-off-the-trigger until 
deciding to shoot" policy will protect police officers in 
the aggregate, can only be viewed as spurious. 

Proponents cif "finger-off-the-trigger until de
ciding to shoot" doctrine maintain that officers can be 
trained to comply with such policy, and point to range 
training experience as evidence. However, experienced 
police firearms trainers know that the reality of an actual 
shooting incident is usually much different than range 
training. Senior firearms instructors with whom I have 
spoken, some of whom teach "finger-off-the-trigger un
til deciding to shoot" doctilne, candidly admit that when 
the fear/stress level is sufficiently high, most officers (in
cluding themselves) will place their finger on the trigger 
regardless how they have been trained, or whether they 
have made a conscious decision to shoot. Lt. Bosse ech
oes this sentiment in his letter (item #6), when he states 
that in some circumstances he is willing to alter "finger 
off the trigger" policy, "a little (or a lot!! !)." 

In May 1988 a Weapons Workshop was con
vened by the Firearms Training Unit at the FBI Acad
emy, comprised of weapons experts representing a wide 
variety of federal, state and local law enforcement agen-
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cies, and the military. The workshop report ("Weapons 
Workslwp: 5/16-19/1988", U.S. Department of Justice, 
FBI) concluded that, "It is unrealistic to instruct the 
Agent/officer to keep his finger off the trigger until he is 
intending to shoot. In actuality, the Agent/officer facing 
an unidentified subject in a potentially dangerous situa
tion will have his finger on the trigger no matter what 
policy or instruction have said to the contrary, and 
common sense and survival instincts dictate that he 
should." 

My experience as an FBI firearms instructor and 
researcher and a forensic consultant has been that most 
police officers who have been involved in shooting 
events were unaware of when they had placed their fin
ger on the trigger; and officers who had experienced 
unintended shootings were not consciously aware that 
their finger was on the trigger at the time of discharge. 
Indeed, Charles Key, acknowledges this when he points 
out that, "During a fight for one's life . . .  officers may not 
know where their fingers are . . .  " The literature of stress 
psychology is also supportive in this regard. 

Notwithstanding the feasibility of teaching offi
cers to comply with "finger-off-the-trigger until deciding 
to shoot" doctrine, the next question is whether such a 
practice can be reliably taught to the average officer given 
the time and resource constraints on initial and con
tinuing firearms training. To expect compliance with 
such a doctrine it is necessary to instill in each officer 
(including the weakest shooters) the confidence that 
keeping his finger outside the trigger guard until making 
the decision to shoot will not seriously impede his 
chance of survival. This confidence level must be sus
tained between training events, as skill levels deteriorate. 
It is my view that even the training afforded by our 
leading agencies will not support this level of confidence 
in the average police officer. 

Serious effort should be invested in reducing 
unintended discharges of police weapons. But the solu
tion should be founded on solid operational principles -
not fear of liability; and it must allow for human psy
chological and physiological limitations. Above all, the 
solution must provide an acceptable balance between the 
safety of civilians and other law enforcement personnel 
in the proximity of officers who are handling firearms, 
and the ability of those officers to defend themselves if 
necessary. 

The search for solutions should examine alter
natives to "finger-off-the-trigger until deciding to shoot" 
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philosophy. Unfortunately, my experience indicates that 
many law enforcement officers have only a vague idea of 
when they are justified in placing their finger on the trig
ger. This ambiguity can result in an officer's finger being 
on the trigger when it is not reasonable, and should be 
eliminated by establishing and teaching an explicit 
weapon management doctrine. For instance, a doctrine 
which permits an officer to place his finger on the trigger 
when he reasonably anticipates the imminent need to 
use deadly force would clearly convey that the finger 
should never be placed on the trigger frivolously. Yet it 
would justify assuming the highest state of readiness in 
those not-uncommon situations where the officer does
n't yet have justification to shoot, but thinks he may have 
to momentarily (e.g., a suspect who repeatedly fails to 
keep his hands where the officer can see them during an 
arrest). 

Improved training will also contribute to the 
solution - particularly scenario or decision courses which 
can sharpen the officer's ability to distinguish between 
those instances where there is simply a potential for 
needing deadly force (finger off the trigger) and those in 

Editorial Comment 

which the need to use deadly force is probably imminent 
(finger on the trigger). 

Weapon selection is a critical (and frequently 
overlooked) factor in reducing unintended discharges, 
and should be included in the debate. Modem handguns 
with relatively short, light triggers are appearing in in
creasing numbers in police hands, perhaps because they 
are relatively inexpensive and easy to shoot. There is 
widespread belief that these weapons are responsible for 
increased unintended discharges. Any serious effort to 
reduce unintended discharges must include selecting 
weapons that are more forgiving of human performance 
under stress e.g., weapons with reasonably long, heavy 
trigger pulls on the first shot tp absorb impulses from the 
trigger finger that might account for unintended dis
charges. 

I look forward to reading additional commen
tary on this important topic. Thanks again for the article 
and the forum, and let the debate continue; but in the 
meantime, let's be certain that we don't needlessly risk 
the lives of police officers in an attempt to avoid liability 
arising from unintended discharges. 

The "bottom line" comments in my article referenced by Bassett include "Law enforcement officers .. . . . must have a 
good reason for having a finger on the trigger." Probably everyone can agree on this statement as a general objective, but 
unfortunately, it is too vague and general to be really useful in determining policy in many specific cases. As Bassett clearly 
points out, a policy that requires waiting until a decision to shoot has been made has serious flaws in both tactics (increased 
officer risk) and practicality (it won't be followed in many cases because of this increased risk). Bassett's recommendation 
that the policy be waiting until the officer is prepared to shoot is a useful step in the right direction; this is much better than 
"having a good reason", but suffers has the same generality problem. When should the officer be prepared? It is not clear 
that everyone will be in agreement as to what "prepared to shoot" should cover in a theoretical sense, much less be in 
agreement in specific tough practical cases. What is needed are specific guidelines on when having a finger on the trigger is 
appropriate. 

The difficulties in establishing a specific policy are intrinsically difficult, and are exacerbated by the reality of hostile 
juries who are ignorant of the realities of combat. A physically competent unarmed perpetrator who insists on walking up 
to a lone officer in the face of orders to stop usually presents an intolerable risk. Any realistic policy will authorize not only 
finger on the trigger, but actual shooting; does anyone doubt that the result of "shooting an unarmed man" will be very ugly 
for the unfortunate officer involved? 

It seems that any "finger on the trigger" policy should include as factors: 
- whether the suspect is armed (yes, no, or unknown) 
- whether non-suspects are in the line of fire (actually or potentially) 
- the degree to which the suspect is following orders and being cooperative 
- knowledge of the suspect's mental state and attitude 

and possibly others. Bassett has pointed us in the right direction by pointing out the need to specifically define what the 
"finger on the trigger" policy is. We solicit contributions from members; if you have information on specific legal proceed
ings or specific departmental policies on this issue, we would like to hear from you. We will make the collected inputs 
available to members in some form. 

Duncan MacPherson 
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IMPROVED HANDGUN 

AMMUNITION 
Duncan MacPherson 

Introduction 
Many cases of JHP bullet expansion failures 

have been a nagging concern to a number of IWBA 
members for years. The IWBA receives numerous 
inquiries from members in law enforcement relative 
to handgun ammunition, usually related to poor ex
pansion experiences in shootings. These inquiries 
typically include requests for IWBA recommenda
tions on ammunition. Neither the IWBA nor the 
author make recommendations to use a specific brand 
of ammunition or any other commercial product in 
order to avoid even the appearance of commercial ties 
or obligations. Moreover, these reported failures 
were distributed over various brands of ammunition, 
and so there was no useful recommendation to be 
made even if there was an inclination to do so. How
ever, these inquiries and discussions with Lt. Ed 
Fined relative to expansion failures in CHP shootings 
led me to think about the expansion failure problem. 

Modern JHP handgun bullet designs perform 
very reliably in testing ; expansion failures are rare. It 
seems likely that occasional expansion failures in 
service are inevitable, but the number of failures in 
service appeared excessive to me even though they 
were a relatively small fraction of all shootings. The 
unavoidable conclusion seemed to be that these ex
pansion failures were a result of the fact that the ex
pansion of existing JHP bullet designs were not robust; 
in engineering terminology, lack of robustness simply 
means that small changes in conditions are likely to cause 
failure. Initially, this conclusion seemed surprising 
because "heavy clothing" stages have been common in 
handgun ammunition testing protocols ever since this 
approach was initiated by the FBI handgun ammuni
tion test protocol defined in 1989, and the best mod
ern JHP bullet designs have almost no failures either 
in these stages or against bare gelatin. A little more 
thought made this seem less surprising, because the 
"heavy clothing" stages in various tests seem to have 
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been selected to represent specific clothing without 
any systematic investigation directed at evaluating 
what aspects of the cloth were critical. 

A thoughtful investigation of the effects of 
soft barriers (e.g., clothing, as opposed to the hard 
barriers represented by building materials and auto
mobile glass) seemed to me to be overdue. Ed Fincel 
agreed with this assessment, and he, State of Califor
nia Associate Procurement Engineer Nick Milosko
vich and I set about implementing this investigation 
in the last quarter of 1996. This activity was very suc
cessful, and has led to a new ammunition test proto
col; ammunition satisfYing the requirements of this 
test protocol has been developed and is now commer
cially available in .40S&W. This new ammunition has 
much more reliable expansion after penetrating soft 
barriers than any ammunition previously available in 
this caliber. Improved 45ACP and 9mm ammunition 
designs are in the final development stages. 

Investigating Soft Barriers 
Since cloth seemed to be the most practical 

test soft barrier, several kinds of cloth were purchased 
and tested to determine what characteristics had the 
largest effect on the ammunition brands provided. 
The cloth tested included denim and polyesters with 
different weight and "feel"; the tests included combi
nations of different cloths as well as variation in num
ber of layers. 

CHP .40 S&W issue ammunition (past and 
present) and a variety of other ammunition in 
.40S&W and .45ACP calibers was used in these inves
tigative tests. This testing showed that the effect of 
the cloth barriers did not seem to be ammunition 
brand specific; i.e., if a selected cloth barrier presented 
expansion problems for one brand and caliber, it pre
sented problems for all brands in either caliber. The 
performance of the different brands was not identical, 
but the complexity of having different cloth configu-
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rations be critical for different ammunition calibers 
and brands did not exist. This was not unexpected, 
but confirmation of this simplification was welcome. 

The conclusion of these investigative tests 
was that the denim alone seemed to provide a stress
ing but reasonable test. The specification of cloth in 
the tests was expected to be an issue, and it was hoped 
that denim would be easier to define in a specification 
than a polyester. The number of layers of denim 
penetrated had been a variable in the investigation; 
not surprisingly, more layers caused greater expansion 
problems. Four layers of this heavy denim was 
adopted as the standard for future testing (and became 
the final protocol standard). This standard does not 
represent any specific clothing; it was selected to pro
vide a standardized, inexpensive, and precisely defined 
soft barrier requirement designed to force robust JHP 
bullet designs; i.e., designs that expand much more relia
bly against the soft barriers most common in law en
forcement shootings. 

The major ammunition manufacturers were 
contacted in December 1996 and invited to participate 
in the subsequent phases of this study by submitting 
samples of whatever .40S&W and .45ACP ammuni
tion in their product lines they thought would expand 
most reliably. Three manufacturers elected to partici
pate by providing ammunition; (in alphabetical order) 
Blount (Gold Dot), Remington (Golden Saber), and 
Winchester (Ranger). 

Comments on Expansion Failure 
It seems likely that JHP bullet expansion fail

ures in service are due to plugging of the hollow point 
through a mechanism not fully understood. The 
term plugging is used to mean that materials reduce 
the pressure inside the hollow point cavity; this in
cludes a physical plug of material like cloth, but may 
not be limited to this condition. A physical plug of 
cloth caught in the hollow point is often ejected dur
ing penetration; this can easily be observed in gelatin, 
but is obviously much harder to detect in tissue. It 
seems apparent that the major plugging effect in 
service is probably due to clothing. It is possible that 
skin could contribute to plugging in some cases even 
though the effect of skin and other tissue inhomoge
neities on JHP bullet expansion has been shown to be 
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relatively small in some tests1'2 and the effect of skin 
on bullet penetration has been shown to be trivial at 
typical handgun bullet velocities.' Bullet angle of at
tack effects may also affect expansion in some cases 
(bullet nutation caused by tip off dynamics at barrel 
exit can produce non-trivial angle of attack in hand
gun bullets trajectories). It would be desirable to un
derstand this complex dynamic situation more com
pletely, but expansion performance can be enhanced 
without this knowledge by simply making the bullet 
expansion mechanism more robust (the objective of 
this activity). 

It is clear that more JHP bullet expansion 
takes place in bare gelatin than in gelatin covered by 
any soft barrier. The four layers of denim provide a 
soft barrier that is very significant and creates a seri
ous expansion failure problem for almost all 1997 
(and earlier) JHP bullet designs. Intermediate soft 
barriers (e.g., two layers of denim) produce interme
diate expansion performance. This four denim layer 
standard is not the most extreme soft barrier possible, 
but can be considered a reasonable upper bound test. 
The effect of four layers of denim is much greater 
than any effect of skin or other inhomogeneities of 
the various body tissues. Thus, a bullet that expands 
satisfactorily in bare gelatin (i.e., does not overexpand) 
and also expands satisfactorily in gelatin covered with 
four layers of denim (i.e., expands reliably) demon
strates a robustness of expansion that can be expected 
to greatly reduce expansion failures in service. 

Evaluating 1996 Ammunition 
A test session was- held in February 1997 to 

evaluate the ammunition provided by the manufac
turers against the selected standard of 4 layers of 
heavy denim. About a dozen different brand/caliber 
combinations were tested in this session. All of the 
ammunition provided performed very well against 
bare gelatin (as expected of these well known and re
spected brands), but the performance of all brands in 
both calibers was erratic to poor when the gelatin was 
covered with the 4 layers of denim. All the bullets 
were recovered and saved. 

The details of how each of the 1996 ammuni
tion brands performed in the evaluation tests was not 
(and is not) relevant to the basic purpose of the effort, 
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and so is not reported herein. However, Figure 1 il
lustrates the typical performance problem by showing 
10 bullets fired through four layers of denim into 
gelatin. These bullets are the 1996-7 CHP issue load 
(a special order load not available commercially); the 
previous CHP issue load (from a different manufac
turer) has similar performance. The very erratic ex
pansion performance is typical of JHP ammunition 
that does not have robust expansion. The two shots 
that did give symmetric expansion were underex
panded and gave over 17 inches of penetration (in 
standard gelatin). The complete absence of expansion 
or asymmetric expansion (i.e., partial deformation on 
one side) is typical of unsatisfactory bullet designs. 
The reader will probably be surprised to learn that 
respected loads from major manufacturers that have 
not been designed for robust expansion typically have 
this level of performance (or worse!). 

Figure 1 
Typical 1996 ammunition 

expansion performance through denim 

In the week following the testing session I 
carefully examined the recovered bullets and the un
fired configurations while considering the dynamics 
of bullet expansion (described in Reference 1). I be
came convinced that modification of the JHP bullet 
designs would improve expansion performance in all 
cases. I selected several of the ammunition types in 
both calibers that had the poorest expansion perform
ance and modified the bullets with hand tools (with
out removing the bullets from the cases). The modi
fications differed significantly among the bullet de
signs in the different brands and calibers; these modi
fications are not described in detail to avoid encour
agmg unsound and uncontrolled experimentation. 
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This modified bullet ammunition was then evaluated 
in an April test session. 

The ammunition with modified bullets per
formed well without exception against the 4 layers of 
heavy denim test standard. Expansion was reduced 
slightly in the denim penetrations, but was still very 
acceptable, and in some cases the expansion differ
ences between bare gelatin and cloth covered gelatin 
penetrations were obvious only in a side by side com
parison. The expansion of the modified bullets in 
bare gelatin was very similar to the unmodified bullet 
expansion, demonstrating that the modifications did 
not introduce problems in penetrations without barri
ers. This testing proved that the 4 layers of denim 
standard was stressing by the standards of ammuni
tion then available, but a standard that was quite rea
sonable because it could be satisfied by making rela
tively minor changes in the JHP designs . . The differ
ent manufacturers use quite different approaches to 
bullet jacket design; the success across the board 
proved that the changes were indeed soundly based in 
the dynamics of expansion and were not an accident. 
It was clear that real improvements could be made in 
law enforcement ammunition provided by each of the 
manufacturers. 

May 1997 Status 
As explained in Reference 4, the dynamics of 

bullet penetration in soft tissue preclude significantly 
different effective permanent wound cavity volumes 
(the principal wound effect in handgun bullets) in 
properly expanding JHP bullets with identical weight, 
velocity, and penetration depth. Any real significant 
difference between different bullet designs (as in dif
ferent brands) lies in either reliability of expansion or 
in performance in the presence of barriers. It had 
now become clear to me that these two factors in 
ammunition performance (reliability of expansion 
and performance in the presence of barriers) were tied 
together in a way I had not previously fully under
stood. Some background is necessary to understand 
this connection. 

