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This report aL~dresses. the \kulnei-ability of armored vehicles and possible injury
0" their occupants to 11F mine blast loading. Specifically rtported are the
results of literary research in the followiný, two areas.

a. The value (height) of flat plate deformation that can' be associated
with plate rupture.
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b. the hazard to vehicle occupants of the vertical motion o" .hr. fllo,-r
arm-or, epecially the elastic (temporary) deflection.

Values are shown for the threshold of plate rapture as - funct ion of deformat ion
t1,r 'ariotu pate thicknesses. 'VerticaI elastic-pit , tlct ion• ,t ,,he or
two inche-; for large, open, floor areas are predicted, f,:r i•' - turi ng t. r-t
mine loading. Occupant injuries are likely here, and ',huck ioiatin retcreTo:e
kre hriefly discussed.

I•his is a follow-on report to A111SAA Pi-74 (Reference 1), in c-'tiate ofIdeformation as a function of HE mine charge weight.
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RUPTURI* AS A FUNCTION OF [;:FORMWN'ON IN
FLAT PL.ATES EXPOSED TO lit MINE BLASI

1. INTFRODIICTION

1. 1 Purpose.

This report addresses the vulnerability of armored vehicles to
HV mine blast. Specifically, it is an attempt to estimate the
amount of floor plate deformation at which plate r'%pture occurs. This
information has potentia) value in the following subject areas:

4. Predicting the type and extent of damage a blast mine can
inflict on a given type vehicle.

h. Providin!. gross plate-response and rupture-data points
for modelers of plate response.

c. Predicting the amount of vertical acceleration received
by vehicle occupants adjacent to the plate.

Also. the inter-relationship of plate response and occupant injury
is briefly addressed.

1 . 2 Background.

This is a follow-on report to AMSAA TM-74 (Pet. 1*). In that
report test data from mine-vs-plate firings were used to estimate plate
deformation as a function of HE charge weight. The effort herein is a
re-use of that data, this time to fit curves of the probability of plate
rupture to the values of plate deformation. The original sources of
these data are References 2 and 3,test reports of firings of HE charges
against flat plates.

1.3 Plate Response Nloueliie 1.

The applicability of computerized plate response models to the
mine-vs-plate subjfzt area has been briefly looked into by the
Ballistics Research Laboratories (BRL). A pilot run of an existing
finite-difference program was made, and this is described in Reference
4. The run was successful in that a deflection-versus-time history cf
the deforming event was obtained. The practicality of the results is
limited only by the type of assumptions that had to be made in several
input data areas. One critical area involved the ultimate failure
values for armor materials ,inder dynamic loading.

Since that time, improved response models have been developed,
such as described in Reference 5. However, until the input situation
is improved, the information to be developed in this text may have
potential use as an empirical complement to the plate response model
output. That is, the probabi.lity of plate rupture, presented as a

• References may be found on page 17.



function of deformation, could be coabined with the deformation-versus-
time output of the models to more completely describe the blast mine
effect.

2. Es rTIMATING THE RIIPIIRF-VS-DEFORMATION THRESHOLD

2.1 The I)ata.

Basically, the tests were simulations of the detonation of an
antitank mine under an armored vehicle. A 5 x 7 foot sheet of armor
plate was horizontally positioned oii supporting blocks so that its
center was approximately 17 inches above the top of a buried HE ch,.rge.
!he charge was loosely covered with up to three inches of soil. A heavy
picture-frame-like weight with an interior opening of approximately 40
by 64 inches was then placed on the test plate. Firing the charge
deformed the test plate upwards into the frame opening and often
cracked or broke the plate. The final height of the central bulge
of the deformed plate and the descriptions and dimensions of the
cracking form the bulk of the post-firing data of the references.

This report will focus on only two aspects of those test results,
i.e., the final deformation (in inches), and the success or failure
of the charge to cause a crack of six inches (arbitrary) or longer in
the plate. These results, with success or failure scored as 1 or O,
respectively, are shown in Table 1.

The material of these plates was eitier steel armor plate,
'IL-S-1S560, Class 1, or aluminum alloy armor plate, 5083-H3Z22. It is
unfortunate for this investigatiorl that Class I, rather than Class II,
steel plate was involved. Cliss Il is the steel currently recommended
for belly armor of vehicles exposed to a blast antitan. mine threat,
and the testing reported in the references occurred prior to addition
of Class I1 to the specification. Information equivalent to that of
the references for Class II could not be found.

