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A Study on the Damage of CFRP Laminated Composites Under
Out-of-Plane Load

Moon-S8aeng Kim,* Seung-Bum Park,** Deug-Chang Oh**

ABSTRACT

An investigation was performed to study the inner damage of laminated composite
plates subjected to out-of-plane load. During the investigation. impact velocity and
equivalent static load relationship was derived. Reddy’s higher-order shear deformation
theory(HSDT) and Hashin's failure criteria were used to determine inner stresses and
damaged area. And impact festing was carried out on laminated composite plates by air
gun type impact testing machine., The CFRP specimens were composed of {+45°04 and [+
45°/0°/90°)2 stacking sequences with 0.75'%26"x 100" (mm) dimension. After impact testing.
the damaged zones were observed through acoustic microscopy.

As a result, a relationship holds between damaged area and impact energy. and a
matrix cracking was caused by the interlaminar shear stress in the middle ply and was
caused by the inplane transversc stress in the bottom ply.

Key Words ' Laminated Composite Plate (5538 %). Out-of-Plane Load (343 &%),
Higher-order Shear Deformation Theory (LAA ¢ 801 2) | Failure Criteria (3&z2),
Matrix Cracking(2A74), Delamination(Z7HEe])
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Table 1 Mechanical properties of CFRP in calcula-

tion
Modulus Symbol(Unit)
Inplane longitudinal modulus E.(GPa) 1227
Inplane transverse modulus ExGPa) 81
Inplane shear modulns Grz(GPa) 36
Out-of-plane shear modulns Gz(GPa) 36
Poisson’s ratio Viz 0.331
Density p(kg/m’) 1568
Strength Symbol(Unit)
Longitudinal tension strength X.MPa) 1863.0
Longitudinal compression strength | X(MPa) 10230
Transverse tension stretgth Y, (MPa) 646
Transverse compression strength | Y.(MPa) 184.0
Fly longitudinal shear strength 51(MFa) 30
120 - 135 min
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Fig. 6 Cure Cycle for the CFRP specimen
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Fig. 15 Surface of stresses for (£45° 1« CFRP
(a) inplane stress (b) interlaminar shear
stress

Fig. 16 Surface of stresses for [+45°/0°/90°), CFRP
{a) inplane stress (b) interlaminar shear
stress
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Fig. 17 Surface of strength ratio ey for(£45°), Fig. 19 Surface of strength ratio ey at the inter-

CRRP face (a) [£45°), (b) (+£45°/0°/90°),
(a) 5-th layer(45°) (b) 8-th layer(-45°)
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