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� Objective

� Nanocomposites

� Experimental testing

� Impact testing and results

� Shock tube testing and results� Shock tube testing and results

� Strain rate computation

� Split Hopkinson Pressure Bar testing and results

� Conclusions
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� Optimize the energy absorption of nanocomposites at
varying strain rates.

� Characterize the impact/shock/blast resistance properties of
nanocomposites.
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Derakane 411-350 vinyl ester reinforced with
� 1.25 and 2.5 wt percent exfoliated graphite nanoplatelets.

� 1.25 and 2.5 wt percent cloisite 30B nanoclay.
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� Low-velocity impact tests (approx. strain rate of 15/sec).

� Shock tube tests (approx. strain rate of 1600/sec).

� Split-Hopkinson Pressure Bar tests (approx. strain rate of
2500 and 3500/sec).
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� ASTM D-6110-06 with sample size of
127 mm x 9.9 mm x 12.7 mm (5” x
0.39” x 0.5”)

� 5 notched and un-notched specimen
from each configuration

Dropheightof 177.8 mm (7”)� Dropheightof 177.8 mm (7”)

� Drop velocity of 1.86 m/s (6.1 ft/s)

� Impact energy of 5.78 J (4.26 ft-lbf)

� Approximate strain rate of 15 /sec
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Energy absorption
� Almost doubled with 2.5 wt

percent reinforcement for
both graphite nanoplatelet as
well as cloisite nanoclay un-
notchedspecimensnotchedspecimens

� Reduced by 50% for notched
specimens with 2.5 wt
percent reinforced cloisite
30B nanoclay, and 75% for
graphite nanoplatelets
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� 254 mm x 101.6 mm x 9.9 mm (10” x

4” x .39”) sample tested at University
of Rhode Island

� One sample from each configuration in
simply supported boundary condition
with span length of 152.4 mm (6”)

� Shock tests performed at 70 psi (0.48
MPa) and 120 psi (0.82 MPa) peakMPa) and 120 psi (0.82 MPa) peak
pressure.

� Shock wave velocities of 500 m/s (1640
ft/s) and 600 m/s (1968.5 ft/s)

� Real time images captured at intervals
of 100-150 microseconds (6500 to
10000 frames per second)
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� Pressure vs. time curve
converted to load vs. time by
multiplying loading of incident
shock tube with the pressure
pulse.

� Mid-point deflection obtained
from real time images
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from real time images
(captured at intervals of 100-
150 microseconds) was used to
obtain load vs. deflection
curve.
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� Integration of load vs. deflection
curve provides the energy absorbed
by each sample.

� Absorbed energy showed an
increasing trend for graphite platelet
reinforcement, but reduced for 2.5 wt
percent nanoclay reinforcement
compared to 1.25 wt percent
reinforcement.
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� Dimensionless ratio of
material response to the shock
impulse was obtained using:
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� Left hand side of the equation
i.e. pressure impulse (I) was
obtained by integrating the
pressure profile curve.

� Velocity (� /t) was obtained by
curve-fitting a linear line to the
deflection-timehistory.deflection-timehistory.

� Dimensionless ratio increased
with increasing reinforcement
with 2.5 wt percent graphite
platelet absorbing the
maximum impulse upto
failure.



� Transient strain is obtained
from transient loads using the
following quasi-static equation
for simply supported beam:
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Approximate strain rates for the
impact and shock tube tests
were obtained using this
methodology

� Impact test showed an
approximate strain rate of
15persec.
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15persec.

� Shock tube test showed an
approximate strain rate of
1600 per sec.
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Sample

� � 9.9 mm x 4.5 mm (� 0.39” x 0.18”)
samples tested at University of New
Orleans.

� One sample tested from each
configuration.

� Impact velocities of 15 m/s (49.2 ft/s)
and 16 m/s (52.5 ft/s).
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� Stress, Strain rate and energy

absorption is obtained from:
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� Absorbed energy showed an
increasing trend at a strain rate of
3500 per sec. but reduced for 2.5
wt percent graphite platelet at
2500 per sec strain rate.
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� Energy absorption shows an increasing trend with increase in

reinforcement at all strain rates except for 2.5 wt percent
graphite platelet reinforcement at 2500 per second strain rate
and 2.5 wt percent nanoclay reinforcement at 1600 per second
strain rate.

� 2.5 wt percent graphite platelet reinforcement shows better
energy absorption characteristicsas compared to 2.5 wtenergy absorption characteristicsas compared to 2.5 wt
percent nanoclay reinforcement.

� Energy absorption reduced by 50 to 75% for nanoclay and
graphite platelet reinforcement as compared to pure vinyl
ester for notched specimen suggesting the nanocomposites to
be notch-sensitive.

� More samples are being tested.
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