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Surface harmless storage of concentrated full tailings (CFTs) involves the technology of adding a curing agent to the tailings slurry
discharged from the thickener to realize the modification of the tailings and centralized storage of the tailings on the surface to
realize the harmless treatment of the tailings. High water content of tailings is still the key technical problem that restricts the
harmless storage of piles at present. Regarding the above problems, we implemented the consolidation test and numerical
simulation of seepage-stress coupling consolidation of CFT, clarified the consolidation characteristics and parameters of CFT
under different curing ages, and conducted a comparative analysis of pore water pressure in the whole cross-section of piles with
different drainage schemes based on the results of the test. In addition, we also clarified the drainage effect of interlayer drainage on
reducing the excess pore water pressure of piles and compared the simulation results of the pore water pressure of piles under
different permeability coefficients. The results show that as the permeability coefficient of the concentrated tailings material
decreases, the pore pressure accumulation inside piles under the same drainage scheme is more serious, and the length of time
for consolidation and stabilization becomes longer. Therefore, it is recommended that the excess porous water pressure be relieved
by means of increased drainage facilities under a small permeability coefficient.

1. Introduction

Tailings arise as wastes are generated by the metal ore sorting
process. In a traditional disposal method, they are always
stored in preconstructed tailing ponds to minimize the envi-
ronmental hazards. Over the years, tailings ponds have
played an important role in preventing proliferation, central-
izing management, and reducing risk. However, due to the
huge scale of the tailings pond site, the risk of rainfall scour-
ing and transferring, and the risk of water catchment in the
pond leading to instantaneous collapse of the dam crest and
uplift of the seepage line, accidents such as tailings leakage
and tailings pond collapse have occurred over the years,
which have resulted in huge safety and environmental pro-
blems. Therefore, the harmless disposal of tailings is a key
technical problem that needs to be solved urgently.

CFT surface harmless storage technology is to add a high
efficient curing agent to tailings to reduce the migration rate
of harmful substances in tailings and design a unique storage
section to realize the surface stacking of tailings. The curing
agent and the special design section can improve the strength
of the tailings pile and enhance the scour resistance of the
pile and the overall antislip stability. The material ratio of
CFT is somewhat similar to that of the underground tailings
cemented filler. However, there are major differences in the
surface water and air working conditions and the storage
environment, and it is necessary to carry out a special study
on the mechanical properties of CFT for the surface environ-
ment. During surface harmless storage, the volume ratio of
tailings material volume to water can reach 1 : 1, indicating a
high water content. The hydration reaction of cement, flyash,
and other cementitious materials contained in the curing
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agent has certain requirements on the upper limit of water
content, so the efficient relief of water is not only related to
the results of the effective stress in the pile project but also
affects the final effect of the hydration reaction of the cemen-
titious materials [1, 2], thus affecting the mechanical strength
of the tailings consolidated materials [3, 4]. Given this, the
main contradiction in the surface harmless storage of CFT is
focused on the efficient method of excess water relief, and
how to solve the relief problem of excess pore water pressure
in the process of storage is the key technical problem related
to the success or failure of the storage.

Since curing conditions are important factors affecting the
consolidation characteristics of tailings materials. Xu et al. [5],
Chen et al. [6], Benkirane [7], Fan et al. [8], Yilmaz et al. [9],
Qin et al. [10], Li [11], Ke [12], andDeng et al. [13] carried out
an experimental study on the consolidation characteristics of
tailings cements with different curing conditions (different
age, temperature, humidity, stress, etc.). They identified the
main factors and critical conditions affecting the consolida-
tion of tailings binder. It was clarified that a good curing
conditions at the early stage is the most effective means to
ensure the strength of tailings binder and influence its final
consolidation effect [14–16]. Ma et al. [17] conducted a study
on the effect of drainage conditions on the consolidation
characteristics of tailings slurry in a filled quarry, pointing
out that the effectiveness of drainage during the accumulation
process is the main factor affecting the consolidation charac-
teristics of tailings slurry. In addition to the study of the effect
of curing conditions on the consolidation of tailings slurry,
the optimization of the material ratio is also a major research
direction to improve the consolidation strength of tailings
slurry. For example, adding fibers [18–20] to the tailings
slurry, or using fine tailings slurry [21], or using different
curing cements or admixtures [22, 23], etc., in order to
improve the final mechanical properties of the tailings solidi-
fication body by changing the mix proportion of each mate-
rial. Nonetheless, the study results showed that in the case of
high water content, there is a minor effect of improving the
final strength of tailings slurry by ratio optimization.

