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Estimation of Transverse Shear Stresses in Laminated Composite
Structures Using 4-node Degenerated Shell Elements

Noori Choi and Byung-Chai Lee

Key Words :  Transverse Shear Stress (1 & -8 2), Laminated Composite Structure (52 A& 7%
&), Degenerated Shell Element (5% 4 2.2), REP Recovery Method (58 3] &)
Abstract
We propose an accurate and efficient estimation method of transverse shear stresses for analysis and
design of laminated composite structures by 4-node quadrilateral degenerated shell elements. To get proper
distributions of transverse shear stresses in each layer, we use 3-dimensional equilibrium equations instead of
constitutive equations with shear correction factors which vary diversely accading to the shapes of shell
sections. Three dimensional equilibrium equations are integrated through the thickness direction with
complete polynomial membrane stress fields, which are recovered by REP (Recovery by Equilibrium in
Patches) recovery method. The 4-node quadrilateral degenerated shell element used in this paper has drilling
degrees of freedom and shear stresses derived from assumed strain fields that are set up at natural coordinate
systems. The numerical results demonstrate that the proposed etimation method attains reasonable accuracy
and efficiency compared with other methods and FE analysis using 4node degenerated shell elements.
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Table 1 Max. Stresses of example 1
S } Var ELS CLPT SHELL PRESENT
4 Sxx 0.7550 0.5387 0.4356 0.4444
tyz 0.2172 0.0823 0.1318 0.1975
txz 0.2820 0.3950 0.2988 0.3329
txy 0.0505 0.0213 0.0355 0.0356
10 | sx 0.5900 0.5837 0.5137 0.5240
tyz 0.1228 0.0823 0.0763 0.1100
txz 0.3570 0.3950 0.1362 0.3779
txy 0.0289 0.0213 0.0240 0.0241
20 | sx 0.5520 0.5387 0.5330 0.5435
tyz 0.0938 0.0823 0.0626 0.0884
te 0.3850 0.3950 0.1403 0.3889
txy 0.0234 0.0213 0.0211 0.0213
100 | sx 0.5390 0.5390 0.5398 0.5506
tyz 0.0828 0.0823 0.0577 0.0807
tx 0.3950 0.3950 0.1417 0.3930
txy 0.0213 0.0213 0.0201 0.0202
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Table 2 Max. stresses of example 2

a/h | Var ELS CLPT SHELL PRESENT
4 | sxx 1.1000 0.6230 0.6118 0.6204
Syy 0.1190 0.0252 0.0979 0.0979
tyz 0.0334 0.0108 0.0255 1.0278
te 0.3870 0.4400 0.1564 0.4142
txy 0.0281 0.0083 0.0200 0.0201
10 ] sxx 0.7250 0.6230 0.6200 0.6296
Syy 0.0435 0.0252 0.0383 0.0338
tyz 0.0152 0.0108 0.0129 0.0134
ta 0.4200 0.4400 0.0158 0.4171
txy 0.0123 0.0083 0.0100 0.0100
20 | sxx 0.6500 0.6230 0.6214 0.6307
Syy 0.0299 0.0252 0.0285 0.0285
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tx 0.4340 0.4400 0.1578 0.4175
Lxy 0.0093 0.0083 0.0083 0.0084
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Table 3 Max. stresses of Example 3

a/h| Var ELS CLPT PRESENT SHELL
4 | sxx 0.7200 0.5390 0.4122 0.3833
Syy 0.6630 0.2690 0.6064 0.5850
tyz 0.2920 0.1380 0.2795 0.1652
te 0.2190 0.3390 0.2650 0.1157
txy 0.0467 0.0213 0.0295 0.0293
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