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Abstract: To investigate the creep mechanical properties of layered rock slopes with varying dip angles following
excavation unloading, layered phyllite was selected as the research subject. Multistage loading-unloading triaxial
creep tests were conducted to establish a creep model for layered rock masses, taking into account both the
anisotropic characteristics associated with different dip angles and the time-dependent strain-softening
mechanism. The influence of varying dip angles on the creep mechanical properties, long-term strength, and
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deformation and failure characteristics of layered phyllite was analyzed. The experimental results indicate that: (1)
Layered phyllite experiences three sequential stages during multistage loading-unloading triaxial creep:
decelerating creep, steady-state creep, and accelerating creep. Notably, dip angles of 0° and 90° have minimal
impact on these three creep stages. In contrast, rock with a dip angle of 60° transitions into the accelerating creep
stage more rapidly and exhibits the shortest creep duration. (2) The creep rate is significantly influenced by the dip
angle, demonstrating anisotropic characteristics. At the final stress level, the increase in circumferential strain
surpasses that in axial strain, indicating a pronounced effect of rock lateral dilatancy. (3) The long-term strength
initially decreases and then increases as the dip angle rises, reaching its maximum near 45°-60° and
approximately following a “U-shaped” pattern. (4) An elasto-plastic variable body incorporating a dip angle factor
was introduced to establish the LSVISC creep model, which effectively reflects the multistage loading-unloading
creep characteristics of rock masses with varying dip angles. The experimental data align well with the model
curves, accurately characterizing the multistage loading-unloading triaxial creep mechanical properties of phyllite
under different dip angles and quantifying the “U-shaped” variation of creep parameters with respect to dip angle.
This study provides a theoretical foundation for exploring the creep mechanical properties and long-term stability
design of layered rock and soil masses in slope engineering.
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Table 1 Physico-mechanical parameters of layered rock samples

FEHBUH/()  y/kN-m 3 cMPa  @/°)  E/GPa H
0 27.08 14.78 38.56 1645 025
30 27.17 10.49 36.70 14.23 0.23
45 27.11 12.03 36.66 13.95 0.23
60 27.18 13.22 34.25 13.18 0.24
90 27.09 1432 37.39 1584 025
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Table 2  Stress values for multi-level loading triaxial creep

tests on phyllite with varying bedding dips

R =) Z1 72 73 74 z5
BE W) @0%0,) (50%0,) (60%a,) (10% 0, ) (80% o, )

J-0°-1 0 98.23 12279 14735 17191 196.47
J-30°-2 30 65.32 81.65 9798 11431 130.64
J-45°-1 45 49.53 61.91 74.29 86.67 99.05
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J-90°-1 90 129.88  162.34 19481  227.28  259.75
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Table 3 Instantaneous strains at various levels under different bedding dip angles 103
R B B2 EIL Fag BSR
iy & & g & g & g & g A
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unloading creep tests under different bedding angles
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Table 4 Creep strains at various levels under different bedding dip angles 1073

ke B 52 2% B3% AR ERE

i B B B ‘5 . 5.
J-0-3 0.065 —0.114 0.071 —0.043 0.082 —0.086 0.142 —0.123 2.167 —2.283
J-30-1 0.116 —0.014 0.182 —0.146 0.164 —0.088 0.084 —0.022 2.574 —2.819
J-45-3 0.034 —0.130 0.032 —0.002 0.066 —0.008 0.094 —0.034 3.271 —4.603
J-60-2 0.008 —0.011 0.058 —0.027 0.043 —0.006 - - 2.114 —2.355
J-90-4 0.004 —0.069 0.019 —0.002 0.048 —0.003 0.043 —0.010 2.018 —2.146
T e JMFARE RN, o AR RAL, g AN EAR R AL, ey | NI AEFR ] AR
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4.3 SEPHASKHERINE
HTRIEAR, EE 0°, 30°F1 90° E R A
hn - RIS AT R . A SCETM SR S0
Gy K, Gy n My, R E AT
1stOpt AT HIZEAANE LS HORE, A FIELR
A e T HEA Y Quasi-Newton(BFGS) Al 22 %5 4
% Levenberg-Marquardt(LM), #& % % H Levenberg-
Marquardt(LM) + i F 4> /A ALk SR A, #R i)
LSVISC M SN 5~7. LURSE—Hr B n

BN, KL 4t Burger T8 5 A S i et )
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Table 5 Parameters of the improved LSVISC creep model for loading-unloading tests at a 0° bedding dip angle

W e w; /MPa Dy /MPa G, /GPa K/GPa G, /GPa 7, /(GPa * h) 7, /(GPa * h) Rr?
19 98.23 74.10 93.35 74.57 316.20 - 0.995 4
18 122.79 77.39 88.30 75.39 320.63 - 0.986 2

J-0-3 17 147.35 83.49 98.12 63.94 283.52 - 0.997 4
16 171.91 98.97 99.52 57.29 211.76 52.53 0.988 9
15 196.47 42.48 76.38 3.46 63.82 43.69 0.991 5

e ow, BREREEAT,  p, RoRFRIEKT T,
6 307 ZEMGUHIN - EF R LSVISC iF AR S 4y
Table 6 Parameters of the improved LSVISC creep model for loading-unloading tests at a 30° bedding dip angle

B R w, /MPa p, MPa G, /GPa K/GPa G, /GPa m /(GPa+h)  1,/(GPa -« h) R
19 49.53 53.49 63.93 52.86 253.90 - 0.996 8
18 61.91 66.71 64.85 43.94 259.04 - 0.9913

J-30-1 17 74.29 68.32 66.39 39.75 208.56 - 0.984 7
16 86.67 71.02 60.28 14.72 131.86 37.81 0.993 6
15 99.05 24.56 31.63 233 40.11 36.831 0.978 3

RT 907 )2 PEAN - ENAT R LSVISC iR AR B 24
Table 7 Parameters of the improved LSVISC creep model for loading-unloading tests at a 90° bedding dip angle

RS w; /MPa p; /MPa G, /GPa K/GPa G, /GPa 7, /(GPa * h) 77, /(GPa * h) R?
19 129.88 80.25 96.30 62.36 428.48 - 0.990 5
18 162.34 96.35 98.56 70.37 530.92 - 0.9857
17 194.81 103.48 108.39 68.04 433.64 - 0.997 2

o0 16 227.28 103.07 115.38 60.37 384.65 63.36 0.993 4
15 259.75 147.59 83.47 56.35 350.69 62.75 0.994 8
14 292.22 63.08 41.86 13.06 103.57 50.81 0.9830
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Fig.14 Comparison of experimental curves under confining

pressure with fitting curves of two models
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Fig.15 Variation law of damage parameter 77, during the

accelerated creep stage
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