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Loading and unloading characteristics of mica-quartz schist and constitutive
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Abstract: In order to illuminate the characteristics of transversely isotropic rock under different stress paths, the triaxial
compressive full tests and the triaxial unloading tests, elevating axial compression and reducing confining pressure, are carried
out on the mica-quartz schist samples from Danba Hydropower Station, which are divided into parallel group and vertical group.
The test results show that, for the loading test, the deformation of parallel group is larger than that of the vertical one, and
deformation exhibits anisotropic feature. For the vertical group, when damaging, the samples form main cracks firstly and
failure surface is connected with secondary cracks, but for the parallel group, failure surface is connected through secondary
cracks directly, illustrating different formation ways of failure surface. With the increasing confining pressure, both the peak
strength and the residual strength are enhanced, and those of the vertical group are larger than those of the parallel group.
Different from those of the triaxial compressive tests, the stress-strain curves of the triaxial unloading tests have obvious drop
sections, and the samples show brittle failure. Moreover, the cohesiveness and friction under loading are prominent over those
under unloading. Eventually, based on the unloading characteristics of mica-quartz schist, the anisotropic coefficient is used to
represent the anisotropic softening during unloading, and a constitutive model for transversely isotropic rock is established. In
addition, the rationality of the constitutive model is verified. The research demonstrates that the results of the proposed
constitutive model agree with the test data, and it can satisfactorily reflect the unloading characteristics of mica-quartz schist.
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Fig. 1 Typical samples of mica-quartz schist
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Table 1 Test schemes
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Fig. 2 Triaxial compression curves of mica-quartz schist
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Fig. 3 Comparison of failure patterns of two groups of samples
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Table 2 Strength parameters of marble based on Mohr-Coulomb

criterion

m 5k PN
o I GAH RS ‘ TR A nRIE S 4L
=l /MPa m%fﬁ%% c/MPa ° /(0) %%3& C @
JE/MPa FE/MPa /MPa /(%)
V22 5 63.00 24.63
V60 10  97.83 51.92
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DI 5 BLAH A5 AT 2 AR R R Y [ e AR
FE, 58 SO S IRL R I R m, HFRIAATH
F;)_CP/FV_CV (1)
m= o

O3, O3,

X K, F 53 AP AT AN B AR A ) I 5
FZ: ¢,y ¢, AT N2 2 B AL O R 45
05, 0y, 73N PAT 4L B 2H G RRR I X 8 )
Bl .

T AN N % ) e P RACRME T REANE], SR
FH R % 1) S Ve R B gt 4B R AR 2 A TAT 4
()& ) SR IR gt a5 R, EAR AT,




88 " + I B ¥ #H 2016 4F
F B A A R T R ECN 0.86. FERTE A RSB E R o

2.2 AREEROZHENET

K 4 g5 7 IR ALENRT N ) - AR il 2k, MEHhTE]
PRI, 2L A P S0 i e 2 245 mT A3 DA AR B B
AL B (ABD, 56 AT Tl s S8 Rl P o B, B
71 - NAZ Az FLAR, R IFAL T3 PR T B s
@ ARB B (BC, 1R ATY IR 4T 1k s 0 [ A 1 BBL
(HNLF) - A AR Y R (K AR ek, k1R
JIi: @iRahErE: (CD), R 1 el Ho Al EE s 25 DR 45F
AR, IR BO™ AR BRI AR T @R BRE B
Bt (DE), fEZMrBefres AL, HEFEC, fhE
ARG MG K ©FGRMBER B (BF), W /1A%,
b 1) 2 AR TRGE G K, A SE AR, H H T RO,
R A — 2 AR .

-0.010 -0.005 0 0.005 0.010 0.015

s
(a) ¥4

-0.015

1 1 1 1 ]
0005 0010 0015 0.020 0.025
REAE

(b) THH

4 AR THRENS - NTH% (BEE: 30 MPa)
Fig. 4 Stress-strain curves of unloading tests (confining pressure
of 30 MPa)
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Table 3 Results of unloading tests
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Fig. 6 Comparison between test results and fitted values of model
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Table 4 Parameters of rock samples
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/MPa /GPa /GPa T2 M
30 35 38 026025 08 1.0  0.93
40 40 43 026022 082 099 097
AT
50 29 33 024021 082 085  0.99
60 41 45 022/0.18 082 080 091
30 23 19 025025 121 099  0.95
40 31 27 0220022 121 099 095
eI

50 42 39 0.21/0.21 1.21 0.81 0.95
60 44 40 0.18/0.18 1.21 0.70 0.95
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