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Unloading strength and failure pattern of marble under true triaxial test
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Abstract: Brittle rocks have high strain energy under high in-situ stress. The quick release of strain energy during
excavation often leads to fast unloading deformation and failure in the rock, which may induce the intense
engineering hazards like rock burst. Based on the real conditions of Jinping Hydropower Station, a series of true
tri-axial unloading tests were carried out under different stress paths together with acoustic emission monitoring
and scanning electron microscopy(SEM) analysis. We investigate the strength characteristics of and the fracture
evolution in the high strain energy rock induced by fast unloading process. The results indicate that the strength
under true tri-axial condition is remarkable smaller than compressive rock strength, characterized by 0.450, -
0.60, , due to the unloading rate effect and the complexity of stress path. Acoustic emission(AE) system is used to
monitor the failure process of rock tests. The characteristics of AE parameters were used to figure out the typical
micro-fracture development of Jinping marble during the tests. The damage of rock initiates during the unloading
cycle, with a number of tensile cracks generated in the specimen. The shear cracks are generated by the
interconnection of tensile cracks to form the fracture, a large amount of elastic strain energy releases at the same

time. The mechanism of the tensile-shear process is remarkably influenced by different stress paths and loading
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rates. This fracture pattern can be interpreted through a combination of modified Griffith’s strength theory,

spalling limit and non-linear Mohr-Coulomb theory. All results can simulate well the different types of unloading

failure process, such as rock burst in the large underground works.

Key words: rock mechanics; high strain energy rock; true triaxial rock test; strength characteristics; fracture

evolution; acoustic emission
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Fig.1 The true triaxial unloading test system
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Fig.2 Stress paths of true triaxial unloading test
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Fig.3 Stress curves of time delayed unloading failure
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Fig.4 Stress curves of instant unloading failure
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Table 1 Experimental results of true triaxial unloading tests
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RIS, Ox Eeii BUA BRI g ROLR 2)R LAk
Bl A A A SRR N A il A SE B R PR3 e T
BEAR, B Z PR AR P 1) 5 5 0 52 0 O R R 2
it R R AR, R 32 2 DL IR )
SE I 2 VSPN IR TN R B o B DRE R T SN
FYat, HRHIE RIS, AR IR
EI R AR MR N B R T R R Z AR
il SRR AR E

2 NI A AR R I A SR i
Table 2 Experimental results of instantaneous unloading with

different unloading rates

WA BRI 5 S A/
45 (MPaes ')  MPa

AT WA IR

SRR B 56 OB NI B
L AR R B O 0
PR PR
BRSBTS
VKA NBUR BT R
PRI RERIE2 30 5, KRR
T B TR e, A
B

PP IR B, F AR o
A ILBCE R0 PRI, TR
DRI it PR, R
SRR 1 min

JpY* 8 90.2

JP10* 9 85.4

P11 10 82.6

JP12* 11 75.4




+2088 - B S TR 2018 4
o ke , 332 — PRy 100
4 BREXIBEBBENHE S o[ Wi 0
s . o g
PRL A S ARR: 2410 7 R B T R S BRI T A ﬁg N . %ﬁ

WA AR BT, AT C R T S R AT ST
BHI A3 252 i B, S, SRS AF(KHz, S
SRR TS FrEm (B () 5 RA (B (ms/V
€ SN ETHE T SIRME A EE)2 NS5 wTRME N
Xl o3 ANRIBT B A Y RB RB 2 RO T AR AR A 2807
e i 6IFTR, AR AR K RA {H(GREIX)
(IR RS 5 RPN KA R AU P A B, T A
AIK AR, & RA (LX) A A SHE S8 W AE
BRI B E

3

FABAF

° RA{%
6 ORISR KD

Fig.6 Crack type classification with AF and RA value

[35]

41 FBESTSEIHE

MR F3d 7 R S S BRSO it X
FeontER, IR S R S o o A A iR R U
44 AF 5 RA R, HEE =Rk sl 2
ANTFIB B Rl R AR AIE ol i ST B S o
R RHEE S RA L AF 1, %8 1 6 [k
W BB A B . R %, iF
HE N 500 N4, WwaPKN 100 NFEAE, F
R T R IS ) AR A T T 28

SEAE 7 A RS BEEOTE S
WAL HTZR, TT LB, g B =4 K&
RS, HIRTERERL, WM S AF EHS
1 RA IS HURFE . IEAHR RS E SR A
& SAHE R, hrok 5 OFAE. Bl fE rn
WIS FE A RS RAEIEZE 0, AF BhRiZdria, M
G WG R, ERHAaE N RS R
BEREN, RO R AF BT ES RAEA 0 2

PR 1 | )
0 20 40 60 80 100 120 140
i} 8] /min
(a)

16 7.

160 —AF 20 _
< 120 - RA "
Z 2
< 80 »
I 8 £
< | =

40 | . , 4 2

] A 1
0 | T i ol Bo — = N 4y
0 0 40 60 80 100 120 140

5} 1) /min
(b)
7 R SRR E R SRS

Fig.7 Time curves of AE parameters
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