Indoor tests are conducted under ideal conditions, and
the strength growth pattern in outdoor environments, espe-
cially under extreme environmental conditions, will deviate
from the ideal state. Wang et al. [24] carried out an experi-
mental study on the consolidation characteristics of tailings
cemented filler in Alpine regions, and Hou et al. [25]
launched a study on the effect of freeze–thaw cycles on the
strength of full tailings consolidation and obtained the
growth pattern of the strength of tailings cemented consoli-
dation at extreme temperatures. Under the cold condition,
the excess free water will make the tailings cement produce
the freezing and thawing effect if the free water is not
removed in time, which will change the hydration reaction
process and have a more unfavorable effect on the strength of
the tailings cement. The problem of free water removal is more
urgent than that of the normal air temperature condition.

Due to the huge volume of the concentrated tailings pile,
and with the layer by layer paving method in the construc-
tion process, the materials in the lower part of the pile are

constantly subjected to the self-weight of the upper part of
the cyclic loading, and the consolidation of the concentrated
tailings cement takes place over a long period of time. In this
process, the water body is constantly drained, the pore space is
continuously compacted, and the hydration reaction results
in a gradual increase in the strength of the concentrated tail-
ings cement with time. Consequently, there is great impor-
tance in studying the long-term mechanical behavior of
tailings cements, such as the study of consolidation behavior
under cyclic loading [26] and creep characteristics and long-
term strength [27, 28] study. Wang et al. [29] carried out
dynamic triaxial tests to study the consolidation and reconso-
lidation characteristics of tailings and proposed the relation-
ship between the ratio of the cycle number of liquefaction after
reconsolidation to the cycle number of first liquefaction and
the reconsolidation degree. In order to study the shear wave
velocity (Vs) of unsaturated tailings, Cao et al. [30] carried out
triaxial tests with different effective stresses and void ratios, the
test results showed that the soil water characteristic curve of
the unsaturated tailing soils is similar to that of other sandy
soils, and Vs is strongly related to effective stress, grain size,
and void ratio. Furthermore, due to the large scale of the field
stockpile, which is not suitable for the use of the basic assump-
tion of small deformation, Ito and Azam [31] conducted a
consolidation analysis of the tailings cements by using the
theory of large deformation. Meanwhile, given the complex
seepage–mechanical field coupling during the consolidation
process, Cui and Fall [32] proposed a multiphysics model
for calculating the consolidation displacement of the tailings
cement. Shahsavari and Grabinsky [33] investigated the
change rule of pore water pressure during the filling process
of consolidated tailings, and Erçikdi et al. [34] studied the
effect of drainage conditions on the growth of strength of
consolidated tailings, and the results showed that favorable
drainage conditions are favorable for the growth of strength
of consolidated tailings.

The curing environment for the surface harmless stor-
age of CFT is quite different from that of underground
filling, and the ratio design of consolidated tailings is differ-
ent from that of underground filling materials. For this
reason, special studies are needed on the consolidation
characteristics of CFT and the drainage mode of the piles,
in order to clarify the changing law of the consolidation
characteristics of CFT, to determine the drainage scheme
of the piles, and to guide the sectional design and structural
design of the CFT piles.

