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L. INTRODUCTION.

The National Institute for Law Enforcement and Criminal Justice (NILECJ) of the
Law Enforcement Assistance Administration (LEAA) supports a research and development program
to improve and strengthen law enforcement methods. To further this end, studies are being
conducted to support the development of improved lightweight soft armors for protection against
specific strect threats; i.e., armors which will withstand perforation by handgun projectiles and
which will also reduce to an acceptable level the trauma associated with the impact of these
projectiles upon soft armor.

This report describes the tests performed to develop a simple, readily available means
of defining both the penetration and deformation characteristics of soft armor materials and
relating the “‘backface signature™ or behind-the-armor deformation to the trauma effects.

I1.  BACKGRCUND.

Backing materials used in the ballistic testing of soft body armor play an important
role in quantifying the penetration resistance characteristics of the material. A bullet impacting soft
body armor fabrics will deform not only the armor but also the substance used as a backing for the
armor. Energy and momentum will be imparted to the backing before any penetration takes place.

The primary function of a backing material is to simulate the tissue response
appropriately beneath the point of impact so that the ballistic data generated in laboratory tests c. n
be correlated to the effects seen on the human body. The extremely complex structure of the
human body is not readily characterized by a simple, homogeneous material. its response is
nonlinear, rate sensitive, and exhibits considerabic variation to impact not only from body area to
body area but also from individual to individual,
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One simple backing material has been used successfully in the study of ballistic impacts
on soft body armor materials: 20% gelatin.* Gelatin, a highly elastic material, exhibits a
penetration resistance similar to that of living tissue. However, gelatin also exhibits nearly total
recuvery to deformation, thereby necessitating the use of high-speed photographic techniques for
analyzing soft body armor deformations.

HI.  EXPERIMENTAL METHODS AND PROCEDURES.

By utilizing deformation-time histories of tissue and performing penetration resistance
tests on various materials, a second backing material has been found the response of which can be
correlated to tissue response. This material is an oil-based modelling clay called Roma Plastilina 1 *#*

* Metker, LeRoy W., Prather, Russell N., and Johnson, Earl M. EB.TR.75029. A Method for Determining
Backface Signatures of Soft Body Armors, May 1975,

WA TR

** Available from:  Sculpture Honse
38 E 30th Street
New York, New York
212-679-7474.
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This clay is a highly plastic material which undergoes viscous flow when deformed and exhibits little
recovery, thus providing a readily available cavity fosmed during impact from which measurements
can be taken.

Recommendation of Plastilina 1 as a backing material is based upon the following
tests:

1. Penetration Resistance Tests.

Vg ballistic limit tesis were conducted on the various materials listed in table A-1
(appendix A). A Vg ballistic limit can be defined as the striking velocity at which 50% of the
impacts are expected to result in complete penctrations of an armor target in a limited statistical
test. It is a common measure of the penetration resistance of a material. The 0.22-caliber,
40-grain lead bullet was used against 7 plies of Kevlar 2% and 8 plies of Hi-Tenacity Nylon because
these were the only armor - projectile combinations for which penetration data was available on
tissue,

From table A-1 (appendix A) it is apparent that gelatin is a good simulator of the
penetration resistance of tissue on the basis of both the Vg ballistic limit and the lowest complete
peetration (L.C.). Plastilina | is a slightly more conservative model but this difference is not
stutistically significant.

2. Deformation Tests.

Deformation - time histories of blunt impacts on thoracic structures were obtained
under the Ariny program from which the present blunt trauma model (figure B-1, appendix B) was
formulated. In this model, the discriminant lines establish three zones: from left to right, a
low-lethality zone, a mixed zone and a highly lethal zone. By use of the deformation-time data and
performance of similar tests on various backing materials, it was found that Plastilina 1 exhibited
approximately the same depth of deformation as the thorax but in a shorter time frame
(figure B-2). None of the materials tested exhibited the same deformation-time history as the
thorax. The projectile used in these tests was a 200-gram, 80-millimeter hemispherical missile
impacting at approximately 55 meters per second. Table A-2 lists somc of the backing materials
tested and the displacements recorded. Table A-3 lists the diameters and depths of deformation
recorded for ballistic impacts on Kevlar 29 using gelatin and clay as backings. Note that the
deformation diameters for gelatin are approximately 1.5 times those for similar impacts on clay.

3. Correlation of Cloy Cavities with Blunt Trauma Effects.

In the present blunt trauma model, figure B-1, ‘he discriminant lines establish
three zones such that, for the zone of low lethality,

My2

n <9.2 (N
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where
M = projectile mass (grams)
V = projectile velocity (meters per second)
W = body weight (kilograms)
T = tissue thickness (centimeters)
D = projectile diameter (centimeters)

This model was formulated using experimental data sets obtained from tests on unarmored
anesthetized animals for which the physical characteristics of the impacting projectile were known*
To apply this model to clay-backed armor tests, it is necessary to apply the methodology developed
under the original backface signature program. By determining the “effective” mass and velocity of
the missile-armor interaction, equation 1 can be solved for the minimum backface signature
diameter for the low-lethality zone.

