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A B S T R A C T

This study presents a finite element modelling approach for advanced analysis of trusses made of rectangular 
hollow section members with welded joints. Hybrid beam-and-shell element model is proposed, where truss 
members are modelled with beam elements and joints with shell elements. The purpose is to incorporate the 
actual behaviour of joints into the structural model such that it is reflected both in the global response of the truss 
and locally in a geometrically and materially nonlinear analysis. Ultimately, the goal is to find the load-bearing 
capacity of the truss by advanced analysis considering the capacity of the joints. This necessitates detailed local 
joint modelling with proper failure criteria that can be implemented in the analysis. To keep the analysis 
computationally practicable, simplifications in the joints are done, for example, the welds are not explicitly 
modelled. The employed shell element model for joints is validated against existing experimental results for 
selected T- and K-joints. The hybrid beam-and-shell element approach is also applied to a complete truss, and its 
global behaviour is compared with a full shell element model and a traditional beam element model. To study the 
capacity of the joints, failure criteria based on deformation and strain proposed in the literature are explored in 
this study. Moreover, applying the resistance of joints according to EN 1993–1–8 as failure criterion is examined. 
The numerical studies indicate that, while the global response of the truss is predicted well by the hybrid model, 
determining suitable failure criteria for the joints requires further research.

1. Introduction

Trusses made of hollow section members with welded joints are often 
used as main girders in long-span applications such as industrial halls. 
Hollow section trusses are typically modelled by beam elements, 
assuming that joints act as hinges. Moreover, linear elastic material 
model is commonly employed. Actual welded hollow section joints 
possess some rotational stiffness and this is considered in design by 
employing appropriate buckling length for compression members. 
Contemporary design codes (e.g. Eurocode 3, in particular EN 1993–1–1 
[1] and EN 1993–1–14 [2]) allow more advanced analysis models where 
material and geometric nonlinearities are included. Such models can be 
used either as basis for obtaining member forces used in subsequent 
design verifications, or, in a more recent approach, in a one-step 
design-by-analysis methods, frequently called the Direct Design 
Method (DDM) [3–5].

Previous studies on cold-formed hollow section roof trusses by 
advanced analysis [6–8] have highlighted the need for more accurate 

joint modelling. In advanced analysis, the concept of buckling length is 
not used, but buckling is included in the structural analysis according to 
the stiffness of the joints in the structural model. Joints’ stiffness also 
affects the distribution (and redistribution in the plastic regime) of in
ternal forces among the truss members. Finally, if the load-bearing ca
pacity needs to be captured during analysis, the failure of the joints must 
be incorporated in the structural model. Therefore, appropriate 
advanced modelling of welded hollow section joints is crucial for design 
by advanced analysis.

Joints are often modelled as springs that reflect their stiffness and 
resistance in frame analysis. Frequently, the so-called component 
method is employed, where the overall response of the joint is described 
by a series of springs [9]. Recently, the so-called Generalized Compo
nent Method (GCM) has been proposed for incorporating joints in 
advanced analysis models and especially to the framework of the DDM 
[10,11]. In the GCM, the trajectory of the components is followed until 
failure such that the capacity of the entire joint can be captured. 
Although the GCM can be applied to welded hollow section joints, and 
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