JOURNAL OF MATERIALS SCIENCE36(2001) 831838

Dynamic compressive behavior of unidirectional
E-glass/vinylester composites

K. OGUNI, G. RAVICHANDRAN

Graduate Aeronautical Laboratories, California Institute of Technology, Pasadena,
CA 91125, USA

E-mail: ravi@caltech.edu

Results from an experimental investigation on the mechanical behavior of unidirectional
fiber reinforced polymer composites (E-glass/vinylester) with 30%, 50% fiber volume
fraction under dynamic uniaxial compression are presented. Specimens are loaded in the
fiber direction using a servo-hydraulic material testing system for low strain rates and a
Kolsky (split Hopkinson) pressure bar for high strain rates, up to 3000/s. The results indicate
that the compressive strength of the composite increases with increasing strain rate.
Post-test scanning electron microscopy is used to identify the failure modes. In uniaxial
compression the specimens are split axially (followed by fiber kink band formation). Based
on the experimental results and observations, an energy-based analytic model for studying
axial splitting phenomenon in unidirectional fiber reinforced composites is extended to
predict the compressive strength of these composites under dynamic uniaxial loading
condition. © 2001 Kluwer Academic Publishers

1. Introduction strain-rate behavior of unidirectional E-glass/vinylester
Deformation and fracture behavior of fiber reinforcedpolymeric composites under compression in fiber di-
composites have received considerable attention beection. The deformation and failure responses of the
cause of their importance in structural applications.composite over a range of strain rates are presented
Composites are also used in impact-related applicaand discussed. Examination of the failure surfaces of
tions such as marine structures, turbine blades, autdhe recovered specimens from the experiments using
motive and others. Of particular interest for compositea scanning electron microscope (SEM) revealed that
structures subjected to impact are their high-strain-ratéailure mode of the composites under uniaxial com-
mechanical properties, resistance to dynamic crack inipression is axial splitting followed by kink band for-
tiation and propagation as well as their strength and cormation. Motivated by these experimental observations,
responding failure mechanisms under dynamic loadinghe energy-based model for splitting by Oguni and
conditions. Specific instances where high strain ratdravichandran [10] is modified to study the high-strain-
properties of composites are needed for understandate behavior of unidirectional composites. Under a
ing of the phenomena include dynamic crack propawide range of strain rates, experimental results and
gation [1], dynamic delamination [2], perforation of model predictions of failure strength of composites are
panels by projectiles [3] and drilling [4]. Hence, inves- compared and show reasonable agreement.
tigation on the dynamic deformation behavior of fiber
reinforced composites is needed in order to develop re2. Experimental procedure
liable constitutive models over a wide range of strain2.1. Modified Kolsky (split Hopkinson)
rates. However, relatively little is known concerning pressure bar
high-strain-rate behavior of fiber reinforced compositesKolsky (Split Hopkinson) pressure bar is a well-
[5-8]. established apparatus commonly utilized in the high-
The limiting factor in the design of composite struc- strain-rate testing of ductile metals. Originally devel-
tures is their compressive strength and for unidirec-oped by Kolsky [11], the concept has found widespread
tional fiber reinforced composites it is found to be applications in testing ductile materials at strain rates
roughly one-half of their tensile strength. Also, their up to 1&/s. However, the application of this technique
compressive strength has been consistently and comvithout adequate modifications for testing composite
siderably lower than theoretical predictions. Extensivematerials has serious limitations. As will be discussed
studies have been carried out on unidirectional fibebelow, modifications must be made to the conventional
composites under static uniaxial compression, for arKolsky (split Hopkinson) pressure bar to reliably obtain
excellent review on this subject, see [9]. properties at small strains as well as to avoid repeated
In the present study, a modified Kolsky (split loading of the specimen. The modified Kolsky (Split
Hopkinson) pressure bar is used to study the highHopkinson) bar is shown in Fig. 1.
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Specimen ing before equilibrium is attained in the specimen. In

Striker Incident bar l Transmitted bar i ; ; ;

I_’Il = & = | addition to pulse shaping, reliable strain data at small
£ Strain gage (&) Strain gage (&) strains &1%) has been obtained during testing of brit-