By employing the principle of conservation of lincar momentum an effective velocity
for the armor deformation can be derived:

or
Vo= MpVplMy + M) (3)

where

M.V = the initial mass (kg) and velocity (m/sec) of the impacting projectile

pp
M, = the armor deformation mass (kg) and
V = the *‘effective’ armor velocity (m/sec).

The armor mass was assumed to be the mass derived by using the base of the deformation, i.e.

1rD7'
MA = (AB)(ad) = —4" (ad) “4)
where
D2 _ . . ; 2
7 = AB = the base area of the deformation cavity, (cm<)

ay = the arcal density of the armor material, (gm/cmz)

*Clare, Victor R. Lewis, James H., Mickiewicz, Alexander P., and Sturdivan, Larry M. EB-TR-75016. Blunt Trauma Data
Correlation. May 1975
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Substituting equations 2, 3, and 4 into equation 1:

2 D2 2y 2
) L <92 = 1dd(D [+ MP . Mp VJ’ = 09'2
w!/3pT wil3pr <“_‘)2 (ag) +Mp>2
4
or
4DM aM 2 v 2
D3 + P p 1Y =0 (5)

may wl/3 e9'21rad
Assuming that for
W=55kg, T=2.0cm,or
W=75kg, T=3.0cm,or
W=95kg, T=4.0 cm,
equation (5) can then be solved for diameter D as a function of the armor materials’ areal density.

Figures B-3 through B-9, appendix B, illustrate the application of this technique for
some of the more common test projectiles. The minimum diameter is ploited as a function of the
areal density (weight per unit area) of the armor material,

The estimates of ;‘effective" mass and velocity are conservative in that the model
employs an energy term, MV<, and the armor base mass is used to delermine the “effective”
velocity behind the armor. If the entire surface mass had been used a smaller “‘effective’ velocity
would have been derived and hence a smaller dose level predicted. This approach appears to have
been successful in applying gelatin deformation diameters to the provisional blunt trauma model.
However, no lethalities have yet been observed for nonpenetrating-bullet impacts on armor and
these estimates must also be considered provisional until the blunt trauma effects of higher energy
threats (9-mm, .357-mag, .45-mag) are investigated.

Attempts have been made using the original blunt impactor data to correlate
deformation depth with the probability of lethality (figure B-10). A depth of deformation greater
than 5.0 cm is associated with a probability of lethality of approximately 15%. However, the
available data is limited and hence no solid conclusions can be drawn as yet regarding the effect of
deformation depth.

The effectiveness of the correlation effort is contingent upon test programs currently
underway, specifically the investigation of the higher energy threats which probably will produce
the lethal armor deformation data necessary to check out the scaling of the model.

Tables A4 through A-10 list the results of clay-backed ballistic tests conducted at
Biophysics Division on numerous armor materials.

10
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1IV.  CONCLUSIONS.

1. A readily available, easy-to-use backing material, Roma Plastilina 1, has been
found which can be correlated to tissue response for use in characterizing both the penetration and
deformation effects of ballistic impacts on soft body armor materials,

e Can ikt iy R e W 2l

2. A technique has been demonstrated by which backface signature parameters can
be related to the probability of lethality.

3. There is a lack of lethal armor deformation data necessary to validate the
modelling effort and hence this effort should be considered provisional.
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" APPENDIX A ;
!

TABLES

] i
Table A-1. Penetration Resistance Tests j
Target LC HP Vso é

it/sec* ft/sec ft/sec

1. 7 Pty Kevlar 29

Abd** 1087 1115 1096

Thor 1091 1148 115

Gel 1093 1122 1109

;. No. | (EA) 1062 1100 1079

? No. | (LEAA) 1085 1087 1088

b 2. 8 Ply Hi-Tenacity Nylon

i

\,

E Thor 821 850 830

]

i Gel 815 857 836

i

; No. | (EA) 819 841 831

8,

i No. | (LEAA) 798 794 788

| .

; * One foot = 0.:048 m; 1000 ft = 304.8 m; 800 f1 = 243.84 m.

TCET T T
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O ot e T8 5 T TR

** Abd =

Laboratory); LEAA =

HP = High partial penetration; VSO = striking velocity at which 50% of impacts are expected to
result in complete penetrations of an armor target.

abdomen; Thor = thorax; Gel = gelatin; EA =

Law Enforcement Assistance Agency: LC =

Edgewood Arsenal (now Chemical Systems
lowest comiplete penetration;
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Target , Deth !

