
 
 
 

 
 
 
 
 

 
 

 
 

Jamova 2 
1000 Ljubljana, Slovenija 
http://www3.fgg.uni-lj.si/ 

 
 

DRUGG – Digitalni repozitorij UL FGG 
http://drugg.fgg.uni-lj.si/ 

 
 
 

Ta članek je avtorjeva zadnja recenzirana 
različica, kot je bila sprejeta po opravljeni 
recenziji. 
 
Prosimo, da se pri navajanju sklicujte na 
bibliografske podatke, kot je navedeno: 

 
 

 
 
 

 
 
 

                         University  
                           of Ljubljana  
                                               Faculty of  
                                               Civil and Geodetic 
                                               Engineering 

 
 

Jamova 2 
SI – 1000 Ljubljana, Slovenia 

http://www3.fgg.uni-lj.si/ 
 
 

DRUGG – The Digital Repository 
http://drugg.fgg.uni-lj.si/ 

 
 
 

This version of the article is author's 
manuscript as accepted for publishing after 
the review process. 
  
When citing, please refer to the publisher's 
bibliographic information as follows: 

 
 
 
 

 Brank, B., Carrera, E. 2000. Multilayered shell finite element with interlaminar continuous 
shear stresses : a refinement of the Reissner-Mindlin formulation. Int. j. numer. methods eng., 
48, 6: 843-874. 

DOI: 10.1002/(SICI)1097-0207(20000630)48:6<843::AID-NME903>3.0.CO;2-E 

  
 
 

       Univerza 
v Ljubljani 

Fakulteta 
za gradbeništvo 
in geodezijo 

http://www3.fgg.uni-lj.si/
http://drugg.fgg.uni-lj.si/
http://www3.fgg.uni-lj.si/
http://drugg.fgg.uni-lj.si/


Multilayered shell finite element with interlaminar continuous  shear 
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SUMMARY
A finite element formulation for refined linear analysis of multilayered shell structures of moderate 
thickness is presented. An underlying shell model is a direct extension of the first-order shear-
deformation theory of Reissner-Mindlin type.  A refined theory with seven unknown kinematic fields is
developed: (i) by introducing an assumption of a zig-zag (i.e. layer-wise linear) variation of 
displacement field through the thickness, and (ii) by assuming an independent transverse shear stress 
fields in each layer in the framework of Reissner's mixed variational principle. The introduced 
transverse shear stress unknowns are eliminated on the cross-section level. At this process, the 
interlaminar equilibrium conditions (i.e. the interlaminar shear stress continuity conditions) are 
imposed. As a  result, the  weak form of constitutive equations (the so-called weak form of 
Hooke's  law) is obtained for the transverse strains-transverse stress resultants relation. A finite 
element  approximation is based on the four-noded isoparametric element. To eliminate the shear locking 
effect, the assumed strain variational concept is used. Performance of the derived finite element is 
illustrated with some numerical examples. The results are compared with the exact three-dimensional 
solutions, as well as with analytical and numerical solutions obtained by the classical, the first-order and 
some representative refined models. 
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1. INTRODUCTION

In the recent years, a considerable attention has been paid to the development of models that can 
accurately describe  a response of thicker multilayered anisotropic shells. Design of (moderately) 
thick multilayered  shell component namely requires an accurate prediction of local stress and 
strain fields in order to locate regions  where damage is  likely to occur. As experienced  by 
three-dimensional  (3D) elasticity solutions (e.g. References [1-3]), a variation of mechanical       
































































