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Tab.1 Mechanical properties (unit:GPa)

Ma-

terial
b 172.4 6.89 6.89 3.45 3.45 1.378 0.25 0.25 0.25
¢ 0.276 0.276 3.45 0.110 0.413 0.413 0.25 0.25 0.25
d 110 7.857 7.857 3.292 3.292 1.292 0.33 0.33 0.49
e 0.040 0.040 0.040 0.012 0.012 0.012 0.3 0.3 0.3
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Tab. 2 Stacking sequences for laminated plate

Laminate Layer thickness ratio Layer material
A (1/3,1/3,1/3) (bo 5 boo 5 bo)
B (1/10,8/10,1/10) (boscosbo)
(1/30,1/30,1/30,21/30, (dosdoosdosens
2/30,2/30,2/30) dosdgosdo)
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Fig. 1 Comparison of transverse shear stresses of laminated

plates (Laminate A,a/h=4)
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Tab.3 Comparison of the number of DOF and

computing time for two plate elements

Mesh density 4X4  8X8 12X12 16X16 20X20
Number of elements 32 128 288 512 800
by T2 81 169 289 441
N
UmbErOl p g1 289 625 1089 1681
nodes
TPT/NPT  3.24 3.57 3.70 3.77  3.81
NPT 0.02  0.08 0.27 0.71 1.74
Elapsed N
: TPT 0.13  0.82 3.20 9.88 27.10
time/s

TPT/NPT  6.50 10.25 11.43 13.92  15.57
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Tab.4 Convergence of displacements and stresses

for two elements (Laminate A,a/h=4)

NPT TPT

Mesh

axo,%,m 7, (<£,0,0) axo,%,m 7,0 (<£,0,0)

2 2
4X4 0.206(20%) 0.189(13%) 0.251(2.7%) 0.204(6.4%)
8X8  0.244(5.4%) 0.214(1.8%)0. 257(0. 4%) 0.214(1. 8%)
1212 0.250(3.1%) 0.2170.5%)0. 2570, 4%) 0.2160. 9%)

16X16  0.254(1.6%) 0.217(0.5%)0.258(0.0%) 0.217(0.5%)
2020 0.256(0.7%) 0.218(0.0%)0.258(0.0%) 0.217(0.5%)
Analytical 0. 258 0.218 0. 258 0.218
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A novel post-processing method for predicting the interlaminar

shear stresses of laminated plates

YANG Sheng-qi, LIU Shu-tian”
(State Key Laboratory of Structural Analysis for Industrial Equipment,Department of Engineering Mechanics,
Dalian University of Technology,Dalian 116024 ,China)

Abstract: Laminated plates are typical bearing members in the aerospace industry. Excessive interlaminar
shear stresses are the main cause of delamination failure. The accurate prediction of the interlaminar
shear stresses often depends on the post-processing method (TPM) for three-dimensional equilibrium
equations. However, this method needs to calculate the first derivative of the in-plane stresses,so that
simple linear element based on the C° plate theories cannot use TPM to calculate the transverse shear
stresses. Based on the TPM,a novel post-processing method (NPM) is proposed in this paper. The NPT
eliminates the high-order derivative of displacement parameters generated in the TPM through the
Virtual Work Equivalent Method (VWEM). So, accurate transverse shear stresses can be obtained by
linear elements using the NPT and C’ plate theories. To verify the effectiveness of the NPT ,an efficient
CO-continuous three-node triangular plate element is formulated based on the refined zigzag theory
(RZT) and the NPM. Numerical examples show that the proposed NPM have the same calculation
accuracy as the TPM,and the proposed plate element can accurately and efficiently predict the transverse
shear stresses of laminates. In addition, the NPM is very easy to use in combination with existing
commercial finite element software. Based on the nodal displacements obtained by the plate and shell

elements in commercial software,the NPM can easily obtain accurate interlaminar shear stresses.

Key words: post-processing method;laminated plate;refined zigzag theory;interlaminar stresses;

plate element
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