‘ = ¥

‘ﬂ cn L

\ :

Gelatin : 9.11 o

No. 1 Clay | 1& 8.53 %

Vaseline v g2 4

{ 2am 7.31 é

Nt 2 Clay 5.61 A

4 No- 1 + Rubber membrane 6.79 a

=, ;:‘-?!m“ io m

et

4 Table A-3. Other Deformation Data B
5 Caliber | Velocity | Deformation depth Deformation diameter &
; Clay Gel Clay Gel
\E 3
}, mag or mm ft/sec* em cm
v
P * 22 1000 25 2.8 4.4 6.6
‘
; .38 800 4.5 4.7 6.0 8.6
f 38 1000 4.8 5.5 8.0 10.9
" 357 mag 1300 4.8 5.1 8.5 12.6
b 9 1200 4.0 4.0 7.0 9.9
f
/ 45 800 5.2 5.3 6.4 9.8
L * One ft = 03048 m; 1600 ft = 304.8 m;800 ft = 243.84 m.
Lo
.
; H
e
5 {
A Appendix A 14
B
g




WHLEE = WOOTT ‘W RTSEE = YOOI1 "W HOE = 1 0001 ‘W 8POE0

1 23UQO »

L5008 LA A% e e e e e o

R O e

e e R A

['c CEXTYH dd 3534 Jusunredag] 291j04 6401
9L6T AM[ET | ST £ X9t dd A1) azoumieq ‘p-000T ‘6T 1eaed Ald-z1 | 0S6
(4D 6121
F ] 9¢z1
4 z6l1 _
€7 | SYXSY ad 9611 { 3
vz | oS X0's da raud S
ST $5X0S dd 8121 :
4 SET1
235/13 9311 = BvéA O €1z
0C SYXO0Ss | osmzeIl = 07T ad pSIi
zz | ovxzs | ssimeizi =18 954 | aq 9811 3
¥ 0s X§°S dd S811
Lz ST X0 dd rALAl
97 0$ X0°§ dd LLIT
TT 0€ XSS dd Aouapadas 131em ON (P-0001 | 9911 "
9/61 isquardag 67 | 0T SY XG9 f& ‘6 1r[aY 01 S0[RUV) 6T X 67 ‘P OFI1 ‘b8 o1A1s ‘6 Jepray Ald-L | 9€11 -
8T SS X0 dd (9o1a109g 33095 109) | zzo1
oL6lsndny 71 | 0'¢€ 0SS XSV dd Ansnpuy 10UqUAIY ‘P-000T ‘T Jejady Ad-L | 1101
dd #501 i3
dn 1901 i
538/ £901 = 1 ad 0201 _..
g7 | svxer | sespypgor = 1d O5A ad 1L6
£ | Lyxsy dd €11 91A1s “oneam ureid ‘[aqamyosyre) | 588 u
96l AMf91 | 9T I'S XEP dd P0001 ‘67 1e[adY A1d-L | 988 § g
wd uo «935/1} .
areq pda | IotewElq sjnsay UOTIONIISU0) S1 A <
X
pea} uRId-Op “eD-7T0 2
*[ “saTpnig UONBULIO}(] 20eIyoeq "tV 2[qel m
<

S T - -~ s

&2 i




A R R R AP SR P R D e T T L B W

WYLSIE = 1J00T1 W BG'ETE = 30901
‘W POOZE = W OSOT ‘W 9680IE = 1 OTO1 ‘W RO'GST = 15 0S8 W ¥B6'TST = W OE W 9L6°64T = L OTB WKL 9HT = W OIS W ¥8°C¥T = 008 "W vpLLET = 11 0BL »

961 MdVe | O | 0P XSL| ad I (V3 104) P-0001 ‘67 2o AFOC | 1021
P2dS-1y ‘13dng S UrRBOET “[BD-8E0 D
Ty | 89X ‘ a3 1501 .
I't 08 X0'9 4d 0S01 P
9L61 AINfET | 9€ SEXED _ ad 1524 Juatnzedaqq aotjod Ao sroummeq ‘p-0007 ‘6T 1BIAY AlI-TI | 1901 |
b
INN2PEM TWIS E«uw.mmn ..“aU.wM.O ‘qd
9L61 A1erIqaJ 01 | S¥ YYXTY dd $18
dd (1uawrdojarsp ouqeq) 7807 A1AIS vT X ¥ ‘P-00ST eI Aid9 | €68
Iy 89 X59 &9 €8
L€ SLX09 a 618
8€ 0L XTL dd €8
Sy OLXSL dd 758
ot SLXSI ad Aousgadas 131em ON (0001 | 878
961 1aquandag 67 | S'€ SLXI9 dd "6¢ 1B]A9Y 01 30[BUY) 67 X 67 ‘POVII ‘b8 ajfis "6b LN Ald-L | 1£3 b
4 €201
: gy SIXOL ad $66
i St $9 X9 dd 108
3 9y | §9X09 dd ysiuy 008 SJ “€1L KIS | 808
' 9L61 AV 6T | S¥ S9XS'S dd ysIuy 008 $O ‘€ 1L [A1S [0QamYdS-IBLD "P-0001 67 18143 Ald-L | S88
1
- Sy 09 X9 ad 618
; vy $9 X09 dd (s01a19G 10103§ 104) | 8LL
9 9L6L I3y Z1 | 9P 09 X09 dd Ansnpuj 19uquUaaID ‘P-000T ‘6T 1BAN Ald-L | L8L
3 961 unfoz | ¥'€ SEXT9 ad P-0001 ‘67 e|ad) A1d-L | ££8
NYT ureid-gc1 “8€0 'V
urn u *235/13
<
areq ydaq | 1e15wEig sinsoy JONOTIISUO) S1y m
. L g
j N
*J ‘SIIpNIG BORTULICIA] IePideq "S-V Aqel Z

