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Test and Finite Element Analysis on Compression after Impact Strength
for Laminated Composite Structures of Unidirectional CFRP

Jae-Seok Ha'

ABSTRACT: In this study, tests and finite element analyses were performed regarding compression after impact
strength for laminated composite structures of unidirectional carbon fiber reinforced plastic widely used in structural
materials. Two lay-up sequences of composite laminates were selected as test specimens and four impact energy
conditions were applied respectively. Impact and compressive strength tests were conducted in accordance with ASTM
standards. Impact damages in test specimens were analyzed by using non-destructive inspection method of C-Scan,
and compression after impact strengths were calculated with compressive test results. Progressive failure analysis
method that can progressively simulate damages and fractures of fiber/matrix/lamina/laminate level was used for
impact and compressive strength analyses. All analysis results including contact force, deflection, impact damages,
compressive strengths, etc. were compared to test results, and the validity of analysis method was verified.
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Table 1. Two stacking sequences for tests and analyses

Type Stacking Sequences No. of Plies
A [45/-45/0/90/0/45/-45/90/0] 18
B [45/90/-45/0] 24
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Fig. 1. Test configuration of drop-weight impact test

Table 2. Specifications of drop-weight impact testing machine

Model Instron 9350
Energy Range 0.59~1800 J
Impact Speed 0.77~24 m/s
Drop Weight 2~70 kg

Position Sensor Optical Encoder
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Table 3. Impact test conditions for two types of specimens

D I tor | 1 ! Initial
1o mpactor | Impac
op P P Velocity of | No. of
Type | Weight | Diameter | Energy .
Impactor | Specimens
(kg) (mm) )
(m/s)
9 1.78 6
15 2.31 6
A |55+£025| 16+0.1
21 2.72 6
23 2.85 6
9 1.78 6
19 2.6 6
B 55+0.25| 16 £0.1
24 2.92 6
26 3.03 6
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1) Delamination Failure Criteria
1-1) Longitudinal Normal Shear Strength

1-2) Transverse Normal Shear Strength
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Fig. 4. Finite element models and boundary conditions for CAl
strength analyses
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