Accordingly, the technical route to be adopted in this
study is demonstrated graphically in Figure 1, i.e., adopting
solidification test, numerical simulation, comparative analy-
sis, and other methods to obtain the change rule of porosity
and displacement of the concentrated tailings under different
loads. On this basis, we performed numerical simulation
analysis of consolidation, and coupled stress–seepage field
calculations based on the initial porosity and permeability
coefficient and other parameter settings. After comparing
and analyzing the results of pore water pressure consolida-
tion of piles under different drainage schemes, the design
principles for surface storage of CFT were determined.
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2. Experimental Study of
Consolidation Characteristics

In order to study the deformation characteristics of the CFT
in the consolidation process after storage, the consolidation
test of the original tailings and the CFT at different ages was
carried out in this study. The test was carried out using a
fully automatic pneumatic consolidation instrument, and the
photographs of the instrument are shown in Figure 2.

The automatic pneumatic consolidation instrumentmainly
consists of a consolidation vessel, a loading device, a measuring
device, a pneumatic device, and a computer control system, so
the test process is controlled automatically and data are col-
lected by a computer system. The schematic diagram of the
automatic pneumatic consolidation instrument can be seen in
Figure 3. The main technical parameters of the deformation
measuring device are as follows:

(i) The range of the dial indicator is 10mm and the
index value is 0.01mm;

(ii) The maximum allowable error is Æ0.2% F.S.

Table 1 lists the mix ratio of the CFT. Each cubic meter of
the mix includes 4.97 kg of flyash, 2.26 kg of CaO, 0.72 kg of
cement, 0.36 kg of plaster, and 0.72 kg of fiber. Figure 4 shows
the details of raw material pictures, mixed and homogenized
according to the ratios in Table 1, and the finished mixture of
CFT is shown in Figure 5.

The height of the accumulation body in actual engineer-
ing is about 18m and the unit weight of the CFT is about
18.6 kN/m3, so the maximum principal stress of this struc-
ture is not exceeding 18m× 18.6 kN/m3= 334.8 kPa, so
loadings of 12.5, 25, 50, 100, 200, and 400 kpa are adopted
to simulate the stress state of the structure.

The test process is as follows: weigh the material accord-
ing to the optimal ratio, mix it well and leave it to stand; take
samples. Place the ring knife upside down on a small glass
plate with a soil mixing knife to fill the ring knife with CFT,
exclude air bubbles and scrape flat, weighing; place the guard
ring, permeable plate, and thin filter paper in the consolida-
tion container, carefully place the specimen with the ring
knife into the guard ring, then place the thin filter paper,
permeable plate, and pressurized cover plate on the speci-
men, place it under the pressurized frame, align the pressur-
ized frame right in the middle, and install the gauge; the
specimens with age requirements were cured in the ring
knife at 0, 3, and 7 days intervals, the curing method refers
to curing the specimen at the room temperature 20°Æ 2° and
relative humidity above 95% RH, of which no curing was
required for the 0 day age-CFT; set all levels of pressure,
the consolidation process is divided into six levels of loading,
respectively, 12.5, 25, 50, 100, 200, and 400 kpa; the first five
levels of each level of time are 2 hr, the judgment of the last
level of loading stability conditions is 0.005mm, and record
the test data; clear the displacement to zero, click start test to
realize the automatic loading and judgment of stability of the
consolidation test, and end the test automatically when the
test end conditions are met. The consolidation test loading
and curing specimens are shown in detail in Figure 6. For the
pure tailings, the consolidation test was performed directly
after cutting the pure tailings with a cutting ring.

The pore ratio after consolidation and stabilization at
each pressure level is calculated by the following equation:

ei ¼ e0 − 1þ e0ð Þ∑Δhi
h0

; ð1Þ

where ei is the pore ratio at a certain level of pressure;∑Δhi is
the total deformation of the height of the specimen at a
certain level of pressure, cm; h0 is the initial height of the
specimen, cm.

