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Two Node Meridional Strain-based Axisymmetric Shell Elements

Ha-Sang Ryu and Hyo-Chol Sin
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Abstract

Two shear-flexible curved axisymmetric shell elements with two nodes, LCCS (linear curvature
and constant strain) and CCCS{constant curvature and constant strain) are designed based on
the assumed meridional strain fields and shallow shell geometry. At the element level, meridional
curvature, membrane strain and shear strain fields are assumed by using polynomials and the
displacement fields are obtained by integrating the assumed strain fields along the shallowly
curved meridian. The formulated elements have high order displacement fields consistent with the

strain fields. Several test problems are given to demonstrate the performance of the two elements.

Analysis results obtained reveal that the elements are very accurate in the displacement and the

stress predictions
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Fig. 2 Simply-supported circular plate under UDL
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Table 1 Five element analysis of the simply supported circular plate of thickness t=0.001 m
(a) The displacements w and rotation J
wXx107* m 9x107°

4 Exact LCCS CCCS CMCS™ Exact LCCS CCCs CMCS™
0.00 | 0.938 0.938 0.934 0.928 0.000 0.000 0.000 0.000
0.20 1 0.893 0.893 0.888 0.883 0.444 0.444 0.449 0.452
0.40 0.762 0.762 0.758 0.752 0.852 0.852 0.858 0.857
0.60 0.557 0.557 0.553 0.548 1.188 1.188 1.193 1.187
0.80 0.294 0.294 0.292 0.289 1.416 1.416 1.418 1.406
1.00 0.000 0.000 0.000 0.000 1.500 1.500 1.500 1.480

(b) The moment M, and the shear force Q
M, (kN - m/m) Q(kN/m)

4 Exact LCCS CCCS CMCS™ Exact LCCS CCCS CMCS®
0.100 0.1856 0.1849 0.1871 0.1882 0.500 0.0600 0.0667 0.0667
0.300 0.1706 0.1700 0.1702 0.1689 0.150 0.1538 0.1556 0.1556
0.500 0.1406 0.1400 0.1396 0.1374 0.250 0.2522 0.2533 0.2533
0.700 0.0956 0.0950 0.0942 0.0915 0.350 0.3516 0.3523 0.3524
0.900 0.0356 0.0350 0.0339 0.0307 0.450 0.4513 0.4519 0.4519

Table 2 Five-element idealization of the simply supported circular plate: the normal deflection w at the center

wt?x 10°(m?):
t(m)
Exact LCCS CCCS CMCS™ Mohr®

0.1 0.944 0.944 0.940 0.934 0.947
0.01 0.938 0.938 0.934 0.928 0.866
0.001 0.938 0.938 0.934 0.928 0.836

i M=1 N.cm/cm

' UNIFORM INTERNAL

| PRESSURE

\ P = | kN/m’

‘ v = 0.3

‘ t = 002m

' E = 200 x 10 kN/m'

A8 ,
—T Fig. 5 Clamped hemispherical shell under tip

Fig. 4 Sphere subjected to uniform internal pressure

moment
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Table 3 Convergence of radial displacements of a sphere subjected to uniform internal pressure at points

1,2 and 3
No. of Point 1(x 10" m) Point 2(x 107 m) Point 3(x 10" m)
elements LCCS CCCS LCCS CCCS CMCS®™ LCCS CCCSs
2 0.8951 0.8858 0.8757 0.8798 0.888 0.8785 0.8747
3 0.8786 0.8788 0.8752 0.8754 0.879 0.8760 0.8755
4 0.8771 0.8770 0.8754 0.8749 0.877 0.8752 0.8751
5 0.8764 0.8761 0.8751 0.8751 0.8765 0.8751 0.8750
6 0.8759 0.8757 0.8750 0.8750 0.876 0.8750 0.8750
Exact 0.875
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open-crown example

in a spherical dome under uniform pressure
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