P I e o e e e

B iy

g,




S THT ST

9L | 99X69 S6v1
9L61 YoIBW € S'S 'L XT9 dd pujeudardun ‘6z se[aa)y ‘[eHalel VOV A1d-01 79z1
9,61 udy 6 S€ | OLXO0L dd (vaQ) P-0001 ‘67 1ejasy A1d-07 | LpTl
8y S8XS8 dd 341 _
9% | 0SX08 dd 0£Tl
a4 SLXSL dd Al P
9L61 udV 67 €€ 0LXOL dd 19GMYDS- IR YSTUY 008 SO “€ 1L 1K1s “P-000T ‘67 1e1aY Ald-g| 1%01 : ;
oS 0LXOL dd 6+l 3
9L61 Aew 9 ko) (10-6255-€Z 107) 1913ddag Jutod 15aM ‘P-0001 ‘67 181AdY A1d-71 1€21
dd LIE]
vy | 08XSL dd £1€1
Sy | OLXOL dd £2€1
St | 0L X09 dd (wounredaq | 0621
9L61 aunf p1 S¥ SLX09 dd 20110g A3[ax1og 10.) A13snpu[ 1911quaaL) wiol) Isaa 67 B9 Ald-€7 | 9bTl
7
dd 8LE1 -
Ts 08 X0L dd 69¢1
s 0L XOL ad SEEl
6§ S8 X9 dd (yuauniedaq ao1j04 Aofedizog) suresd ggg ‘g jouzd | pLEI
9L61 dunf [ 6§ §LXS9 dd apIH Joully 1adng BOUAUIY JO IMOULY | pLE]
8y | 08XUS 4 STVl
ad 3If1
't | 08X09 dd 1261
dd (tusunredaq | 6€€T
SL619anf [T oS SLXOL &d adfjod eruIojI[e]) ‘Aofa:1ag 10.1) swesd 0gg ‘d [Pued ‘VTW PUBIUEJeS | Tyel
un wo 235/3)
aeq ydaq | 1910weYy spnsay UORIRIISUO) sl <
x
Aoreqn ureid-gg| ‘waudep LSE0 m
"I SSIPTIS EONBULICHX(] 20EYIRd "9V 3¢l Aw

Nt g e s R N o




R T e R R T A TR B TR R TSN I - T T TR

St | 00IXs$8 dd LIg]
e S6T1
gy | 001 X08 a €1€1
(44 §6 XS'8 dd L0€1
€y | 011 X06 dd 0I€l
: 9,61 139010S | 0§ | SOI XSS dd Teasy pareuSardur A1d-z + p-000T ‘67 epax AId-T1 | O€1
, 0¢ 8L XT8 dd IUOLJ UT 3AB2M [BI33dS *2A0QE Y 0CE1
3
% (P-0001 X P-00Z) 24eam [eroads Juawidolsasp
P Sy | S6 XTL dd duqey pAjzo-¢'g A1d-p Aq paydrq ‘3A0Qe s ‘suaaS g °f A1d-71 I€€1
4
: %) 1zel
L | T8 X0l dd (S¥/LOEL 21K3S "¥p66 'ONIOT) | €LTI
Tt |88 X¢S0! dd 1e[A9y pateuSardun yIE]
} 9L61 1aquandag 1T ¥€ | 801 X 18 ad pateod-dip Ad-p £q pasyorq ‘p-0001 “6T JeIAY suaANS g T A1d-T} voT1
m,
¢ |06 XOL dd LLET
i 6y |08 XSS dd L9€1
5 Sy | 0L XO0L dd £0€1
{ St 0L X09 Ad £1€1
! L6l AIngyI | gp |[SL X09 dd T-117 apAs *ruaiepy ssodwt) v vy A[d-g1 Togt
_W 0S X S¥ " 10-SETSET ON 107 [a1addag 1utog 1sapm
9L61 LEW9 | 6€ |06 X078 dd Ald-t + (3n0qe 935) [a1addag 1uitod 159 A1d-T1 6£T1
Oy | S8 X078 dd ovel
9L61 KeW9 | L€ 106 X08 dd areutwel 1eady A[d-p + (3a0qe 29s) [a1addag 1utog 19m A1d-Z] 651
oy [$8 XS¢ dd aaeam feraads 9sZI
9/61 ABW 9 ov 08 XOL dd juatudo[aasp auqgey A|d- 4+ (ar0qe 90s) [praddag utod 1sop A1d-Z1 LST1
UID urn J3sf1j
qdaq | 1910wEIg synsay UONINIISUO) SIp

