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About the National Institute of Justice

- The National Institute of Justice is a research branch of the U.S. Department of Justice. The Institute’s
mission is to develop knowledge about crime, its causes and control. Priority is given to policy-relevant

research that can yield approaches and information State and local agencies can use in preventing and 1 ‘ ‘ e
reducing crime. Established in 1979 by the Justice System Improvement Act, N1J builds upon the foundation e : POllce Handgun Ammunltlon:
laid by the former National Institute of Law Enforcement and Criminal Justice, the first major Federal . ‘ , / R , ‘ :
research program on crime and justice. , i . ) ’ Ill e ta ti Eﬂ.
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e Sponsors research and development to improve and strengthen the criminal justice system and related ’ i ‘ ' 3 . ‘ ° ;
civil justice aspects, with a balanced program of basic and applied research. = VOIume H: Experlmental Data

Evaluates the effectiveness of federally funded justice improvement programs and identifies programs
that promise to be successful if continued or repeated.

e Tests and demonstrates new and improved approaches to strengthen the justice system, and recommends T , ’ ‘
actions that can be taken by Federal, State, and local governments and private organizations and B NIJ Rep()l't 101'83
individuals to achieve this goal.
o Disseminates information from research, demonstrations, evaluations, and special programs to Federal,
State, and local governments; and serves as an international clearinghouse of justice information. o William J. Bruchey, J »
. : . . . : William J. Bruchey, Jr.
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ity through fellowships and special seminars. = o  U.S. Army Armament Research and Development Command
Authority for administering the Institute and awarding grants, contracts, and cooperative agreements is i Aberdeen Proving Ground, MD 21005
vested in the N1J Director. An Advisory Board, appointed by the President, assists the Director by recom- , i » ' #
mending policies and priorities and advising on peer review procedures. i anc
Reports of N1J-sponsored studies are reviewed by Institute officials and staff, The views of outside experts e : ‘ . :
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= Foreword

This report on Police Handgun Ammunition continues the tradition
of the Technology Assessment Program, whose goal is to enable
purchasers of criminal justice equipment to make informed
purchasing decisions that consider both economy and
effectiveness. Millions of dollars have been saved in purchases
of '‘conmunications equipment, special protective equipment, and
other tools of the criminal justice system guided by performance
standards established by the program.

Even more significant than the cost savings are the lives saved
by the program. The lightweight armor now widely used by police
was developed under the Technology Assessment Program. Since its
introduction, the armor has saved the lives of more than 500 law
enfcrcement officers.

The National Institute of Justice sponsored this study to provide
the law enforcement community with criteria for deciding what
ammunition is most suitable for their needs. Rarely is a law
enforcement officer forced to fire his service revolver.

However, in such situations; a person posing a life-endangering
threat to an officer or to others must be effectively ‘
incapacitated. Under these extreme circumstances the police
officer must have the most reliable ammunition available, yet the
ammunition must not endanger the safety of bystanders. These are
vital considerations law enforcement agencies mu&; take into
account in selecting handgun ammunition, and the data presented
here proceed from these basic concerns. :

We believe this repott will help inform the administrative
process of selecting the most cost-effective product. As police
agencies continue to operate within budget constraints, the
Technology Assessment Program will maintain its effort to be a
source of practical and useful information that increases public
safety while saving dollars. '

Jjames K. Stewart,
Director
National Institute of Justice
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1. INTRODUCTION
Police Handgun Ammunition: Incapacitation Effects g
' Volume II: Experimental Data : ) ,
: National Institute of Justice (NIJ) Report 100-83, "Police
' ; Handgun Ammunition: Incapacitation Eifects, Volume I:
CONTENTS i i Evaluation," tabulates the relative incapac1tation index (RII),
. v ; which is the measure of the stopping power, for most commerciallss
2 available ammunition that a law enforcement agency might consider
Page adopting for use in service weapons. The purpose of this report
iy i is to supplement NIJ Report 100-83 by presenting the experimental
FOreword. . o« o+ « « e o o o o o s o s o o o s o « o o o o idi i data for all rounds that were tested during the laboratory
1. ‘Intfoduction. e A A 1 1 research and to describe the experimental procedures in sufficient
2. Background.". . e e e o 8 e s s s s e s e s o a 1 : = detail that other researchers can determine the RII of bullets
3. Experimental Techniques e s e + e e s e 3 e & e e s o 3 3 Caby that were not evaluated during the course of this effort.
3.1 Ammunition . . . . 4 et bt 4 e e s e 8 e s e e e 3 i a :
3.2 Tissue Simulant. . . « « ¢ ¢ ¢ ¢ o o o & o o s o @ 4 5 T
3.3 Cavity MeasurementS. . . « ¢ « o« « ¢ o s o ¢ o o 6 : W 2. BACKGROUND
4. Results . . . . e v e e e e o o e 6 B -
5. Method for Calculating a Relative Incapac1tation Index, 11 o The NBS Law Enforcement btendards Laboratory (LESL), as part

