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Design and Testing of Small Composite Specimens

ABSTRACT

An experimental investigation was conducted to study the
elfect spewimen size on the buckling strains of liminates sub-
jected to low veloelty projectile impact. 'The fiber composite
selected was 1300/5208 graphite/epoxy system. The quasi-isotropic
laminates tested bad 16 and 32 plies. The results were compared
with those of a 48-ply laminate tested clsewhere. Specimens of
three different lengths with length to width aspect ratios of 1,
1.5 and 2 were also studied. The results show that (a) the spe-
cimen length does not have any significant influence on the
buckling strains at failure caused by the projectile impact, (b)
the influence of specimen thickness on the strains at failure
would decrease as the velocity of the impacting projectile in-

Creases.
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LEGEND/ABBREVIATIONS

Kinetic Energy of the impacting projectile, J.
Stress, MPa.

Maximum Stress (of undamaged specimen), MPa.
Strain corresponding to a.

Maximum Strain corresponding to 7,

Nominal length of specimen, cm.

Nominal width of specimen, cm.

Nominal thickness of the specimen, cm.

Data point corresponding to catastropic failure.

Data point corresponding to residual strength or
strain of specimen surviving the impact.

Data Point corresponding to prelcad or prestrain
applied to the specimen prior to impact.

Subscripts refer to values at impact, residual stage,

ultimate or maximum values, respectively.
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INTRODUCTION

The use of high-modulus fiber composites in the design of
‘structural components of aircraft is increasing. One of the
problems that need attention ¢a such a design is the effect of
low velocity projectile impact on the strength carrying ability
of the composite structural components. If the structural com-
ponents are to be subjected to compressive loads, the analysis
| pf buckling failure modes is also important. The objective of
the present work is to show any correlation that may exist be-
tween the results obtained from testing large thick panels and
small thin panels. Barlier work by Rhodes [l]* & % ¢ssed some
aspects of the buckling strains in thicker composite laminates,
Several types of fallure modes in the thick compression panels
were also identified in this study. With the results of this
study in the background, the present study is directed to in-
vestigate the advantages, if any, in testing thinner laminates
of variable(lengths. The specimen stabilization and loading
mechanism is similar to that used by Rhodes [l] and is shown in

FPigure 2,

* Numbers in the square brackets refer to references at end,
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SPECIMENS AND EXPERIMENTAL ARRANGEMENT

’ All the specimens tested were identical with respect to
material, orientation, stacking sequence and width with the
exception of the thickness and the length. The material
selected was graphite/cpoxy (T300/5208) system, The orienta-
tion and stacking sequence were (m45,0,90)4s ror the 32-ply

A Series laminates and (1;45,0,90)2S for the l6~ply B Series
laminates. Each lamina in the panel had a nominal cured thick-
ness of 140x10"6m (0.0085 in.). The nominal dimensions of the
specimens tested are shown in Table I. A sketch of the speci=-
men indicating the unsupported and the supported dimensions is
shown in Figure 1. A genesyl specimen support and stabilization
mechanism is shown in Figure 2. This supporting device was used
in testing all the specimens. However, the side support bars
and channel sections as shown in Figure 2, were of variable
lengths to correspond with the respective specimen lengths. The
projectile impact at low velocities was accomplished by using an
air gun. The projectile is an aluminum sphere 1.27 cm (0.5 in.)
in diameter. The projectile firing mechanism was described
briefly by Sharma [2).

