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FOREWORD -

Following a Congressional mandate' to develop new and improved techniques, systems, and
equipment to strengthen law enforcement and criminal justice, the National Institute of 1aw
Enforcement and Criminal Justice (NTLEC) has established the Law Enforcement Standards
Laboratory (LESL) at the Nationul Bureau of Standards. LESL's function is to conduct
rescarch that will assist law enforcement and criminal justice agencies in the selection and
procurement of quality equipment, ’

In response to priorities established by NILECT, LESL is 1) subjecting existing equipment
to luboratory testing and evaluation and (2) conducting research leading to the development of
several series of documents, including national voluntary equipment standards, user
guidelines, state-of-the-art surveys and other reports.

This document, LESP-RPT-0101.01, An Evaluation of Police Handgun Ammunition: Sum-
mary Report, is a law enforcement equipment report prepared by LESL and issued by
NILECJ. Additional reports as well as other documents are being issued under the LESL
program in the areas of protective equipment, communications equipment, security systems.
weapons, emergency equipment, investigative aids, vehicles and clothing,

Technical comments and suggestions concerning the subject matter of this report are invited
from all interested parties. Comments should be addressed to the Program M anager for Stan-
dards, National Institute of Law Enforcement and Criminal Justice, Law Enforcement
Assistance Administration, U.S. Department of Justice, Washington, D.C. 20531,

Lester D. Shubin, Manager

Standards Program

National Institute of Law
Enforcement and Criminal Justice

Seetion 402(b) of the Omnibus Crime Control and Safe Streets Act of 1968, as amended.




LESP-RPT-0101.01

AN EVALUATION OF POLICE HANDGUN
AMMUNITION: SUMMARY REPORT

PREFACE

In 1973, the National Institute of Law Enforcement and Criminal Justice of the Law
Enforcement Assistance Administration approved and funded a project, submitted by the Law
Enforcement Standards Laboratory (LESL), National Bureuu of Standards, to conduct a
study of the terminal effects of police handgun ammunition, LESL contracted with the U.,S,
Army Ballistic Rescarch Laboratories, Aberdeen Proving Ground, Maryland, September,
1973, to conduct this study, to prepare a report of their findings and to draft guidelines for the
selection of law enforcement service handgun ammunition. The full report entitled, “An
Evaluation of Handgun Ammunition,” is forthcoming as a publication of the National
Institute of Law Enforcement and Criminal Justice.

The full report will contain a complete description of @ modet for human incapucitation by

handgun bullets, compurisons of presently available factory-loaded handgun cartridges accord-
ing to their potential to incapacitate humans, to penctrate common materials, and Lo pose a
hazard to bystanders. 1t will also contain lengthy tables of experimental data which are not in-
cluded in this summury report,

The fact that the National Institute of Law Enforcement and Criminal Justice furnished
financial support to the activity resulting in this publication does not necessurily indicate the
concurrence of the Institute or of the Law Enforcement Assistance Administration in any
statements or conclusions contained herein,

1. INTRODUCTION

Law enforcement agencies throughout the United Siates are presently questioning the
effectiveness of their service handgun ammunition. Many who have not already adopted a new
type or caliber are considering the possibility of doing so. The major trends are ammunition of
higher velocity and bullets of different shape.

The tendency to change has been prompted by law enforcement’s widespread impression
that the traditional police service round, the caliber .38 Special round-nose lead bullet, is
relatively ineffective. This has often been dramatically demonstrated by the wounding or kill-
ing of a policeman who was able to shoot his assailant but was unable to incapacitate him, The
change from one service load or weapon to another is a very complex problem for the depart-
ment and the local government, which must consider every effect that a change might have on
the community.

Experience has shown that the choice of one cartridge over another, or one caliber in favor
of unother, hangs on the answers to technical questions. It has been the lack of fully credible
answers 1o these questions that has made such decisions complex and speculative. Opinion has
been substituted for fact, and emotion for reason.

Numerous arguments have been raised concerning the use of hollow point, semi-wadcutter
and other variations of the traditional round-nose lead bullet. Opponents of change have
quoted reports that the other bullets cause more severe wounds, are not permitted in inter-
national warfare, are dangerous to bystanders, etc. Some medical examiners have stated that
they find no differences in the nature of the wounds caused by different bullet types, but these
judgments ‘are not widely known or accepted. '

The argument that these bullets are in violation of the Hague Convention has been
countered by the assertion that only full-jacketed bullets may be used under these rules, and
that the traditional police bullet is also not in accord with the Convention. The fact that full-
Jacketed bullets have a greater ricochet potential than lead builets is rarely considered.




he myths should be dispelled, State and local governments should be able to make their
duecisions on the basis of solid fact, Bullet seleetions should be made with due regard to their
elfectiveness against the criminal, as defined by their incapacitation potential (not their
Jethality), and with maximum safety to the general public,

The goal of the present NTLEC study of police handgun ammunition is to provide State
and local faw enforcement agencies with at least some of the basic factual information which
they need. Three basic terminal effeets of handgun bullets have been studied: their relative in-
capacitation potential for human targets, their ricochet hehavior, and their material penctra-
tron characteristics The focus has been on commercially available handgun ammunition in the
caliber range 9mm (355 in) to 435, The test methods and evaluation techniques are, however,
applicable to other penetrating projectiles,

Phis interim summary report gives some of the results of the recent laboratory investigations
and outlines a model for the relative stopping power or incapucitation potential of handgun
bullets.

2. TEST PROGRAM

An ex .nsive taboratory investigation of all significantly different handgun bullets in the
citliber range 9mm to 45, which are currently available to law enforcement agencies in the
United Stutes, has been essentially completed, These experiments included the foltowing:

A, A determination of each bullet’s behavior on striking and penetrating ordnance gelatin,
as u function of ity impact velocity.

b, Measurement of the formation and subsequent development of the temporary cavity
produced in the gelatin by cach projectile, using high-speed motion pictures,

¢ Measurement of the dynamic behavior of cach bultet as it penetrated the gelatin, i, its
stability and deformation, using flash X-ray photography.

d. Measurement of the impact velocity of factory-londed ammunition corresponding to
cieh bullet under study, when fired from various handguns currently used by law enforcement
agencices,

¢, Measurements designed to determine the ricochet and penctration potentials of each
bullet, as a function of angle of incidence and velocity, when striking various common
materials,

I'hese-experiments were conducted in an attempt to determine what produces human in-
capacitation by handgun bullets (relative stopping power), which, if any, of the existing
theorics on this subject are correct and, in particular, whether relative incapacitation can be
predicted solely in terms of the properties of the bullet, i.e., its mass, velocity, shape, construc-
tion, and caliber, An understanding and assessment of the relative hazards due to the ability of
these bullets to ricochet from and to penetrate materials was also sought.