Based on the test results of axial deformation of the speci-
mens under each level of loading, the e–p curves and e–lgp
curves of the CFT specimens were obtained by calculating in
accordance with Equation (1) and are shown in detail in
Figure 7. The former is a downwardly concave curve, and

FIGURE 2: The fully automatic pneumatic consolidation instrument.
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FIGURE 3: The schematic diagram of the automatic pneumatic con-
solidation instrument.
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FIGURE 1: The technical route of this study.
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the latter is an upwardly convex curve.e–lgp curves generally
show a tendency to be flatter at low pressures and to steepen
with increasing pressure. As the curing age increases, the
initial section of thee–p curve decreases to a greater extent,
which is related to the participation of water in the hydration
reaction of CFT and evaporation, free flow, and thus the
increase of porosity ratio. Under the first step loading, this
part of the pore space is rapidly compressed, which is man-
ifested in the e–p curve as a rapid decline of the initial sec-
tion, and the degree of decline is positively correlated with
the age of curing.

The compression coefficient under side-limiting condi-
tions is the slope of the cut line of the e–p curve: av ¼ −

Δe
Δp.

The volume compression modulus is mv ¼ a
1þe0

, where e0 is
the initial porosity.

The variation process of compression coefficient av and
compression modulus mv of CFT with loading at different
ages is shown in detail in Figure 8. The compression modulus
represents the ratio of the body strain increment to the

effective pressure increment of the CFT. According to the
test results, the compression modulus value is the largest
between the first and second stage loads, and with the appli-
cation of the third stage load, the compression modulus
shows a steep decreasing trend; with the gradual increase
of load, the compression modulus gradually tends to zero.
The results of compression coefficient av fitting show that the
greater the age, the greater the value of compression coeffi-
cient in general, the compression coefficient and vertical
pressure show a power function relationship, the exponent
of the power function is close to 1 (0.988–0.99), and the
coefficient before the power function is negative (−17.43 to
−6.45). As the age increases, the overall compression modu-
lus value is larger, and the compression modulus mv shows a
power function relationship with the vertical pressure, with
the exponent of the power function being negative (−0.51 to
−5.57) and the advance coefficient of the power function
being positive.

3. Research on the Method of Pile
Consolidation and Drainage

In order to study the pore water pressure relief process in
the pile with/without interlayer drains, two schemes were
designed to carry out the consolidation simulation of CFT.
The free-drainage boundary conditions for Scheme 1 are the
surfaces on both sides of the pile and the bottom of the pile;
i.e., the pore water inside the pile is free to seep outward
through the seepage pipes on the surfaces and at the bottom
under the effect of hydraulic gradient and infiltration. The
drainage boundary conditions of Scheme 2 not only contain
the surface drainage and bottom drainage of Scheme 1 but
also add interlayer drains in the middle of the first layer, the

TABLE 1: Mix ratio for the consolidation test of CFT.

SN Tailings slurry concentration Aggregate–cement ratio Tailings
Curing material (kg/kg)

Water
Flyash CaO Cement Plaster Fiber

1 74% 20 180.8 4.97 2.26 0.72 0.36 0.72 66.7

FIGURE 4: Raw materials of the CFT.

FIGURE 5: The mixed evenly CFT.
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Pure tailings
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FIGURE 6: Pure tailings (a); curing age 0 day (b); curing age 3 days (c); curing age 7 days (d).
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FIGURE 7: Axial deformation curves of the CFT specimens: (a) e–p curve; (b) e–lg p curve.
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demarcation position between the first layer and the second
layer, and the middle of the second layer to enhance the
drainage effect inside the pile. The schematic diagrams of
surface drainage, bottom drainage, and interlayer drainage
scheme are shown in Figure 9.

