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Strength and damage characteristics of tailings filling body
with different particle size distributions

JIN Ai-bing"2, WANG Jie""2, CHEN Shuai-jun’?, LI Hai':?
(1. Key Laboratory of Ministry of Education for Efficient Mining and Safety of Metal Mine, University of Science and Technology Beijing, Beijing 100083, China;
2. School of Civil and Resources Engineering, University of Science and Technology Beijing, Beijing 100083, China)

Abstract: To explore the influence of tailings particle size distribution on strength and damage characteristics of filling body, uniaxial
compression, scanning electron microscopy, and digital image correlation (DIC) tests were carried out on the filling body composed
of ultrafine tailings (median particle size Ds¢=10.1 um), fine tailings (Ds5y=37.1 um), and coarse tailings (Dsp= 121.31 um), and the
strength and microstructure characteristics were analyzed. Based on the cusp mutation theory, the damage identification index of the
filling body was established using wavelet packet technology, and the damage characteristics of the filling body were quantitatively
analyzed. The results reveal that the strength and elastic modulus of the filling body first increase and then decrease with the increase
of Dsg, but the influence of tailings particle diameter on the strength and elastic modulus of the filling body is reduced with the
increase of slurry concentration. Compared with the ultrafine and coarse tailings filling body, the coarse and fine particles of the fine
tailings backfill are more closely combined, and its porosity is the lowest and microstructure compactness is the best. The energy
change rate (ECR) mutation point is defined as the threshold of the backfill specimen damage mutation, which is used to distinguish
the stable damage stage and the accelerated damage stage of the specimen, and the damage mutations of the ultrafine, fine, and coarse
tailings filling body occur when their stresses reach 92.83%, 92.31%, and 72.93% of the corresponding peak stresses. With the
increase of Ds, the failure mode of the backfill changes from shear failure to tensile failure, with the ECR increasing from 20.65% to
28.25%, and the damage degree is gradually aggravated. The research results lay the foundation for improving the particle gradation

of mine tailings and enhancing the strength of filling body.
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Fig.1 Experimental workflow
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Fig.2 Particle size distribution of tailings

ZME , 3 Fh I HERAE Dy, 43179 10.104
37.10. 12131 pum, ZralJE TR, 40 )2rb A
R . 58 BT I 25778 P.O 42,555 @ iR #h /K
Ve, KOEIE ERK.

DT ORI A R IR AL 2 B 0 e 45 R T R
Wi, Z3 5%t 3 Fp RS AK IR T X G290 75
M1 (X-ray fluorescence spectrometry, fijFK XFS),
SERWNE 1 fon. HR 1L AAL, 3 PRI TS R
27 N MgO. Si02. FeaOs Al ALO; %%, 7K

BT EEAE RS N CaO. SiOx fl ALOs %5, K
WALy, R AN RO FE SRR SR EE (Y R Ik
oy (s B4,

x1 B RKEMFERD

Table 1 Chemical composition of tailings and cement

AU %

WE ¥ 5
R B HRRD KIJE
MgO 20.52 21.68 22.96 3.71
Ca0 17.79 19.54 18.42 51.42
SiO, 38.02 36.89 39.49 24.99
Fe,05 10.87 9.87 10.57 4.03
ALO; 8.29 7.41 521 8.26
MnO 0.00 0.19 0.00 0.00
S 0.00 0.00 0.00 2.51
K,0 1.86 0.69 0.37 3.31
oA 2.65 3.73 3.98 5.48
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Fig.6 Microstructure images of tailings filling body with different particle size distributions
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Fig.9 Energy change rate curves with mutation segments of tailings filling body
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