In addition to the experimental effort, theoretical models of cavity formation in gelatin by
hoth deforming and non-deforming, non-tumbling handgun bullets have been developed. These
models have successfully predicted the observations made experimentally.

3. RELATIVE INCAPACITATION (RELATIVE STOPPING POWER)

The model for relative incapacitation developed in this study is based on a complete
assessment of the confrontation between a law enforcement officer and an armed criminal. The
behavior of a bullet in the target is only a part of this model. The vulnerability of humans to in-
capucitation by handgun bullets, the path of the bullet within the target, the point of aim, and
the abifity of the officer Lo hit his target are other important aspects of the general problem and
have been considered in detail,

The incapacitation criterion imposed on the model is a stringent one, as it must be il
meaninglul estimates are to be made. To identify those parts of the human anatomy which,

i

when rendered temporarily or permanently non-functional, will result in the instantancous in-
capacitation of the criminal, the following scenario was presented to a team of medical experts:

An armed criminal has been placed in a high-stress situation in which he is convineed

that only continued aggression on his part will prevent the loss of his life: he is armed

with a hand-held weapon and he is being approached by an armed law enforcement of-
ficer; he attacks the officer. The officer muyt administer a swift, incapacitating injury to
the assailant with his handgun, in order to save his own life.

The medical experts were asked 1o assign reiutive values to those parts of the body which,
when wounded, would result in this instantancous incapacitation. Their judgments were
further constrained by a definition of instantuaneous incapacitation:

Enstantancous incapucitation is that which will render the assailant incapable of posing a

continued threat 1o the safety of the officer by use of a hand-held weapon. Such injury

may include clinical death. unconsciousness, biomedical dysfunction, ete., but pain may
not be considered a contributing factor,

These data have been encoded for use in conjunction with an elaborate three-dimensional
computerized model of the human anatomy, known as the Computer Man, The Computer
Man is the result of several years of effort on the part of personnet at the Ballistic Research
Laboratorics, Aberdeen Proving Ground, and has proven to be a valuable tool in their overall
program in wound ballistics.

The Computer Man consists of volume elements of the body of & man in the form of ree-
tangular sections 3 x § x 23mm (0.2 x 0.2 x } in) in size. Within each volume element, all tissue
lypes have been identified and encoded. The composite of the above injury criterion (instan-
tancous incapacitation), the Computer Man, and the probable distribution of the impact
points and trajectorics of the bullets from a given handgun in terms of the range to the target
and the point of aim, all enter into the assessment of the vulnerability of a human target to in-
capacitation by a particular handgun bullet type.

The Jeature of a buller’s interaction with soft tissue that has been identified as con-
tributing most to instantaneous incapacitation is the temporary cavity which the bullet

generates as it penetrates. This one feature has the most likelihood of interacting with those®

relatively few centers of vital activity required for continued aggression, For a given impnct‘
point. the bullet producing the largest temporary cavity at the proper depth of
penetration—defined by the location of vital organs—will have the greatest Ch'dl.l(.‘c for success
in producing instantaneous incapacitation. In other words, such a round will possess the
grealest stopping power,

The radius of the maximum temporary cavity, as a functivn of depth of penetration, has
been chosen as the measure of refative hullet performance. This performance can now be
predicted for several types of bullets, without recourse to experiment, because of the present
ability to calculate these cavities using solely the velocity, shape, construction, mass, and
caliber of the bullet.

However. the relative incapacitation potential of a given bullet type will also depend on the
point of aim and the probabilities of the bullet impacting the target at various points st.xrrm‘md-
ing the point of aim. This latter is in turn dependent on the range, the marksmanship of the
shooter, and the characteristics of the bullet/weapon combination.

The present study has generated a very large volume of data that relate the m.uximum tlem-
porary cavity generated by a handgun bullet to its velocity, shape, construction, mass and
caliber. These data are still being analyzed. However, progress to date does permit certain ten-
tative conclusions to be drawn; these may provide some immediate assistance to law enforce-
ment agencies now involved in ammunition selection,

4. CONCLUSIONS
A. Bullet Velocity

In the range of calibers studied the most important property of a moving handgun bullet
affecting its performance in the target medium is its velocity. There are several reasons:




[. The size of the Maximum Temporary Cavity (MTC) depends partly on the striking
kinetic epergy, 1/2 my ¢, fe., the volume of the MTC depends on the total energy available.

2. There is a threshold velocity, below which o bullet will not deform: deformation of the
bullet greatly affects the size and shape of the MTC.

U should be stressed, however, that one cannot use the striking kinetic energy as the sole
criterion for runking handgun bullets, 1tis the size and shape of the resulting MTC and how it
overlaps vital organs that ultimately gives one bullet a higher Relative Incapacitation Index
{RH1) than another. Some lighter bullets yield a higher REI than heavier ones having the same
striking kinetic energy, shape, construction and caliber. This is shown in figure [,
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Figure 1. A comparison of a light buliet with a heavier bullet, Note the different
values of relative jncapacitation index at equal vaiues of striking energy. Each are
caliber .357 {.38 Spec,) semi-jacketed hollow points,

B. Bullet Mass

The mass of the bullet affects the size and shape of the MTC. A lighter bullet will sfow down
more rapidly in the target medium and a heavier bullet will penetrate further: this affects the
tocation of the maximum radius of the MTC, Again, it is the location of the temporary cavity
with respect to that of vital orguns that produces varying degrees of incapacitation,

C. Bullet Shape

The cffect of bullet shape (bluntness of the nose) is important only in that it establishes the
initiad value of the hydrodynamic drag coefficient, Cp(O). This coefficient enters the formula
for the envelope of the MTC and it is also a part of the formula for the threshold deformation
velocity, At velocities oo Tow for deformation to oceur, Cpy is a constant and the effect is
that blunter bullets (larger Cp(0)) yield higher values of RI1. This is shown in figure 2. The
wadeutter (WC) has the largest value of Cp(O).

