
MEMORANDUM REPORT ARBRL-MR-02955

(SUPerSOIesIMR'No.,61) Ili

AN INVESTIGATION OF THE IMPACT

RESISTANCE OF GLAZING MATERIALS FORD C

U~ 23V 19Th

John A. Rakaczky -A

Setember 1979

.j

__ . US ARMY AIMENT RESEARCH AND DEVELOPMENT COMMAND
& BALLISTIC RESEARCH LABORATORY

ABERDEEN PROVING GROUND, MARYLAND

Approsd for public rleese; distributton 'n~imlted.

9 t1 061



Destroy this report when it is no longer needed.Do not return it to the o.!ginatr.

Secondary ,distribution cf this report by originating

ol sponsoring activity is prohibited.

Addltional copies of this report -iy be obtained
from tha National Technical Infowation ServicepM . D tpartwnt' off Comrce , Sprinifield, Virtinia
121SI.

'.3 I

*, 4

The findings in this report are not to be construed a-
an official Department of the Army position, unless
so designated by other authorized documents.

rhto U04C 0! tzta4J hlVw# or Asjwbet2ztwwrs nw in~Q thi rwon
djfs not CM86(tuu in4ar#*"ent of anyj 'omvwm~iaz produor'.



IJNCI.ASS 11 1 Hill
SCtIMITY CLASSFICATIO14 Of TH4IS PAGE, fet RFomm4

M~t4TTI~t4PAGE READ MSTRUCTMtS
1. ~~~2 arfyh OVT ACCESbION kO. 3. RECIPIENT'S CATALOG MUMGCA

4. TITLC(edS~b$t@)REOTP40CVRD

S. TVrR~m4PRocvn

'M(E~STGATION 01: TIM IMPACT Rsi.smaNCiO ol Pini r-
k. L.AZING ~Ti3RIAIS l' 0 1.RAI V11cui!S, 7,. O.

-B Txom)71. . 0%V~iWWG OG. EPORT NUMNER

1. AUTHOR(*) S. COUWSK0AGRA

in A./Rnkiciek -C
t. P~rFORNG O"GAVIATtON NAWC AND ADDRESS 10. PROGRAM CLCMENT PROJECT. TASK

U.S. Arm, Ballist" Research Laboratory AREA & WORK UNIT MUMDERS

U. .?OLG AryCZmn eseacan Development Comm~r
U.S. Army, Ballistic Research Laboratory HI .97

0MB i4.IO AtN YMANSa £omusu d if*=. 1~ Coneolgew. Olle*) 1%. SECURITY CILAS.S. (of WeD ropanj

JO~~~~" s S / JIj§2~ CkFlICA
TION P

t ow"4 GRAOING

16. DISTRIOUIION STATKNEXT rtI Whie Reowt)

Approved for public release, distribution unlimited.

M? OISTRI1UTIOkoSTAT SMiHT (.1 IA abIlacU entm4 in Week .1&20 I ~tioeIfirsits"".,)

1S. SUPPLEMENBTARY MOTXS -

This report supercedes BRL Interim Memorandum Report, No. 601.

IS, Kk WOROS (CoIL-w twoniv. .Dd. Iff .. swr dn4 InIIty by bloesb h'jinbot

glazing materials Way
impact resistance railroad vehicles
projectile impact
wi ndshl~ ids

M~ A6T1IACrtfeWEfv. an~i .9 * OMIf fle*0 MR4160WsIit by bieth nu-&",, (nIfl Wx
test progran was conducted Z0 determinc- the impact resista~c* of oevral

t:.qe- of glazing materials ar~d tbhrrby deolop criteria for the protective
glazing to ble used in railroad viics such as Itocontives, cabooses, and
pa- enger coaches. Twenty (20) material.* were subjected to the impacts of
snail arns projectile%, hand-throun msl~,and heavy, slaspended objects.
Rcsults indicated that there are materials currently rwailalile as off the
-,WOf items that would provide protection from the following threats: (1)
a Z.-ca ibher, high-volocity, long rifle trtrojectilc fired from a distance -

DO W3 voc or (continud'z-
JANUNCLAIP)

ttCURITY C14.AISSWICATION or mTS PAGE r~kn Doe. KPInt~cO



UNCLASSI FIED
,cuNTv CLAmnCAM Of TW PAOCMb Uw e*,

.:u.20 (Continued)

e of 92 meters (300 feet), (2) hand-held objects such as rocks or railroad spikes
thrown from a distance of 8 meters (about 25 feet), and (3) a heavy, suspended
object such as a cinder block struck at a vehicle speed of 48 km/hr (30 mph).

!orI

UNMLASSIFIED
SIECUMITY CLASSIFICATION Of THIS PAGE(We Dol Knt#!#,)



TABME OF CONTENTS
i 'i -Page

LIST OF ILLUSTRATIONS ................... S

LIST OF TABLES . .. .. . . . . . . . . . . . . . . . 7

1. INTRODUCTION .... .... ... ...................... 9

II. DETAILS OFT ST . . . . . . . . . . . . . . . . .. . . 10

A. Literature Survey . .................. 10

B. Materials ......... .... .... ...... 11

C, Projectile (Bullet) Impact Tests ........... 13

D. Ieavy Object 'Suspended) Impact Tests ....... . 18

Il. RESULTS AND DISCUSSION .................. 20

A. Projectile (Bullet) Impact Tests . . . . . . . . 20

B. ileavy Object (Suspended) Impact Tests ... ........ ... 29

C. Railroad Spike Impact Tests .... .............. ... 34

D, Performance Criteria/Proposed Performance
Speel fication ..... ................... .... 34

I]. Correlation of Projectile Impact Data .. ......... ... 39

F, Projectile Impacts Against Steel (Vehicle Walls) . * 53

IV. CONCLUSYONS ......... .. ....................... S5

BIBI.IOGRAPHrY ...... ... .. 57

APPENDIX A PRFOPRIANCH SPECIFIC ION FOR RAILROAD
GLAZING MATERIALS (I'ROPOSIU) .... ........ 59

APPENDIX B - SLUARY OF TEST DATA: PROJECTILE IMPACTS

AGAINST G M ATING TRIALS . ......... .. 67

APPENDIX C - SUHN\ARY OF TEST DATA: CINDER BLOCK IMPIfTS
AGAINST GLAZING MATERIALS ... ........ 79

APPENDIX D - SUKARY OF TEST DATA: RAT I.ROAD SPKE
IMPACTS AGAINST GLAZING MATERiALS 8..... 87

APPENDIX E - S UNRY OF ThST DATA: PROJECTIM,] IMPACTS
AGAINST STEL (VD3IICLE WALL ,MTERIAL-1 . 91

DISTRI BUTION LIST ...... .................. 95



LIST 0' ILLUSTRATIONS

Figure Page

I. Diagram of Test Arrangement Used in Projectile
Impact Tests ....... ...................... ... 14

2. Velocity/Distance Curve for 40-grain, .22-Caliber
Projectiles up to a Maximum '.azzle Velocity of
1400 f/s (427 m/s) ........ ................... 16

3. Velocity/Di stance Curve for the 40-Grain, .22-Caliber

Projectiles Used in this Work .... ........... .... 17

4. Test Set-up for Impact Tests Against a Suspended
Heavy Object (Cinder Block. ............... 19

5. Example of Tyical Impact Damage from Projectile
Impacts ........ ........................ ... 24

6. Example of Typical Impact Damage from Projectile
Impacts ....... .... ................. .... 25

7. lxample of Typical Damage from Impacts Against a
Suspended Cinder Block ...... ............... ... 32

S. Example of Typical Damage from Impacts Against a
Supended Cinder Block ...... ................ ... 33

9. Test Set-up for Impact Tests Against a Suspended
R Iailroad Spike ......... .................... 35

10. Example of Typical Damage from Impacts Against a
Suspended Railroad Spike . . .... .......... 37

ll Example of T)pIcal Damage from Impacts Against a
- Suspended R iroad Spike .. .. .. .. .. .. .. .. 38

12. Plot of Impact Energy per Area vs Ympact Velocity . . 44

12a. Plot of Impact Energy per Area vs Impact Velocity . . 45

13. Plot of Equivalent Damage Velocities for .30-06-,i,. .38-, .44-, and .4S-Caliber Projectiles vs the
Impact Velocity of .22-Caliber Projectiles ......... ... 48

13a. Plot of Equivalent Damage Velocities for .30-06-,

.38-, .44-, and .45-Caliber Projectiles vs the
Impact Velocity of .22-Caliber Projectiles ....... 49

;55



LIST O: TABLES '1
Tab I e Page

I. List of Glazing Materials Tested ............. 12 4
II. Velocity-Distance Data for 40-Grain, .22-Caliber,

2' Iligh-Velocity, Long Rifle Projectiles ......... 15

Ill. Summary of .22-Caliber Projectile Impact Tests ... ..... 21

IV. Summary of Heavy Object (Cinder Block) Impact Tests , . 30

V. Summary of Railroad Spike Impact Tests .... .......... 36

VI. Summary of the Results of the Projectile and Cinder
Block Impact Tests .. ... ................. . 40

VII. Comparison of Characteristics of Small-Arms
Projectiles ......... ...................... 41

VIII. Impact Energy Per Unit Area for Small-Arms Projectiles . . 43

IX. Equivalent Damage Velocities for .30-06-, .38-, .44-
and .45-Caliber Projectiles ..... ............. ... 46

X. Comparison of .22-Caliber and .30-06-Caliber Projectile
Impacts Against Polycarbonate Plastic Glazing
MIaterials ......... ....................... S0

XI. Comparison of .22-Caliber and .30-06-Caliber Projectile
Impacts Against Glazing Material J ........... 51

XII. Comparison of .22-Caliber and .30-06-Caliber Projectile
Iwpacts Against Glazing Material D ......... .. 52

XIII. Summary of .22-Caliber Projectile Impacts Against
Steel ..... .... .. ......................... 54

7



V 1. INTROI)UC'ION

A problem currently exists on the nation's railroads where acts of
vandalism have resulted in considerable damage to property and numerous
injuries to-personnel. Specifically, these acts have usually consisted
of throwing objects such as bricks, stones, railroad spikes, etc. at
passing trains and frequently breaking windows in locomotive cabs,
cabooses, or passenger coaches. In addition, there have been incidents
reported of persons suspending heavy objects such as cinder blocks or
manhole covers from overpasses in such a manner as to strike oncoming
trains. Another act of vandalism that is of growing concern is the
firing of small arms weapons at passing trains.