B ‘LQ

Appendix A--Plots of Average RII vs. Velocity and Plots of
Tissue Simulant Maximal Temporary Cavities . . 13
Appendix B--Numerical Tabulation of Tissue Simulant Cavity
Maximal Dimensions . . . . . « « « 95
Appendix C--Index to Test Bullets by Manufacturer and
Bullet Characteristics . . . « ¢« &« « & & « + « 113

of the U.S. Department of Justice, National Institute of Justice
(NIJ) Technology Assescment Proqram (see the brief description of
the Technology Assessment Program inside front cover), contracted
with the 1.S. Armny Ballistic Research Laboratory (BRL) late in
1973 to conduct a study of the terminal effects of police handgun
ammunition. The objective of the project was to provide the law
enforcement community with a c¢riterion for the selection of
handgun ammunition that considers the defensive capabilities and
the safety factors concerning innocent bystanders. The initial

findings of this study were published in summary form in October
1975.
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o i Subsequently, manufacturers began to introduce new ammunition

I I & Lo that was not available at the time of the original laboratory

i/ | £ effort. Rather than publish incomplete data, NIJ elected to delay

: & P publication of the full report until additional ammunition was

» o ] e tested. The additional testing was accomplished by the Chemical

” o Systems Laboratory, Aberdeea Proving Grounds, Edgewood Area in the.
summer of A981 and the test results are included in this report.

\

The methodology used to evaluate ammunition and to determine
the RII of éommercial rounds is fully discussed in the main
report, and will not be repeated here, except as necessary to
permit duplication of the laboratory experiments. The initial
effort by the technical staff at BRL focused upcn an investigation
of the susceptibility cf the human body to incapacitation as a
- function of the trajectory of a given round as it passes through
. g P the body. -This was accomplished through a computer simulation
AN : $ i that plotted the path. of a bullet through the body, with each
j . §.00 volume: element along the path penetrated by the round assigned a

preceding page blank o ] 1
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p;obability of incapacitation rangin from { i
simulation took into account the accugacg of bothothzomaiﬁémanngg
the weapon, and resulted in the development of an averaqe
vulnerability index shown in figure 1, which is a function of tge
depth of penetration. The vulnerability index is presented in
tabular form in the example in section 5 of this document. ]

The RII is calculated as the integral of the prod
vulnerabll}ty indgx and the volume of thg maximum teﬁporggs gﬁvgts
Produced in a Flssue simulant measured from the striking face to
Fhat depth at which the vulnerability index becomes zero. The
«olu@e anq shape of a temporary cavity are dependent upon the
gonglguratlon, composition, and striking velocity of the
individual bullet: ) During this program, the primary focus was
upon handgun ammunition in the caliber range from 0.355 (9 mm)
thrgugh 0.45, Approximately 90 percent of the commercially
available bullets that were possible candidates for law
enforcemgnt use were evaluated.

;\)
(@]
JL]

INDEX
o
I

VULNERABILITY
'O .
(e 2]
I

12
PENETRATION DEPTH (cm)

Figure 1. Vulnerability index for handguns at a range of
6 m for the average shooter hit distribution.
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The RIXI data for each caliber of bullet were grouped by
construction and configuration to develop average curves for
RII as a function of velocity. Based upon these data, curve
fitting techniques were used to develop a series of parameters
that enable the RII of a round to be calculated for known

velocity.
3. EXPERIMENTAL TECHNIQUES
The purpose of this study was to experimentally determine

the effect of such bullet parameters as geometry, construction,
mass, velocity, and manufacturer on the penetration through

. tissue simulant and the ultimate effect of these parameters on

wound formation and resultant relative stopping power.

3.1\ Ammunition

The ammunition used in this phase of the study consisted
primarily of hand loaded ammunition in calibers .355 through
.45. Bullet velocities were adjusted such that striking
velocities varied nominally between 120 m/s and 700 m/s (394
£f/8s and 2297 f£f/s). Bullets used in this study were obtained
from commercial manufacturers within the United States. Most
weights and type bullets available from these manufacturers
were evaluated. The manufacturers were chosen such that the
vast majority of bullets used in commercial handgun cartridges
could be evaluated. The actual bullet manufacturers considered

were:
\)
\

) a. Hi-Precision

I b. Hornady
c. MB Associates
d. Remington-Peter
e. Sierra
f. Smith & Wesson

g. Speer

h. SuperVel

i. Winchester-western
j. Zero

Obviously, the above list does not include all manufacturers of
ammunition for two reascens. PFirst, many other manufacturers
use the above - bullets in their loaded cartridges and

