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Fig. 1 Test configuration diagram
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Tab.1 Quasi-static compression test specimen
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Fig. 4 Schematic diagram of axial compression instability of tubular carbon steel
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Fig.5 Deformation field evolution cloud map at 2mm/min ballast rate
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Experimental research on energy absorption characteristics of
tubular carbon steel axial compression deformation

LU Xiangfeng'?, WANG Yuxiao'?, CHEN Yan®, DU Botong' » MA Rongping', LI Cantian'

(1. School of Civil and Resource Engineering School, University of Science and Technology Beijing, Beijing 100083, China; 2. Beijing Key
Laboratory of Urban Underground Space Engineering, University of Science and Technology Beijing, Beijing 100083, China; 3. Beijing
Guodian Jingwei Engineering Technology Co. , Ltd. , Beijing 100192, China)

Abstract: In the process of underground coal mining, carbon steel support members absorb the energy
released by surrounding rocks, which is an important way to reduce dynamic disasters. However, the
law of deformation energy absorption characteristics of carbon steel support members is still unclear.
In this paper, the research method combining axial compressive load, optical digital speckle and
acoustic emission synchronous monitoring is used to explore the progressive buckling failure mode and
deformation energy absorption characteristics of three typical carbon steel materials (Q235, Q460,
Q690) under tubular axial compression. The speckle deformation field and acoustic emission energy
spectrum evolution law of tubular carbon steel in the whole process of ballasting were studied, in
order to reveal the intrinsic relationship between the axial compression deformation and energy
absorption of tubular carbon steel. Research indicates: (1) The uranium compression deformation
process of the three tubular carbon steels is divided into three stages: elastic stage, plastic stage and
buckling compaction stage. (2) The deformation of Q235 tubular carbon steel under uranium
compression is in the form of lateral compression and expansion, and the failure mode is “ring-type”
instability mode. The axial compression of Q460 and Q690 tubular carbon steel is in the form of
longitudinal bending, and the failure mode is “diamond” stable mode. (3) Comparing and analyzing
the energy absorption effect of three kinds of tubular carbon steel, it can be concluded that Q460 has
the best energy absorption effect. The total energy absorption value of Q235 and Q690 are 82. 5% and
77.84% of that of Q460, respectively. The above research results can provide a theoretical reference
for the selection of surrounding rock energy-absorbing protection steel and structure.

Keywords: tubular carbon steel; axial compression deformation; energy absorption characteristics;

failure mode; experimental study