Pulse Shaper o ' tle materials by mounting strain gages on the specimen

surface [12]. The limiting strain rate below which reli-
able deformation and failure data for a brittle material
can be obtained using the split Hopkinson pressure bar
technigue has been established [13]. The stress in the
The conventional Kolsky pressure bar consists ofspecimen is computed from the transmitted pulse us-
a striker bar, an incident bar and a transmission bailing (2) and for brittle materials, this has been shown
A specimen made of the material under investigationo be in close agreement with the nominal stress in the
is placed between the incident bar and the transmisspecimen [14].
sion bar. When the striker bar impacts the incident bar, Using the conventional split Hopkinson pressure
an elastic compressive stress pulse, referred to as thechnique, it is possible for the specimen to be loaded
incident pulse, is generated and propagates along th@ultiple times due to subsequent wave reflections in the
incident bar towards the specimen. The pulse duraincident bar. In the investigation, the transmission bar
tion equals the round-trip time of a longitudinal elas-was made to be shorter than the incident bar as shown in
tic bar wave in the striker bar. When the incident pulserig. 1 [15]. With this modification, the shorter transmis-
reaches the specimen, part of the pulse is reflected bagkon bar will act as a momentum trap; thereby moving
in the incident bar due to impedance mismatch at thehe transmission bar away from the specimen before a
bar/specimen interface, and the remaining is transmitsecond compressive pulse due to reflected tensile pulse
ted through the specimen into the transmission bar. Thi the incident bar reloads the specimen. Thus, the spec-
strain gages mounted on the bars provide time-resolveghen having been subjected to a single known loading
measures of the pulses in the incident and the trangulse can be recovered for microstructural characteriza-
mission bars. For a specimen that is under mechanicaion and unambiguous interpretation of failure modes.
equilibrium, Kolsky [11] showed thatthe nominal strain
rate(t) in the specimen could be calculated using the
relation 2.2. Experimental setup
26 The dimensions of the bars in the Kolsky pressure bar
g(t) = —==&(t) (1)  setup used in this study are 1220 and 580 mm in length
| for the incident and transmission bar respectively, with

wherd is the original length of the specimen(t)isthe & common diameter of 12.7 mm. The striker bars are
time-resolved reflected strain measured in the incider@!SO Of 12.7 mm diameter varied in their lengths from

bar, andto (= v/E/p) is the longitudinal bar wave speed 50_to 100 mm to achieve the des_lred loading pulse _du-
in the bar material for whiclE andp are the Young's ~ration. All the bars are made of high strength maraging

modulus and the mass density respectively. Integratiofte®l (C-350, Rockwell hardness, R€0) with ayield
of (1) with respect to time gives the time-resolved axialStrength of 2.7 GPa. A thin, half-hardened copper disc
strain of the specimen. of 3 mm diameter and 0.85 mm in thickness is typi-

The nominal axial stress in the specimen is deter- Cally used as a pulse shaper. The material as well as
mined using the equation the diameter and the thickness of the pulse shaper are
varied to control the rise time of the incident pulse.

Figure 1 Schematic of a modified Kolsky (split Hopkinson) pressure
bar for investigating compressive failure in fiber reinforced composites.

Ao The rise time and shape of the pulse are tailored to en-
oft) = Efsst(t) (2) sure stress equilibration within the specimen [13]. High
resistance (100Q) strain gages (Micro-measurements
where As is the cross-sectional area of the specimenwK-06-250BF-10C) with excitation voltage of 30 volts
ande(t) is the time-resolved strain in the transmissionare used to measure the surface strain on the speci-
bar of area?,. All the foregoing calculations are based men as well as on the bars. Also, a strain gage (Micro-
on the assumption that the specimen undergoes homgneasurements EA-06-062AQ-350, resistaa880S)
geneous deformation. In the derivation of (1) and (2)with excitation voltage of 10 volts is mounted on the
the incident and transmission bars are assumed to be gfirface of the specimen to directly measure the defor-
the same material, remain elastic and of identical angnation of the specimen in fiber direction. Raw strain
uniform cross-sectional area. gage signals without any pre-amplifiers that may distort
When nominally brittle materials such as compositeshe signals are recorded using a high-speed 12-bit digi-
are tested in the conventional split Hopkinson pressureal oscilloscope, Nicolet model 440. The loading faces
bar, the limitations of the technique must be recognizedwere lubricated to avoid frictional effects between the
In order to obtain reliable and consistent experimenspecimen and the bars during loading so that one di-
tal data when testing these materials with the Kolskymensional stress state in specimen can be achieved.
pressure bar, appropriate modifications must be incor-
porated in both the experimental technique and the de-
sign of specimen geometry. For example, shaping of th@.3. Materials
loading pulse by a thin soft disc, called a pulse shapeiUnidirectional fiber reinforced composites (E-glass/
placed at the impact end of the incident bar has beerinylester) with 30% and 50% fiber volume fraction
used to prevent brittle high strength materials from fail-are investigated in the present study. This material is
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finding increasing applications in marine structures be- e -
cause of the relatively low cost in manufacturing us- 800 Py
ing techniques such as resin transfer molding (RTM) -, Al eie

