ISSN 1005 —2763 FABRE A F 455 F 12 8 2025 4 12 A
CN 43 -1215/TD MINING R & D, Vol.45,No.12 Dec. 2025

R XxEy BEWthEREGEREKCNFES
M HREI R R ME M &N EB L

JUARD? A B AT B S, AR R R

A KPH I RBEARTEAR, W K 4100125
2.y I E e AREEKESLRE, W Ky 410012;
SLERTUHE TR 2 W S EE TR B, Widt R 430070;

AP EARRE TEBARAR, Jbat 100176)

WEHASETFREAYFEARFEAARAS LERIHLZNGEM R T RED -ROWRARAAGIFERATHAE. K
WTHRERERE(T4%.76%.78%) KA1 6,1:8,1:10.,1:12) . XAEHHE(0.10%.20% .30%) B #H (3 d.7
d.14 d.28 DA AR KR EREAALUHARBE AW, AT MATLABFEME T O HEMAKRRD) 5 5B 2 ML
(CNNOEER L, FAM T AR KRRERE, EREAV . AAKRLUREREM AN R R ZTRE AP LN RDILGERKORG.,
MEXBDBEORREBRHRZELTRAAAH LR EAM I AN L RABREOR GO R MEXED BTN X
ERRERDEHRGELLE LMK LR EREFRHRRERD To , REDOREBLEN 20%. EAVZE M BAE
AP CNN B FRm A5 B & T REER L2 248 R =0.970 34, F ¥ 4% £ MAE=0.101 81, TR M4 5 X 314 2 18] 49 %
£ 4 0~10.53%, AP LR TAR LB LAKSALF A 00 B AR 55 7 408 K 8 KR4 A,

KBR: REE - RE R R4 A A F A M E A 4 2 W & TR 5 A7

R E S 2E:TD853.34 X HRIRAG: A XEHS 1005 -2763(2025)12 -0083 —08

Study on Mechanical and Rheological Properties of Gobi Sand-Tailings Synergistic Cemented
Filling Body in a Mine and Optimization of Neural Network Prediction Model
FAN Jie"?, JIANG Ke"**, LIU Shuo®, HE Lei', PENG Liang'?, MA Weiging' s LYU Weipeng'?, LIU Wei'"*
(1.Changsha Institute of Mining Research Co., Ltd., Changsha, Hunan 410012, China;
2.State Key Laboratory of Safety Technology for Metal Mines, Changsha, Hunan 410012, China;
3.School of Resources and Environmental Engineering, Wuhan University of Technology, Wuhan, Hubei 430070, China;
4.China Huaye Group Co., Ltd.. Beijing 100176, China)

Abstract: Aiming at the problem of high filling cost and poor process stability caused by insufficient tailings production in a
mine., the mechanical and rheological properties of Gobi sand-tailings synergistic filling body were studied. The effects of slurry
mass concentration (74%, 76%, 78%), cement-sand ratio (1 : 6, 1 : 8, 1 : 10, 1 12), Gobi sand content (0, 10%, 20%,
30%) and curing age (3 d, 7 d, 14 d, 28 d) on the compressive strength of filling body and the transport resistance of filling
slurry were discussed. Based on the MATLAB platform, the Random Forest (RF) and Convolutional Neural Network (CNN)
models were constructed to predict the compressive strength of the filling body. The results show that the uniaxial compressive
strength of filling body increases with the increase of slurry mass concentration, curing age and cement-sand ratio, and
increases first and then tends to be stable with the increase of Gobi sand content. The transport resistance of filling slurry
increases with the increase of slurry mass concentration, and decreases first and then increases with the increase of Gobi sand
content. According to the uniaxial compressive strength of the filling body and the slurry transport resistance, the optimal

content of Gobi sand is 20%. In the neural network model, the prediction accuracy of the CNN model is better than that of the
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RF model, determination coefficient R* =0.970 34, the average absolute error MAE =0.101 81, and the error between the

predicted value and the experimental value is 0 —10.53%. The research results can provide reference for the collaborative

utilization of low-grade aggregate and the reduction of filling cost in the same type of mines.

Key words: Gobi sand-tailings synergistic cemented filling body, Mechanical property, Transport resistance, Neural network,
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Table 1 Test results of basic physical
properties of filling aggregate

A FLERE/ MEREE/ O MVHELALBR msCALpR
[Eg) (t/m*) (t/m*) /% /%
B 3.10 1.75 62.15 43.55
X BERD 2.63 1.94 40.84 31.07

0% vk B il 11 B N I [T N I < I 1
RWRERRIARAE 211,044 pm LR JRAR/NT 74 pm
(—200 HO Wik SR 96% 4. B R AZ/NT
7.637 pm BYPURL 5 L2 50 %0, EDRL AR L R
Z , MR AR AN G R A . B S G RE AR R
PRI 2, B3R 2 AT, 2.5~5 mm Kife
X BEAERL 22,929 ,1.0~2.5 mm KA ) X BE 4R
Bl 21.21%,0.5~1.0 mm K12 B9 X BE 42 K 5
6.62%,0.5 mm DL R4 H) RBERERL Y 21.70% .
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Table 2 Partiole size distribution of Gobi aggregate

after crushing and screening

Kite/mm RS/ % SRR I/ %
5~8 27.55 100.00
2.5~5 22.92 72.45
1.0~2.5 21.21 49.53
0.5~1.0 6.62 28.32
0.16~0.5 7.47 21.70
0.025~0.16 6.65 14.23
—0.025 7.58 7.58
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Table 3 Results of L tube rheological tests