All of the steel plate testing reported was performed in The
ambient temperature existing at the time, and all plates had a crack-
starter. This is a small block welded to the center of the upper side
of the plate to simulate the typical attachment of an internal vehicle
component to the plate. Some of the alum num, alloy plate firings were
performed at a special temperature of -40 F, rather than ambient, and
some were without crack-starter. These conditions are noted in
Table I.

2.2 The (;raphical Analysis.

The plate deformation and one-or-zero information for steel
plate was plotted into the seven small probability graphs shown "s sub-
elements of Figure 1. Each small graph is vertically centered at the
appropriate plate thickness value on the ordinate of the large graph.

kt
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Thus visual transfer of information from one small graph to another is
in proportion to plate thickness.

'he next step was ',o draw curves having the maximum likelihood
of fitting the data in the transitional intervals; i.e., the interval
of deformation valies in which the probability ot plate rupture goes
from 0, through .5,, to 1.0. To assist in this, an existing FORTRAN
computer sub-routine* was selected. This program computes the mean and
standard deviatior of the cumulative normal curve that best fits th-.
data. It does require, however, that toe data contain a region of
mixed results, i.e., at least one failure to rupture must have occurred
at a deformation value larger than the lowest deformation value that
yielded a success.

Computer runs were made, using the input data of Table I. For
the four sets of plate data that contained regions of mixed results,
the following means and deviations were obtained:

Plate Mean Standard
rhickness Deformation Deciation

(in) (in) (in)

1/2 9.35 2.82

3/4 6.62 0.3;

1 7.80

1 1/4 8.15 0.34

Small cumulative normal curves conforming to these values were
draw-n. into Figure 1, as the curves shown in solid line. In the plate
thicknesses where the deformation-rupture data did not contain region,ý
of mix::d results, straight lines were visually fitted to the transi-
tional interval, as shown in dashed line.

After the prohability curves for each small graph were corn-
pitted, the large curve wais visually fitted through the .7 probability
value of each small cur~e. Thus the large graph is now a rough
estimate o0 the position of the rupture threshold for other intermediate
thicknesses )f this material having the same length and width and
loaded in the same manner.

No: explanation for the comparatively wide spread in results
for the 1/2-inch plate can be given from the data at hand. 1hi• plate
thicknesses was ignored in the visual fit of the large curve of
Figure 1 to the small graphs.

* "lhs sub-routine was written by Mr. Richard Peterson, of k1S;AA, and

is baseJ on methodology derived from Reference -.
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The graphical process described above for steel was attempted
also for the aluminum alley armor data of Table 1. This is showr in
Figure 2. TVh .irregularity of the data in the small graphs precluded the
drAwing of the large curve, however, there does seem to be a tendency
in all the thichnesses shown for plate rupture at about 1) to 14 inches
of dformation.

j. IISCUSSION

i.1 %ehicle Vulnerability.

The rupture-deformation relationship could provide guidance
to arrnored vehMUle design. For example, consider a conceptual vehicle
hiving one-inch thick steel belly armor. An open expanse of th, bottom
of roughly the same area as the test plates could be deformed Un to six
inches or so and yet not rupture. If, however, the deformed pl te
tnterfered with a critical vehicle control or component, the fact that

hthe hull had not ruptured would be academic. Therefore, it would seem
appropriate to insure, where possible, that all critical items are
spiced above the vehicles bottom armor by a distance at least equal to
"he rupture threshold of that armor. The information of Figurs I and
2 couldt be used as a rough estimate of thn threshold distance, within
tne limit arions pointed out in Section 2. Also, the deformation-rupture

n•it could Qe used in asnessing the vulnerability of existing vehicles.

. Occupant Injury.

In Reference 1 the probability of occupant injury for last
1, in,, Attacks ,ofi Armored vehicles was briefly discussed. Although a

mnne mv not ailavs succeed in rupturing the vehicle bottom armor, the
sadden upward displacement of the armor in the deformed area may injure
n•'" orccupants. -Later-, in milliseconds, gross vehicle upward rotion
,r overturning is a furt her source of injury. This section will address
:he rveInts local to the deformed irea, and more specifically, will
iot rodut ve .a conside:ration not treatied in Reference 1, that is, the
t,.nmprarv upkar& deflection existing only during the actual stress.

The lemporarv r'eflect ion.