(p1u0)) "9-v 21QEL

18

Appendix A

Kl

£




R AT e WAL

R S

TEATT

e { 08 XL dd rdx3|
vE | €L X06 dd zsel
s€ | §9 x¢21 4ad I=jAdy pareusardun 91Qr g1 zo-g 6€€1l
e TL Y071 dd A1 + P-0001 “67 1289y A1d-¢ ] SPEl
€€ | 06 XS6 dd €ZEIl

dls I1SE1
€€ | 08 x¢6 4 pareudaidun gz p 1HS 9pel
LT | L4 XS6 dd Ald-v + P-0001 ‘67 12IA%Y Ald-T1 9Z€1
8T | 98 %011 dd O€E
TE | Ol XS$8 dd PIgl
LT | £i x50t ad €621
61 6S X086 dd 1ejad)y pareudaidun-ro-g 6871

9L61 1390190 61 £¢ £8 XOT11 dd BN "W A1d-¥ + P-000T *67 Tejaay Aid-z1 662711

oy |siIIxs8 dd 00£1
8€ | SOI X001 ad 6621
0¢ 12721 X06 a4 GOt
SE |06 X€8 ad (Z/1-5$/€1L LT986 "ON 107 Saf) A

dd 10€1
o€ S0l X0'8 ad Te[ad) pareudardunt A1d-p + p-0O1 ‘67 1e]ac); Al SIEl
wo un 23513

aleq ydaq | 1010weIq sinsay 1ONONIISU0)) SIy

(p10)) "9-v 3qeL

19

Appendix A

gy e o Ty e SURP

o g met it aien

B N

LatsDLBL oS b v

St g1,

OIS




F

“fEua1eu jo s1ake] Sutureusal ma) sreio)rad oy spadcosd pr ded

iy sayound,, 35eq 213y 3UT0d € SaYOBIY PIVIICIIP 194 10U SBY ALOP JG JAJUST J¥ ISSIW JO 352g U AIdA SIW032q ded I-5WOP ‘SULI0YIP PSS §Y 4

_

m v'E $L XS0l ad P0001 ‘6T Tepay £id-1 el

w Ve 0L X001 ad 0001 6T Te1A931 A1d-{ + 0£91HQ Aid-¥ +9-0001 ‘67 12y Ajd-11 TSET
i

m de £5¢1

M 0t £8 XC6 dd 1eja3)y pareudardug 1434

_ S€ 08 XE6 ad 0L9LHA A19-€ + P-000T ‘6T sepna)y Aid-71 S0£1

ST TLXOT Jd LZst

o€ 08 X00I ad 0£€1

LT TL X001 ad 1ejay parzudarduag SEEt

St gL XE€0l1 4d 0L91HA Ald-p + P-OGOT ‘6T 12149 Ai4-71 I¥€l

€€ | 6S XG9I ad LEET

9¢ | 0L XS'8 a ThEl

i iejaay pareudaidury 01

9L61 1990150 61 | +'E 5L X§6 ad 9101+ dL Ai-v + P-0001 ‘6T 1ejaay A1d-Z1 224

un u 338/1§

areq yidaqg | 1stourerq synsay YOIIONIISBOD m~>

(p3z0)) "S-V el

20

Appendix A

i g L IR A AT N 2 N et

s g s tee o b - s -




o R R L SR

3

ve | oLxsL ad #191 3
ze | ¥9x09 ad Thsi
9€ | SLX09 ad vssi | 3
¥e | 08x89 dd (wusunredaq 2o1j04 A3poieg) swid 07e 1 ‘7d louBd | vHSI
9,61 aunf |Z 8°€ YL X8L ad SDIH inoully 1adng esusury Jo Imoulry ! QTSI &
e | ogxss ad 8ISI
€7 | 9Lxs8 dd 951
ze | ogxoL dd 6£S1
$E SLXOL dd (usunieda(] 30tjogd Aadyieg 104) | L091
9,61 dunf 17 E) swd 0601 ‘YW pueireses | €591 b
124 08 XS$9 a (yuounredaq | 196}
9,61 sung [ £p PIX 0L i 3o10d AS1oXEog 104) AIISNpU 1511quasin) WIOI) 1SA 57 Te[AXY AF-€T | S¥SI
: ur u 225/13
] areq pdag | 1915ureR] S50y UOTIONIISUO)) SIy
m,_,
*., 3
4 ure1n-¢z | ‘Wnulep LS50
3 " Al *SITpIS UonewI05a(] 207yed “L-V 3{qPL
<
Ko
-
=
Q
.
f=%
S