Most people seriously interested in wound 
ballistics know that the disastrous 11  April 1986 
shootout in Miami led the FBI to initiate activities 
that led to the acceptance of both a 12 inch minimum 
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penetration requirement for handgun ammumt10n 
and the establishment of an explicit handgun ammu
nition testing protocol. These steps triggered a major 
improvement in handgun ammunition development. 
Unfortunately, this good start did not follow the 
evolutionary path of typical good technical progress 
by incorporation of continuous analysis and modifi
cation to incorporate the results of the improved un
derstanding and new ideas that result from thoughtful 
consideration of experiences. To the contrary, the 
FBI has resisted all suggestions for changes to correct 
problems in their test protocol and analysis. The FBI 
convened a Wound Ballistics Seminar in January 
1993; and a special session was held to discuss the 
problems in the test protocol and analysis raised by 
the attendees. Some significant issues were a unani
mous concern, but were met with the objection that 
change would "invalidate the data base". This objec
tion is specious because the manufacturers sometimes 
make small changes in bullet designs or manufactur
ing processes without obvious changes in identifica
tion. As a result, any evaluation of any ammunition 
brand that is more than a year or two old does not 
necessarily represent current performance. 

The official FBI position on their handgun 
ammunition testing protocol is that it is in place to 
serve the needs of the Bureau, but that the test data 
will be given to other law enforcement agencies upon 
request. This official stance is disingenuous at best; 
the Bureau reports that are made available list not 
only the raw data, but also performance analysis cal
culations that have significant conceptual flaws. In 
addition, Bureau representatives have often given 
summary performance conclusions (in effect, ammu
nition recommendations) in response to inquiries. 
This situation is well known, and as a result, the flaws 
in the FBI handgun ammunition testing protocol and 
analysis have had a significant impact on law en
forcement handgun ammumt10n development 
through economic pressure on the ammunition 
manufacturers. 

One of the problems discussed at the 1993 
meeting was the de facto relative weighting of the 
tests that is imposed by adding all the tests results to
gether into bottom line numbers. This is unjustified 
in principle, and cannot be proper under any circum
stances for all users. As an example, the FBI test pro-
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tocol incorporates 25% of the test stages through 
building materials (plywood and wallboard) even 
though this decision has been questioned by several 
individuals; the Bureau justification is that 25% of 
FBI shootings are through these materials. Most law 
enforcement agencies almost never shoot at perpe
trators through these materials (because blind shots 
are out of policy), and so weighting ammunition 
performance through these barriers at 25% of the to
tal is inappropriate for them. The Bureau response at 
the meeting was agreement that this approach of pro
viding bottom line numbers was potentially mislead� 
ing and would be discontinued - unfortunately this 
commitment was ignored. " 

Understanding of the dynamics of hard bar
rier penetration is now much better than was the case 
in 1993. Careful testing has shown that the forces on 
the bullet are so large during penetration of automobile 
windshield glass that any bullet that expands in soft tissue 
has no effective resistance to deformation from glass 
contact.5 As a result, attempting to improve JHP bullet 
performance through automobile windshield glass can 
significantly compromise performance through soft bar
riers without making any useful improvement in per
formance through the glass. The derived consequence is 
that performance through automobile glass is not a prac
tical ammunition evaluation criteria for modern JHP 
bullet designs; these bullets hold together reasonably well 
and you accept what you get otherwise. It is obvious by 
analogy that this same effect will exist to at least some 
extent for other hard barriers; i.e., a significant compro
mise in performance through soft barriers is required to 
improve performance through building materials. The 
difference here is that building materials (unlike auto
mobile glass) are not important barriers for most law 
enforcement agencies. The test results showed that the 
performance of existing law enforcement ammuni
tion through soft barriers (a � important issue) had 
been compromised to enhance performance through 
the building material stages of the FBI handgun am
munition testing protocol (very unimportant to most 
law enforcement departments). 

The tests we had run showed that making 
JHP bullet designs that would expand reliably after 
penetrating the four layers of denim was not difficult. 
The designers at the ammunition manufacturers were 
knowledgeable and had the experience and capability 
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to modify the basic JHP bullet construction to 
achieve desired performance. They could easily sur
pass what I had done, and make JHP ammunition 
that would expand much more reliably than the de
signs on the market. Why hadn't they done so? 

Discussions with Manufacturers 
Over the next couple of months I met with 

representatives of each of the participating manufac
turers to discuss the test results and implications. 
These conversations were similar in many respects, 
but by no means identical. The following description 
represents my interpretation of a consensus, but does 
not necessarily represent every manufacturer's stance 
on non-technical issues. 

The basic purpose of this whole project was 
to make better ammunition available, and not merely 
to test and report on available ammunition. It was 
clear that existing ammunition could be improved, 
but I also believed it prudent to avoid any chance that 
results would be discussed out of context and either 
deliberately or inadvertently unfairly condemn exist
ing ammunition. This concern was dealt with by re
stricting discussions of the testing project during this 
period to persons who had some good reason to know 
about it; this approach somewhat slowed the inevita
ble spread of discussion about this new approach .. 
The discussions with each of the manufacturers dealt 
only with the ammunition provided by that manu
facturer. 

Discussions with the manufacturers showed 
there was no significant dispute over the technical 
facts. All of the manufacturers agreed that JHP bullet 
designs could be easily modified to expand more re
liably against soft barriers. Continuing efforts to 
make ammunition expansion more reliable were un
derway at all of the manufacturers, but these efforts 
were constrained because useful changes generally 
somewhat compromised performance in the building 
material stages of the FBI test protocol. 

Non-technical issues had a somewhat broader 
spectrum of expressed opinion. Opinions of the FBI 
handgun ammunition testing protocol include most 
of the concerns expressed by the attendees at the 1993 
Wound Ballistics Seminar, but there is some variation 
in expressed intensity of feeling. All of the manufac-
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turers are concerned about incurring a negative effect 
on sales of their ammunition if they are perceived as 
challenging the FBI test validity; typically, "Law en
forcement departments call up the FBI all the time 
and ask for an ammunition recommendation, and 
they get one. We have to do well in the FBI tests be
cause most law enforcement departments just a�cept 
what the FBI tells them." I had naively assumed that 
once it was proven that better law enforcement am
munition could be made, the manufacturers would 
eagerly compete to produce it for competitive advan
tage. This really wasn't true across the board because 
there was skepticism that law enforcement agencies 
would buy ammunition that did not have the FBI 
"stamp of approval" even though it was demonstrably 
superior. It was only at this point that I realized that 
the FBI handling of their handgun ammunition test
ing protocol over the years did not just represent 
wasted resources, but had greatly inhibited improve
ments in handgun ammunition that typical technical 
progress would have produced. 

All of the manufacturers think that the best of 
all worlds would be for the FBI to make appropriate 
changes in their handgun ammunition testing proto
col (e.g., eliminating the building material stages), but 
do not know how to make this occur. I think that 
everybody agrees that this would be best, but experi
ence does not offer much hope that this will happen. 
Dr. Fackler made one more attempt to offer sugges
tions to the Bureau after the retirement of one of the 
principal participants in early 1997; a response sug
gested interest in the form of a future meeting with 
Dr. Fackler and myself, but (to date) nothing has 
come of this. 

Ammunition Procurement Specification 
A draft ammunition procurement specifica

tion had been prepared and was discussed with the 
manufacturers. This generation of an ammunition 
procurement specification took place over an ex
tended period of time concurrently with the ammu
nition testing activities. This specification incorpo
rated a 4 layers of heavy denim penetration perform
ance requirement, but was also designed as a model of 
an ammunition specification that could be used as a 
model by law enforcement agencies in purchasing 

Vol 3. No. 3 

WOUND BALLISTICS REVIEW 

JOURNAL OF THE INTERNATIONAL WOUND BALLISTICS ASSOCIATION 

ammunition. The manufacturers all felt that this 
would be a good thing for all parties, and made many 
suggestions on various drafts in the evolutionary pro
cess that were very helpful in improving the docu
ment. This specification is part of the IWBA Hand
gun Ammunition Specification Package, which is fully 
self explanatory and immediately follows this article. 

Awaiting Action 
The round of meetings with the manufactur

ers was over by the end of June. In most cases it was 
clear that JHP handgun bullet designs that would be 
sufficiently robust to pass the denim specification 
would not be in production anytime soon without 
unplanned investment. Each manufacturer was in 
somewhat different circumstances, but the unplanned 
investment was not large for anyone. However, the 
law enforcement ammunition market is very com
petitive with small profit margins, so the manufactur
ers felt (quite reasonably) that any investment had to 
have a good chance of paying off There was clearly a 
lot of skepticism that it would be possible to convince 
any significant segment of the law enforcement am
munition market that the FBI was wrong in empha
sizing hard barriers and that a soft barrier standard 
would give superior ammunition even though the 
manufacturers knew that this was actually the case. 
On the other hand, none of the manufacturers 
wanted to miss the bus if this ammunition concept 
should be successful. The bottom line was a lot of 
ambiguity in what any of the manufacturers were 
willing to commit to, although some were clearly 
more skeptical than others. I claimed to each of the 
manufacturers that the choice was not whether or not 
they would make the investment, but whether they 
�ould do it now or later after others had gotten a 
JUmp on the market. This point was good, but of 
course it is only convincing if eventual success is con
ceded, which unfortunately was the point in question 
for at least some of the manufacturers. 

I had been talking to LAPD about other 
wound ballistic matters, and it occurred to me that 
they could help in pushing for better ammunition and 
would want to do so. I described what I had been 
doing and showed the unmodified and modified fired 
test bullets to two officers I had been working with, 
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Sgt. Charles Duke of the LAPD SWAT team and Sgt. 
Lou Salseda of the Firearms Training Unit. These 
experienced and ammunition savvy officers under
stood immediately the desirability of this ammunition 
improvement, were shocked that the manufacturers 
were not driving to produce it immediately, and were 
incensed that anyone would think that all of law en
forcement thought the FBI could do no wrong and 
would follow their recommendations blindly. They 
were more than willing to share these thoughts with 
the manufacturers, and I believe that they convinced 
at least some of the manufacturers that law enforce
ment understood the issues involved and wanted im
proved expansion reliability� 

Action 
Winchester had initiated a redesign of their 

Ranger line (starting with the .40S&W) to make the 
JHP expansion more robust before we had started this 
investigation, and so were well along with the techni
cal effort during the early phases of the study. In 
August, I was sent samples of the first rounds of the 
redesigned Winchester Ranger .40 S&W ammunition. 
The .40 S&W is the CHP duty pistol caliber, and I 
met Ed Fincel and Nick Miloskovich in Sacramento 
to test this ammunition. The performance of this 
ammunition in bare gelatin and through the 4 layers 
of denim was outstanding, fully justifying the manu
facturer's claims. The tabulation of ammunition test 
data in the appendix of this article gives penetration 
data; the test bullets are illustrated in Figure 2. This 
ammunition was clearly far superior to the current 
CHP issue ammunition. This testing of productio� 
ammunition validated what I had claimed about the 
feasibility of producing such ammunition, and this 
demonstration showed that the other manufacturers 
could also produce ammunition with this perform
ance if they chose to do so. We all believed that it 
would be both possible and desirable for the next 
State of California ammunition bid specification (in 
mid 1998) to incorporate the 4 layers of denim pene
tration requirement. When these results were shown 
to members of the CHP Firearms Training Unit (and 
proved by retest), everyone involved wanted this new 
ammunition. Nick, Ed, and members of the CHP 
Firearms Training Unit began planning the details of 
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how best to implement this without getting bogged 
down in the system by this change. It was agreed that 
I should contact all the participating manufacturers 
informally (because I do not get involved in any for
mal ammunition procurement processes) and tell 
them they should be prepared for a new specification 
that had the denim requirement. I also asked for 
samples of any .40 S&W ammunition that would sat
isfY the denim specification as soon as possible to al
low informal evaluation before the formal procure
ment process started. Samples of improved .45ACP 
and 9mm ammunition were also requested as soon as 
possible. 

Figure 2 

Dtifining the Denim 
It had been clear from the beginning that 

some way of defining the denim would be required so 
that all users could know what the standard was. I 
had gone back to the retailer I purchased the cloth 
from shortly after this was selected as a standard with 
the intent of getting information to make a good cloth 
specification. I expected this cloth definition process 
to be simple, but it was not. The only standard 
seemed to be the weight, which was determined by 
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the store manager feeling the cloth and saying "That's 
a 16". That part was verified because I had weighed a 
piece of cloth on a post office scale and calculated the 
weight as about 15.8 ounces per square yard. Mter a 
lot of questioning of the manager, I learned that the 
mills run off a batch of cloth and then sell it off 
When they set up again, there is no way to ensure that 
exactly the same cloth will be produced, and some lot 
to lot variation in appearance is to be expected. There 
is no identification number assigned that permits a 
convenient reorder of material. This lack of control 
seemed astonishing to me, but I got the same story at 
several other fabric stores. Apparently all the seam
stresses who buy cloth find this situation perfectly 
satisfactory, and everyone seemed to regard my desire 
for specifics as a male idiosyncrasy. 

There is no reason to believe that ammuni
tion expansion performance will be sensitive to small 
variations in the denim, and good reason to believe 
that it will not. Four layers of denim is a convenient 
standard because this can be obtained simply by fold
ing the cloth twice; either 3 or 5 layers does not ap
pear to produce dramatically different results. 
Nonetheless, any uncertainty about the denim is not a 
good thing. It appeared that the simplest way to deal 
with this uncertainty was for the IWBA to buy a bolt 
of the desired denim and sell test samples to users at 
cost. This was done, and the supplement in the 
IWBA Handgun Ammunition Specification Package 
gives ordering information. This bolt of denim is not 
from the same lot as the initial sample, and careful meas
urement of this bolt shows that the weight is about 16.2 
ounces per square yard. The variation in weights of the 
denim from 16 ounces per square yard may be due to 
errors in the measurement process (which are probably 
at about this level), but in any case this level of variation 
is far too small to have a measurable effect on the bullet 
expansion dynamics. 

More Action 
I received samples of the new .40S&W am

munition from Blount in December and met with Ed 
and Nick in january to test these samples. The tabu
lation of ammunition test data in the appendix of this 
article gives penetration data; the test bullets are illus
trated in Figure 3. This ammunition also provided 
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robust expansion. Note that (as with the Winchester 
Ranger) the expansion through denim is very uni
form and only slightly smaller in diameter than in 
bare gelatin. The data analysis given in the appendix 
shows that the bullet penetration after denim pene
tration is a fraction of an inch deeper than the IWBA 
Ammunition Specification Supplement recommen
dation, but this is inconsequential. The increase in 
expanded diameter required to reduce the penetration 
by 1 inch is only about 0.02 inch (or 0.6 mm); justi
fYing the position that this level of expansion change 
is of secondary importance (i.e . ,  far less important 
than expansion reliability). 

Figure 3 

Ammunition Test Results 
The detailed test data to date of ammunition 

designed to pass the 4 layers of denim requirement in 
the IWBA Ammunition Specification is given in the 
Appendix. This data was taken using all the proce
dures described in the IWBA Ammunition Specifica
tion package, and satisfies the specification. Note that 
this is not a guarantee that these brands will always 
pass the specification because it is possible that future 
ammunition lots will contain either some deliberate 
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change or a manufacturing flaw that will degrade 
performance. However, it does not seem likely that 
this theoretical problem will be a practical concern. 
In any case, it is prudent for all organizations to do 
acceptance testing of lots of delivered ammunition to 
satisfY themselves that the delivered ammunition 
meets their specification requirements. The IWBA 
recommendation is to use the IWBA Ammunition 
Specification both for procurement and acceptance 
testing. 

Ammunition Availability Schedules 
The original hope was that ammunition in 

9mm, .40S&W, and .45AtP that would satisfY the 
IWBA Ammunition Specification would be available 
from all three manufacturers in time to allow test re
sults to be included in this report. This schedule 
originally seemed reasonable, but obviously wasn't 
met. The primary reason appears to be the manufac
turers' self imposed constraints to continue to ac
commodate the building material stages in the FBI 
ammunition test protocol, which exacerbates bullet 
design problems. I believe that evidence of a market 
for this ammunition improvement (i.e., requests to 
the manufacturers for ammunition meeting this new 
IWBA Ammunition Specification) will change the 
priorities and make this ammunition available sooner. 
It also seems likely that at least some manufacturers 
who did not participate in the study will eventually 
produce ammunition that meets the denim specifica
tion. 

Upon reflection, it seemed that the story is 
complete enough to get the information out to IWBA 
members, and that the result of this information 
availability will be better ammunition for law en
forcement at an earlier date. The work that has been 
done makes it clear that the IWBA Ammunition 
Specification can be satisfied without technical prob
lems in both the .40S&W and .45ACP. I have no ex
perimental 9mm data against the IWBA Ammunition 
Specification and the smaller diameter will clearly in
crease the challenge, but severity of problems is not 
known. Present status at the three manufacturers is 
as follows (alphabetical order). 

Blount has provided the .40S&W ammunition 
tested, and this is now the standard 180 grain .40 
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S&W Gold Dot ammumt1on (which also includes 
small changes not directly related to the IWBA Speci
fication). Blount ammunition has lot numbers in the 
form LXXLXX, where L is a letter and X is a number. 
All .40S&W lots having a D in the location of the sec
ond letter of the lot number are the improved ammu
nition (this is 1998 production). Some lots having a 
C in the location of the second letter of the lot num
ber (1997 production) are also the improved ammu
nition. The lighter .40S&W bullet weight ammuni
tion has not been designed to satisfy the denim speci
fication; this is of secondary interest because the 180 
grain bullet is intrinsically superior.4 Production of 
an improved 230grain .45ACP Gold Dot is expected 
by April 1998. Production of improved 9mm ammu
nition will not be available until some unknown fu
ture date. 