The Federal Railroad Administration/Department of Transportation
(FRA/DOT) initiated a study1 to determine if there was a need for a
Federal regulation to require the use of improved glazing materials in
the windows of railroad vehicles. Opinions were solicited from various
groups of interested parties including representatives of the Association
of American Railroads (AA), labor unions (United Transportation Union,
Brotherhood of Railroad Locomotive lngineers), glazing manufacturers,
and manufacturers of railroad equipment. It was the consensus of these
groups that the glazing material, and its supporting framework, should
be able to withstand the impact of the following objects without complete
penetration, and without the formation of glass fragments (spall) on the
inside of the window: (a) a hand-thrown, fist-sized object (half a brick,
stones, railroad spikes or bolts, bottles, etc.) hurled from a distance
of about 8 meters (2S feet), (b) a .22-caliber, high-velocity, long rifle
projectile fired from a distance of about 92 meters (300 feet), and (c)
impact against a suspended cinder block at a vehicle speed of 48 km/hr
(30 mph).

As a part of this study, FRA/DOT contracted with the U.S. Army
Ballistic Research Laboratory (BRL) to conduct a test program to provide
data on the impact resistance of several types of glazing materials, and
to develop performance criteria for protective glazing used in railroad
locomotive cabs, passenger coaches, and cabooses. This program was
designed to consist of the following phases or tasks: (1) literature
survey, (2) projectile (bullet) impact tests, (3) suspended, heavy
object (cinder block) impact tests, and (4) small, hand-thrown object
impact tests. Details of performing each of these tasks are discussed
in the following section.

IF# 4Jyl7 Rvjiter, VaZw'c 42, No. 47, Thuraday, M'aroh 10, 1977.
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II. DETAILS OF TESTS

A. Literature Survey

A search of the technical literature was made for the dual purpose
of (a) compiling data on the perforation, spallation, or fracture of
glazing materials-, and (b) to obtain any available information on
specific incidents from accident reports or witness accounts. It was
hoped that the latter purpose would provide some useful data on the
conditions that existed at the time of the reported incidents, and thus
enable the testing to be performed under an environment as close to
"real life" as possiblo.

A large portion of the literature examined was concerned with the
impact damage of glazing materials (glass, plastics, and combinations
thereof) as applied to the area of transparent armor. A significant
amount of these reports were classified and therefore are not included
here. A listing of the articles pertinent to this program are given in
the Bibliography of this report.

There was only a Jimited amount of information obtained from the
literatura on specific accidents or incidents of vandalism. One source 2

presented a very detailed analysis of accidents suffered by occupants of
locomotive cabs. While this report categorized 858 accidents from 1961
to 1972 (date of report), almost all of the accidents discussed were not
applicable to the problem to which the current program was addressed.
The accidents detailed were the result of collisions, derailments, and
cab conditions. This last category included such things as the closing
of doors or windows on fingers, striking protrusions in the cab, sl'--
ping on oily floors, etc. There were only a very limited number of
accidents mentioned that resulted from acts of vandalism, and these were
the result of rocks or similar type objects being thrown at locomotive
cab windows.

Another recent summary3 on reported incidents of vandalism was
reviewed, and although only a short period of time was covered (approxi-
mately 2 months), there was a total of 877 cases. The report provided
some specific information on many of the incidents, such as the location
of the impacts, train speed and direction of movement, and the type of
missile and method of projection. This information indicated the
following general characteristics:

a. Most (86 - 90%) of the impacts against railroad equipment were
reported to occur against the front and sides;

2F. Xurz, FRA-OPP-73-3, Federal Railroad Administration, Waahinqton, D.C.,
Septembor, 1972, (PB-214 129).

3 n1ident Report Suwmzr, "Missile Impaot upon Railroad Rolling Stock,"
Federal Railroad Ac)tniatration, Wahinqton, D.C., February, 1977.
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. Most of the impacts occurred at train speeds bCtveen 32 and 64
km/hr (20-40 mph), the average speed of all incidents being 43.6 km/hr
(27.1 mph);

c. Almost all (over 95%) incidents occurred during tile forward
motion of the train;

d. More than 98' of the incidents involved hand thrown objects or
firearms.

The potential of extremely serious injury or severe damage resulting
from the impact against heavy, suspended objects was considered to be of
sufficient concern to warrant special consideration, even though the
percentage of total incidents reported was relatively low. It was
reasoned that if a glazing material was able to provide adequate protec-
tion upon impact against a heavy suspended object, protection also would
likely be provided against all hand thrown1 objects. It was decided,
therefore, to modify the test program somewhat and to concentrate efforts
on the following phases:

I. Projectile impact tests, with emphasis on .22-caliber, high-

velocity, long rifle projectiles. This type of projectile was the most
frequently used according to reports of incidents involving the use of
firearms.

2. Heavy object impact tests in which glazing materials would be
evaluated for their resistance to impact against a suspended cinder
block. Teosts during these phases should provide data on both ends of
the spectrum of objects likely to impact windows of railroad equipment.
There are the small, high-velocity objects (as exemplified by .22-cal
projectiles), and there are the large, bulky, relatively slow moving
objects (as exemplified by cinder blocks, with the train actually doing
the moving), The rqsistance of gla.ing materials to the impact of other
objects would be expected to fall in between these extr,:,es.

B. Materials

All testswere conducted on glazing materials that were available as
"off the shelf" items. Initial samples of materials were provided by
the Association of American Railroads (AAR). A list of the materials
is given in Table I.

Company or manufacturers designations are not provided in this Table
or anywhere else in this report. Letter codes were used throughout.
This was done in an attempt to avoid any misinterpretation of the data
as being an endorsement, or conversely, as a rejection, of any of the
materials. Current tests were performed solely to evaluate existing,
available materials as an aid in the development of performance criteria.
The relative success or failure of any materials does not and should not
be construed to indicate approval or disapproval of that material.

II



Table 1. List of Glazing Materials Tlested*

Test Thickness
Material cm in General Composition or Construction

A 1.27 0.50 Safety glass (two pieces of glass with an
inner layer of resinous material).

B 1.43 0.56 Tempered glass; inner layer; tempered
glass; glass spali shield.

C 1.27 0.50 Abrasion resistant polycarbonate plastic.

D 1.43 0.56 Tempered glass; polyvinylbutyl inner
layer; tempered glass.

. 0.635 0.250 Abrasion resistant polycarbonate plastic,

F 1.43 0.56 Annealed glass; polyvinylbutyl inner
layer; annealed glass.

G 1.43 0.56 Tompered glass; polyvinylbutyl inner
layer; tempered .glass.

II 1.27 0.50 Flout glass; vinyl inner layer; float
glass.

I 1.75 0.69 FIoat glass; vinyl inner layer; float
glass; vInyl inner layer; float glass.

J 1.75 0.9 IIat-strengthened glass; vinyl inner
layer; heat-strengthened glass; vinyl
inner layer; heat-strengthened glass.

K 1.27 0.50 Glass; plastic interlayer; glass.

L 1.27 0.50 Glass; plastic interlayer; polycarbonate
plastic.

IN1 1.43 0.56 Tempered glass; interlayer; polycarbonate;

interlayer; tempered glass.

N 1.43 0.56 Teppered glass; interlayer; tempered

glass.

0 1.27 0.50 Abrasion resistant polycarbonate plastic.

P 0.95 0.375 Abrasion resistant polycarbonate plastic.

Q 0.635 0.250 Abrasion resistant pulyzarbonate plastic.

R 1.43 0.56 Glass; inner layer; palyckirbonate; inner
layer; glass, thin glass spnll shield.

S 1.43 0.56 Glass; inner layer; polycarbonate; inner
layer; glass,

T 0.-3 0.375 Abrasion resistant polycarbonate plastic.
*Tho size of all test samples was 73.97cm (± 0.32 cm) x 41.91 cm

I 0.32 cm); 29.125 in (± 0.125 in) x 16.5 in (± 0.12S in).
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C. 11rojcctiI1 (hillet) Impact Tests

Impact tests wore performed on the aterials listed in Table I
employing .22-caliber, high-velocity, long rifle projectiles having a
weight of 40 grains (2.59 grams). A drawing illustrating the set-up
for these rests is shown in Figure 1.

The glazing material targets wore positioned at an angle of 0"
obliquity, i.e., perpendicular to the flight path of the projectile.
The targets were clamped against a metal frame with a rubber gasket
placed between the target and frame to serve as a cushion. The distance
from the miazle of the gun barrel to the front surface of the target was
4.80 meters (15.75 feet). The distance from the muzzle to the first
velocity screen was 3.89 meters (12.75 feet). Projectile velocities
were measured by means of paper screens wired to a counter timer. The
screens were positioned in front of the glazing material target with an
interval of 0.6096 meters (2.0 feet) between s',reens.

A section uf luminum having a thickness of 0.0051 cm (0.002 in) was
placed 38.1 cm (15.0 in) in back of the target for each test to serve
as a witness sheet. This provided an Indication of the amount of spall
(glass fragments) produced, if any, and the general dispersion pattern
of the spall.

No high speed motion pictures were made of the projectile impact
tests due to the lack of sufficient light. These tests wore conducted
in an indoor range and there was no space available for the number of
lights that would have been required to provide adequate illumination.
Still photographs were taken of the materials after completion of the
tests.

Since the projectile impact tests were conducted in an indoor range,
impacts from longer ranges could not be done as on an outdoor facility.
Using the velocity-distance data given in Table II and Figure 2, any
desired range could be simulated by adjusting the powder load of the
projectile to obtain a specific velocity. In this particular work the
average maximum velocity of the .22-caliber aimunition was 366 meters
per second (1200 feet per second). This then became the muzzle velocity,
or zero distance point ol the curve. (Sea Figure 3).

Figure 2 presents a pl .t of the velocity as a function of distance
for any 40-grain, .22-caliber projectiles, up to a theoretical limit of
.27 m/s (1400 f/s). On this curve any muzzle velocity becomes the zero
distance point, and subsequent distances along the x-axis are adjusted
to reflect the variation in muzzle velocity.