and vacuum assisted RTM (VRTM). Continuos E-glass et
(Certainteed R099-625) fibers of 24uin in diameter 600 |- S
are aligned in a glass tube and are impregnated witl _ ;
vinylester resin (Dow Derakane 411-C50). Following § 300
curing, specimens of desired length (6.25 mm) are secy , |
tioned using a low speed diamond saw and are sized t & 2
desired diameter (6.25 mm) using low speed machin-~ 30}
ing. The ends of the specimen are made parallel and po
ished using diamond paste. The details of the materia
and specimen preparation can be found elsewhere [7 ok /
Also, mechanical behavior of pure matrix material, p/
vinylester (Dow Derakane 411-C50) is investigated in 0 1 L
this study. Vinylester resin is machined and polished 0 0.02
using the same procedure as for the composites.

= 10"

1150/
L 7 i
200 4 £ =1820ss

& =3080/s

Strain

Figure 3 Stress-strain curves for 50% fiber volume fraction E-glass/
vinylester composite at various strain rates under uniaxial compression.

3. Results

Experiments on the unidirectional fiber reinforced

E-Glass/vinylester composite materials were per-

formed at low stain rates (16/s—1/s) using a servo- rate of 2,000/s. The peak stress is defined as the failure

hydraulic materials testing system (MTS) and at highstrength of the composite. The failure strength shows

strain rates (500/s—-3,000/s) using the modified Kolskysome scatter around 450 MPa at low strain rates (up to

(split Hopkinson) pressure bar. Limited experimentsg0o/s) and a rapid rise in strength is observed beyond a

under proportional confinement were conducted in thestrain rate of 800/s. The failure strength has a rate sen-

strain rate range of 1§/s to 3,000/s. Experiments were sitivity exponent § log(c)/d log(¢)) of 0.193 at high

also performed on the pure matrix material, vinylesterstrain rates. All the specimens in the above uniaxial

(Dow Derakane 411-C50). compression experiments failed by axial (longitudinal)
splitting.

3.1. Stress-strain response Fig. 3 shows the typical stress-strain curves obtained

The typical stress-strain curves obtained from experggg;' Eépfr\llrr]err:s ]:fr)r tt?enﬁomgoj'}ﬁ fhpe(f:iltr)n?ndsirwn_h
iments for the composite specimens with 30% fibert.on0 .tﬁ no%qgna? aagl Ztra(')r? rztes betevveei _m;ec
volume fraction loaded in the fiber direction for nomi- “°% W! ! Xl :

nal strain rates between 18s and 2.000/s are shown and 3,000/s. The stress-strain curves are almost lin-
in Fig. 2. The stress-strain curves are essentially linSa UP to a maximum stress prior to catastrophic load

ear up to a maximum stress prior to catastrophic loa r7o7p .(;(gungt] S rr::)diglrustmf]lcl;%r dtlrescztlt;nGlrllacre?se?rfr?nm
drop. Young's modulus infiber directionincreased from™ aatastrain rate o1 9s fo <. aatastra

19.3 GPa at a strain rate of 10s to 30.6 GPa at a strain rate of 3,000/s. The peak stress increased from 591 MPa

rate of 2,000/s. Similarly, the peak stress increased frorﬁlt a strain rate of 10%/s to 844 MPa at a strain rate

. .~ of 3,000/s. A rapid increasing trend in strength is ob-
468 MPa ata strain rate of 1t/s to 596 MPa at a strain served beyond a strain rate of 800/s. The failure strength

has a rate sensitivity exponerttlog(o)/d log(e)) of
0.177 at high strain rates. Specimens that were loaded
-~ o at low strain rates (1¢/s—1/s) failed by axial split-
ting followed by formation of kink band. At high strain
rates (500/s—3,000/s), all the specimens failed by axial
splitting.
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The response of the matrix, vinylester, under uniaxial
compression was highly non-linear for all strain rates
as shown in Fig. 4. As a general trend, the flow stress
increases with the increasing strain rate from 75 MPa
at a strain rate of 10%/s to 223 MPa at a strain rate
of 2,000/s. The flow strength at a strain rate of 3,000/s
is 206 MPa and is lower than that for 2,000/s. This
decreasing trend may be due to thermal softening or
instabilities in matrix material. The Young’s modulus
(initial slope) of the stress-strain curve is plotted against
strain rate in Fig. 5. At low strain rates (18s—1/s), the
modulus increases slowly as the strain rate increases.