- differences in stopping power would only depend on velocity;

and second, this list comprises over 90 percent of the bullets
available on the market. The rounds to be tested were selected
by BRL, LESL, and NIJ during the earlier testing. The
additional rounds tested in 1981 were based upon the
recommendations of the NIJ Technology Assessment Program
Advisory Council Weapons and Protective Equipment Committee.
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For the tissue simulant firings, actual service weapons
were not used. Since ornne of the more important parameters
under investigation was the effect of bullet velocity on
stopping power, it was necessary to examine velocity levels
below and well above those experienced from standard cartridges
fired from standard weapons. In both cases, c¢hamber pressures
can exceed those permissible in standard handguns. For safety
reasons, then, Mann test barrels were used. At this peoint 1t
should be noted that even though stopping power results were
generated up to velocities approaching 700 m/s, the powder
charges necessary to attain these velocities from standard
handguns may be well above acceptable safety limits and should
be approached with caution. )

The justification for testing at nonstandard velocities was
manyfold. As is well documented in previous studies by many
investigators, different type bullets deform differently as a
function of velocity. It was the purpose of this study to
develop a general criterion, which requires that stopping power
be known as a continuous function of velocity. To this end, it
was important to know the degree of degradation experienced in
stopping power if lower than standard velocities are used
i.e., velocities below which deformation of the bullet occurs.
Also, it was important to determine if the effects of possible
excess deformation oxr fragmentation of the bullet at higher
than standard velocities enhances or degrades stopping pover
Additionally, if oniy commercial leoadings were used and
stopping power reported for these particular cartridges future
changes !n loading specifications by a manufacturer to alter
velocity would make the stopping power estimate meaningless.
Further, bullet muzzle velocity depends on the particular type
handgun being used and it was felt that law enforcement
agencies should test fire their weapon/ammunition combination
to determine actual muzzle velocities which in turn could be
used to calculate the stopping power more precisely.

3.2 Tissue Simulant

The target material used was gelatin purchased from the
Kind and Knox Gelatin Ccmpany specified as Ordnance Type 250A.
The gelatin powder was mixed with water (20% gelatin by weight)
to form 15x15x30~cm blocks for testing. A standard procedure
for preparing the gelatin blocks for testing is given below,

a. Materials

(1) Pharmagel A.T”Gelatin, Kind and Knox Gelatin
Company, Ordnance Type 250A. Home oifice:
Johnstown, NY; production plant: Camden, NJ.

e g e A s e gy =

(2) Thymel. Available from Fisher Scientific Company
and many local chemical and pharmaceutical
companies.

(3) Pyrex or stainless steel container; 20-L to 30-L
capacity for mixing gelatin.

(4) Heavy-duty stirrers, electric.

: 1ds, 15-
(5) Stainless steel containers for use as mo '
cm wide, 15-cm high, 30-cm long. Other size
containers may be used depending upon the gelatin
target size desired.

b. Methed

2 000 g of hot water (at least 65°C) in the 20-
L to g%iifcinéaineg. place two electric stirrers in the
hot water. It has been found that it is preferable to
place one stirrer near the top of the container andl the
other stirrer near the bottonm. Add 3 g of thymel™ and
dissolve in the hot water. Add 3000 g of Pharmagel A tc the
hot water. It is often helpful to supplement the stirri?g
by manually breaking up any lumps of undissolved gelatin
with a stainless steel rod or paddle.

365
After the gelatin has completely dissolved, which

ires from 5 to 15 min, turn off the stirgers.
nggilybigg;es and foam to rise to the sugtace of the
gelatin. This usually requireg from 15 to 20 min.

he 20-percent gelatin solution is then_transferred to
the {5x15x3§-cm containers. If the original mixiyg
container does not have a spigot at the bottom, it is
necessary to remove the foam from the top of the ge}at n
before transferring the solution. Allow the gelatin to
remain at room temperature for at least % h after
trensferring. Any additional foam which rises to the
surface should be removed.

the gelatin in a refrigerator, or other cgld
storagtagz 0°C togS‘C overnight. The gelatin may be rgmgved
from the stainless steel container by placing the stain es:
steel container in a container of hot wvater. After agou
15 s, loosen the gelatin from the sides of the contalner
with a spatula. After 1-2 min, remove the container from
the hot water and invert it to permit the gelatin block to
glide out. Allow the gelatin to yemain at room temperagure
for about 1 h. The gelatin is then placed in heavy-duty

lcinnamon oii ﬁay be substituted: 5/8 mL/12,000 g of hot water.
5




plastic bags to prevent evaporation, which will drastically
change the consistency of the gelatin. The 20-percent
gelatin is usually stored at 10°C (507F) since the
consistency of the gelatin is a function of the
temperature.

3.3 Cavity Measurements

High-speed motion pictures were taken for each test shot to
determine how the temporary cavities in gelatin varied in size
and shape for different bullet types and velocities. The
relation of the high-speed camera to the gelatin target can be
seen in the schematic drawing of figure 2. Photographic
floodlights were placed behind the gelatin target to provide
backlighting for the mction pictures.

A 60-m roll of f£ilm was used for each shot, with maximum
attained film speed of approximately 10,000 <£frames/s. The
formation and subsequent growth of the cavity is clearly shown
in these movies. A typical sequence from a high-speed movie is
shown in figure 3 for a .45 caliber full jacketed bullet.
Figure 4, shows a typical movie sequence for a 9 mm hollow
point bullet.

