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Abstract: Temperature and cement-tailings ratio are the two main factors affecting the mechanical and damage
characteristics of cemented tailings backfill. The cemented unclassified tailings backfill samples with different
cement-tailings ratios (1:4, 1:6, 1:8, 1:10 and 1: 12) were prepared by using the unclassified tailings of a metal
mine. After curing at different temperatures (20, 35, 40, 45, 50 °C), the samples were subjected to uniaxial
compression, wave velocity and porosity measurement tests to obtain the stress-strain relationship curve and

physico-mechanical parameters. Based on the principle of strain equivalence, a damage evolution equation and a
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damage constitutive model were established to investigate the effects of temperature and cement-tailings ratio on the
backfill mechanics and damage characteristics, and the difference between the two effects was explored by grey
correlation analysis. The results showed that the compressive strength and elastic modulus of the backfill increased
first and then decreased with the increase of temperature, and increased with the increase of cement-tailings ratio,
reaching the maximum at a temperature of 45 °C and cement-tailings ratio of 1:4; the reliability of the model was
verified by the comparison between the theoretical value of the constitutive model and the experimentally measured
value. The results of the grey correlation analysis indicated that the contribution rate of temperature to wave
velocity, porosity, and peak damage was greater than that of the cement-tailings ratio, and the contribution rate to
compressive strength and elastic modulus was smaller than that of the cement-tailings ratio. The results can provide
a reference for the design of green-filling mining in mines.

Keywords: temperature; cement-tailings ratio; cemented tailings backfill; mechanical characteristics; constitutive

model; grey correlation

WSROI R BRI A RAE R R R IX
Mo VTR A 2E AT 1L AR A EE T B, B s BUT
Kot O IS KRR LI H BT ILRAR
[ I 2R DXy B A TSR B AR 26 A2 A, 409 2
FELTUR SR B B JRRD LG, DA K SE LR BT Adb 1) B 055 UL 132
SEAFANTR], L 5 RS LU R R 3 FEUA T~
T 0 AR O e B RR E VY, DAL, B il B
JRAD HERS FELUAR g 2 AR RE R B 82 0, 2 R 78
SO SR AN S5 04 00 2 25

UTAFR, NS NE Z B R e BUA R 2 it
FEPEITRE TR . 2Rl LIUSE Y 5 T
TR BN FEIUA S R E RSN, N T ORI R 5E
SRS A IR s XEFE I T A RS 78
BRI S RRRAIE, 50 122 s T AR RIE EE
FEHAAG A I 5 K IR A" HOU AR GE ST
TR FEUASR NV 7 -1 R ML A 5
Wi A T 25 R 0 7 B AA R s WANG 25141
PRI AENRGE T S KRR SR 2 R R
e BT AR DT 58 J3E G 5 7K R A4 18 0 S 1 R i
AN 5= VAN N G e/ & S BE VRIS Al BITEY 2 - N
LATZE Y IN SEUIBETE A AT Ak RERR R o SE LAY
I XREUY A R BB VR, 5 21 4k R FEIH
PRBIR S AT A — 5 B R ERE T s KO 520 B 7
SRR T AN R RS W B A 25 Fe S AR5 i A A
BRI RS2 | 45 SRR BN R RO SEBUA R0 46 T
W BRI S R B B R R S S s AN ) O
SE T IR R BB A M RERL . X SE RS R AR A
TSR H T ER BN R A . SRR
BOUT R R, SEBUATEAE A AR 2 T X 3 LA 0 )
PR Oy o R st O P [ i 32 B 2 A4S I &R 5
M, He R IR MUY HUJE AR 3 B B R . AR

7, FAG T IREE 5 KA L FEBAR g2 K et
R 52 TR RIS ) 22 ST D

ARSCUARE & Jm T 14 B ikl ot 1 45 571
I BEAA He i 2 FESF AR WP SE 5 A [ YL EE ALK
WO AR T 2RI A SE BRI T 2 b . BT
AR OB ST T SRR A 3 18 A 7 A AR R A
B FF R A SRR 5377 1 20 M ik B MR HE X
FESUA Ty 27 S AR R B ST R o BIFFE S AR
OO AN [ PR TR A L S BEOA g 2 RA 4 REAE EOA
AT I aR G EUT R BT ES %

1 {BIFEEHZE

1.1 XA

I AR HE RS B BEA R FIK . b B Rb
R AR R, FORLAR A Gn 1 s, R
1874 28.6 pwm, JEARI FERD , 2530 Si0,.CaO
Fe,0,.ALO; fll CuO 45, B &EM L R 3 T PO42.5 7K e
PO P A ), K R 2B RK

100

80

60

40

BB 0%

20

0 200 400 600 800 1000
AR /um
E1 EWNESTH

Fig.1 Tailings particle size distribution
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Fig.2 Cemented unclassified tailings backfill samples
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Fig.5 Mechanical properties of backfill with different temperatures and cement—tailings ratios:

(a) compressive strength change diagram; (b) elastic modulus change diagram
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Table 1 Damage evolution equation and constitutive equation of backfill at different temperatures
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40 1:6 2372 D=1-exp[ -0.422x(£/0.006 80)*] o= 560.44xexexp| -0.422x(£/0.006 80)>*"]
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Table 2 Data of mechanical and damage characteristic parameters of backfill