Figure 2 Stress-strain curves for 30% fiber volume fraction E-gIass/Ther_]a rapidincreasein mOdUI_US isobserved asthe strain
vinylester composite at various strain rates under uniaxial compressiortate increases beyond a strain rate of 700/s.
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Figure 4 Stress-strain curves for pure vinylester matrix at various strain
rates under uniaxial compression.
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.‘ Figure 6 SEM micrograph of failed 30% fiber volume fraction E-glass/
s vinylester composite under uniaxial quasi-static compression showing
° axial splitting.
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Figure 5 Plot of Young’'s modulus versus strain rate for pure matrix
material (vinylester) under uniaxial compression.

3.2. Failure mode characterization
The longitudinal failure surfaces of the specimen from
the experiments were coated with gold and examine|
using a scanning electron microscope (SEM). Fig. €
shows the failure surface of 30% fiber volume fraction
composite specimen under quasi-static uniaxial com
pressioninfiber direction. It shows that the failure mode
In thls_ speC|m_en Is axial Sp|lt'[|ﬂg m_ flber dlreCt!on' Un- Figure 7 SEM micrograph of failed 30% fiber volume fraction E-glass/
der high strain rate loading condition, 30% fiber vol- yinyiester composite under uniaxial compression at a strain rate of 500/s
ume fraction composite specimens broke into numershowing fiber-matrix debonding and matrix rupture.
ous columns. Micrograph of a column recovered from
dynamic compression test at a strain rate of 500/s is
shown in Fig. 7. Specimens under higher strain rateSince the crack due to the axial splitting (running from
are broken into thinner columns, i.e., a few fibers andA to B) is bent by kink band & andD, axial splitting
fragments of matrix. The failure mode in 30% fiber vol- had occurred before kink band formation. Therefore,
ume fraction composite under uniaxial compression irthe main failure mechanism in this specimen was axial
fiber direction is axial splitting for all the strain rates splitting and the kink band wasducedby axial split-
examined. ting. The specimen splitting appeared to have preceded
Failure surface of the 50% fiber volume fraction com-by debonding of the fiber leading to local stiffness re-
posite specimen under quasi-static uniaxial compresduction. This lead to lateral displacement causing the
sion in fiber direction is shown in Fig. 8. Both axial specimen to split. The splitting resulted in relaxation
splitting and kink banding are observed in the specimenof the stress state in the surrounding matrix leading to

100pm
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higher strain rates are broken into thinner columns (i.e.,
afew fibers and fragments of matrix) with no fiber kink-
ing. The dominant failure mechanism in 50% fiber vol-
ume fraction composite under uniaxial compression in
fiber direction is axial splitting for all strain rates exam-
ined. Under quasi-static loading condition, kink band
is formedafter axial splitting. One possible explana-
tion for the lack of kink band formation in the 50%
volume fraction composite specimen under dynamic
compressive loading is suggested here. Due to the high
rate of deformation, the unidirectional composite speci-
men splits into columns by dynamic crack propagation
and hence lacking the time required for a kink band
to nucleate and broaden. Indeed, very high crack ve-
locities in unidirectional fiber reinforced composites
have been observed, up to 90% of the dilatational wave
speed [1].

4. Energy-based model of axial splitting
Imm Motivated by the preceding experimental observations,

Figure 8 SEM micrograph of failed 50% fiber volume fraction E-glass/ ik e_nergy'base_d model [10]_ has been modified to in-
vinylester composite under uniaxial quasi-static compression showing/€Stigate the failure mechanism for low level of lateral
‘splitting inducedkink band. confinement, i.e., longitudinal or axial splitting in uni-