'. J. aFiddjton, Launez and Flight Divioion, BaZtiatic Reeoarclt
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Table It. Velocity-l)istance Data for 40-Grain, .22-Caliber,
hligh-Velocity, Long Rifle Projcctiles

Range Velocity

Meters Yards Feet Meters/Second Fect/Second

0 0 0 426,7 1400.0

I0 109.4 328.1 302.5 992.S

200 218.8 656.2 252.5 828.5

300 328.2 984.3 218.2 715.9

'400 437.6 1312.4 190,0 623.4

S0 547.0 1640.S 165.4 542.7

600 6S6A4 1968.6 143.7 471.S

i100 765.8 2296.7 124.6 403.8

800 875.2 2624.8 108.0 354, A

900 984.6 2952,9 93.8 307.8

1000 1094.0 3281.0 82.1 269.4

1100 1203.4 3609.1 73,0 239.5

1200 1312.8 3937.2 67.0 219.8

1300 1422.2 -126S.3 64.8 212,6

*1358 1,185.7 4455.6

*,tax. Range

15
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0. lleavy Object (Suspended) Impact Tests

The system employed to determine the resistance of the glazing
materials when impacted against a heavy suspended object is shown in
Figure 4. A frame to hold the glazing materials during the tests was
fabricated and welded to the body of the truck shown. The hole in the
frame was 68.6 cm x 36.8 cm (27.0 in x 14.5 in). This size opening was
able to accomodate all samples of test materials and still permit
approximately 2.54 cm (1.0 in) on each side of the glazing materials to
be held within the frame. The front portion of the frame was removable
and was held in place by several bolts during a test. This enabled the
test materials to be changed with a minimum amount of effort and lost
time between tests. A rubber gasket was placed around the perimeter of
the opening and served as a c-,lshion for the glazing materials in the
frame.

The test course was prepared on a long, straight portion of a hard-
surfaced road that also had a slight downhill slope. A line was painted
on the road to provide a guide for the driver of the truck. Markers
also were placed at intervals on the line to furnish additional reference
points. The markers were bags filled with sand and painted with a high
visibility color, and thus were not hazards in the path uf the vehicle.
The body of the truck cleared these markers by a substantial distance.
In addition, a mark was placed on the window and hood of the truck. By
aligning these points with the markers and line on the road it was
possible to reasonably repeat the same path of impact for each test.
(Note: After 2 practice runs, the target was impacted within a 7.6 cm
(3.0 in) radius from the center for every test thereafter).

Cinder blocks were suspended from a framework fabricated from steel
pipe in such a manner as to impact the center of the glazing material.
The dimensions of these blocks were 20.3 cm x 20.3 cm x 40.6 cm (8.0 in
x 8.0 in x 16.0 in) and they weighed 11.98 kilograms (26.4 pounds).

The blocks were oriented so that the initial point of contact
against the glazing material was one of the corners. This was accom-
plished by tying heavy string securely around the block and then thread-
ing the string through adjustable clips. The string was positioned such
that small adjustments could be made quickly to the position of the
block in both a vertical and horizontal direction.

The reason for the specific positioning of the cinder blocks for
impact, as opposed to a random orientation, was to examine a "worst-
case" situation, and thereby reduce the need to test several impact
parameters. If a material can withstand an impact against a corner of
a cinder block, it should be able to survive an impact against a flat
side or edge.

18
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A high-speed motion picture camera was positioned on the back of
the truck (to the side and back of the framework with a view of the
impact at an angle of approximately 45*) to record the damage to the
glazing material. This camera was activated by the driver of the truck
by means of a switch in the truck cab. There also was a high speed
motion picture camera on the ground wih the field of View perpendicular
to the path of the vehicle. Still photographs were taken of both the
front and back of the glazing material after each test.

Markers (striped poles) were installed along the test course at
15.24 meter (50.0 feet) intervals. These were positioned so that they
appeared in the film of each test as viewed through the camera on the
back of the truck. This enabled vehicle speeds to be calculated from
the film and served to confirm the speed indicated by the speedometer of
the truck. The vehicle speeds determined from the film usually varied
no more thrPi 5.6 kilometers/hour (3.5 miles/hour). from that indicated
by the vehicle speedometer.

III. RESULTS AND DISCUSSION

A. Projectile (Bullet) Impact Tests

The results of the projectile impact tests against those types of
glazing materials previously listed in Table I are summPrized in the
following table (Table III) and in Appendix B. Illustrations of typical
damage are shown in Figures 5 and 6.

The damage criteria for determining the projectile impact resistance
of these materials were to include the penetration and/or perforation
of the target, and the production of glass fragments, or spall, from
what would be the inside surface of the glazing material. Glass frag-
ments from the front or impact surface were not considered to be a
threat to personnel in this case.

It was Intended originally to determine the maximum projectile
velocity that the glazing material targets could withstand without hav-
ing any spall (glass fragments) come off the inside surface of the
target. It was expected to be able to determine this velocity to with-
in t 15.24 ineters per second (± SO feet per second). However, some
factors were encountered during the testing program that precluded the
velocity being determined that precisely for some materials.

Since there was a relatively limited supply of materials available,
some samples of each needed to be saved for subsequent impact tests
against objects other than small arms projectiles. Therefore, the
number of projectile tests required to determine the velocity at which
an unacceptable level of damage occured could not be made within the
limits of ± 15.24 meters per second (± SO feet per second). Also, upoyi
projectile impact some materials were cracked severely, the cracks

20



Table 11. Summary of .22-Cal Projectile Impact Tests

Projectile Di Stance
Test Velocity (Rang)

Material m/s f/s meters feet Results and/or Remarks

A 219 719 259 850 No spoil.

321 1053 44 J45 Moderate amount of spall.

377 1237 5 16 Large amount of Ipll.

B 235 771 210 690 No spal.

326 1069 38 125 No spall.

373 1222 5 16 No spall.

C 122 400 680 2230 No damage.

263 864 140 460 No spall. Slight bulge.

280 919 107 350 No spall. Slight bulge.

292 959 85 280 No spall. Slight bulge.
!317 1039 49 160 No spall. Projectile embedded,

no complete penetration.

381 1251 5 16 Complete penetration through

target.

D 311 1021 56 185 No spal.

378 1241 5 16 Much spall; severe cracking.

C 159 522 49,4 1620 No damage.

179 587 40S 1330 No damage.

225 739 241 790 Small indentation.

240 788 195 6.10 Small indentation. I
283 927 102 335 Knocked out 3.2 em (1.25 in)

hole in target.
286 940 105 345 Knocked out 2.5 cm (1.0 in)

hole in target.

287 942 95 310 No penetration.

306 1003 64 210 Knocked out 2.5 cm (1.0 in)
hole in target.

311 1019 58 190 Complete penetration.

324 1064 40 130 Complete penetration.

349 1144 5 16 Complete penetration.

21Ii
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Table II1 (cont). Sumary of .22-Cal Projectile Impact Tests

Projectile Distance
Test Velocity (Range)

Material _S f/s _mters feet Results and/or Remarks

F 234 766 213 700 No spall; slight cracking.

313 1025 55 180 Light to moderate spall.

314 1028 53 175 Considerable spall.

342 1123 5 16 Large amount of spall.

358 1174 5 16 Large amount of spall.

G 284 930 101 330 No spall; severe cracking.

318 1044 47 155 No spall.

353 1159 5 16 Very large amount of spall.

t 304 999 67 220 Slight amount of spall.

366 1200 5 16 Large amount of spall.

342 1123 5 16 No spall.

380 1248 5 16 No spall.

J 197 647 335 1100 No spall.

310 1019 56 185 Very slight amount of spall.

316 1037 50 165 No spall.

359 1179 5 16 Moderate to severe spall.

180 590 405 1330 No spall.

2V3 666 314 1030 Slight amount of spall.

294 963 84 275 Large amount of spall.

365 1199 5 16 Large amount of spall.

L 20S 673 306 1005 No spall.

345 1133 5 16 No spall.

M 216 709 268 880 No spall.

319 1046 47 155 No spall,

354 1163 5 16 Large amount of spall,

381 1250 5 16 Very large amount of spall.
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T"abl I II I(cnt). Stiniry of .22-Cal Projecti!e Impact Tests

Projectile I)i stance
Test Ve lOct t (Range)

Mterial -its f/s motors feet Results and/or Rcmarks

N 213 699 279 915 No spall.

327 1074 37 120 Large aimount of spall.

361 1186 S 16 Large amount of spall.

0 339 1113 24 80 Bulie in back of target but no
remplete penetration. No spall.

345 1132 18 60 Large bulge -n back of target
but no cimplete penetration.
No spal I.

372" * 1221" 1s so Bulge in back of target and
crack in bulge. No complete
penetration. No spall.

3941 1293"* 6 20 Compilt= penetration through
target plate.

P 313*' 1026*4 91.4 300 Bulge in target and crack in
bu'lge. Appeared to be right
at or very close to limit; no
test made at other ranges.

Q 301 989 70.1 230 Bulged back of target; no
cracking; no spall.

307 1006 62.5 205 Bulge in back of target and
bulge was cracked.

307 1008 61.0 200 Complete penetration.

R Material not tested; insufficient number of samples.

S M-aterial not tested; insufficient number of samples.

T 3236 1060* 46 150 Bulge 3J.1 'back of target; slight
crack in bulge. No penetra-
tion.

336* 1102' 31 100 Complete penetration.

'Average of S tests.

"Projectiles with high muzzle velocity were used. Data is the average
of a minimum of six tests. Distances given were measu'red.
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extending over large, widesprcad areas of the target. These samples
thus could not be used for multiple impacts. On te other hand, some
materials did not experience much widespread damage, and therefore the
same samples could be rotated and used for several additional tests.

For these reasons it was decided to modify the test program somewhat.
Instead of determining the velocity for the onset of unacceptable damage
within the limits given above, the materials wert evaluated with respect
to their capability to withstand the impact of a .22-caliber, 40-grain
projectile fired from a distance of 91.44 meters (300 feet), a property
previously mentioned as being desired in a glazing material.

