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Abstract 
Connection modeling and analysis are vital parts of the design of steel structures. The paper 
introduces the stakeholders participating in the design of steel structures and their joints. Then 
briefly describes the motivations and requirements of the three key stakeholders, inputs they use, 
and outputs they produce. The data needed for connection design are presented, as well as the 
possibilities of their sharing. A comparison and impact of three different levels of BIM 
implementation is demonstrated in practical case studies. 
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1 Introduction 
The design of a building is a complex process, with 
several parties included, and the need for changes 
arising frequently. All stakeholders must 
communicate with each other and constantly 
exchange data. The Building Information Modeling 
(BIM) adoption requires deliberately managing the 
data produced during the whole design process. 
Faced with the demands for productivity and 
sustainability, the use of 2D drawings and printouts 
to distribute data is no longer a feasible option.  

This paper focuses on the stakeholders involved in 
the design of structural steel members and joints. 
This process is directly affected by an architectural 
intent, placement of technological equipment, 
fabrication and erection needs, and above all, 
safety and serviceability. Structural analysis of 
members is performed using the finite element 
method, and for the design of joints, a Component-
based finite element method is used. 

Every time data exchange occurs between the 
stakeholders, there is a potential for 
miscommunication and data loss during repeated 
modeling. The paper refers to BIM maturity levels 
that can be implemented to mitigate this risk, apart 
from other benefits.  

Software is used from the architectural intent to 
the building erection. Various software is described 
with the emphasis on structural design and 
fabrication of steel structures. It is of utmost 
importance for the BIM process for the software to 
include an option to import and export data, 
visualize and analyze any geometry and loading 
without restrictions. While there are multiple 
options for data exchange, the use of non-
proprietary open formats is highly desirable. 
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2 Design process 
The majority of civil engineering projects and 
related problems do not have a single correct 
solution that is immediately apparent. This holds 
true for the global structure, as well as for the 
design of details and connections. Their final form 
is often the result of a compromise between the 
requirements of several stakeholders.  

2.1 Key stakeholders 
The essential roles are mainly that of the engineer 
responsible for the global structural analysis, the 
connection designer, and the detailer in charge of 
the 3D model for fabrication and shop drawings. 
However, there are also secondary stakeholders 
whose requirements need to be taken into account 
by the connection designers.  

 

 
Figure 1. Connection design stakeholders 

These include the architectural and erection 
demands, as well as the need for spatial 
coordination with technological equipment of the 
structure. This is summarized in Figure 1. 

2.2 Stakeholder motivations 
The engineer responsible for the global structural 
analysis is concerned with structural integrity, 
durability, and serviceability. The exact same 
demands are placed on the connections. These 
must safely transfer the internal forces from the 
FEA (Finite Element Analysis) global model. At the 
same time, the connections must conform with the 
assumptions of the global analysis (such as axial 
and rotational stiffness of supports and boundary 
conditions). It is crucial to ensure the realized 
structure’s conformity with the behavior assumed 
during the analysis.  

Architectural demands on the appearance of 
connections can affect their design directly; see 
Figure 2. Where the aesthetic impression is not a 
priority, the final form of the connection is chosen 
from the most structurally sound and most easily 
erected. Where such connections are disruptive, a 
hidden solution is often proposed. Architecture can 
also decide the positions of connections on the 
structure. This also involves coordinating spatially 
with the MEP/HVAC (Mechanical, electrical, and 
plumbing / Heating, ventilation, and air 
conditioning) and other technological equipment, 
secondary structures, cladding, or operating 
corridors and safety distances. 

 
Figure 2. Alternatives of a hollow section joint  

The fabricator places emphasis on repeatability, 
material availability, and fabrication costs. 
Productive fabrication is usually a function of the 
shop equipment and its capacity. This can be 
illustrated on a simple beam-to-girder shear 
connection in Figure 3. The design on the left uses 
a short endplate. A weld is needed to connect the 
web of the beam to the endplate, which is then 
bolted to the web of the girder on site. Notching 
the beam is also necessary. This is also the case for 
the design in the middle. But using bolted cleats 
results in a design without the need for welding. 
The third design then works around the need for 
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