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Table 1 Primary element ratio

Mass fraction/%

Element
Tailings A Tailings B Limestone powder

Mg 2.12 0.40 0.58
Al 1.11 3.06 0.69
Si 4.48 16.24 14.2

S 15.86 8.88 0.24
K 0.50 0.67 0.18
Ca 14.03 9.09 33.93
Mn 0.14 0.41 -
Fe 23.10 12.66 0.67
Zn 1.23 1.14 -
As 0.99 1.48 -
Sn 0.37 0.24 -
Sb 0.32 0.35 -
Pb 0.34 0.52 -
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Fig. 1 Particle size distribution of raw materials
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Table 2  Slurry ratio

Group Mass fraction/% Grading parameter
No. Tailings Water Limestone powder Cement Cy C.
Al 56 30 0 14 14.56 0.72
A2 56 30 1.4 12.6 14.68 0.72
A3 56 30 2.1 11.9 14.80 0.73
A4 56 30 2.8 11.2 14.93 0.73
Bl 56 30 0 14 40.02 0.71
B2 56 30 1.4 12.6 44.36 0.64
B3 56 30 2.1 11.9 44.10 0.64
B4 56 30 2.8 11.2 43.83 0.65
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Table 3 Meso experimental data

Uniaxial compression Nuclear magnetic

strength test resonance experiment
Group
No. Intensity Intensity Water Porosity
of 7days/ of 28 days/  content of of 28 days/
MPa MPa 7 days/MPa MPa
Al 0.985 1.652 0.71 1.99
A2 0.838 1.565 1.69 2.39
A3 0.740 1.555 1.81 2.69
A4 0.601 1.575 1.92 2.51
Bl 0.715 1.530 13.20 14.13
B2 0.661 1.245 6.47 13.41
B3 0.588 1.125 7.16 13.37
B4 0.535 1.390 10.87 13.12
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Table 4 Results of gray threshold calculation
Gray threshold

Group Aof Group A of Group B of Group B of
7d(A-7d) 28d(A-28d) 7d(B-7d) 28d(B-28 d)

Group

1 0.41 0.49 0.43 0.46
2 0.40 0.59 0.45 0.38
3 0.43 0.57 0.43 0.38
4 0.42 0.40 0.43 0.49
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Fig. 4 Gray scale—binarized image contrast
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Fourth test
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Fifth test
pint segmentation
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Relative box length: 274 |
Number of boxes: 265 -

Fourth test
point segmentation

Relative box length: 276
Number of boxes: 207!

Sixth test
pint segmentation
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Fig.5 Box dimension calculation: (a) Example of box dimension test; (b) Linear fitting of test results
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Fig. 7 Box dimension analysis: (a) Box dimension contrast; (b) Rate of change of box dimension
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Cross scale correlation characteristics of
pore structure and meso parameters of filling body

HU Jian-hua, JIANG Quan, REN Qi-fan, DING Xiao-tian

(College of resources and safety engineering, Central South University, Changsha 410083, China)

Abstract: Pore structure characteristics of filling bodies directly influence the mechanical features of the filling materials,
which is the foundation of the multi-scale mechanics study of the filling bodies. On the basis of stereology and fractal
theory, filling bodies pore structure SEM images was utilized, OTSU method and box counting method were used to
calculate the filling body pore structure fractal dimension. The quantitative characterizations of pore structure of filling
materials were obtained to analyze the correlations between fractal dimension and uniaxial compressive strength,
moisture content, porosity and other meso parameters of filling bodies. Then the cross scale correlation between SEM
quantitative image analysis and meso parameters of filling bodies were analyzed. The results show that the micro pore
structure fractal dimension of filling bodies can characterize the complexity of filling body pore structure; a certain
relationship exists between the fractal dimension of pore structure and the meso parameters of filling bodies, fractal
dimension has a negative correlation with the uniaxial compressive strength, while there is a positive correlation between
fractal dimension and water content; the correlation curves between pore structure characteristics fractal dimension and
uniaxial compressive strength and water content are established, the association eigenvalue mean variances are obtained,
the fractal dimension and uniaxial compressive strength mean square deviations is R, =—0.638, while the value of fractal
dimension and water contentis R, =0.604.

Key words: filling body; fractal dimension; pore structure; correlation
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