The measure chosen ag the indicator of the actual damage
produced in tissue was- the maximum temporary cavity (MTC)
formed in the gelatin. The film for each test shot was viewed
on a motion analyzer and the contour of the cavity traced frame
by frame. - A digitizer was then used to record the scaled
coordinates of the envelope of these cavities £from these
tracings at increments along the z-axis of approximately 5 mm,

4. RESULTS

Data recorded by the 16-mm high-speed camera was analyzed
using a Telecomputing Telereadex Model 29E Film Analyzer. For
each round fired the size and shape of the maximum temporary
cavity formed in the gelatin simulant was measured versus the
depth of penetration of the bullet.. These measurements were
taken at approximately 5-mm increments along the bullet
trajectory through the simulant. These data were =stored on
computer cards for later tabulation and subsequent plotting of
the resultant cavity contours.

The maximum temporary cavity frroduced in the tissue
simulant was plotted as a function of depth of penetration for
each test round, and are presented in appendix A. In order to
assist the reader in comparing the differences between bullets
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Representative series of high-speed movie frames
for a .45 caliber full jacketed bullet.

Figure 3.
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of identical configuration as a result of velocity or
manufacturer, appendix A is separated into sections, which are
arranged in order of increasing caliber and bullet mass in
grains. For each caliber and mass bullet, the sections are
presented in the following order by type of construction:

a. Full Jacket (FJ)

b. Power Point (PP)

c. Jacketed Hollow Point (JHP)
d. Jacketed Soft Point (JSP)
e. Lead Hollow Point (LHP)

f. Lead Round Nose (LRN)

g. Metal Piercing (MP)

h. Semi-Wadcutter (SWC)

i. Wadcutter (WC)

Each section of appendix A groups the plots of the maximum
temporary cavity by manufacturer in alphabetical order.
Further, the plots of the maximum temporary cavity are
presented in the order of increasing velocity for each
manufacturer. The plots are identified by the test round
number and the velocity of the bullet. The relative
incapacitation index calculated for the cavity is noted in the
brackets following the test round identification number.

The individual. plots of the maximum temporary cavity are
provided primarily for illustration of velocity and
configuration effects. The actual measurements of the radius
of the individual cavities as a function of depth of
penetration are presented in appendix B, which is arranged in
increasing numerical order by test round identification number.
For simplicity, the radius data is presented for 1l-cm
increments of penetration to a maximum depth of 22 cm, which is
the depth beyond which the vulnerability index becomes zero
(0). It should be noted that many test rounds were used for
other experimental purposes during the research program, so the
round identification numbers are not a complete se: of numbers.
Only data for those rounds for which a plot of the maximum
temporary cavity appears in appendix A are tabulated in
appendix B.

Appendix A also presents a plot of the average relative
incapacitation index as a function of velocity for each bullet
caliber, mass, and configuration. These plots, presented at
the beginning of each section of appendix A, are the average of
all rounds that are contained in that section except for those
rounds preceeded by an "*", Each of the rounds marked by an
v#" represents a unique point (flyer) or a data point which for
some other reason was not included in the analysis but is
presented here in the interest of completeness. The average

10
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Plots of RII vs. velocity can be used to predict the
performance of bullets of similar construction up to the
maximum velocity of the experimental data. The curve fitting
techinique used to obtain the average plots does not allow
extrapolation of the curve past the last data peint. One final
note;}bout the average plots, for some bullet constructions and
califer only one round was shot, however, an average RII curve
is =till presented. As part of this and other programs, BRL
has developed a theoretical model for predicting the size of
the YTC for nondeforming projcctiles. In those cases where it
was / decided that firing additional rounds would not produce
results appreciably different than what the model would
predict, the theoretical model was used to supply a sufficient
number of additional data points to permit the average RII
curve to be drawn,. A discussion of the model for the MTC
produced by nondeforming projectiles in tissue simulant can be
found in the final report for this project, NIJ Report 100-83.

The index listing in appendix C of this report enables the
reader to quickly locate the plot of the maximum temporary
cavity for any specific manufacturer's bullet type and mass.

5. . METHOD FOR CALCULATING A RELATIVE INCAPACITATION INDEX

Those wishing to experimentally evaluate the performance of
bullets not included in this study, or at velocities different
from those used in the study need only determine the radius (r)
of the maximum temporary cavity formed in the tissue simulant
as a function of depth of penetration. For convenience in
computation, the RII for l-cm volume elements 1is summed from
the striking surface to a depth of 22 cm, beyond which the
vulnerability index (V. Ind.) is zero, or to the maximum depth
of penetration if it is less than 22 cm.