From Figures 2 or 3 the velocity of this type projectile fired from
this distance is indicated to be approximately 290 meters per second
(950 feet per second), based upon a mizzle velocity of 366 m/s (1200 f/s).
As before, this velocity was achieved by adjusting the propellant load
in the cartridge. Tosts were conducted In the same indoor range described
previously. Depending upon the results and the factors discussed above
(degree of damage, availability of samples), some additional tests were
made, where possible, in an attempt to determine more accurately the
damage velocity.

Those tests indicated as being made Vrom an equivalent distance or
range of 5 meters (16 feet) were conducted with projectiles whose
propellant load (powder charge) was not modified. The cartridges were
used directly as received. These were considered to be at muzzle
velocity.

The results indicate that Material A had a moderate amount of spall
produced off the back surface of the target when impacted at a velocity
of 321 m/s (1053 f/s). This would be equivalent to a distance of
approximately 44 meters (14S feet). No spall was produced at an impact
velocity of 219 m/s (719 f/s), but there were no samples of the material
available at this time to conduct additional tests at any intermediate
impact velocities.

,ateriul B was found to provide very good resistance to projectile
impact. No suall was produced, even from the impacts of projectiles
fired from S meters (16 feet) away. Material I and Material L were
similar In that they too did not inve any spa.l iome, off th', back sur-
face of the target materials from the impact of projectiles fired from
a distance of 5 meters (1 feet).

Material C, a polycrbonhtp :-lasti., provided good impact resistance
up to a projecti)le velocity of 317 m/s (1039 f/s). At thi.s velocity
and equivalent distance (49 jaete*'s, 1,0 feet) the .22-caliber projecti le
was embedded in the tn'gct, but there was no penetration completely
through the materia) At a muzzle velocity of 381 m/s (1251 f/s), from
a distance of . mretrs (16 feet), a projectile passed completely through
the u aterial. No attempt was rnde at this time to determine more
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precisely the point ct which a projecti to would just pass through the
material.

lxamination of the impact area for the test of a projectile fired
at 311 *Is (1021 f/s), an equivalent distance of 56 meters (185 feet),
against Matorial 1) indicated that no spall was produced. 7he degree of
damage was such that it is likely that the velocity of the projectile
could be increased, with a corresponding decrease in the cquivalent
distance, without significantly changing the amount of damage. How
much more than this velocity was not determined at this time because of
the limited number of test samples available.

Some different type results were n .ed during the projectile impact
tests against Material 1. At projectile velocities decreasing from
349 m/s to 311 m/s (1144 f/s to 1019 f/s) complete penetration through
the material was affected, a clean, neat hole being produced. At a
range of velocities from 306 m/s to 283 m/s (1003 f/s to 927 f/s), there
were 2.5 cm to 3.2 cm holes(1.0 in to 1,25 in) put into the material.
Actually, a "plug" of material was knocked out of the target. At a
velocity of 240 m/s (788 f/s) and lower there was no appreciable damage
produced. It appeared that the damage threshold for this material,
when Impacted by .22-caliber projectiles, lay between 240 and 283 mis
(788 - 927 f/s). This corresponds to an approximate equivalent distance
of 195 to 102 motors (640 to 335 feet). No attempt was made at this
tine to determine more precisely the damage threshold for Material 1',

Material F had light to moderate spall produced from an impact
velocity of 313 m/s (1025 f/s), an equivalent distance of 55 meters
(180 feet). Material ii had spall, even though termed slight, produced
from a projectile Impact velocity of 304 m/s (999 f/s), and equivalent
distance of 67 meters (220 feet)- Material K also had spall produced
from the back surface from a projectile with an impact velocity of
294 m/s (963 f/s), an equivalent distance of 84 motors (275 feet).

laterial G did not 1Lw any spall produced from a projectile Impact
velocity of 318 m/s (10,44 f/s), an equivalent distance of 47 motors
(155 feet). However, there was a very large amount of spill produced
from an impact velocity of 353 m/s (1159 f/s) from a distance of S
meters (16 feet). No attempt was made at this time to determine more
accurately the velocity and corresponding distance where "damage-no
damage" occurred. Material M was very similar to Material G in per-
for~ance at very nearly Identical velocities.

In order to determine the resistance to projectile impact of
Material J with more certainty some additonal tests would be required.
During the current program there was no spall produced from a projectile
impact at 316 m/s (1037 f/s). There was a very slight amount of spall
produced from a projectile impact at a velocity of 310 m/s (1019 f/s).
Normally one would expect less damage from an Impact at a lower velocity.
Should these impact velocities be at or near the threshold damage point,
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however, as it appeared they might be, this type of variation could be
expected to occur. More projectile impact tests are needed to resolve
this variation, but these were not made at this time because of an
insufficient number of test samples.

Also, additional tests would be necessary to determine with more
assurance the impact resistance of Material N. No tests were made be-
tween velocities of 327 m/s and 213 m/s (1074 f/s and 699 f/s). These
correspond to equivalent distances of 37 meters and 279 meters (120
feet and 91S feot), respectively. As before, the limited number of
samples of this material precluded more tests being performed at this
time.

Materials 0 and P were tested with 40-grain, .22-caliber projectiles
that had a higher iutzle velocity than 366 meters/second (1200. feet/
second). For the tests on these materials, conducted on an outdoor
facility, actual distances were measured between the gun and target.

At a distance of IS.2 meters (SO feet) and at an impact velocity of
372 m/s (1221 f/s), there was a bulge in the back of the target. The
bulge was cracked (split), but there was no spall and no complete
penetration. At a distance of 6 meters (20 feet), there was complete
penetration through the material at an impact velocity of 394 m/s
(1293 f/s). No tests were conducted at any distances or velocities
between those given for material 0.

Material P was Impacted by .22-caliber projectiles fired from a
measured distance of 91.4 meters (300 feet). The average impact veloc-
ity was 313 m/s (1026 f/s). At this velocity and distance, although
there was a bulge in the target and this bulge was cracked or split,
there was no complete penetration of the target. The degree of damage,
however, indicated that this was at, or very near, the ballistic limit,
and that a relatively small increase in velocity would produce complete
penetration of the target material. Therefore, no other tests were
conducted on this material at shorter distances, with the resultapt
increase in impact velocity.

Projectile impact tests conducted against Material Q indicated a
narrow range in the impact velocity that separated the area of complete
penetration from that where no complete penetration was achieved. As
indicated in Table Ill, at an impact velocity of 306.6 m/s (307 m/s.
1006 f/s), there was a bulge in the back of the target material and
even though the bulge was cracked there was no complete penetration.
At an impact velocity of 307.2 m/s (307 m/s, 1008 f/s), there was
complete penetration through the target material. Lower impact veloc-
ities did not produce any complete penetrations; all higher velocities
resulted in complete penetration of the target (see Appendix B, Test
Material Q).

28
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Ma hterials R and S were oot tested for resistance to the impact of'
.22-caliber projectiles at this time because of an insufficient numberof swuple:; being available. Those imateriuls were tested only for resis-Stance to Impact against suspended cinder ocks.

Kiterial T was not able to be completely penetrated by a .22-caliber
projectile at -n iqpact velocity of 323 m/s (1060 f/s). Complete pene-
tration of this material was produced at an impact velocity of 336 m/s
(1102 f/s). No tests were conducted at any intermediate velocities.

In summary, all projectile impact resistance determinations dis-
cussed above were based on tests of 40-grain, .22-caliber projectiles
fired at various velocities, and corresponding equivalent distances,
against the different types of glazing materials available at the time
of the tests. The sole criterion employed at this time, and upon which
the results were based, was whether or not any spell (glass fragments)
was produced off the back side (inside surface) of the material when
impacted by a ,22-callber projectile fired from an equivalent distance
of no more than 91.4 meters (300 feet), No consideration was given to
the amount of cracking experienced on impact, any spall produced from
the front or impact surface, or what effect the degree of cracking had
on %isiblity through the material. Also, no consideration was given~~to tihe relative costs of tile materials, their availability, time re-

quired for delivery, or any other property. It is recognized, however,
that eventually these factors will have to be taken Into careful con-
sideration.

8. Ha Object (Suspended) Impact Tests

Impact tests against a heavy, suspended object, In this case a
cinder block weighing 12.. kilogramns (26..1 lbs), were conducted accord-
ing to the method described previously. Results of these tests are
given in Table IV. Illustrations of typical types and degrees of damage
are shoun in Figures 7 and 8.

The damage criterion for determining the resistance of the glazing
materials to impact against a suspended cinder block was esqentla~ly
the same as that employed for the projectile impact tests, i.e., whether
or not any glass fragments (spall) were produced off the inside surface
(back side, or surfice opposite the Impact side) of the material, or
whether or not any penetration occurred, either of which might be con-
sidered to pose a hazard to personnel. No other factor was considered

* at this time. ,Niaterials that were able to resist an impact against a
cinder block at a minimum speed of 48 kin/hr (30 mph) without having any
spall come off the Inside surface were considered to have nonstrated
an acceptable level of impact resistance.

When Material A %as !rpacted at 64.4 km/hr (40 mph) against a
suspended cinder block, it appeared that the entire block passed through
the material intact, struck the brace for the frame, and broke apart
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Tale IV. Summary of Ileavy Object (Cinder Block) Impact Tests

Test Impact Velocity Impact Energy
Material mph km/hr ft/isec S joules ft-lbs Results/Remarks

A 10 16.1 14.7 4,5 122 90 Very little spall.
20 32.2 29.3 8.9 476 351 Considerable spill.
40 64.4 58.7 17.9 1923 1418 Complete penetration

(whole block).

B 30 48.3 44.0 13.4 1078 795 No spall.
40 64.4 58.7 17.9 1923 1418 Very small amount

of spall.
60 96.5 88.0 26.8 4311 3179 Considerable spell.

C 60 96.5 88.0 26.8 4311 3179 No spall.

D 40 64.4 58.7 17.9 1923 1418 No spell,
50 80.5 73.4 22.4 3012 2221 No spall.
60 96.5 88.0 26.8 4311 3179 Considerable spall.

E 50 80.5 73.4 22.4 3012 2221 No spall.

F 10 16.1 14.7 4.5 122 90 No spall.
20 32.2 29.3 8.9 476 351 Considerable to

moderate spall.

40 64.4 58.7 17.9 1923 1418 Very large amount
of spall.

