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PREFACE

The Army Symposium on Solid Mechanics, 1976, was the fifth in a series of
biennial meetings sponsored by the Technical Working Group (TWG) for Mechanics of
Materials, one of nine TWG's of the U.S. Army Materiel Development and Readiness
Command Materials Advisory Group. These meetings are coordinated by the Army
Materials and Mechanics Research Center (AMMRC) in Watertown, Massachusetts. The
first such conference was held in 1968 on the general theme of solid mechanics.
Subsequent meetings were held on the themes: Lightweight Structures (in 1970),
Ballistic Problems (in 1972) and Structural Joints (in 1974). This 1976 symposium
was held on the theme, Composite Materials: The Influence of Mechanics of Failure
on Design.

Participation in these symposia has broadened with time. Starting with the
1972 meeting, papers have been solicited from in-house and contract researchers
and designers for the Navy, Air Force and other Govermnment Agencies, in addition
to those for the Army. Beginning with the 1974 meeting, the Symposium Committee
was expanded to include representation from the Navy, Air Force, NASA and the
U. S. Army Corps of Engineers. These expansions recognize that many mechanics
research and/or design problems are not unique to a single service or government
agency.

Essentially, these symposia are a vehicle for enhancing the responsiveness of
the mechanics research efforts for the design of advanced military systems. They
also facilitate communications and coordination between and among researchers and
designers having common military theme interests whether they work for a govern-
ment service or agency, industry, or at a university or research institute.

No endeavor of the magnitude of this 1976 symposium could have been success-
fully conducted without the enthusiastic cooperation and support of many
individuals and groups. With fear of overlooking some whose contributions played
a key role, it is nevertheless fitting to acknowledge:

Headquarters, U.S. Army Materiel Development and Readiness Command and the
Materials Advisory Group for their support and cooperation in this undertaking.

The many authors and participants and Session Chairmen who made this
conference a success.

The reviewers from universities, industry and government organizations, for
their diligence in carrying out a thankless task.

Dr. Edward S. Wright, Acting Director of AMMRC. who welcomed the participants
at the meeting.

LTC Edward E. Chick Commander/Deputy Director of AMMRC who delivered the
Introductory Remarks at the Opening Session.

Dr. Wartan A. Jemian, Professor and Chairman, Materials Engineering, Auburn
University who delivered the Keynote Address on 'Composites Through the Ages."

And finally the clerical staff of the Mechanics Research Laboratory and the
Technical Reports Office of the AMMRC for their unflagging efforts in the prepara-
tion and printing of numerous symposium materials.
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WELCOME

Dr. Edward S. Wright
Acting Director, US Army Materials and Mechanics Research Center

It is a pleasure to welcome you all here today to open the Army
Symposium on Solid Mechanics, 1976.

The Army Materials and Mechanics Research Center has the responsi-
bility for operating the Materials Advisory Group (MAG) and its subordinate
Technical Working Groups (TWG's). The MAG functions directly under
the US Army Materiel Development and Readiness Command (DARCOM), and is
concerned with matters of policy, management and administration of the
Army's technology base programs in Materials and Mechanics. Operating
under the MAG are Technical Working Groups in several materials and
discipline-oriented areas. These groups are comprised of bench level
technical people who are selected on the basis of their expertise in
specific areas of materials and mechanics technologies. Perhaps the
most important function carried out by these TWG's is the exchange of
technical information.

One of these, the Mechanics of Materials TWG, was established in 1964,
to assist in formulating the Army wide program in solid mechanics and in
promoting scientific and technical interchange among DARCOM laboratories.
It is led by AMMRC, and is made up of engineers and scientists from
most of the DARCOM laboratories. This particular TWG has been the
most active of the groups in furthering the exchange of information;
the Army Symposium on Solid Mechanics being the principle vehicle.

This is the fifth in a series of biennial symposia. The first was
held in 1968 at The Johns Hopkins University, Baltimore, Maryland
under the general theme of solid mechanics. Subsequent meetings were
held in 1970 (Lightweight Structures at AMMRC), 1972 (Ballistic Problems
at Ocean City, Maryland) and in 1974 (Structural Joints at South Yarmouth,
Massachusetts). This 1976 symposium, also being held at South Yarmouth,
is, of course, being conducted under the theme, Composite Materials: The
Influence of Mechanics of Failure on Design.