Xmax

RII = Z 72 (Vulnerability Index)
Xm]

As ar example, consider the maximum temporary cavity radius
data for round number 519 in appendix B, a Speer, 45 caliber,
JH? bullet at a velocity of 374 m/s (1227 £/s). In the
calculation that follows, the first column presents the depth
of penetration; the second, the average vulnerability for that
depth; the third, the radius in centimeters for the maximum
temporary cavity at that depgh; the fourth, the product of
r2(V. Ind.). The values for r4(V. Ind.) for 1 cm increment of
penetration are totaled and multiplied by ¥ to obtain the RII,
which in this case is 53.1.

11
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Sahple Calculations
Penetration Vulnerabiiity “Cavity
Depth Index Radius
(cm) (V. Ind.) ricm) r2(v. Ind.)

1l 0.0061 4.3 0.113

2 0.0169 5.1 0.440

3 0.0477 5.8 1.604

4 0.0608 6.0 2.189

5 0.0588 6.3 2.333 ,

6 0.0564 6.4 2.309

7 0.0458 6.2 1.761 APPENDIX
8 0.0388 6.1 1.444

9 0.0401 5.6 1.257
10 0.0405 5.4 1.181 A
11 0.0248 5.0 0.621 e

12 0.0238 4.4 0.460

13 0.0292 4.0 0.467
14 0.0231 3.1 0.222

11“2 | g;gg;} g; g:ﬁi PLOTS OF AVERAGE RII VS VELOCITY
17 0.0230 2.2 0.111 : AND
18 0.0247 1.8 0.080 {

ég g.gfl)gi i.i g.ggg ‘ PLOTS OF TISSUE SIMULANT MAXIMAL TEMPORARY CAVITIES
21 0.0014 0.8 0.00}

22 0.0003 0.6 0.000

Xmax
Total = }: r2(v. Ind.) = 16.910
x=1

RII = 7 (Total) = 53.1

where # = 3.14.

12 o ‘ ) 13
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90 Grain, Jacketed Soft Point, 9 mm
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APPENDIX A3 .
100 Grain, Full Jacket, 9 mm
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100 Grain, Jacketed Hollow Point, 9 mm
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115 Grain, Full Jacket, 9:mm
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125 Grain, Jacketed Soft Point, 9 mm
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95 Grain, Jacketed Hollow Point (Silvertip), 38 Caliber
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s 100 Grain, Jacketed Hollow Point, 38 Caliber
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110 Grain, Jacketed Hollow Point, 38 Caliber
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Velocity (f/s)

Relative Incapacitation Index as a function of velocity
for 110 gr., JHP, 38 caliber bullets manufactured by
Hi-Precision, Hornady, Sierra, Smith & Wesson, Speer,
Supervel, Winchester-Western, and Zerc.
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110 grain, jacketed hollow point, 38 caliber
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110 grain, jacketed hollow point, 38 caliber
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SMITH & WESSON
110 grain, jacketed hollow point, 38 caliber
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SMITH & WESSON (cont.)

110 .grain, jacketed hollow point, 38 caliber
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SPEER (cont.)
110 grain, jacketed hollow point, 38 caliber
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APPENDIX A20 ‘ 125 Grain, Jacketed Hollow Point, 38 Caliber
110 Grain, Jacketed Soft Point, 38 Caliber

Velocity (m/s)
Velocity (m/s) 50 150 250 350 450 550
50 150 250 350 450 550 v T 1 1T 1T T T T
100 I T | T [ T I T | T | ' i - -
3 - r ; s
i 80 |- -
§ eof - | e
- - ‘;
;  «r :
w pr— —— .
=§ % e -
] i ) , E‘ 40 - .
£ o} - | 2 5
(] . ]
2 B - 5
. s T
e 20 - - -
- - . Z o l 1
0 | 1 ] 1 ] 1 | A i 200
200 600 1000 1400 1800 5 . Velocity (t/s)
Veloclty (t/s) Relative Incapacitation Index as a function of velocity
Relative Incapacitation Index as a function of velocity | H for 125 gr., .JHP’ 38 caliber b‘.ﬂlEts manufactured by
for 110 gr., JsP, 38 Caliber bullet manufactured by Hornady, Remington, Sierra, Smith & Wesson, Speer, and
Supervel. : ; ; Zero.
!
4 39
38 o

L on R e
[



]

. HORNADY REMINGTON (cont.)
125 grain, jacketed hollow point, 38 caliber 125 grain, jacketed hollow point, 38 caliber
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SMITH & WESSON (cont.)

grain, jacketed hollew point, 38 caliber
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ZERO (cont.)
125 grain, jacketed hollow point, 38 caliber
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APPENDIX A22
125 Grain, Jacketed Soft Point, 38 Caliber

Velocity (m/s)
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Relative Incapacitation Index as a function of velocity

f9r 125 gr., JSP, 38 caliber bullets manufactured by
Sierra and Speer.
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125 grain, jacketed soft point, 38 caliber
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125 grain, jacketed soft point, 38 caliber
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Jacketed Hollow Point,

