
Abstract 

It is a well known fact that the load bearing capacity of spotwelds in car bodies has a 

considerable impact on the deformation behaviour under crash loads, especially on the ability 

of energy dissipation. Therefore it is necessary to predict spotweld failure in the 

crashsimulation, 

but there is one thing, which makes it difficult. Theoretically founded stress- 

/strain based failure criteria are only reasonable for a sufficiently high resolution of the local 

stress-/strain field of the spotweld. But unfortunately the smallest dimension of finite 

elements in the simulation model, limited by the conventional critical time step (explicit time 

integration), is far from this demand. 

This paper shows a way, how the local requirements can be achieved without loss of 

computational performance, by the development of a finite spotweld element based on the 

hybrid Trefftz method. The treatment is elasto-plastic, whereas the linear elastic part as well 

as the rigid/perfectly-plastic part is based on a special hybrid Trefftz element representing the 

entire spotweld, the cylindrical nugget, heat affected zone and an annulus made of base 

material. These two distinct models, the linear elastic and the rigid/perfectly plastic one, are 

combined by a rheological approach. The linking to the residual finite element mesh, 

consisting of bilinear standard shells, is accomplished via a displacement frame, an arbitrary 

polygon. By definition the Trefftz-type solution satisfies a priori all governing differential 

equations within the element area and fulfils inner boundary conditions. The modeling of 

plastic deformation accounts for geometrically nonlinear behaviour (stress stiffening) within 

the metal sheet annulus and permits the forming of plastic hinges along the circumference of 

the comparatively rigid nugget. Isotropic hardening is considered by a piecewise 

perfectlyplastic 

cascaded flow curve, leading to a high resolution of the stress/strain field in the 

vicinity of the spotweld nugget, and enables the introduction of accurate stress/strain-based 

failure criteria; especially instability due to the onset of local necking. 