In the est utq of" inijury made in the previous report,
Vc pl.c finial detormratt•on wa, used as the best csti.ate of the init ial
.A"ird d spl. cement to w•ich an occupant would be exposed. Ihis would
- :N error, ct course, if .a large proportion of the pl atc dr'flctii n

i- e ,st :c, !.e., existing only dir,ng (approximately) peah plate strvgss
,o..•a li ng t, the tirA, porrmanrnt deformation aft' r loading. lhi,ý
t:.por:.rv de flcction his recurt lv been investtigated and rcport od as on-,-
,4 the ,xperiments A.scribed in Reference - Data from thit report
form tn e'rir i a l F~q :iRO nr t h in Ji s cu sion
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'The effort reported invoived both one-fourth and one-
half scale firings of HE charges versus flat plates.. Both ..eries of
scaled tests were attempts to model the behavior of one-inch steel ar-
mor in the test configuration described in Section 2.1 herein. The
techniques used to scale the explosive weight and distances are des-
cribed in the reference. Experiments representing two different ve-
hicle ground-clearances , 14 and 24 inches , were performed. Both the
maximum height of temporary deflection (DT) and thefinal deformation

(DF) were measured. 'Table I1 shows the data, from the one-half scale

effort, for the two ground clearances. Both DT and DF have already been

multiplied by approximately two. (If the plate thickness of the model
deviated from the nominal one-half inch value, the factor used to up-
scale the data was adjusted from two to the correct value.)

Figure 3 shows A 1) , the elastic deflection, in more
detail. (A 1) = T ". DF ) It shows that )F can be an underestimate of

1T by approximately one or two inches for the specific conditions des-

cribed in the reference In more severely loaded plates, where f:.nal
dAtormation is approaching the rupture threshold (approximately eight
inches, sve Figure 1) then DF and DT are within an inch.

3.2.2 Upward Velocity

The observations of Section 3.2.1 suggest that zero
Sor ý.•all permanent deformations do not necessarily imply zero or io%
S.hancs of occupant injur,'. During the vertical displacement asso-
ciatcd with the elastic phase of material response high velocities
wouli seecm likely. Consider, for example, an elastic deflection of
two inches (.17 feet) with a time-to-peak-deflection of one milli-
second. kReforence 7 estimates times of .5 to 1.5 ms. for tnis.)
The aerage velocity through this displacement is 170 fp.s (i.e., from
.17 ft/1 m.-). Assumin-, for c.',nvnience, a triangular velocity-time
profile, the peak velocity would be twice the average velocity or
more. or at least 340 fps. , and would occur at approximately .5 ms.
This velocity would he easily injur.ious to a vehicle occupant exposed
to it, as shown , for example, in Reference 8, Figures 7 and 8. This
elatic phase of plate motion may be the deck-slap injury mechanisr, of
Referenc.e 9, a reference discussed in Reference 8.

4. AsINNARY AMN) RL:CON1WN:LNDAl IONS

A basic relationship of rupture to deform.ation has been showr
in steel plates sub iected to ItI. mi ne at'tack, as shown in Figute 1.
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Q SAMPLE POINTS

GROUP MEANS FROM
TABLE "11"

AD 20 O 0
ADD!TIONAL / '

TEMPORARY /
DEFLECTION 0/

(INS) 10/ 0--00 0

0 I

0 2 4 6 8
FINAL DEFORMATION (INCHES)

Figure 3. Additional Temporary Deflection vs Final
Deformation for the 1/2 Scale Firing
Data.
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The value of deformation at the threshold of plate rupture. is suggested

as a guide to the placement of critical vehicle controls or components.

Further, the rupture-versus-deformation threshold can be potentially

usef-l as a complement to the output of plate-response computer programs.

"Based orn scaled test data fror. Reference 7, the elastic (i.e.,
temporary) portion of plate upwavd motion has been roughly quantified.
Temporary vertical deflections of one to two -Inches could occur in
addition to the associated permanent deformation in non-rupturing
plate loading. Tnjury to vehicle occupants idjacent to the plate is like-
ly, from both the elastic and -the permanent deflection.

It is recommended that new armored vehicle designs consider
ais much isolation from these high accelerations as practical. Past ef-
forts in this have included crushable support columns for seats, crush-
able (not elastic) mats for floors, special design of footrests, and
"stnsspension of crew seats from overhead. Typical approaches in these
a areas are discussed in Reference 10, 11, and 12. The continuous review
and update of such effort by the armored vehicle design or testing com-
munity would seem wa.rranted.

15 Next page is blank.
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