At velocities sufficient to cause deformation of the bullet, Cp changes as the bullet deforms.
Bullets with smaller initial values of Cpy can deform in such a way as to out-perform those
with & higher initial Cpy. This is also shown in figure 2,

D. Caliber
Phe caliber of o bullet, together with its shape, establish the initial value of its area function,
ALO), Meis this area of the interfuce between the bullet and the target medium that enters the

4

fortrula for the envelope of the MTC: the sectional area of the bullet (proportional to the
culiber squared) cannot be used once the bullet begins to deforms. Thus, a larger caliber bullet
will yield a higher RIL at non-deforming velocities: once deformation is possible, smaller
caliber bullets may out-perform larger calibers,

E. Deformation and Bullet Construction

Deformation of a handgun bullet depends strongly on both velocity and construciion,
Construction involves principally whether the buliet is jucketed or not: the length, thickness,
and hardness of the jacket material: the presence of hollow noscs, cavities or hollow bases; and
the hardness of the lead, Construction also directly affects fragmentation of the bullet in both
hard and soft targets,

Figure 2 shows that, over a wide range of velocities, the ranking, in order of decreasing Rl
[bN

a, Lead hollow point (LHP)

h. Jacketed hollow point (JHP)
¢ Semi-wadcutter (SWC)

d. Wadcutter (WC)

e, Jacketed soft point (JSP)

(. Lead round nose (LRN)

g. Full metal jacketed (FMJ))

The fow velocity performance of the wadeutter has been discussed under bullet shape. With
the exception of the tuil-metal-jacketed bullet, the onset of deformation oceurs at a given
velocity for cach bullet construction type (a through D; iie. o hollow-point bullet will begin de-
forming, at 4 velocity above 215 meters (705 feet) per second and a lead round nose ata velocity
above 340 meters (1115 feet) per second. Unless the bullet's muzzle velocily exceeds this
threshold value, bullet deformation is highly unlikely. Note that these threshold velocities were
obtained by flash X-ray photography: they cannot be obtained by an inspection ol figure 2,
although they are consistent with the curves shown there,
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Figure 2. Relative Incapacitation Index as a tunction of velocity for seven bullet types In
caliber ,357 (.38 Special). Each curve represents the average performance for ali brands
of the given bullet type. Difterences among manufacturers can be distinguished, and wili
be reported in the final report.
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G. Point of Aim

The relative incapacitation index is dependent on the aim point chosen by the officer.
Assuming a given degree of shooter accuracy, the data indicate that an aim point slightly
higher (armpit level) than that used on standard silhouette targets increases stopping power.

F. Shooter Accuracy ‘ !

The relative incapacitation index increases as shooter accuracy increases, and accuracy
increases as the engagement range decreases. See figures 3 and 4. However, the effect of ;
handgun type/cartridge combinations on shooter accuracy has not been systematically ad- i

dressed in this study: it is the subject of possible future work.

VELOCITY {m/s)

See figures 5 to 10.
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Figure 3. Effect of accuracy on relative incapacitation index for two groups of of-

ficers using 125 grain semi-jacketed hollow point, caliber .357 (.38 Spec.) bullets
at a range of 6 meters.
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Figure 5. Effect of aim point on relative incapacitation index for group A officers

at a range of 6 meters.
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Figure 4. Effect of engagement range on relative incapacitation index for 125
grain semi-jacketed holiow point caliber .357 (.38 Spec.) bullets.
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Figure 6. Effect of aim point on relative incapacitation index for group B officers

at a range of 6 meters.
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Figure 7. Hit distribution superimposed on a computer man
silhouette. (Standard aim point; group A officers; & meter range.)
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Figure 8. Hit distribution superimposed on a computer man
silhouette. (High aim point; group A officers; 6 meter range.)
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Figure 9. Hit distribution superimposed on a computer man
silhouette. (Standard aim point; group B officers: 6 meter range.)
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H. Hazard to Bystanders

A hazard to innocent bystanders can occur if the officer misses his target or if the bullet

overpenetrates the target and exits with sufficient velocity to inflict a wound. With regard to
the latter, overpenetration can occur if the bullet velocity is too low (absence of deformation)
or if it is too high. Overpenetration can be avoided by specifying an acceptable range for bullet
muzzle velocity.

The hazard due to a miss can result eithe
bystander directly after missing the target.

The ricochet and penetration potentials of bullets were studied simultaneously, since one is a
limiting case of the otherii.e., @ bullet which ricochets from a material does not penetratc that
Experimental data were obtained for a variety of common materials. General con-

r from a ricochet or from the bullet striking the

muterial,
clusions are:

|. The angle of reflection does not equal the
close 1o the surface from which it ricochets.

angle of incidence; the bullet tends (o remain

> The hazard due to ricochet decreases as the velocity of the bullet increases; high velocities

produce fragmentation.

3. The hazard due to ricochet de
ty is strongly dependent on construction. For example,
m/s (1100 ft/s) poses less of a hazard due to ricochet th
the same velocity.

4. The hazard due to ricochet decreases as the mass of the bullet decreases.

5. Light, fast bullets with a tendency to fragment are poor penetrators. Despite the myth to
the contrary, magnum hollow-point handgun rounds will not penetrate engine blocks.
Safety Slug, all handgun bullets studied pose a serious

creases as the frangibility of the bulletincreases. Frangibili-
a jacketed hollow-point moving at 333
an a round-nose lead bullet moving at

6. With the exception of the Glaser
ricochet hazard o bystanders.

5. PERFORMANCE OF COMMERCIALLY AVAILABLE HANDGUN
AMMUNITION

| handgun ammunition examined as part of this project.
ative Incapacitation Index (R11); table 2 presents
ithin a caliber, in order of increasing bullet

Tables | and 2 list the commercia
Table 1 is arranged in order of decreasing Rel
the same information arranged by calibers and, w
weight,

