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This paper presents the numerical assessment of a modular steel sleeve connection 
incorporating a wedge locking mechanism, developed to enhance reusability and 
sustainability in steel construction. The connection eliminates welding and drilling of 
the main members, enabling full disassembly and reuse. An adapted configuration was 
investigated for central column applications, where multiple beams frame into a single 
square hollow section column through a four-sided sleeve. Finite element models were 
developed in Abaqus to evaluate the structural response, focusing on stress 
redistribution, plastic strain development, and moment–rotation behavior. The results 
indicate that yielding shifts away from the column face toward the sleeve–beam 
interface, promoting hinge formation in the beam rather than in the joint core. The 
connection demonstrates semi-rigid behavior consistent with Eurocode classifications, 
with stiffness comparable to conventional bolted joints. Overall, the study highlights 
the potential of modular sleeve connections with wedge locking mechanisms as 
reliable, demountable alternatives to traditional welded or bolted joints, supporting 
circular economy strategies in steel construction. 
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1 Introduction 

In recent years, the construction industry has increasingly emphasized the need for 
improved practices that enhance efficiency, adaptability, and material durability. 
Within this context, modular connections have emerged as promising solutions in 
structural steel applications, offering the potential to simplify disassembly and enable 
reconfiguration. Conventional welded and bolted joints, though widely used and 
standardized (ANSI/AISC 2016, European Commission 2025), present inherent 
limitations for reuse. Welded connections provide permanent bonds that prevent 
recovery of components without destructive methods, while traditional bolted joints, 
although technically demountable, typically require welded plates or drilled holes. 
Such modifications compromise the integrity of the main members and reduce the 
cost-effectiveness of reuse. Furthermore, as connections are generally designed for 
specific load cases and boundary conditions, their direct reuse is rarely practical, 
making the fabrication of new joints the default option. Although the development of 
alternative connection systems with minimal invasive procedures has received limited 
attention, several studies have examined the use of blind bolts such as the Hollo-Bolt 
in beam-to-column applications (Ghobarah et al. 1996). Over the years, the structural 
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behavior of these connections has been investigated under various configurations and 
topologies (Elflah et al. 2019). More recently, Cabrera et al. (2021) presented an 
extensive review of the latest advancements, outlining testing approaches and 
modeling practices for extended hollow blind bolt connections. Wang et al. (2018) 
examined Hollo-Bolt connections under progressive collapse scenarios and found poor 
performance due to low pre-tension, limited slip resistance, and pull-out vulnerability 
in thin-walled SHS columns. While these connections allow some reconfigurability, 
they remain focused on ease of assembly rather than sustainability, requiring drilled 
holes and welded plates. Adjustable pallet rack systems provide better reusability and 
have been widely studied for static and dynamic behavior (Rosli et al. 2025, Mourya 
and Jayachandran 2024, Bernuzzi and Castiglioni 2001). However, their application 
has been limited to storage structures. Clamped connections for open profiles offer 
another reusable solution, operating through a lever mechanism consistent with the T-
stub approach in Eurocode 3 (Cabaleiro et al. 2017). This article presents the 
development of a modular steel sleeve connection with a wedge locking mechanism, 
designed to improve reusability and reduce reliance on invasive joining techniques. 
The study focuses on an adapted configuration suitable for central column 
applications, where multiple beams connect to a single column. Using nonlinear finite 
element simulations, the connection is assessed in terms of load-bearing capacity, 
stress redistribution, plastic strain development, and moment–rotation response under 
bending and combined axial–bending loading. The performance is further compared 
with conventional welded joints, highlighting the potential of this modular solution to 
combine structural efficiency with sustainability. 

2. Methodology for Modeling and Analysis 

2.1 Connection and profiles 

The investigated system is a modular sleeve-type beam-to-column connection 
equipped with a wedge locking mechanism. This concept eliminates welding and 
drilling of the main members, allowing for full disassembly and reuse. In its adapted 
configuration, the connection is designed for central column applications, enabling up 
to four beams to frame into a square hollow section (SHS) column through a four-
sided steel sleeve. The sleeve provides confinement and mechanical interlock, while 
internal stiffeners enhance stress redistribution and reduce localized plastic strains in 
the joint core. Both the beams and the column are modeled as SHS 350×16 profiles, 
representative of typical structural members used in medium- to high-capacity steel 
frames. The sleeve itself is fabricated with matching internal dimensions to host the 
SHS members, and it is supplemented by 20 mm connecting parts that ensure proper 
clamping and load transfer. Vertical stiffeners, positioned in line with the beam walls, 
improve confinement and structural performance of the joint. Fastener connectors 
simulate the wedge-locking system, providing clamping action without permanent 
modifications to the profiles. This configuration preserves the integrity of the hollow 
sections by avoiding bolted end plates or welded attachments. It is therefore 
compatible with reuse-oriented construction strategies, where components may be 
repeatedly assembled and disassembled without loss of performance. Figures 1 and 2 
illustrate the modular sleeve connection adapted for a central column, showing the 
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assembled system with four SHS 350×16 beams and column, as well as exploded 
views detailing the 20 mm connecting plates, stiffeners, and locking components. 