Remington has not provided improved am
munition in any caliber for test against the IWBA 
Ammunition Specification as of going to press and I 
have no firni commitment for this ammunition in 
any caliber. This could change on short notice be
cause the modifications required to the Golden Saber 
are very simple and straightforward technically. 

Winchester has provided the .40S&W ammu
nition tested, and this is now the standard 180 grain 
.40 S&W Ranger ammunition. The bullet jacket in 
this new Ranger ammunition is copper colored (the 
black lubricant on th� old Ranger jacket has been 
eliminated). All .40 S&W Ranger ammunition with 
this copper jacket is the improved ammunition and is 
designated RA40T. The 147 grain 9mm and 230 
grain .45ACP Ranger ammunition are also being re
designed and will also have a copper colored jacket; 
this ammunition is scheduled to be in production by 
April 1998 (and will be designated RA9T and RA45T, 
respectively). 

It is possible that ammunition using lighter 
weight bullets in the various calibers will eventually 
be redesigned for more robust expansion by one or 
more of the manufacturers. This eventuality is un
certain because the target market for these lighter 
bullet weights is generally less knowledgeable in 
wound ballistics, and tends to be more impressed by 
kinetic ene�gy and larger temporary cavities than by 
actual wound trauma generation. Also, the shorter 
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length of lighter bullets makes a robust expansion 
JHP bullet design more difficult technically. 

IWBA members can call the IWBA office to 
request the latest information on ammunition tested 
against the IWBA Ammunition Specification. In
quiries about ammunition availability should be di
rected to the manufacturers' representatives. 

Summary 
The ammumt10n tests against the IWBA 

Ammunition Specification reported in the Appendix 
demonstrate robustness of expansion that has here
tofore been unavailable in JHP handgun ammunition. 
The technical issues associated with this improvement 
are understood; thus, this performance is real and not 
some test artifact. This performance can be achieved 
in the 180 grain .40S&W and 230 grain .45ACP by 
any manufacturer who wants to do so (9mm per
formance capability has not been investigated and is 
unproven at this time). While this is not the last step 
in handgun ammunition improvement, it seems cer
tain that this new ammunition will have a lower rate 
of unexplained expansion failures in law enforcement 
shootings. Law enforcement IWBA members are en
couraged to investigate and test this new ammunition 
for robustness of expansion using the denim specifi
cation; the test results should argue strongly for this 
ammunition as a duty round. IWBA members may 
contact the IWBA office with questions or requests 
for information (see also the information on gelatin 
testing in this Journal issue). 
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Appendix - IWBA Specification Ammunition Test Data 
.40 S&W Winchester Ranger 
8 August 1997 test 
CHP issue handgun 
all test shots into one large gelatin block 

Velocity chronographed at 6 feet (sample size = 10) 
mean = 961 ft/sec; standard deviation = 1 1  ft/sec 

gelatin calibration 
before test 
9.6 em @ 557 ft/sec � 10.2 em @ 590 ft/sec 
10.2 em @ 585 ft/sec � 10.3 em @ 590 ft/sec 

after test 
10.1 em @ 573 ft/sec � 10.4 em @ 590 ft/sec 
1 1 .0 em @ 601 ft/sec � 10.8 em @ 590 ft/sec 

average calibration used in correction of penetration 
data to standard gelatin: 10.4 em @ 590 ft/sec 

bare gelatin penetration - em 
measured correction corrected 
penetration penetration 

35.0 -2.7 32.3 
35.0 -2.7 32.3 
34.9 -2.7 32.2 
34.3 -2.7 31 .6 
34.0 -2.6 31 .4 
33.6 -2.6 31 .0 
37.0 -2.8 34.2 
34.0 -2.6 31 .4 
35.2 -2.7 32.5 
34.0 -2.6 31.4 

average = 32.0 em = 12.6 inches 
standard deviation = 0.9 em = 0.4 inch 

4 layers of denim gelatin penetration - em 
measured correction corrected 

penetration penetration 
37.0 -2.8 34.2 
38.4 -3.0 35.4 
39.3 -3.0 36.3 
36.3 -2.8 33.5 
39.4 -3.0 36.4 
39.6 -3.0 36.6 
36.8 -2.8 34.0 
39.3 -3.0 36.3 
41.3 -3.2 38.1 
42.2 -3.2 39.0 

average = 36.0 em = 14.2 inches 
standard deviation = 1 .8 em = 0.7 inch 

Vol 3, No. 3 

.40 S&W Blount Gold Dot 
16January 1998 test 
CHP issue handgun 
all test shots into one large gelatin block 

Velocity chronographed at 6 feet (sample size = 10) 
mean = 996 ft/sec; standard deviation = 12 ft/sec 

gelatin calibration 
before test 
9.7 em @ 570 ft/sec � 10. 1 em @ 590 ft/sec 
9.8 em @ 587 ft/sec � 9.9 em @ 590 ft/sec 

average calibration used in correction of penetration 
data to standard gelatin: 10.0 em @ 590 ft/sec 

bare gelatin penetration - em 
measured correction corrected 

penetration penetratiOn 
36.7 -2.7 34.0 
35.8 -2.6 33.2 
35.7 
34.1 
36.7 
39.2 
36.8 
36.5 
35.6 
36.2 

-2.6 
-2.5 
-2.7 
-2.9 
-2.7 
-2.7 
-2.6 
-2.7 

33. 1  
31 .6 
34.0 
36.3 
34. 1 
33.8 
33.0 
33.5 

average = 33.7 em = 13.2 inches 
standard deviation = 1 .2 em = 0.5 inch 

4 layers of denim gelatin penetration - em 
measured correction corrected 

penetration penetration 
44.5 -3.3 41.2 
45.5 -3.4 42.1 
46.5 -3.5 43.0 
41.5 -3.1 38.5 
43.3 -3.2 40.1 
48.0 -3.6 44.4 
46.0 -3.5 42.5 
43.5 -3.2 40.3 
42.7 -3.2 39.5 
45.4 -3.4 42.0 

average = 41.4 em = 16.3 inches 
standard deviation = 1 .8 em = 0.7 inch 
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THE IWBA HANDGUN AMMUNITION 

SPECIFICATION PACKAGE 

This IWBA Handgun Ammunition Specification Package contains this cover page, a specimen handgun 
ammunition specification (the IWBA Handgun Ammunition Specification), and a supplement that explains various 
details and decisions that are related to the IWBA Handgun Ammunition Specification. The IWBA Handgun Am
munition Specification contains blanks for important parameters that must be supplied by the purchaser; the sup
plement provides recommendations for these values that are appropriate for typical purchasers. These recommen
dations are a useful guide and can be selected, but the purchaser has the responsibility for selecting parameter values 
that best satisfY his particular needs. The IWBA Handgun Ammunition Specification will satisfY the needs of most 
users when used verbatim, but users with special needs can modifY it and/or add to it. This IWBA Handgun Am
munition Specification package was developed by the IWBA with the assistance of participating handgun ammuni
tion manufacturers. 

The IWBA Handgun Ammunition Specification has been designed to be an example of a specification that 
is precise and realistic in format, with identified parameters that can be specified by the user to satisfY his require
ments and desires. The requirements have been selected to identifY the parameters that require definition by the 
purchaser and to eliminate requirements that are ambiguous, technically unachievable, irrelevant, impractical to ver
ify or otherwise unsound. Use o f  this IWBA I landgun Ammunition Specification as a guide should make commu
nication between manufacturer and purchaser much more satisfying and advantageous to both parties. 

Writing a good specificat ion requires detailed. knowledge in variou technical disciplines that is not available 
in most organizations. l n  pwticula:r, it is not always obviou. why various requirements comm n in handgun ammu
nition specificat ions are unsound. The supplement that follows the specification explains reasons for presence or 
absence of requirements in the IWBA Handgun Ammunition Specification, and in some cases provides other related 
information. This supplement is not part of the IWBA Handgun Ammunition Specification, its function .is to pro
vide additional information for purchasers. The section numbering of the supplement and specification are identical 
for purchaser convenience in cross referencing. Some secti ns of the specification are completely self explanatory 
and have no corresponding section in the supplement. 

This specification focuses on terminal ballistic performance and does not place separate detailed require
m nts on parameters that the n1a11ufuchrrer must control dming the production process in order to produce reliable 
terminal ballistic performance. This specification is directed at requiring ammunit ion with the most reliable expan
sion in the h oting scenarios most common and important to the majority of law enforcement officers - clothed 
humans not protected by hard barriers. Barrier performance issues are discussed in the supplement. 

The wording in the I WBA Handgun Ammunition Specification assumes that the purchaser will do accep
tance testing of the purchased ammunition. his acceptance testing is strongly recommended, but can be eliminated 
if desired by appropriate wording changes. Law enforcement agencies that want information on acceptance or 
other ammwlition testing should contact the I WBA office (phone (3 1 0) 640-6065 or PO Box 70 I ,  El Segundo, CA 
90245) with their requests. 
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All material in the Wound Ballistics Review is copyrighted and cannot be photocopied 
without permission. Permission is hereby given to all IWBA members and all law 
enforcement agencies to photocopy or otherwise reproduce this IWBA Handgun 

Ammunition Specification Package for any use associated with ammunition procurement. 
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IWBA Handgun Ammunition Specification 

1.0 Definitions 
The following definitions apply to these tenns as used in this specification. 

1. 1 "mean" is the arithmetic average value of a sample of parameter measurements. 
1 .2 "standard deviation" is the Root Mean Square dispersion from the mean in a sample of parameter measurements (i.e., 

the square root of the sample estimate of variance). 
1.3 "standard gelatin" is gelatin that gives 8.5 em of penetration by a standard steel 88 with an entry velocity of 590 ft/sec. 
1.4 "penetration depth" is the depth of penetration in standard gelatin from the entry point to the most forward point on the 

projectile in its final resting position. 

2.0 Manufacturing Specifications 
2.1 All ammunition shall confonn to standards set by the Sporting Anns and Ammunition Manufacturer's Institute 

(SAAMI) unless otherwise specified in the description of the round. 
2.2 Bullet design shall be jacketed with controlled expansion to meet the requirements of Section 6.0. 
2.3 Powder shall be smokeless, clean burning, and treated to reduce muzzle flash. 

" 

2.4 Case shall metallic boxer primed. 
2.5 Primer shall be non corrosive, sealed to be water resistant. 
2.6 Each cartridge headstamp shall show manufacturer's symbol and appropriate designation. 
2. 7 Packaging shall be 50 cartridges per box, not more than 20 boxes per case . .  Lot number shall be printed clearly on each 

box. 

3.0 Physical Parameter Specifications 
3. 1 Caliber shall be.--:----:---:-:-:,-----

-
3.2 Mean bullet weight shall be at least grains but not more than grains. 
3.3 Mean bullet velocity shall be near but not greater than the maximum velocity compatible with SAAMI maximum pres

sure standards. 

4.0 Accuracy 
The purchaser reserves the right to reject ammunition that does not demonstrate acceptable accuracy in his issue hand
guns. 

5.0 Function failures 
The purchaser reserves the right to reject ammunition that does not demonstrate acceptable functional reliability in his 
issue handguns. 

6.0 Perfonnance Specifications 
The penetration depth specifications in this section are stated as hard requirements, but it is recognized that these re
quirements are stressing and that requirement violation by a fraction of an inch is of minor consequence. Accordingly, 
the purchaser reserves the right to accept ammunition having minor violations in these penetration requirements. 
Penetration perfonnance statistics will be nominally conducted with a sample size of I 0 tests shots, but the purchaser 
reserves the right to test a larger sample if this seems desirable to him. 

6. 1 Penetration requirements in standard gelatin 
6. 1. 1 The standard deviation of the penetration depth shall be less than inches. 
6. 1.2 The mean penetration depth shall be greater than inches and less than inches. 
6.1.3 The goal is to avoid all bullet fragmentation and/or jacket separation. The requirement is that the largest bullet 

segment weight shall be at least 90% of the mean unfired bullet weight in at least 90% of penetrations. 
6.2 Penetration requirements in standard gelatin after penetrating 4 layers of heavy denim (weight 16 ounces per square 

yard). The 4 layers of denim are placed against the gelatin without deliberate spacing between layers, but are not 
compressed in place by any kind of fixture. 
6.2.1 The standard deviation of the penetration depth shall be less than inches. 
6.2.2 The mean penetration depth shall be greater than inches and less than inches. 
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IWBA Handgun Ammunition Specification Supplement 

1 .0 Defmitions 
1 . 1 ,  1 .2 The parameters "mean" and "standard deviation" are used in statistical sampling problems of all kinds. While it 

might seem that specification of maximum or minimum values would better satisfy user requirements, this kind of 
specification is technically unsound unless an adequate number of tests is provided to deal with stochastic sampling is
sues. Satisfactory approximations to the mean and standard deviation can be obtained with a relatively modest number 
of samples for the important parameters in the ammunition specification; obtaining sufficient samples to reasonably 
validate a maximum or minimum requirement usually requires impractical costs. 

1 .3 This defmition of "standard gelatin" is selected because various studies have shown that this standard provides a good 
correlation with penetration in typical soft tissue. 1 No similar studies drawing a different conclusion are known. Some 
organizations are using different standards, but the source of, and justification for, these alternative standards is un
certain. It is possible that these different standards have been chosen simply because these users have found that cali
bration penetrations in their 1 0% gelatin mixtures do not average the 8.5cm (about 3.35 or 3 1 1/32 inches) penetration 
depth at 590 ft/sec of standard gelatin. Such a standard change represents a complete lack of understanding of the 
purpose of and need for calibration. All experienced users are aware of the significant lot to lot variation in the gelatin 
delivered by Kind & Knox. There is also reason to believe that the typical gelatin delivered today is not identical to the 
typical gelatin delivered I 0 years ago, and no assurance that gelatin delivered in the future will have exactly the same 
typical properties as gelatin delivered today. Under these circumstances, there is simply no credible justification for 
not maintaining a fixed standard unrelated to the properties of the specific gelatin being used. Calibration of gelatin 
used in penetration testing is mandatory, and this calibration data can be used to reliably correct penetration depths 
measured in non-standard gelatin to the depth that would have been obtained in standard gelatin. I,2 The specification 
requirements assume that this process will be implemented with all test data. The existence of this capability to relia
bly correct data to standard gelatin conditions makes the early approach of defining an "acceptable range" of gelatin 
calibration depth technologically obsolete. 

Added Defmition for this Supplement: "barrier" is any material impacted by the bullet prior to its entry into gelatin. 

2.0 Manufacturing Specifications 
2.3 There is a tradeoff between flash suppression and clean burning (cleaner burning powder has increased flash and vice 

versa). This tradeoff is a detailed technical problem that is difficult to quantify simply, but it has been worked by 
many of the manufacturers for their law enforcement ammunition lines. The purchaser should state his objectives to 
the manufacturer, who can then select a powder that bests meets this objective. Since all manufacturers usually have 
access to the same powders, this powder choice will not usually be a discriminator in ammunition selection. The pur
chaser can fire the final product in low light conditions to show that his objectives have been met. 

3.0 Physical Parameter Specifications 
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3 . 1  The purchaser must defme the caliber of ammunition desired. 
3 .2 a) The purchaser must defme the mean bullet weight range desired. Suggested maximum and minimum values are 1 45 

and 1 50 for 9mm, 1 77 and 1 82 for .40 S& W or 1 Omm, 227 and 232 grains for .45ACP. These recommended ranges 
of permissible mean bullet weights correspond to the conventional maximum bullet weights in the calibers. The per
formance loss with slightly lighter bullets is not significant and might allow some manufacturers to reduce some costs; 
if desired, this can easily be implemented by slightly lowering the specified minimum for the weight ranRe. These sug
gested values are compatible with the belief (based on knowledge of the dynamics of bullet penetration ) that handgun 
bullets should be near the conventional maximum value for the caliber in standard pistol barrel lengths for best 
wounding efficiency. Purchasers who disagree with this belief can obviously specify whatever bullet weight they d� 
sire in this section. See Section 3.3 for comments on compact pistol ammunition. 
b) Note that the variation of bullet weight from this mean does not have to be specified because compliance with 
specifications in Section 6.0 requires the manufacturer to maintain tight control on bullet weight and other parameters 
related to bullet manufacturing tolerances. 
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3.3 a) The purchaser can specify a mean bullet velocity, but this is not wise. The user can specify a lower value than the 
maximum velocity compatible with SAAMI maximum pressure standards, but this is not advisable because the bullet 
expansion may be less reliable at lower velocities. The bullet design is intimately connected with the bullet velocity, 
use of JHP handgun bullets at velocities significantly d,ifferent (lower or higher) from the design velocity is very ill ad
vised. The purchaser usually does not have enough information to make a realistic specification velocity, and this is 
best left to the manufacturer. The actual velocity achieved will depend somewhat on the pistol used, but the purchaser 
is fully protected because the Section 6 performance requirements must be satisfied with the offered ammunition. 
b) Note that the velocity achieved may be reduced significantly in the shorter than standard barrels of some "compact" 
pistols (with a probability of at least some loss in expansion). Ammunition designed for both standard and compact 
pistol barrel lengths may not achieve optimum performance in both pistol types. If ammunition for compact pistols is 
desired, it can be specified separately. In any case, the purchaser should acceptance test the ammunition in the pistols 
to be used. 