B FEPIREESC KPR PURMRES/MPa PRI /MPa Wi/ (m/s) LBRR/ % WEAEIR
1 20 0.250 1.727 301.670 2210 42.94 0.126
2 20 0.167 0.842 147.620 1732 44.85 0.269
3 20 0.125 0.695 143.100 1668 45.03 0.356
4 20 0.100 0.496 127.190 1637 45.36 0.400
5 20 0.083 0.369 114.910 1599 45.43 0.432
6 35 0.250 3.401 678.360 2598 36.53 0.258
7 35 0.167 1.553 313.340 2133 43.58 0312
8 35 0.125 1278 285.800 2015 43.87 0.363
9 35 0.100 1.077 244.480 1856 44.56 0.407
10 35 0.083 0.809 232.120 1716 44.97 0.508
11 40 0.250 4.294 1 024.470 2 644 34.02 0.286
12 40 0.167 2.474 560.440 2420 39.23 0.344
13 40 0.125 1.810 500.090 2231 42.45 0.427
14 40 0.100 1.325 325.380 2089 43.79 0.433
15 40 0.083 1.102 270.260 1889 44.42 0.518
16 45 0.250 4.853 1217.940 2728 32.45 0314
17 45 0.167 2.808 750.500 2459 38.08 0.372
18 45 0.125 1.867 522.400 2261 4229 0.452
19 45 0.100 1.695 471.530 2156 43.35 0.453
20 45 0.083 1.224 295.260 1964 44.03 0.522
21 50 0.250 3.663 709.070 2507 36.01 0.079
22 50 0.167 2.009 525.820 2356 40.98 0315
23 50 0.125 1.746 485.550 2225 42.63 0.405
24 50 0.100 1.110 292.330 1931 44.25 0.439

25 50 0.083 1.029 276.400 1793 44.77 0.511
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Table 3 Dimensionless processing results
hiass X, X i » ¥y Vs Vs
1 0.526 1.724 0.954 0.697 1.046 1.023 0.339
2 0.526 1.149 0.465 0.341 0.820 1.068 0.693
3 0.526 0.862 0.384 0.330 0.789 1.072 0918
4 0.526 0.690 0.274 0.293 0.775 1.080 1.031
5 0.526 0.575 0.204 0.265 0.757 1.082 1.113
6 0.921 1.724 1.879 1.565 1.230 0.870 0.664
7 0.921 1.149 0.858 0.723 1.009 1.038 0.797
8 0.921 0.862 0.706 0.659 0.954 1.045 0.937
9 0.921 0.690 0.595 0.564 0.878 1.061 1.048
10 0.921 0.575 0.447 0.535 0.812 1.071 1.308
11 1.053 1.724 2.372 2.363 1.251 0.810 0.738
12 1.053 1.149 1.367 1.293 1.145 0.934 0.887
13 1.053 0.862 1.000 1.154 1.056 1.011 1.102
14 1.053 0.690 0.732 0.751 0.989 1.043 1.116
15 1.053 0.575 0.609 0.623 0.894 1.058 1.336
16 1.184 1.724 2.681 2.810 1.291 0.773 0.810
17 1.184 1.149 1.551 1.731 1.164 0.907 0.959
18 1.184 0.862 1.031 1.205 1.070 1.007 1.166
19 1.184 0.690 0.936 1.088 1.020 1.032 1.168
20 1.184 0.575 0.676 0.681 0.929 1.049 1.345
21 1.316 1.724 2.024 1.636 1.186 0.858 0.204
22 1.316 1.149 1.110 1.213 1.115 0.976 0.811
23 1.316 0.862 0.965 1.120 1.053 1.015 1.045
24 1.316 0.690 0.613 0.674 0914 1.054 1.132
25 1.316 0.575 0.569 0.638 0.849 1.066 1.316

A = max, max, A, (k)

Yo (k) = A

a+6A

(k) + 6A
H(5)—X @) H ey (k) WED IR R GRAEAS

(7)

(8)

il

TRIRZRB:6 1 3 B Z A O~ 1 ZTALBUEL, — i 0.5
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1
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Table 4 Contribution rate of each influencing factor

DU s A A fLER WEAFA 477
G G o & G G o G G G
0.468 0.532 0.486 0.514 0.523 0.477 0.542 0.458 0.556 0.444
[3] Ff@ bt A, WAL, 45 BB KRR T 2RSS 2
5 & SO B = J g 2 AL D). A G e E RS T

1) Bl R 4E N R AP SS e AR 5 He i B Fn s
PEASE 10 2 i I B ) T 2 SRS KR s Y R
Bl JAD b B 338 T 2R 48, AR R BE by 45 °C K
LG 1 4 B IR B 5 KA, 53071 4 4.853 .1 217.94 MPa,
U2 SRR FL B3R 10 43 AT 445 SR 5 e ot R s e A
T AP L A A A BT — B

2) FEIRAD H— 2 I 25 A, B 10 A S5 40 D B
HENT T R D I 4 T A A 153 43 i Ak R R AR A A5
Y 3 SR 0 I 2R ) FE A IR T AR ) P AR s T
HUAR I 1 20 R 4 A4 B Bt o gt 3 W0 i B 45 7%
S A5 0 T B AR R R T B A R R 1 T
15 WAL 0 S0 A a0 , 45473 386 4 SR 0 ) i
i N =Y N S VA ) ER W N =p: - N

3) SR K €8 SCIE A3 B 5 ik, vH BT B RS L
X FEILR YT o B S AR E | D AL PR R (.
0 1) DTk AR, H R 4351 0.468.,0.486.,0.523
0.542.0.556 %% 0.532.0.514.0.477.0.458 .0.444 , Al %I
ek B X T 5 R A A 1 Dk N TR L
XoF 10 S L Bt 23 AR {451 3 1 DT R R T IR AR L

S 23k
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