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Evolution of Strength and Pore Characteristics of High-
Concentration Backfill Under Influence of Sand-to-
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Abstract: The mechanical strength of the high-concentration backfill produced using sand and
stone from the Chifeng Chaihulanzi Mine is significantly influenced by mass fraction, binder
ratio, and curing age, showing regular patterns of change. However, no distinct variation pattern
is observed with changes in the sand-to-aggregate ratio. To further explore the mechanism of the
sand-to-aggregate ratio’ s impact on the characteristics of the high-concentration backfill material,
mercury intrusion porosimetry (MIP) was used to analyze pore structures in detail. The results
indicate a negative correlation between the strength of the backfill material and the volume
fraction of mesopores and macropores, as well as porosity. By integrating fractal dimension
theory and validating the results, a strong negative correlation is identified between strength and
the proportion of pores larger than 1. 0 um. Therefore, the relationship between strength and pore
structure can be quantitatively characterized by the volume percentage of pores larger than 1. 0 um.
This study reveals the microscopic mechanism underlying the strength evolution of high-
concentration backfill materials under different sand-to-aggregate ratio conditions, providing a
basis for optimizing backfill materials in similar mining operations.
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Table 1 Mass distribution of aggregate in different
particle size ranges
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Fig. 1 Particle size distribution curves of fine sand
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Table 2 Main components of fine sand

(mass fraction) %
SiO, CaO Al 0, Fe,O, MgO
39.85 18.57 16.91 9.97 9.82
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Table 3 Uniaxial compressive testing protocol
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Fig. 5 Fitting curves of curing age versus strength
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Table 5 Pore classification of filling materials
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Fig. 7 Pore distribution curves and pore fractal curves
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Table 6 Fractal dimension of pores under different particle size intervals and working conditions
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llrEagalE Sy WAL >0.5um  >1.0pm  >2.0pm  >0.5um  >1.Opm  >2.0um
PBI 0. 145 0.35 0.04050  0.02111  0.01362  2.95950  2.97889  2.98638
PB2 0. 145 0. 40 0.03056  0.01630  0.01269  2.96944  2.98370  2.987 31
PB3 0. 145 0.45 0.02979  0.01240  0.00977  2.97021  2.98760  2.99023
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PB6 0.170 0.45 0.03556  0.01955  0.01325  2.96444  2.98045  2.98675
PB7 0.195 0.35 0.04866  0.02596  0.02011  2.95134  2.97404  2.97989
PBS 0. 195 0. 40 0.04596  0.02501  0.01750  2.95404  2.97499  2.98250
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Table 7 Mass distribution of pore size intervals in
backfill materials with varying proportions

T >0 umFLBR A /% FEHUPDRISRE /MPa
PBI 0.265 8 12.98
PB2 0.2895 9.82
PB3 0.2961 9.6l
PB4 0.2579 13.57
PB5 0.2617 13.39
PB6 0.268 1 11. 67
PB7 0.1926 18. 18
PBS 0.2156 17.85
PB9 0.246 9 15. 88
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