APPENDIX A23

38 Caliber
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SO 150 250 350 450 550
100 | T I 1 T T [ L] T I n
»
' SL N s ——
geo
[ - -
X
= e} —
7]
o
Q ol .
]
]
£ 40 |- -—
®
.2 o -
s
é 20 - ey
P -l
0 i i 1 1 | 1 ] 4 ]
200 800 1000 1400 1800
Velocity (I/s)

Relative Incapacitation Index as a function of velocity
for 140 gr., JHP, 38 caliber bullet manufactured by Speer.
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APPENDIX A24

Jacketed Hollow Point, 38 Caliber
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Relative Incapacitation Index as a function of velocity
for 146 gr., JHP, 38 caliber bullet manufactured by Speer.
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APPENDIX A25

148 Grain, Wadcutter, 38v Caliber

Velocity (m/s)
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Relative Incapacitation Index as a function of velocity
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Remington, Smith & Wesson, Speer, and Winchester-—Western.'
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WINCHESTER-WESTERN
148 grain, wadcutter, 38 caliber
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148 grain, wadcutter, 38 caliber
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150 Grain, Jacketed Hollow Point, 38 Caliber
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for 150 gr., JHP, 38 caliber bullet manufactured by Sierra.
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SIFERRA (cont.)

150 grain, jacketed hollow point, 38 caliber
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APPENDIX A28 APPENDIX A29
150 Grain, Lead Round Nose, 38 Caliber 158 Grain, Jacketed Hollow Point, 38 Caliber
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158 grain, jacketed hollow point, 38 caliber
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APPENDIX A30

38 Caliber

Velocity (m/s)
50 150 250 350 450 550
100 ! T I T T T I T I T | |
»
o - -
g 80
2 eof -
[2]
a - -
[ ]
Q
E 40 |- -
@
2 - -
s
'E 20 |~ -
0 i 1 1 ] 1 L 1 |
200 800 1000 1400 1800

Velocity (f/3)

Relative Incapacitation Index as a function .of velocity
for 158 gr.. JSP, 38 caliber bullets manufactured by
Hi-Precision, Hornady, Remington, Sierra, Smith & Wesson,

Speer,

Round 268 (12.6]

:}}FLL m'/s (1'092 flt:/s) '

and Winchester-Western.

HI-PRECISION

158 grain, jacketed soft point, 35 caliber

Round 263 [12.7]

342.86 m/s (1125 ft/s)
K v L) T T

Depth of Penstration (mm)

Depth of Penstration (mm)

Round 262 [16.6)

387.29 m/gs (1269 ft/s)
¥

+100

B +50 -

L ———
< of )
\_/_—’—_——-——__— \_/—/-__-__-—/
- -60} .

L L L L 1 -100 i L 1 1 L
80 100 150 200 260 300 60 100 150 200 250 300

+100

Y 1 { T

+860 [~

&
o
T

Cavity Radius (mm)
=)
\

8

T

50 100 160 200 260 3CGO
Depth of Penetration {mm)

57

+100

60

Round 267 [16.4]

379.10 m/s (1243 ft/s)
L} L] L} L}

L i L 1 i

50 100 160 200 250 300
Depth of Penetraticn (mm)



e e g

T

Round 151 [4.4]

+100 24();95 m{s (7?0 ft{s) .
€
E 50} E
-
% o ———]
o [1]
£
2 -B5OF -
o
-100 L 1 L L L
50 100 150 200 250 300
Depth of Penatration {mm)
Round 234 [16.7]
349.14 m/s (1145 £t/s)
+100 T ™ T y
E
E o0l 7
L] /\"\_\__\
2
g of I
> \/.-
s -50F 1
o
-100 1 1 A 1 1
50 100 150 200 260 300
Depth of Penetration (mm)
Round 898 ([8.6)
320.95 m/s (1053 £t/s)
+100 T T T T y
E
g_ +50 -
2 N —
Poop E
z
2 -BCP -
(8]
-100 i 1 1 b 1
50 100 1850 200 260 300
Depth of Penetration (mm)
Round 192 [1.9]
180.
+100 : 04 m'/s (5[90 ft'/s) '
E
_E_ +50 -
"
2
oF -
E .\___,——-—Q
£
gz -B50F e
Q
-100 1 L 1 ]

1
50 100 150 200 250 300
Depth of Penetration (mm)

HORNADY

158 grain, jacketed soft point, 38 caliber

Round

301.48 m/s (987 ft/s
+100 T ]

150 [14.0]}

+50 |

i

i
50

100 150 200 250 300

Depth of Penetration {mm)

Round

152 [32.1)

391.77 m/s (1286 £t/s)

+100 Y

+80 7\\-

A L 3

L

50

100 180 200 250 300

Depth of Penetration {mm)

*Round

233 [22.7)

382.43 m/s (1254 ft/s)

+100 T

+60 |-

Cavity Radius {mm)
o
T

-120 -

v L) Ll

ke L

&0

" A
100 150 200 2860 300

Depth of Penetration {mm)

REMINGTON

Round 149 [17.6]
319.83 m/s (1049 ft/s)

