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Characterization of Interlaminar Shear Strength of a Unidirectional
Carbon/Epoxy Laminated Composite : Effect of Deformation Rate

Takashi Yoxoyama * and Kenji Naxar *

The interlaminar shear strength (ILSS) of a unidirectional carbon/epoxy (T700/2521) laminated composite
under impact loading is determined using the conventional split Hopkinson pressure bar. Double-notch shear (DNS)
specimens with lateral constraint from a supporting jig are used in the static and impact interlaminar compressive
shear tests. Short-beam shear specimens are also used under static 3-point bending. Finite element analyses are per-
formed to determine the shear stress and normal stress distributions on the expected failure plane in the DNS spec-
imen using the MSC/NASTRAN package. The effects of deformation rate at failure on the ILSS and failure mode are
investigated. It is observed that the ILSS is independent of the deformation rate at failure up to nearly 1.5m/s. The
validity of the test results is confirmed by microscopic examinations of both static and impact failure surfaces for the

DNS specimens.

Key words : Deformation rate, Double-notch shear specimen, Failure mode, FEM, Hopkinson bar,
Impact loading, Interlaminar shear strength, SEM observation, Short-beam shear specimen,
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Table 1 Type of reinforcing fiber and matrix resin used in
unidirectional carbon/epoxy laminated composite.
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Table 2 In-plane tensile properties of unidirectional
carbon/epoxy laminated composite.

Unidirectional carbon/epoxy Property ED_CFR-? L4 T4
Fiber T700 (Torayca) Young's modulus £ (GPa) | 135 | 8.6
- : - P Tensile strength  0s (MPa) {2016 37
Maltrix resm' Epoxy #2521 Fracture strain 5 (%) 1.8 { 0.5
Fiber volume ratio Vy 0.65 Mass density o (kg/m)][ 1500

3(z) p
b2 ey
.
L"—"-——b1(x)

(Dimensions in mm)

Fig.1 Shape and nominal dimensions of double-notch shear (DNS) specimen, and principal coordinate axes.
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Fig. 3 Shear stress and normal (peeling) stress distributions along three lines on interlaminar planes within
DNS specimen under static loading.
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Fig. 4 Schematic diagram of standard SHPB apparatus for impact interlaminar compressive shear testing.
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DNS specimen

Supporting jig

Fig. 5 Edge view of DNS specimen with supporting jig
held between two Hopkinson bars.
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Fig. 6 Compressive load-deformation relation for static
interlaminar shear test on DNS specimen.

Table 3 Comparison of average ILSSs as measured using

different test methods.
No. of Interfaminar shear strength
Test method specimens T uss (MPa)
_DNS test 5 72.7£13
in compression
DNS test in tension 4 71.2+08
SBS test 71.0x£0.6
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Gage No.1

Gage No 2

Sweep rate : 100ps/div
Vertical sensitivity:
Upper trace : 200 mV/div (444ue/div)
Lower trace : 200 mV/div (439ue/div)
Fig. 7 Oscilloscope records from SHPB test on DNS
specimen (striker bar velocity : V'="7.2m/s).
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Fig. 8 Compressive load histories at front and back
ends of DNS specimen.
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Fig. 9 Compressive load-deformation and deformation
rate-deformation relations from SHPB test on DNS
specimen.
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Fig. 10 Effect of deformation rate at failure on
interlaminar shear strength.
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Fig. 11 Macrographs of failed DNS specimens (open
circles denote areas observed by SEM).
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Fig. 12 Scanning electron micrographs of static and
impact failure surfaces for DNS specimens.
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