G 30 48.3 44.0 13.4 1078 795 No spall.
40 64.4 58.7 17.9 1923 1418 No spall.

Ii 10 16.1 14.7 4.5 122 90 Moderate spall.
20 32.2 29.3 8.9 476 351 Considerable spall.

1 20 32.2 29.3 8.9 476 351 No spall.
30 48.3 44.0 13.4 1078 795 Slight spall.
40 64.4 58.7 17.9 1923 1418 Very little spall.

J 10 16.1 14.7 4.5 122 90 No spall.
20 32.2 29.3 8.9 476 351 Considerable spall.
40 64.4 58.7 17.9 1923 1418 Large amount spall.

K 50 805 73.4 224 3012 2221 No spall.

60 96.5 88.0 26.8 4311 3179 Very little spall.

L 60 96.5 99.0 26.8 4311 3179 No spall.

M 20 32.2 29.3 8,9 476 351 No spall.
30 48.3 44.0 13,4 1078 795 No spall.
40 64.4 58.7 17.9 1923 1418 Severe spall.
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'able IV (cent). Sumwiry of lleavy Ohjcct (Ciudar lock) Impaet '"sts

Test Impact Velodity- .impact Energy
Ktateriall M km/hr ft/soc mls joule ft-lbs -ResultsRemarks

N 30 48.3 44.0 i34 1078 795 No spall.
40 64.4 58.7 17.9 1923 1418 Small amount of

spalI.

0 50 80,S 73.4 22.4 3012 2221 No spall.

,10 64.4 58.7 417.9 1923 1418 Slight indentation
from corner of
the block; no
spll; no pone-
tration.

R 40 64.4 58.7 17.9 1923 1418 Little or no spall.
so 80.5 73.A 22.4 3012 2221 Little or no spall.

About same as
above.

60 96.5 88.0 26.8 4311 3179 Little or no spall.
Little or no
difference be-
tween this and
test at 40 or
SO mph.

S 60 96.5 88.0 26.8 1311 3179 Severe sp-ll.
40 64.4 S8.7 17.9 1923 1418 Severe cracking

and spoll.
30 48.3 44.0 13.4 1078 795 Spoll produced; not

as much as at 40
mph but still
produced.

IT
*Not tested.
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Figure 7. Example of Typical Damage from impacts

Against a Suspended Cinder Block.
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Figure 8. Example of Typical Damage from Impacts
Against a Suspended Cinder Block.
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when it fell onto the roadway. This was confirmed upon analysis of the
high-speed motion picture films. This was by far the most severe damage
experienced by any of the glazing materials during the heavy object
impact tests.

C. Railroad Spike- Impact Tests

In order to obtain some additional information on the impact resis-
tance of these glazing materials, -it was decided to suspend a railroad
spike in place of the cinder block. This was to provide data for an
object commonly found along railroad lines and likely to -be thrown at
passing railroad vehicles. All other components of the test system
remained as before.

A spike, weighing 0.26 Kg (9 oz) and retrieved along railroad tracks
at Aberdeen Proving Ground, was suspended in such a manner so as to
impact against the glazing material point first (see Figure 9). This
was considered to be a "worst case" type of impact. The truck holding
a sample of 4lazing miterial was driven so that the material impacted
against the point of the spike at 80.5 ka/hr (SO mph, 24.4 m/n, 73.4
f/s). The impact speed was chosen arbitrarily as being typical of what
an average person would be able to achieve If he was to throw a similar
size object,

The results of the impact tests against a suspended spike are given
in Table V. Typical typesof damage sustained by the glazing materials
upon impact against a suspended spike are illustrated in Figures 10 and
11. As noted, all tests were made at an impact speed of 80.5 km/hr (50
mph). Mateiials whose resistance to impact against a cinder block was
exceptionally good were not tested here. It seemed reasonable to
assume that these materials also would be satisfactory in a less severe
situation, as this instance certainly would be. Also, in some cases
where no data is given, samples of the materials were not available,
supplies having been exhausted for the projectile and cinder block tests.

D. Performance Criteria/Proposed Performance Specification

Bused primarily upon the results of the previously discussed pro-
jectile and cinder block impact tests, some performance criteria for
evaluating glazing materlils for possible use in railroad equipment
were incorporated into a performance specification, a copy of which is
presented in Appendix A of this report. It should be emphasized that
at this time this specification is just a proposed guideline and is not
to be considered as being final. A previously stated objective of this
work was to develop performance criteria for protective glazing used in
railroad vehicles. This specification was formulated toward meeting
this objective.
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Table V. Summary of Railroad Spike Impact Tests*

Test Material Results and/or Remarks

A Moderate cracking and spall.

B **

C **

D No damage.

E No damage.

F Moderate spall; penetration (small hole).

G

H Large amount of spall; spike embedded
in material.

I Slight cracking but no spall.

J Slight-moderate spall.

No spall.

L **

M No spall.

N No spall.

0

*All tests at 80.5 km/hr (50 mph).

"Not tested. Note: Materials P, Q, R, S, and T
also were not tested.

***No sample available.
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Figure 10. Example of Typical Damage from Impacts
Against a Suspended Railroad Spike.
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Figure 11. Example of Typical Damage from Impacts
Against a Suspended Railroad Spike.
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Briefly, the performance criteria suggested as having to be met
are these. For front-facing windows (windshields), the glazing materials
should he able to withstand the following threats:

a. the impact of 40-grain, .22-caliber projectiles at a minimum
velocity of 290 meters/second (950 feet/second), which is equivalent to
a maximum range of 91.4 meters (300 feet), based upon a muzzle velocity
of 366 meters/second (1200 fect/second);

b. impact against a corner of a suspended cinder block (minimum
weight of 10.9 Kg (24.0 lb)j at a minimum vehicle speed of 48 km/hr
(30 mph; 13.4 m/s; 44.0 f/s). To be considered as having successfully
withstood these impacts the back surface of the glazing material should
not be penetrated and there should not be any glass fragments or spall
of sufficient size and velocity to penetrate the prescribed witness
plate (0.0051 cm (0.002 in) thick aluminum).

In the case of side-facing windows the same threats should be
successfully defeated, except that the minimum vehicle speed for impact
against a corner of a suspended cinder block should be 32 km/hr (20 mph;
8.8 m/s; 29.3 f/s) instead of 48 km/hr. As for the front-facing
windows, there should be no penetmtion of the back surface and no pene-
tration of the aluminum witness plitte,

Table VI presents a summ.try of the current projectile and cinder
block impact tests. Included is the minimum projectile impact velocity
and the minimum vehicle impact speed at which these materials would
comply with the proposed performance specification.

E. Correlation of Projectile Impact Data

All projectile impact tests discussed up to this point in this
report have been cf 40-grain, .22-caliber, high-velocity, long rifle

projectiles fired at various velocities (with corresponding equivalent
distances) against the different types of glazing materials. Since
there are several other types of small arms projectiles available, it
was desired to correlate the impact damage of 40-grain, .22-caliber
projectiles with the impact damage from other types of small arms
projectiles. Table VII presents a comparison of the characteristics of

some conmmon types of omall arms ammunition.

In this work the basis of the correlation of results from various

types of small arms projectiles was the amount of energy deposited at
impact per area of the impact surface. Impact area was calculated as

the cross-sectional area of the projectile. The slight variations in
the nose geometry of the different projectih s was not considered here.
It was reasoned that this still would provide a sufficiently accurate

comparison without requiring more elaborate calculations to be made.
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Tobi VI. Summary of the Resultv of he Projectile and
Cinder Blotk Impact Tests

Cowpliance with both
TC Criteria of Proposed

M, inAiru Pro -tion Limits Performance Spec.STest .2.2-Cal rjctl Cinder Bl-c'k
M aterial i TT -- f "Front Sid_e

A Z20 720 16 19

B 370 122O 48 31) X X
(11 1040 '97 60 X XC X=

U, 310 1026 VO0 so X X

R 240 790 s0 so

F 235 770 6 0

G C 320 1045 64 40 X X

11 275 900 16 10

1 380 1250 32 20 X

J 315 1040 16 10

K 205 670 80 50

L 345 1135 97 60 X X

M 320 1050 48 30 X X

N 215 700 48 30

0 370 1220 80 so X X

P 310 1025 • X X

Q 305 1005 64 40 X X

R * 64 40 X#"  X**

S * * <48 <30

T 323 1060 + XA X**

"Not tested; no material available.

"Estinated compliance based on results and observations
experienced with other materials.
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1'nergy of the projectiles at impact was calculated equal to l/2mv2,
where m is the miss of the projectile in kilograms and v is the velocity
in meters per second. Units of energy were in joules. which can be
converted to foot-pounds by multiplying by 0.7376.

Table VIII presents the impact energy per area for the previously
given types of projectiles over a range of velocities. These values
are plotted as shown in Figures 12 and 12a.

The velocities of the projectiles listed in Table VII that would be
required to produce an equivalent amount of damage as that produced by
a .22-caliber projectile at some specific impact velocity were calculated
and are given in Table IX. Calculations were based on the equation

1 2 1 2

A22  AX

where, mi2 2 - mass of .22-caliber projectile, Kg

v22 - velocity of .22-caliber projectile, M/s

A2 2 m Impact area of .22-caliber projectile, cm
2

mx  mass of the projectile of Interest, Kg

v velocity of the projectile of interest, m/s

2
Ax  impact area of the projectile of initerest, cm

The left-hand term is the impact energy per area of .22-caliber projec-
tiles, the value of which can be determined from Table VIII, or Figure
12 or 12a. The values of m and Ax are given in Table VII, The equiv-
alent damage velocity therefore can be calculated by solving for vx .

As an example, from Table VII1, it Is indicated that a 40-grain
.22-caliber projectile with an impact velocity of 305 m/s (1000 f/s)
would have an impact energy intensity of 486 joules/cm2 (2340 ft-lbs/
in 2 ). For an equivalent amount of impact energy per unit area, and an
equivalent degree of damage, the following would be required:

a. a 130-grain .30-06-caliber projectile at 236 m/s (775 f/s);

b, a IS8-grain .30-caliber projectile at 248 m/s (813 f/s);

C. a 2,40-grain .44-caliber projectile at 241 m/s (792 f/s);

d. a 230-grain .45-caliber projectile at 260 m/s (852 f/s);

e. a 180-grain .30-06-caliber projectile at 200 m/s (657 f/s).
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Figure 12. Plot of Impact Energy per Area
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A graphical presentation of the data given in Table IX is given in
Figures 13 and I.3a.

