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Mechanical characteristics of siltstone under staged cyclic
unloading-loading confining pressure

MIAO Shengjun, DUAN Yixuan, LIU Chunkang, LU Xinai
(School of Civil and Resources Engineering, University of Science &. Technology Beijing, Beijing 100083, P. R. China)

Abstract: For engineering practice, conducting experiments with different stress paths to study the mechanical
characteristics of rock masses is essential. In order to study the mechanical characteristics of siltstone under the
special stress path of cyclic unloading-loading of confining pressure, the MTS815 rock mechanics testing system
was used to conduct staged cyclic unloading-loading confining pressure tests at different axial force levels, and
the evolution characteristics of axial and circumferential plastic strain and elastic modulus at different stress
levels were analyzed. The relationship between the energy evolution and the deformation as well as the damage
of the specimens was also analyzed via calculation of dissipated energy. The results show that the hysteresis
loops move in the direction of strain increase as the number of cycles increases, and the stress-strain curves of
unloading-loading confining pressure gradually close, and the overall change of hysteresis loop spacing is from

“sparse” to “dense”. The lower the unloading level is, the lower the modulus of elasticity is, while the lower
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the stress level is, the higher the modulus of elasticity is. Modulus of elasticity is affected by both the axial force

level and the unloading level; the circumferential plastic strain is generally larger than the axial value in a single

cycle, and the resistance to plastic deformation at high axial force levels is stronger than that at low force levels

under the special stress path; the total energy dissipated in the final damage of the rock is positively correlated

with the axial force level to some extent.

Keywords: siltstone; cyclic unloading-loading confining pressure; plastic strain; dissipation energy; rock

mechanics; stress paths
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Table 1 Basic parameters of siltstone rock specimens

ErRes A% /mm 5 /mm Jii /g Wik /(m/s) W /(g/cm?) LR/ % KREKFE/Y%
D-1 49.99 100. 13 419. 34 2632.41 2.13 19. 98 2.27
D-2 49.95 100. 05 418.52 2621.31 2.14 20. 06 2.32
D-3 50. 00 100. 05 421. 39 2619.02 2.15 19. 85 2.18
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Fig.1 MTS815 rock mechanics testing system
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Fig.2 Siltstone rock specimen
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Table 2 Graded cycle unloading-loading confining pressure experimental control procedures
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Fig. 3 Stress path of siltstone cyclic unloading-loading

confining pressure experiment
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Fig. 4 Cyclic unloading-loading confining pressure stress-strain curves under different axial force levels
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Fig. 5 Damage diagrams of rock specimen under cyclic

unloading-loading confining pressure
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different axial force levels

A A A A P - A B T A 2 e A R
6 — U 20 45 SR A R0 AZ 5 108 B 0T 4 I A9 1 AR 2
28, A THR .

Ui
L

9,703

I3

SRS ¢ |
SBPEREAS: & )

&y

(b) Bl -2 1] 7 2 i £
B7 Z#ENTHETREE

Fig.7 Schematic diagram of plastic strain calculation
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