s e BN A i P L N e Sl S e N R R ST e e R A




I TS T T M L W T T BT YT T AN o WY NS WA T TR T

4 wil
14 4 $9X09 dd o1zl
'y §9XS9 dd SH/LOEL 3148 “¥P66 10T 087t
9L61 iaquardag 6 dJ Su2AalS Jf ‘P-00CH "6 Tejay Ajd] 8ECI
9L61 A 9 ov 9¢XS9 ad P-0001 ‘67 181A3) Ald-T1 6601
¥T SLXSL dd 5§C1
07 0L XO0L dad 12 XA
8¢ $9XO0L dd 13741
€T SLXOL dd (waunredag actjog Aopxisg) | (8T
L ULXOL dd suresd 0 6 'V [PUeq VT Due[Uejes 89T1
6'C 't X0'L dd 39C1
87 TLXOL dd 6071
Q¢ 08 X$9 4d (uawinieda 291104 Aa1a1eg) 6611
96t unfzT| ST L XS9 dd swesd 0711 ‘TV 13Uk 17T
9C SLXS9 4ad apty Jowry 1adng esuIUry 30 MOuLy 1071
%3 08 X0L ad 0sZi
St 08 X09 dad 0¢T1
e 08 X09 dd 17Tl
‘ 6T OLXES i (uawedaq | LITH
F 9Le1 MLyl TE 08 X0L dd aorjog Aapary1eg) Anisnpuy J2LIQUIIID) WOLY 1594 6T 1e[ad)f Ald-£7 9¢C1
ui 110 28}
aeq qdoq | 19t0urerq sins3y UONIORIIEUO)) SI,

[N UTB1D-pT 1 ‘Ww-6

A ‘SIIPRIS UONBULIOJ( 29Bf40eg "S-V JIQEL

B T
b

22

Appendix A




T T i T T e TR TSIAR B T T R T S A I AW T T g e

or | o08xs9 ad 1146 “11 LETT
$'€ $LXO0L dd T1 LTI 6111
HD TIME “TH 611
SLET 1quRdaq Z1 | S¥ 0OLXSS dd T1°9S “T1 Ly11
P-0001 ‘67 Tea) = N u
ateunue oduy = g | 3
i
speuaiep s,a8eddo) qog jo uononnsuo) snouep _ E
]
(%% SLXS9 4d SUAIS [ ‘P-0001 ‘6T 1e[ad) A1d-07 €01
96l dy 67 | O°€ $9XS9 dd €14 KIS [9qIMYS-3IBL) ‘P-000T *6T 1B1AdY A1d-0Z 296 ;
ot SLXS9 ad ra:1d |
961 IdV 6 o€ $8XS9 dad (¥3d) p-0001 ‘62 1ejady A1d-07 oLzl «
SLOI ABW LT | 6°€ 89 XL9 ad P-0001 ‘6T fe1o) A0 peTI
L61 A LT D P-0001 ‘6T 1ejad)Y Ad-g1 0szl
1 9,61 19quizldag 6 6€ 0L X09 4d SY/LOEL 31415 “¥b66 "ON 107 SUAAS Jf “P-0001 "67 1e[AdY A1d-91 09Z1
m
: 9,61 19quiaydag £ 8 SIXTL dd £1L 31418 [9GIMYIS-YIB[D ‘P-0001 ‘6T Ie|aa) A1d-9] ¥611
: SL61 ReNET | ST S9X6S dd P-7/00¥ ‘6T 1ejad)y Ajd-9] 0TI
un s 2351
m aeq pdaq | 1910welqg syfusay Jonsnnsuo) Sia M
s S
A =
| 2
m (p1u0)) "8-v 2qeL s

e e m e e N s e o Al el e L e e e A et mam a e



U = T S A T A T A A T T AT PR R W S 2

Te[AdY poreuiazdun jeos do) udasd A[d4
oy |L8 XE£L dad Aq paxoeq ‘aaoqe se ‘P-0001 ‘6T TE[AIY SUaANS Jf Ald-Z1 Y0T1 _
£ | s6 xL9 ad Tejaay payeusardun puaqu Ald-7 | 9€zl i
e £q paxaeq ‘3A0GE SB ‘P-0001 ‘67 TBjAIY SU2ANS Jf AHd-71 zszl }
I3
o | S8 Xs8 ad sozi .
D 1e[ad) pareudardust pareoa-doy Yaadt
oy |88 X078 dd K1d-t AqQ paxorq 3a0qE Se ‘p-0001 ‘67 1e1AdY SuasalS Jf A1d-z1 poll
4 STl
0c {001 X6L ad LIT1
D 6vTl
§T 1001 X¥'L dd 1e[A9Y] pareudasdu pajeod-dip Ajd-p Aq paxydeq (#¥66 "ON 107) r4 44 <
g9l ivaoadeg(Z| (T [SOIXSL dd P00 ‘6T 1B[AdY suaadl§ df A1d-( i 1911 «
: 9L61 WIEKE | 89 |6S X6S dd (VOVd) sejasy pajeudasdun Ado1 | gigl
m S€ |SL XSL punocy ueIpeuE) - 44 11301 “T1 )01 “T1 €Ig1
m 0s |59 xs9 ad moaleS 1 | SELI
: 0s [0L X099 ad 8 {8 (3 rd N4 8!
H ov (0L XS9 ad TCAST0 | 9l
w R4 0L X$9 dd TCAS il
un wo 235/
eq Ypdaq | 1919urm1g s)nsay uonINIISUO)) m—>