4.0 Accuracy 
The accuracy of ammunition from major manufacturers in SAAMI test barrels easily exceeds any reasonable practical 
accuracy requirements. The purchaser should test ammunition accuracy in his issue handguns, but should also recog
nize that any accuracy problems are most l ikely a result of either the handguns used or the rest setup used in the test
ing. Occasionally, some ammunition may not shoot well in some guns for reasons that are neither well understood or 
easily resolved. It is better for the purchaser to decide if he has this problem as a result of appropriate testing than it is 
to set an arbitrary standard a priori. 

5.0 Function failures 
Occasionally, some ammunition may not function reliably in some guns for reasons that may or may not be well un
derstood or easily resolved. The obvious goal is no function failures, but each purchaser must decide what functional 
failure rate he can tolerate. Any functional failure problems should be worked cooperatively with the ammunition 
manufacturer. The purchaser can place a specific functional fai lure rate requirement in this section if he desires, but 
any specific requirement should include a complete description of the test protocol that will be used in the evaluation. 

6.0 Performance Specifications 
a) Both understanding of terminal ballistics and improvements in handgun ammunition have been impeded by formu
lating performance in terms of hard limits (e.g., 1 2. 1  inches of penetration is very good, but I I . 9 inches is totally unac
ceptable). On the other hand, performance specification compliance evaluation is greatly simplified by considering all 
requirements as hard limits. The statement given is recognizes this problem and avoids forcing the purchaser into ac
tions not in his best interest while still specifying a reasonable standard. 
b) A sample size of 1 0 normally provides a satisfactory indication of performance, but the specification allows more 
testing to investigate any anomalous results at the discretion of the purchaser. In addition, purchasers who take deliv
ery of large orders that have ammunition from more than one manufacturer's lot may elect to do a combined lot ac
ceptance testing that has less than 10  samples per lot, but more than I 0 samples in all. 
c) It is absolutely mandatory that tbe test data correction procedure discussed in the Section 1.3 discussion 
above be followed in processing the t�t results of this section in order to insure a valid interpretation of test re
sults. 

6. 1 Penetration testing in standard gelatin is conventional, and provides the most common (but not the most important) per
formance measurement. 
6. 1 . 1  The standard deviation of the penetration depth is the best measure of consistency of bullet expansion, and is 

small in bare gelatin for well designed bullets. The recommended value of this parameter is 0.6 inch, which 
most well designed JHP bullets will easily meet. Specification of (or acceptance of) a slightly larger value 
(e.g., 0.8 inch) does not have serious performance consequences (see discussion under Section 6.0). 

6. 1 .2 Most physicians knowledgeable in wound trauma believe that adequate penetration depth is the most important 
single property in handgun ammunition. The appropriate value for minimum penetration depth has generally 
been assumed to be 12 inches ever since the ftrst FBI wound ballistics meeting in 1 987. Unfortunately, this as
sumption has often been interpreted very. simplistically (i.e., 12 . 1 inches of penetration is good, but 1 1 .9 inches 
of penetration is no good), but the real situation is more complicated. The problem is the possibility that the 
bullet will require an unusually large penetration to reach the vital structures well inside the body. This 
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can occur when the bullet must traverse non-critical tissue; e.g., the extended arm of an assailant aiming 
his handgun, and/or an unusual bullet path angle in the torso, and/or an unusually fat or beefy individual. 
The probability of needing this extra penetration is a judgment call, but most people believe it is a sig
nificant factor and much more important than the relatively modest increase in expanded diameter 
achieved by reducing penetration depth (e.g., approximately 30% increase in expanded bullet diameter is 
achieved by designing to an 8 inch penetration depth rather than 1 2  inches). This is the reason the pro
fessional wound ballistics community specified the 1 2  inch minimum penetration even though they are 
well aware that an 8 inch penetration is usually adequate. The suggested specification values for mean 
penetration depth are greater than 1 2 .5  inches and less than 1 4.0 inches. Even at the limit of minimum 
value of this range ( 1 2 .5 inches) and the limiting value of standard deviation (0.6 inch) in Section 6. 1 . 1 , 
about 80% of the penetrations will be greater than 1 2  inches and essentially all will be greater than 1 1  
inches. This bare gelatin test provides a lower limit on penetration because most shootings will involve 
at least some clothing; slightly less expansion and slightly deeper penetration can be expected in typical 
service use. 

6. 1 .3 This specification is included to prevent unsound bullet designs that over expand and break up (which reduces 
effectiveness in handgun bullets) or bullet designs that tend to separate the jacket early in the penetration. 
Some bullet designs occasionally shed their jackets near the end of the penetration; this is not desirable, but 
shedding the jacket after about 1 2  inches of penetration is not a serious flaw. Note that tests have shown that 
bullet expansion in bare gelatin will usually be slightly greater than expansion in tissue; the theoretical 
basis for this slight difference is understood 1 •  As a result, bullet designs that do not break up in bare 
gelatin are unlikely to break up in soft tissue. 

6.2 Most expansion failures of JHP handgun bullets in reported in actual shootings where hard barriers are not involved are 
probably due to factors that effectively plug up the hollow point cavity and reduce pressure in this area, although the 
dynamics model that occasionally leads to this result is not completely known in detail. This requirement in the IWBA 
Handgun Ammunition Specification is designed to force JHP bullet designs that expand much more reliably against 
soft barriers (hard barriers are discussed in more detail below). This requirement was selected after experimentation to 
provide a standardized, inexpensive, and precisely defined soft barrier that was a stressing but reasonable protocol 
for ammunition evaluation; it does not represent a simulation of specific clothing. The JHP bullet design fea
tures required to satisfy this requirement are well understood, and ammunition having these design features ex
pands much more consistently and reliably against soft barriers than ammunition without these design features. 
The heavy denim specified has a nominal weight of 1 6  ounces per square yard, and the actual weight seems to 
be held within 2% of this nominal in different lots (this variation is too small to be significant). This denim is 
soft to the touch and does not have starch, sizing or other stiffeners. Unfortunately, cloth does not seem to have 
the kind of specifications that make it easy to define in detail for the retail purchaser; apart from weight, the se
lection is by feel and appearance (most seamstresses seem to find this very satisfactory). As a (non-profit) 
service to users, the IWBA office (PO Box 70 1 ,  El Segundo, CA 90245) will ship a 36 inch by 60 inch sample 
of this denim by priority mail to addresses within the USA for $20 ($30 to foreign addresses). 
6.2. 1 The standard deviation of the penetration depth is the best measure of consistency of bullet expansion, and is an 

important indication of the quality of bullet design. The standard deviation in this section can be expected to be 
somewhat larger than in Section 6. 1 . 1  (bare gelatin), but should still be reasonably small with well designed 
bullets. The recommended value of this parameter is 0.8 inch. Specification of (or acceptance of) a slightly 
larger value (e.g., 1 .0 inch) does not have serious performance consequences (see discussion under Section 
6.0). 

6.2.2 The mean penetration depth in this section can be expected to be somewhat larger than in Section 6. 1 .2 (bare 
gelatin), and represents a reasonable upper bound on the mean penetration depth in service. The suggested 
specification values for mean penetration depth are greater than 1 3 .0 inches and less than 1 6.0 inches. 
The realities of JHP bullet performance eliminate any practical concern that penetration depth will be in
adequate in this test for any ammunition with adequate penetration in the Section 6. 1 test. A one inch in
crease in maximum penetration depth corresponds to approximately a 0.02 inch reduction in expanded 
diameter, which is not a significant concern as long as the requirement of Section 6.2 . 1  is met The gen
eral discussion of penetration depth in Section 6. 1 .2 also applies here. 
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Comments on Hard Barriers 
Penetration in standard gelatin after penetrating various hard barriers has been a factor in handgun ammunition design since 
these were made factors in the FBI handgun ammunition test protocol in 1 989. This consideration was initially useful be
cause bullet designs at the time were very unsophisticated· by current standards, but hard barrier requirements are now 
forcing bullet designs that are less effective in shooting scenarios without these barriers. In effect, optimizing JHP perform
ance in the presence of soft barriers and accepting the performance of the resulting bullet design through hard barriers is the 
best approach for almost all (if not all) law enforcement agencies; this approach is implemented by this specification. More 
detailed discussion of the various hard barrier types follows. 

Automobile windshield glass: 
Automobile windshield glass is an important barrier for some (but not all) law enforcement agencies, so it might 
seem that some requirement associated with this barrier would be appropriate in an ammunition specification. 
The problem with such a requirement is associated with the dynamic forces on the bullet as it penetrates the glass. 
Careful testing has shown that the forces on the bullet are so large during penetration that any bullet that expands 
in soft tissue has no effective resistance to deformation from glass contact.3 As a,result, attempting to improve 
JHP bullet performance through automobile windshield glass can significantly compromise performance through 
soft barriers without making any useful improvement in performance through the glass. A specification for per
formance through automobile windshield glass can be included, but this is not recommended because the probable 
result is more likely to be unintended negative consequences than ammunition improvement. Performance of well 
designed JHP bullet designs through automobile windshield glass is usually acceptable. 

Building materials: 
It is possible to define scenarios where penetration through walls or doors is desired to incapacitate an assailant, 
but these scenarios are an extremely small percentage of all shootings for most law enforcement departments. In 
fact, bullets contacting building materials are far more likely to represent misses where effective bullet penetration 
is not wanted because it represents a threat to non-combatants. It is possible to make JHP handgun bullets more 
effective in scenarios requiring penetration of building materials, but usually only by making expansion less reli
able in scenarios requiring penetration of soft barriers. Designing JHP handgun ammunition to perform well in 
the building material stages of the FBI handgun ammunition test protocol requires this compromise. Law en
forcement departments who do not have a significant fraction of shootings through building materials should use 
ammunition designed to this IWBA Handgun Ammunition Specification rather than ammunition designed for 
performance in hard barrier scenarios in order to obtain better expansion reliability. 

Comments on expanded JHP bullet diameter 
The absence of any mention of expanded JHP bullet diameter in the IWBA specification is not an oversight; expanded JHP 
bullet diameter is omitted because it is not independent of penetration depth. A JHP bullet of any weight, velocity, and 
penetration depth has an effective expanded diameter that produces the forces on the tissue during bullet penetration, and 
this effective expanded diameter cannot be changed without changing at least one of the other parameters. In effect, bullet · 
weight, velocity and penetration depth defme the effective expanded bullet diameter. Penetration depth is easy and unambi
guous to measure, but effective expanded bullet diameter is difficult to estimate with useful accuracy because the expanded 
periphery is inevitably irregular and not easily related to the effective expanded diameter. As a result, measured expanded 
bullet diameter is much less useful than penetration depth as a performance parameter in an ammunition specification. As a 
rule of thumb, effective expanded diameter is about 50% to 60% larger than the original JHP bullet diameter when penetra
tion is adequate. If bullet weight, velocity and penetration depth are specified, effective expanded bullet diameter can be 
"required" to be any value not greater than it actually is, but this is pointless. There is also no point in "requiring" effective 
expanded bullet diameter to be larger than allowed by the dynamics of penetration. 
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GELATIN TESTING INFORMATION 

FOR LAW ENFORCEMENT 
Duncan MacPherson 

The ammunition manufacturers all make 
gelatin to use in their testing. The manufacturers 
have developed procedures that differ slightly in detail 
from one another, but which all have a common ele
ment - the procedures all use relatively warm water 
and do not apply heating during the process. This 
approach of avoiding heating is intrinsically superior 
to the procedure originally described by Dr. Fackler 
and reproduced in Chapter 5 of Bullet Penetration be
cause the risk of local overheating during the proce
dure is avoided. Good practice must be used to en
sure adequate mixing, but this is not difficult. Both 
ammunition manufacturers data and my own experi
ence (see below) have convinced me that this "warm 
water" technique is sound if used properly. Both Dr. 
Fackler and I endorse this general approach as supe
rior to the now obsolete methodology in our earlier 
descriptions. 

Member Steve Moore is now assembling a 
detailed study demonstrating the effects of prepara
tion parameters (e.g, water temperature, mixing time, 
curing time) on the performance of this "warm water" 
gelatin. This study will quantify the limiting re
quirements for adequate mixing (which are outside 
typical sound gelatin preparation technique), and is 
planned for the next issue of the Wound Ballistics Re
view. It is clear that a water temperature of 120 to 
130°F simplifies the mixing and avoids any risk of 
overheating, although considerably different water 
temperatures are used by some organizations. The 
effects of gelatin preparation parameters were re
ported by Sherrie M. Post and Torrey D. Johnson in 
Volume 2, #1 of the Wound Ballistics Review, but the 
detail of Steve's investigation should make it the de
finitive data on this subject. All researchers using 
gelatin should carefully read this article in the next 
Wound Ballistics Review. 

The ammunition manufacturers and some 
other researchers have equipment and facilities de-
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voted to the manufacture, storage, and use of gelatin 
in ammunition testing. Others who would like to do 
limited gelatin testing either cannot or do not wish to 
invest in special facilities and equipment for this pur
pose. Over the last several months I have been 
working with the LAPD SWAT team in making gela
tin and using it in ammunition testing. We have 
worked out a modification of the "warm water" pro
cedure used by the ammunition manufacturers that 
requires only the equipment and facilities available in 
the LAPD Academy kitchen (and gelatin). This 
equipment is typical of large kitchens, and similar fa
cilities are probably available to most law enforcement 
agencies either in academy or jail kitchens. This ap
proach produces large gelatin blocks that are neces
sary for SWAT rifle ammunition evaluation and very 
desirable for handgun ammunition evaluation. 
Smaller blocks can be made with this procedure by 
those who lack the muscle or desire to utilize large 
blocks. 

Some discussions with other law enforcement 
agencies indicate that this description of gelatin pro
duction and use is of interest to agencies who want to 
do gelatin testing, but are uncertain about the details 
of implementation. As a service to these agencies the 
IWBA and the LAPD SWAT team have made a 
videotape of this gelatin manufacturing process, with 
all the equipment and procedures shown and ex
plained in great detail. The second part of the video
tape shows good practice in test procedure, including 
all aspects of gelatin calibration and examples of am
munition testing by the LAPD SWAT team. Copies 
of this videotape can be ordered from the IWBA office 
at PO Box 701,  El Segundo, CA 90245 for $35. each 
postpaid to cover the costs of tape reproduction, 
mailing, and handling. Payment must be check or 
money order in USA dollars. An order form is in
cluded as an insert in this Journal issue. 
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12 GAUGE SHOTSHELL & .223 

CALIBER RIFLE AMMUNITION 

PERFORMANCE THROUGH HOUSE 

TRAILER BARRIERS 
Gary W. Williams, Firearms/Special Weapons Instructor, West Brandywine Township Police Department 

Abstract 
Caliber .223 (5.56 x 45 mm) and 12 Gauge 

ammunition were tested to determine the suitability of 
various projectiles for police use, with special interest in 
ordnance for use in high density or close proximity areas 
where lower penetration is desired. Unwanted penetra
tion of trailer walls was quantified, and d!ffered sub
stantially between d!fferent loads. 

Introduction 
There has been a great deal of research done on the 
effectiveness of various calibers of handgun and long
arm ammunitions against commonly encountered 
barriers. The current data includes the effectiveness 
of bullets fired into 10% ballistic gelatin which is 
covered by barriers such as heavy clothing, gypsum 
wallboard, plywood, window glass, automobile bodies 
and windshields, and so on. 

All of these tests are designed to indicate what 
a particular bullet may do, and how well it can be 
expected to perform in human tissue if intentionally 
fired through a barrier to reach a human target. 

Currently published data provides informa
tion that aids the law enforcement community in 
choosing ammunition most suitable for any particular 
application. However, there is one subtopic of 
ballistic performance that has not been addressed. 
Our police department, like many others, responds to 
a significant number of calls that put us into densely 
populated mobile home (house trailer) parks. 
Typically, these trailers are in close proximity (20-25 
feet apart) and the police response occurs after five 
o'clock p.m. when the trailers are fully occupied by 
residents. 
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Our department is currently updating and 
improving our firearms in�entory. This has included 
the adoption of the Colt AR-15 series of rifles to 
augment our defensive options. 

A major concern in adopting the .223 caliber 
as a service round was how much of a threat would a 
missed round be in a trailer park setting. While a 
missed round in a conventional house could still exit 
the dwelling if discharged from the interior, it is very 
likely that the projectile would be damaged (breaking 
into small non-lethal fragments) and/or suffer a 
marked reduction in velocity, greatly reducing the 
possibility that the bullet could penetrate into another 
home. The .223 caliber bullet has a reputation of 
being fully capable of penetrating barriers such as 
kevlar vests and steel doors; unfortunately a legend 
has developed that gives the .223 caliber round 
mythical ability to penetrate a large adversary and then 
to continue traveling on into and out of several other 
obstacles. 

What our department needed was factual 
information on the terminal ballistics of an assort
ment of .223 caliber bullets to permit us to use the 
proper bullet for different and specific threats. 