Participation in these symposia has broadened with time. Starting
with the 1972 meeting, papers have been solicited from in-house and con-
tract researchers and designers for the Navy, Air Force and other Govern-
ment agencies, in addition to those for the Army. Beginning with the
1974 meeting, the Symposium Committee was expanded to include representa-
tion from the Navy, Air Force, NASA and The US Army Corp of Engineers.
This expansion is based on the recognition that research and design
problems in solid mechanics are not unique to a single service or
Government agency, and that this broader communications band would pro-
vide much additional and extremely useful interchange.




A new feature was added in 1974. A work with-progress session
was held. Based on the interest it received, it is being continued.

The specific objective of these symposia is to enhance the
effectiveness of the coupling between research and design requirements.
The anticipated results of this enhancement are two-fold. First, to insure
that research resources are being directed towards pressing design needs.
Second, to insure that design procedures reflect the best solid
mechanics technology that research has provided.

It is most appropriate that this meeting is addressing the
mechanics of failure on composite materials. It is clear that the
use of these materials is increasing rapidly. It is also clear that
design approaches based on those used for metallic structures are
not adequate; a new branch of the solid mechanics technology is
being developed - but there is a long way to go. This meeting
testifies to the fact that we are moving in the direction to fill
this gap in the technology.

Again, welcome to the symposium, and best wishes for a
successful meeting.




INTRODUCTORY REMARKS
LTC Edward E. Chick
Commander/Deputy Director

US Army Materials and Mechanics Research Center

I would like to first add my welcome, and express my pleasure for
being asked by the Symposium Committee to make a few introductory
remarks.

As you are well aware, this, the Army Symposium on Solid Mechanics,
1976 is to address composite materials technology. As you are also
aware, the Army has a vested interest in the exploitation of composite
materials for application to advanced military systems. The extent
and duration of the Army's interest may, however, not be evident to
the majority of symposium participants. Therefore, a short digression
on historical matters seems appropriate. In any case, in this bi-
centennial year there is a natural tendency to reflect on the past.

AMMRC professionals are rightfully proud of present progress but
are also_mindful of "ancestors' traceable to the Presidency of Andrew
Jackson(1) . For more than 135 years, AMMRC and its predecessor
agencies at Watertown have made important contributions to the U.S.
Army.

Materials research results in steel offer an excellent example
of the invaluable results of AMMRC advances for our Army. AMMRC
and steel literally grew up together. In the 1840's, AMMRC's predecessor
agency at Watertown was helping the U.S. Army develop the superior
cast iron that made its cannon the best in the world. Not so well
known, however, are the contributions of Watertown Arsenal in wire
wound composite guns. These were 10-inch, wire-wrapped, cast iron,
breech loading guns weighing 29 tons. The 17 ton cast iron body
was wrapped with 0.15 inch square wire with slightly rounded corners,
applied (for the most part) with uniform tension at 41,000 psi. Longi-
tudinal strength was prov}ded by axial bars or staves. The work was
suspended in June, 1886 (2) after several relatively successful tests.
In truth, these wire guns never passed the experimental stage. Nonethe-
less, they demonstrated a remarkable willingness to explore new concepts.

The continued study of mechanics of materials is demonstrated
by the famed Emery Testing Machine (ETM) installed at Watertown after
the Civil War.

Original motivation was to settle the raging controversy over
the suitability of steel for making cannon. It proved of great signi-
ficance in the study of metals, and was the prototype of a long line of
hydraulic testing machines, many of which are still in operation.




The ETM had a capacity for precision testing of 800,000 pounds in
tension and one million pounds in compression. Results of its tests
were published annually for 36 years, from 1882 to 1918, and an incredi-
ble range of materials types were studied(3). Nowadays, emphasis has
shifted to lighter weight, high strength materials with suitable environ-
mental resistance. For many years, the Army has sought to introduce
appropriate composite materials into aircraft, missiles, and armament.
Recent AMMRC contributions include investigation of graphite reinforced
aluminum graphite and Kevlar epoxies and the carbon-carbon materials.
Fundamental contributions have been made at AMMRC towards the utilization
of filament wound composites in lightweight antitank weapons, and the
development of carbon-carbon ballistic missile nose tips.