X BERD BT R R % J IR itk
B/ TRAD L W/ B3/ N3/ ¥/
% % (MPa/km) Pa (Pa-+s)
74 0.9389  14.546 9 0.188 6
1:6 76 0.8851  23.5425 0.0215
] 78 1.4196  35.2032 0.0751
I 74 09255  12.6555 0.2127
1:12 76 1.007 4 249512 0.053 8
78 1.9885  47.9335  0.040 2
S 74 04943 84706 0.0864
1:6 76 0.6883  19.018 1  0.005 4
78 1.794 2 36.799 5 0.304 2
. 74 03762  8.2413 0.0372
1:12 76 0.757 2 15.089 1 0.098 7
78 1.163 3 32.232 4 0.007 7
S 74 0.3826  9.1259 0.0260
1:6 76 0.5915  16.5425 0.0015
78 0.7658  21.367 1 0.002 7
0 74 09297  13.2959  0.204 4
1:12 76 0.6399  16.242 6 0.027 9
78 1.114 3 31.227 5 0.001 8
S 74 0.3936  5.3683 0.090 7
1:6 76 0.357 7 9.2811 0.012 4
78 1.094 9 29.2537 0.024 5
O 74 0.2983 53453 0.0484
1:12 76 0.607 1 8.874 7 0.130 4
78 0.800 0 11.8349 0.169 6
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Table 4 Results of uniaxial compressive strength tests

o ;E% — »r%z;ﬁui TR B4 W% 0158 1% / MPa
B/ % WHE/%  3d  7d 14d 284

1 1:6 78 1.47 247 379 5.09
2 1:6 76 1.25 1.93 2.86 3.72
3 1:6 74 1.24 1.86 2.41 2.87
4 1:38 78 1.29  1.51 2.23 2.98
5 1:8 76 0.93 1.39 2.03 2.43
6 1:38 74 0.86 1.22 1.86 2.02
7 30 1:10 78 0.78 1.28 1.77 2.92
8 1:10 76 0.61 1.04 1.56 2.71
9 1:10 74 0.32  0.77 1.65 2.51
10 1:12 78 0.67 1.18 1.41 1.67
11 1:12 76 0.42  0.51 1.12  1.35
12 1:12 74 0.17  0.47 1.07 1.20

13 1:6 8 1.87 2.66 3.76 5.20
14 1:6 76 1.56  2.27 3.04 3.89
15 1:6 74 1.39 1.96 2.84 3.22
16 1:38 78 1.49 175 2.47  3.18
17 1:38 76 0.87 1.36  1.90 2.48
18 1:38 74 0.80 1.22 1.65 2.26
19 20 1:10 78 0.94 1.67 2.41 2.98
20 1:10 76 0.76  1.35 1.95 2.34
21 1:10 74 0.55 0.83 1.27 1.72
22 1:12 78 0.76  1.33 1.52 1.88
23 1:12 76 0.48 0.65 1.17 1.79
24 1:12 74 0.37 0.59 1.23 1.61

s 1:6 8 143 1.80 218 2.77
26 1:6 76 1.10 1.30 1.44 2.30
27 1:6 74 0.72  0.86 1.21  1.57
28 1:38 78 0.81 1.33 1.80 2.67
29 1:38 76 0.65 1.20 1.48  2.20
30 1:38 74 0.57 0.84 0.91 1.24
31 10 1:10 78 0.58 1.73 2.10 2.67
32 1:10 76 0.42  0.95 1.13  1.53
33 1:10 74 0.31 0.86 1.01 1.17
34 1:12 78 0.53 0.88 1.17 1.68
35 1:12 76 0.34  0.72  0.97 1.23
36 1:12 74 0.28 0.56 0.78 1.01

I 1:6 78 059 1.5 1.45 1.89
38 1:6 76 0.57  0.97 1.20 1.70
39 1:6 74 0.42 0.62 0.80 1.10
40 1:38 78 0.51 0.68 0.73 1.03
11 1:38 76 0.38  0.47 0.66  0.89
42 1:38 74 0.33  0.41 0.57 0.82
43 0 1:10 78 0.34 0.42 0.56 0.83
44 1:10 76 0.23 0.33 0.42 0.73
45 1:10 74 0.28 0.22  0.31 0.58
16 1:12 78 0.22  0.45 0.48 0.84
47 1:12 76 0.15 0.23 0.36 0.52
48 1:12 74 0.12 0.16 0.25 0.51
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Fig.2 Change trend of slurry conveying resistance
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Fig.3 Change trend of uniaxial compressive strength of Gobi sand-tailings filling body
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Table 5 Results of predicted sample data

CNN #i#4 RF #5871

Wi RED R R — -
KW W/ B mm/ g P pa, B L.
% % d MPa ﬁip/ % fii/ %

a MPa

1:10 78 10 3 0.58  0.55 5.17 0.52 10.34
1:6 76 0 3 0.57  0.63 10.53 0.64 12.28
1:10 76 30 7 1.04  0.96 7.69 1.16 11.54
1:12 74 30 3 0.17  0.16 5.88 0.18  5.88
1:12 74 10 3 0.28  0.28 0.00 0.27  3.57
1:10 74 0 3 0.28 0.29 3.57 0.30 7.14
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