Test Design 
While studying this concept, I reached some 

conclusions based on prior research, most of which 
was known to or published by the IWBA. Nearly all 
testing done by federal or municipal law enforcement 
organizations have sought to find a bullet design or 
composition that would penetrate to a deep and 
effective depth. Our department sought a bullet that 
would penetrate an armed and dangerous criminal 
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well enough to neutralize the threat and also to be 
fragile enough to preclude the possibility of leaving 
one residence and causing a threat to neighboring 
residents. 

The muzzle of the test weapon was ten feet 
from the first wall and the two trailer walls were 
twenty-five feet apart. Figure 1 shows the test wall 
configuration. All twenty test rounds were fired from 
a bench rest position approximately 33 inches above 
ground level at a right angle to the test walls. 

.223 Test Results 
Our .223 test weapon was a Colt CAR-15, 

with a 1n twist. The test rounds were with the 
Federal 55gr. FMJ/BT and the Federal 50 gr. JHP/FB 
ammunition. 

The 55 gr. FMJ completely penetrated both 
walls, either straight through point-first, or "nose
up", in a classic keyhole fashion. 

The 50 gr. JHP demonstrated better frag
mentation characteristics, often fragmenting into 
small pieces during penetration or failing to penetrate 

Figure 1 - Test Wall Configuration (not to scale) 
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into the second unit due to fragmentation and loss of 
velocity. 

Shotgun Test Results 
A parallel set of tests were done with a 

Mossberg 18 inch bar-rel cylinder bore 12 ga. 
shotgun. 

Federal Tactical 00 Buck and number 4 
Buckshot (2%" shells) were tested and proved to 
penetrate almost as effectively as the .223 caliber 55 
gr. FMJ ammunition. The number 4 Buckshot was 
expected to provide less effective penetration, but to 
my surprise was not hindered by the two trailer walls. 

Only the 12 ga. high-brass number 4 birdshot 
proved somewhat more predictable in its inability to 
penetrate the second trailer wall. The number 4 
birdshot did easily exit the first trailer wall in a classic 
"rat hole" pattern that would be dangerous to any 
unprotected persons outside of the first trailer. None 
of the birdshot was found to penetrate the second 
trailer. Of the hundreds of number 4 birdshot pellets 
fired through the wall of the first trailer, only about 
12 penetrated the aluminum siding of the second 
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trailer wall, but remained in the insulation. Not a 
single birdshot was detected to have penetrated 
through to the interior of trailer number 2. 

The U.S. Army conducted tests with bullets 
of heavier weights in 5.56 x 45 mm to enable the ri
fleman armed with an M-16 type weapon to achieve 
better accuracy and superior penetration at long 
range. The result of these tests was the development 
of the SS 109. This 62 grain steel core bullet (US 
Army M855), did not have satisfactory stability when 
fired from the older M-16 rifles. Further testing of 
this bullet demonstrated satisfactory in-flight stability 
when the twist was changed to 1/7 in. Federal's Gold 
Match 69 grain BTHP bullet is an extension of that 
development and works well in either a 1/7 or 1/9-inch 
twist. However, these 69 grain Federal bullets lose 
stability during the first 10 feet of flight when fired 
from a weapon using the slower 1/12 inch twist. More 
than fifty test rounds were fired into paper targets at 
ranges of ten, twenty, and thirty feet. All entry holes 
were of a classic keyhole fashion. Accuracy was af
fected; the average group was 4 inches, bench rested 
at twenty-five feet. These 69 grain Federal bullets 
were test fired on the trailer walls to determinj: if their 
inherent instability in a slower twist barrel would 
translate into a superior round when lower penetra
tion is desired. 

The test results and conclusion to the effec
tiveness of this weight/twist combination were mixed. 

While the bullets did keyhole as expected during entry 
into the first wall, they did maintain structural integ
rity better than expected. It was thought that the 
bullets would fragment either while penetrating the 
first wall, or at least when impacting the second wall. 
Nearly all of the bullets were determined to have 
penetrated both walls with little or no deformity or 
fragmentation. These results would eliminate this 
bullet/twist combination as a choice for low penetra
tion. 

These tests did validate this bullet/twist com
bination as a potentially useful option for close
quarters battle. The bullet entering into a target side
ways and creating a wound channel 45mm wide and 
of significant depth may well serve in some defen
sive/offensive capacity. (Dr. Fackler did look at this 
theory in earlier publications). 
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Table 1 

Ammunition: 20 rounds of Federal 55 gram FMJ 
BT 

Weapon: 

Range: 

Colt CAR-15 (6520) 1n in. twist 

10 feet from muzzle to first (interior) 
trailer wall; 25 feet from exterior of first 
wall to exterior of second wall 

All twenty test rounds were fired from a bench rest position 
approximately 33 inches above ground level at a right angle to 
the test walls. All rounds completely penetrated both llialls, 
with no indication of bullet fragmentatiotl. Rounds 1, 8, 9, 
12, 1 6, 1 7, 1 8  (7 of 20) penetrated the wall of unit 1 and 
the wall of unit 2 with 110 indicaaotz of fragmentation. 
Rounds 2, 3, 4, 5, 6, 7, 10, 1 1, 13, 14, 15, 19, 20 (13 of 
20) penetrated the fl)all of unit 1 point first and penetrated the 
wall of unit 2 poitzt up ill a classic "keyhole" orientation. 

Table 2 

Ammunition: 20 rounds of Federal 50 grain 
Jacketed Hollow Point/Flat Base 

Weapon: 

Range: 

Colt CAR-15 (6520) 1n in. twist 

10 feet from muzzle to first (interior) 
trailer wall; 25 feet from exterior of 
first wall to exterior of second wall 

Rounds 1, 2, 3, 6, 9, 12, 13, 19  (8 of 20) penetrated the 
wall of utzit 1 and entered and exited the wall of unit 2 leav
ing atl average exit hole of 314 inch. Rounds 4, 7, 8, 1 1, 1 6, 
1 7, 1 8  (7 of20) penetrated the wall ofutzit 1, entered fl)all of 
unit 2, and exited itl badly fragmented pieces. Rounds 5, 10, 
1 4, 15, 20 (5 of 20) stmck 3;4 it1ch vertical wall stud in u nit 
1 with small amount of fragmentation noted upotz wtry side 
of unit 2. Remainir�g core of bullet entered, but did not 
pmetrate unit 2. 
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Table 3 

Ammunition: 10 rounds of Federal 12 gauge 2 %" 
9 pellet Tactical 00 Buckshot 

Weapon: Mossberg 12 gauge Shotgun, 18 in. 
barrel, cylinder choke 

Range: 10 feet from muzzle to first (interior) 
trailer wall; 25 feet from exterior of 
first wall to exterior of second wall 

All pellets in rounds 1, 2, 3, 5, 6, 7, 8, 10  (8 of 10) pene
trated both wal/ 1 and wall 2. One pellet in rounds 4, 9 (2 
of10) did not penetrate wall 2. 

Table 4 

Ammunition: 10 rounds of Federal 12 gauge 2 %" 
27 pellet Tactical #4 Buckshot 

Weapon: Mossberg 12 gauge Shotgun, 18 in. 
barrel, cylinder choke 

Range: 10 feet from muzzle to first (interior) 
trailer wall; 25 feet from exterior of 
first wall to exterior of second wall 

All pellets in rounds 1, 2, 4, 5, 6, 10  (6 of 10) penetrated 
both wall 1 and wall 2. Two to five pellets in rounds 3, 7 (2 of 
10) did not penetrate wall 2. The pellets in rounds 8, 9 (2 of 
1 0) that did not penetrate through the second unit appear to 
have first penetrated a 314 inch stud in the first trailer, and/or 
became imbedded in a % inch stud in the second wall 

Table 5 

Ammunition: 5 rounds each of Federal and Win
chester 12 gauge 2 %" High Brass 
Number 4 Birdshot 

Weapon: 

Range: 
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Mossberg 12 gauge Shotgun, 18 in. 
barrel, cylinder choke 

10 feet from muzzle to first (interior) 
trailer wall; 25 feet from exterior of 
first wall to exterior of second wall 

All pellets in all rounds exited through first wall in a classic 
"rathole" fashion, creating a hole about 21/2 to 3 inches in 
diameter. A small number of pellets did penetrate the exterior 
aluminum siding of the second trailer, but stopped in the thin 
layer of insulation (estimated thickness % to 1 inch). No 
birdshot pellets managed to penetrate into the interior side of 
the second unit Most of the pellets that reached the exterior of 
the second wall only caused minor indentation of the 
aluminum siding. 

Table 6 

Ammunition: 10 rounds of Federal Gold Match 
69gr BTHP 

Weapon: Colt AR-15 (SP1) 1/12 in. twist 

Range: 10 feet from muzzle to first (interior) 
trailer wall; 25 feet from exterior of 
first wall to exterior of second wall 

All ten test rounds were fired from a bench rest position, 
approximately 33 inches above ground level, at a right angle 
to the test wall. Rounds 1, 2, 3, 4, and 5 lost stability while 
in flight, entering into the first test wall nose-up, in a classic 
keyhole fashion. These rounds also exited wall # 1 nose-up, 
and entered into the exterior of the second wall in a keyhole 
fashion, but the bullet was turned to the left or right of center. 
All rounds appearing to have exited the second wall turned 
sideways, causing a significant exit hole (1 1/4 to 2 inches) and 
heavy splintering. Round 6 struck a light stud while entering 
the second wall, causing the round to fragment into very small 
pieces. Many of these small fragments did continue in flight 
past the second wall. Rounds 7, 8, 9, and 10  were directed 
into a 314 inch vertical wall stud in the first wall. These 
rounds exited the stud intact or nearly so, as their entry into 
the second trailer wall indicated the clearly recognizable shape 
of the bullet. All of these rounds entered the second wall in 
keyhole fashion, and achieved complete penetration, exiting 
the second wall sideways. 
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HIGH VELOCITY HANDGUN 

BULLET DESIGNS. 
Duncan MacPherson 
Dr. Martin L. Fackler 
Background 

There is a continuing effort to product high veloc
ity in handgun cartridges in an attempt to achieve more 
effective performance. This effort is undertaken at various 
levels by d!fferent individuals. Some of these efforts art 
undertaken in a sincere attempt at progress by well nuan
ing individuals, while others are more or less cynical com
mercial enterprises by those who sense that money can be 
made by satisfying a market. The common characteristic of 
these efforts is that they are undertaken by ignoring sound 
wound ballistic principles. In some cases this ignoring is 
through ignorance, while in others this ignoring is merely 
avoiding a known but unpleasant reality. 

This article addresses two attempts to make ad
vanced handgun ammunition by design of unconventional 
cartridges. The conventional attempts to attain higher 
handgun velocities by simply using lighter bullets in mort 
or less normal handgun loads is the more common way to 
unwittingly reduct handgun ammunition effectiveness. 
This activity usually presents a greater threat to effective 
law enforcmrent when ammunition decisions are made by 
the ill informed, but this problem is not addressed herein. 

In November 1997 I was contacted by Eran N. 
Bauer of the Civil Defense Supply in We/bourn England 
(a private company). Mr. Bauer said he was calling be
cause I was a well known "ballistics expert" and wanted 
my 6pinion of a new and confulential handgun ammuni
tion development (the .224 BOZ). I agrwl to do this and 
he said he would send me an information package (which 
turned out to be a promotional video and brochure). 

Prior to getting this information, Marty Fackler 
and I received a very informative letter from IWBA mem
ber W. Frank Warren. Frank's letter showed that this 
project was described on the Internet (not really all that 
confidential) and that the Editor in Chief of Gu� and 
Ammo had reaived a demonstration and was planning a 
review in the March or May 1998 issue. Frank also 
pointed out the .22 Hornet analogy (discussed below), 

Vol 3, No. 3 

which is an excelknt way of p11tting this ammunition in 
perspective. Since I had committed to making a review, 
Marty, Frank and I agrud that my letter would be our sole 
response. Marty and Frank were satiifwl with a draft 
ktter I prepared, so after final editing I sent this tO Mr. 
Bauer on 20 December 199'7, To date, I have received tio 
response for my efforts. 

Since this .224 BOZ concept will apparently get 
publicity in Guns and Ammo (and possibly elsewhere) 
and since this project is not secret in any sense, we thought 
that the letter would be of interest to IWBA members. The 
promotional materials the letters refers to are not included 
here, but the essena of this is that the .224 BOZ fires a 50 
grain build at around 2000 ftlsec from a handgun. The 
letter is self explanatory with this minimal background if 
read carefully. 

The FN P-90 project is similar in general concept 
(and prtaded) the .224 BOZ. Dr. Fackler has written on 
this project previously (including Wound Ballistics Review 
1997;3[1]:44-45), and provides a short update article fol
lowing the .224 BOZ letter. 

.224 BOZ letter to Eran N. Bauer of the 
Civil Defense Supply in Welbount 
England 
Dutzcatl MacPherson 

Dear Mr. Bauer: 
I have received nine pages by FAX from you 

plus the brochure ".224 BOZ AMMUNITION & 
WEAPONS PROGRAMME" and the .224 BOZ video 
by shipment on 12 December. I have been traveling 
much of the time since then and so have been delayed in 
sending you my comments as you requested. My com
ments follow in a structured format and are based on the 
BOZ concept as described in the materials. 
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Annor Penetration Issues 
1) Point 2. of the Summary on the last brochure page 

states in part ".224 BOZ as a Special Forces small-anns 
concept to enhance lethality and used with Armour 
Piercing ammunitions, capable of defeating any 
known body armour a potential terrorist might use." 
The video makes a similar statement that the BOZ has 
the advantage of "ability to counter any annor". This 
claim can be charitably described as an extreme over
statement and completely unsupportable. Type III 
armor (NIJ classification) protects against 7.62mm 150 
grain FMJ bullets at 2750 fi/sec, a much more stressing 
round than the .223 FMJ at 3250 fi/sec. Type N ar
mor protects against 7.62mm 166 grain annor-piercing 
bullets (U.S. military designation APM2) at 2850 
fi/sec. Type III annor was worn by bank robbers in a 
recent well publicized shootout with law enforcement 
in the Los Angeles area. 

2) The principle advantage of soft body annor (i.e., Type 
II and IIA) is wearability; it can be worn around the 
clock with acceptable discomfort while engaged in 
routine activities. Police officers typically wear Type II 
or IIA annor on routine street duty. Police SWAT 
teams routinely don Type III or N annor when pre
paring for an engagement; this armor is uncomfortable 
for extended wear, but welcome in conflict. The ad
vantage of those initiating a conflict (including terror
ists) is knowledge of time of engagement; any armored 
terrorist should be expected to be wearing Type III or 
Type N armor when he initiates an engagement, and 
the .224 BOZ will then be no more effective than or
dinary handguns. 

3) The bottom line is that the .224 BOZ will penetrate 
armor (designed to protect against typical handgun 
bullets) that is typically worn by police in the course of 
routine duties, but is completely ineffective against 
annor (designed to protect against rifle bullets) that is 
typically used when preparation for conflict is possible. 
A strong case can be made that the limited annor 
penetrating capability of the BOZ is of little or no 
practical use against terrorists or others who initiate 
hostilities with even a modicum of practical prepara
tion. 

Incapacitation Effectiveness Issues 
1) Point 3. of the Summary on the last brochure page 

states in part "Allows more compact weapons than 
conventional military long arms, without any reduc
tion in performance." This seems to be a clear state-
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ment that a .223 bullet at 2200 fi/sec has the same 
wounding effectiveness as the same bullet at 3200 
&sec; and this assertion is preposterous even without 
any detailed wound ballistics considerations. 

2) The .223 caliber (5.56mm) M-16 has been the primary 
USA military assault rifle for over 30 years, and the 
original standard military ammunition (which is still in 
service) was a 55 grain FMJ bullet at about 3200 fi/sec. 
This load is being replaced by a 62 grain FMJ bullet at 
about 3100 fi/sec, but the original load is used for il
lustration here. This round creates reasonably effec
tive wounding at short ranges through a combination 
of reasonably large temporary cavity and bullet frag
mentation, although the selection of this round was 
driven much more by logistic considerations than by 
incapacitation effectiveness requirements. It is impor
tant to note that military requirements are quite differ
ent from the incapacitation effectiveness requirements 
of all types of anned engagements undertaken by law 
enforcement agencies (including anti-terrorist en
counters). The primary military desire is to create a 
wound that requires the recipient to retire from active 
duty and utilize resources for his maintenance. Rapid 
and total incapacitation is not usually a significant is
sue, and a fatality is arguably less desirable than a 
wound requiring recuperation (because maintenance 
resources are no longer required). The .223 is not the 
weapon of choice for sniper type SWAT encounters 
because a good .30 caliber round is much more effec
tive and reliable when rapid and total incapacitation is 
desired. The bottom line is that even a well designed 
55 grain .223 bullet (e.g., the military round) is not a 
particularly effective incapacitator even at 3200 fi/sec. 
The wounding effectiveness of the military round has 
been found to be greatly reduced at ranges beyond 200 
yards (i.e., at velocities below 2500 fi/sec). At these 
lower velocities the bullet does not fragment to any 
significant degree and the temporary cavity is about the 
same size as a typical JHP handgun bullet temporary 
cavity (i.e., the temporary cavity is not an important or 
reliable incapacitating mechanism). As a result, when 
no annor is present the incapacitation effectiveness of 
.223 bullets at velocities below 2500 fi/sec is less than 
well designed JHP handgun bullets because the per
manent wound cavity is smaller. 