Some additional impact tests were conducted using projectiles other
than .22-caliber in an attempt to verify this correlation experimentally.
Some 130-grain .30-06 projectiles were used, and tests were made
against polycarbonate type materials and against glass materials.

Table X presents tabulated data for a comparison of .22-caliber
impact tests vs. .30-06-caliber impact tests against polycarbonate type
plastic glazing materials. Three tests were made of 40-grain, .22-
caliber projectiles against 1.27 cm thick (0.5 in) polycarbonate
plastic. Impact velocities were selected arbitrarily to provide diF-
ferent degrees of damage. These were (1) an impact velocity of 361 m/s
(1184 f/s), which resulted in complete penetration of the target
rxaterial, (2) an impact velocity of 317 m/s (1039 f/s), which resulted
in a large indentation (large "dimple") in the material but no complete
penetration, and (3) an impact velocity of 298 m/s (979 f/s), which
resulted in an appreciably smaller indentation in the target material.
From the curve in Figure 13 or M3a the following should hold:

a. 4. 130-grain, .30-06-caliber projectile at an impact velocity
of 280 m/s (920 f/s) should le equivalent to a 40-grain, .22-caliber
projectile at 361 m/s (1184 f/s), i.e., produce complete penetration
through the target;

b. a 130-grain, .30-06-caliber projectile at an impact velocity of
2145 m/s (805 f/s) should be equivalent to a 4U-grain, .22-caliber
projectile at 317 m/s (1039 f/s), i.e., produce a large indentation in
the target without a complete penetration;

c. a 130-grain, .30-06-caliber projectile at an impact velocity of
232 m/s (760 f(s) should be equivalent to a 40-grain, .22-caliber pro-
jectile at 298 m/s (979 f/s), i.e., produce a small indentation in the
target (considerably smaller than an identation at (b) above). The

observed results and the data in Table X indicated that this was so.
Variations between the expected and actual velocities were considered
to be within acceptable limits.

Table Xl and Table XII present tabulated data for a comparison of
40-grain, .22-caliber impact tests with 130-grain, .30-06-caliber
impact tests against glass-like glazing materials, Materials J and DI,
respectively. The damage done to glass materials was not as sharply
defined as had been the case for the polycarbonate materials. In the
tests against glass nater.ials, therefore, comparisons were made on the
basis of whether or not any spall was produced from the back surface
of the target.

.17
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Impact tests of 40-grain, .22-caliber projectiles against Material
J resulted in a large amount of cracking and spall at an impact velocity
of 359 m/s (1179 f/s), and a very slight amount of spall (almost none)
from an impact at 311 m/s (1019 f/s). From Figure 13 or 13a, comparable
degrees of damage should be obtained by the impacts of 130-grain, .30-06-
caliber projectiles at 279 m/s (915 f/s) and 245 m/s (805 f/s), respec-
tively. Data in Table XI indicated this to be true, within acceptable
limits.

Table XII presents similar results of impacts against Material l).
Impact tests of 40-grain, .22-caliber projectiles against Material D
resulted in a large amount of spall and cracking from an impact velocity
of 378 ni/s (1241 f/s). No spall was produced from an impact of 311 m/s
(1021 f/s). As before, from Figure 13 or 13a, comparable degrees of
damage should be produced by impacts of 130-grain, ,30-06-caliber pro-
jectiles at velocities of 293 m/s (960 f/s) and 241 m/s (790 f/s),
respectively. Here again this was the case (within acceptable limits).

The results of the comparison impact tests given in Tables X, XI,
and XII seem to indicate that the data in Table IX and Figures 13 and
13a can be used to predict the degree of damage to glazing materials for
projectiles other then 40-grain, .22-caliber. It is realized that this
is based on a small, limited number of tests on an equally limited
number of materials, but a more detailed test program to determine more

* accurately, or more conclusively, this correlation is beyond the scope,
as well as the time frame, of the current program.

F. Projectile Impacts Against Steel (Vehicle Walls)

During the course of the testing program some concern was expressed
over whether or not the metal surrounding the windows of railroad vehicles
would be able to prevent a projectile from penetrating into the cab of
a locomotive (or the interior of a passenger coach or caboose). This
could be a threat to personnel also since a vandal may not hit a window
when he fires a weapon at a moving train. It would be very impractical
to have a glazing material with better impact resistance against a
projectile than the metal surrounding it. Table XIII presents a summary
of the results from the .22-caliber projectile inqmacts against various
types of steel similar to those used in the construction of railToad
vehicles.

As Indicated, there were no complete perforations of the metal. It
would therefore seem reasonable to assume that these metals in locomo-
tive cabs, passenger coaches, and cabooses would be able to prevent the
complete penetration of .22-caliber projectiles fired from any distance
vp to and including point blank range.

I
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IV. CONCLUSIONS

Restults of this program have indicated thtre are several glazing- ,
materials currently available that are capable of providing protection
for railroad personnel or passengers against -the following threats:
(11 .22-caliber, high-velocity, long rifle projectiies fired from a
maximum distance of approximately 91.4 meters (300 feet); (2) hand-sized
objects such as rocks, bottles, half-bricks, etc., thrown from a
distance of approximately 8 meters (2S feet); and (3) heavy, suspended
objects such as cinder blocks impacted at a vehicle speed of 48 kilo-
meters per hour (30 mph). Materials were only evaluated at this time
with respect to their impact resistance to these hazards. Any other
properties of these glazing materials, such as abrasion resistance or
optical characteristics, would need to be evaluated separately. Also,
an analysis of the cotptrative cost effectiveness of each woold need to
be performed.

The results from n limited number of tests indicate that the degree
of damage from the Impacts of other types of projectiles can be corre-
lated to the damage level produced by .22-caliber projectile impacts.
This would enable the threshold damage velocities (with corresponding
distances) of other types of projectiles to be determined without the
need for an extensive time-consuming firing program. Instead, a small
number of tests could be made to confirm the predicted threshold
velocities.

The steel surrounding locomotive cab compartments was determinO4 to
be adequate to prevent .22-caliber projectiles from penetrating into
the cab and posing a threat to personnel. Similarly, there should be
no threat to personnel or passengers in cabooses or coaches caused by
.22-coliber projectiles penetrating through the exterior metal walls of
these type railroad vehicles. However, any other materials such as
alumilnum or its alloys that could be used in any of the modern light-
weight equipment would require additional testing.
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AIPPENDIX A

PUIRPOINAINCHi SPLECIFICATION 1:011 RAILROAD GLAZING MATERIALS
(PROPOSE1/~NAIVl
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The objective Of this specification is to set forth intrusion pro-

tection requirements for personnel enclosures to apply under the operat-ing conditions of mobile rail vehicles where personnel safety fromprojectiles is mandated. The performance standards described heroin
represent minimum protection levels for the total exposed enclosuresystem including glazing materials, mounting methods and surroundingstructural material. The word "target" will be used to describe theindividual material component as integrated in the enclosure. Whilegiven in terms of simulated tests, the levels stipulated in thisspecification will reasonably protect the occupants under the actualexpected/experienced spectrum of projectiles utilized by vandals.

Section II. General Discussion and Definitions
There is almost an unlimited number of combinations of variationsin projectile types, weights, impacting velocities, materials andphysical characteristics which are possible. llowever, a discreetprocedure relying upon only two (2) defined tests which are at thepractical extremes of projectile mass and velocity are sufficient toensure adequate protection coverage for the entire set of other possiblevariation combinations.

Appropriate definitions and considerations are:
A. Ballistics Category: Commonly thought of as "bullet" projectile(P-l) characterized by high velocity and low mass, i.e., velocities invicinity of sonic range.

B. Ileavy Object Category: Commonly thought of as suspended (P-2)or hand thrown projectiles. Characterized by relatively low velocityand high mass, i.e., velocities in vicinity of 1/10 sonic level andmass near 11.34 kilograms (2S.0 pounds).

C. Moving Vehicle Exposure Considerations: The tests prescribedsimulated actual exposures and have been deliberately set to facilitnteobjective and repeatable teot results. They generally incorporate asot of more severe conditions than "real world". However, the testingstructure permits definitive and accurate testing while providing fora confident extrapolation to real life equivalence. Due to the additivedirectional relative velocities of a moving vehicle, performance speci-fication standard level requirements are modified in accordance withexpected/axperienced exposure risks, Accordingly, the "heavy object"protection requirements are less for "side" windows, i., wherepotential intrusion is from sources always perpendicular to the direc-
tion of predominant relative movement, For purposes of this specifi-cation, the pertinent coverage locations are defined as:
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Location
Category Description

L-1 Those enclosure locations where the intrusion risk can be
from sources where the velocity of the vehicle is additive
to that of the major velocity component of the projectile.

L-2 Those locations where the intrusion risk is predomipantly
from sources which make the resultant relative velocity
vector largely independent of the major velocity component
of the moving vehicle.

This specification is meant to be operative over the life of the
subject personnel enclosures, i.e., such enclosures should be maintained
to meet the protection from projectile intrusion levels stipulated.

Section 111. Simulated Testing Requirements

A. General Requirements

I. The material to be tested (Target Material) shall be integrated
into a "Test Specimen" so that the intrusion protection properties are
similar to the Intended service application of the personnel enclosure
system.

2. Appropriate analysis will be performed to support the similitude
of the Target Material in the Test Specimen of Section lIL.A.I (above).

3. The test specimen containing the target material will be securely
and rigidly attached in a fixture so that the fixtures' own characteris-
tics will not introduce test errors.

4. Target material will be representative of production runs.
Randomness of selection will be demonstrted and documented.

S. The Target Material will be full size as produced and installed.

6. The Target Material in the Test Specimen will be positioned
at an angle of 0* obliquity (perpendicular to the entry of the defined
projectile).

