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Double rectangular tube assembled BRB composition and its end 
structure are given. 
Seven pinned DRT-ABRB specimens are characterised using the axial 
cycle test. 
The failure mode and energy consumption capacity of the DRT-ABRB 
are investigated. 
Four types of failure modes of the pinned DRT-ABRB are shown on. 
The DRT-ABRB with restricted end rotation, its hysteretic behaviour is 
improved. 
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Layouts of the DRT-ABRB 

Each DRT-ABRB is composed of an internal core member, external restraining members, and 
an un-bonded material between them. The external restraining members of the DRT-ABRB 
consist of an upper and a lower rectangular tube, each of which is fastened via high-strength 
bolts and cushion blocks. The external rectangular tube can be soldered by using a cover plate 
and channel steel or four flat plates. The external cover plate should be wider than the internal 
core member to enable the bolts to be fastened easily. The corresponding holes should be set 
in the extension place, in which the bolts are arranged along the longitudinal direction of the 
member, and a pair of strengthening bolts should be added to the external end to ensure a 
reliable connection between the upper and lower rectangular tubes.  
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Test program 
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The hysteresis experiment was conducted using a 
600t tension and compression actuator at the 
Structure Laboratory of Tsinghua University, China. 
Both ends of the specimens were connected to the 
actuator and reaction frames through a flange and 
pinned joints. The flange of the pinned joint was 
constructed with a 50-mm-thick Q345 steel plate, 
and a 10.9 M30 high strength bolt was used as the 
connecting bolt. The loading law adopted in this test 
may be di-vided into two stages. JZ
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Failure mode and failure mechanism 

The DRT-ABRB specimens in this study showed four failure modes: (1) extended 
strengthened core bending failure, (2) external end local pressure- bearing failure, (3) multi-
wave local buckling failure, and (4) overall buckling failure  
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Hysteresis curve 

These hysteresis curves show that all the tested specimens had a relatively stable hysteretic 
behaviour, with a plump hysteresis curve and adequate energy dissipation capacity. 
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Mechanical properties of BRB 
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Conclusions 
 In this study, cyclic loading tests of seven DRT-ABRB specimens were conducted 

to consider the influence of different design parameters on the hysteretic 
behaviour and energy dissipation characteristics of DRT-ABRBs and to investigate 
the failure mechanisms that may arise. Based on the experimental results, the 
following conclusions can be drawn: 

 1. When the external cover plate is thinner, the external member end of a DRT-
ABRB will easily undergo local pressure-bearing failure. This failure mode can be 
avoided by implementing reasonable construction measures. 

 2. When the extended strengthened core region had a smaller stiffness, a larger 
end rotation of the BRB was observed, which was shown to be disadvantageous to 
its overall performance. 

 3. The observed hysteretic behaviour of the DRT-ABRB with restricted end 
rotation was superior to that of a pure pinned DRT-ABRB. However, the 
additional bending moment of the BRB’s connecting joints tended to increase. 

 4. All DRT-ABRB specimens showed an excellent energy dissipation performance 
and verified the rationality of the BRB specimens’ construction details, thereby 
providing a sufficient and reliable basis for engineering applications. JZ
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