Due to the addition of curing materials within the CFT to
enhance its cohesion value, its properties are similar to those of
clay materials. Therefore, in this study, with reference to clay
materials, the modified Cam–Clay detailed in Figure 10 is used
to simulate the consolidation process of the CFT material.
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FIGURE 8: The variation process of compression coefficient (a) and compression modulus (b) with loading at different ages.
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FIGURE 9: The schematic diagrams of the schematic diagrams of CFT pile.
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Where κ is the overconsolidation line slope, λ is the nor-
mal consolidation line slope, and M is the critical state line
slope. The normal consolidation line slope λ and the over-
consolidation line slope κ are estimated as follows:

λ¼ Cc

2:303
;  κ ¼ Cs

2:303
; ð2Þ

where Cc is the compression index, Cc ¼ −Δe=Δðln pÞ: is the
slope of the straight line segment in the e− ln p curve, and Cs

is the resilience index or recompression index, which is
obtained from the e− ln p curve of the one-dimensional con-
solidation test, Cs ≪ Cc, for the general clay Cs ≈
ð1=10 ∼ 1=5Þ :Cc.

The slopeM of the critical state line is estimated from the
effective internal friction angle (the angle of internal friction
obtained in the drainage test):

M ¼ 6 sin ϕ
3 − sin ϕ

; ð3Þ

where ϕ is the angle of internal friction obtained in the
triaxial compression test.

Referring to the consolidation test curves, the consolida-
tion analysis parameters of the CFT pile are detailed as
shown in Table 2. The model is divided into two compo-
nents, the pile body and the foundation, where the CFT pile
is modeled using the modified Cam–Clay and the foundation
is modeled using the Mohr–Coulomb model.

The finite element model for consolidation calculation
established according to the design drawing of the pile
body is shown in detail in Figure 11, with a total of 2,600
divided units and 2,721 nodes. The horizontal simulation
range is 1,650m, and the vertical simulation range is 670m,
including 190m for the pile and 480m for the foundation.

When considering the continuity for mass in a tiny vol-
ume, the amount of water flowing out of the tiny volume is
compared to the mass concentration changes by the same
amount. Pore pressure is used as a variable in seepage analy-
sis, which can be obtained by Darcy’s law expressed in terms
of pore pressure governing equations for seepage analysis:

1
γw

rT krpð Þ −rT kng
� �

¼ nS
ρw

∂ρw
∂p

þ n
∂S
∂p

� �
∂p
∂t

; ð4Þ

where γw is the volume weight of water, kN/m3; p is the
hydraulic pressure, m2/s; k is the permeability coefficient
matrix, m/d; ng is the unit vector in the direction of gravity;
n is the void ratio; S is the degree of saturation.

High-order continuous consolidation elements are adopted
in this study, as is shown in Figure 12.

According to the above scheme to establish the consoli-
dation analysis finite element calculation model, the total
length of the calculation 180 days, the calculation of the
step length of 3 days, that is, a total of 60 time steps, and
the obtained results of the internal pore water pressure
change process of Scheme 1 and Scheme 2 in each typical
time step are shown in Figures 13 and 14.

According to the cloud diagram of pore water pressure
calculation, it can be seen that under the scheme without
interlayer drainage facilities, the large value of pore water
pressure is concentrated in the center to the top of the pile,
and the negative pore water pressure area is concentrated in
the left and right side of the pile in the first layer of the first
step, which is a symmetrical distribution of left and right
characteristics. The distribution of the pore water pressure
cloud diagram in the whole section is uniform, and the
change is continuous. In Scheme 2, due to the installation
of the interlayer drainage pipe, the pore water pressure dis-
tribution cloud diagram in the pore pressure concentration
area and the location of the extreme value have been effec-
tively dispersed, which is different from the continuous
change of the whole cross-section presented by the pore
water pressure cloud diagram without the drainage pipe. It
is shown that the installation of interlayer drainage pipes
accelerates the evacuation of pore water within the piles
around them, so that the pore water pressure cloud is

FIGURE 11: The finite element model for consolidation calculation.

Node with displacement and pore pressure DOF

Node with displacement  DOF

FIGURE 12: Degree of freedom of high-order continuous consolida-
tion element.
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interrupted at the drainage pipes and locally concentrated
between the two layers of drainage pipes.

