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Table 1 Chemical composition of filling aggregate (mass fraction, %)

Ingredient SiO, CaO MgO Al O3
Tailings 42.20 3.73 32.71 4.04
Waste rock 47.71 16.39 15.22 7.81

Cement 28.36 48.28 2.50 11.87

Fe O3 K,O TiO, MnO Others
12.14 0.39 0.33 0 4.46
7.17 2.58 1.95 0.54 0.63
2.88 1.07 0.60 0.12 4.32
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Table 2  Filling equation of filling slurry slump
WSC with Slump CC with Slump
CC/% 5 WSC/% 5
Fitting equation R Fitting equation R
75 Slump=30.5-134.1-exp(—0.04-WSC) 0.98 40 Slump=347.9-4.35-CC 0.96
76 Slump=26.4-4378.3-exp(—0.14-WSC) 0.99 50 Slump=261.4-3.12-CC 0.75
77 Slump=27.3-3765.1-exp(—0.15-WSC) 0.98 60 Slump=136.9—-1.46-CC 0.86
78 Slump=28.9-132.4-exp(—0.08-WSC) 0.95 70 Slump=122.5-1.25-CC 0.96
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Table 3 Relation between compression strength of backfill and curing age

A fitting model of compressive strength and curing time (D)

Mass
concentration/ Waste rock content Waste rock content Waste rock content Waste rock content
%o (40%) (50%) (60%) (70%)
75 0=5.53-5.69¢ > 0=5.61-5.88¢ " 0=6.02-5.20¢ " 0=4.82-4.07¢ """
R*=0.990 R*=0.964 R*=0.960 R*=0.990
76 0=5.95-7.48¢ %% 0=6.38-5.25¢ "% 0=6.10-5.23¢ " 0=5.52-5.49¢ "
R*=0.990 R*=0.860 R*=0.930 R*=0.990
- 0=6.41-7.13¢ " 0=6.88-8.08¢ " 0=7.87-7.38 """ 0=5.94-6.11¢ "'
R*=0.980 R’=0.963 R*=0.987 R*=0.930
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Fig. 4 Relationship between strength of backfilling and curing age: (a) Mass concentration 75%; (b) Mass concentration

76%; (c) Mass concentration 77%; (d) Mass concentration 78%
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Table 4 Curing time of the upper layered mixed aggregate cemented backfill

Mass Curing time of mixed aggregate cemented backfill body/d
concentration/% Waste rock content (40%) Waste rock content (50%) Waste rock content (60%) Waste rock content (70%)
75 23.0 27.8 14.9 /
76 9.1 19.1 13.95 27.2
77 8.2 7.99 7.87 15.5
78 7.89 7.30 6.22 11.86
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Study on strength characteristics of mixed aggregate cemented
backfill and reasonable matching with excavated ore body

LI De-xian'? ZHANG Peng-giang'?, ZHAO Guo-liang'?, CHEN Guo-ju'?, Li Feng'?, HOU Yong-giang™*, YIN
Sheng-hua®*, YAN Rong-fu™*

(1. National Key Laboratory of Nickel and Cobalt Resources Comprehensive Utilization, Jinchuan Group Co
Ltd, Jinchang, Gansu 737100, China. 2. Jinchuan Nickel Cobalt Research and Design Institute, Jinchang, Gansu
737100, China; 3.School of Civil and Resource Engineering, University of Science and Technology Beijing,
Beijing 100083, China. 4.Key Laboratory of High-Efficient Mining and Safety of Metal Mines, Ministry of
Education, Beijing 100083, China.)

Abstract: In order to study the strength characteristics of mixed aggregate cemented backfill and the reasonable
matching with excavated ore bodies, a single factor multi-level experimental design method was used to study the
mixing ratio of mixed aggregate cemented backfill. The effects of mass concentration and waste rock dosage on the
slump and solidification strength of mixed aggregate filler were established, which the solidification strength
growth model was established and the effect of waste rock content on the microstructure and properties of mixed
aggregate cemented backfill was studied by means of SEM microscopic testing. Finally, combined with the energy
dissipation principle, the energy matching coefficient K is introduced to analyze the reasonable matching between
the filling body and the excavated ore body, and the reasonable curing time of the mixed aggregate cemented
backfill as the artificial false roof in the stope is quantitatively analyzed. The results show that the slump of filling
slurry decreases linearly with the increase of mass concentration, and increases exponentially with the increase of
waste rock content. Within 56 d of curing age, the compressive strength of the composite aggregate cemented
backfill under different mass concentrations and waste rock dosages follows the exponential function growth law;
The microscopic test results show that the range of waste rock dosages can significantly affect the compactness of
the microstructure inside the backfilling, which in turn affects the macroscopic mechanical strength of the
backfilling; The energy matching coefficient K was introduced to quantitatively characterize the energy
relationship between the filling body and the excavated ore body. The variation of the curing time of the mixed
aggregate cemented backfill in the stope was obtained under different ratio parameters. Based on the parameters
such as filling slump, curing strength and curing time, a set of optimal ratio parameters is selected: the cement
content is 310 kg/m3, the mass concentration is 76%, and the waste rock content is 60%.

Key words: filling body; energy matching analysis; curing time; strength growth law; slump; microstructure
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