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The aim of this study was to explore the correlation between mesoparameters (normal stiffness kn, tangential stiffness ks, and
friction coefficient fric) and macromechanical parameters (cohesion, internal friction angle, and peak principal stress as well as
its corresponding stress variables) of the particle flow code in 3-dimension (PFC3D) built-in linear contact model, which is
suitable for simulating cohesionless materials that are similar to tailing sand. A triaxial test model was established using
PFC3D, and nonspherical particles were developed by the clump command. Several numerical triaxial tests were performed
under different confining pressures and mesoparameters. The results showed that the linear contact model is effective in
simulating sandy soil, and the corresponding gradation of particles should be given. No one-to-one correspondence was found
between the macromechanical parameters and the mesoparameters. Each macromechanical parameter was most affected by a
certain mesoparameter, and the degree of influence was much greater than that of the other mesoparameters. The macro- and
mesoparameters were strongly correlated. The stiffness ratio (kn/ks) mainly affected the cohesion value, the friction coefficient
of fillers (pebble-fric) mainly affected the internal friction angle and the peak principal stress, the normal stiffness (kn) of
particles mainly affected the strain corresponding to the peak principal stress, and the influence of the side wall friction
coefficient (wall-fric) was not the strongest but was non-negligible. The microparameter calibration of the contact model can
follow the order of parameter adjustment proposed in this study, which can facilitate and enhance the accuracy of the
parameter calibration process of the linear contact model.

1. Introduction

Particle flow code in 3 dimensions (PFC3D) simulation
drawing tests have been used for investigating the interface
mechanical properties of geosynthetics reinforced tailing
sand. The accuracy of PFC numerical simulations is directly
determined by the selection accuracy of the mesoparameters
of the contact models [1]. Currently, the mesoparameters are
selected and compared by trial and error: researchers first
assume a set of mesoparameters and then continuously
adjust the parameters until the macromechanical properties
of the model are similar to those of laboratory test results.
This process is usually time-consuming and difficult to use
in obtaining the desired calibration results.

Different mesoparameters have been selected as the basis
for parameter calibration in various studies [2–6]. Huang
et al. [7] first used a bond model to investigate the propor-
tional rule of macro- and mesomechanical properties of
PFC2D samples. Potyondy and Cundall [3] used a parallel
bond model to simulate the characteristics of rock mechanics.
The relationships between the macro- and mesoparameters of
two- and three-dimensional models were deduced from com-
parative analyses. Zhang et al. [8] compared numerical simu-
lations with laboratory test results and found that the
proposed cross-scale constitutive model can not only quanti-
tatively describe the effect of immersion weakening on soil
mechanical behavior at the macroscale but can also adequately
reflect the bond dissolution at the mesoscale. Renzo and Maio
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[9] proposed the ratio of initial tangential stiffness to normal
stiffness by investigating the mechanical properties of mate-
rials. Hentz et al. [10] used the discrete element method to
study the mechanical properties of concrete. They used the
least squares principle to establish the relationship between
macro elastic constants and mesocontact stiffness. Yang et al.
[11] used rock samples to investigate the relationship between
particle mesoparameters and elastic parameters, such as the
modulus of elasticity and Poisson’s ratio, as well as the uniaxial
compressive strength in a parallel bonding model. Yoon [12]
used the central composite design to calibrate the mesopara-
meters of the contact bond model and studied the linear cor-
relation between the mesoparameters and macromechanical
properties of the elastic modulus, Poisson’s ratio, and uniaxial
compressive strength of rock. Cong et al. [13] used PFC2D to
simulate the mechanical properties of marble using the parallel
bond contact model. They discussed the relationship between
the mesoparameters of the contact model, elastic modulus,
Poisson’s ratio, peak stress, and failure mode. Zhou et al. [14]
studied the influence of the stiffness ratio, porosity, and confin-
ing pressure of the linear contact model on the initial elastic
modulus and Poisson’s ratio using a PFC3D simulation indoor
triaxial test. They established a functional relationship between
themacro- andmesoparameters. To investigate themechanical
properties of cohesion soils, Xu et al. [15] used PFC2D to sim-
ulate biaxial tests performed by the contact bond model. They
investigated the relationships between the mesoparameters of
the contact model and the shear strength parameters, cohesion,
and internal friction angle.