3) The relative incapacitation effectiveness of .223 bullets 
is a surprise to a lot of people because this is a "military 
assault rifle" round. This is purely a result of thinking 
about this in the wrong way. Many shooters in the 
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USA are aware of a rifle round called the .22 Hornet, 
which was developed before WWII to be what was 
then a "high velocity" load. This load was intended as a 
"varmit" load (i.e., for animals weighing less than 30 
pounds), and use for hunting whitetail deer (about 100 
pounds) was generally condemned because shot deer 
were not put down and usually just escaped to die in 
hiding. This scorned and obsolete cartridge is still 
factory loaded; Winchester has two loads, one 45 grains 
and one 46 grains, both with a muzzle velocity of2690 
fi/sec. The .22 Hornet can fire any bullet design type 
and weight that the .224 BOZ can fire, and will drive it 
at higher velocity. No one thinks that the .22 Hornet 
is an effective anti-personnel load, but most people 
don't stop to think that a low velocity .223 (i.e., at less 
than 2500 fi/sec) is effectively a .22 Hornet equivalent 
(or inferior) . 

4) The firings into gelatin in the video are not shown in 
closeup detail, but the basic effects are easily identified. 
The temporary cavities made by the BOZ bullet used 
are much smaller than those produced by typical JHP 
handgun bullets (and even these JHP handgun bullet 
cavities are too small to be effective incapacitators) . 
The movement of the gelatin blocks in response to 
bullet impact is also much smaller than for typical 
handgun rounds. For anyone familiar with gelatin 
testing, these video shots just emphasize that the BOZ 
is a .22 Hornet type round. 

5) Bullets are most effective when the design is made 
compatible with the velocity at which they are used. 
The use of .223 bullets designed for 3200 fi/sec veloci
ties in rifles will not give optimum results at 2200 fi/sec 
(they will tend to give both small wound trauma and 
overpenetration). I understand that new designs are 
planned to deal with this, but these redesigns cannot 
deal with the basic problems described in 2) and 3) 
above. 

Miscellaneous Issues 
1) It is not clear what role the .224 BOZ fills in tactical 

utility. The principal advantage of a handgun relative 
to other small anns is the ability to carry it for instant 
access without significant interference with ordinary 
activities. The handgun is seldom if ever the weapon 
of choice if there is time and opportunity to prepare for 
combat. The BOZ is large for a handgun, which 
makes continuous carry more obtrusive and less con
venient. On the other hand, the BOZ has significantly 
reduced incapacitation effectiveness relative to any as-
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sault rifle (not to mention any reasonable .30 caliber 
rifle). The BOZ would have no more practical effec
tiveness than ordinary handguns in the scenario of un
expected attack by trained and adequately anned and 
annored assailants. 

2) While there is arguably some advantage to common 
longgun/handgun ammunition, the inevitable reduc
tion in longgun efficiency is a very steep price to pay 
for this. 

3) Simplistic calculations suggest that pressures in the 
BOZ handgun must approach the level typical of cen
terfrre rifles; i.e., much greater than the basic handgun 
was designed for. It appears that margins of safety 
must have been reduced, and this seems risky for 
weapons intended for the relatively uncontrolled use 
that can be expected in field service. 

4) Point 1. of the Summary on the last brochure page ap
pears to state (this text could use some editing) that the 
.224 BOZ is a competitor to the FN P-90 project (the 
video also indicates this) . This seems reasonable, but 
the FN P-90 project also has all of the problems out
lined above, and has not been well received as a result. 
The BOZ apparently does not have the severe wound 
track curvature problem of the original FN P-90 (this 
has now been fixed); the absence of this problem in 
the BOZ is good, but does not deal with the basic 
problem of very limited incapacitation effectiveness. 

Exaggeration Issares 
1) Most readers will get the impression from the written 

materials that the BOZ handgun will drive a 50 grain 
bullet at 2200 fi/sec (the video doesn't quantify either 
bullet weight or velocity) . I had reservations about thi� 
being true after carefully reading the FAX material, and 
this was confrrmed by the shipment cover letter (i.e., 
the 2200 fi/sec bullet is "a copper covered aluminum 
core"). In addition, the FAX contains in· part what ap
pears to be an earlier version of the brochure, with 
slightly more extreme claims (2200 fi/sec from the be
ginning rather than 2000, triple rather than double ve
locity increase). I personally don't think that this ob
fuscation relative to the true ballistic data is either ef
fective or attractive. 

2) The written materials allude to M-16 comparisons in 
non-specific terms, but your letter makes a clear claim 
('We have attempted to r�plicate in a pistol sized car
tridge the overall performance of\m M-16 at about 200 
yards, which the BOZ achieves ... ") This claim is just 
not true; the M-16 55 grain bullet velocity at 200 yards 
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is over 2500 ft/sec; I suspect the BOZ would be hard 
pressed to match the M-16 at 400 yards (55grain bullet 
at 1950 ft/sec). I don't think making this kind of claim 
helps you in any way. 

3) The video ends with the claim that the BOZ is "the 
world's most powerful handgun". In commercially 
available handguns this claim actually belongs to the 
.454 Casull, which has a muzzle velocity of 1800 ft/sec 
with a 260 grain bullet. 

Thank you for the opportunity to review this 
concept. I think I have raised all of the important criti
cisms that you are likely to be faced with, and if so, this 
may be of use to you. 

Corrections on the Wound Ballistics 
of the current Fabrique Nationale 
(FN) P-90 Bullet 
Martin L. Fackler 

In "More on the bizarre Fabrique Nationale 
P-90" (Wound Ballistics Review 1997;3 [ 1 ] :44-45), we 
published a letter to the editor, that the International 
Defense Review (IDR) had failed to publish. It con
cerned an advertisement for the new P-90 bullet 
(presented by IDR as an objective article), written by a 
Mr. Saracino, in which he equated "energy transfer" 
to bullet effectiveness and failed to provide useful data 
such as the new bullet's length and the angularity of 
its path in tissue. 

In September of 1997, at a Wound Ballistics 
Seminar at the Royal Canadian Mounted Police 
Academy, we shot various bullets into 10% gelatin, 
including some from a P-90 - using the new bullet. I 
got a chance to shoot this weapon, to observe and 
measure the wound profile, and recover some fired 
bullets. In the letter cited above (Mr. Saracino giving 
no information to the contrary), I had assumed that 
the bizarre right-angle turn of the original bullet's 
path in tissue, and the bullet's length, remained the 
same for the new bullet. It turns out that I was wrong 
on both counts. We fired three shots into gelatin from 
a distance of about ten feet and found that, unlike the 
90° turn in the bullet path seen with the original P-90 
bullet, in all three shots, the bullet path was relatively 
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straight after the had bullet yawed 1 80°. The bullet 
began its yaw cycle at about 6 em of penetration and 
penetrated to a depth of25 to 28 em (10 to 1 1  inches). 
The new bullet has a core of aluminum (the original 
was plastic) and a penetrator of steel in its nose (see 
Fig. 1 )  that looks like the one used in the full
powered .223s (the M-855 and the SS-109). The 
bullet's weight is 3 1  grains and its length is 2. 1 em 
(shortened from the original 2.4 em). 

Figure 1 - This photograph shows a P-90 cartridge 
loaded with the new SS 190 bullet, a fired SS 190 bul
let recovered from gelatin, and a sectioned SS 190 
bullet showing its steel penetrator and aluminum 
core. 

Although FN did their best to present the right
angle turn of the original P-90 bullet's path in tissue 
as an advantage, there can be on doubt in the mind of 
anybody competent in wound ballistics that getting 
rid of the right-angle turn in the bullet's tissue path -
which guaranteed erratic and unpredictable performance is a 
step toward rationality. Although shortening of the 
bullet was probably necessary to get it rid of its bizarre 
right-angle path, ironically, the shortening decreases 
the bullets potential for tissue disruption - the new 
2.1  em long bullet, when it yaws to 90°, can only cut a 
2 .1  em swath, whereas the original 2.4 em long bullet 
could disrupt a 3 mm wider tissue path. 

Unfortunately, FN erodes their credibility by 
persisting in such unsupportable advertising claims 
for the P-90 as "performance greatly superior to 9 
mm." Since neither the P-90 nor the 9 mm Luger 
produce temporary cavities that are large enough to 
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cause significant reliable tissue disruption, their 
wounding potentials lie in the permanent cavities they 
produce - which is the tissue disrupted by bullet im
pact. The P-90, which does not deform in tissue, pro
duces a 5.6 mm hole for about the first and the last 
eight em of its 26 em path. In the middle ten em, it 
makes an oblong hole up to 2 . 1  em long and an aver
age of only about 4 mm wide (but it is shorter for all 
but the middle 3 or 4 em). The 9 mm Luger, with 
hollow-point bullet, makes a round hole of about 1 .  7 
em diameter from a depth of about 3 em to the end of 
its path. Anybody caring to work out the area of the 
tissue struck will find that the exparrded 9 mm bullet 
strikes about three times as much tissue as the P-90 
bullet at 90° of yaw - and does it throughout most of 
its path. Thus the permanent cavity volume produced 
by the expanded 9 mm bullet is many times larger 
than that produced by the nondeforming P-90 bullet. 
The wounding potential of bullets that depend upon 
permanent cavity for their wounding is most accu
rately estimated by comparing the volume of the 
permanent wound cavity. This volume is always 
much more correlated with momentum (mass times 
velocity) than with kinetic energy. The 9 mm Luger 
bullet has about twice the momentum of the P-90 
bullet. 

Another interesting comparison to help the 
reader put the P-90 in perspective is the comparison 
to the 22 Hornet (a comparison used by Duncan 
MacPherson in the preceding article on the .224 BOZ 
ammunition).  The P-90 has only 60% of the mo
mentum of the 22 Hornet - and only about 52% of its 
kinetic energy. 

The closest comparison to the P-90 that I 
could find with a current factory loaded bullet was 
with the Remington hyper-velocity 22 rimfire "Viper" 
36 grain bullet at 1922 ft/sec. The momentum of this 
bullet differs less than five percent from that of the P-
90 bullet. These "Viper" bullets are fired from a regu
lar 22 Long Rifle chamber. The momentum of an
other 22 rimfire bullet, the 22 Winchester Magnum, 
with a longer casing, exceeds that of the P-90 bullet 
by 30%. 

As I see it, the only credible claim for the P-90 
from a wound ballistics point of view is that it will 
perforate soft body armor. Analysis of that feature, 
however, indicates that it may be of far less use than 
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expected. In the late 80's, a team from FN visited my 
wound ballistics lab at the Letterman Army Institute 
of Research, in San Francisco: they had been showing 
the original P-90 to various law enforcement groups -
and its reception was less than enthusiastic. They 
probably didn't realize that about one of every six law 
enforcement officers killed by gunfire in the USAgets 
killed by his or her own weapon. So bullets that perforate 
soft body armor could well prove counterproductive, 
and one would not expect them to be popular with 
law enforc.ement 

In the military scenario, the P-90 will perfo
rate the "Flak jacket" worn by troops to protect them 
from the fragments of exptbsive devices. It is hard to 
see how the soldier carrying a P-90, however, will feel 
well armed when one considers that all of the enemy 
soldiers are likely to be carrying either AK-47, M-16, 
or similar rifles - whose bullets will not only perforate 
"Flak jackets" also -- but are capable of doing a lot 
more damage to what is inside the soft body armor 
than the conspicuously underpowered P-90. 

From the foregoing it is easy to see why the 
P-90's recoil is so minimal. Unfortunately, so is its 
wounding potential. There is just no free lunch in the 
world of Physics. I doubt that many with any "firearm 
literacy" would feel well-armed for the serious pur
pose of protecting their lives with a 22 rimfire rifle 
loaded with Remington ''Viper" ammunition. I can 
see no reason why they should feel any better pro
tected with FN's P-90. 

Footnote - On the fifth line of the first paragraph of the above 
cited article from Vol. 3, # 1, there was a misprint. "SS 1 09" 
should be "SS 190. " We wonder if the naming of the P-90's new 
bullet as SS 190 was done intentionally to encourage its confusion 
with the much more potent full-powered .223 SS "109 bullet? just 
after the P-90 was introduced, there was at least one gun writer who 
compared it favorably to the full-powered "assault rifles" based on 
the .223 Remington cartridge. There was a even poster paper pre
sented by an FN engineer at the 1 111' International Symposium on 
Ballistics at Brussels, Belgium, 9-1 1  May, 1989 in which he 
claimed that the. wounding potential of the P-90 exceeded that of 
the 44 Magr:�um. Such absurd claims are laughable to those who 
understand wound ballistics - but I guess there is still "a sucker 
hom every minute" to provide the "true believers" who thrive on 
such nonsense. 
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12 GAUGE BEAN BAG 

AMMUNITION PENETRATION 
Dean B. Dahlstrom, R.C.M. Police Forensic Laboratory, Regitu�, Saskatchewan, Catu�da 

Kramer D. Powley, R.C.M. Police Forensic Laboratory, Regitu�, Saskatchewan, Catu�da 

Deryk V. R. Penk, R. C .M. Police Forensic Laboratory, Ottawa, Ontario, Catu�da 

Abstract 
Following manufacturer's safety recommen

dations, Ottawa-Carleton Regional Police discharged 
two rounds of Deftech Model 23BR bean bag ammu
nition in an attempt to subdue a person intent on self
mutilation. The individual subsequently died as a 
result of one of the bean bags penetrating the heart. 
Questions concerning the ability of this ammunition 
to penetrate human tissue arose. 

Twelve-gauge bean bag ammunition was test 
fired into 10% ordnance gelatin, gelatin with embed
ded pigs' ribs, and gelatin with fresh pigs' skin cover
ing the entrance surface. The orientation of the bags 
at entrance and penetration depths were observed and 
recorded. 

Police work is unpredictable and circum
stances may arise where bean bag ammunition fired 
from 12-gauge shotguns may result in death. There
fore, this ammunition should only be used when le
thal force is justified. 

Introduction 
On Feburary 24, 1997, Ottawa-Carleton Re

gional Police officers responded to a call to a residen
tial apartment dwelling. It was here they confronted 
an individual, who had already severed his penis with 
a pair of scissors and was bleeding profusely. When 
he did not respond to the officers' commands to drop 
the scissors, one of the responding officers fired two 
rounds of Deftech Model 23BR bean bag ammuni
tion from a 12-gauge Remington Model 870 shotgun 
in order to subdue him. 

Mr. Marin 1 from the office of the "Ministry 
of the Attorney General for the Province of Ontario" 
summarized the intent of responding officers, stating: 

"The use of the beanbag was meant to inca-
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pacitate [ . . . .  the subject] to prevent him 
from further harming himself" 

The subject was subdued and transported to a 
local hospital where he later died. Although initially 
the cause of death was thought to be suicide as a re
sult of self-inflicted wounds, further examination re
vealed both fired bean bags had struck within the 
same general area. The orientation of the bean bags 
was determined from the transfer of gunshot residue 
from the bean bag to the skin. One of the bean bags 
was found on the floor with skin adhering to its sur
face while the other bean bag had penetrated the chest 
between his arm and left nipple and lodged in the 
heart. 

As a result of this event, the Royal Canadian 
Mounted Police were requested by the Special Inves
tigations Unit, Province of Ontario, to examine the 
exhibits and events surrounding the incident and de
termine how and why the "bean bag" projectiles 
penetrated human tissue at a distance of21  feet. 

Methods and Materials 
All tests were conducted using one of two 

Remington Model 870 12-gauge pump action shot
guns. 

The 18 chronographed readings and first two 
test events were shot using a Remington Model 870 
pump action 12-gauge shotgun with an 18" barrel and 
cylinder bore choke, Serial Number V693133V. 

The last test was shot with a Remington 
Model 870 pump action 12 gauge shotgun with a 20" 
barrel and cylinder bore choke, Serial Number 
S400356V. 

The ammunition used in all tests was Deftech 
Model 23BR, 12-gauge "Bean-bag" shotshells. The 
first 1 8  rounds used in chronographing data were 
submitted by the Ottawa-Carleton Regional Police 
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Service. The last 1 1  rounds were purchased from Mr. 
Murray Charleton in British Columbia, Canada, and 
there was no indication of lot numbers; they were 
submitted and purchased as loose rounds. 

The Deftech 23BR 12-gauge bean bag am
munition is a red "cotton canvas" bag 4.7 em square. 
It is filled with 1 Y4 oz. of #9 lead shot and has stiff 
sewn edges. The bean bag is loaded into a shotshell 
by rolling the bag. 

Kind and Knox 250A ordnance gelatin was 
used as the tissue simulant for all tests. The prepara
tion and calibration of the 10% ordf\ance gelatin has 
been described in a previous wor�. Only variations 
will be discussed here. Calibration of all gelatin 
blocks was conducted with an Archer Model 87 
pneumatic air rifle, Serial Number E3291 ,  firing a 
copper-coated BB. The calibration showed that the 
gelatin was reasonably close to standard in all cases 
(between 9.0 and 9.4 em BB penetration at 590 ft/sec) .  
This is  important because penetration correction of 
such atypical projectiles in non-standard gelatin 
would be very uncertain. The penetration corrections 
for these projectiles in this gelatin are probably about 
one centimeter; the accuracy of this estimate is not 
critical because this correction is too small to affect 
the basic conclusions. 