(pw0)) "g-v 3qel

Appendix A

e e T e e e o o e Tt n e I et et e ey e A A e L e e e T




4

I i T

R

P L AT T R AT 5

AT I TR R S TR TV

8'E £€LXS6 dd 1474

9,61 13G0150 81 g€ I'LXTL ad P-0001 ‘6T Je]aaY A1d-81 oLzl

4 $8Z1

13 4 8L XTS dd 0L

dd 8Ll

TP SLXSL dd 1921

4 4 LLX0L ad £L21

9461 12q0130 S s 2 €LXOL ad 6T X 6T POVI1 ‘+8 9141s ‘6 IB[AdY A1d-9( LSTI

L'E oOLXTL dd [AXA

9L61 1990190 01 g€ SLXTS dd P-000T ‘6T 1ejadY suaaals 4f A1d-91 Wl

Ty 0LXS9 dd €521

£y 0L XS9 dd 1474

4 971

v SOX0OL ad 9971

9.61 1340190 S 't S9OXSL dd P-0001 67 Te[ad) suaaag Jf A1d-91 €5zl

9461 1390150 81 40 P-0001 ‘6T Te[adY Aid-61 Ll
wo wo aas)y

areq pdag | 1arouwrelq sinscy UOROINIISUO) Sl

(IWA)IN urRInD-G 1 ‘w6
“IA ‘SaIpmIS UOnBULIOIX(] 278)Oeq “6-V 3[qel

25

Appendix A




P P LT TR S T T YA YT I S AT B

et

L3,

s

.

9 |ss xee a oLzl |
D areunuref Aid-1 = oyeurwe| juswdo[aadp ouqej Aid-¢ - ¢ €9zl {
.
¥
FA 4 'L X8L dd 991 : 3
St TS X89 dd sjeumure] A1d-g1 = aseuturef Juswdopaasp suqey A|d-¢ - 9 LyZ1 ;
9.61 13Q0120 ¢S D areunue] A1d-7] = sseviwe] juswdofaaap ouqey Ad ¢ - ¢ 09!
D 274!
ST |08 X078 dd 0921
€€ |68 XS'L dd 12741
St 8 X¢tL dd Ieas)y pareudaidun Tl ©
$T |OIIXSL ad Aid- + (Z/1-SS)/€1./L 7986 “ON 10T Sdr) P0001 ‘6T 1ejady A1d-01 £5C1 «™
sz |56 xsL a 6521
., € | T8 X0L B2 | 1CAt
0g |0L X038 dd €51
ovy |06 X048 ad 1zt
4 1e]A)] pareudardurf LLTY
9L61 120120 9 D Aid-7 + P-0001 ‘6T 1epad) A1d-T1 LT
u u oon\w.w
aeqg ydag | 1oourelq synsay GONONIISUO) SI A

{piuo)) "6V 2IqeL

Appendix A




Sl ety

I

Y TR T

g . TR

g3 2o

P aapam [eIo2ds JusdotaAsp ouqey Aid-g + P-GOOIL ‘67 18iadY Ad-T 1 SLOt
D 9101d.L £1d-g + 2axam [e15ads 1uswdojaaap suqej A1d-9] 980§
4 910141 Aid-¥ + P0001 ‘67 Tera) A[d-Z1 + 9101dL Ald¥ 8901
E o) 91014l AIN-8 + P000T ‘67 i) Ald-Z1 €201
punoy vNdVv1 UreIH-G [ -6

ST 'L XS6 4d Y4
sz | 98 xL8 ad 6921
TT | €L X06 dd 78¢1
8C | t'L XS6 dad el
62 6L X070l dd rejad)y pajeudardwi 029 LHA Ald-4 + P-0001 ‘67 reasy A1d-gi 8zl
$T | 0L X901 dd L1921
6T | 0L XLS dd A
LT L 79 xX06 dd 9971

L1 L's X08 dd Iejady pareudardunt 9101pd L Aid- + P-000T ‘6T Jejasy Ald-z1 9971 b
0t | SOl XsS9 dad 98C1
97 | €01 xX08 dd 1L21
st o9 xs6 dd 81
97 | 96 XO0L dd rejaoy pareudaiduwn 910141 zo-g Kid-p + P-00OT ‘67 ey A1d-Z1 €221
9C | TOlX9L dd 6LT1
1T {06 X0¢ ad L8CT
97 | S0l X0L ad 0821
sz | oo1XxoL ad ready parendodun ¢ £y LHS A1d-b + P-GOOT ‘6T 1epra)y A1d-71 €921
$T | SIIX08 a 60€1
0C [ S6 XSL 4d 0szl1
0Z | 60IXSL dd _ Iepay pajeudardunizo-g | 99C]
9.61 13G0120 g1 I'1 $6 XSL dd 19N "I A1d- + P-000T ‘6T 1e[AdY A1d-Z1 Lyl
wo u dasf1)

A

areq pdag | 1310wl s)nsay uonINNSUO) Siy X

=

- [-¥)

