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Table 1 Main chemical components of backfill material

Mass fraction/%

Chemical
L Rod milling Waste .
composition Tailings
sand rock
Si0O: 74.48 47.71 42.20
CaO 3.40 16.39 3.73
MgO 0.87 15.22 32.71
ALOs 8.69 7.81 4.04
Fe20s 1.92 7.17 12.14
Other 10.64 5.7 5.18
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Table 2 Testing results of paste mechanic characterizing experiments

Cement Mass Coarse aggregate- Waste rock-rod Slump/ Compressive strength/MPa
content/(t-m™) fraction/% tailings ratio milling sand ratio cm 3d 7d 28d
1 0.2996 76 5:5 101 249 291 3.44 6.39
2 0.2996 76 4:6 101 16 242 3.13 6.02
3 0.2996 76 46 1:10 22 2.51 3.21 6.18
4 0.2996 76 6:4 1:10 28 22 3.05 5.87
5 0.2996 76 5:5 6:4 25 2.54 3.29 6.25
6 0.2996 76 5:5 1:10 26 242 3.22 6.19
7 0.2996 76 6:4 101 27 2.73 3.32 6.3
8 0.2996 76 4:6 6:4 18.7 2.0 2.96 5.74
9 0.2996 76 6:4 6:4 26.8 2.31 3.11 5.95
10 0.3075 77 6:4 1:10 26.9 2.51 3.22 6.62
11 0.3075 77 4:6 1:10 16 2.72 3.33 6.71
12 0.3075 77 6:4 10:1 26.3 2.84 3.39 6.76
13 0.3075 77 6:4 6.4 26 2.42 3.26 6.55
14 0.3075 77 5:5 6:4 19.8 2.6 3.29 6.58
15 0.3075 77 5:5 101 234 3.05 3.59 6.92
16 0.3075 77 5:5 1:10 25.7 2.82 3.41 6.79
17 0.3075 77 4:6 10:1 12 2.77 3.38 6.69
18 0.3075 77 46 1:10 15 2.19 3.07 6.41
19 0.2919 75 4:6 6:4 24.2 1.82 2.81 5.92
20 0.2919 75 5:5 1:10 26.5 2.17 3.02 6.11
21 0.2919 75 5.5 101 27.2 2.21 3.05 6.16
22 0.2919 75 4:6 1:10 23.4 1.61 2.69 5.73
23 0.2919 75 5:5 6:4 26 2.12 2.99 6.04
24 0.2919 75 6:4 1:10 28.5 1.63 2.72 5.85
25 0.2919 75 6:4 6:4 27.5 2.19 3.07 6.21
26 0.2919 75 4:6 101 22.5 1.58 2.68 5.64
27 0.2919 75 6:4 101 28.1 2.0 291 5.98
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Table 3 Slump test sample prediction results
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) PSO-SVM GA-SVM Grid-SVM
Test  Experimental result/ — - o B . B
N Predicting Relative Predicting Relative Predicting Relative
o. cm
result/cm error/% result/cm error/% result/cm error/%
18.7 16.5 12 22.1 18.1 20.2 8.02
9 26.8 22.9 14.6 20.7 22.9 24.4 8.95
17 12 13.8 154 15.0 24.6 11.3 5.83
18 15 13.2 12.2 10.3 31.2 15.7 4.7
26 22.5 26.7 18.6 17.9 20.5 20.1 10.67
27 28.1 24.2 13.8 21.7 22.9 27 3.9
5 Training sample 0.944 0.986 0.992
R
Testing sample 0.841 0.962 0.403
4 EROREEMNAREA TN 45 5
Table 4 Prediction results of paste sample strength test
) PSO-SVM GA-SVM Grid-SVM
Test Experimental — - — - — -
Predicting Relative Predicting Relative Predicting Relative
No. results/cm
results/cm error/% results/cm error/% results/cm error/%
2.0 1.85 7.6 2.45 22.4 2.29 14.5
9 2.31 2.51 8.7 1.61 30.2 2.03 12.3
17 2.77 2.57 7.3 1.95 29.6 2.32 16.4
18 2.19 2.28 42 1.47 32.8 1.86 15.2
26 1.58 1.43 9.5 2.01 27.5 1.30 17.6
27 2.0 1.87 6.4 1.27 36.5 2.26 12.9
) Training sample 0.952 0.927 0.917
R
Testing sample 0.911 0.342 0.798
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Table 5 Predicted results of coarse aggregate paste performance