EAN

TABLE 1

Performance of Commercially Available Handgun Ammunition

Bullet .. Weight Bullet Barrel Velocity
ID No. Caliber (grains) Type Manufacturer Length Nominal* Messnred Rl
(in) (bs)  (fps) (mps) 'O
I 44 MAG 200 JHP S 3
) MA ' peer 4.00 1675 1277 38 5
: '41)&1/\% ’*l)g Safcltg'i;Slug Dzlde).'e Assoc 4.00 1365 1839 323 ;32
i 2 | emington 4.00 1500 1260 5
;8 337@1{2’(] 738 Safe‘ty SIug Dc.:adeye Assoc 4.00 1120 l7g5 gg: ;(l)g
: s ;40 SWC Winch-Western 4.00 1470 1330 405 50‘0
: :44 MG ;40 SWC Broyvning 4.00 1470 1311 399 4918
: IRV ;40 SWC Remmgon 4.00 1470 1286 9 48.9
; :44 AG ;40 : :::; l?m\‘\'nmg 4.00 1330 1257 383 47:9
2 J emington 4.00 1470 122 ) :
:Ll) .‘3137MN:\%G ’3(6) Safety Slug Deadeye Assoc 2.75 1120 1612 i;‘; :(6)8
" .357 o ;)5 JSP Speer 4.00 1650 1203 366 45:7
2 .}57 N 1;() JHP Speer 4,00 1900 1301 396 44 .4
B ..357 MAG 199 JHF: Sgecr 4.00 1780 1221 372 4‘4.4
" '33 e 2 ) ‘JHI‘ Remington 4,00 1675 1366 416 42.5
' .44 S o Safety Slug Dczjdeye Assoc 4.00 1800 1585 483 41 .8
' . i 180 ISp bup§r Vel 4.00 1995 1495 455 41:6
e 15 apre I ’ ‘JHP Remington 4,00 1160 1192 363 38.0
B .357 e o Safety ?lug Dcalde){c Assoc 2.00 1800 1496 455 37.5
. .157 MAC, 1;0 JHI) Remington 2,75 1675 1173 357 371
. ..357 MAC: 9 JH l) Speer 2.75 1780 1125 342 34.4
22 .357 mas e JHFE Speer 4.00 1700 1246 379 33:4
> .357 MAG ;;8 JHP Speer 2.75 1900 1161 183 30.6
" '33 s - Jsp S;?eer 4.00 1625 1156 352 28,0
i 9:“ l\:l |0(') JHP(+P) Remington 4.00 985 1187 361 28:(5
” A 190 JHI: Specr 4.00 1315 1188 362 279
> .33 s 1;0 JHE Remington 4.00 1160 1108 337 25.5
! ‘13 e e JHP Super Vel 4.00 1370 1159 353 25.1
» .357 e o JHP Supcr Vel 2.00 1370 1148 349 24.8
o .357 MAG o JHP Smith & Wesson 4.00 1800 1226 373 24.0
X .38 e e JHP Speer 2.75 1700 1178 359 233
u .357 M;\G 1;3 ISP(+P) . Speer 4.00 1425 1047 319 225
= .357 MG 158 | JHP Smith & Wesson 4.00 1775 1227 373 22,1
" .45 MG 1 JSP(HI-VEL) Fe(?eml 4.00 1550 1255 382 21.1
" :357 A o JHP Remington 5.00 950 895 272 211
S M‘AG e JHP) Western Sup-X 4.00 1500 1309 398 21.0
. .33 spéc i JHE Western Sup-X 275 1500 1258 383 20.2
" .33 ohrc (30 JHP(+P) Speer 4,00 1425 1006 306 19.9
® JESPEC 10 isp Spmvel 400 0 %z a6 194
-C JS ¢ . 1370 20
j(l) .2278;’4[;\(% : l(; A HP(’LOT-QA}WO) Winch-Western 4.00 BHdH Il 102 ggg ig;
. ._38 sprc' ]30 JSP(H l-V::L) Federal 2,75 1550 1195 364 18:7
" '33 spéc ™ JH[:(H ) Speer 4.00 1200 978 298 18.6
" .38 i N JHP(+P) . Speer 2.00 1200 897 213 18:5
" .357 e, 1S LHI: Wl‘nch-Wcstcrn 4,00 855 915 278 8.4
M .357 MA(; |§3 .H;Il) Smith & Wesson 2.75 1775 1188 362 17.7
s .:‘57 A B Jb‘l . Speer 2,75 1625 1030 313 17.5
" ._357 MG I Isp Sm!th & Wesson 4.00 1500 1168 356 17.2
- . Y i |]i ISP Smflh & Wesson 2.75 1500 1091 i 17.0
" A |5£g . JHP Smith & Wesson 4,00 1145 1193 363 16.6
X 33 e 18 RN('lét;’bi‘loy) Western Sup-X 4.00 1410 1230 374 *16.6
o » spé(f : | 3-D 4,00 1085 1091 332 16.5
. 0 MP KTW 2.00 1030 734 223 15.6
* . Advertised Velocity
###§ - Velocity not available
I




Performance of Commercially Available Handgun Ammunition

TABLE 1 (CONTINUED)

Barrel Velocity
ll:)u:e(: Caliber (\;’:iign:‘) ?l’i;‘:;( Manufacturer Length Nominal* Measured lnI::x
) (im) (fps) (fps)  (mps)