Eighteen rounds of Deftech Model 23BR 12-
gauge bean bag ammunition was initially chronogra
phed through an Oehler Model 4040 chronograph at 
an instrumental distance of 13 feet and their orienta
tion at a distance of 21 feet was observed and re-
corded. 

· 

Three test events were conducted at a distance 
of21  feet: 

Test Event I: five rounds of ammunition 
were fired into bare gelatin 

Test Event II: three rounds of ammunition 
were fired into gelatin with 
pigs' ribs embedded 1-2" from 
the entrance surface 

Test Event III: three rounds of ammunition 
were fired into gelatin with 
fresh skin from the belly of a 
pig draped over the entrance 
surface 

Vol 3, No. 3 

Prior to Test Event III, the V-50 penetration 
threshold velocity of the pig skin was tested to ensure 
similarity between the test tissue and human skin. This 
was accomplished using a Crosman Model 781 pellet 
rifle, Serial No. B28840, firing both copper-coated BBs 
weighing 5.5 grains and round nose diabolo . 177 pellets 
weighing 7.5 grains, and comparing the penetration val
ues with those reported by MacPherson3. (These meas
urements correlate closely with those reported by Mac
Pherson. An extensive discussion of the importance of 
the calibration of skin will be reported in a subsequent 
paper) . 

TABLE t 
Chronographed Velocities 

(at an Instrumental Distance of 13 Feet) 
Round # Velocity (ft/s) 

1 321 
2 357 
3 301 
4 323 
5 352 
6 358 
7 267 
8 303 
9 399 

10 296 
1 1  319 
12 343 
13 309 
14 389 
15 370 
16 391 
17 272 
18  293 

Average: 331 feet/sec 
Extreme Variation: 132 feet/sec 
Projectile Or�entation Legend: 

Projectile 

Orientation 

A 
A 
c 
c 
A 
B 
c 
B 
A 
B 
B 
c 
B 
B 
B 
A 
B 
B 

A. Projectile open, contacting target surface flat 
B. Projectile open, contacting target surface with 

sewn edge of the bag as leading edge 
C. Projectile still rolled up, contacting target surface 

with sewn edge of the bag as leading edge 
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TABLE 2 - Test Event I 
Gelatin calibration data 

9.4 em at 600 ft/sec => equivalent to 9.6 em at 590 ft/sec 
8.9 em at 603 ft/sec => equivalent to 9.2 em at 590 ft/sec 

Round # 

1 

2 

3 

4 

5 

T 6°C emperature = 
Velocity Penetration 
(ft/sec) Depth 

301 6.2 cm 

323 8.5 cm 

352 9.0 cm 

358 5.2 cm 

267 5.0 cm 

Contact 
Orientation 

B 

c 

B 

A 

A 

TABLE 3 Test Event II 
Gelatin calibration data 

8.9 em at 604 ft/sec => equivalent to 9.2 em at 590 ft/sec 
8.9 em at 596 ft/sec => equivalent to 9.0 em at 590 ft/sec 

Round # 

1 

2 

3 

T 6°C emperature = 
Velocity Penetration 
(feet/sec) Depth 

309 2.5 cm 

389 5 .1  em 

370 7.6 cm 

Contact 
Orientation 

B 

A 

B 

Round 1 broke rib, did not penetrate ribs, bag broke 
open inside gelatin 

Round 2 penetrated between ribs 
Round 3 broke 3 ribs (rib diameter: .353-.398") 

TABLE 4 Test Event III 
Gelatin calibration data 

8.9 em at 607 ft/sec => equivalent to 9.2 em at 590 ft/sec 
8.5 em at 605 ft/sec => equivalent to 8.8 em at 590 ft/sec 

Round # 

1 

2 

3 

40 

T oc ernpcrature = 6 

Velocity Penetration 
(ft/sec) Depth 

322 6.7 cm 

333 6.4 cm 

321 6.4 cm 

Contact 
Orientation 

A 

A 

A 

TABLE 5 
Calibration Threshold Measurements 

Velocity 
(ft/sec) 

348 

352 

354 

331 

327 

405 

357 

403 

365 

363 

350 

286 

278 

357 

349 

345 

345 

335 

323 

338 

298 

298 

0 fp· ' Ski . h BB tgs n wtt s 
Penetration 

Yes 

Yes 

Yes 

No 

No 

Yes 

No HNP* 

Yes 

Yes 

Yes 

No 

No 

No 

Yes 

Yes 

Yes 

Yes 

Yes LP** 

BB stuck in tissue (non-penetrating) 

Yes 

BB stuck in tissue and fell out (non-
penetrating) 

BB stuck in tissue and fell out (non-
penetrating) 

*HNP - highest non-penetrating velocity 
**LP - lowest penetrating velocity 
V-50 340 feet/sec 
Zone of mixed results (difference between the highest 
velocity shot that did not penetrate and the lowest 
velocity shot that did penetrate) (357-335=22) 
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TABLE 6 
Calibration Threshold Measurements of 

Pigs' Skin with . 177 pellets 

Velocity Penetration 

239 just stuck in back of tissue (pene-
trating) LP** 

222 No 

249 No 

294 just stuck in back of tissue (pene-
trating) 

249 No 

303 just stuck in back of tissue (pene-
trating) 

330 Yes 

267 No 

294 No HNP* 

349 Yes 

337 Yes 

*HNP - highest non-penetrating velocity 
**LP - lowest penetrating velocity 

V-50 278 feet/sec 
Zone of mixed results (294-239=55) 

Test Event III was chosen to determine what 
effect skin may have as a barrier on penetration of the 
bean bag. 

In all test events, the orientation of the pro
jectile at contact with the target surface as well as the 
penetration depth of the projectile was observed and 
recorded. 

Results and Discussion 
In all test events, bean bag ammunition pene-
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trated soft tissue simulant regardless of the orientation 
of the bag at contact. Penetration depth was less 
when the bean bag hit flat as opposed to having a 
sewn edge as the leading edge, either opened or rolled. 
The bean bags hit flat in only 38% of the 29 test shots 
fired. 

Although there was no way of knowing what 
lots the individual rounds were acquired from, Table 
1 shows a significant variation in measured velocities. 

Neither skin nor ribs appears to have an ap
preciable �ffect on tissue penetration. Orientation of 
the bag is the most important variable for the pene
tration of soft tissue and is an extremely erratic vari
able which cannot be predetermined at a distance of 
21  feet. 

Conclusions 
Because police work is unpredictable, situa

tions can arise where ammunitions are used even 
though the conditions are not recommended by the 
manufacturer. Deftech has recommended in their 
instructors' training key that one should never aim at 
the head or hit in the spine, and also that the ammu
nition can be lethal under 10 feet. 

For this reason, the ammunition must be 
treated as capable of causing serious bodily injury or 
death to a person and should only be used when lethal 
force is warranted. 
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INTERNATIONAL WORKSHOP ON 

WOUND BALLISTICS - INTER

LAKEN, SWITZERLAND, 

7-8 OCTOBER 1997 
Martin L. Fackler 

I attended this workshop as the scientific ad
visor to Hays Parks, Head of the United States Dele
gation to the workshop. This report is, in essence, the 
text of an evaluation of the meeting that I submitted 
to Mr. Parks shortly after our return from Switzer
land and is published with his permission. For addi
tional perspective on the subject of the workshop, 
"humane bullets" readers might wish to consult "Bad 
Bullets? or Bad Science?" in Wound Ballistics Review 
1997;3(2):46-47. 

We were surprised to find the Swiss presenta
tions so vague and filled with misconceptions. We had 
expected a ready-to-go test with criteria to divide 
"humane" from "inhumane" bullets. Instead, their 
handout ended with the rather tentative "it should be 
possible to work out test procedures using soap and 
gelatine and to discuss the limits levels (sic) with sur
geons, scientists, and lawyers. "  Surprisingly, despite 
failing to present any test criteria, the presenter ended 
his talk with a bizarre solicitation for the countries 
represented to submit their military bullets to the 
Swiss Department of Defense Ballistics Laboratory 
for testing. 

The theories expounded by the Swiss were 
based upon their unfounded assumption that there is 
a linear relationship between the size of the temporary 
cavity formed in the Swiss soap tissue simulant and 
the amount of disruption that the same bullet causes 
in the human body. This assumption was presented as 
self-evident with no evidence to support it. It is un
disputed that the damage caused by the temporary 
cavity results from forces displacing tissue surround
ing the bullet path radially outward. Inherent in this 
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mechanism is a stepwise threshold relationship rather 
than a linear one: each tissue has a particular distance 
that it must be displaced before the forces displacing it 
overcome its natural elasticity and exceed its brealcing 
point. Since no significant damage is done until the 
damage threshold is exceeded, this relationship must 
be a stepwise one -- and is clearly not linear. 

Included in the handouts given out by the 
Swiss at Interlaken was a photograph, in Figure 2 of 
Kneubuehl's "Conclusions" paper, which shows that 
the disruption produced in the Swiss soap by a given 
bullet differs greatly from that produced in the hu
man body. A "Semi-jacketed" bullet of unspecified 
caliber, mass, and velocity purportedly produced a 
gaping entrance hole of about six em in diameter in 
the Swiss soap. Any observant hunter, trauma sur
geon experienced in treating gunshot wounds, or 
wound ballistics experimenter, knows that the en
trance holes made in the human body by expanding 
bullets are nearly always small punctate holes - indis
tinguishable from the entrance holes made by full
metal-jacketed bullets. It is only after the expanding 
bullet has penetrated a few centimeters that its inter
action with tissue causes it to expand -- which 
changes its shape to non-aerodynamic and causes an 
increase in the diameter of the temporary cavity it 
forms. Also, the diameters of temporary cavities that I 
measured in the Swiss soap during the shooting dem
onstrations at Interlaken were only about one-third of 
the diameters produced in living animal tissue by 
identical bullets. 

Although it was never explained what bones 
have to do with the proposed Swiss "test," included in 
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the handouts were some bizarre theories about the 
effects of various bullet types in strilcing bones. It ap
pears that the Swiss investigators have been seriously 
misled by shooting tests done using a synthetic tube 
of hard plastic which they assume has the same char
acteristics as human bone. This synthetic "bone" ap
pears to be an extremely poor substitute for human 
bone, since it has apparently led the Swiss to such 
faulty conclusions as: "Bones in a depth of less than 
10 em hit by FMJ bullets break but only fragment 
slightly" and "Broken FMJ bullets are not comparable 
to SJ- or HP- bullets." The Swiss conclusions on 
bone hits clearly differs greatly from the clinical 
knowledge acquired by those of us with wide experi
ence in evaluating and treating patients struck by FMJ 
bullets. Additionally, a widely known source, the Za
pruder film of the JFK assassination, conclusively dis
proves the Swiss theories on bone hits. One FMJ 
bullet from Oswald's 6.5 mm Mannlicher-Carcano 
rifle passed through the torsos of JFK and Governor 
Connally and the bullet was recovered with barely 
any deformation. Another bullet shot a few seconds 
later struck the back of JFK's head: the bullet broke 
and fragmented; JFK's skull fractured and fragmented 
(far more than "slightly") and one-fourth of his brain 
was blown out of his skull. It is hard to imagine that 
an expanding bullet from that rifle could have caused 
greater disruption. 

The Swiss seemed obsessed with attempting 
to ban bullets that cause most of their disruption very 
soon after they enter the body. They gave no reason 
for this strange preoccupation -- which makes little 
sense. It does not take a student of human anatomy to 
recognize that most of the body's vital organs lie 
deeply placed inside the torso. The Swiss would ap
parently ban bullets that disrupt subcutaneous fat and 
muscles of the body wall and permit those that would 
be more likely to disrupt such deeply placed vital 
structures as the descending aorta. 

Lastly, even if the Swiss theories were correct, 
there loom large technical difficulties with their im
plementation, that, considering the methodology they 
proposed, the Swiss have apparently overlooked. 

• If, as suggested, the criterion for "inhumane" 
bullets is to be determined by the average di
ameter of the temporary cavity in soap over a 
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particular distance of penetration (the first 15  
em) , a bullet that yaws abruptly, producing a 
large diameter, but short, temporary cavity 
could be declared "humane" whereas one 
that produced a smaller diameter, but longer, 
temporary cavity would be declared "inhu
mane. "  

• Secondly, there is an inherent variation in 
depth of penetration prior to significant yaw 
for all FMJ bullets. Using the methods pro
posed by the Swiss, there could be "humane" 
and "inhumane" bullets in the same lot of 
ammunition - and thest;, bullets would be in
distinguishable from one another. To deal 
with this problem of data scatter in a scien
tifically adequate way, if this could be ac
complished, would take a great deal of test 
firing to iron out the statistical probabilities. 

Mr. Parks made a statement, during the dis
cussion section of the workshop, in which he pre
sented the position of the USA. The last two para
graphs ofhis six-page statement are: 

"I11 conclusion, 11othing has been teamed 
during this workshop that warrmzts further pur
suit rif the proposal to develop a 11ew protocol fur
ther regulating military small-arms amtmmition. 
It has been considered by govemme11ts three times 
in less tha11 two decades, twice ill this decade, a11d 
rejected each time. The tests c011tained in the 
Hague treaties of 1 899 and 1907 have stood the 
test rif time and the practice rif nations throughout 
this century. 

If priorities tzeed to be established, there are 
two. One should be .for improved implmientation 
of a11d respect .for existitzg mles. A second might be 
a protocol .for IVOimd treatment methodology. But 
pursuit rif the proposal for a new protocol 011 small 
arms remaitzs umvarrmzted. " 

The full text rif Mr. Parks's statemwt are available from him 
at Post Office Box 437, Lorton, VA 22199-0437 
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BOOK REVIEW Duncan MacPherson 

Understanding Ballistics 
Rinker, Robert A. 
Mulberry House Publishing Company 
P.O. Box 575, Corydon IN 47 1 1 2 
paperback, $19.95 

Overview 
This is not a typical book The author has in

cluded information on a remarkable number of subjects 
related to firearms, including many topics that have little 
or no relationship to ballistics. I had some feeling of un
ease when first reading through the book, because the 
contents seemed slightly "off center" in a way difficult to 
understand. Mter a couple of chapters the key became 
apparent and everything clicked into place. The un
avoidable and astonishing conclusion is that this is a 
book on technical material written by someone with no 
technical training. The result is somewhat like crossing 
the Atlantic Ocean in a rowboat; it is a feat that has to 
earn your respect even though it has limited practical 
use. The author has clearly read a great deal of material 
from a lot of sources, has some understanding of most of 
it, and has explained it in his own way for an audience 
without a technical background and without his forti
tude for digging out material. There are almost no refer
ences to basic source material, although there is credit 
given for a few tables copied from other publications. 
The most serious problem with this book is that the 
author maintains a more or less uniform tone of author
ity throughout, but makes a number of fairly serious 
errors and misstatements in a variety of technical matters. 
This problem is a result of the author's lack of technical 
expertise and a resulting need to accept material more or 
less verbatim from other sources. The author's explana
tions are really sound only when these other sources are 
good and there are no complicated conceptual issues. 
The end result is that the intended audience (non
technical readers) have no way of knowing when parts of 
the text are either misleading or just plain wrong. The 
problems are too numerous to be completely listed; the 
examples given cover most major problems, but by no 
means all of the difficulties. 
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Ethics 
On page 301 the author describes penetration of 

spheres. This description includes the statement "For 
pellets, add .033 diameter in inches first. This is neces
sary because of the 'boundary layer' of air . . . . . .  " This gives 
the clue to the source of this material; it is from an Octo
ber 1988 article by Ed Lowry in the American Rifleman 
(or possibly some subsequent republication of these re
sults). This article by Lowry is wrong in a number of 
details (including the use of the .033 inch factor), and 
was made technologically obsolete by the penetration 
model described in Bullet Penetration. Lowry's article 
does give a qualitatively correct description of the 
threshold penetration velocity and linear penetration 
depth with velocity at low velocities. The penetration 
quantification does not correlate with soft tissue and is 
not consistent because Lowry used uncalibrated 20% 
gelatin in his tests. Nonetheless, Lowry's work was well 
thought out and an advance in understanding at the time 
it was done, and he should have been given credit. The 
author has clearly appropriated material from a lot of 
sources without giving any credit; this incident is differ
ent only because he left fingerprints. This unethical be
havior greatly tarnishes the work the author has done in 
compiling all this information. 

Basic Conceptual Problems 
It is obvious in several places that the author has 

fundamental conceptual weaknesses in his understand
ing of the basic principles of physics. On page 14  (and 
elsewhere) the author shows he has no idea that there is 
any difference between gravitational acceleration and the 
constant used to relate mass and force when English 
units are used in the equation representing Newton's 
second law (F=ma). This seems to be part of a general 
understanding of weight and mass. On page 15 the 
author states "To be technical, in engineering terms the 
pound is not a unit of weight but of force." This is not 
very technical, and also not correct; weight is a force. On 
page 16 the author explains "Material or mass is related to 
weight, but different."; most people won't find this very 
enlightening. 

