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Creep behaviors and constitutive model of transversely isotropic rocks
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Education on Safe Mining of Deep Metal Mines, Northeastern University, Shenyang 110819, China)

Abstract: The bedded carbonaceous slate exhibits transversely isotropic creep properties. The creep behaviors of carbonaceous
slate are studied using the triaxial compressive creep tests on horizontal bedding specimens and vertical bedding specimens.
The creep flow direction is analyzed with the experimental data. It is found that the creep flow directions of the horizontal and
vertical bedding specimens are different. A creep constitutive model for transversely isotropic rocks is proposed. The
constitutive model is composed of creep potential function based on the generalized octahedral shear stress and creep
non-associated flow law. The creep equation is formulated as a function of stress and the irreversible strain, which is defined as
an internal state variable. The method for determining the model parameters is proposed. The creep model, along with the
method of parameter determination, is validated using the test data from this study and literatures. The effect of strain rate on
initial creep state is discussed using the model. The results provide a theoretical basis for understanding the transversely
isotropic creep behaviors of rocks and enriching the basic theory of rock mechanics.
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Fig. 1 Schematic of horizontal bedding and vertical bedding
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Table 1 List of triaxial creep tests

AFE G sy R0 Uit A% {5 /3/MPa [ H/MPa
H5 FH I3 RIRAR 5, 11, 21, 43, 65, 97 5
H10 EH TEIN I ED #53 Fd5AR 22, 43, 108, 11, 22, 43, 76, 108 10
V5 K Oy 2 bk AR 22, 41, 71, 102 5
V3 K PEIN N ED #5348 31, 61, 92, 10, 31, 61, 92 3
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Fig. 2 Triaxial compression creep failures of the specimeans
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Fig. 3 Relationship between deviatoric stress and axial strain
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Fig. 4 Relationship between volumetric strain and axial strain
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Fig. 5 Relationship between axial creep strain and time
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Fig. 6 Relationship between radial creep strain and time
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Fig. 7 Relationship between axial creep rate and time
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Fig. 8 Relationship between radial creep rate and time
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Fig. 9 Deviator stress - axial strain relationship
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Fig. 10 Relationship between volumetric strain and axial strain
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Fig. 11 Relationship between axial creep strain and time
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Fig. 13 Relationship between axial creep rate and time

Kl 14 Jy V3 R RO [l AR 3 A - I TR) 5% 2R 18]
PRI R R I GUEL, AR VIR KK /INGE o I (8] (148
BETRNFE TR E, HEATRSIRARN B R
INEET BL 92 MPa 42 [A) 8 ASHE AT s, EAFIR /)
KPR, B N BURIAR [ 8 A R NN T 5
—INEI B B HS R V3 GURE IRl o i AR A -
I ] 2 2 LA B AR T IR BURASIG AR DR, X T
HS 1R AT V3 U Rl i i AR T 6 - I 1) 5 % &I v i
AITUA I BUR AR AR, I REE N I R thon 2
AT BT IR AR AL SN, BRI AR E A T 5E A2 256
liEssEEShpEATR



ISP 5 A AR T 5 1225

%7 H T, & MREm RS
0.000002 —a % J#%31 MPa
——15JiN#61 MPa
0.000001 —A—55—N#92 MPa
_ —f—55 ;10 MPa
= A —C—HJI#31 MPa
_ﬁ_ Ol el bt N —O—28 — 3461 MPa
= : YL A5 T N%k92 MPa
& -0.000001 |-
®
& -0.000002 |-
NG| A
-0.000003 -
1 1 1 1 1 ]

-0.000004

0 2I0 40 60 80 100 120 140
# I/
14 ZEERIEERR - BfE X FR
Fig. 14 Relationship between radial creep rate and time
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Table 2 Creep parameters of carbonaceous slate
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Fig. 18 Relationship between creep strain and time of specimen
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