53 3BSPEC 125 JHP(+P) Speer 2.00 1425 931 283 15.5
34 O9MM 100 FI(FMCQC) Smith & Wesson 4.00 1250 1341 408 15.2
55 A4S AUTO 185 WC(Targetmaster) Remington 5.00 115 821 250 14.7
56 38 SPEC 123 JSP Smith & Wesson 4,00 1350 1064 324 14.5
357 LASTMAG 158 JHP Smith & Wesson 4,00 1050 1116 340 144
58 JISTMAG 158 LRN(Lubaioy) Western Sup-X 2.75 1410 1169 356 14.4
59 8 SPEC 158 SWC Winchester 4,00 855 924 281 14.3
00 J3BSPEC 95 JHP(+P) Remington 2.00 985 1019 310 14.0
6y 38SPEC 110 JHP(LOT-Q4070) Winch-Western 2.00 Khi# 956 291 14.0
62 J3ESPEC 110 Isp Super Vel 2.00 1370 1076 327 14.0
63 35T MAG 110 JHP Smith & Wesson 2.75 1800 1044 318 13.9
64 9MM 124 FI(FMC) Remington 4.00 1120 1084 330 13.8
65 A1 MAG 210 SWC Remington 4,00 1050 944 287 13.7
66 .38 SPEC 125 ISP(+P) Speer 2.00 1425 983 299 13.2
67 I SPEC 158 JHP Smith & Wesson 4.00 1050 1047 319 13.0
68 I8 SPEC 90 JSP(HEMI) Smiith & Wesson 4,00 1350 1158 352 124
69 JIBSPEC HO JHP Smith & Wesson 4,00 1380 1014 309 12.4
70 38 SPEC 148 wC Remington 4.00 770 741 225 124
70 8 SPEC 148 wWC Browning 4,00 770 731 222 12.3
72 8 SPEC 148 wC Federal 4,00 770 737 224 12.3
73 8 SPEC 148 wC Smith & Wesson 4,00 800 726 221 12.3
74 3BSPEC 148 wWC Remington 2.00 770 700 213 12.2
75 I8 SPEC 148 WC Federal 2.00 770 674 205 12.1
76 38 SPEC 148 wC Smith & Wesson 2,00 800 662 201 12.1
77 38 SPEC 148 wWC Speer 4,00 825 679 206 12,
78 38 SPEC 148 WC(Clean Cutting) Western 4.00 770 696 212 12,1
79 I9IMM 115 JSP(Power Point) Western Sup-X 4,00 1160 1272 387 12.0
80 38 SPEC 148 wC Speer 2,00 825 652 198 12.0
81 I8 SPEC 148 wC Browning 2,00 770 618 188 1.9
82 8 SPEC 148 WC(Clean Cutting) Western 2.00 770 618 188 1.9
8} I SPEC 90 JSp Smith & Wesson 4,00 1350 1118 340 1.8
84 ISTMAG 158 JHP Smith & Wesson 2.75 1050 982 299 11
85 38 SPEC 158 LHP Winch-Western 2.00 855 805 245 1.0
80 .38 SPEC 158 SwC Federal 4,00 855 823 250 10.9
87 LIS SPEC 158 SwC Smith & Wesson 4.00 850 1006 306 10.8
88 B SPEC 158 JHP Smith & Wesson 2,00 1050 950 289 10.6
89 I8 SPEC 110 JHP Speer 4,00 1245 857 261 10.5
90 I9MM 113 FI{FMC) Smith & Wesson 4,00 1145 1192 363 10.3
91 I3TMAG 158 SWC Remington 4,00 1410 1088 31 10.2
92 38SPEC 125 JSP 3-D 2.00 1085 957 294 10.1
93 IM M 125 JSp Speer 4,00 1120 1058 322 9.9
94 MM s FIFMC) Winchester 4,00 1140 1126 43 9.7
95 45AUTO 185 wWC Federal 5.00 175 751 228 9.7
96 38 SPEC 125 JHP Smith & Wesson 4.00 1350 1002 305 9.6
97 337 MAG 158 SwC Remington 2,75 1410 958 29 9.3
98 IMM 15 FI(FMC) Browning 4.00 1140 1067 325 9.2
99 B SPEC 158 LRN(+P) Federal 4,00 1090 999 304 9.0
100 .38 SPEC 125 JHP Smith & Wesson 2.00 1350 899 274 8.9
101 38 SPEC 158 SwWC Federal 2.00 855 196 242 8.5
102 38 SPEC 158 SwWC Speer 4.00 975 803 244 8.5
103 38 SPEC 158 LRN(+P) Federal 2.00 1090 947 288 8.2
104 38 SPEC 158 SwC Winchester 2.00 855 179 237 8.2

* . Advertised Velocity

##4# - Velocity not available
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Performance of Commercially Available Handgun Ammunition

TABLE 1 (CONTINUED) *

Bullet . Weight Bullet Barrel Velocit
ID No. Caliber (grains) Type Manufacturer Length Nominal® ly‘\'|easured RI
(in) (fps)  (fps) (mps) IMdex
105 .38 bjl’l?C 158 LRN Winchester 4,00 855 ‘ 919 280 8
106 38 SP[-:C 110 JHP Speer 2.00 1245 789 ;40 7.3
:8; 1 S}:gC ‘7)0 JSP(HEM]I) Smith & Wesson 2.00 1350 1053 520 7'2
o .38 SI’LC 125 JHP Remington 2.00 1160 911 277 7'0
v :8 St LC 110 JHP Smith & Wesson 2.00 1380 888 270 6.8
e .4; ;\g TO ;30 Fl chinglon 5.00 855 839 255 6:7
- .3 -C (33 I.LRN Winch-Western 7.50 860 821 250 6.6
2 388t LC 90 JSP Smith & Wesson 2.00 1350 975 297 6.5
113 .4:9 A gJ‘If) 230 FJ Winch-Western 5.00 850 740 225 6;
::: 44 Sl’l:‘(,‘ 24{) LRN Remington 3.00 755 640 195 6‘3 ‘
5 38 S‘I I?C 125 JHP Smith & Wesson 4.00 1350 900 274 5‘9
116 38 SPEC 158 SWC Speer 2,00 915 640 I9i ’15‘7
: :; gg k::n):lé :g;’ [J'S{!; Smith & Wesson 2.00 1350 896 273 5.6
‘ . - - 3 . Federal 4,00 855 795 242
:i[)) ig 2:;%2 1?8 LRN Winchester 2.00 855 780 237 32
;;| .%8 .qpp(: 128 LLRN Remington 4.00 853 749 228 4.5
|;7 35 gl)éc ;.8 LLRN Speer 4.00 975 749 228 4.5
|;; .w ‘qmic 700 LRN Remington 4,00 730 647 197 4,5
1;4 h;, ;m;C l.00 LRN Speer 4,00 850 710 216 4.5
1;5 13 peis 28 LRN Remington 2,00 855 694 211 4.4
|;(, '_:53 .Sp [:Q l._S LRN Speer 2.00 975 635 193 4.4
1;7 -';g i I§8 LRN Smith & Wesson 4.00 910 708 218 4.4
1;3 .?;;5 - |;C 138 ’LRN Federal 2,00 855 632 192 4.2
};9 ”}3 épl-"c ;gg LRn\l(‘li_{u]:mon) Wesl;rn Sup-X 4,00 730 626 190 4.2
2 A8 SPEC 2 peer 2.00 850 2 .
::(I) ;2 2I:lz.c 2(_)0 LRN(‘Lubaloy) Western Sup-X 2.00 730 igg llg(; j:
3RS I LC 158 SwC Smith & Wesson 4.00 1060 875 266 4.0
132 38 SPI:‘(_ 158 SWC Smith & Wesson 2,00 850 870 ;65 4.0
133 h Sl’l:‘C 200 LLRN Remington 2.00 730 593 l~80 4.0
13-_1 380 A L{ To 93 Fl Western Sup-X 3.86 955 948 288 4‘0
135 .38 Sl:LC 158 LRN Smith & Wesson 2,00 910 626 1_90 3‘5
lli»_(; .38} §I)E§C 1%5 JHP Smith & Wesson 2.00 1350 716 218 3:0
37 38 Sl)i:g 158 Isp Smith & Wesson 4,00 1050 828 252 29
138 3? SPEC 158 SwC Smith & Wesson 2.00 1060 678 206 ;5
139 22 CAF 37 LHP Winch-Western 2.00 1365 872 265 7.3
140 .38 SPEC 158 ISp Smith & Wesson 2.00 1050 736 572 ;0
141 38 SPEC 64 Short Stop MBA 4,00 ##g‘f‘ 738 2;4 0.9
Ml{ I8 SPEC 64 Short Stop MBA 2,04 ;'f//#/; 671 764 0‘4

