
 
Institut für Mechanik 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

On Linear and Quadratic “Solid-Shell” Elements 
with mixed approximations avoiding locking 

behavior 
 

M. Harnau, K. Schweizerhof  
Universität Karlsruhe, Institut für Mechanik 

 
 
 
 

2000 
 
 
 
 
 
 
 

 
 
 

Institut für Mechanik 
Kaiserstr. 12, Geb. 20.30 

76128 Karlsruhe 
Tel.: +49 (0) 721/ 608-2071 
Fax: +49 (0) 721/ 608-7990 

E-Mail: ifm@uni-karlsruhe.de 
www.ifm.uni-karlsruhe.de



On Linear and Quadrati 'Solid-Shell' Elements with mixedapproximations avoiding loking behaviorM. Harnau, K. ShweizerhofInstitut f�ur Mehanik, Universit�at Karlsruhe, 76128 Karlsruhe, GermanyThe well known Solid-Shell onept was originally developed as 'four-node type' resp. eight-nodeelements with trilinear shape funtions [4℄, [5℄. The same onept is now used to develop 'nine-node type' resp.eighteen-node elements with biquadrati-linear shape funtions. Both are theninvestigated onerning their apabilities and limits for appliations in the large deformationregime.The major advantage of the 'nine-node type' elements with the biquadrati-linear shapefuntions is mainly that a muh better geometrial approximation espeially for urved shellstrutures beomes possible. This is shown with di�erent numerial examples.Besides the well known phenomena of shear, membrane and thikness loking, whih areavoided by using the assumed strain onept [3℄ for the interpolation of the shear and mem-brane terms, and in addition using the enhaned assumed strain onept for the interpolation inthikness diretion [2℄, two further loking problems, the well known inompressibility lokingand the so-alled 'trapezoidal' loking are investigated. A rather eÆient possibility to resolvethis problem is to use the so-alled seletive redued integration for the volumetri parts of thestress tensor and the tangent moduli tensor, whih is ompared to results using the EAS-method.The e�et of so alled trapezoidal loking is only found in urved strutures, where thediretors of the element edges are not vertial to the mid-layer. One method to resolve thisproblem is using an assumed strain interpolation of the normal strain in thikness diretion assuggested in [1℄ where it was proposed to avoid arti�ial thikness straining.Using these mixed methods to avoid loking e�ets leads to the problem that under sometypes of loading the trilinear elements as well as the biquadrati-linear elements beome unstable,indiated by negative eigenvalues of the tangential sti�ness matrix. Di�erent proedures toresolve suh problems are already suggested in the literature, however they appear not to begenerally appliable.Referenes[1℄ P. Betsh and E. Stein, 'An assumed strain approah avoiding arti�ial thikness strainingfor a non-linear 4-node shell element', Communiations in Numerial Methods in Engineer-ing, Vol.11, 899-909 (1995).[2℄ N. B�uhter, E. Ramm and D. Roehl, 'Three-dimensional extension of non-linear shell for-mulation based on the enhaned assumed strain onept', Int. J. Numer. Methods Engng.37, 2551-2568 (1994).[3℄ E.N. Bualem and K.J. Bathe, 'Higher-order MITC general shell elements', Int. J. Numer.Meth. Engng. 36, 3729-3754 (1993).[4℄ R. Hauptmann, K. Shweizerhof and S.Doll, 'Extension of the solid-shell onept for largeelasti and large elastoplasti deformations', to appear in Int. J. Numer. Methods Engng.(2000).[5℄ H. Parish, 'A ontinuum-based shell theory for non-linear appliations', Int. J. Num. Meth-ods Engng. 38, 1855-1883 (1995). 1


