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Effect of Overlap Design on the Impact Characteristics of Piecewise
Integrated Composite Plates

Hui-Yun Hwang*’, Monem Moktadir*, Asif Istiak*

ABSTRACT: Composite structures have been designed by stacking the laminae with different stacking angles to
meet the required mechanical performance. Although the induced stresses on the composite structures under the
external loads usually differ depending on the location, we determined the stacking sequence based on the
maximum stress, which leads to low efficiency and generally is not the optimum design. Recently, piecewise
integrated composites (PICs) were suggested for solving this inefficiency. PICs assume the perfect bonding between
adjacent pieces, but this is ideal and hard to accomplish. Therefore, the overlap at the boundary is essential to
prevent separation from each other. In this study, we investigated the effect of the overlap design on the impact
failure mode of PIC plates. We fabricated the sample composite plates with different overlap designs using the fast
curing carbon prepreg and conducted the impact tests according to ASTM D 7136. We found that PICs had
different failure modes according to the overlap design, which lead the changes of absorbed impact energies as well
as impact load curves.
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Table 1. Mechanical properties of CPF3327T-PB

Properties Value
Tensile Modulus (0°) 66 GPa
Tensile Strength (0°) 850 MPa
Interlaminar Shear Strength 80 MPa
Volume fraction 55%
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Fig. 1. Overlap designs of PIC plates: (a) Type 1 - Zigzag, (b) Type
2 - Stepped lap, (c) Type 3 - Double stepped lap type
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Table 2. Mechanical properties of CPF3327T-PB

Specimen ID Specification # of specimens
Ref-1 Without cutting lines 5
Ref-2 Cutting lines at PIC boundary 5

T01-10 Type 1, X 10mm 5
TO01-30 Type 1, X 30mm 5
TO01-50 Type 1, X 50mm 5
T01-70 Type 1, X 70mm 5
T02-10 Type 2, X 10mm 5
T02-20 Type 2, X 20mm 5
T02-30 Type 2, X 30mm 5
T03-10 Type 2, X 10mm 5
T03-20 Type 2, X 20mm 5
T03-30 Type 2, X 30mm 5

Fig. 2. Impact test setup
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Fig. 3. Typical impact force and absorbed energy curves: (a) Ref-
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Fig. 4. Peak impact forces according to the overlap type and
cutting line interval
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