7. The point of impact of the defined projectile will be at the
centrold of the Target Material or within a radius of 7.62 cm (3.0 in)
of the centroid,

8. Velocity screens or other suitable velocity measuring devices
will be positioned so as to measure the impact velocity of the defined
projectile within a - 10% accuracy tolerance; with test modifications
aide to guarantee that the stipulated minimum velocity requirements are
met.
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!I
9. A "Witness Plate" shall be mounted parallel to and at a

distance of 15.24 cm (6.0 in) in back of the Target Material. The
Witness Plate shall have at least an area which will cover the full map
of the Target Material.

10. The "Witness Plate" shall be an unbacked sheet of maximum
0.00S1 cm (0.002 in) aluinum foil stretched within the perimetef of a

suitable frame to provide a taut surface.

ii. The projectile velocities, characteristics and other pertinent
procedures will be as specified in Sections I1.B and Il.C.

12. Each Target Material must successfully undergo P-I and P-2 to
be approved.

B. Ballistic Test Specifications (P-l)

1. These tests (P-1) will apply to both I-1 and L-2 locations.

2. Testing will conform to the provisions of Section 111, General
Requirements.

3. The projectile utilized will be a 40-grain, .22-caliber, high
velocity, long rifle type. A minimum impact velocity of 290 meters
per second (950 feet per second) will be required.

4. Three consecutive impacts meeting both the requirements of
this Section (I1.B) and of Section IV are necessary for acceptance
under P-l.

C. Heavy Object Test Specifications (P-2)

1. These tests (P-2) will apply to L-1 and L-2 locations as
indicated in Table 1.

2. Testing will conform to the provisions of Section III, General
Requirements.

3. The projectile utilized will be as prescribed in Table 1 ihich
also contains the impact velocity requirements togather with reference
specifications and other descriptions.

4. Iwo consecutive impacts meeting both the requirements of this
Section OllI.C)and of Section IV are necessary for acceptance under P-2.
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Table I

Req'd Min
Relative

Min. Velocity at Apply
Ite__m Obje Refer. No. Descrition'  Wt. Impact. to

I 1 Cinder ASTh! C331 and Nominal dimen- 10.9 kg 13.4 m/s L-1
Block ASTMC90 sions 20.3 ciax .(24.0 (44.0 f/s)

20.3 cm x 40.6 lb)
cm (8.0 in x 8.0
in x 16.0 in)
with impact
point to be on
a corner.

2 Cinder Same as I Same as 1 same as 8.8 m/s L-2
Block 1 (29.0 f/s)

Section IV. Criteria .or Successful Outcomes

Each prescribed individual test and the prescribed set of required
tests will not be considered successful unless they meet the requirements
of this Section.

A. Projectile Penetration

There shall be no pene'ration of the back surface (side closest to
Witness Plate) of the Target Material by the projectile. Partial
penetration of the impact (front) surface of the Target Material does
not constitute a failure.

B. Ta et Material Fragment Penetration

There shall be no penetration of particles from the back side of
the Target Material through the back side of the prescribed Witness
Plate.

C. fa'rget Material Selection

1. A separate Target Material sample will be used fur each test.
The selected Target Material samples will be representative of, and
be obtained randomly from, normal production practice "runs".

2. If the Target Material (and integration in the Test Specimens)
to be subjected to test is not the same (dimensions, surfaces, etc) as
the intended real world installation, a test deviation request, with
supporting documentation and reasons, must be submitted to the FRAX
Administrator; who will approve or disapprove such testing for the
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3
purpose of quali fication tinder these speci fications.

1). Application and Miscellaneous

1. The successive successful frequency of impacts per Section
1I1.11.S and II.C.4 stipulations are reuired.

2. These "Personnel Enclosure Performance Specifications for
Protection from Projectile Intrusions" are not intended, in any way,
to modify or eliminate other existing specifications concerning other
properties such as:

a. V!sunl
b. Therma I
c. Abrasion
d. Corrosion
e. Audio
f. Chemical
g. Etc.

Section V. Documentation

I. Compliance with the requirements of the Specification shall be
verified by testing and analysis as prescribed herein. A complete
record of each test verification shall be made, retained and, upon
request, made available for inspection and copying by authorized
representatives of the Department.

2. Testing records sIall contain all pertinent original data logs
and documentation that selection of samples, test set-ups, test measur-
ing devices, test procedures, Target MLaterial, Test Specimens, Success
Criteria application and other procedures applied were in accordance
with provisions of this specification.

3. Documentation shall be made to demonstrate that testing
practices conform to recognized acceptable practices and were
accomplished by qualified per onnel.
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APPE~NDIX B

SUItKARY OP TM~T DATA: PROJE~CTILEi IMPACTS
AGAINST GLAZING MATERIAlS

67

-i



V)
0 Inr

4)4)t 4) .. . i4

I0 04! $4
10 4 tor- t z co )

:j 0 0 (U 0 m W 0 4) 0
$4 ~ ..4 * 344) Ii. -- 4. 111 a .

V) 4) m 0 941 9: 4 1~"4 r- .> X

'.4 .54 ) .0 a. oqor co) V) 4) *.

VI4. 4)l 4.1. 0 0~).L 4
0 V) 0 -.r_' W.- $44 k 4 4 to r_ k

to "41 414 4.1 oi
0. 0 Cs 043 0s4 oLC

ri0 4) 4 r 4) 0) o4 "4

a ; * >I

- .0 C1i~ - .0~ e4 u In t0
Il r4 0 l a l 44) 04 M 30 .

4.3 -4 -44 > .4 40

0. $4 " -r $ e

w. j 0 1n Q 4 N In CO
ri In N c'i V'- 0 4

00 In r4 4 In

11) 0u Q In

C.3

OA

N'. 0 I 0 0 00 in0
1A 

01;'

N - ell II N
0. N In In) N" In In

0
11) N 0 0 0

1-, -4 C) Ne l%

44 f 4

4..1 0 0 0 CD
V lin in I- In In i

N N NN N['J 69



4) * 4) C
00 91) ' o C:

* .-. 4 NJ. 40

. 0 . 11 1 .4 0 . C. u
4J0j.40 H r4

aC .~l i-4 0 H M)4

004-1 u *0 4) 41 1.4
E 0 -,4 0 to 4) )) 0

in V) z 10 04 ) 4 i
ino >- a0 0v.

u. I' 00 0 : .4 0 .4 4 01'

4 ' 4  il -H C6 m
4).j t- 00 NO 4 in a *: 0.

0 .14 V co -44 0 0 z 0 'a4

i 0 4) *44 00 0.1 4).CI . C

bi r, r 0. "r- 04 >,.=o l

4) 0 0~4 *4Z 4j -r444 +j 41

04 0 r- 0 0 *4-A-4 .,4

0n4. 0 0 ) C 0 0 0. u r
4)0 1 44) 04) 0 0 :14

0 r- 4 J. .1 4 )J -H El V

4.12 0 0 0 .04 40 4
VO w0 00 C)u ) ) *-u C) W N41 W 4.0.l .t

'V 0 V. 0 C z0 in WV)0 N4J w4

I 3 00 ON f) cl

m P e 00 0

if) w-

t-1 N0 00

41

m41I' 00 In' - 00

C) 3 0N1) -

ini U) in .n .

a z 0 I 00 0 0 0

V n i inin in N

C11 Ini) N 04

-' 70



a 4j 4j w in 6
4IA :3 Q* 4.3 0 10 m 4

a~~ *j 0 kC

In- 00 4.3 k "c C 0
54 4.3 *0 4.1 'A 4u r, . 0i~ W ) 0 44a'5 04 C: - 4 0

m i ( 0 t l 41 t
in: 0 )* 4) k3 4

fu0 0.~ ). 41 1 - -1 4 43
04 vs 41 v) V 0)-.* 4

4 ~ 4 .'143 4.3 u - ft34 a)~.. u ~
4)) 0) 0u 4)5 04o )

M 9: -4. P-4I CL4

a~ nn a? 0 Ci >% ~ O
cd *--q 4 410

ai' ('4 0 '3 a 30 to V % '-4 W l

0o 0? k% ') 0' a~i

4)XI0 0 0i '* C - n i Cd
In.- *1 - ) N c <4 .I

0. %0 1" IA CO0 ) 0 0 0 i

'3m -4 11 N 0 .

IN IA In n toi

i i '3 It Ch '3 14 in* 4§
4 1 Il %Z I- %a -q - IN 10)

4' * 04I 0 C * 0 i

co 5% In N -IT 0 co 0 00

LA t- N-4 IO t

44* < 0 0 q %0. LI.

0 0 0 0 0

71



M~ IS4 ltP4 
*.4 I-

'I) 

rd C) -
oi >i

44.1 04

a) 0 
0cl 00

X- ..4 4CL 
..

C) 11 $4 * V) 
n

4.1 Cu 
4C

1 1 . Ci :4
0. M wl 0 o

Cof o

J, cl ri .0t u 4

r 4 4 1 

t '04 
1 0 1 

1 C o 0~

-4 -la>C
0 44 00 0 04 0 0 0 ! R 0 4

Z 0- > Z U . z U ! V 3 u

Alig
th Cl C 12



Ii

-4
44I

-4 .-..
44 kn V ..4

oo 411

>n 0

0 .+_ M

" .4 -4-4 V C .C 4)
u -4 ,i ,. " H H

r4 .o to. m o ,- o

6 U ) li 
41

vi I i a4 4

,0 0 0 Q 0:; 0 Eli
.0 k m 0

Vj) .ii
41 61. 4N

014 0
61 r) 41 4

g ,' I. 0 . *
" ' I C 0 ,, 1t 0 0 r . W

0 .. 0 0

V U) :e. ~ u~-

.I" a0

-4 4

co- e) ccj c

^a ~ -4 U

73



.4 0U u.

N~- >4 C64V 4.
a:~~C 1 04 4

es C U * t.4 0 14

0 
4). ).jC) ~ *40 Ca

mI 40 VI 0 0U .

k) J U > . u) *4_ V

4j ~)1 C)U 0 0IV u. 4- 4 1 VJ

- a. Cli 4. 0-4 W.4 VJ3 -

t) I Ai V'. Q V 0 u

C60 C.I 0. > J~ 0r- 0jf
0 -4 0

-' a u1~ in - o6

t" vs *i 0U 3

:. 44- . -a

in~~% '?1) ' n CO C.
to - 0 %0

ILA

9N le) 0o 0 C

r4in N a

44r- 0 t in -4 r-

..4 '3 o) 0' 00C t ( n

eq N N C it C

74 0 .



