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ABSTRACT Tailings and waste rock produced in metal mines are the most common industrial solid wastes all over the world,
resulting in serious environmental and safety issues. Cemented paste backfill (CPB) is widely used for tailings management and stope
treatment. CPB of total solid waste (TSW-CPB) was proposed on the basis of CPB of full-tailings. In the TSW-CPB process, thickened
full-tailings, waste rock, and slag are mixed to prepare a paste that is filled into the stope. TSW-CPB can avoid the collapse of a stope,
failure of the tailings storage facility, and landslide of a waste-rock yard, achieving the goal of “total waste to cure three harms.” The
effects of solid fraction (SF), waste rock dosage (WRD), and glue powder dosage (GPD) on the slump (S), yield stress (z;), uniaxial
compressive strength (UCS), and bleeding rate (BR) were investigated through orthogonal experiments. According to the scope of

technical indicators specified in the National Standard of the People’s Republic of China “Technical specification for the total tailings
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paste backfill (GB/T 39489—2020),” the overall desirability function approach was used to conduct multiple response optimization of

key TSW-CPB performance indicators. TSW-CPB was shown to have similar fluidity, transportation performance, mechanical
properties, and bleeding performance to the CPB of full-tailings. The SF, WRD, and GPD affect the S, 7, UCS, and BR of TSW-CPB
considerably. The SF has the most important influence on S and 7, while GPD has the most substantial impact on UCS and BR. Multiple
response optimization yielded SF = 79.31%, WRD = 18.86%, and GPD = 3:20, with S = 25.45 cm, 7, = 100.49 Pa, UCS = 3.55 MPa, and

BR = 1.50% as the corresponding responses. The optimal results can provide references for practical application, and the overall

desirability function approach can be used in other mines to optimize multi objective CPB.

KEY WORDS cemented paste backfill of total solid waste; overall desirability; slump; yield stress; uniaxial compressive strength;

bleeding rate
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Table 1 Particle-size distribution of waste rock

Particle size/cm Volume fraction/%

-0.5 1.10
0.5-0.6 12.71
0.6—0.7 8.87
0.7-0.8 6.80
0.8-0.9 14.83
0.9-1.0 55.69
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Fig.1 Particle size distribution of full-tailings and glue powder
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Table 2 Parameters and results of the L,4(4) orthogonal experiment

Factors Responses
Experiment number

SF/% WRD/% GPD Slem 7o/Pa UCS/MPa BR/%
1 77 (Level 1) 5 (Level 1) 1: 10 (Level 1) 28.1 59.439 1.4 13.69
2 77 10 (Level 2) 1 : 8 (Level 2) 27.9 62.236 1.6 11.83
3 77 15 (Level 3) 1: 6 (Level 3) 28.0 82.282 2.7 5.60
4 77 20 (Level 4) 1 : 4 (Level 4) 28.3 91.606 2.6 0.44
5 78 (Level 2) 5 1:8 26.9 170.860 2.1 6.24
6 78 10 1:10 27.8 160.138 0.6 11.98
7 78 15 1:4 27.6 105.192 3.9 0.43
8 78 20 1:6 26.8 62.935 3.4 2.68
9 80 (Level 3) 5 1:6 25.4 269.683 5.1 0.21
10 80 10 1:4 25.7 224.236 6.3 0.42
11 80 15 1:10 26.5 149.413 1.5 5.12
12 80 20 1:8 26.1 116.081 3.6 1.48
13 81 (Level 4) 5 1:4 24,7 321.436 10.6 0.32
14 81 10 1:6 25.8 241.718 6.1 0.14
15 81 15 1:8 25.9 168.060 4.0 0.94
16 81 20 1:10 26.3 166.429 3.1 0.88

1.3 ZBEREMLFZE

AICHA S, 75, UCS Al BR UM B H AR,
It R ] Derringer F1 Suich #& ) #9 & 3 15 — {8 14 iF
72 AR, 7e S0P IH — {875 v, 38 2 5K A s
WIH—{E R (OD) By f K AH, 15 i 24k

TEARSC OD pR KL, B o B T IR A2 S B 25
HESE A A Y H AR OCT =SS0 Ik 20w
AR, (1) .

k k k=1 k
Ym =,8m0+2,8mixi+z,3miixi2+z Z BmijXix;j 1
i=1 i=1

i=1 j=it1



BCAr RS A R R SC R RE AR AR 10 2 H AR 1

- 499 -

Horr oy, R  HAR, A SCH yi v vz F vy 53 5]
H S\ 9. UCS HI BR BY{H; x; Fl x; NS4, A
CH x; A SF. xp, N E 1 #8  WRD. x; 4 GPD;
kRS S E A B, AR ST R 35 Buos Buis B F
By 53 50 R RO — IR I AH HLAE T TR 7 3
OIEYEEY 8

SR 5 R FH BRL 0 AR 46 bR B8O ) 1 AR, 7 5 B
B0 0~ 1 A EE R B d,,, KT 52 B rp 30 B2 /)N i
W BRI R B AR v, R (2) BEA T, i T30 2
RS BR G (e 8 H ARy, R (3) BEA TR 46t

1 Ym < Ym,min
Ym =Y. "
,ma.
dm = (M) Ym,min < Ym < Ym,max
Ym,min — Ym,max
0 Ym 2 Ym,max
2)
0 Ym < Ym,min

dm — ( Ym — Ym,min

w
) Ym,min < Ym < Ym,max
Ym,max — Ym,min

1 Ym 2 Ym,max

(3

HA, v min T Y max 23 9 A 52 56 o B H A% p,, 89
e /ME R KAE, w AARCE N+, %R EH
0'3[28729]‘

FREE T4 e g H A 14 1 22 ek 5 d, 19 JLATF
BB, ##57 OD RN = (4) Fis.

OD = (dy -da-----dy)'/" (4)

Hirdr, OD BB M [0, 1], n 200 5 H AR89 %k.

1 J5i b F MATLAB 43K fift OD 1) 55 K B

2 ERSTSWR

21 EXTHHER
R IEAC S0 7 R, AT IEAC S g 4 R in sk 2
FE 2 Frn.

Experiment number

B2 RS ATRA L

Fig.2 Evolution of orthogonal experiment results
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