directional composites. Due to the heterogeneity and

anisotropy of the fiber reinforced composite, excessive
microbuckling and kink band formation and subsequenglastic energy is stored in the composite under com-
fiber failure. The axial splitting is manifested as a catas{ression. Axial splitting can be regarded as a process in
trophic load drop and is seen in Fig. 3. On the othewhich the excessive elastic energy is released through
hand, 50% fiber volume fraction composite specimenghe formation of new surfaces. Thus, the failure cri-
broke into numerous columns and no kink band for-terion is that when the reduction of the stored elastic
mation is observed under dynamic loading condition.energy by splitting compensates the surface energy, the
SEM micrographs of the surface of a column recoveredspecimen splits.
from dynamic compression test at a strain rate of 420/s This energy-based failure criterion combined with
is shown in Fig. 9. Cracks due to axial splitting are ob-the effective properties of the composite based on the
served, but no kink band is evident. Specimens undeelastic properties of the matrix and the fiber provides
an analytical expression for the unconfined longitudinal
compressive strength for the composite,

1 1

2yvi\z /v (1—v) 1)
Y e - =) . @3
d (a)(Ef+ En  Eu ®)

This expression illustrates the effect of material prop-
erties and geometry on the critical axial compressive
stressg* for axial splitting. E1 is the effective longi-
tudinal modulus of the composite in the fiber direction,
E: and E, are the Young’s modulus of fiber and ma-
trix respectively,y is the fracture (surface) energy,

is the fiber volume fraction and is the fiber radius.

In general, the rule of mixture’s expression fg1,
Ei1=vEs + (1 — v) Em, suffices for computing the
compressive strength. More rigorous expressions for
E1; can be found in [16]. Equation 3 shows that the un-
confined strength is proportional to the square root of
surface energy and inversely proportional to the square
root of fiber diameter as one would expect from the scal-
ing considerations. This result indicates that for a given
volume fraction, all other things remaining unchanged,
composites with larger fiber diameter are more sus-
Figure 9 SEM micrograph of failed 50% fiber volume fraction E-glass/ ceptible to a_XIaI splitting than Sma”_er d_lam,eter fibers.
vinylester composite under uniaxial compression at a strain rate of 420/5 Urther details of the model and its implications can be
showing axial splitting. found in [10].

100pm
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4.1. Extension of the model to be rate independent since the softening temepra-
to dynamic loading ture (846°C) of the material is far above the room

In the experiments presented above, although the loadmeperature at which the composite is deformed. The
ing condition ranges from quasi-static to dynamic,dependence of the modulus of the polymeric matrix,
specimen is always in mechanical equilibrium. There-vinylester [g=100°C) is a direct consequence of
fore, principle of minimum potential energy still applies the viscoelastic (time-dependent) nature of the mate-
and thus, the energy-based model [10] is applicable ifial. Experimentally observed strain rate dependence
the entire range of strain rates examined in the experiof Young’s modulus of matrix materiak, is given
ments. In order to apply the present energy-based modbély (4). The Poisson’s ratio of the matrix is assumed
to predict the strength of unidirectional fiber reinforcedto be constanty, =0.38, obtained under quasi-static
composites under uniaxial dynamic loading, the fol-loading [7]. Since the composite undergoes constant
lowing factors should be taken into account: strain rate deformation in the fiber direction, using (3)
110 determine compressive strength can be viewed as
the quasi-elastic approximation. Given the fiber volume
fraction,vs, the only parameter remains to be specified
is the surface (fracture) energy,

In the present mode}; has been assumed to be the

yincep o . consisting of the sum of energies for delamination be-
needed in i), results from uniaxial compression on ma- ' : o
) . L . ..~ tween fiber and matrix and matrix failure. In the case of

trix material shown in Fig. 5 is used. By curve fitting hiah f iated with o fail
this data, the experimentally measured Young’s modus- Igh vy, surface energy associated with matrix failure
lus of the’matrix can be expressed as a function of straify negligible since the average distance between fibers
rate as follows P is small and the area of the surface created by matrix
' failure is much smaller than the one created by interface

£\D (fiber-matrix) debonding. On the other hand, for law
Em= Eo<1+ (—) )

i) strain rate dependence of the Young’s modulus o
matrix material En;
ii) loading rate dependence of the surface energy,

