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Abstract: This paper presents an access to modeling riveted and welded truss-joints on carrying structure with spatial lattice girder 
design. The paper illustrates the real model (geometric model) of the most loaded truss-joint on specific carrying structure with its overall 
complexity.  It also illustrates the mathematical model (FE model) of the truss-joint in two designs introducing simplicity, in order to analyze 
the truss-joint by using a computer and an appropriate software package. FE models (the finite element models) keep up all the 
characteristics of the geometrical model of the truss-joint, ushering in suitable methodology for this purpose. The need for modeling truss-
joints imposes itself as a prior step to further local analysis of stress-deformed conditions of the joint-steel plate under the influence of 
outside loads. The parallel modeling of the same truss-joint in two constructive designs enables further comparative analysis of stress-
deformed shape under same loads and summarize more appropriate constructive design of the truss-joint and emphasizes the need for its 
optimization. 
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1. Introduction 
The carrying structure, which is the subject of research in this 

paper, is a spatial lattice girder with a complex design. The truss- 
joints of this structure connect the constructive elements (trusses) 
with the intersections derived by connecting two or more standard 
profiles having several characteristic forms for these constructions. 
The attachment of the truss to the joint-steel plate is often attained 
by riveting, but nowadays even oftener by welding. Because the 
working conditions of the carrying structure as a whole, and thereby 
all its structural elements, are exposed to complicated dynamical 
loads which are often unpredictable, it brings about a complicated 
stress situation. The knowledge relative to the stress-deformed 
shape, especially concerning the most loaded truss-joint of the 
carrying structure, has special significance for the regular work and 
long exploitation lifetime of the components as well as for the 
whole structure. To this purpose, it is necessity to establish a 
methodology for modeling of this specific truss-joint.  

 
2. Geometric model of the most loaded truss-joint 
The global static analysis of the carrying structure has 

determined that the most loaded truss-joint of this construction is 
the truss-joint 24 (indicated in Figure 1). The geometric model of 
this most loaded truss-joint together with the configuration of the 
connected trusses is shown in Figure 2, and the 3D geometric model 
of this truss-joint is displayed in Figure 3. The figures point out that 
the constructive performances of this truss-joint are very 
complicated ones due to several reasons: the truss-joint connects 
eight trusses, each of the trusses having complex transversal section 
generated by linking of profiled carriers, whilst the mounting of the 
eight trusses onto the joint steel plate is carried out via rivets or 
welds, the constructive design of the truss-joint being a three-
dimensional one. 
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 Fig. 1 Geometric model of the carrying structure with the layout of all the 
truss-joints with the most loaded truss-joint marked by red pointer 

The  modeling  of  the  truss-joint  is  made  by  using  the  software 
package ALGOR-FEA. In the process of modeling, attention has 
been paid to all geometry features of the truss-joint in following 
manner: accurate geometrical measurements of the joint-steel plate, 
identical layout of the trusses in the real model of the truss-joint as 
well as in the transversal sections of the trusses, exact positioning of 
the holes for the rivets in the riveted truss-joint and the welds in 
welded truss-joint on the joint-steel plate per size and location. 
Employing all these features, the model of the truss-joint 24 has 
been designed in order to obtain a model suitable for computer 
analysis of its stress-deformed shape, using the above mentioned 
software package. 
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Fig. 2 Geometric model of the most loaded truss-joint on the carrying 
structure with the layout of the connected trusses 

 
Fig. 3 3D geometric model of the most loaded truss- joint 

 
3. FE models of the most loaded truss-joint 
The FE model of the truss-joint 24 with a computer-designed 

mesh of finite elements is shown in Figure 4 regarding the riveted 
truss-joint. The creation of finite elements, being one the most 
difficult problems in modeling, is made via combination of manual 
and automatic creation, having in mind the complex geometry of 
the truss-joint and its 3D configuration, the same being limited by 
the software package for this purpose. The model employs 3D finite 
elements with triangular and quadrangular transversal section. The 
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final model has following features: a total of 79924 lines whereof 
79753 lines have been processed, and 15624 3D final elements, 
whereby 96.2 % of the program memory has been employed, 
indicating the complexity of this model.  

 
Fig. 4 FE model of the riveted truss-joint  

The FE model of the truss-joint 24 with computer-designed 
mesh of finite elements is shown in Figure 5 relative to welded 
truss-joint. The creation of the finite elements like most difficult 
problem in modeling, is made by combining manual and automatic 
generation, considering the complex geometry of the truss-joint 
having spatial configuration and identical limitations as to the 
software package intended for this purpose. The employed spatial 
(3D) finite elements have triangular and quadrangular transversal 
section. The final model has following characteristics: total of 
19340 lines whereof 19168 lines have been processed, 3496 3D 
final elements, whereby 22.12 % of the program memory has been 
engaged, something which indicates simplified mathematical model 
compared to the mathematical model of riveted truss-joint.  

 
Fig. 5 FE model of the welded truss-joint 

Entered data during the examination of the stress-deformed 
shape of the truss-joint are the loads (forces of tension or pressure) 
at the joining trusses of the truss-joint. The forces are defined within 
the subprogram SuperDraw II by entering direction, sense, point of 
action and magnitude. The direction of the forces runs along the 
geometrical axis of the trusses, the sense being the sense of tension 
force or pressure. The points of action of the forces are at the truss-
joints of the FE model, which are located next to the geometrical 
axis of the trusses (the location where the intersection of the trusses 
has largest dimensions) on both sides of joint-steel plate, the 
sections of the trusses being designed via placing of elements on the 
both sides of the joint-steel plate. The intensities of the forces are 
given as numerical data.  

 
Fig. 6 FE model of the riveted truss-joint with loading forces 

The methodology of applying loads on the FE model of the 
truss-joint is shown  in Figure 6 relative  to  the  riveted   truss-joint,  

and in Figure 7 regarding the welded truss-joint. The boundary 
conditions for the structure analysis of the truss -joint are defined by 
the points of connection of the joint on the carrying structure, 
shown in Figures 6 and 7, which also show the loading forces. 

 
Fig. 7 FE model of the welded truss-joint with loading forces 

The truss-joint is manufactured from steel (Č0371 in 
accordance with the national standard MKS) wherefore the 
following properties are well-known: modulus of elasticity E, 
modulus of elasticity in shear G, Poison’s coefficient ν, coefficient 
of linear extension α and density ρ, entered as starting data in FE 
analysis. 

These above mentioned FE models can be used for analysis of 
the stress-deformed shape of the truss-joint exposed to static and 
dynamic loadings. 

 
4. Conclusion 
The presented access  to modeling of the most loaded truss-joint  

of the carrying structure with a spatial lattice girder design defines a 
methodology for complete modeling of the truss-joint in its most 
frequently employed designs by means of riveting or welding in 
newer structures. 

Modeling methodology is applied to a truss-joint of the specific 
carrying structure and the real (geometric) model of the truss-joint 
and the mathematical models (FE models) of the truss-joint in both 
constructive designs have been obtained. The paper provides 
guidelines as well for modeling of the loads and boundary 
conditions. 

FE models are used for the structural analysis of the truss-joint 
in the finite element method (FEA for the truss-joint) by using a 
computer and appropriate software package. 

The parallel modeling and the structural analysis of the truss-
joint for both constructive designs enable comparative analysis of 
the stress-deformed shape having the same loads and infers more 
appropriate constructive design of truss-joint and a need for its 
optimization. 

This methodology can be used for modeling of other  truss-
joints on the carrying structure as well as for truss-joint on other 
carrying structures with the same or similar constructive design. 
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