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The primal goal of this contribution is the investigation of selective mass scaling techniques for 
higher order and isogeometric finite elements. They allow an increase of the critical time step 
size for explicit time integration without substantial loss in accuracy in the lower modes. 
Neither consistent nor lumped mass matrices lead to satisfactory results for p-FEM and 
isogeometric analysis in explicit dynamics: due to the large fill-in, a calculation with consistent 
mass is computationally too intensive, a calculation with lumped mass deteriorates accuracy. 
Here, recently proposed variationally based selective mass scaling is applied to higher order 
2D- and 3D-finite elements and 2D-NURBS elements. 
 
For low order FEM, scaling of inertia for explicit time integration is a common procedure. Since 
the 70s, conventional mass scaling (CMS) is applied, where artificial mass is added only to the 
diagonal terms of the lumped mass matrix and thus the diagonal form of the mass matrix is 
preserved [1]. However, translational and rotational inertia of the structure increases, which 
may cause non-physical phenomena. Algebraic selective mass scaling (ASMS) adds artificial 
terms both to the diagonal and non-diagonal terms, which results in a non-diagonal mass matrix, 
but at least allows the preservation of the translational mass. Both CMS and ASMS lack a 
rigorous variational formulation and consequently their application to higher order and 
isogeometric FE is not straightforward.  
 
Variationally based selective mass scaling (VSMS) was recently proposed in [4,5]. Starting 
point of the method is a parametrized variational principle of elastodynamics, which can be 
interpreted as penalized Hamilton’s principle which imposes relations between the independent 
fields. Here, a simplified two-field formulation with independent variables for displacement 
and velocity is considered. A consistent discretization of the principle results in a parametric 
family of mass matrices. The method does not only allow derivation of mathematically 
consistent mass matrices, but also facilitates systematic control of specific properties like 
preservation of inertia, reduction of the highest frequencies or accuracy in the lowest modes.  
 
 
For the efficiency and accuracy of VSMS for higher order and isogeometric finite elements, the 
choice of ansatz spaces is crucial. Based on implementations of higher order 2D and 3D 
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elements (e.g. ten-node tetrahedra) different shape functions for velocity discretization are 
discussed. The efficiency of the proposed approach is investigated by numerical examples. 
 
Application of VSMS to isogeometric finite elements using shape functions based on non-
uniform rational B-splines (NURBS) is not trivial. It is analyzed if and how particular properties 
of B-splines, like higher continuity and positivity are advantageous. Numerical results obtained 
with 1D and 2D isogeometric finite elements are compared with results obtained with existing 
mass scaling methods [1-3]. The numerical examples imply that a considerable reduction of the 
critical time step can be obtained with VSMS also for isogeometric finite elements. 
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