(4) the average distance between fibers increases and the
surface energy associated with matrix failure becomes
no longer negligible. As the strain rate increases, the
matrix becomes more brittle and hence surface energy

the matrix materialEg=3.84 GPa,co = 2,060/s and . o )
. . ; associated with its failure decreases and becomes neg-
n=0.73 are the quasi-static Young’s modulus, the ref-~" . ; ;
ligible even in the case of low;. This results in the

erence strain rate and the strain rate sensitivity eXPO- 1 ergence of the surface eneray for all fiber volume
nent obtained from best curve fitting to the experimen-, 9 ay

tal data. respectively. The aoodness of the curve fittin fraction at high strain rates. There have been recent ex-
) , Fesp Y- 9 - %erimental observations of the decrease in the dynamic

with these_ values c_>f parameters can be seenin Fig. 5'energy release rat&g = 2y) for interface debonding
For the information required in ii), only limited ex- (delamination failure) as a function of increasing crack

gzrr]' ntlzniﬁle?s::tcles dai\éal[fmi [3;' tzgirsaliiﬁzeeenne%%/yo P/elocity [17]. Under quasi-static loading conditions, the
the energy release rat€ = 2y, in the sprit of Grif- axial splitting proceeds at slow speeds and under high

. . . . strain rate defromation of the composite, the splitting
fith. In the preceding experimental observations, the : : ;
: s . occurs dynamically with crack speeds presumably in

matrix material is observed to be more brittle as the : . o 4
: . : .the subsonic regime. However, quantiative information
strain rate increases. All the specimens of the mam)%:oncernin the solitting speeds as a function of strain
material deformed under low strain rate deformatlonra,[e are ngt curre%tl a%/aigble
(¢ < 1/s)remained intact following axisymmetric short- ntly av: ) .

- ) ) Based on the discussion above, different surface en-
ening during compression. On the other hand, dynam-

) X . . _ergy values are assumed for low<'1/s) and high
ically compressed specimens showed brittle crackmgaé > 400/s) strain rate regions. Values of the surface

and broke into fragments. SEM examination of these nergy used in the present analysis in low strain rate re-
fragments confirmed the brittle nature of the material at eray b Y

— — 0, —
high strain rates. These observations leads to the co jion arey =180 J/nf for vy =30% ﬁ!”dV =120 Jint
) ) . or v = 50%. The values foy used in the model pre-
clusion that as the strain rate increases, surface ener

; : T ) ctions are consitent with data available for similar
for the matrix material decreases which is consistenf | ite materials [18] by assumi, = 2y. For
with the increase in flow stress (Fig. 4). P y =V

both volume fractions, the surface energy is decreased
to ¥ =100 J/n? in the high strain rate region to re-
4.2. Comparison with experiments flect the dependence of fracture energy on delamination
The input parameters required for predicting the un-veleocity and brittle nature of the matrix at high strain
confined compressive strength of unidirectional fiberrates. Further work towards quantification of fracture
reinforced composites using (4) are, (i) elastic materiabnergies in fiber reinforced composites as a function of
properties Es, vf) and radius &) of fibers, (ii) elastic  volume fraction and laoding rate is needed.
material properties of matrixg,, vm), (iii) fiber vol- Comparison between the model prediction (4) and
ume fraction ¢r) and surface energy§j. experimental results for 30% fiber volume fraction
As for the parameters in i) constant values forE-glass/vinylester composite is shown in Fig. 10. The
Ei =724 GPay;=0.2anda=121um are used [7]. compressive strength is plotted as a function of strain
The modulus of the fiber material, E-glass is assumedate. Fig. 11 shows comparison between the model
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650 T fiber reinforced composites at high strain rates. Meth-
; ods for pulse shaping, specimen recovery and control-
ling specimen deformation have been outlined. Exper-
iments on 30% and 50% by volume E-glass/vinylester
composites at various strain rates of up to 3,000/s re-
vealed anincrease in compressive strength with increas-
ing strain rate. The experimental data is currently being
used to develop high-strain rate constitutive models for
fiber reinforced composites as a function of stress state.
An energy-based model for axial splitting has been
used for predicting the compressive strength of uni-
directional fiber reinforced composites under dynamic
uniaxial compression in fiber direction. The compres-
sive strength can be computed as a function of the effec-
tive properties of the unsplit and the split composite as
well as the rate dependent fracture energy. The results
from the analysis indicate that the effect of strain rate is
Figure 10 Comparison between experimental results and model pre—reﬂeCted_ on Strength through the increase of modulus of
diction for uniaxial compressive strength of 30% fiber volume fraction th€ matrix material and the decrease of surface energy
due tothe increase of loading rate. The splitting analysis
is able to capture the essential features of experimen-
tal data for unidirectional fiber reinforced composites
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