Currently, researchers mostly focus on the correlation
between the mesoparameters of the bond model (i.e., normal
bond stiffness, tangential bond stiffness, normal bond
strength, and tangential bond strength) and the macrome-
chanical parameters (i.e., elastic modulus, Poisson’s ratio,
and compressive strength). The bond model is mostly used
to simulate the viscous comparison of rock and concrete.
For strong materials, few studies have been conducted on
linear contact models for soils with low cohesion, and no
report exists on the relationship between the mesopara-
meters of linear models and the shear strength parameters
of soils with low cohesion.

In this study, PFC3D was used to establish a triaxial
compression test model, and a series of numerical triaxial
tests were performed under single-factor change conditions.
We investigated the relationships between the mesopara-
meters (normal stiffness kn, tangential stiffness ks, and fric-
tion coefficient fric) and macromechanical parameters
(cohesion c, internal friction angle φ, peak principal stress,
and axial strain) of tailing sand. The peak value of the prin-
cipal stress and its corresponding axial strain were con-
trolled, and the deviation stress–axial strain curve was
similar to that obtained from laboratory tests; the calibration
result was verified by shear strength parameters.

2. Establishment of Triaxial Test Model for
Tailing Sand

The triaxial test model built in this study is similar to that
used by Huang et al. [16]. The prescribed velocity is applied

to the upper and lower planar walls in our model to simulate
compression, and confining pressure is applied to the sur-
rounding circular walls. Figure 1 shows the test model; the
specimen was 8 cm in height and 4 cm in diameter. The
modeling process was as follows:

(1) The cylindrical, upper, and lower planar walls were
generated

(2) In the space enclosed by the walls, fillers were
formed according to the porosity and gradation
under different compactness levels. In the linear con-
tact model, when the normal stiffness of the wall was
not less than the normal stiffness of the particles, the
filler and wall were endowed with a smaller tangen-
tial stiffness and friction coefficient. The overlap
was eliminated and unbalanced forces reduced;
reducing the parameters facilitated the rapid and
uniform distribution of the particles in reaching the
initial equilibrium

Figure 1: Triaxial test model.

Figure 2: Particles and their profiles.
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(3) To change the normal stiffness of the cylindrical
wall, one-tenth of the normal particle stiffness was
used for simulating the flexible boundary of the
indoor triaxial test and for changing the parameters
to their predetermined values. Servo control was
applied to the cylindrical, upper, and lower walls to
enable the model reach the initial state under the
preset confining pressure

(4) The servo control of the upper and lower walls was
cancelled, and the compression speed was applied,
thereby commencing the test. The servo control of
the upper and lower walls was then cancelled, the
compression speed was applied, and the test com-
menced. To prevent impact effect, the upper and
lower walls were accelerated step-by-step to a prede-
termined compression speed of 0.03mm/min, and
the test was stopped when a certain amount of com-
pression was attained after the peak value

3. Hypothesis of Tailing Parameters and
Gradation Effect on Test Results

The size of the tailing sand should be enlarged properly
when establishing the numerical test model because the sand