Test Cement Mass Ratio of coarse Ratio of waste Stump/ Compressive strength/MPa
content/ . aggregate to rock to rod
No. 5 fraction/% . o cm 3d 7d 28d
(tm™) tailings milling sand
1 0.280 75 4:6 1:1 27.5 1.81 3.11 5.45
2 0.280 76 5:5 3:2 26.1 2.07 3.79 6.04
3 0.280 77 6:4 2:1 27.0 2.34 3.67 5.85
4 0.290 75 5:5 2:1 26.7 1.98 3.51 6.25
5 0.290 76 6:4 1:1 27.9 2.22 3.50 5.69
6 0.290 77 4:6 3:2 27.2 241 4.28 6.57
7 0.300 75 6:4 3:2 27.7 2.12 3.24 5.69
8 0.300 76 4:6 2:1 27.5 2.32 4.04 6.79
9 0.300 77 5:5 1:1 22.8 2.55 4.86 7.29
"6 HRNERE TR AN S B HI R EE
Table 6 Comparison of predicted value and actual value of paste performance
Test Compressive strength/MPa Slump/em
No. 3d 7d 28d
PV  EV  R¥% PV EV R*% PV EV RI% PV EV  R/%
1 1.81 1.7 6.1 3.11 3.02 2.89 5.45 5.73 5.14 275 264 4.0
4 198 1.79 9.6 3.51 3.34 4.84 6.25 6.11 2.28 26.7 273 22
7 212 224 536 3.24 3.38 432 5.69 5.48 3.69 27.7 259 649

* PV—Predict value; EV—Experiment value
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Table 7 Jinchuan company filling material cost (Yuan/t)

. Rod
Mine o Waste L o
milling Tailings Liquid
cements rco
sand
245.0 19.0 17.5 4.1 2.0

52 Ectbflik
R B AR PR 3 M 9 2 R B A AR 2R AF
o, SCHER[2413 B 24 9% FEAE 22~26 em [ ¥
I, B AR B A A2 U B SR S RETE B B (18 7K
F o TR ER MAR S & )1 L SEBR R K Ry =
1.5 MPa, R,,=2.5MPa, R,,=5 MPa. #fiILilt1T
HARZIA R, na10)Fs.
22<T<27
280<m, <300
(my+my)my=x,,my/m,=x,
Ryy>1.5MPa, R,,>2.5MPa, R,,>5.0 MPa
m,/1.41 +m,/2.785+m,/2.876 +m,/2.794 +ms=1
(10)
) F MATLAB H ] GP(Goal programming) i
HOEAT LA 0, SRAE o 2 R SR ALK (10))
A1 E bR (20 (9) AL AR AR AL . 45 3 [ I
i A2 70 SRR 53R B B SRORURE SR IE 30 P 1 e DL 44 R H

BHREN: KRB E 2800 kgm®. KA B E
368.4 kg/m®, 1R 5E 256.6 kg/m®, BW B E
625.0 kg/m®, KI5 570.2 kg/m®, 55 HH R
A 83.63 Ji/m?, [ 7E S BR 78 S 2 A g B 1R
N AN 000 B Sk PR B0 AR (4 )1 Ll A8 7 e
AFEHILE 13~16 0/m°,  BEA BUECKA] 16 76/m?), 15
BT AT N R B HAR 99.63 T6/m’ s AHELT 42
N FE AR A (208 113.9 76/m) 1548 12.53%. 1k
W, W N T72.8%, HERE-ERPEALI, KA-
BREERP LN 111440 AHRLE AR E RHE A& 1) 500 14
REANSEIME X b iR 8 iz, AT LLE H, TRIIME
HSZIG AR I AH XS 1% 22 FA7E 8% LA, RT3 45
MmTSErE . A TRINETAS 3 dv 7 dF128 d 55 4 Jil)
92.08 MPa. 3.77 MPa. 6.06 MPa, V%% 5253
cme B A MU BN S R B RE S50 2 4 1T L 22
ERIAERK.

