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1. Introduction

Over the past few decades, a number of researches have been conducted to enhance the ductility of
concentric braces, located in the plane of the frame as diagonal braces. The seismic performance of concentric
braces is low because of their poor ductility. Therefore, some building codes, limit their usage. As mentioned
by Murthy (2005), one of the weaknesses of these systems is lower ductility and early buckling under
compressive loading. Various methods have been studied to increase the ductility of concentric braces. Bending
members compared to axial members have more ductility. Hence, adding one bending member to the
concentric bracing system leads to an increase in the ductility of such frames. The use of energy-dissipating
fuses with bending is one such method (Thomopoulos, 2003). Regarding this, the usage of steel rings made of
steel pipes as an energy dissipater has been considered for solving the weakness of ductility. The geometry of
the steel ring would be changed provided that bending was applied. Eventually, these changing cause
dissipation of energy from bending operation. The ductile bracing system has been commonly used throughout
the world, and recently, it has gained wide attention for many applications in steel structures in order to
increase the force reduction factor.

Following this, the main objective of this study is to assess evaluate experimentally the dynamic behavior
of steel ring filled with compressive plastic (S.R.P.) situated at the intersection of the braces. In addition, this
connection was modeled by means of finite element (FE) method employing ABAQUS software, where the effect
of this type of connection on the performance and bearing capacity was investigated.

2. Methodology
2.1. Experimental study

The configuration of the S.R.P. ring is shown in Fig. 1, where ST37 steel was used for inner and outer rings.
Another matter is that the plastic ring with high compressive strength was installed between two steel rings.
The diameters of inner and outer steel rings are 90 and 170 mm, respectively. Meanwhile, the thickness of them
is equal to 7mm. The subjected load in this research is cyclic for simulation of earthquake loads. The method of
loading is according to the proposed method of ATC 40 code (1992). After preparation, the connection was
embedded in the apparatus for applying a load, and then the related strain gauge and displacement gauge were
attached. Later on, loading was performed using a hydraulic jack.
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Fig. 1. Test configuration

2.2. Numerical modeling

Based on the experimental data and results and to study the ductile specimen in more detail, the numerical
software ABAQUS was used to model the ring, and the computational and experimental results were compared.

3. Results and discussion
3.1. Test results

Fig. 2 shows the hysteresis loops push force-vertical displacement plot. The maximum vertical displacement
and corresponding vertical displacement of the system at the end of the tensile elastic limit are 16.01 mm and
5.78 mm, respectively. The maximum vertical displacement and corresponding vertical displacement of the
system at the end of the compressive elastic limit are 11.50 mm and 5.32 mm, respectively. Concerning this
matter, the brace with the S.R.P. ring shows a steady and wide hysteresis curve where a tensile ductility factor
of 2.77 was achieved. The total dissipated energy at the end of the loading cycle is 33400 J.
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Fig. 2. Hysteresis loop push force-displacement plot

3.2. Investigation of stress distribution values in FE model

Based on an experimental study, as presented in Fig. 3, experimental results and numerical model were
compared to each other. As shown in Fig. 3, the accuracy of the FE models is confirmed using outputs of
experimental studies where the numerical curve has a good compatibility with the experimental curve. Another
matter is that the maximum stress of this connection was obtained numerically in the failure zone, as indicated
in experimental results (Fig. 4).
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Fig. 4. Numerical model S.R.P.

4. Conclusions

Results indicate that the S.R.P. constructed from steel plates and plastic has a suitable performance relative
to the pipe ring and exhibits good ductility and energy absorption. The increase in displacement of element
contribute to the reduction of displacement for the frame and therefore leading to more dissipation of energy
using S.R.P. connection. In addition, this connection can enhance the ductility of concentric braces in seismic
loads. Furthermore, the maximum tensile load and corresponding vertical displacement were 99.48 KN, 16.01
mm, respectively, and also the maximum compressive load and corresponding vertical displacement were
101.55 KN and 11.50 mm, respectively.
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