Static compressive loads were applied to the specimens
using the srecimen loading and stabilizing device as shown in
Figure 2. In this figure, only the bottom support plates are
shown. The top support plates (not shown) are similar to the
hottom support plates (D & E). The side support bar (A) and
the channel (B) were designed to prevent the laminate from

column~type failure under compressive loads. The bars, shown




an ¢ {and there were four such bars - two in the bottom and two

*in the top) serve i{n prevent the side support mechanism from
rotating (or tilting) in compression. The whole device was de-
sianed in such a way to accommodate the rslal compressive
deformation of the specimens, Detailed dimensions of the sup-
porting device were shown in Ref. 3. The compressive loads and

the resulting strains were recorded using the standard experimental
technigques. The axial strains were measured using four strain
gages, Two of these gages were bonded on the front plane and two
at the corresponding points on the back plane. Moreover, the gages
wore located at points on the specimen away from the physical con-
étraints imposed on the sgpecimen by the supporting

and loading mechanism. Scveral undamaged specimeng in each of the
serier were tested to determine the compressive axjal strains and
the corresponding loads. Some of the specimens were subjected to
varying magnitudes of preloads prior to the projectile impact.

The magnitude of the preload applied to the specimen was less than
the maximum compressive load. Depending on the magnitude of the
preload, some specimens failed catastrophically upon impact.
Loading was continued on those specimens that survived the impact
to determine the residual strength of the impact~damaged specimens.
The term "failure threshold" used in subsequent sections is defined
as the lowest buckling ioad which precipitated catastrophic fail-
ure in the specimen at a given impact energy. The stress ratio,
o/0, used in this report is defined as the ratio of the stress

in the specimen prior to impact, ot the residual strength of the

specimen, to the static buckling strength of the virgin specimen.




RESULTS AND ANATYSES

The nominal width of all the specimens was 7.62 cm (3.0 in.).
‘It each of the Seérics labled as A and B, specimens of three dif-
ferent lengths with length to width aspect ratios of 1l:1, 1.5:1,
and 2:1 were tested. 'The total number of specimens tested in each
of the series is shown in tabular form elsewhere in this report.

The numerical data from testing the specimens are given in

Tables II through XIII. The normalized values shown in these
kables were obtained from dividing the magnitude of the appro-
priate variable by the corresponding average ultimate values of
the undamaged specimens at failure. A few of the aknormal values
observed in this process were discarded. These abnormal values
were suspected to be the result of either inadvertent misalign-
mant of the loading fixture or by not prowviding sufficient torgue
tw the bolts that hold the specimen in the loading Ffixture. It
may be remarked that those components of the loading and support-
ing device that come in contact with the specimen either before
loading or during lozding were provided with smooth rounded off
edges in order to minimize any localized stress concentrations

on the.specimen.

The numerical data for cach of the series of specimens tested
is plotted as a function of the kinetic energy of the impacting
projectile. '"The resulting graphs, for example, are shown in
Figures 3-6 for the specimens in A 10 Series (aspect ratio 1:1,

32 plies). Based on the limited experimental data, a faired curve

through the data points is drawn. This faired curve is designated

as a fallure threshold curve. The failure threshold curve may be




interpreted to demark the area of graphs shown in this report into
two distinet zones, viz., the failure zone and the survival zone,
Whenever the applied stress (or stra‘n) level is above the failure
threshold, ti.e specimen would fail catastrophically upon impact at
the impact cenergy level under consideration. From these faired
failure threshold curves, it is possible to develop an approximate
idea with regards to the residual ntrength of the impact-damaged
laminates subjected to comprnssive loads. The graphs indlcating

the experimental data for the other series of specimens, A 15, A 20,
B 10, B 15, an? B 10 are shown in Figures 7~10, 1l-14, 15-18, 19-22,
and 23-26, respectively.

The primatry objective of this study, as indicated earlier,

is to observe any correlation that may exist in the buckling strains
by testing laminates of various thicknesses and lengths. It was

indicated by Rhodes [l] that width effects beyond a certain minimum
specimen width (for example, width to projectile diameter ratio
greater than 5) appzar not to influence the buckling strains.
Consequently, this study is directed towards varying the lengths
and thicknesses of the laminates studied. The variation of strains
at failure as a function of the total projectile impact energy for
all the laminate series tested is shown in Figure 27. The data
base for the curves in Figure 27 is generated from the respective

faired (threshold) curves for each of the series tested. The NASA

data (Pef. 1, Fig. 9, b, 48-ply quasi-isotropic laminate C) that
is used in this report is similarly generated. The data base so
generated is shown in Tables XIV and XV. Since the number of

speaimens tested for each series at any one energy level is limited,




the data gonerated from the faired curves ig deemed to be
cwepresontation of the laminate behavior. It may be noted
magnitude of the impact-cnergy in the NASA study was at a

ly higher leve) than the impact energy level used in this

a better
that the
relative-

study.

