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Strength and damage characteristics of cemented gangue backfill during saturated immersion
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Hefei Comprehensive National Science Center, Hefei 230031, China; 3. Joint National-Local Enginering Research
Centre for Safe and Precise Coal Mining, Huainan 232001, China)

Abstract: [Objective] Under the influence of backfill slurry, water inrushes in mining face, and water accumulation in
goaves, the water content in cemented gangue backfill varies with the immersion time, thus altering the bearing perform-
ance of the backfill. Investigating the strength and damage characteristics of cemented gangue backfill during saturated
immersion is crucial for maintaining the stability of the backfill and ensuring the safety of coal mines. [Methods] Using
uniaxial compression tests and scanning electron microscopy (SEM) of cemented gangue backfill during saturated im-

mersion, this study analyzed the law of changes in the backfill strength under varying immersion times. Based on the
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statistical distribution of microelement strength, this study established a piecewise damage constitutive model for the ce-
mented gangue backfill in the pre-peak stage. Using SEM, this study revealed the mechanism underlying the strength
weakening of the cemented gangue backfill during saturated immersion. [Results and Conclusions] The results indicate
that during saturated immersion, the cemented gangue backfill under uniaxial compression exhibited significant four-
stage stress-strain curves. In the compaction and closure stage of pores and fractures, the maximum strain/stress and the
strain at the peak stress point were positively correlated with the immersion time, while the peak stress and modulus of
elasticit y were negatively correlated with the immersion time. With an increase in the immersion time, the primary fail-
ure morphologies of the cemented gangue backfill transitioned from shear failure to tension-shear conjugate failure, fi-
nally shifting to longitudinal tensile failure, with the failures concentrated in the central part of the cemented gangue
backfill. This study established a piecewise damage constitutive model for the cemented gangue backfill in the compac-
tion and closure stage of pores and fractures that considered the maximum stress and strain, modulus of elasticity, peak
stress, and strain at the peak stress point. This model was verified using test data, indicating that the model-derived theor-
etical curves were roughly consistent with the test curves. Subjected to the surface tension and lubrication of water, as
well as mineral dissolution, the cemented gangue backfill during saturated immersion manifested a three-stage strength
weakening mechanism. As the cemented gangue backfill was saturated with water, its strength continued to decrease at a
decreasing rate. The results of this study will provide certain data for coal mining based on cemented gangue backfill in
environments with water-rich goaves.

Keywords: saturated immersion; gangue; cemented backfill; uniaxial compression; piecewise damage; constitutive mod-
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fill under different immersion time

R b= S2k B Bk =

W5 n we e AR
A-1 35.09 — 8.35
A-2 KIRIK 349.81 — 8.45
A-3 36.81 — 8.61
B-1 350.55 391.71 21.20
B-2 12 350.23 39.75 21.64
B-3 350.84 39.78 21.44
C-1 356.70 397.93 21.01
C-2 24 35.83 397.60 21.89
C-3 355.35 394.48 21.33
D-1 354.69 396.70 21.32
D-2 48 346.07 389.81 22.19
D-3 35.38 39.86 21.24
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