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Creep Characteristics and Constitutive Model of Composite Filling Structure with Strong-Weak Combination
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Abstract: The composite filling structure with strong-weak combination formed by the two-step filling mining bears the roof
load jointly, and its overall creep characteristics directly affect the long-term stability of the filling stope. Uniaxial step-loading
creep tests were carried out to analyze the influence of different combinations of strong and weak media on the creep
characteristics of composite filling specimens. On this basis, considering the time-dependent degradation effect of material
mechanical properties and the characteristics of the accelerated creep stage, an improved Nishihara model capable of
characterizing the creep characteristics of the composite filling structure was established. The study shows that the strong media
has a more significant impact on the overall creep characteristics of the composite specimens. As the strength of the strong
media increases from 23.60 MPa to 33.80 MPa, the elastic modulus increases from 1.85 GPa to 2.18 GPa, and the axial creep
increments under the first three stress levels decrease by 59.72% . 57.35%, and 55.08% , respectively. The instantaneous creep
rates decrease by 31.55%, 21.46% , and 23.14% . respectively. The transverse strain difference between the strong-weak media
increases from 260 pe, 368 pe, and 524 pe to 685 pe, 895 pe, and 1 032 pe, respectively. The overall creep failure mode of the
specimens transforms from shear failure to compressive splitting failure. The improved Nishihara model achieves a fitting
accuracy exceeding 0. 93 for the experimental data, effectively simulating the entire creep process of the composite filling
structure.
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Table 1 Slurry mix proportions and mechanical

parameters of strong and weak medias
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Al 1:6 78 4.85 0.51
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A3 1:10 78 — 2.10 0.16
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Fig.1 Specimen preparation and creep test system
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Table 2 Uniaxial compression test results of

strong-weak composite specimens
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Fig.2 Creep curves of composite specimens with different strong-weak combinations
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Fig.6 Creep rate curves of composite specimens with different weak media A
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Fig.9 Creep rate curves of composite specimens under different media B
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Fig.10 Creep rate curves at the first stress level for

composite specimens under different media B
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Table 4 Fitting formulas for initial deformation modulus

of composite specimens at different stress levels
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Fig.13 Variation curves of deformation modulus with time and stress for composite specimens under the first three stress levels
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Table 5 Fitting formulas for deformation modulus of composite specimens at different stress levels
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Fig.14 Modified Nishihara model for

composite backfill specimens
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Fig.15 Creep fitting curves of composite specimens with different strength combinations
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Table 6 Fitting results of creep parameters for

composite specimen A1-B3

NEY/ E‘l/ E‘z/ \7]1/ ‘7]2/ Nt/ C plagE
MPa  GPa GPa  (GPa+h) (GPa-+h) (GPa- h?)
6.57 0.554 44 45.797 41 4.324 71 — — 0.964 57
8.54 0.664 47 39.453 79 2.508 97 — — 0.989 31
10.51 0.729 59 33.256 11 2.572 15 126.090 92 0.984 59

12.48 0.887 36 3.455 70 2.190 08 132.206 35 5.876 89 0.988 28
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