particles are small. After enlargement, the ratio of the parti-
cle size to model size differs from that of the original particle
size to laboratory test size. It is unnecessary to obtain the
exact shape of the tailing sand under this condition. An
important task is the determination of the particle and
model sizes for the PFC numerical simulation test. Simula-
tion results are typically inaccurate when the particle size is
less than 2,000 units [17]. Similar macromechanical proper-
ties can be obtained by simulating tailing sand using spher-
ical particles, which are necessary for improving the
mesoparameters but face numerous drawbacks [18, 19].
The nonspherical particles are typically developed by the
clump command to improve simulation accuracy. Most
nonspherical particles used in previous studies were not
symmetrical in space, which caused fluctuations in the
stress–strain curve [16]. Figure 2 shows the nonspherical
particle used in this study. The particle consists of a sphere
with a middle radius of 2mm and a sphere with a radius
of 1.5mm symmetrically distributed in space. The model is
characterized by the good spatial isotropy of the particles,
which is crucial for the smooth transitioning of stress–strain
curves and for overcoming the drawbacks of the over-
rotation of pure circular particles. Because of the gradation
in the inherent particle composition of sand, the simulated
tailings gradation used in this study is similar to that used
in a previous study [20]. The values of the coefficient of uni-
formity CU = 4 < 5 and coefficient of curvature CC = 1
obtained from the laboratory screening test showed poor
sand gradation. In the numerical experiments, the particle
size was adjusted to keep CU and CC constant to avoid a
deviation from fine gradation The adjustment was per-
formed to maximize the simulation of the real tight contact
between sand particles. Figure 3 shows the gradation curve.
The adjusted values were as follows: effective particle size
d10 = 1:68mm, median particle size d30 = 3:21mm,
restricted particle size d60 = 6:68mm, CU = 3:976, and CC
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Figure 3: Gradation curve of numerical and indoor tests.

Table 1: Preliminary mesoparameter assumption of tailing sand
and wall.

Category kn (N/m) ks (N/m) Fric ρ (kg/m3)

Wall 1:0 × 105 1:0 × 105 0.4 /

Clump 1:0 × 106 1:0 × 106 0.5 1600

Note: kn is the normal stiffness, ks is the tangential stiffness, fric is the
friction coefficient, ρ is density, wall is the sidewall, and clump is the filler
particles.
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= 0:918. Hence, the tailings were poorly graded sand, and
the values of CU and CC were close to those of the laboratory
test results.

Table 1 presents the preliminary mesoparameters of tail-
ings that were selected by adjusting the parameters of the
model for trial calculation, and Figure 4 shows the Mohr’s
circle and strength envelope. The results are similar to the
interface strength parameters (cohesion of 4.7 kPa and inter-
nal friction angle of 32.89°) measured by a previous indoor
triaxial test [20], and the errors between both results were
17.98% and 20.23%, respectively.

According to the mesoparameters presented in Table 1,
the effects of the particle shape and gradation were investi-
gated by simulating three working conditions: non-
spherical particles with gradation (working condition I),
spherical particles with gradation (working condition II),
and nonspherical particles without gradation (working con-
dition III). The average particle size (d50 = 0:55mm) without
a consideration of gradation was the same as the average
particle size with a consideration of gradation. The non-
spherical particles used in this study fully reflect the shear
strength caused by angular characteristics under small con-
fining pressure conditions. Hence, the peak principal stress

was generally smaller under a confining pressure of
100 kPa while a more accurate strength envelope was
obtained under confining pressures of 200 kPa, 300 kPa,
and 400 kPa. The results of three working conditions under
the same mesoparameters are presented in Table 2, and the
deviation stress–axial strain is shown in Figure 5.

Figure 5 illustrates a comparison of the results of work-
ing conditions I and II: the peak deviating stress of the sim-
ulated nonspherical particles under the three-stage confining
pressure conditions was higher than that of the spherical
particles, and the cohesion and internal friction angle also
increased. The shapes of the stress–strain curves are similar,
and both curves show strain softening characteristics. The
nonspherical particles in the numerical simulation were
more consistent with the actual situation while contributing
to the accuracy of the test results. The results of working
conditions I and III under the condition of considering par-
ticle gradation were compared: the peak deviating stress
under the three-stage confining pressure conditions differed
substantially from that under the condition of not consider-
ing gradation. The peak deviating stress of the test results
under condition I increased considerably, showing strain-
softening characteristics; the peak deviating stress of the test
results under condition II did not increase substantially,
showing strain-hardening characteristics. To obtain the
same macromechanical properties, it is necessary to set
higher mesoparameters when ignoring particle gradation
than when considering it. Thus, considering the particle size
distribution in the numerical simulation increased the con-
tact proximity between the particles and strengthened the
interlocking effect. The results showed that the friction cohe-
sion increased while the stress–strain curve was smoother,
which is more consistent with the laboratory test results.
Therefore, the results of the indoor test were more consistent
with those obtained under condition I. In the PFC3D
numerical simulation, the effect of gradation and particle
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Figure 4: Mohr’s circle under preliminary mesoparameters.