I0

:3~- 41- .' 4

a1 -n 000)a

CC VJ 0 1 a 0
U 4 .-i 4) 4. jc 4.

ca,. x~ 01 . 0ab

oi 4 *-i . p-

PAJ .. 0 0

1 4 2. r
es0 0 r- :40 4140 0

* 14 >. 0 40 C ) U..'4 4.1.W -.4

V. 4vi IV, . 44 4) 04 ~44 4 03

.. 0*4 C4 0 0 4) C4 1. 0 t

V. 4 X.4( c~ al' -4 ." 4.)

r- 0U - 4 d0 C) *g ~ t
V) -4 C3 00 U _"

- 4 W fti~ 4)) 4) C I 4)
u.4 4)- 0 w .04. 0 r-'

uvi c.4 4) u.4 0) r-4~ QC~
t'' 0) 4) 0 C4 40 " 0 4.)
;i fj C). <0 u 2 V 0

0~~~~~" r- 04 1 1 C3 a

.0

(.J ti) vi

CI 41)On1

S. 
W ) -

CU - 01 10 -T

%a tn In n 1'. 1

th 413

*-r4 0

*.,4 On

0-

%A' 0 t-CI n '3
-4)

0>
0

a 0' t) C.'00 00)v
m~r 4' 'o3% In (% 4.1

_4 0 v

4 4
4 144.1

UU

0 
Q' - 144

0 1 0

a4 -4 N4.

'V-4

0 C

-4 93 (10 (14 N

(0 0 C4.

0n 0 C

75



4)

A4 0u
e . 0 a 0

a. vi 4

In X) 4

0 to

4)) 0n
-~> 4) c40-4

in 0r
tn vi 4 0 0

Vol M) 4) M) 4 ) 0 >.4c~~C Li 0 c ).
Q0 .0 c . 0 a0 . 0

c P 0 a 0 0
Lia. U) (3 4)V) Uri

4-iL.~t 0 ) 0

II~~ 0 )* 0

04 Ui 0 0l C 4)

1-o. U) t e) ) eq 0) U

4)

0 C w C C% l l0

00

4-4 -)

.41

0

00 0 .0 -. 4 t k

41 00

4 o1 0 (0 0 0o 0 00 o 0 0 0 0 01.

N C14 (14 C N N i

$A Ct0 C$ CO 0 U) 4)
4)~ ~ m . .0

>~~~~~~~ 6JJ O O 41 l0 "4



:11
00

0 0 

ci:0 0 0 0 0 0 04 0~
" I a .r ._ O -U, -H .- -441t
Ah &J 01 . . .
4 - U-4 0 4

.~4 .. . . . 00 c .
aS a- a " " 2i 41 W.

#A ca 0 4 00 0 5 0 0 a0 CI

410 4 10 w0 61 0 w 0~. I.*tn.

.,4 .4 tj ?4 t
-44 U 1r24 . . . a

34 4.) 0 0G C.) 0 .
0 00 )0 040 t40 t00 P. C4) 4 C r

054". a g.. a l R
go z =0z0 0 0 00 0 M

04a) N-4

4J0 at UO ath 00

1.. co (q -4 0 .-to

VIU I to)-I 0

c: -l -w c , t n I I n

t- 0- tn m0 00 a'C0

0" to 1A -t t4 9: f

tn 0T %D Nl 00 I 0 -4 M -%0

at 5" s1 In at 0 a a "~ O' - 0
0~~~~- -4 to0 - 5. ' ' / '

CS vi
Uo C
vi '3

o40~~~~C 11 0 I in l0 0

Cl (0 in 0 0 ' ~N 7 0



APPENDIX IC

SUINW\RY OF TUST DATA: C INDEiR BLOCK IMPACTS
AGA INST GI.AZ ING MATRIAS



= 7n
400 0 0>.4 in

l4v5: - 4  
. -

4 0 .0 lC0M
z -

4J 0 ~ 0 .0 co- Pk

"0 .,)C 'p.5 5>~ W

VA InC 54 5:3- c -

in1 0-4 W ~ ~ ~ : '-

e* -s 4 04 04)

$. 0

04 0 0C.

0 m 0.4 4j 13 '4 W -i

is- 61 N4 f. 4J (4 4. 45 0 A
0 a -. C)0qr4C 4 u

1-ti r. r jt iM4 H 4 1

V) 00 "0 0r'- 3 ,

a#J c 5%l 0 5'- 0

0 r Mk N3 0 0 00 a 09 :24

'4 n -

Ie I
M. V 4 U3In8O

otN



-4)

0 0 ~4J C

4 -4 )
04) --1 M

4) = m a4)

00

Cd 01 C u i & 0 49

.c*4 U a.

u 0 a 0 1/)
V. U'1 4

0) 4 tnt 00 c0 :31

V. 0 - VI

uj4.0 -% to
I- _: f-N C'I("

a~ In n ell (N

in in, C4 -
U<

u -e

tin

u~0 W. 04

N 0o in to

0-

U0 0 0 0

00 Cc0

0 (n-l0

82



to.

-
t

4) >0 ) r- a) 0

tfl 0) 0 r-

-4 0~- $4 -. .7 )

c) t4)ts 4)5

O~o -~ 0 tn c) u
in L i t 0 t%4) 0

4 04,4 to -4 0

r. ca r- 0 W .

Q~ .9 a 40 Nj X V) Mo uo Nc 0

-) uC C3 0 m U -

uU 0 V p )

;41 - 94 -4

UU) M P 0V U) ) ti 0a .

0..a *0 1-4

o~ 0M 0l 0 0 0 N

oc. ! 4 N ) N- N

Ej N ,
4 U

10 -4 f- -4

t/ Go U 0l 0

L. n IN o~n ' ) U

0-~ 0 0% 0 00



it
0 IA

4) 0

*1 ' .00 If
.41 a- 4 4I 41 1

I 41 I-n es -44j 41 4j W

0 ci1..1 r- 14 r"_ .0 c 0

14. 0 41

4) u .14

k bow k) .- Ia) bc~4r- M

--4 --I -- >H

i~i

H

U It 0 t4 In

.4

-ii, ,'i ~ iU) a), .t a

W tn V) u tn IVA '3 N >
" '.4 -N N

NU -0 t-) ell t- 0 q
0 N. .,: In**

Ci 11) 'e U 4 )

V)..~ t' l v m3 In '0

0 C)

V3) a.-4t) 11 0

011 01

84



r4I4
0 4

ed W~4 4 r- 19:49:P 4)
in ItIi~i 04

0. 04

4). O4Ju

'A 0.0 0 0 1t

41 - u U -.- X414
t 0.0 r .- t*. to.4 C

cz r. 1 C4 to U
?~4 .,4 *.4U 4..C . 4.0

u u U.4 u-4 to4i0 4J44 a 10
to kW >W' 0. =) r. 4

0 c0 W ur4
C) 04) CJ.4 I 14.04 !n,01 '.0

r_. cc -1 r- ac OHO> i>an 04 0 0~ 00
a 0~ l4 0i g". k' k Na00

- - -
C60 1-U)M0

v) %0~ 00 t le
N eq4 -N i-

o.. c h "7 ~ cl In

4.44

o~ 0 0 0 00

Lt. 4

M Wl W U U

4J'I~~~to in.'U).'U

N N 00 0

U. U

85



u no4

0 44 4)$4 $4 4J

ico 0 c C: 4 r .

.~. -At~ .34 a40 0 ~
1.0 C; #A~. .. 0~-

4j4 %D .14- 'Uokl

-s1~)4 0 0 .3

0) I-~4 c JU u4- $ (4

ca 10 C'-'0 O.9 0

k) 04) ~ $ 0$ a : 96-. 4)
4o 41 $.$ %-p0 444
cx: u 4 .0 to. r0- W

:3 3.5 -4 ,-% C: Cl
In~4 014J3.J0 V $4 -1.

W U ('s4 ~. c 4O r- A4 X

c rQ ) 0 t

u~* 001 1

ao -9 4
ad C') m' Q~ *-.0 i 4

-4

4)~I InC C ) n

4.)

cc 0 0n 0 e0 0
U3 O 0 it) In N3 ~

o C CO In CO co
In Tr r-4 <

) * 7 qT to I" O C

U)OII 0IN00

D-.j00 0o 0 0

rn t860c



APPENL)Ix n

StIMMARY OF TEST DATA: RA[LROAD SPURE IMPACTS- AGAINST GLAZING MATERIALS

- 87



' Test Conditions Impact Object:, Iai:lroad Spike.

Veight; 0.26 Kg (9 oz/O.S6 11b),

lIpact Velocity; 80,S K/hr (SO mph); 22.4,mis
(734 f/s),

Impact inergy;i 6S.2 joules (47 ft-lhs) .

Test M4taftal Results -and/or Remarks

A NoMderate amount of cracking; moderate
amount of spall.

I) No damage.

6 Vory slight indentation; s ;
no damage.

Small hole completely through plate;
heavy concentrated spal fmodorate).

II Spike embedded in plate; s -eere spa'!1.

NoZH Svr spall.

Ssevere spaIL.

H No spal 1.

V4 89 4
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USER EVALUATIONOF -REPORT

Please take a few minutes to answer the questions below; tear out
this sheet and return it to Director, US Army Ballistic Research
Laboratory, ARRADCOM, ATTN: DRDAR-TSB, Aberdeen Proving Ground,
Maryland 21005. Your comments will provide us with information.
for improving future reports.

1. BRL Report Number

2. Does this report satisfy a need? (Comment on purpose, related
project, or other area of interest for which report will be used.)

3. flow, specifically, is the report being used? (Information
source, design data or procedure, management procedure, source of
ideas, etc.)

4. Has the information in this report led to any quantitative
savings as far as man-hours/contract dollars saved, operating costs
avoided, efficiencies achieved, etc.? If so, please elaborate.

S. General Comments (Indicate what you think should be changed to
make this report and future reports of this type more responsive
to your needs, more usable, improve readability, etc.)

6. If you would like to be contacted by the personnel who prepared
this report to raise specific questions or discuss the topic,
please fill in the following information.

Name.,

Telephone Number:

Organization Address:__ ____
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