All of this sounds as if we can simply make the commitment to use
composites, and we automatically end up with a more mobile and effective
Army, and can accomplish this while saving money. Well, there is
promise, but there are many technological problems to be overcome. One
of the most important is our inability to predict failure of composite
materials in a reliable and consistent way. The reason for this symposium
is to focus attention on that problem in the hope that we may solve
it sooner and better.

Until we can develop valid and quantitative failure criteria,
composites can not be exploited to their maximum advantage; we can not
obtain our most attractive return on investment, and that is what
the Army's technology base program is all about.

At AMMRC, we are carrying out a major technology base effort
in composite materials which covers the spectrum from new materials
development and characterization through process research, development
and scale-up to reliability assessment, structural analysis and demon-
stration.

I do not want to take any more time from what promises to be a
significant contribution to our quest for better and more economical
ways to equip our Army.

REFERENCES

1. "Progress in AMMRC Materials Research for Army Needs,' Army Research
& Development News Magazine, May - June 1976

2. Gun Making in the United States, Col Rogers Birnie, Jr. Reprinted
from Journal of the Military Service Institution, War Department Document
No. 298, Copy Number 78, dated 1907

3. Index to the Reports of the Tests of Metals and other Materials made
with the United States Testing Machine at Watertown Arsenal, Massachusetts
from 1881 to 1912 Inclusive, Chief of Ordnance, Government Printing

Office 1913.




KEYNOTE ADDRESS: COMPOSITES THROUGH THE AGES

Wartan A. Jemian
Professor and Chairman
Materials Engineering

Auburn University
Auburn, Alabama 36830

ABSTRACT

The application and existence of composites is based on the concept of
synergism. Natural composites, such as wood and bone, are persistent reminders
that materials are best used in combination.

Man-made composites of early history are macroscopic. Early man combined
stone and wood to form useful tools and weapons. The ages of these artifacts
are measured in megayears. The ancient Egyptians incorporated straw in mud to
manufacture bricks. In this application, the straw promotes uniform drying
and hence reduces the production of cracks. These aspects of composites tech-
nology are forerunners but do not, in any way, indicate the full benefits to
be obtained.

The middle history involves attempts to duplicate texture through proces-
sing which results in neocomposites. Specific man-made composites in this
category can be identified. Examples are the Merovingian Pattern-Welded Blade,
of the 3rd century AD, the welded Damascus gun barrels of the 18th century,
and more recently, plywood. Although these composite materials relate closely
to modern composites, the similarities are more fortuitous than planned.

The modern history dates from the second World War. The objective is new,
namely, to create new materials by special combinations of well known materials
with the addition of new materials in special forms. The emphasis in modern
composites is on structure at every level. Examples range from fiberglass,
used in living structures and boats, to advanced composites, used in critical
sections of high performance aircraft.

Composites have traditionally been speciality items, although plywood and
other building materials are high volume commercial products. Concrete, the
highest volume man-made material, is classed as a composite. The need for
advanced composites is established but the technology is expensive and public
interest has not been awakened. Recent statistics show that composites
account for approximately ten percent of research funding and one-thousandth
percent of the GNP. Another recent report predicts that the activity in com-
posites will level off and possibly decline during this decade. The latter
was based, apparently, on projections for military funding and does not include
the spinoff applications in recreational equipment. There is every reason to
believe that any decline in the market activity will only be short lived.

There is the problem of definition, primarily to outline the domain of
technology necessary for effective progress. Structural composites technology
is already drawing upon the talents of metallurgists, ceramicists, and plastics
technologists. There are many subtle distinctions to be observed. Composites




technology is structure-intensive. The identity and significance of the
"structural components'" in materials phases as well as in the interfacial
region in materials systems is recognized. The literature and conference
presentations are devoted in ever increasing proportion to these features.

The descriptive elements include such terms as crystalline, crowdion, molecular
conformation, dislocation, and coherency. These are forced on us by circum-
stances and need.