* - Advertised Velocity

#### - Velocity not available



TABLE 2

Performance of Commercially Available Handgun Ammunition

Barrel

Velocity

Rl
Bullet Caliber Weigh( B‘u et Manufacturer Length Nominal* Measured Index
1D No. (grains) Type (in) (fps) (fps)  (mps)
139 22CAL 37 LHP Winch-Western 2.00 1365 872 265 23
2 IMM 96 Safety Slug Deadeye Assoc 4,00 1365 1839 562 ?:3
54 9MM 100 FHFMC) Smith & Wesson :8(()) :i?(s) Hgé -;22 77;
25 IMM 100 JHP Speer . 3 27,
9y 9MM I3 FIFMCQC) Browning 4,00 1140 1067 32; lgg
90 IMM 13 FHFMC) Smith & Wesson 4,00 1145 1192 3 : 0.7
94 OMM 115 FI(FMCQ) Winchester 4,00 1140 1126 }43 38.0
17 OMM 115 JHP Remington 4,00 1160 1192 36 16.6
49 9MM 115 JHP Smith & Wesson 4.00 1145 1193 363 17'0
79 IMM [EN 1SP(Power Point) Western Sup-X 4,00 1160 1272 387 ‘5.8
64 OMM 124 FHFMC) Remington 4,00 1120 1084 332 9.9
93 IMM 125 JSp Speer 4.00 1120 1058 I .
10 357 MAG 96 Safety Slug Deadeye Assoc 2,75 1120 1615 422 :gg
4 8T MAG 96 Safety Slug Deadeye Assoc 4,00 1120 IZQS 5-:‘2 .74.0
29 35TMAG 10 JHP Smith & Wesson 4.00 1800 1226 373 13‘9
63 3STMAG 110 JHP Smudi & Wesson 2.75 1800 1044. 318 3’3.4
21 ASTMAG 110 JHP Speer 4,00 1700 1246 373 7.3.‘
00 35TMAG 110 JHP Speer 2.75 1700 1178 35 ;10
15 ST MAG 110 JHP Western Sup-X 4.09 1500 130‘,3 398 ;0.2
36 3STMAG 110 JHP Western Sup-X 2,75 lSO(_) 1258 383 ;7.1
32 STMAG 125 JHP Smith & Wesson 4.00 1775 1227 373 k;.7
45 J33TMAG 125 JHP Smith & Wesson i;l)(i) {;(7)(5) :I}Séf ggg ;4.4
2 37 MAG 125 JHP Speer . ) .
;.5 13 MAG 123 IHP Speer 275 1900 oL s 06
14 A5TMAG 125 JHP Remington 4.00 1675 1366 4[() 37.‘
19 35T MAG 125 JHP Remington 2.75 l675 1 IZ3 331 44,4
13 33T MAG 140 JHP Speer 4.09 1780 Il‘;l 37; 34.4
20 L33TMAG 140 JHP Speer 2,75 1780 1125 342 14.4
57 STMAG 158 JHP Smith & Wesson 4.00 1050 1t l(; 340 | |.|
84 LISTMAG 158 JHP Smith & Wesson 2.75 1050 982 -92 v|.|
33 ASTMAG 158 JSP(HI-VEL) Federal 4,00 1550 1255 382 ‘1-3‘7
41 ASTMAG 158 JSP(HI-VEL) Federal 275 1550 1195 364 ”.’
47 35T MAG 158 isp Smith & Wesson 4.00 1500 11(68 35(; 17'6
48 3STMAG 158 Jsp Smith & Wesson 275 1500 1091 KX P 28.0
23 35T MAG 158 JSP Speer 4.00 1625 1156 152 17.5
46 35T MAG 158 sp Speer 2,75 1625 1030 3!2 1(,.6
50 3S5TMAG 158 LRN(Lubaloy) Western Sup-X 440(? 1410 1230 kY 14'4
5§ LASTMAG 158 LRN(Lubaloy) Western Sup-X 27 1410 1169 356 10.7
91 ASTMAG 158 SWC Remington 4.00 1410 1088 331 9..3.
97 L3STMAG 158 SWC Remington 275 1410 958 291 .
141 3B SPEC 64 Short Stop MBA 4.00 T2 738 2(2): 83
142 38 SPEC 64 Short Stop MBA 2.00 fHdt 671 2 : 12.4
o8 IS SPEC 90 JSP(HENT) Smith & Wesson 4.00 1350 1158 352 4
107 38 SPEC 90 JISP(HEMD) Smith & Wesson 2.00 1350 1053 320 ZE
83 38 SPEC 90 Isp Smith & Wesson 4.00 1350 1118 3:0 |6.5
112 IR SPEC 90 ISP Smith & Wesson 2.00 1350 975 297 5
38 I8 SPEC 90 MP KTW 4.00 1030 922 :'Z,Eil 19.6
52 38 SPEC 90 Mmp KTW 2.00 1030 734 223 15.6
24 I8 SPEC 95 JHP(+P) Remington 4,00 985 1187 361 28.0