The author also seems confused about the 
difference between momentum and kinetic energy. 
The equations given for these quantities are correct 
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(copied from somewhere), but the author makes errone
ous statements in a number of other places in the text 
when he is making up his own wording. On page 62 he 
correctly states that a recoil (sic, should be ballistic) pen
dulum measures momentum, but then erroneously 
states that this is a result of conservation of energy (it is 
really conservation of momentum). On page 141 he has 
the phrase "determine the momentum or kinetic energy 
in foot pounds"; but the English unit of momentum is 
pound-second. Also on page 141 he makes a ballistic 
pendulum calculation and states that "This does not ac
count for energy lost through friction, . . . . .  ", a statement 
with two conceptual errors. In the first,place, energy can 
be transformed, but is not lost; this is fundamental in 
thermodynamic'> and he himself explains this on page 31  
(apparently copied from some thermodynamics text) . 
More importantly, a ballistic pendulum has a lot of ki
netic energy transformation, but this is not relevant be
cause the ballistic pendulum utilizes momentum, not 
energy. Finally, at the close of Chapter 13 there is a 
subsection of statements accented by leading bullets 
(presumably to indicate important points); the last of 
these statements is "All of the power of momentum in a 
bullet in flight is in the kinetic energy stored within itself 
in momentum." This is one of the most nonsensical 
sentences I have ever read; it defies rational analysis, so I 
won't try. 

On page 56 the author explains discrepancies in 
numbers with the statement "That was energy and this is 
heat. Similar but different."; this explanation is wrong on 
two counts (heat is a form of energy, and the discrepan
cies are just inconsistencies) and shows a lack of under
standing of basic thermodynamic concepts. 

Page 62 contains a discussion and calculation of 
the torque on a rifle from firing a bullet that is erroneous 
in concept, primarily due to confusion about angular 
momentum and how torque contributes to it. 

These conceptual errors propagate into a lot of 
confusing or wrong text in other places. In some other 
places, the text is not in error on related topics. Many of 
these correct statements are in technically precise prose 
not at all similar to the author's usual style. It would have 
been better if the author had given references for these 
quotes not only because this is conventional and proper, 
but because this would have given the typical reader a 
better idea of what can be trusted. 
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Problems with Aerodynamics 
The author has many problems in discussion of 

aerodynamic topics, primarily because his limited un
derstanding of technical issues creates more problems in 
this subject than in most others. 

On page 147 the author states "For the study of 
aerodynamics and air flow at velocities below the speed 
of sound, air is termed incompressible." This final pecu
liar phrasing is not correct. The conventional flow 
equations at low subsonic velocities do not include den
sity changes, but air is a compressible fluid (i.e., a gas) 
under all normal conditions. The effect of this com
pressibility on flows around spheres begins at about 57% 
of the speed of sound, and the effect begins below the 
speed of sound for all body shapes. 

On page 147 the author states that the formula 
for Mach number (velocity divided by the velocity of 
sound) is a simplified formula that does not consider 
temperature, a preposterous assertion. 

On page 147 the author states "At supersonic 
velocities, all changes in air flow direction, pressure, 
density, etc. change suddenly." The "all" is not correct; 
changes in these variables are rapid at the shocks, but not 
in the subsonic flow regime behind the shocks (where 
the bullet surface is located). 

On page 149 the author gives a discussion of the 
transonic regime that is largely sentences taken from 
some book or books on aerodynamics that cannot possi
bly have meaning to anyone not already having a knowl
edge of aerodynamics (and so very inappropriate to the 
target reader). The definition given for the transonic 
range is not correct in general (it depends on body 
shape). 

On page 151 the author's discussion of drag 
seems to confuse skin friction drag and pressure drag (it 
is a little hard to follow). In actuality, subsonic bullet 
drag is mostly pressure drag due to rotational flow, with 
the skin friction drag (due to air viscosity) being small; 
the text seems to imply the opposite. 

On page 203 the author states "Kinematic vis
cosity is the resistance of matter to flow if it is a liquid or 
yield to stress if it is a solid . . . . . . .  Wood will have a powerful 
kinematic viscosity and stop a bullet quickly. Water will 
have less, but will stop it after a distance. Air also will 
stop it after a much longer distance." This statement 
(and the material following it) is almost pure nonsense. 
Solids do not have viscosity (powerful or otherwise); this 
term is restricted to liquids or gasses. The resistance of 
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hard solids (e.g., wood) to penetration does not have the 
units of viscosity, so the use of this term is completely 
inappropriate. The resistance of soft solids (e.g., gelatin 
or soft tissue) to penetration at low velocities does have 
the units of viscosity. The viscosity of water or air is not 
large enough to be an important contribution to total 
drag, bullets slow down in liquids and gasses is primarily 
due to pressure drag. Pressure drag is higher in water 
than in air because water has a much higher density. 

Ori page 204 the author talks incomprehensibly 
about the elasticity of the air. I have no idea what this 
refers to, but it is not a property of air that has anything 
to do with ballistics. 

Problems with Rotation 
The book has two chapters discussing "gyro

scopic stability" and related effects. The author never 
(here or elsewhere) properly explains what a torque is, 
and the technical description goes downhill from there. 
There are many correct statements in these chapters, but 
they are intermingled with incomprehensible prose and 
babbling trivia. To be fair, this is a very difficult topic to 
deal with, especially if there is a constraint on technical 
detail. Nonetheless, this text is not worth a detailed re
VIew. 

Problems with Terminal Ballistics 
There are three chapters devoted to terminal 

ballistics; these chapters suffer badly from the shortage of 
good material on this topic in the general literature the 
author has read. These chapters are primarily recapitula
tions of various past writings, some obsolete and some 
just ludicrous. The author just paraphrases various 
statements others have made (as usual, without identi
fYing the source) and leaves it to the reader. On page 297 
he states his dilemma and solution 'Whether for game or 
self defense, if 20 experts are interviewed, they will all 
have a different opinion. In this atmosphere of different 
views and changing ideas, only general statements will be 
made; comments that may guide the reader and help 
him or her form an opinion." The author does not give 
any indication of how he expects the reader to make 
sense of this jumble of material when the author himself 
has not been able to do so. The author's "general state
ments" are mostly either trivial or equivocal. Typical 
examples from pages 299-300 include the following. 
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"This is sound reasoning and no doubt has an influence 
on the outcome. It remains to be discovered or proven 
exactly how much." "Some experts disagree on the end 
result. ..... In all probability, the end result would de
pend on many variables and be unpredictable." "Obvi
ously a large magnitude wound in one location may 
cause disability while a large magnitude wound in an
other may do little more than aggravate things." 

The author advocates bullet testing to evaluate 
performance, but is remarkably undiscriminating about 
what to shoot into (pages 309-310). Ductseal is "expen
sive" and clay is "useful", but nothing is said about the 
density of these materials which makes them entirely 
unrepresentative tissue simulants (neither expansion nor 
penetration depth are representative). Wooden boards 
"give an interesting comparison", but "there is no resem
blance to an animal or the human body"; this apparent 
contradiction is not explained. Gelatin "is believed to 
respond similarly to living tissue", but "some people dis
agree". Newspaper and phone books "make a very good 
test" and are "an excellent home method", but what this is 
a good test of is not explained; home method is also not 
explained, and one hopes that this will not encourage 
testing in the kitchen. The author describes water test
ing, and says that "penetration can be figured closely" (by 
counting broken bags); he is apparently unaware of the 
large difference in penetration depth in water and gelatin 
(or tissue). The author cautions that "water testing will 
expand bullets that will not expand in flesh"; this caution 
is partly true but overstated because it applies only to 
unsound JHP handgun bullet designs and is not true for 
rifle bullets or state of the art JHP handgun bullet de-
signs. 

The author generally makes statements that ad
vocate kinetic energy as very important in terminal bal
listics (with no clear difference between handgun and 
rifle ammunition explained), which is not surprising 
given the popular literature that makes up his unattrib
uted sources. His inconsistencies in this view include 
page 311 "Kinetic energy is a good point to consider in 
choosing a cartridge, but not the dominant point." and 
on page 315 "Striking energy is not changed a great deal, 
from a practical point of view, by either an increase or 
decrease of up to 250 ft. lbs. of energy." 

The author offers his insights into bullet expan
sion on page 315. On the velocity required for expan
sion: "The velocity does not have to be extremely high, 
just as high as required by the bullet in question". On 
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how much expansion is desirable: "There is probably one 
that is just right for the job intended, but it may take 
some research to find out which one it is." 

The author describes Hatcher's relative stopping 
power formulation starting on page 321 (including an 
atypical reference to Hatcher's books). This is followed 
by a description of the Relative Incapacitation Index 
study (with references to the NIJ report) and a table 
comparing Hatcher's model with the RII results. This is 
followed by a mention of the Miami shootout and the 
FBI test program. On page 325 the statement 'While the 
FBI results do not sink either the RSP or the RII, they do 
expose some flaws." appears followed a little later with 
"The earlier RII test placed much value on the enlarged 
temporary wound cavity. The newer belief is that hu
man tissue is so elastic that after its return to the small 
cavity, no permanent damage will remain. Only perma
nent damage that is adequate will cause incapacitation. 
The testing also showed that kinetic muzzle energy isn't 
a dependable method of comparing ammo." This de
scription illustrates the frustrating nature of this book in 
a nutshell. Hatcher's work and the RII are described 
without conceptual context, but with numerical detail 
that is not important. The RII is recognized as invalid by 
almost everyone, but the key here is almost; the author 
waffies on every topic that has dissenting views. Then, 
buried in the mess are a couple of issue summarizing 
sentences that are essentially correct. 

Errors 
A number of errors related to conceptual issues 

or technical detail have been given above. There are 
relatively few flat out errors of fact in the text, which in
dicates that the author has really done his homework in 
research because he obviously does not have independ
ent knowledge of most of this material. A few examples 
(not necessarily all) follow. 

The author is greatly concerned about bullet tip 
damage, and discusses this in some detail on page 166. 
His statement about lead tip bullets deforming during 
firing is overstated for factory ammunition. The equivo
cal statements about bore heating or atmospheric heating 
causing tip deformation are ridiculous. The claim that 
tip damage can cause muzzle velocity to drop 10% is 
preposterous; the author must have made this up himself 
in the mistaken belief that aerodynamic drag is important 
while the bullet is in the barrel. 
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On page 171 the author states ''There are two 
basic formulas for determining ballistic coefficients un
der standard conditions. The second form is the more 
accurate and the one used the most." The two formula
tions are actually the same and so are equally accurate. 

On page 194 the author mentions an early 1900s 
bullet design that attempted to force expansion by put
ting an object into a hollow point (this sort of thing has 
been tried a lot of times in various ways). He goes on to 
claim "Today this type of ammunition would be illegal 
because it was too good at what it was designed to do." 
This statement is simply wrong on all counts; this ap
proach is not illegal, and also does not work nearly as 
well as modern JHP bullet designs. 

On page 208 the author has drawn two trajec
tory curves to illustrate the differences he claims can ex
ist. The problem is that one of these curves (the dashed 
line) is dynamically impossible; it cannot have the shape 
shown. This is not just graphics; the author's point here 
Is wrong. 

On page 314 the author states "(to get kinetic 
energy) Take half of the square of the velocity multiplied 
by the mass and divide it by the acceleration of gravity." 
This is wrong; kinetic energy = Vzmv2 without dividing 
by anything. 

On page 335 the author discusses the effect of 
rain drops hitting bullets, and states "The statistical prob
ability of a tiny bullet that is in the air for such an in
credibly short period of time striking a raindrop is 
thought by many experts to be small." I don't think there 
are any experts in bullets hitting raindrops, but if there 
were they would tell you that the time of flight of the 
bullet is not important in this calculation (only the range 
to target is because the bullet velocity is much larger than 
the raindrop velocity). A .30 caliber bullet is quite likely 
to hit a drop in a reasonably heavy rain during a 100 yard 
travel. The effect on the bullet will be relatively small 
because the raindrop weighs less than 1 grain. The 
author goes on to say "If contacted by a drop or two or 
even 1,000, the trajectory or gyroscopic stability is not 
affected." This is not true; 1000 raindrops weigh about 
200 grains (for reasonable drop size), and this would 
definitely affect the bullet trajectory. 

On page 341 the author is discussing drag and 
says 'Whatever the resistance at 1,000 £p.s. it will be 
three times as much at 2,000 £p.s." This is wrong; the 
factor is uncertain because it depends on the drag coeffi
cient of the body, but the factor is about four. 
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Style 
Many places in the text uses words and phrasing 

that can only be described as weird by ordinary technical 
standards; it appears that most of these anomalies are a result 
of taking material from an obsolete book or a failed attempt 
at erudition by the author. On page 15 'The slug is also 
called the gt--epound or the engineer's unit of mass."; I have 
never heard either of these terms in over 40 years of engi
neering work, and they do not appear in either the un
abridged dictionary or the NASA list of units and conver
sion factors. On page 17 the author uses the term "space
time curve"; this term has a conventional meaning not at all 
related to this use, and this use is wrong by any standard. 
Shortly following is the phrase 'There are mathematical 
means to calculate relations between space, time, velocity 
and acceleration."; no technical person (and few others) 
would use this wording. Examples of wording that show 
ambiguity and/or unconventional phrasing exist on most 
pages in the book 

The author sometimes refers to anonymous 
experts; this sometimes occurs when he wants to make a 
point but has conflicting information of some kind and 
doesn't know what the real answer is. On page 215 he 
discusses shooting uphill and downhill and states "In the 
following explanation, all the experts agree on the fun
damental details, but a few of the small secondary ele
ments are debated." This statement is not true; there is 
no dispute among experts because this problem is very 
simple conceptually. There is only a single dynamic 
factor that distinguishes uphill or downhill trajectories 
from a conventional (i.e., nearly horizontal) ballistic tra
jectory, and that factor is the angle between the bore axis 
and the direction of the gravitational force on the bullet. 
The author appears to be confused by the fact that some 
parameters that contribute to forces are somewhat more 
variable in these trajectories, but there isn't any dispute 
among experts about that either. 

Equations 
The author has chosen to include quite a few 

equations at various pages in the text, for reasons that do 
not seem to be related to any useful purpose. The for
mat of these equations is so clumsy and amateurish that 
it grates on the sensibilities of anyone with technical 
training. On the other hand, it seems unlikely that the 
non-technical reader will be the wiser for their presence. 
All of these simplistic equations are algebraic and use 
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single values for parameters that are actually variable. 
The author mentions that pressure in the barrel is a vari
able and states that an average pressure must be used 
(and shows a pressure curve on page 49). However, he 
seems quite unaware that the mean pressure he shows 
on the pressure curve on page 49 is not a correct value of 
average pressure in one of the three equations he gives 
on page 35 (it is correct for the other two) . In this in
stance it is a good thing that no one is likely to use this 
equation for anything. 

Content 
This book touches on an very wide variety of 

topics related to firearms, although many have little or 
nothing to do with ballistics. I have not even attempted 
to review these non-ballistic topics in the book, which 
include a history of primers and powder, powder com
bustion related topics, heat treatment of steel, historical 
discussion of rifling, a short history of cartridges, some 
statistics, various topics related to handloading, shooting, 
and general firearms .. There are very few (if any) indi
viduals who could read through all this material without 
finding at least something that they didn't previously 
know. These non-ballistic sections tend to report facts 
rather than attempt to make analysis, and the author is 
much better at this. Judging by the part of this material I 
have knowledge of, these non-ballistic sections are more 
interesting and more reliable than the ballistics sections. 

Conclusions 
It is unfortunate that the author did not put his 

diligence in rooting out and organizing information to 
better use by gathering and rep9rting information on 
ballistics and properly attributing sources. He could then 
have produced a very worthwhile book, but has not done 
so as a consequence of trying to demonstrate capabilities 
he does not have. 

Most readers will learn a number of things by 
reading this book; the risk is that on ballistic topics this 
new knowledge may well include things that aren't so. 
Someone who knows little or nothing about ballistics or 
firearms might find the book useful at its modest price 
for the breadth of information it contains, but should be 
cautious and check anything they are interested in with a 
more reliable source. 
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The widespread misinformation and lack of understanding concerning ballistic injury are well known to anyone who 

understands the subject and keeps up with its literature. The undesirable consequences of these deficiencies range from 
substandard gunshot w0und treatment to lessened law enforcement effectiveness. 
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percentage of the total, and most of these papers contain numerous errors. Wound ballistics expertise is sparse, and human 
inertia being what it is, once in print, errors are likely to go uncorrected. Even when discredited by letters to the editor, these 
substandard papers remain in the literature to mislead the unwary. 

What needs to be done? First, the valid literature needs to be identified. This will give the interested reader the 
scientific background material on which to build a solid understanding of the subject. Next, an ongoing periodic critical review 
of the wound ballistics literature needs to be initiated. Finally, an easily accessible source of wound ballistics expertise needs to 
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The International Wound Ballistics Association has been founded to fill these needs. The IWBA publishes a journal, 
the Wound Ballistics Review, which contains original articles and reviews of other publications. By focusing its expertise upon 
the literature relating to wound ballistics, the IWBA hopes to stimulate an increased awareness among editors, writers, and 
readers and to help minimize future inaccuracies. Additionally, the International Wound Ballistics Association is prepared to 
offer expertise to assist any publication concerned with avoiding error and maintaining technical accuracy. 

The IWBA encourages skepticism. We are convinced that only by encouraging active questioning, reevaluation and 
verification of views, data and cherished beliefs, etc. in the open literature can wound ballistics assume its full potential as a 
science. 
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