-100 1 5 1 A 1
50 100 16C 200 250 300

Depth of Panetration (mm)

Round 232 [75.8]
480.76 m/s {1578 £t/s)

+100 Y T T T
+50 .
o}
-50 \//:
-100 4 A - - -

50 100 150 200 259 300

Depth ot Penetration {mm)

158 grain, jacketed soft point, 38 caliber

Round 897 [15.2]

356.01

+100 T

+50

~100 4

m/s (1167 ft/s)
L [] 1)

50

1 1 i 1
100 180 200 250 300

Depth of Penetration (mm)

SIERRA

Round 896 [27.6]

+100 394'.11 m{‘a (1-292 ft:/s)

+60 |~ -
‘/——,‘\

I A i I i
60 100 150 200 250 300
Depth of Penstration {mm}

158 grain, jacketed soft point, 38 caliber

Round 181 [9.2]

m/s {853 ft/s)

26C.29
L]

—100' L

1 L i

50

10C 160 200

A
260 300

Depth of Penetration (mm)

58

Round 190 {8.3]

+100 295.35 m/s (967 ft/s)

+50 T -

™" —

° ;_/__——-———-—"—__‘

-504 ~
-100 1 1 1 I A

50 100 160 200 260 300
Depth of Penetration {mm)

el o A S N 3

]
i
i
4

SIERRA (cont.)

156 grain, jacketed soft point, 38 caliber
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lead hollow point, 38 caliber
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APPENDIX A32
158 Grain, Lead Round Nose, 38 Caliber
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APPENDIX A33
158 Grain, Metal Piercing, 38 Caliber
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APPENDIX A35
160 Grain, Jacketed Soft Point, 38 Caliber
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APPENDIX A36
185 Grain, Jacketed Hollow Point, 38 Caliber
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APPENDIX A37 APPENDIX A38
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Relative Incapacitation Index as a function of
velocity for 170 gr., JHP, 41 caliber bullet
manufactured by Sierra.

Relative Incapacitation Index as a function of
velocity for 200 gr., LRN, 38 caliber bullet
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APPENDIX A39 )

200 Grain, Jacketed Hollow Point, 41 Caliber
APPENDIX A40

210 Grain, Jacketed Hollow Point, 41 Caliber
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APPENDIX Z41

SIERRA
210 ‘'grain, jacketed hollow point, 41 eceliber

210 Grain, Jacketed Soft Point, 41 Caliber

Veiocity (m/s)
50 150 250 350 450 550
Ll I LI R BN ERLAN LN I |
»
® - -
3 80
2 | -
Q
[}
[+ - .
o
Q
E 4} -
[
2 L 4
‘s
: of -
) ] 1 ] 1 j 5 ] § |
200 600 1000 1400 1800
Velocity (1/s)

Relative Incapacitation Index as a function of velocity
for 210 gr., JSP, 41 caliber bullet manufactured by

Remington.

Round 890 (12.3]}
5 (874 ft/s

L L A

Il L
50 100 150 200 250
Dapth of Panetration {mm)

300

REMINGTON

210 grain, jacketed soft point. 41 caliber

+100

+50

-100 2 i 3 I 1
60 100 160 200 260 300

Round 888 {20.5)

Dapth of Penetration (mm}

74

347,78 m/s (1141 £r/n) -

+100

+50

Round 889 (27.5)

L 1 1 L 1

860, 100 150 200 280 300
Depth of Panstration {mm)

T R S TR ORI

Bimeeteg et

I

RN S

RPN e

Round 587 [40.4]
£

+100 368‘. 8

REMINGTON (cont.)
210 grain, jacketed soft point, 41 caliber

I +100

*60 :/-—\/\— 0

Cavity Radius (mm)
Q
1

-100 .

1 A A (]

60 100 150 200 250 300
Depth of Penetration (mm)

Round 886 [55.6)
389.23 m/s (1276 ft/s}

v T T ¥ T

i I I 1 I

60 100 150 200 250 300
Depth of Penetration (mm)

APPENDIX A42
210 Grain, Semi-Wadcutter, 41 Caliber
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APPENDIX A43

220 Grain, Jacketed Soft Point, 41 Caliber : APPENDIX Add

180 Grain, Jacketed Hollow Point, 44 Caliber
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APPENDIX A46
ain, Jacketed Hollow Point, 44 Caliber
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Cavity Radius (mm)

Round 389 {7.7]

200 grain, jacketed hollow point, 44 caliber
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‘ HORNADY (cont.)
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APPENDIX A47

225 Grain, Jacketed Hollow Point, 44 Caliber
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manufactured by Speer.
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a function of
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; HORNADY
! 240 grain, jacketed hollow point, 44 caliber

APPENDIX 748 !