 

 
Figure 1.  Modular Connection at a central column – (a) 3D & exploded views, (b) Top & Side layout 

drawings with dimensions 

 

 
Figure 2.  Individual loose part of the sleeve connection with its corresponding single parts 

 

2.3 Numerical models 

The central-column connection was modelled in Abaqus (Dassault Systèmes 2021) as 
a modular sleeve with a wedge-locking mechanism joining SHS 350×16 beams to an 
SHS 350×16 column through a four-sided sleeve. The sleeve and its 20 mm 
connecting plates, the column, and the beams were discretized with S4R shell 
elements (four-node, reduced integration). Bolts were represented by fastener 
connector elements, calibrated from the dedicated slip test to reproduce the force–slip 
response used in the shell models; this captures potential inter-component slip without 
explicit solid bolt modelling. Contact was defined via surface-to-surface interaction 
with hard contact in the normal direction and a penalty friction coefficient of μ = 0.4 
tangentially. A mesh size of 15 mm was adopted for all the shell models. The column 
base was fully fixed in translation and rotation. At the top, translations were restrained 
in the global x–y–z directions with rotations free (unless otherwise noted). To reduce 
the model size, only half of the beam span (3 m of the total 6 m) was represented. The 
beam segment was coupled to a reference point located at the mid-span for load 
application, while the supporting columns (each 3 m high) were fully modeled. A 
concentrated vertical load was applied at this mid-span reference point . In the axial-
load variant relevant to the central-column case, an axial force of 2400 kN was 
introduced at the column top, and the top support was released in the z-translation to 
transmit the prescribed axial load. A static standard analysis was used for all the 
models considering also geometric nonlinearity. The mechanical properties of S355 
structural steel were assigned to all primary components in accordance with the 
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recommendations of DNV-RP-C208 (DNV 2013) and the provisions of Eurocode 3, 
Part 1-1 (CEN 2005). Plasticity was modeled using a multilinear stress–strain 
relationship, enabling the simulation to reproduce yielding and strain hardening while 
maintaining numerical stability. In Figure 3 a representation of the shell model is 
shown along with the material constitutive law. 

 
Figure 3.  Shell model for the central column connection and material constitutive law 

 

3. Numerical models results 

Analysis of the equivalent plastic strain distributions indicates that yielding initiates 
not at the column interface, but rather near the sleeve–beam junction (see Figure 4). 
This shift can be attributed to the introduction of internal stiffeners and the central 
positioning of the connecting plates and bolts, which improve confinement and 
promote a more favorable stress distribution within the sleeve. These design 
adaptations delay plastic strain concentration at the column face and encourage hinge 
formation away from the joint core, aligning with the desirable failure mode where 
inelastic rotations are primarily accommodated by the beam. The moment–rotation 
response of the shell model confirms this behavior. The initial rotational stiffness was 
determined as Sj,ini = 110.62 MN·m/rad, placing the joint within the semi-rigid range 
defined by Eurocode 3 (see Figure 5). This performance is comparable to that of 
typical bolted beam-to-column joints. The influence of axial loading was also 
investigated. When axial force was applied to the column, the initial rotational 
stiffness decreased by approximately 18%, from 110.62 to 90.38 MN·m/rad. However, 
the ultimate moment capacity remained essentially unchanged, with Mu ≈  1630 
kN·m in both cases. The yielding moment was reached at My ≈ 1224 kN·m (ϕy ≈ 
12 mrad) without axial load and at My ≈ 1321 kN·m (ϕy ≈ 15 mrad) with axial load. 
In both configurations, the moment–rotation curve plateaued beyond ϕ ≈  80–90 
mrad, indicating stable post-yield behavior. Overall, the adapted sleeve connection 
demonstrates semi-rigid performance with favorable plastic hinge development, stable 
moment capacity under combined axial and bending actions, and resilience 
comparable to conventional bolted joints. 
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Figure 4.  Plastic Strain distribution for the central column connection 

 

 

 

Figure 5.  Moment Rotation response with Eurocode classification zones  

4. Conclusions 

This study presented the numerical assessment of a modular steel sleeve connection 
with a wedge locking mechanism, adapted for central column applications. The results 
confirmed that the connection concept preserves the reusability of structural members 
by eliminating welding and drilling while maintaining structural integrity. Finite 
element simulations showed that yielding is shifted away from the column face toward 
the sleeve–beam interface, a favorable outcome resulting from the addition of internal 
stiffeners and the central positioning of bolts and connecting plates. This configuration 
enhanced stress redistribution and delayed the concentration of plastic strains in the 
joint core. The moment–rotation response placed the joint within the semi-rigid 
classification according to Eurocode 3, with an initial rotational stiffness of 110.62 
MN·m/rad, which is comparable to conventional bolted connections. When axial load 
was introduced, the initial stiffness decreased by approximately 18%, yet the ultimate 
moment capacity remained essentially unchanged at about 1630 kN·m. This indicates 
that the connection maintains stable performance under combined axial and bending 
actions. Overall, the adapted sleeve connection demonstrates the potential to serve as a 
demountable and reusable alternative to traditional welded or bolted joints, providing 
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structural reliability while contributing to more sustainable steel construction 
practices. Further experimental validation and optimization of the sleeve configuration 
are recommended to consolidate these findings and extend their applicability. 
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