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Strength criterion for Jurassic sandy mudstone based on energy theory
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Abstract: In order to clarify the physical and mechanical properties, energy evolution law and failure mechanical
behavior of the weakly cemented Jurassic sandstone mudstone in the western region, triaxial compression tests are
carried out on the weakly cemented Jurassic sandstone mudstone under natural and saturated conditions. Based on
the experimental outcomes and the principle of energy conservation, the physical and mechanical characteristics,

modes of failure, and energy evolution laws of the sandstone mudstone under both conditions have been
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determined. Furthermore, an energy intensity criterion for the sandstone mudstone has been developed based on its
nonlinear relationship between the density of elastic potential energy and confining pressure, complemented by the
provision of an appropriate formula for calculating shear stress. Ultimately, the validity of the energy intensity
criterion has been confirmed by comparing it with three classical strength criteria against experimental outcomes.
The study shows that, (1) both the peak strength and the softening coefficient of the sandstone mudstone under
two different states increase with confining pressure, yet the rate at which the softening coefficient increases is
inversely related to the confining pressure; under uniaxial conditions, the failure mode is characterized by splitting
tensile rupture, and under triaxial conditions, the failure mode is characterized by shear rupture. (2) Both the total
strain energy density and the dissipated energy density of the sandstone mudstone under the two conditions are
directly proportional to axial strain, while the elastic energy density increases initially and then decreases as axial
strain grows; at the peak stress, the total strain energy density, elastic energy density, and dissipated energy density
all show a nonlinear increase with rising confining pressure. (3) The energy intensity criterion is represented as an
equilateral but non-isosceles hexagon on the deviatoric plane and as an irregular hexagonal pyramid in the
principal stress space, characterized by well-defined physical meanings of its parameters and a simple solution
approach. (4) In contrast to other strength criteria, the energy intensity criterion, along with its formula for
calculating shear stress, provides greater precision in calculations and covers a wider scope of applications. The
research outcomes can offer beneficial insights for the investigation of strength criteria for Jurassic sandstone
mudstone in the western areas, as well as for analogous weakly cemented geological formations.

Key words: rock mechanics; weakly cemented sandy mudstone; triaxial compression; elastic strain energy;

strength criterion; energy evolution
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Table 1 Physico-mechanics parameters of Jurassic sandy mudstone
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Table 2 Mechanical parameters of Jurassic sandy mudstone

[ E/MPa K& VEAH SRS /MPa SRPERIE/GPa VARALL
0 HARIRZS 31.59 8.29 0.223
0 AR ZS 19.13 4.01 0.244
1 HARIRZS 39.35 8.43 0219
1 HACIRZS 25.79 4.73 0.237
5 HRIRE 61.21 8.70 0.209
5 HIACIRZS 43.31 4.85 0.221
8 HRIRE 71.65 9.01 0.201
8 HACIRZS 50.86 5.27 0.209

12 HARIRZS 86.16 10.34 0.195
12 HIACIRZS 62.68 6.11 0.199
15 HARIRZS 97.14 11.38 0.193
15 HIACIRZS 71.01 7.15 0.195
20 HARIRZS 111.82 12.63 0.192
20 HIACIRZS 82.37 8.27 0.193
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Table 3 The average relative error of the first principal stress
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