Purther, the number of plies in each of the sgeries and that of NASA

are 16 (B Series), 32 (A Scriuvg), and 48 (NASA), respectively. For

the purpose of comparing the results, the ilmpact-energy needed per

ply to cause catastrophic failure at a r.articular strain level is

assumed to bhe a common denominator for all the laminatoes.

Tho

devived strain data and the corresponding cnergy per ply for all

the laminates are also shown in Tables XIV and XV. These

are plotted as shown in Figure 28,

results

By studying the meries of graphs in Figure 28, a few observa-

tions may be madoe:

1. The laminates of A Series (32 plies) having the length

to width aspeect ratios of 1:l, 1.5:1, and 2:1 do not

soem to have significant variation in their strain values

(refer to cwrves 1, 2, and 3) at any one impact encrgy/

ply level. A gimilar observation may also be with re-

spect to the 16-ply laminates of B Series (refer

4, 5 and 6). Sinc¢e the specimen width is essentially a

constant for all the laminates (Series A and B),

the

offect of length on the values of strains at failure

For any one Series of laminates appears to be not sig-

nificant. However, if the behavior of the two Series

is obscrved in the low energy/ply range (less than about

0.05 J/ply), it may be seen that the thiecker laminates

L
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(A Sevies) are exhibiting slightly higher straing than
the laminates of the B Series. This may be interproted
to mean Jhat the 'additional' plics in the thicker lami-
nate may be responsible for exhibiting higher stiffness
at low impact cnerqgy levels. On the other hand, the
48~ply NASA laminate (curve 7, and alse sce Table XV

or Ref. 1) does not exhibit higher failure strains for
tho gontrolled (virgin) specimens. Since data is not
available, the shape of the curve 7, Fig. 28, between the
enerqgy/ply levels of 0 to about 0.09 J/ply is assumed.
some ol these small differences in the results may be
attributable to the small deviations (specimen supporting
devices, offeetive width to projeetile diameter ratios,
ote.) that exist in testing the laminates of Series A and
B and the NASA's laminates.

Botween the impact encrgy/ply rvange of 0.05 J/ply to
about 0.15% J/7ply, the magnitude of strains at failure
for all the laminates in Seriegs A and B may be obser-ed
to boe the same. Lt may be remarked that the strengthen-
ing offect of 'additional' plies in the laminates appear
to be converging and tend to be asymptotic to the energy
axis. It may be noted that all the curves, 1 through 7,
appear to be converging to Form a conmon asymptote as

the impact enerqy/ply increascs.




CONCLUSTONS AND RECOMMENDATIONS

. Based on the results of this investigation, the following
conclusions can be drawn:

1. At constant thickness, the length to width aspect
ratio of the laminates subjected to low velocity
projectile impact does not seem to have any sig-
nificant effect on the buckling strain values at
Failure. |

’ 2. The laminate thickness appears to have some in-
fluence on the failure buckling strains a% low
impact velocities. As the impact energy per ply
increases, all the laminates, regardless of their
thickness, show asymptotic buckling strain values
at failure.

In order to ascertain the specimen size effects further on
the buckling behavior of laminates subjected to low velocity
projectile impact, it is recommended that:

L. all the laminates be tested using the same

specimen support device and loading mechanism,

2. at least four thicknesses of the same stacking
sequence be tested,

3. a large number of specimens per thickness be
tested leading to the statistical analyses of
the results,

4. the impact eneragy levels be vgried in a systematic
way from 0 to about 25 J, and

. the projectile firing mechanism be improved to

develop reliable predetermined energy levels,




a b=
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TABLE IIT.