Table 2: Summary of results of three working conditions.

Parameter
Working
condition I

Working
condition II

Working
condition III

Peak normal stress σ1 (kPa)

σ3 = 200 kPa 998.8 785.3 1029.1

σ3 = 300 kPa 1485.5 1172.2 1537.8

σ3 = 400 kPa 1972.5 1559.9 2058.1

Cohesion c (kPa) 5.73 2.7 1.99

Internal friction
angle φ (°)

41.23 36.13 42.23
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shape on the test results was closer to that of the indoor test
results.

4. Correlation Analysis of Macro-
Mesoparameters Used to Simulate Tailings

4.1. Influence of Normal Stiffness (kn) on Macromechanical
Parameters. According to the preliminary selected meso-
parameters, tests were performed on 11 groups with the nor-
mal particle stiffness (kn) ranging from 7:0 × 105 to 4:0 × 106
. The results of the linear fitting test, illustrated in Figure 6,
were obtained to determine the shear mechanical parameters
of the interface.

Figures 6(a) and 6(b) show an increase in kn and a
decrease in the cohesion and internal friction angles; the
change trends were similar. When the stiffness was less than
1:75 × 106N/m, the cohesion and internal friction angles
decreased rapidly while kn increased. As kn increased further,
both cohesion and internal friction decreased slowly, which
was more evident for cohesion. When kn increased from 7:0
× 105N/m to 4:0 × 106N/m, the cohesion decreased from
8.52kPa to 1.18kPa, a total decrease of 86.15%, and the inter-
nal friction angle decreased from 41.36° to 40.37°, a total
decrease of 2.39%.

Figure 6(c) shows similarities in the effect of the kn of the
particles on the peak principal stress under the three
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Figure 5: Deviation stress-axial strain curve of triaxial test: (a) non-spherical particles with gradation (working condition I); (b) spherical
particles with gradation (working condition II); and (c) non-spherical particles without gradation (working condition III).
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confining pressure conditions. The peak principal stress
decreased with an increase in kn, but the decreasing rate grad-
ually slowed down. At the confining pressure of 300kPa, while
the value of kn increased from 7:0 × 105N/m to 4:0 × 106N/
m, the peak principal stress decreased from 1499.43kPa to
1407.99kPa, which is approximately a 6.10% decrease.

Figure 6(d) shows that, under the confining pressure of
300 kPa, the axial strain corresponding to the peak principal
stress decreased with an increase in kn, and the reduction
speed also decreased. The axial strain decreased from
3.24% to 1.72%, a total decrease of 46.91%, because an
increase in kn resulted in a decrease in tangential stiffness
(ks). The allowable overlap between particles decreased con-
tinuously, and the displacement mainly stemmed from the
dislocation of the filler particles, which attained the peak
principal stress when the displacement was small.

4.2. Influence of Stiffness Ratio (kn/ks) on Macromechanical
Parameters. According to the preliminary mesoparameters,

the stiffness ratio (kn/ks) varied by changing only the tangen-
tial stiffness value ks. Tests were performed on 12 groups
with kn/ks ranging from 1.0 to 10.0. The results of the linear
fitting tests were obtained to determine the shear mechanical
parameters of the interface, as shown in Figure 7.