This conference will further knowledge about structural elements in com-
posites and their effects on performance. Failure is any undesirable change in
shape or structure. Understanding the influence of these changes on design
requires detailed knowledge of the system. There are advanced tools for use in
analysis, testing and synthesis of mechanical characteristics. Looking for
such changes at every structural level, and designing to control them, is the
most promising approach to devloping future composites.
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FAILURE OF COMPOSITE PLATES SUBJECTED TO DYNAMIC LOADS

R. L. STIERAKOWSKI W. S. STRICKLAND

Professor Project Engineer

L. E. MALVERN C. A. ROSS

Professor Project Engineer

Engineering Sciences Department USAF Armament Laboratory

University of Florida AFATL/DLYV

Gainesville, Florida Ealin AFB, Florida
ABSTRACT

This paper presents the results of an experimental study to
determine fracture/failure mechanisms of flat fiberglass epoxy plates when
subjected to blast pressure and projectile impact. Fiberglass epoxy plates
with fifteen plies of 0-90° orientation were fabricated using various ply
and lamina arrancements. Plate failure begins by an interlamina delamination
mechanism with delaminations moving away from the impact point for centrally
impacted plates and delaminations moving away from plate boundaries for blast
loading. A delamination mechanism appears to be the dominant failure
mechanism for plates impacted below the critical penetration velocity and for
fixed edge plates subject to blast loads below the edge failure load.
Similar delamination patterns were observed in fiberglass cloth and polyester
matrix plates.

INTRODUCTION

Failure modes of monolithic metal plates subjected to dynamic loads are
influenced by many factors related to manner of loading and mechanical
properties of the plate material. Failure modes in dynamically loaded
composite plates are also dependent on material properties of the constituents
and, in addition, are areatly influenced by geometrical fiber arrangement and
spacina. Observed failure modes of composite materials are: fiber debonding,
stretching, breaking and pullout, delamination, matrix deformation and
fracture. Delamination induced by shear due to bending and sequential delam-
ination initiated by a generator strip appears to be important energy
absorption mechanisms for 0-90° layup fiberglass roving epoxy plates subjected
to projectile impacts and blast loadings, respectively. This type of
mechanism is especially apparent in the composite plates studied here at
impact velocities below the perforation velocity and for blast loadings below
that necessary for transverse shear failure.

Good penetration resistance for heavily delaminated glass epoxy plates
has been reported by Wrzesian [1]. Askins and Schwartz [2] also observed
extensive delamination in composite backup panels for armor applications.

Ross and Sierakowski [3] examined the influence of various fiber layering
sequences on the penetration resistance of fiberglass roving epoxy plates when
subjected to central impact. Cristescu, Malvern, and Sierakowski [4] sub-
sequently described the sequential delamination mechanism initiated by a




generator strip for the same plates reported on in Reference [3]. Several
papers [5, 6, 7] recently published by the authors describe this mechanism in
some detail. Literature reviews have revealed no studies of blast loading of
composite plates; however, flyer plate experiments conducted by deRosset EB],
for example, show delamination to be a major failure mechanism of boron epoxy
plates.

Fiberglass plates of the same type as those centrally impacted in
earlier studies [5, 6, 7] were subjected to blast loading using a fuel air
explosive (FAE) device. In addition, plates of woven roving (cloth) and
polyester matrix were fabricated and tested using the same FAE device. An
outline of the details of plate fabrication and a general description of the
delamination process, along with results, discussion, and conclusions are
given in the following sections.

SPECIMEN FABRICATION

Two types of fiberglass plates were fabricated for use in this study.
For the first case, twelve ended E-glass fiber rovings and epoxy were used to
fabricate crossplied layered plates containing fifteen layers and having
varying numbers of laminae. These plates were fabricated by winding the
roving on an aluminum mandrel mounted in a lathe. The lathe speed and cross-
feed were adjusted to produce a uniform array along the edge of the plate and
shims were used to agive spacing in the thickness direction. The winding
method used is shown schematically in Fiqure 1 and described in detail in
References 5 and 6. Specifically, Owens/Corning precision controlled E-glass
roving [No. 801AB-1167], Shell Epoxy 828 resin, and Magnolia Plastics Curing
Agent 400 were used in this fabrication process. Fifteen different ply
arrangements were fabricated using the layering sequences showr in Table 1.

