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Table 1 Physical parameters of tailings

Density/(g-cm ) Bulk density/(g-cm ) Porosity/%

2.62 1.635 37.60

F2 KEYHZH

Table 2 Physical parameters of cement

Density/ Bulk density/ Relative Specific area/
(grem™?) (grem?) density (m*cm™)
2.89 1.12 29 1.689
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Fig.2 Size distribution of cement
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Test container for viscosity and yield stress:
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Fig. 5 Curves of viscosity versus power (20 kHz) with different
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Table 3  Partial training sample data

Order Cement-sand ratio/% Concentration/% Frequency/kHz Power/W Viscosity/(Pa's)  Yield stress/Pa
1 0.167 70 20 0 0.4366 34.7821
2 0.167 70 20 25 0.4303 34.0821
3 0.167 72 40 0 0.494 26.7184
4 0.167 74 20 50 0.5833 41.0207
5 0.167 74 40 25 0.4994 29.7687
6 0.167 76 20 100 0.5668 45.8069
7 0.167 76 40 50 0.5452 37.2951
8 0.167 78 40 100 0.5078 48.9753
9 0.125 72 20 25 0.4141 229119
10 0.125 74 20 50 0.4606 22.2863
105 0.1 74 20 50 0.4125 13.1406
106 0.1 74 20 100 0.3933 10.969
107 0.1 74 40 25 0.3196 14.9542
108 0.1 76 20 100 0.4169 12.7032
109 0.1 76 40 72 0.3568 19.1812
110 0.1 78 40 100 0.4235 23.0324
R4 BB
Table 4 Check sample data
Order Cement-sand ratio/% Concentration/% Frequency/kHz Power/W Viscosity/(Pa's)  Yield stress/Pa
1 0.167 70 20 50 0.4274 33.1786
2 0.167 72 40 25 0.4903 25.0677
3 0.167 74 20 75 0.5026 36.9011
4 0.125 72 40 100 0.2396 18.3871
5 0.125 74 20 25 0.4913 24.7428
6 0.125 76 40 100 0.4181 25.4903
7 0.125 78 40 50 0.5444 35.8701
8 0.1 74 20 75 0.3989 11.8747
9 0.1 76 40 25 0.4339 22.0188
10 0.1 78 40 50 0.4997 25.1729
o =i<a- et ) oy B TR CVREGEIR, AR
o o’ SR o R PR IS RS SR [ LS4

i=l1

AT PR 1 R R B8 250 56 W0 SCRF ) BEHLIE RE
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RFmE T L YORR R REE, SEEA
[Fi) 3 ) 3 1) R 5 R B AN ]

K WA RIS EG R T AR 24 C.
¥R B S HL g AT TG4, 1L Cross validation(32 X

SCHE ) EALIR AT 2480 C Tl 07 ek £ g OB Y Ly

M2 < <29, 2710 < g <210,

32 BENINEERKE

15 2RI AR IE SR ST R WP 10 o, KA )ik
FEIR WP 11 Pros.

28I R S A S B FERRT AL HE, B 284



28 455 7 W

FBIL S RO FEBURBR AR P R g S AR S A 1449

£S5 A SRR A TR

Table 5 Normalized calibration sample data

Order Cement-sand ratio/% Concentration/% Frequency/kHz  Power/W Viscosity/(Pa's)  Yield stress/Pa
1 1 0 0 0 0.5752 0.5863
2 1 0 0 0.25 0.5624 0.5716
3 1 0.25 1 0 0.6919 0.4167
4 1 0.5 0 0.50 0.8735 0.7175
5 1 0.5 1 0.25 0.7029 0.4809
6 1 0.75 0 1 0.8400 0.8182
7 1 0.75 1 0.50 0.7961 0.6392
8 1 1 1 1 0.7200 0.8848
9 0.3731 0.25 0 0.25 0.5295 0.3367
10 0.3731 0.5 0 0.50 0.6240 0.3235

105 0 0.5 0 0.50 0.5262 0.1312
106 0 0.5 0 1 0.4872 0.0855
107 0 0.5 1 0.25 0.3373 0.1693
108 0 0.75 0 1 0.5352 0.1220
109 0 0.75 1 0.75 0.4130 0.2582
110 0 1 1 1 0.5486 0.3392
I A
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Fig. 10

Roughly selected results (C=1.7411, g=1.7411,

CVnse=0.0028237): (a) Contour map; (b) 3D map
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Fig. 11 Fine selected results (C=1, g=0.70711,
CV1s.=0.002482): (a) Contour map; (b) 3D map
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Effect of ultrasonic waves on rheological properties of
backfilling slurry and prediction of rheological parameters

WANG Zhi-kai"3, LU Wen-sheng', YANG Peng" %, WANG Zhi-jun', ZHU Li-yi'

(1. School of Civil and Resource Engineering, University of Science and Technology Beijing, Beijing 100083, China;
2. Beijing Key Laboratory of Information Service Engineering, Beijing Union University, Beijing 100101, China;
3. China Enfi Engineering Crop., Enfi Research Institute, Beijing 100038, China)

Abstract: In order to improve the rheological properties of the high-concentration backfill slurry and reduce the
probability plugging phenomenon occurred of backfilling system, the innovative non-contact effect of ultrasound on the
backfilling slurry was studied. Using high-precision brookfield R/S-SST soft solid tester, the rheological parameters with
different concentrations and different lime-sand ratios were obtained under different ultrasonic powers of backfill slurry.
The results show that ultrasonic waves can significantly improve the rheological properties and reduce the plastic
viscosity and yield stress of the backfilling slurry. The viscosity of backfill slurry can be reduced by ultrasonic waves
from 4.32% to 39.33%, and the yield stress can be reduced from9.66% to 34.27%. At the same time, the prediction model
of rheological parameters of backfilling slurry was established by using support vector machine. The results of the
prediction model show that the model has high precision and strong generalization ability. The prediction of rheological
parameters of backfilling slurry under ultrasonic is realized.

Key words: ultrasonic wave; backfill slurry; rheological parameters; support vector machine
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