Figures 7(a) and 7(b) show that the cohesion increased
with a corresponding increase in kn/ks. When kn/ks was
between 1 and 3, the cohesion increased linearly with kn/ks
. When kn/ks was between 3 and 12, the increasing rate of
the cohesion slowed down gradually. The internal friction
angle decreased with an increase in kn/ks. When kn/ks was
between 1 and 3, the linear relationship between the decrease
in the internal friction angle and increase in kn/ks was main-
tained, and when kn/ks was between 3 and 12, the decreasing
rate of the internal friction angle decreased gradually. As
kn/ks increased from 1 to 12, the cohesion increased from
5.73 kPa to 20.16 kPa, which is a total increase of 251.83%,
and the internal friction angle decreased from 41.23° to
38.59°, which is a total decrease of 6.40%.
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Figure 6: Influence of kn on macromechanical parameters: (a) cohesion, (b) internal friction angle, (c) peak principal stress, and (d) axial
strain.
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Figure 7(c) shows that the principal stress decreased as
kn/ks increased under the three confining conditions, and
the three changes were almost parallel. The principal stress
decreased linearly as kn/ks increased from 1 and 12. When
kn/ks exceeded 3, the rate of change of the principal stress
decreased gradually as kn/ks increased.

Figure 7(d) shows that the strain corresponding to the
peak principal stress decreased with an increase in kn/ks at
the confining pressure of 300 kPa, and the rate of change
decreased gradually. The peak principal stress decreased
from 1485.5 kPa to 1387.2 kPa by 6.62%, and the axial strain
decreased from 2.91% to 2.81% by 3.44%. The results
obtained by reducing the tangential stiffness ks to increase
kn/ks were consistent with those obtained by increasing the
normal stiffness, as described in the previous section, dem-
onstrating the accuracy of the results.

4.3. Influence of Friction Coefficient (fric) on
Macromechanical Parameters

(1) Friction coefficient of fillers (pebble-fric)

Studies have mainly focused on the influence of the fric-
tion coefficient of fillers (pebble-fric) on the shear resistance
of fillers, and the friction coefficient of the side wall (wall-
fric) has been neglected or set to zero, unlike in the indoor
test. pebble-fric and wall-fric were changed separately to
investigate their effects on shear strength parameters.
pebble-fric was changed from 0.4 to 3.0 according to the pre-
liminary selected model parameters. Eleven tests were per-
formed, and the results are presented in Figure 8.

Figures 8(a) and 8(b) show that as pebble-fric increased,
the cohesion first increased and then decreased. The
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Figure 7: Influence of kn/ks on macromechanical parameters: (a) cohesion, (b) internal friction angle, (c) peak principal stress, and (d) axial
strain.
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cohesion reached its maximum when the friction coefficient
was approximately 0.6, decreased rapidly from 0.8 to 1.5,
and then slowed down gradually. The internal friction angle
increased gradually with an increase in pebble-fric; beyond a
friction coefficient of 1.5, the rate of increase gradually slo-
wed down. Before pebble-fric reached 1.0, the rate increased
almost linearly. When pebble-fric increased beyond 1.0, the
rate of increase gradually slowed down. Here, the maximum
and minimum cohesion forces were 7.45 kPa and 0.05 kPa,
respectively, and the range of variation was 99.33%. The
internal friction angle increased from 38.97° to 54.60°, with
a total increase of 40.11%. The ball friction coefficient had
an influence on the maximum principal stress and corre-
sponding axial strain, and the law of variation under each
confining pressure was similar to that described in Sections
4.1 and 4.2.

Figure 8(c) shows that the peak principal stress
increased with increasing pebble-fric. When pebble-fric
was less than 1.0, the increase in the peak principal stress
was nearly linear with respect to the increase in pebble-
fric. When pebble-fric exceeded 1.0, the rate of increase
gradually slowed down.

As shown in Figure 8(d), for a confining pressure of
300 kPa, the axial strain corresponding to the peak principal
stress decreased rapidly with an increase in pebble-fric, and
the reduction rate decreased rapidly. The peak principal
stress increased from 1,346.1 kPa to 2,907.3 kPa, an increase
of 115.97%; the axial strain decreased from 2.91% to 2.89%, a
decrease of 0.69%.