Table I. Layering Arrangements in the Plates T=st

Number of

Code Layering Sequence Interlaminar Plines
b 1-1-1-1-1-1-1-1-1-1-1-1-1-1-1 14

c 1-2-3-4-5 4

d 2-1-2-1-2-1-2-1-2-1 9

e 2-2-2-2-2-2-2-1 7

g 3-1-3-3=3-1-3 6

h 3-2-3-2-3-2 5

i 3-3-3-3-3 4

Jj 3-4-3-4-1 4

k 3-5-3-4 3

1 4-1-4-1-4-1 5

m 4-4-4-3 3

n 5-1-5-1-3 4

r 5-4-3-2-1 4

) 5-5-5 2

p 8-7 1

10
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Figure 1. Windina appararus for crossplied plates.
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The ply arrangement or layering sequence shown in Table 1 indicates the
number of layers in each lamina, starting with the first lamina and progress-
ing rearward. Each lamina is oriented 90° to each of its neighboring laminae.
For example, a 1-2-3-4-5 plate has one layer in the first lamina, two layers
in the second lamina whose fiber direction is 90° to the first lamina, three
layers in the third layer whose fiber direction is 90° to the second lamina
but parallel to fibers in the first lamina, etc. A schematic of a composite
plate giving examples of plate components is given in Figure 2. Nominal
thickness of all 0-90° plied plates was 0.64 cm.

The second plate types tested were fiberglass cloth plates fabricated
using 4 oz.-Uniglass cloth, 24 oz.-Uniglass woven roving cloth and a polyester
matrix. Seven layer plates, 0.32 cm thick, were fabricated by alternate layup
of four layers of 4 oz.-cloth and three layers of woven roving. Thirteen
layer plates 0.64 cm thick were also fabricated by alternate layup of seven
layers of 4 oz.-cloth and six layers of woven roving. Both the cloth plates
and wound roving crossplied plates contained approximately fifty percent
fiberglass.

EXPERIMENTAL TESTS

The crossplied fiberglass epoxy plate fabrication technique produced
plates approximately 30 cm square. For the blast loading these plates were
used full size. For the central impact tests the plates were quartered to
give plates approximately 15 cm square. The central impact experiments were
conducted in the Engineering Sciences Composite Materials Laboratory at the
University of Florida. The plates were held fixed on all edges and impacted
centrally using blunt nose cylindrical projectiles of 0.96 cm diameter by
2.54 cm in length. The effective size of the plate in the holder was
approximately 12.7 cm square. The projectile was propelled by an air gun at
various velocities by varying the air pressure of the inner barrel chamber.
The velocities were measured at the end of the barrel just prior to impact by
an optical system using two 1ight beams directed through the barrel onto photo
electric cells. The time difference for the projectile to break consecutively
both beams of 1ight was displayed on a storage oscilloscope. A schematic of
the gqas aun assembly, plate holder, and velocity measuring device is shown in
Figure 3. The overall system is further described, in some detail, in
Reference 3.

The FAE gas bag technique used previously in blast loading of metal
plates [9] was used at the Test Evaluation and Experimental Facility at Eglin
AFB for blast loading of selected crossplied fiberglass plates 30 cm square.
A plastic bag 1.22 x 1.22 x 6.11 m supported by a metal rod frame containing
0.89 kg of methyl acetylene propadiene (MAPP) gas was detonated by 100 grams
of Data sheet explosive, and the resulting shock was directed onto the
composite plate held fixed on all edges. The effective size of the plate in
the holder was approximately 25.4 cm square. A schematic of the gas bag and
plate holder is shown in Figure 4.

_ Pressure time histories of both side-on and reflected pressures were
obtained in previous tests [9]. In all cases the given pressures are based
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Fiqure 2. Composite plate nomenclature. A. One layer and also a one
layer lamina. B. Three layer lamina. C. Two layer lamina.

D. Plate thickness.
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Figure 3. Gas qun assembly.
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on reflected values obtained from a nondeforming thick plate placed at
varying distances of D from the end of the FAE bag, as shown in Figure 4.

In order to check size effect, both 25 cm square and 46 cm square
fiberalass cloth polyester plates were tested for FAE blast loading.