* . Advertised Velocity

gugy - Velocity not available
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TABLE 2 (CONTINUED)
Performance of Commercially Available Handgun Ammunition

. Barrel Velocity
l[:)":e‘:- Caliber (‘:r:lign:‘) ?’yl:)? Manufacturer Length Nominal* Measured lnl::x
{in) (fps) (fps)  (mps)
60 38 SPEC 95 JHP(+P) Remington 2.00 985 1019 310 14.0
15 B SPEC 96 Safety Slug Deadeye Assoc 4.00 1800 1585 483 41.8
18 I8 SPEC 96 Safety Slug Deadeye Assoc 2,00 1800 1496 455 375
69 38 SPEC 110 JHP Smith & Wesson 4.00 1380 1014 309 124
109 38 SPEC {10 JHP Smith & Wesson 2,00 1380 888 270 6.8
89 .38 SPEC 110 JHP Speer 4.00 1245 857 261 10.5
i06 38 SPEC 110 JHP Speer 2,00 1245 789 240 1.7
27 I8 SPEC 10 JHP Super Vel 4,00 1370 1159 353 2501
28 I8SPEC 110 JHP Super Vel 2.00 1370 1148 349 24.8
40 38SPEC 1o JHP(LOT-Q4070) Winch-Western 4,00 P7rY 1106 337 19.3
6l J8SPEC 110 JHP(LOT-Q4070) Winch-Western 2.00 (2373 956 291 14.0
39 JIBSPEC 110 JSP Super Vel 4,00 1370 1202 366 19.4
62 I SPEC 10 JSP Super Vel 2.00 1370 1076 327 14.0
s 38 SPEC 125 JHP Smith & Wesson 4.00 1350 900 274 5.9
136 I8 SPEC 125 JHP Smith & Wesson 2.00 1350 716 218 3.0
9 8 SPEC 125 JHP Smith & Wesson 4,00 1350 1002 305 9.6
100 I8 SPEC 125 JHP Smith & Wesson 2.00 1350 899 274 8.9
37 JIBSPEC 125 JHP(+P) Speer 4,00 1425 1006 306 19.9
53 IR SPEC 125 JHP(+P) Speer 2.00 1425 931 283 15.5
3 A8 SPEC 125 ISP(+P) Speer 4,00 1425 1047 319 22,5
66 I8 SPEC 125 JSP(+P) Speer 2.00 1425 983 299 13.2
56 38 SPEC 125 ISP Smith & Wesson 4.00 1350 1064 324 4.5
117 I8 SPEC 125 ISP Smith & Wesson 2.00 1350 896 273 5.6
51 A8 SPEC 125 ISP 3-D 4,00 1085 1091 332 16,5
92 38 SPEC 125 JSp 3-D 2.00 1085 957 291 10,1
26 38 SPEC 125 JHP Remington 4.00 1160 1108 3N 25.5
108 38 SPEC 125 JHP Remington 2.00 1160 911 277 7.0
42 38 SPEC 140 JHP(+P) Speer 4,00 1200 978 298 18.6
43 38 SPEC 140 JHP(+P) Speer 2,00 1200 897 273 18.5
71 38 SPEC 148 wC Browning 4.00 770 731 222 12,3
81 3BSPEC 148 wC Browning 2,00 770 618 188 1.9
70 38SPEC 148 wC Remington 4.00 770 741 225 12,4
74 I8 SPEC 148 wC Remington 2.00 770 700 213 12.2
72 3B SPEC 148 wC Federal 4.00 770 737 224 12,3
75 38 SPEC 148 wWC Federal 2.00 770 674 208 121
73 38 SPEC 148 wC Smith & Wesson 4.00 800 726 221 12,3
76 I8 SPEC 148 wC Smith & Wesson 2,00 800 662 201 12,1
77 JI8SPEC 148 wC Speer 4,00 825 679 206 12.1
80 38 SPEC 148 wC Speer 2.00 825 652 198 12.0
78 38 SPEC 148 WC(Cleun Cutting) Western 4,00 770 696 212 12,1
82 I8 SPEC 148 WC(Clean Cutting) Western 2.00 770 618 188 1.9
67 .38 SPEC 158 JHy Smiith & Wesson 4,00 1050 1047 319 13.0
88 38 SPEC 158 JHP Smith & Wesson 2.00 1050 950 289 10.6
137 .38 SPEC 158 JISp Smith & Wesson 4.00 1050 828 252 2,9
140 38 SPEC 158 ISp Smith & Wesson 2.00 1050 730 222 20
105 38 SPEC 158 LRN Winchester 4,00 855 919 280 8.0
119 38 SPEC 158 LRN Winchester 2.00 855 780 237 4,6
99 38 SPEC 158 LRN(+P) Federal 4,00 1090 999 304 9.0
103 38 SPEC 158 LRN(+P) Federal 2.00 1090 947 288 8.2
118 38 SPEC £58 LRN Federal 4.00 855 795 242 5.0
127 38 SPEC 158 LRN Federal 2.00 855 632 192 4.2
120 I8 SPEC 158 LRN Remington 4.00 855 749 228 4.5
* . Advertised Velocity
#4B# - Velocity not available
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Performance of Commercially Available Handgun Ammunition

TABLE 2 (CONTINUED)

Barrel

Velocity

Rl

Bullet Caliber Wci.ght i}}nlle( Manufacturer Length Nominal® Measured Index
1) No. ) (grains) I'ype (in) (fps) (fps)  (mps)