(2) Friction coefficient of side wall (wall-fric)

According to the selected mesoparameters, only the fric-
tion coefficient of the side wall (wall-fric) was varied to study
the influence of wall-fric on shear strength parameters. Eight
tests were performed with ks set at 6:7 × 105N/m and 1:0
× 106N/m and with wall-fric set at 0.2, 0.3, 0.4, and 0.5.
The maximum wall-fric was 0.5 as the side wall friction is
typically reduced by specific methods in the actual test; the
side wall friction was less than the internal friction angle of
the filler. The selected pebble-fric was 0.5, and the maximum
wall-fric was 0.5. The results are illustrated in Figure 9.

Figures 9 (a) and 9(b) show that wall-fric had an influ-
ence on the numerical test results and could not be
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Figure 8: Influence of pebble-fric on macromechanical parameters: (a) cohesion, (b) internal friction angle, (c) peak principal stress, and (d)
axial strain.
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Figure 9: Influence of wall-fric on macromechanical parameters: (a) cohesion, (b) internal friction angle, (c) peak principal stress, and (d)
axial strain.

Table 3: Rate of change of macromechanical parameters affected by changes in mesoparameters.

Macromechanical parameters
Mesoparameters

kn kn/ks pebble-fric wall-fric

Cohesion c 86.15% (4) 251.80% (1) 99.33% (3) 148.43% (2)

Internal friction angle φ 2.39% (4) 6.40% (2) 40.11% (1) 3.16% (3)

Peak principal stress 6.10% (3) 6.62% (2) 115.97% (1) 5.97% (4)

Peak corresponding strain 46.91% (1) 3.44% (3) 0.69% (4) 3.55% (2)

Note: the units in the table are the absolute values of the rate of change of each macroparameter. The values in parentheses represent the ranking of influence
degree.
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arbitrarily specified. As wall-fric increased, both cohesion
and internal friction angle increased rapidly before the rate
gradually slowed. The relationship curves under two condi-
tions are parallel. With ks = 1:0 × 106N/m, the cohesion
increased from 2.54 kPa to 6.31 kPa, a total increase of
148.43%, and the internal friction angle increased from
40.08° to 41.36°, a total increase of 3.16%.

Figures 9(c) and 9(d) show that the peak principal stress
and corresponding axial strain increased rapidly when wall-
fric increased from 0.2 to 0.3, and the rate of increase sub-
stantially slowed down from 0.3 to 0.5. When ks = 1:0 ×
106N/m, the peak value of the principal stress increased
from 1,408.5 kPa to 1,497.2 kPa, an increase of 5.97%, and

the axial strain increased from 2.82% to 2.92%, an increase
of 3.55%.

5. Calibration Steps and Verification of
Mesoparameters of Tailing Sand

In these experiments, the values of four mesoparameters
were measured until the trend of change of macromecha-
nical parameters considerably slowed down. The measure-
ment was performed this way to aid the comparison of
the parameter effect. Table 3 summarizes the rate of
change of each macro-parameter affected by the change
in each mesoparameter.

Table 3 presents the degree of influence on cohesion,
demonstrating that kn/ks > wall − fric > pebble − fric > kn.
The degree of influence of the friction coefficient and contact
stiffness of the fillers were approximately one-third of that of
kn/ks, whereas the degree of influence of wall-fric was about
half as large.

On the basis of previous research and experience, a
set of meso-parameters are selected as initial values

Because pebble-fric has the strongest influence on each parameter, pebble-fric is
adjusted such that the internal friction angle and the peak principal stress

approach the predetermined value

The value of kn/ks has the second largest effect on each parameter; hence, kn/ks is
adjusted such that the cohesion is an approximation of the predetermined value

Wall-fric has the weakest influence on the parameters; hence, it is adjusted such that
the first three parameters correspond better with the predetermined value

Because kn has the strongest influence on the peak strain and the weakest
influence on the other three parameters, kn is adjusted such that the corresponding
strain of the peak principal stress is close to the predicted value; the adjustment is

also made to fine-tune the remaining three parameters

Parameter calibration process completed

The error between the result and target value is measured
to determine whether the requirements are met

No

Yes

Figure 10: Calibration sequence process of mesoparameters of a linear contact model.