DISCUSSION OF EXPERIMENTAL RESULTS

Central impacts of crosspiled fiberglass plates at projectile
velocities below the penetration velocity produced delaminated areas which
qrow progressively larger through the thickness of the plate. The delami-
nation mechanism presented in a previous paper [4] for central impact starts
as a strip one projectile diameter wide on the front lamina. This strip
then Toads transversely the second lamina generating a delamination between
the first and second laminae. The second lamina then in turn loads the
third Tamina causing a delamination between the second and third lamina, etc.
A schematic of this process is shown in Figure 5 in which the first generator
strip, one projectile diameter wide and lenath Ly generates a delamination of
area A] between the first and second laminae. A second generator strip of
length Lo generates a delamination of area A, between the second and third
laminae. Subsequent generator strips generate subsequent delamination areas.
As an example, a plate containing five laminae would contain four generator
strips corresponding to four delaminated areas associated with the four
interlaminar planes of the plate. A photoaraph of a back 1lighted 3-3-3-3-3
plate, Fiqure 6a, shows four delaminated areas corresponding to the four
interlaminar planes. For plates with more than four interlaminar planes it
is difficult to distinouish one delaminated area from the other, especially
in the case of the fifteen-lamina plate shown in the back lighted photograph
of Figure 6b. This type of plate shows a highly localized delaminated area
but distributed over many interlaminar planes, whereas plates with a smaller
number of interlaminar planes such as the 3-3-3-3-3 plate show larger delami-
nated areas.

Using a back lighted 3-3-3-3-3 plate, the delamination areas were
measured and plotted versus initial kinetic energy of the impactor in Figure
7. The straiaht 1ine plot was fitted to the data and is expressed as

= 3.5 + 0.315A K> 3.5 (1)

Where K is kinetic energy in joules and A is area in cm . For a kinetic
energy above 3.5 joules and below the kinetic energy where delamination ex-
tends to the plate boundary, the delamination fEacture surface ene qy Y
appears to be constant at about 0.158 joules/cm® (15.8x10° ergs/cm¢). This
value of vy is half the coefficient of A in Equation (1) because two surfaces
are formed by the delamination. This value is an ordeg of maanitude higher
than that for pure epoxy (0.5 x 10° - 1.5 x10 erqs/cm } obtained in static
tests by Bascom [10] and Sultan [11]; howevgr, it is of the same order of
maan1tude fgr polymethyl-methacrylate (2x10° ergs/cmé) and polystyrene (17 x
10° ergs/cmé) obtained in static tests by Berry [12]. Comparable static
fiqures for fiberglass-epoxy composite are not known.

15




-
=
3>
,
Y

"—-
'
- =
'
'
'
]

]
Al

)

rt—
1
I
i i R ks T
'
|
|
’
_l--
’
]
'

Figure 6a. 3-3-3-3-3 plate impacted at 140 m/sec.
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Blast loading of 25.4 cm square crossplied plates at loadings below
that necessary to cause edge failure results in delaminations that are
aenerated at the edages of the plates. Visual examination of these plates
using back lighting leads to the following general description of this type
of delamination mechanism:

Delamination begins at the edges and progresses toward the center of
the plate with the distance proagressed appearing to be proportional to the
amount of plate deflection and/or blast pressure. A traveling hinge movement
is assumed to account for the deflection. Delamination on the first inter-
laminar plane occurs on the edges normal to the fiber direction of the first
lamina. The next delamination then appears on the next interlaminar plane
and extends out from the other two edaes. This process then alternates
through the thickness and through all the interlaminar planes with a rearward
decreasing delaminated area. The time sequence of the delaminations is not
necessarily in this order but the front to back positions of the delaminations
are easily discernible. This delamination pattern is shown schematically in
Figure 8 for a five lamina plate, and a back lighted photograph of the same
type plate is shown in Figqure 9. This type of delamination mechanism for
blast loaded plates is readily discernible for plates with a low number of
interlaminar planes, and, as with the centrally impacted plates, the higher
the number of interlaminar planes the more difficult it is to differentiate
between delaminated areas. The higher the peak blast pressure the further the
delamination areas extend from the sides. This is quite evident in Figure 10
which shows a 3-3-3-3-3 type for three different blast pressures. A similar
type increase in delamination area, shown in Figure 11, is observed for the
same type of plate centrally impacted at three different projectile impact
velocities.

The relation between the delaminated area and the peak blast pressure

was found to be linear within measurable accuracy as is shown in Figure 12 for
two types of crossplied plates.

High speed photography using a shadow Moire technique, described in
Reference [9], showed that a blast loaded 3-3-3-3-3 plate deflected as much
as 3.81 cm at the plate center but rebounded to a permanent deflection of
.64 cm. Assuming the plate rebounds elastically, the major portion of the
work done by the blast load during the plate deformation is recovered during
the rebound. The unrecovered portion of the work may then be assumed to be
transferred to the plate. A rough approximation of the unrecovered work can
be obta<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>