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Analysis of Influencing Factors of Fluidity and Strength for Ultra-Fine Tailings Filling Materials and Prediction of Proportioning
LIN Weizin'?*, JIANG Ke'?, GONG Yongchao'?, JIA Haoqi"*, YU Zhenjian®, OU Renze'*, JIA Yuefei®
(1.Changsha Institute of Mining Research Co., Ltd., Changsha, Hunan 410012, China;
2.State Key Laboratory of Safety Technology of Metal Mine, Changsha, Hunan 410012, China;
3.Anhui Development Mining Co., Ltd., Lu’an, Anhui 237191, China)

Abstract: Taking the ultra-fine mine tailings as the experimental research object, the optimum mass concentration of the slurry
under the conditions of gravity flow and pumping was explored through slump tests. strength ratio tests and response surface
analysis. The key factors affecting the compressive strength of the backfill were analyzed. and the NGO-BP neural network
model was used to predict the strength of the specimen. The results show that the optimum mass concentration is about 74 %
when the pump pressure is transported, and the optimum mass concentration is about 70% when the gravity flow is
transported. When the cement-sand ratio is 1+ 4, 1 : 6, 1 : 8 and 1 ¢ 20, the 7 d strength of the backfill at each mass
concentration reaches 0.8 MPa, and the 28 d strength reaches 1.5 MPa, which meets the strength requirements. When the
cement-sand ratio remains unchanged, the strength of the specimen will increase with the increase of mass concentration and
the extension of curing age. When other variables remain unchanged, the effect of cement-sand ratio on the strength of the
specimen is particularly obvious. The higher the cement-sand ratio, the higher the strength of the specimen. The average
absolute error (MAE), average relative percentage error (MAPE), mean square error (MSE), root mean square error
(RMSE) predicted by NGO-BP neural network decreases by 0.47, 0.70, 0.96, 0.66, respectively, and the coefficient of
determination (R?) increases by 0.26 compared with BP neural network at 7 d of curing. NGO-BP neural network model can be
used to guide the filling ratio of production practice, and provide a new idea for the optimization of filling ratio.

Key words: Ultra-fine tailings, Slump, Compressive strength, Response surface analysis, NGO-BP neural network prediction
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Table 1 Particle content of tailings

itz / pm it/ % it/ %
-5 6.54 6.54
—10~-+5 8.58 15.12
—20~-+10 14.22 29.34
—50~-+20 21.99 51.33
—75~+50 9.88 61.21
—100~+75 10.67 71.88
—200~+100 17.24 89.12
—250~+200 1.10 90.22
—300~+250 3.23 93.45
—350~+300 2.01 95.46
—400~+350 3.17 98.63
—500~+400 1.37 100.00
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Fig.1 Particle size distribution of unclassified tailings
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Table 2 Results of slump test

TR B/ % KHD L YH& B2 /em

78 1:4 9.7

76 1:4 22.5

74 1:4 27.0

72 1:4 28.2

70 1:4 28.4

68 1:4 28.8
S s 1.6 0.1

76 1:6 23.6

74 1:6 27.5

72 1:6 28.4

70 1:6 28.7

68 1:6 28.8
7 1+ T 0.9

76 1:8 24.1

74 1:8 27.7

72 1:8 28.5

70 1:8 28.8

68 1:8 29.0
R 1:20 7 1.5

76 1:20 25.8

74 1:20 27.9

72 1:20 28.6

70 1:20 28.9

68 1: 20 29.1
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Fig.2 Slump change curves of slurry with

different ceme-sand ratios
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Table 3 Economic costs of slurry with

cement-sand ratio of 1 : 4

RgE| A = A/ (G /m?)
2R 176/t 0.98 t/m? 0.98
KU 350 JG/t 0.326 t/m® 114.10
JHH 0.6 76/ (kW + h) 3(kW « h)/m? 1.80
HIK 0.6 JG/m? 0.5 m®/m? 0.30
AT 220 76/ (A = 3B 0.02CA « 3B /m? 4.40
oAt 5.00
Gt 126.58