240 Grain, Jacketed Hollow Point, 44 Caliber Round 246 [11.2] Round 242 {14.7] Round 241 [26.5]

235.55 774 ft/s 62.08 859 ft
7 M/s { ; '/s) . +100 2 : ml/s {8 /5) +100 (30268 m/s_(994 £t/s)

+100

3
E +of e +60 - - +50 [ .
Velocity (m/s) ; 3 T — N —
E or o} ol =
50 150 250 350 450 550 < \’/————-’"‘ ' \’_/_/—‘
100 | T T T I T I Y T 1 | | 3 -50}- - -50}- . -0} -
&
™ A -100 4 L 1 L i -100 1 2 1 1 1 -100 1 $ ! ! 1
. : 60 100 150 200 250 300 50 100 150 200 250 300 B0 100 150 200 250 300
.§ 80 |- . Depth of Peneatration {mm) Depth of Penetration (mm) Depth of Penetration (mm)
: B J : Round 240 ([28.8] §2§ng2239 t3iii% c *Round 368 [57.11
0 : +100 315|.53 m'/s (1I036 fut/S) . +100 '. m-/s ( | 't/s) . 100 379[_43 n‘lls (];243 f‘t/s) :
- -—
5 el ~ E
‘C E 50 iy . +60 /_\_\\:
. "
[~ ™~ - %
] : - § . o 3
o [-4
E 40 |- - &
o g -50} 5 = -501~ .
.5 - - ‘ -100 L 1 1 1 1 -100 1 1 X L i -100 1 1 A 1 L
s ; §0 100 150 200 250 300 50 100 150 200 250 300 50 100 150 200 250 300
é 20 - - ; Depth of Penetration {(mm) Dopth of Panetration (mm) Depth of Penetration (mm)
SIERRA
- - 240 grain, jacketed hollow point, 44 caliber
Round 251 (15.9)
0 ] i ! | A i A l : 69.0) m/s (1210 ft/s)
200 800 1000 1400 1800 e I A A
E
E 50 .
Velocity (f/s) M
% m\\-
ol 3
Relative Incapacitation Index as a function of velocity ; L ]
for 240 gr., JHP, 44 caliber bullets manufactured by 3 -s0p B
Hi-Precision, Hornady, and Sierra. o
-100 Il 3

i i 1
50 100 160 200 260 300
Depth of Penetration {mm)

HI-PRECISION
240 grain, jacketed hollow pcint, 44 caliber

Round 250 [17.89] Round 249 [27.8) Round 247 {40.9)

270.93 m/s {8689 ft/s) 303.28 m/s (994 ft/s) ;jzi§5 m‘s (1141 ft/s) : i
T T Y T T T Y T Y +100 ‘ X

= ] 0 ./_‘-\'_\- * V—\\’\\- :
- -
A ) 50 _\/—_—__q A

+100 T +100

\ﬁ
|

-60F - -50 4
!
-100 2 L 1 1 L -100 A 1 1 4 A -100 1 | 1 1 | -
650 100 160 200 250 300 50 100 150 200 250 300 50 100 150 200 25C 300 .
Depth of Penetration {mm) Depth of Panetration {mm) Depth of Penetration {mm)
i
Round 248 (38.1] i
+100 354.83 m/s (1164 £ :
E ]
E 50} R :
Ioop -
z
a -50p -1
[3]
-100 1 i A A I

50 100 1160 200 250 300 ; N
Depth of Penetration (mm}

82 83




S S TR

=

oS

e

Cavity Radius (mm)

Cevity Radius {mm)

SPEER (cont.)
240 grain, jacketed soft point, 44 caliber
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Relative Incapacitation Index as a function of velocity
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APPENDIX A50

240 Grain, Semi-Wadcutter, 44 Caliber
Velocity (m/s)
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Relative Incapacitation Index as a function .of velocity
for 240 gr., SWC, 44 caliber bullet manufactured by

Speer.
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170 Grain, Hemispherical Jacketed Hollow Point, 45 Caliber
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Relative Incapacitation Index as a function of
velocity for 170 gr., Hemi/JHP, 45 caliber bullet
manufactured by Hi-Precision.
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APPENDIX A52 - : ; APPENDIX AS53
185 Grain, Full Jacket, 45 Caliber ‘ K 185 Grain, Jacketed Hollow Point, 45 Caliber
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. REMINGTON (cont.)
185 grain, jacketed hollow point, 45 caliber
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185 Grain, Jacketed Hollow Point (Silvertip), 45 Caliber
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WINCHESTER-WESTERN (cont.)
185 grain, jacketed hollow point, 45 caliber
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APPENDIX AS55
185 Grain, Wadcutter, 45 Caliber
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APPENDIX A56
200 Grain, Jacketed Hollow Point, 45 Caliber
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APPENDIX AS57
200 Grain, Semi-Wadcutter, 45 Caliber
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Speer.

Relative Incapacitation Index as a function of
velocity for 200 gr., SWC, 45 caliber bullet
manufactured by Speer.
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APPENDIX A6D
230 Grain, Full Jacket, 45 Caliber
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250 Grain, Semi-Wadcutter, 45 Caliber
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APPENDIX A62
255 Grain, Lead Round Nose, 45 Caliber
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