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Mechanical degradation behavior and damage constitutive model of muddy
siltstone under cyclic wetting and drying conditions
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(1. China Communications Road and Bridge South China Engineering Co., Ltd., Zhongshan 528405, Guangdong, China; 2. School of
Civil Engineering, Southwest Jiaotong University, Chengdu 610031, Sichuan, China)

[ Abstract] Aiming at the deterioration of the mechanical properties of mud siltstone in northern Guangxi Province under the ac-
tion of wet and dry cycles, uniaxial compressive strength tests and SEM tests with different numbers of wet and dry cycles were carried
out, and based on the law of energy evolution, the complete compaction point of mud siltstone was determined, and the segmental dam-
age constitutive model of mud siltstone was constructed. The results show that: (1) After five dry and wet cycles, the uniaxial com-
pressive strength and modulus of elasticity of the siltstone decreased by 90.7% and 81.5%, respectively, and the damage mode changed
from shear damage to tensile-shear composite damage. (2) The point where the dissipated energy is equal to the elastic strain energy is
determined as the complete compaction point, and the compaction strain increases linearly with the increase of the number of dry-wet
cycles. (3) The fitting results of the segmental damage constitutive model match well with the experimental data, which can more ac-
curately describe the deformation and damage characteristics of muddy siltstone under the action of wet and dry cycles. The results of
the study provide data support and theoretical reference for the stability of slopes subjected to rainfall-exposure cycles in Northern
Guangxi.

[ Key words] muddy siltstone; dry and wet cycling; uniaxial compressive strength test; mechanical property deterioration; rock

compaction section; damage constitutive model
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Fig. 1 X-ray diffraction pattern and relative
mineral content
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Fig.2 Results of free soaking test on argillaceous
siltstone sample
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Fig.3 Path diagram of wet-dry cycles
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Fig. 4 Variation in mass loss rate and P-wave velocity of
argillaceous siltstone with number of wet-dry cycles
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Fig. 5 Results of uniaxial compression tests on argillaceous
siltstone under different numbers of wet-dry cycles
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Fig. 11 Damage variable induced by wet-dry cycles in
argillaceous siltstone
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Tab.1 Parameters of the piecewise damage constitutive model for argillaceous siltstone under different numbers of wet-dry

cycles
JREB B
TRAEA K En Dy, £a,/1072 s,/ MPa

m, F, R myy, F,, R
0 0.000 0.62 22.153 2.0419 1.0450 0.9943 34.4300 0.5635 0.9983
1 0.088 0.67 22.017 2.0390 1.1716 0.9943 14.0067 0.5581 0.9936
2 0.342 0.77 19.862 1.8300 1.3975 0.9980 13.9500 0.4061 0.9546
3 0.451 0.77 17.847 1.7469 1.2932 0.9967 8.5985 0.4402 0.9770
4 0.540 0.82 14.680 1.7392 1.4533 0.9933 5.5590 0.6791 0.9692
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Fig. 12 Validation results of the piecewise damage constitutive model for argillaceous siltstone (the blue background in the
Fig. indicates the compaction stage)
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