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# # 4170409821 : MAJOR CIVIL ENGINEERING
KEY WORD: HYBRID / MIXED / FINITE ELEMENT / LAMINATED PLATES

PIYAWIT SRICHUMPAUNG : COMPARISON OF HYBRID-STRESS AND MIXED FINITE

ELEMENTS FOR LAMINATED COMPOSITE PLATES. THESIS ADVISOR : ASST. PROF.

ROENGDEJA RAJATABHOTHI, Ph.D. 135 pp. ISBN 974-03-1347-7.

This research compares hybrid-stress and mixed finite elements formulated from variational
principles for analyzing laminated composite plates in static linear problems. A wide range of plates
with varying thickness were examined for different loadings and boundary conditions.

The results show that two lower-order (4-node) elements which do not assume additional
displacements, namely, a partial hybrid element based on Jing-Liao principle and a hybrid element
based on Hellinger-Reissner principle, generally gave good solutions but underwent shear locking
when the length-to-thickness ratio exceeded 100. Hybrid elements formulated from modified
Hellinger-Reissner principle and mixed elements formulated from Hellinger-Reissner principle, both

assuming additional displacements, also performed similarly. However, the parameters should be

n
assumed such that the ratio £ EFF is kept under 3 to prevent error in transverse shear when

q
plates become very thin.

All plates tested showed more than 90 percent accuracy of displacement when the length-
to-thickness ratio does not exceed 100. For simple supported laminated composite plates, flexural
stresses were also more than 90 percent accurate. However, the accuracy of transverse shear
stresses in investigating nine-layer laminated composite plates using elements in which the
displacement fields are not MDT or ESLT(with zigzag function) gave errors in transverse shear
stresses exceeding 50 percent. Elements using MDT or ESLT(with zigzag function) in their
displacement fields on the other hand showed less than 15 percent errors. All elements gave
accurate transverse shear stresses in three-layer laminated composite plates and are invariant.
However, none of the elements passed the patch test in bending and twisting.

Regarding displacement and flexural stresses, all elements showed comparable accuracy.
Based on transverse shear stress considerations, however, the 4HbHsz2 element, the 4HbMd1
element and the 4HbMd2 element proposed:in-this research and the 4HeHsz element proposed by
Cheung and Di @4 performed equally well. For laminated plates without symmetric laminations about
the x-y plane, the 4HbMd2 element gave better transverse shear stress distribution throughout plate
thickness than all other elements studied.
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MaaAnaeY (%)

Fudan = = = = =
o x (z=t/2) oy (z=t/4) Txy (z=t/2) vz (z=0) Txz (z=0)
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4HDP -1.16 -0.99 -1.09 -0.32 -1.62
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