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Abstract 
During the past few decades, with the introduction of modern seismic provisions and the availability of advanced materials several seismic 

retrofit techniques have been de-veloped. FUSEIS beam-link is a steel lateral-load resisting system, which comprises stiff-ness, ductility, easy 
replaceability and architectural versatility, making it a suitable choice for strengthening existing reinforced-concrete buildings. A case study is 
presented, where a deficient structure is upgraded by introducing FUSEIS beam-link systems, first by performing response spectra analysis, then 
refining the results via non-linear static analysis.
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Introduction
The majority of existing buildings in Europe (at least before 

1980) are reinforced concrete (RC), designed and constructed in 
accordance with old regulations that did not mandate adequate de-
tailing and reinforcement for seismic protection. A large number of 
these buildings have already suffered damage since their erection 
due to earthquake activity or other natural hazards, while the rest 
have high probability of collapsing in the future. In general methods 
that have been developed to seismic strengthening such buildings, 
can be classified according to the following scheme:

• Methods to repair/upgrade existing structural elements, 
are based on the idea of increasing the deformation capacity of 
existing members (i.e., epoxy injections, steel or concrete jack-
eting, the use of fibre-reinforced polymers (FRP) etc).

• Methods to add new structural elements that typically 
increase both its strength and stiff-ness, are based on the idea 
of reducing deformation demand of the existing structure (i.e., 
new steel seismic resistant systems, usually X-braces).

Steel systems are very affordable and easy to be placed, but 
they rely on steel yielding for energy dissipation, hence need to be 
repaired after the earthquake. Repairing works can be too difficult  

 
or too expensive to implement, requiring large steel members to 
be replaced and temporary or permanent closure of the building, 
leading to economic loss. This drawback can be solved by means of 
innovative easy-replaceable steel systems such as INERD pin con-
nection, FUSEIS beam and pin link systems [1,2].

As the following graph of Figure 1 illustrates, an efficient selec-
tion of the retrofitting strategies can be done, by first defining the 
structural weaknesses and then choosing the target performance 
level. For example, if we aim to reduce seismic demand on the exist-
ing structure by greatly increasing strength-stiffness at loss of duc-
tility, adding RC walls or steel X-braces may be more appropriate. 
On the contrary if we aim in improving the capacity of the existing 
elements by increasing their ductility, local interventions like FRPs 
may be used. Finally, moderate improvements in both stiffness, 
strength and ductility may be sought by adding relatively flexible 
steel systems such as FUSEIS beam-link system.

Seismic Retrofit Using Fuseis Beam-Link System
The FUSEIS beam-link system [2] is composed of two close-

ly-spaced strong columns, rigidly connected by multiple horizontal 
beams. The beams can be of square hollow section (SHS), circular 
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hollow section (CHS) or I/H-shaped (e.g., IPE or HEA) sections. The 
general layout of the system is given in Figure 2. In order to protect 
the column and the beam-to-column connection against yielding 
and early fracture, reduced beam sections (RBSs) are foreseen at 

the ends of the beams. After a strong earthquake, inelastic defor-
mations will only occur in the RBS of the dissipative beam link ele-
ments, which can be easily replaced.

Figure 1: Effect of different retrofitting design strategies [3].
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Figure 2: Typical plan view and dimensions of FUSEIS beam-link system [2], showing the net distance be-tween the system columns (lnet), 
the total length of the beam (l) and the length between the RBSs (lRBS).
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FUSEIS systems may be used as strengthening method in ex-
isting RC buildings that do not comply with modern seismic reg-
ulations. They are a cost-effective solution in cases where the old 
structure possesses enough ductility so that it can reach its perfor-
mance targets with a moderate increase in stiffness and strength, 
perhaps coupled with some local interventions in critical elements. 
A proposed connection approach with the RC members is by con-
necting the FUSEIS columns to the concrete slab. This type of con-
nection ensures the transfer of the internal forces of the upper FU-

SEIS column to the lower one without imposing excessive stress to 
the existing concrete slab. Local reinforcement of the slab may also 
be needed, to ensure that the diaphragm forces will be transferred 
to the FUSEIS system. The design of the rehabilitation can be per-
formed by modal response spectrum analysis using a proposed be-
haviour factor value of 4.0 [3] or by upgrading the model to include 
the response of structural members beyond the elastic zona and 
perform a pushover analysis (Figure 3).
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Figure 3: (a) 3D view of a numerical model in SAP2000 [4] with FUSEIS beam-link systems in the longitudinal direction. (b) Connection of 
FUSEIS beam-link system with an existing concrete slab (c) Position of FUSEIS beam link systems in a building [3].

Conclusion
The FUSEIS beam-link system may be used successfully for 

rehabilitation of existing structures, leading to smart and efficient 
solutions in terms of architectural interventions, while significantly 
improving the structural behaviour of the structure. Following the 
proposed methodology, the design may be carried out by modal re-
sponse spectrum analysis or pushover analysis.
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