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Triaxial mechanical properties and evolution mechanism of fully cemented
unclassified tailings backfill under seepage pressure
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Abstract: To clarify the triaxial mechanical properties and evolution mechanism of fully cemented unclassified
tailings backfill (CUTB) under the action of seepage pressure, triaxial mechanical tests and scanning electron
microscope tests were carried out on the CUTB under different seepage pressures, and the influence rule of seepage
pressure on the triaxial mechanical properties and meso-structural characteristics of CUTB was analyzed,
respectively. Based on damage theory and effective stress principle, the damage modulus constitutive model of the

CUTB under seepage pressure was established. The results show that the peak stress and elastic modulus of CUTB
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linearly decrease with the increase of seepage pressure. However, with the increase of cement-sand ratio, the
weakening effect of seepage pressure on peak stress gradually weakens, and the weakening effect on elastic
modulus gradually increases. Seepage pressure will degrade the internal structure of CUTB and accelerate the
generation and development of micro-pores and micro-cracks. The fractal dimension of CUTB increases with
increasing seepage pressure. Based on the experimental data, the damage constitutive model of CUTB under
seepage pressure is verified, and the stress-strain curves of the two models are consistent with each other. It shows
that the model can well describe the triaxial mechanical behavior of CUTB under seepage pressure. The research
results can provide some theoretical guidance for the design of the triaxial mechanical property index of CUTB in
water-rich mines.

Keywords: unclassified tailings; cemented backfill; seepage pressure; cement-sand ratio; triaxial compression

test; mechanical properties
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Table 1 Main chemical component of unclassified tailings

AL % (BT E0

WAy sio, Ca0 Fe S ALO,

MgO K Mn F Cu P Pb

ok 33.02 15.68 10.37 4.55 2.56

1.82 0.37 0.09 0.08 0.06 0.05 0.01
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Fig.1 Particle size distribution of unclassified tailings
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Fig.2 Cemented unclassified tailings backfill sample
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Fig.3 General view of backfill triaxial creep meter
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Fig.5 Triaxial mechanical properties of cemented unclassified tailings backfill under seepage pressure :

(a) peak stress variation rule; (b) elasticity modulus variation rule
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Table 2 Fitting equation of mechanical properties and seepage pressure

KRR T 4k b WEAE N T3 (o, )/MPa PP (£)/10° MPa
1:4 o, =5.919 - 1.815P, (R*>=0.943) E = 8.151 - 1.749P_(R*=0.982)
1:6 o, =4.053 - 2.017P,(R*=0.966) E = 4.022 - 0.966P (R*=0.975)
1:8 o, = 3.699 - 2.229P (R*=0.963) E = 2.444 - 0.574P,(R*=0.915)
1:12 o, =3.363 - 2.280P (R*=0.979) E = 1.247 - 0.482P, (R*=0.949)

4 RN
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6 AEBEKEERTHHMUFSE: (a) P,=0 MPa;(b) P,=0.2 MPa;(c) P_=0.5 MPa;(d) P,=0.8 MPa
Fig.6 Micro—morphologies under different seepage pressure: (a) P,=0 MPa;(b) P_,=0.2 MPa;
(c) P,=0.5 MPa; (d) P,=0.8 MPa
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Fig. 7 Specimen morphology binarization map
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Table 3 Material parameters of CUTB under different conditions

TRAD T L B % K)E(P,)/MPa THFA L () N EEEES (0)/(°) PR (E)/10° MPa
0 0.358 30.6 8.091
0.2 0.352 30.6 7.849
1:4
0.5 0.347 30.6 7.344
0.8 0.351 30.6 6.697
0 0.391 28.2 4.011
0.2 0.369 28.2 3.812
1:6
0.5 0.365 28.2 3.603
0.8 0.352 28.2 3.213
0 0.391 25.6 2.493
0.2 0.385 25.6 2.261
1:8
0.5 0.381 25.6 2.163
0.8 0.392 25.6 1.998
0 0.412 24.8 1.241
0.2 0.382 24.8 1.136
1:12
0.5 0.388 24.8 1.052
0.8 0.385 24.8 0.836
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(b) P,=0.2 MPa; (c) P,=0.5 MPa;(d) P,=0.8 MPa
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