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Abstract : This paper takes an iron ore project as the engineering background, simulates the mechanical charac-
teristics of the solidified tailings with PFC, determines the meso—mechanical parameters of the solidified tailings,
and establishes the uniaxial compression numerical model of solidified tailings. On this basis, the paper studies
the influence of particle size distribution and particle number simplification on mechanical characteristics of
simulated solidified tailings. According to research findings, the average error between the numerical model and
experimental results under uniaxial compression is 5.5%. It proves that the numerical model constructed by this
method can effectively predict the uniaxial compressive strength of solidified tailings, and the effect of capturing
the flexible and brittle failure mode of the solidified tailings is good. It further indicates that the PFC numerical
model is effective and feasible to simulate the solidified tailings. Because of different engineering conditions, the
size distribution of tailings is quite different, if the size distribution of tailings is wide, the particle size distribu-

tion and particle number of tailings can be simplified when the numerical model of tailings is established. Anal-
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ysis shows that when the selection ratio of model tailings particle group range reaches more than 50%, the simu-

lation of stress — strain curve and failure mode of solidified tailings can be well performed.

Key words: tailings solidified body; PFC numerical modeling; uniaxial compression; prediction of mechanical

properties; model optimization
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Tab.1 The test results of tailings solidified body
Specimen Tailings Density/ Initial Strength/MPa i o
) . The formula of subsidiary
number type (kg/m*)  void ratio 1d 3d 7d
Al-HI1# Hi1# 2414 1.19 0.177 0.374 0.56
Al-H2# H# 2388 118 0.175 0.344 0.587 65-fine grindingPCC8.0
+ white clay6.0+ coarse
Al1-H3# H3# 2.362 1.17 0.157 0.379 0.676 aggregate 20%+ admixture 1%
Al1-H44# H4# 2.336 1.15 0.149 0.359 0.653
A2-H1# H1# 2.414 1.25 0.263 0.499 -
A2-H2# Ho# 2.388 123 0311 0.512 - 65—fine grindingPCC9.0
+ white clay4.0+coarse
A2-H3# H3# 2.362 1.22 0.319 0.57 - agsregate20%-+ admixture 1%
A2-H44# H4# 2.336 1.21 0.337 0.66 -
A3-H1# H1# 2.414 1.24 0.243 0.44 -
A3-H2# H# 2.388 122 0.29 0.473 - 65—fine grindingPCC8.5
+ white clay 4.5+coarse
A3-H3# H3# 2.362 1.21 0.306 0.565 - ageregate20%-+ admixture 1%
A3-H44 Ha# 2.336 1.20 0.293 0.529 -
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Tab.2 The meso—structure parameter of PFC numerical

O

model
Type Parameter Value
Density/ (kg/m?) Actual density
Friction coefficient 0.5
Tailings  Normal contact stiffness/(N/m) 3x10°
particles  Shear contact stiffness/(N/m) 3x10°

Radii of particles/m Size distribution of

tailings
Density/(kg/m*) 3.15
Cement- Friction coefficient 0.5
ing Normal contact stiffness/(N/m) 6x10°
particles  Shear contact stiffness/(N/m) 6x10°
Radii of particles/m 9.0x107°
FElasticity modulus/Pa 5x10®
Parallel Normal bond strength/Pa 1x10®
bond of
. Shear bond strength/Pa 1x107
cementing
. Bond radius 1
particles
Number of cementing particles Formula(4)

x3 HHENBERESHY

Tab.3 Numerical model parameters of specimen

Specimen Tailings particles Number of cementing particles
number Density/(kg/m®) Initial void ratio Radii of particles/m 1d 3d 7d
Al-H1# 2.414 1.19 9.5x107~4.27x107 13 104 15 025 16 035
Al-H2# 2.388 1.18 9.5x107~3.72x107 13 104 15 025 16 035
A1-H3# 2.362 1.17 9.5x107~3.24x10° 13 104 15 025 16 035
Al-H4# 2.336 1.15 9.5x107~2.82x107 13 104 15 025 16 035
A2-H1# 2.414 1.25 9.5x107~4.27x107 13 518 15 498 16 511
A2-H2# 2.388 1.23 9.5x107~3.72x107 13 518 15 498 16 511
A2-H3# 2.362 1.22 9.5x107~3.24x107 13 518 15 498 16 511
A2-H4# 2.336 1.21 9.5x107~2.82x10° 13 518 15 498 16 511
A3-H1# 2.414 1.24 9.5x107~4.27x107 13 315 15 267 16 281
A3-H2# 2.388 1.22 9.5x107~3.72x107 13 315 15 267 16 281
A3-H3# 2.362 121 9.5x107~3.24x107 13 315 15 267 16 281
A3-H4# 2.336 1.20 9.5x107~2.82x107 13 315 15 267 16 281
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1 Prediction effect of uniaxial compression strength of
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Tab.4 Prediction of uniaxial compressive strength of solidified tailings by numerical specimens

MPa

Specimen 1 d strength 3 d strength 7 d strength
number Actual value Predicted value Actual value Predicted value Actual value Predicted value
Al-H1# 0.177 0.185 0.374 0.341 0.56 0.492
Al1-H2# 0.175 0.177 0.344 0.361 0.587 0.544
A1-H3# 0.157 0.164 0.379 0.377 0.676 0.650
Al1-H4# 0.149 0.153 0.359 0.368 0.653 0.668
A2-H1# 0.263 0.258 0.499 0.410 - -
A2-H2# 0.311 0.322 0.512 0.478 - -
A2-H3# 0.319 0.328 0.57 0.642 - -
A2-H4a# 0.337 0.348 0.66 0.688 - -
A3-H1# 0.243 0.235 0.44 0.370 - -
A3-H2# 0.29 0.284 0.473 0.452 - -
A3-H3# 0.306 0.315 0.565 0.506 - -
A3-H4a# 0.293 0.305 0.529 0.554 - -
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Fig.2 Comparison of failure modes of solidified tailings

(b) Brittle failure

between laboratory test and numerical simulation
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Tab.5 Compressive strength of numerical specimens with
different number of tailings particles

Type g;;gggj;;g Relative error
Lab experiment results 0.587 /
21 580 tailing particles 0.595 1.36%
13 700 tailing particles 0.593 1.02%
8 830 tailing particles 0.617 5.11%
5 635 tailing particles 0.626 6.64%
3 468 tailing particles 0.650 10.7%
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(a) The particle quantity of tailings is 3 468

(b) The particle quantity of tailings is 5

635

(¢) The particle quantity of tailings is 8 830

(d) The particle quantity of tailings is 13 700
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(e) The particle quantity of tailings is 21 580
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Fig.5 Morphological characteristics of different tailings particle specimens under 5% axial strain(from left to right:
particle position,parallel connection position and parallel connection force diagram)
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