*=8 HRMERERIE

Table 8 Paste performance verification

Compressive strength/MPa  Slump/
Value
3d 7d 28d cm
Predictive 2.08 3.77 6.06 253
Actual 2.14 3.54 5.8 26.5
Relative error ~ 2.9% 6.1% 4.29% 4.74%

1) SR RLE A 0 i B2 AN BEREAT 1 s
HI 52 BRE AR B RO B UK LR TR 3 250
JE RGBS B RN 255 KR N
T3P FEE U S 1 T o

2) SR =AU SEE it 1) SVMUASE R A B
BHEARVEBE RTINS AT T 0. XRS5
c MG R M g B SR AR AR A, ASREVE A
TINAS BE AR IKAEAKT FL A & W Grid 53k
AN PSO 59 7T LL 73 59l Xof 34 ¥ 5 M i 2 9F AT 5 v
Tt .

3) W22 00 M R W33 L SRR RE- R LE AR
FERIFEMECR, REER BT BT H K EERN
SO PTE. [, SRR T K B AR
X FEIEAA R (R SR R 2 Ab T AT, T RE A 1
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4) 3T Matlab BEAT ZPE LRI 2> M, 45 2178 3

A4 N Ll SERR 78 75 5K R I B AIRAR L EE Ay 7K
Tt 8280 kgm’s MER-EWWNL 1, KA-
BEEERDEL N 1 ¢ 1440 RS 1B BLEUA 4 99.63
Yuan/m®, AHECT 6 R EHE AT 12.53%.
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Coarse aggregate paste performance prediction and
proportioning optimization method based on SVM

WANG Lei-ming"***, YIN Sheng-hua'®, YAN Ze-peng"®, CUI He-jia’, LIU Pei-zheng’, DENG Bo-na*

(1. Key Laboratory of High-Efficient Mining and Safety of Metal Mines, Ministry of Education,
University of Science and Technology Beijing, Beijing 100083, China;
2. State Key Laboratory of Safety and Health for Metal Mines, Maanshan 243000, China;
3. School of Civil and Resources Engineering, University of Science and Technology Beijing, Beijing 100083, China;
4. Key Laboratory of Green Chemical Engineering Process, Ministry of Education, China;
5. Shougang Ming Corporation, Tangshan 064400, China)

Abstract: Paste filling can change the stress state of the rocks around the mine and reduce the environmental
problems around the mine, which is widely used in underground mines at home and abroad. The determination of
paste's reasonable ratio requires a lot of experiments, and there is an urgent need to find a simple and effective
method to predict the paste performance. Thus, strength and slump tests of 27 sets were conducted in this paper,
and the SVMs optimized by PSO, Grid, and GA algorithms were trained to compare the prediction results for
algorithm optimization. Then the paste performance prediction was carried out based on the corresponding model,
and the influence degree of different factors on the paste performance was revealed using extreme difference
analysis. Finally, the optimal proportioning parameters were obtained by using the linear programming principle.
The results show that the parameter ¢ and the penalty coefficient g vary with the algorithm and cannot be used as a
basis for judging the prediction accuracy. Grid algorithm and PSO algorithm can make accurate predictions of
slump and strength respectively. Because of free water content in paste, the slump is mainly influenced by the
coarse aggregate-to-tailing ratio and concentration. At the same time, the influence of cement content and
concentration on the strength of the filler under different age conditions is always dominant. Moreover, the
“skeleton” effect of coarse aggregates gradually appears with the curing age increase. The lowest cost ratio to
meet the actual filling requirements of Jinchuan mine is 280 kg/m® of cement, a coarse aggregate-tailing mass
fraction ratio of 1 1, and a waste rock-rod mill sand ratio of 1 © 1.44.

Key words: paste backfill; support vector machine (SVM); range analysis; linear programming; proportion

optimization

Foundation item: Project(2021-JSKSSYS-01) supported by Projects(52204124, 52034001) supported by the Key
Program of National Natural Science Foundation of China; Project(BX20220036) supported by
Postdoctoral Innovation Talents Support Program; Project(2022M710356) supported by
Chinese Postdoctoral Science Foundation; Project(2018RA4003) supported by Funds of Key
Field Innovation Team of Ministry of Science & Technology of PRC; Project(B20041)
supported by the 111 Project; the State Key Laboratory of Safety and Health for Metal Mines;
Project(GCP202108) supported by the Open Project of Key Laboratory of Green Chemical
Engineering Process of Ministry of Education; Project(2019SDZY05) supported by Shandong
Provincial Major Science and Technology Innovation Project, China

Received date: 2021-10-28; Accepted date: 2022-04-12

Corresponding author: YIN Sheng-hua; Tel: +86-13811668481; E-mail: csuysh@126.com

(i RIRH)



