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Mechanical property of thick-walled hollow cylinders of sandstone with filling

LI Xi-bing, WU Qiu-hong, DONG Long-jun, CHEN Lu, XIE Xiao-feng, ZHANG Chu-xuan
(School of Resource and Safety Engineering, Central South University, Changsha 410083, China)

Abstract: Based on uniaxial and pseudo-triaxial compression tests, the effect of support on the strength, deformation and
failure characteristics of circular roadway is simulated by using solid specimens, thick-walled hollow cylinder specimens and
thick wall cylinder specimens with aluminum rod. The tests indicate that: (1) The uniaxial compressive strength and elastic
modulus of solid specimens and filled specimens are roughly the same, and those of the cylinder specimens are decreased by
31.8% and 22.4%; (2) When the thick-wall cylinder specimens have layered destruction along the circumference under triaxial
compression, the shear area decreases with the increase of confining pressure, and collapse hole appears when the confining
pressure is 40 MPa; (3) Filling have significant influence on mechanical properties of specimens when the filled specimens
enter the plastic deformation, and it can change the rock stress state and make the two-dimensional stress state of inner wall
back to the three-dimensional stress state; (4) Filling can cause inhibition of larger lateral displacement of inner wall and
prevent the rock of free surface fall off; (5) Rock failure doesn't mean that the bearing capacity disappears, rock of filled
specimens loses cohesive force, and the bearing capacity of filled specimens mainly depends on friction forces of filling and
rock and rock fractures.
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Fig. 2 Uniaxial compression stress-strain curves of sandstone
specimens
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Table 1 Mechanical parameters of sandstone specimens

TY p Vo o E
R /(kgm®) /(ms™) /MPa /GPa
A-1 2398.0 4141.7 105.9 25.7
A-2 2416.6 4096.4 100.5 24.5
A3 2488.6 4375.6 93.9 14.7
B-1 2461.8 4024.0 73.8 13.5
B-2 2457.3 4288.5 66.5 16.0
B-3 2422.6 4216.7 57.7 13.9
B-4 2385.5 4187.5 72.5 26.4
C-1 2392.0 4150.4 92.6 24.4
Cc-2 2374.5 3996.0 94.0 22.4
C-3 2370.9 4560.4 107.5 23.8
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Fig. 3 Triaxial compression stress-strain curves of sandstone
specimens
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Table 2 Mechanical parameters of sandstone specimens

W ES P v, o, o, E
g Mkgm®)  mgly  MPa  /MPa  /GPa
A4 22162 3940.0 10 170.6 27.5
A-5 2418.4 41417 20 220.9 27.9
A-6 24742 41141 30 2393 28.3
A7 21255 47619 40 284.8 29.0
B-5 23944  4635.0 10 175.9 22.7
B-6 2408.0 4150.0 20 205.2 22.1
B-7 2419.1  3980.0 30 205.6 21.4
B-8 24193 42141 40 245.7 21.9
C-5 23959 4170.8 10 160.9 28.1
Cc-6 2452.4 4048.0 20 216.2 28.2
c-7 2513.9 44519 30 270.7 29.5
C-8 24476 4072.0 40 297.8 29.0
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Fig. 4 Relation between strength and confining pressure of

sandstone
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