Table 4: Values of mesoparameters of tailing sand.

Category kn (N/m) ks (N/m) fric Density (kg/m3)

Tailings 1:0 × 107 1:25 × 106 0.5 1,600
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For the internal friction angle, the influence relationship
was pebble − fric > kn/ks > wall − fric > kn. The influence of
pebble-fric was much higher than that of the other three
mesoparameters, which were approximately one-sixth of
the degree of influence.

Considering the effects of the mesoparameters on the
peak principal stress, the relationship of the influence degree
was approximately the same as that of the internal friction
angle, but the influence of pebble-fric was approximately
17 times higher than that of other mesoparameters.

The influence degree of peak stress on strain was kn >
wall − fric > kn/ks > pebble − fric, where pebble-fric had
almost no effect. The influence degree of wall-fric and kn/
ks were similar, and the influence of kn was more than 12
times as large.

The above results show that for each macroparameter,
there is a single mesoparameter that has a much greater
impact than the other three. Therefore, we should focus on
adjusting specific mesoparameters during their selection,
depending on the macroparameters of interest.

Considering the experimental results, we summarize in
Figure 10 the process of selecting the mesoparameters for a
PFC linear model.

After all the parameters are selected according to the
process outlined above, the mesoparameters are fine-tuned
to enhance the accuracy of the macromechanical character-
istics. Table 3 and the corresponding analyses show that
each mesoparameter has an influence on all macromechani-
cal properties. Therefore, when choosing values for the
mesoparameters, it is inadequate to only change the value
of the main control mesoparameters with the aim of making
the corresponding macromechanical parameters equal to the
required values. Changes in other parameters must also be
considered, which makes the selection of parameters faster.
Parameter selection is a dynamic cyclic optimization pro-
cess, and the results obtained in this study can provide a reli-

able basis for parameter adjustment and help to control the
process dynamically.

Table 4 presents the final mesoparameters of tailing
sand, which were obtained according to the correlation law
of macro-mesoparameters, order of parameter adjustment,
and preliminary adjustment.

The results of the numerical triaxial test are illustrated in
Figure 11. The cohesion force of tailing sand adjusted by
parameters was 4.4 kPa, and the internal friction angle was
32.03°. When the water content of the tailings was 12.4%,
the errors between the interface strength parameters mea-
sured from the indoor triaxial test [20] were 6.38% and
2.61%, respectively.

6. Conclusion

(1) The nonspherical particles developed by the clump
command can improve simulation accuracy as they
are characterized by good spatial isotropy, which is
crucial for the smooth transitioning of stress–strain
curves and for overcoming the drawbacks of the
overrotation of pure circular particles. Meanwhile,
when the linear contact model is used to simulate
sandy soil, the corresponding gradation should be
applied to the particles for high consistency with
the test results

(2) The mesoparameters of the linear contact model do
not have single-factor effects on its macromechanical
properties, but cross-effects exist. Each macromecha-
nical parameter has a dominant controlling meso-
parameter, which has a far greater impact than the
other mesoparameters. The stiffness ratio (kn/ks)
mainly affects the cohesion value, the friction coeffi-
cient of fillers (pebble-fric) mainly affects the inter-
nal friction angle and the peak principal stress, the
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Figure 11: Numerical results under final parameters of tailing sand.
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normal stiffness (kn) of particles mainly affects the
strain corresponding to the peak principal stress,
and the influence of the friction coefficient of the
side wall (wall-fric) is not the strongest but cannot
be neglected

(3) In the process of calibrating mesoparameters of the
linear contact model, the parameter adjustment
should follow a certain order and consider cross-
effects. The correlation between macro- and meso-
parameters and the order of parameter adjustment
was obtained experimentally and would facilitate
the process of parameter calibration for linear con-
tact model programs
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