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Abstract: Based on the theory of particle flow code, the failure process of tuffaceous sandstone with a pre-existing
circular opening is simulated by numerical experiments under uniaxial, biaxial and triaxial compressions. And the
impact of different loading modes is analyzed from the view of peak strength, microcrack and energy. The results
show that the failure of rock specimen starts around the opening regardless of loading modes. The deformation of
opening under uniaxial compression is different from that under biaxial and triaxial compressions. And a
macro-crack is formed on the side of rock specimen under uniaxial compression. Peak strength of rock specimen
under triaxial compression is larger than that of biaxial compression at the same confining pressure. And the
difference of peak strength between biaxial and triaxial compressions increases with the increase of confining
pressure. Crack-initiation stress decreases with the increase of confining pressure under biaxial compression, while
crack-initiation stress increases with the increase of confining pressure under triaxial compression. The change
process of strain energy can reflect the failure process of rock specimen. And its peak value is greatly influenced
by confining pressure. The change process of dissipated energy can reflect the extent of slip and friction between
microscopic particles. And its change law is related to loading modes and confining pressure.
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Fig.1 Force-displacement behavior of grain-cement system*
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Fig.2 Discrete element model of rock specimen under uniaxial

compression
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Table 1 Micro parameters of rock specimen
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Fig.3 Axial stress-axial strain relationship of experimental and
numerical analysis under uniaxial compression condition
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Table 2 Macroscopic mechanical parameters of rock specimen
under uniaxial compression condition

ERAE FpYERCRE EIGPa HKAELY  HARIPURRE o, /MPa
IR 73.63 0.18 338.85
FAEAL 76.10£0.74  0.177+0.003 332.74+5.31

32 HEERRITEAR
ST N B 1) 52 2 AN LI AT I T IR
fl, A SCRHIEAR 09T & LI R AR I R

>



* 3858 «

HA 1 TRER

2012 4F

B 4 S B LI R . SRR RS2 100
mmx40 mm, & 100 mm. L hn#k 4o S U
A U AR AN = A, G SR — 2l s 45 5oy
M7 ZE R L3R 3.

100 mm

X -

(b) BEROGH

(a) JLITRERY

%m‘mﬁ @m‘m&
O —lo|-_&

—_— -

—_— -

(©) ARG (d) ARG %
Bl 4 5L

Fig.4 Model of rock specimen with a circular opening
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Table 3 Analysis schemes of biaxial/triaxial test
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Fig.5 Failure process of rock specimen under uniaxial

compression
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Fig.6 Relation curves of axial stress and number of
microcracks with axial strain of rock specimen
under uniaxial compression
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Fig.7 Energy-axial strain curves of rock specimen under
uniaxial compression
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Fig.9 Axial stress-axial strain curves of rock specimen under
biaxial compression
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