Gerden:

Ave, ULd.
Ave, Ult,
Avg., ULb,

Liond:
nbreoco:
Stroin:

ORIGINAL PAGE 18
OF POOR QUALITY

Normalized Data: ALO Series

A 10

173.5 kN
589.475 WPa
., 01085

15

Hpecimen

Number Normalized Strain Normallzed Stress
£4 Ep €y gy Op Oy

A 10-01 +9309 1.0027

A 10-02 9677 9327

A 10-03 9677 1.0260

A 10-04 4977 7650 4494 . 6960

A 10-05 .7097 7565

A 10-06 5806  1.0410 6156 . 8808

A 10-07 7097 1.0600 6926 . 8964

A 10-08 .7189 19309 7695 . 8480

A 10-09 1.1340 1.0390

A 10-10" .8756 . 8814

A 10-11 .7650 7944

A 10-12 .6636 6705

A 10-13 L4424 7097 4632 .7239

A 10-14 5438 5679

A 10-15 .4700 .49320

A 10-16 4147 4456

A 10-17 5161 8755 5130 .8278

A 10-18 .6544  1.0510 6669  1.0950

A 10-19 .8571 . 8749

A 10-20 .8295 . 8278




TARLE 110 (Continuecd)

16

Opecimen

Numbey Normalized Strain Normaolized Stress
N Fp €u 74 Ip Oy

A 10-21 L7834 1,0510 7747 19945

A 10-23 L2120 J142 . 2309 ., 8308

A 10~24 2304 4793 WR565 . 5105

A 10-25 2673 9954 . 3078 9324

A 10-26 .3318 , 7005 . 3848 7888

A 10-27 3687 CALLT

A 10-28 3410 ., 8940 . 3848 <9414

A 10-29 4608 8571 .5130 . 8901

A 10-30  .3410 . 3848

A 10-31 2488 ,9217 » 5130 8901

e e s TR R T e TS .
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TABLE V,

19

Normalized Data: A 15 Series

Serien: A 1S
Avg., Ult, Load: 171.92 kN
Aveg. Ult., Stress: 525,62 MPa
Avg., Ult, Strain: .0113
Opecimen
Number Normailzed Strain Normallized Stress

€1 €y €u o3 Op Oy
A 15-01 4248 .4109
A 15-02 4071 <4507
A 15-03 1.0000 1.0000
A 15-04 L3097 . 3809
A 15-05 .2389 .6283 . 2587 .6698
A 1L5-06 4248 .9469 L4657 L9474
A 15-07 5752 L6284
A 15-08 7433 . 8993
A 15-09 . 4690 7522 5175 . 7907
A 15-10 + 3540 .9203 . 3881 . 9397
A 15-11 . 3451 L7522 . 3881 L7873
A 15-12 L2124 . 3894 .2329 4372
A 1L5-13 L9477 .R566 . 2070 L2652
A 15-14 5929 L6525

ORIGINAL PAGE 1S
OF POOR QUALITY,
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PABLM VIT. Normalisod Data: A 20 Series

Nerioes A 20
Avpe, Uk, Lioad:s L'71.,95% kN
Ave, UL, Stress: 528,70 MPa
Avir, ULt. Strain: L0105
Hpeelmen
Numboer Normallused Strain Normallized Stress P
£ -+ ty o4 0? | Oy V ?
A 2001 . 4000 VAL76 ]
A D0=00 L4958 L4507
A 20-03 L1619 A0 2070 L 374
A 20-04 L2381 3428 V2587 . 3620
A 2Q-00 3048 1A » 3363 V7004
A 20-06 L3038 L H048 ., 3622 B335 !
A 20-07 LADTD AKRTG
A 20-08 L3005 LALOL
A 20-08 L3048 L3303 i
A Q0=10 L9521 9904
A 20-11 L6100 040 L6408 . 9397 ;
A 0=l 03l L5904 587 L6253 ;
A 2013 1.0480 1.0090 o
A D0-14 L2286 L6AD4 2587 L6334 |
J
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TABLI IX. Normalized Data: B 10 Series

