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Failure characteristics of Beishan granite under unloading confining pressures
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Abstract: To better understand the effects of unloading confining pressure on failure mechanism, several trial tests on loading
axial stresses and unloading confining pressures with different unloading rates are performed, and acoustic emission events are
recorded at the same time. In the experiment, five unloading confining pressure rates are set at 0.1, 0.5, 1.0, 1.5 MPa/min and
2.0 MPa/min, and the axial stress loading rate is 10 times the unloading confining pressure rate. Five confining pressures are set
at 5, 10, 15, 20 and 30 MPa under every unloading rate. The variation laws of the acoustic emission events with the unloading
rates are analyzed, the hierarchical clustering is used to divide the acoustic emission events into tensile failure and shear failure,
and the effects of unloading rate, confining pressure, unloading time on the tensile and shear failures are investigated. The
results show: (1) The acoustic emission decreases in the form of power function with the increase of the unloading rate, and the
effects of the unloading rate on the acoustic emission are more obvious when the confining pressure increases; (2) The ratio of
tensile to shear fractures increases with the increasing unloading rate, but it decreases with the increasing confining and
unloading time; (3) b-values decrease with the increase of the confining pressure unloading rate and increase when the
confining pressure increases, and the influences of the unloading rate and confining pressure on the b-values of the tension
fractures are more obvious than those on b values of shear fractures; (4) The local stress state is analyzed by using the Maxwell
model, and the mechanism of variation of tensile and shear fractures is further studied.
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Table 1 Coordinates of acoustic emission sensors (mm)

Ak 1 2 3 4 5 6 7 8

x 0 180 0 -180 0 180 0 -180
y 140 140 140 140 0 0 0 0
z 180 0  -180 0 180 0  -180 0
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Table 2 Number of test specimens

H#Ex Bk R | SR Bk Wl
/MPa'min') /MPa %5 |/(MPa'min') /MPa %5
5 32 5 2-3
10 33 10 2-4
0.1 15 3-5 1.5 15 2-5
20 3-6 20 2-6
30 3-7 30 2-7
5 4-1 5 5-4
10 42 10 5-5
0.5 15 4-3 2.0 15 5-6
20 4-4 20 5-7
30 4-5 30 6-1
5 4-6
10 4-7
1.0 15 5-1
20 5-2
30 53

2 RWERSHH
2.1 BRHEENHH

PR S RARAE— AR R AL e, i — A
B UMES RIS AR AR AR SRR
REIKRHBIBIR, FRSSEIR8E, A A
ERZ o D9 T WIS gl i 26 L R R BRER (s
GiihE S B A A R R A R A, AR
P N B AR A A 2 C(a) P, SEIROE AR
PR A B AT S5 (R, B SE B R IR A
PR S AT R oK B0, AN TR BT A R

FREE, 5. 0l e R S 67 A R AR 331
BONE BEF IR RN
N=aR" (1)

A, NABERMS RN, o b AWEZRE ROVE
BER. UEERILES.

2 (b) 7RG SEAFR T e B S B R (1
A, BEAZ, BEEHEEREN, PR
(KN BN, UL BRI Ry, X A AR A
I . ENRGRARAAE, BIEBR, ARG
T R A OR, EEE AL 10 MPa/min Y, FEXT
PR AR T R AR B, R T 10
MPa/min i 13538 3 A B0 78 A AR 0T B i
SR AN S

10000

—a— 5 MPa
8000 - —e— 10 MPa
—4&— 15 MPa

—¥— 20 MPa
—— 25 MPa

| 1 | |
0 5 10 15 20

HE# 2%/ (MPa-min-1)
(a) RS HMABBEEH AR ENL

-1200 -

-1600 1 1 )

0 g 10 15 20
HZR %/ (MPa-min-1)
(b) P RN HA R BERI R R AL

2 EEREN B L FHEHEME
Fig. 2 Effects of unloading rate on acoustic emission events
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Table 3 Fitting coefficients of a, b under different confining

pressures
JE/MPa a b FHOG R
5 943 -0.759 0.9927
10 1275 -0.649 0.9783
15 1682 -0.665 0.9885
20 1746 -0.695 0.8886
30 2451 -0.561 0.9509
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Fig. 11 Local damage process under different confining pressures
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