R3 OIEVLE 1: 20 IRREFRAE
Table 3 Economic costs of slurry with

cement-sand ratio of 1 : 20

i H HAfy Ji= WA/ (G6/m?)
2R 1JC/t 1.24 t/m? 1.24
S3=G R 450 JG/t 0.062 t/m? 27.90

i LEN 0.6 76/ (kW « h) 3(kW + h)/m? 1.80

HIK 0.6 JG/m® 0.5 m*/m? 0.30

AT 220 76/ (A = BE) 0.02CA « ¥£)/m? 4.40

HoAts 5.00

At 40.64
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Table 5 Test results of compressive strength of backfill

. 5 YL B / MPa
Gy kpw OO =
WRE/ % 3d 7d 28 d
1 1:4 70 2.27 3.97 5.74
2 1:4 68 1.98 3.33 5.03
3 1:6 70 1.65 3.14 4.30
1 1:6 68 1.45 2.38 3.79
5 1:8 70 1.23 2.21 3.89
6 1:8 68 1.02 1.89 3.44
7 1:10 70 1.09 2.01 3.56
8 1:10 68 0.83 1.56 3.22
9 1:12 70 0.78 1.74 2.85
10 1:12 68 0.57 1.23 2.45
11 1:20 70 0.56 1.37 1.92
12 1:20 68 0.45 1.22 1.90
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Fig.3 Curves of experimental results for strength ratio
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Table 6 Compressive strength of backfill with different

I

cement-sand ratios and mass concentrations

- _— m@%y LR/ MPa
B/ % 3d 7d 28 d
1 1:2 74 4.36 7.36 8.45
2 1:4 74 3.73 6.35 7.28
3 1:6 74 3.56 6.25 7.21
4 1:8 74 2.98 6.01 7.08
5 1:10 74 2.78 5.89 6.95
6 1:12 74 2.45 5.55 6.45
7 1:20 74 2.11 5.31 6.34
8 1:2 72 4.15 7.21 8.19
9 1:4 72 3.67 6.89 7.99
10 1:6 72 3.42 6.45 7.55
11 1:8 72 2.85 5.92 6.93
12 1:10 72 2.63 5.73 6.83
13 1:12 72 2.39 5.42 6.45
14 1:20 72 1.98 4.99 5.99
15 1:2 70 2.68 5.88 6.85
16 1:4 70 2.27 3.97 5.74
17 1:6 70 1.65 3.14 4.30
18 1:8 70 0.97 2.38 3.11
19 1:10 70 0.89 2.21 3.02
20 1:12 70 0.78 1.94 2.55
21 1:20 70 0.56 1.37 1.92
22 1:2 68 2.01 3.95 5.45
23 1:4 68 1.98 3.33 5.03
24 1:6 68 1.45 2.38 3.79
25 1:8 68 0.83 1.37 2.43
26 1:10 68 0.75 1.29 2.24
27 1:12 68 0.56 1.25 2.01
28 1:20 68 0.45 1.22 1.90
29 1:2 66 1.95 3.86 4,98
30 1:4 66 1.35 3.11 4.45
31 1:6 66 1.07 1.98 4.02
32 1:8 66 0.75 1.45 3.95
33 1:10 66 0.65 1.13 3.45
34 1:12 66 0.25 1.04 3.21
35 1:20 66 0.19 0.98 3.01
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Fig.6 The iterative optimal fitness curves of NGO-BP

neural network model under different curing ages
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Fig.7 The prediction results of each model

under different curing ages
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Table 7 Prediction differences between the

two models at different curing ages

Fyy BEY: MAE MAPE MSE RMSE — R?
3d BP 0.75 0.16 1.13 1.04 0.85
NGO-BP 0.42 0.09 0.27 0.41 0.97
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