(=%

(P1uo)) "6V 21qeL &

i et e o e S el Rt w5 T

T M B R L A R N

Caald e

Sl pieltesiat o




T R T RIS N AT T ST

(ausuniedag 20104
Ty 6L X078 ad A&1uno)) s1oumyeq) 1534 P-000! ‘6T ey A1d-Z1 L56 3
W URIDYEL ‘BO-SH0 .
9L61 YOITK € L6 |66 X8L ad (VOVd) 1eueg rejasy pareudardu £id-g1 6951 L
S9 S8 XS6 i 90v1 ;
4J bl =
Ls 06 XSL dd osel B
D 9t 1 3
4 85ST 3
40 K1snpuy 12LIQUIIIN WOIJ 1SAA 67 Tejady Ajd-¢7 €1yl
9% |06 XSL ad 8l
$S |001IX08 4d L9¥1
9% |S6 XS8 dd o6¢l
4 il
oL S0l X0'8 dd (sa0qe 9as) BOLIIUIY JO INOULY sOvI
£€s |o6 x06 dd LEpl
$'s ] so1 x00I dd 1w ®
§S J0L X08 i +ivl .
$9 | S0l X06 dd 911
09 |06 X06 ad LEET
99 |S6 X06 a 1L€]
4 8Evl
: D vobi
St |OEIXSL i sureid §9¢ ‘V {PUEd “VZIW puBiEies €LY
: s | sL XSt dd 8LII
., E o) 6LY1
3 I D 12341
: 0L |SPIXOL ad 3241
3 9,61 3unf {7 D (1591, Kapaxysog) streid GOL ¥ TIUBJ ‘BIUSWY jO INOWIY £Tpi
i wo s sasf13
: , <
q sleq qidaqg | s920wrRIg synsay TOLONIISUO) S1y x
1 ]
! =
£ ure1n-0pg ‘wnuSel $°0 g
‘[IA ‘sAIpmIS uoneuLOfa 29E¥0eg "01-V %921 £

ol S e s S e R T i R e b L S S s e e i R R




Xe10y ] — syoedulf junjg woij ANEyYlyT “i-g smsdrg

ZAW N1
% oSl ot oL L'vl gel SEl zelL 6L 9zZL gz ozl x
1 _ T LI | ] oF E
; Hivig {3
T vainens QO -1 &€ mm
SINTVA TWINIWIHIAXI "
| NVN O3 0Z ¥ SL -1 9¢
v HO4 IONVH Q3ILJIaIHd = W AV
L T m — st
)
|78 T n ki
. ol = Q N r o
: St s J W—es—— 8E 2 &
2l 3 0O :
&l = —Hsv %
< S
ql's. —tee -t
- J sy
4
—~ 15
— +5
— s
— o9
e




SRV S Y S Py g e 5 e g o, e

DEFORMATION DEPTH, CM

NI SRS T TP AT T

BASELINE

| | 1 j|

Appendix B

1 2 3 4
TIME, M SEC

Figure B-2. Time—Deformatior. Data for Various Backing Materials
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: ! Building E3220 US Army Dugway Proving Ground
. Attn: Technical Library, Docu Sect 1
3 . APG-Edgawood Area !
S Dugway, UT 84022
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Names

Commander

Rocky Mountain Arsenal
Attn: SARRM-QA

Commerce City, CO 80022

Commander

Pine Bluff Arsenal
Attr.: SARPB-ETA

Pine Bluff, AR 71611

US ARMY TRAINING & DOCTRINE COMMAND

Commandant

US Army Infantry School
Attn: NBC Division

Fort Penning, GA 3190§

Commandant

US Army Military Police School/Training Center
Attn: ATZN-CDM
Attn:  ATZN-TDPC

Fort McQlellan, AL 36205

Commander

US Army Infantry Center
Attn: ATSH-CD-MS-C

Fort Benning, GA 31905

US ARMY TEST & EVALUATION COMMAND

Commander

US Army Cold Regions Test Center
Attn: STECR-TD

APO Seattle, WA 98733

DEPARTMENT OF THE NAVY

Commander

Naval Explosive Ordnance Disposal Facility
Attn: Ammy Chemical Officer, Code 604

Indian Head, MD 20640

Commander
Nuclear Weapons Training Group, Atlantic
Naval Air Station
Attn: Code 21
Norfolk, VA 23511

Chief, Bureau of Medicine & Susgery
Department of the Navy
Washington, DC 20372

Names
US MARINE CORPS

Director, Development Center

Marine Corps Development & Education Command
Attn: Mobility and Logistics Div

Quantico, VA 22134

DEPARTMENT OF THE AIR FORCE

HQ, USAF/SGPR
Forrestal Bldg
WASH DC 20314

OUTSIDE AGENCIES

Battelle, Columbus Laboratories
Attn: TACTEC

505 King Avenue

Columbus, OH 43201

ADDITIONAL ADDRESSEES

US Public Health Service
Room 17A-46 (CPT Osheroff)
5600 Fishers Lane

Rockville, MD 20857

Commander

US Army Environmental Hygiene Agency
Attn: Librarian, Bldg 2100

Aberdeen Proving Ground, MD 21010

Commander
DARCOM, STITEUR
Attn: DRXST-ST1
Box 48, APO New York 09710

Commander
US Army Science & Technology Center-Far East Office
APO San Francisco 96328

HQDA DASG-RDZ (SGRD-PL)
WASH DC 20314
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