Nories B 10
Me. ULt Sivess: 33605 pa ORIGINAL PAGE IS |
Avpg. ULt, Straln: 00825 OF POOR QUALITY |
Speeimen
Number _Normalized Strain Normolized Stress

£y €, €y o4 O Oy
B 10-01 7757 7853
B 10-02 V7273 L6572
B 10-03 L4848 5441
B 10-04 3101 L3757 2977 . 3319
B 10-05 ,3030 3647
B 10-06 1.1390 . 9989 }
B 10-07 .4000 CATLY |
B 10-08 ,3879 4198
B 10-09 .2067 . 6909 2977 L7264
B 10-10 .3273 4970 . 3349 L5113
B 10-11 .3030 L4727 . 3721 L4927
B 10-12 1.0420 1.0840
B 10-13 .4970 L5478 ‘
B 1L0-14 .6909 . 8217
B 10-15 .6303 L7220
B 10-10 6545 1.1510 AL 3 1.0750
R 10-17 7151 1.0300 , 9230 1.0230
R 10-18 .8606 .9304
B 10-19 .2303 . 4606 L2642 . 5307
B 10-20 .1939 L4606 .R233 . 5203

B 10-21 L9576 . 9862
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TABLE XX, Normalized Data:

Serien: B 15

Ave, Ult, Load: 55,00 kN
hvg, ULlt, Stress: 338,36 MPa
Avg, ULlt, Strain: ,0073

BL5 Scries

29

HGpecimen
Number Normalized Strain Normalized Stress
€y Ep €y o4 Oy 9y
B 15-01 . 9178 9138
B 15-02 9726 9946
B 15-03 <4932 5661
B 15-04 ' 3425 . 3699 4043 4205
B 15-05 + 3151 3477
B 15-06 L2054 . 6027 2426 L6631
B 15-07 WR329 . 5068 2426 . 5418
B 15-08 .2603 3425 .2830 . 3477
B 15-09 . 3151 9342 <3234 . 5579
B 15-10 1.1100 1.0920
B 15-11 L3973 Ah4E
B 15-12 L2329 . 2877 . 2426 3437
B 15-13 4247 1.0000 4852 .9866

B 15-14 . 5068
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TABLE XIT1, Normalized Data:

lerfen: n 20
Ave, Ult, Lond: 49,015 kN

B 20 Series

32

Ave. ULL, Otress: 308,875 MPa
Avg, Ult. Strain: 00695
Npecimen
__Humber Normnlized Stroin Normalized Streso
€y Ep €y 9y Iy Oy
B 20- 0L .8633 » 9891
B 20-02 1.0500 1,010
B 20-03 5036 6352
B 20~-04 4460 Ohbh
B 20-05 . 3309 6331 .4083 6352
B 20-06 4892 . 5789
B 20-07 VR446 7338 . 3629 L8103
B 20-09 2885 7626 Shhh 9129
B 20~10 L4604 5454
B 20=11 , 3885 1.1370 L0352 1.1210
B 20-12 L0762 L8201 L7713 9074
B 20-13 . 3021 . 3597 . 3630 4120
ABJD

B 20-14 3165

AWITH NP o ey 2SR 7 K
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TABLE XV. Taired Data: Strains, K.B/ply
Sertes: NASA (Ref. 1 )
Sine: , 2" x 10" and 15" x 10O"
Lamina Orientation: (+ 45,0,90, % 40,0,90)BS
No. of Plles: 48 i}
4
Slraln KT, K.E./ply
' Jjoule Joule/ply
. 0090 0 0
L0075 : 4,750 » 099
L0060 7.000 146
.0052 8.500 L77
_1
. 0040 11.200 ".R33 ]
.0032 14.700 . 306 3
L0028 19.500 . 406 ]
ORIGINAL PAGE IS P
NF POOR QUALITY .
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Figure 1. Nominal and Unsupported Specimen
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