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Mechanical properties and crack evolution of interbedded cemented tailings backfill
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ABSTRACT In the process of filling a large-scale goaf, due to the limitations in the capacity of the mixing tank, it is difficult to
completely filling the goaf all once, but multiple fillings of a goaf can easily produce a layered structure in the cemented tailings backfill.
This layered structure has a significant effect on the mechanical properties of the cemented tailings backfill. To analyze the influence of
these structural characteristics on the mechanical properties and evolution of cracks in cemented tailings backfill, the layered cemented
tailings backfill specimens with height ratios of 0.2, 0.4, 0.6 and 0.8, and cement-tailing ratios of 1 : 4,1 : 6, 1: 8 and 1 : 10 were
made, and then the uniaxial compression test was carried out by using a GAW-2000 servo test system, and finally the crack distribution
inside the cemented tailings backfill were analyzed by using 2D particle flow software(PFC-2D). The results show that: (1) the
relationship between the uniaxial compressive strength and the height ratio of the layered backfill can be represented by an exponential
function, and the relationship between the uniaxial compressive strength and the cement-tailing ratio can be represented by a polynomial
function. The relationship between the elastic modulus and the height ratio and the cement-tailing ratio can be represented by a
polynomial function. The uniaxial compressive strength and the elastic modulus are found to decrease with increase in the height ratio,

and increase with increase in the cement-tailing ratio, with both being more sensitive to the cement-tailing ratio. (2) The evolution curve
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of cracks in the cemented tailings backfill increases gradually at first, and then rapidly increases to about 80% of the peak strength,

whereby the larger is the cement-tailing ratio, the lager is the height ratio. Furthermore, the earlier the fast-rising inflection point occurs,

the more easily is the backfill specimen damaged, and the curve begins to decline rapidly after exceeding the peak strength. (3) The

layered backfill fails primarily by mainly shear failure, tensile failure and conjugate shear failure, and the failure is mainly concentrated

in the middle weak layer. The larger is the height ratio, the denser are the cracks, the bigger is the cement-tailing ratio, and the more

easily the cracks evolve to both ends.

KEY WORDS stage subsequent filling; interbedded cemented tailings backfill; uniaxial compressive strength; crack evolution law
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Table 1 Chemical composition of tailings and cement (mass fraction) %
Component SiO, ALO; CaO P S Fe Au Fe,05 SO;
Tailing 65.7 14.3 1.88 3.05 0.13 0.08 <0.01
Cement 21.36 4.92 62.33 3.21 1.92
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Fig.2 Making and uniaxial compression test of layered backfill specimens
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Table 2 Fitting complex correlation coefficient (R?)
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Function type Average value

1:4 1:6 1:8 1:10
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Table 3 Fitting complex correlation coefficient (R?)

Height ratio
Function type Average value
0.2 0.4 0.6 0.8
Linear 0.942 0931 0.945 0.968 0.947
Exponential 0.897 0.992 0.997 0.934 0.955
Polynomial 0.993 0.987 0.994 0.938 0.978
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Table 4 Fitting complex correlation coefficient (R?)
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Fig.5 Relationship between height ratio and elastic modulus: (a) linear fitting; (b) exponential fitting; (c) polynomial fitting
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Table 5 Fitting complex correlation coefficient (R?)

Height ratio
Function type Average value
0.2 0.4 0.6 0.8
Linear 0.993 0943 0.995 0.978 0.977
Exponential 0.989 0.979 0.996 0.988 0.988
Polynomial 0.989 0.998 0.997 0.998 0.996
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Fig.7 Strength sensitivity curve of interbedded backfill
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Fig.8 Elastic modulus sensitivity curve of interbedded backfill
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ol Table 6 Meso-mechanical parameters of numerical model

S
% Type Parameter Value
£ &
=
2 60 | o / Density/(kg'm™) 2700
,qé “/ Porosity 0.4
3 40} —A— Numerical model ]
g // —9— Test tailigns fric 0.5
= .1 .
O sl A/A Tailings particles KJ(N-m™) 6.0x10°

OT{ KJ(N'm™) 6.0x10°

)l - ' ' . ; . e
0 100 200 300 400 500 Radii of particles/m 4.1x107-3.0x10

Particle size/um
B9 RV ESRAR i SHUSTR
Fig.9 Comparison of the true grain-size distributions in tailings and the
simulation particles
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Smooth joint contact s fric 0.1
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Note: fric is friction coefficient; pb_ emod, pb_ coh, pb_ ten and Pb_
radius is the elastic modulus, cohesion, tensile strength and contact radius
of parallel bonding contact. sj_ K,,sj K, sj_ fric and sj_ large is the
normal stiffness, tangential stiffness, friction coefficient and size of the
smooth joint contact.
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Fig.10 Microstructure of numerical model of interbedded backfill (The cement-tailing ratio of top and bottom layer is 1 : 4, the cement-tailing ratio of

middle layer is 1 : 8, and the height ratio of middle layer is 0.4)
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Fig.12 Composite plots of stress-strain curve, crack cumulative curve and crack increment curve of interbedded backfills: (a) height ratio of 0.4 and

cemented tailings ratio of 1 : 4; (b) height ratio of 0.4 and cemented tailings ratio of 1 : 8
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Table 7 Failure modes of interbedded backfill

Cement-

. . Heightratio 0.2  Height ratio 0.4  Height ratio 0.6  Height ratio 0.8 Failure mode analysis
tailings ratio

Keeping the tailing cement ratio at 4, when the height ratio is
0.2, it is mainly shown as tensile failure through the
stratification plane; when the height ratio increases to 0.4, it is
mainly shown as tensile shear failure; when the height ratio
continues to increase to 0.6, it is mainly shown as tensile
failure in the parallel loading section; when the height ratio
increases to 0.8, it is mainly shown as tensile failure in the
middle weak layer.

Keep the tailing cement ratio of 6, when the height ratio is
0.2, the failure mainly occurs in the middle weak layer and
penetrates the upper and lower layers; when the height ratio is
0.4, the middle weak layer takes the lead in the occurrence of
multiple tension cracks; when the height ratio is increased to
0.6, the specimen shows a large shear crack failure through
the weak layer; when the height ratio is increased to 0.8, the
middle weak layer presents conjugate shear failure.

When the height ratio is 0.2 and 0.4, the failure mode is
basically similar, which mainly appears in the middle weak
layer and is mainly tensile failure; when the height ratio
increases to 0.6, it mainly appears as the main shear failure of
the weak layer and accompanied by the secondary tensile
crack failure; when the height ratio is 0.8, it mainly appears as
the conjugate shear failure of the middle weak layer.

All the failures are concentrated in the middle weak layer,
when the height ratio is 0.2 and 0.4, it is mainly tensile
failure; when the height ratio is 0.6 and 0.8, it is mainly

conjugate shear failure with secondary tensile crack.

S

Note: Yellow indicates CPB and red indicates internal crack.
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