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INVESTIGATION OF NONLINEAR BUCKLING BEHAVIOR OF
COMPOSITE SANDWICH PLATES WITH INTERFACIAL

DELAMINATION AND MATRIX MICRO-CRACKS
BAI Rui-xiang, CHEN Hao-ran
(State Key Laboratory of Structural Analysis of Industrial Equipment,
Dalian U niversity of Technology, Dalian 116024, China)

Abstract. Based on the zig-zag deformation model and first order shear strain effect laminated plate
theory, a nonlinear buckling finite-element method of the composite sandwich plates is proposed,
which contains both interfacial delamination and matrix micro-cracks damages. Furthermore, the
transverse shear properties of the faces and the in-plane stiffness of the core are also taken into ac-
count. Furthermore, a delamination model and a multi-scalar damage model have been established,
respectively. Because of the material properties of the face being degraded with the matrix micro-
cracks propagation, the incremental constitutive equations are derived, and a modified Newton- Raph-
son incremental- iterative method is employed during the numerical calculation procedure. According to
the models and analysis method provided by the authors, a nonlinear finite-element code has been de-
veloped. Some numerical examples are given for investigation of the effect of sizes of delamination and
matrix micro-cracks, ply angles of the faces, and load cases upon the buckling behavior of the dam-
aged composite sandwich plates. The numerical method and conclusions would be useful for the engi-
neers of sandwich composite structures.
Key words.  composite sandwich plate; interfacial delamination; matrix crack; nonlinear buckling
behavior
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Mindlin (2 ’ Fig. 1 Schematic of composite sandwich plate and
! corresponding coordinate system
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1 , L= 200 mm,
X
, r
, 0. 125 mm, (o]

E.= 3792 MPa, E-= 101 MPa, Gi2= Gu= 484 MPa,
Gs= 343 MPa, 2= 0. 302, fo= 11. 0 MPa, €=
7.9 MPa, ec= 31. 7 MPa, fc= 51. 5 MPa, T:= 1. O,
T= 2.0, U’ = 1. 71935, U? = 0. 425625, B’ =
3.7239x 10 °, B’ = 3.8582x 10 *;
10 mm, c Er= 200 MPa, E2 =
200 MPa, Giz= Giz= 146 MPa, Gz = 90. 4 MPaq,
2= 0.3
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Table 1 The effects of the face ply angles upon linear and nonlinear normalized critical buckling load and mode

[/ () 10 20 30 45 50 60 70
P&/ P& 0. 3686 0. 3816 0. 4022 0. 4319 0. 4522 0. 4786 0. 5447 0. 6770
PN/ P& 0. 2423 0. 2622 0. 2845 0. 3037 0. 3150 0. 3129 0. 2944 0. 2373
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