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Development of the Pure Shear Test Device for Carbon Fiber Reinforced
Composites and Multi-scale Analysis Technique Considering
Microscopic Failure Points

Gyu-Won Kim*, Hyun-Ji Rho*, Young-Woo Kim*, Jun-Seop Song™,
Woe Tae Kim*, Dong-Hwi Kim**, Hak-Sung Kim****?

ABSTRACT: This study presents a novel shear test for evaluating the pure shear behavior of unidirectional and plain-
woven carbon fiber reinforced plastics (CFRPs). The fixture was redesigned to reduce specimen slip and to suppress
in-plane and out-of-plane rotations that commonly deteriorate the reliability of conventional shear tests. The proposed
method was compared with the +45° tensile test, the Iosipescu shear test, and the conventional V-notched rail shear
test. Digital image correlation (DIC) confirmed that the modified fixture produced the most stable and uniform shear
strain field in the gauge section. To analysis the stress distribution and the damage evolution, an advanced multi-scale
finite element model was developed by considering multiple microscopic failure points candidates instead of a single
fixed failure point. The redesignated shear test provided a higher failure strain and a clearer pure shear response than
the conventional methods. The proposed experimental procedure and the advanced simulation framework provide a
reliable basis for composite shear behavior.
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Fig. 1. (a) Specimen geometries and (b) test setups for the con-
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Fig. 2. Geometry of the pure shear test fixture with guiding cyl-
inders and redesigned clamping devices
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Fig. 3. Schematic view of multi-scale analysis of CFRP composites
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Fig. 5. Comparison of shear stress-strain curves for Plain woven
CFRPs measured by the four shear tests
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Fig. 6. DIC-based comparison of (a) out-of-plane deformation
and (b) shear strain uniformity of unidirectional CFRPs
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