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(State Key Laboratory of Geohazard Prevention and Geoenvironment Protection,
Chengdu University of Technology, Chengdu, Sichuan 610059, China)

Abstract: Soft rocks have significant degradation effects when they encounter water. Previous studies focused
mainly on the rheological properties of soft rocks. Water damage of soft rocks under water-rock reactions was
seldom examined. The effects of water damage on soft rocks under water-rock reactions are important in the
guidance of project constructions. Therefore, this article takes the silty mudstone in the central Yunnan area as the
research object, and the triaxial compression creep test on the silty mudstone samples is performedunder dry
conditions, natural water content and saturated water conditions. The test results show that (1) the strain of the
samples with different water content during the initial loading stage is much larger than the strain increase in the
later stage of the stage loading, and the initial loading creep variable gradually increases with the increasing water
content. (2) As the water content increases, the final creep variable gradually increases, and the stress threshold of
the sample entering the accelerated creep stage gradually decreases, but the long-term strength is significantly
reduced. Based on the test results and the damage theory, a nonlinear viscoplastic body is introduced to consider
the effect of water content on creep, and a water damage constitutive model based on the classic Burgers model

with water-rock degradation characteristics is proposed. The parameters are identified by the 1stopt software, and
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the accuracy and adaptability of the model are also verified. The research results can provide a certain reference

for the research on the water damage characteristics of the red rock in central Yunnan.

Keywords: silty sandstone; moisture content; triaxial creep test; constitutive model; the effects of water

damage
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Fig.1 Microstructure of the silty mudstone
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Fig.2 Sample saturated with water
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Table 2 Saturated water content test result

P PETHT BETE SR PREERER/
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Al 52.2 51.2 1.92
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A KSR B2 53.1 51.6 2.90 3.02
B3 54.3 52.6 3.23
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Table 3 Shear strength parameters of different water content

PR N EEHE £ g/ FH% J1C/MPa
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AR (3.02%) 36.48 3.70
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Table 4 Loading schemes with different moisture content

FACRAS 343/ MPa
TR (0%) 7 14 21 28 35 42 —
KIRRAS(1.67%) 4 8 12 16 20 24 28

TR (3.02%) 2 4 6 8 10 — —
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Fig.3 Creep process of the silty mudstone

PR A 7 B O A S R - (] S ARl T A
(P 4), AR K AR i Je — GO IR, B A2
AR 2 R R, BE SR Th iR, 2B R AR R A B A
AR, PG AR TR i S T AT Y A, R T 32
A5 430 R ) JFL I 50 B8 7 AR IR

i KR

w
T

T

8]
T

K

i e PR B AR 3 % /(mm-h )

1 F % J

200 240 280 320
fisf ] /h

B4 hESREM ST EER %

Fig. 4 Creep rate during the accelerated creep
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Fig.5 Isochronous stress-strain curve of the silty mudstone
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Fig. 6 Creep mechanical model of the silty mudstone
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Table S Parametersused in the water damage creep model

TR JIN#R; 71/MPa E,/GPa E,/GPa m/(GPa-h) n2/(GPa-h) n3/(GPa-h) @ R
7 1.68 0.95 82.58 138.21 0.13 0.951
14 1.65 0.93 73.22 120.07 0.15 0.984
R 21 1.60 0.89 71.85 88.15 0.15 0.932
= 28 1.58 0.84 68.43 62.49 0.17 0.911
35 1.56 0.82 52.71 49.75 0.12 0.956
42 1.53 0.77 33.58 30.16 295 0.16 0.973
4 1.4 0.82 71.0 112.4 - 0.12 0.965
8 1.36 0.83 63.5 103.6 - 0.11 0.976
12 127 0.75 63.3 79.3 - 0.13 0.987
FIRARAS 16 1.25 0.68 56.7 50.7 - 0.16 0.988
20 1.18 0.64 46.2 46.1 - 0.17 0.981
24 1.10 0.60 33.5 323 - 0.17 0.963
28 1.13 0.51 27.8 20.5 2.78 0.18 0.950
2 121 0.72 63.44 88.2 0.14 0.955
4 1.18 0.71 60.13 85.3 0.15 0.981
MR 6 1.15 0.68 45.12 62.6 0.12 0.962
8 1.10 0.62 33.98 334 0.14 0.938
10 1.08 0.59 25.79 19.1 2.63 0.16 0.986
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Fig.7 Comparison of the fitted curve and the experimental data
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