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Table 1 Basic physical parameters of aggregates
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Density/  Bulk density/ . Non-uniformity Curvature
Aggregate type 5 4 Porosity/% . . Apparent state
(t*m™) (t*m™) coefficient coefficient
Full tail sand 2.78 1.22 56.29 0.087 1.237 Layered
Waste rock 2.88 1.68 41.76 25.038 7.727 Lumpy
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Table 2 Chemical constituents of waste rock and tail sand

Aggretate type w(Si0,)/%  w(Ca0)/% wMgO)/%  w(AlLO;)/% w(Fe,0,)/% Remaining content/%
Full tail sand 42.20 3.73 32.71 4.04 12.14 4.94
Waste rock 47.71 16.39 15.22 7.81 7.17 5.58
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Table 3  Filling body strength test results
Sample No. a bl/%  o/MPa o,/MPa o0,/MPa
1 5:5 75 1.91 2.83 5.21
6:4 75 2.12 3.02 5.47
7:3 75 1.85 2.78 5.09
5:5 76 2.17 3.31 5.59
6:4 76 2.44 343 5.83
7:3 76 2.1 3.22 5.38
5:5 77 2.33 3.85 6.61
6:4 77 2.58 4.18 6.76
7:3 77 2.28 3.74 6.37
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Table 4 Evaluation index and sensitivity of regression

model
Curing age RMSE SSE DC a,/%  b,/%
3d 0.0131  0.0015 0.9965 6.07 44.27
7d 0.0433  0.0168 0.9908 8.03 21.10
28d 0.0209  0.0039  0.9987  8.08 98.30
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Table S Slump and expansion of slurry

Sample No. a b/%  Slump/cm Expansion/cm

1 5:5 75 26.5 78.2
2 6:4 75 27.6 105.1
3 7:3 75 28.4 122.9
4 5:5 76 25.8 65.4
5 6:4 76 26.9 86.7
6 7:3 76 28.0 106.1
7 5:5 77 254 57.0
8 6:4 77 26.3 74.5
9 7:3 77 27.7 94.3
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Table 6 Yield stress and plastic viscosity of slurry

Sample ,
b/% ,/Pa w,/(Pa-s) R
No.

1 5:5 75 138.0741 0.7509  0.9993
2 6:4 75 85.8522 0.6476  0.9977
3 7:3 75 72.1795 0.6058  0.9574
4 5:5 76 166.5468 0.7895  0.9489
5 6:4 76 141.2365 0.6921 0.9523
6 7:3 76 124.3658 0.6491 0.9394
7 5:5 77  206.5693 0.8278  0.9743
8 6:4 77 184.3155 0.7424  0.9971
9 7:3 77 169.8819 0.6929  0.9448
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Fig. 12 Change curves of yield stress
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Table 7 Normalized index of filling body quality

/% ON PN O3N Sy Ty ToN HoN
20 0.8878 0.8076 1.0000 0.8610 0.9814 1.0000 1.0000
21 0.9695 0.9447 0.7776 0.8588 0.9797 0.9900 0.9402
22 1.0000 1.0000 0.6041 0.8621 0.9792 0.9802 0.8842
23 0.9792 0.9734 0.4796 0.8711 0.9798 0.9707 0.8319
24 0.9070 0.8650 0.4040 0.8857 0.9815 0.9614 0.7834
25 0.7836 0.6747 0.3773 0.9059 0.9844 0.9523 0.7385
26 0.6088 0.4026 0.3996 0.9316 0.9885 0.9435 0.6975
27 0.3828 0.0486 0.4709 0.9630 0.9937 0.9348 0.6601
28 0.1054 0 0.5911 1.0000 1.0000 0.9265 0.6265
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Fig. 14 Normalized characterization of infill strength
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Fig. 15 Normalized characterization of slurry fluidity
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Water balance model and cost optimization of
waste rock-unclassified pastes slurry

YIN Sheng-hua'*%, HAO Shuo'?, ZHANG Hai-sheng’, YAN Rong-fu'-*

(1. School of Civil and Resource Engineering, University of Science and Technology Beijing,
Beijing 100083, China;
2. Key Laboratory of Ministry of Education for Efficient Mining and Safety of Metal Mines,
University of Science and Technology Beijing, Beijing 100083, China;
3. Mine Division, China ENFI Engineering Corp., Beijing 100038, China)

Abstract: For the problem of "high-concentration slurry is prone to blockage accidents, and high-water-content
slurry is prone to segregation accidents", the strength characteristics test and slurry flow characteristics test of
waste rock and unclassified tailings backfill were carried out. Based on the strength, slump, expansion and
rheological parameters of different filling ratios, the mathematical models of strength parameters, flow parameters
and filling material cost were constructed. The results show that the strength of the filling body, the degree of
slump and the degree of expansion of the slurry increase with the increase of the water content, and the yield stress
and the plastic viscosity of the slurry decrease with the increase of the water. The suitable water content range for
the solution of the strength model is 20.5%-26.0%, and the intensity minimums for 3 d is 1.58 MPa, those for 7 d
and 28 d are 2.50 MPa and 5.20 MPa, respectively. The reasonable range of water content is 22%—-26%, the slump
values are all greater than 25.64 cm, the expansion values are all greater than 44.37 cm, the yield stress values are
all less than 206.7853 Pa, and the plastic viscosity values are all less than 0.7894 Pa-s at the time. The optimized
material cost is 244.84 yuan/m’. The contents of waste rock, unclassified tailings, cement and water inside the
backfill are 0.6535 t/m?, 0.6535 t/m?, 0.3268 t/m’, and 0.5663 t/m>. The recommended water content in the slurry
is 25.74%.

Key words: waste rock and unclassified tailings; strength properties; flow properties; water balance; cost

optimization
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