124 3SPEC 158 I'RN Remington 2.00 SS§ 69; 3;; :ti
121 W SPEC 158 LRN Speer 4.00 975 74- ,_61 4.:‘
125 WSPLC 158 LLRN Speer 2.00 9735 633‘ _1’ p 4.4
lih 1 SpC 158 LRN Smith & Wesson 4.00 g10 7(3.\ ..(1;0 1.:.
135 WSPLC LS8 LRN Smith & Wesson 2.00 910 6..(_) L_]S 184
SWSPEC 18 LHP Winch-Western .00 855 s 184
88 INSPEC 158 LHP Winch-Western 2.00 &ESS 8(3. :20 10.9
hig] WSPLC 5% SWC Federal 4.00 §55 8(.3 :47 3.;
101 A8SPEC 158 SWC Federal 2,00 838 7)(_) ;(,; 4’6
Py SPEC 158 SWC Smith & Wesson 4.00 1060 87:: :0() 20
118 A SPEC 158 SWC Smith & Wesson 2.00 l(?(:() 678 ;()(, 16\
87 ANSPEC {58 SWC Smith & Wesson 4.00 k:S() l(?()() 3 ; 4‘6
RN W SPEC 158 SWC Smith & Wesson 383 ;;(: :Z)(: :24 qAﬁ
2 WSPEC RN SWC Speer . 5 80 2 8.3
:(l)(.‘ 8 ::’: ¢ 158 SWC Speer 2.00 ?75 f)i() LZ* l;'i
59 WSPHC 138 SWC Winchester 4,00 E?ﬁf )(? ;\Tl} q.;
tod WSPHC 158 SWC Winchester 2.00 855 7?) M;N :;s
12 SPEC 200 LRN Remington 4.00 730 ():l'i ‘30 1'6
(KR WSPLC 200 LRN Remington 2,00 '{30 593 i . :‘.q
i2r 0 A8SPEC 200 LRN Speer 4,00 h‘S() 7(10 -11 “
M WSPEC 200 LRN Speer 2,00 §50 98 136 L
li‘h‘ ARSPRC 200 LRN (Lubaloy) Western Sup-N 4.00 730 6J; IR() 4.{

130 AR SPEC 00 LLRN (Lubaloy) Western Sup-X 2.00 730 592 18 .
13 0 ALTO 95 k-l Western Sup-X 186 AN 948 288 4.0
VO AEMAG 210 ISp Reminglon 4.00 IS(.)O 1260 28; 7113

65 dEMAG 210 SWC Remington 4.00 1050 944 28 KN
16 J4MAG 180 JSp Super Vel 4.00 1998 li‘)'ﬁ’ 45; ilg
I EMAG 200 JHP Speer 4.00 1678 l:?r 38‘1 :;7.9
b J4 MAG 240 JHP Browning 4.00 1330 l;;? 3b:; 4(,“7
0 4 MAG 240 JHP Remington 4.00 1470 l;-.)( 32 4{7
il B MAG 240 ISP Speer 4.00 1650 1203 393 4;).3
b SEMAG 240 SWC Browning 4,00 1470 Iill it)\ 42'9
7 JdMAG 240 SWC Remington 4.00 1470 1286 - ‘Z).()

S A MAG 240 SWC Winch-Weslern 4.00 1470 1330 405 50
114 dd SPEC 246 LLRN Remington 3.00 758 640 195 6.3
k8| ASALTO I8S JHP Remington 5.00 950 S;)a EZS ?l;
S8 dSALTO 188 WC{Targeumaster) Remington 3,00 77§ 821 ;; 9.7
9s ASAUTQ (BN wWC¢ Federal 5.00 715 7581 ;:E 6.7
1o d45AUT0 210 8] Remington .f.OO &%55 839 ;3 5‘5

Y d5AUTO 230 14 Winch-Western 5.00 850 740 225 .
il J51LC 255 LRN Winch-Western 7.50 860 821 250 6.6

¢ . Advertised Veloeity

wann - Veloaty not available
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The relative incupucitation index given in these tables is primarily determined by the size
and shape of the maximum temporary cavity produced in a block of ordnance gelatin when the
bullet strikes the block with the measured velocity, The distribution of impact points., the aim-
ing error, and the point of aim—all of which ure used to compute the averaged vulperability of
the human target and which enter into the computation of RII—were assumed 1o he the sume
for all cartridges listed. This is not to say that these data cannot be tailored to the specific car-
tridge: g it hus been suggested that the caliber 44 Magnum is a more difficult round to
shoot uccurately than is the .38 Special, A specific averaged vulnerability can be determined
for any caliber or louding; it was not done in generating these tables. A given degree of
proficicney, that depicted in figure 7, has also been assumed,

The measured velocities are those produced by factory-loaded cartridges rom new
handguns of the stated barrel lengths: a specific revolver cartridge will therefore appear more
than once. The nominal velocities listed are those advertised by the cartridge manulacturers.

While it is difficult at this time to recommend any single cartridge for law enlorcement use.
these tables are quite useful in their present form, For example, il & department wishes to use a
more effective cartridge than it currently issues, it needs only to move higher on the R11 seule.
To estimate the relative effectivencss of the two cartridges, a simple division of the smaller Ri1
into the Targer will yield an approximate comparison of the two rounds.

There is a significant need for research to determine the minimum R needed Lo reliably
produce the required degree of incapacitation or effectiveness. In the absence of such rescarch,
onc mustl estimate,

At the present time, an R ol approximately 10 appears Lo be the lowest index which should
be considered. Probubly, the selection of a cartridge whose R11 s between 20 and 25 represents
the upper timit required for reasonable reliability, This statement should not be construed to
indicate, on an absolute basis, that an R11 either higher than 235 or Tower than 10 is unsuilable,
undesirable, ar unnceessary. 1 has been shown, many times aver, that a hit in a vital spot by
any bullel, whatever its RII, can cause death or incapacitation and should not be un-
derestimated. R deals with probabilitics rather than absolutes, as is true with all biological
measures of this type.

IFan RIEof 10 is selected as o ower limit, 2 number of carteidges which fall below this value
as well as above it are sure to raise questions, For example, Nos, 110 and 113 (Cal, 45 ACP-
M), and No. 95 (Call 45 ACP-SWC) fall at 6.5, 6.7 and 9.7, while a similar 185 gr. SWCin
cal. 45 (No., 55) has an R of 14.7. The position on the R seale is primarily due to the size
and shape of the temporary cavity formed in the gelatin block. A change in velocity or con-
struction can have considerable effect on RIL, as is shown in figure 2, Many of the 9mm car-
tridges place high because of their high velocity, und not necessarily because they expand. This
does notapply totally to bullet No, 17, which. although it has a high velocity, also has a highly
deformable jacket: this combination produces o larger temporary cavity,

In conclusion, the full report of this project will deseribe in detail the methods, models, data,
and conclusions summarized here. Interested readers are directed o the full report for the Tull
data, full analysis, and some suggestions as (o how to proceed in the absence of detailed
guidelines and a standard for police handgun ammunition.
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