The extreme results of finite element calculation of pore
water pressure in the pile with different permeability coeffi-
cients are shown in detail in Figure 15. Based on the calcula-
tion results, it can be seen that compared with no interlayer
drainage facilities, when the interlayer drainage facilities are
set up, the very small value of the whole cross-section is
reduced, and the very large value is increased, but the
increase is not obvious when the permeability coefficient is
8.64× 10−3m/d. As the permeability coefficient of the pile

decreased (changing from 8.64× 10−3 to 8.64× 10−6m/d),
the magnitude of the change in the pore pressure extremes
across the full cross-section of the pile increased compared to
the absence of interlayer drainage facilities. As the perme-
ability coefficient decreases, the negative pore water pressure
extremes gradually decrease and the positive pore water pres-
sure extremes gradually increase, indicating that the degree
of pore pressure accumulation increases with the decrease of
the permeability coefficient. Therefore, the necessity of inter-
layer drainage is greater when the permeability of the con-
centrated tailings is poor.
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FIGURE 13: Cloud diagram of pore water pressure calculation in scheme 1.
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FIGURE 14: Cloud diagram of pore water pressure calculation in scheme 2.
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In order to quantitatively analyze the change rule of pore
water pressure with time at different points inside the pile
under different drainage schemes, and to compare the effect
of pore water pressure relief inside the concentrated tailings
pile with different permeability coefficients, five nodes,
namely, 3755, 3859, 4340, 3110, and 4362, were selected in
the computational model of the study (see Figure 14 for
details). We extracted the pore water pressure results of each
calculation step and plotted the pore water pressure versus
time curves of different permeability coefficient schemes with-
out internal interlayer drainage and with drainage schemes,
and the obtained process lines of pore water pressure change at
each node are detailed as shown in Figure 16.

Based on the calculation results, it can be seen that, in
general, the pore water pressure at the study points inside the
pile (node 3755 and node 3110) is overall positive, and the
pore water pressure at the study points at the edge of the pile
(node 3859 and node 4362) is overall negative. The study
point at the bottom of the pile (node 4340), although located
inside the pile, also shows a negative pore water pressure due
to the strong drainage facilities at the bottom.

Analyzing from the trend of pore water pressure change
with time, when the permeability coefficient is 8.64× 10−3m/d,
the process line of pore water pressure at each study point
with and without interlayer drainage basically overlaps.
Therefore, it is not obvious that setting up interlayer drainage
has an effect on relieving pore water inside the pile when the
permeability coefficient is large, and it is recommended that
no interlayer drainage be set up when the permeability coef-
ficient is greater than 8.64× 10−3m/d; the drainage effect
can be achieved by relying on the surface drainage and
the bottom drainage only. As the permeability coefficient
decreases (changing from 8.64× 10−3 to 8.64× 10−6m/d),
the pore water pressure at the same point in time at node
3755 of the study site (Figure 16(a)) gradually rises, and the
lower the permeability coefficient, the more pronounced is
the tendency for unsteady seepage (the curve continues to

rise) at the end of the computation (t= 180 days). Taking k
= 8.64× 10−6m/d as an example, the slope of the nodal pore
water pressure process line at t= 180 days is still high, and the
pore water pressure still shows a relatively fast upward trend,
indicating that the reduction of the permeability coefficient
affects the pore water pressure relief process in the center part
of the pile. Therefore, it is recommended that the project
should take appropriate drainage measures in conjunction
with the permeability coefficient of the pile. When the per-
meability coefficient is low, the number of interlayer drainage
facilities should be increased to accelerate the evacuation of
pore water inside the pile.

The upper surface study point of the pile, node 3859
(Figure 16(b)), and the lower surface study point, node
4362 (Figure 16(e)), have negative pore water pressures
because they are near the surface of the pile. When the per-
meability coefficient k≥ 8.64× 10−4m/d, the pore pressure
curve will converge regionally at a specific time point; i.e., the
variation of pore pressure with time tends to be close to 0.
When the permeability coefficients k= 8.64× 10−5 and k=
8.64× 10−6m/d, the pore pressure curves still show a
decreasing trend at t= 180 days and do not reach the con-
vergence point. The results of pore water pressure calcula-
tions for different permeability coefficients at the bottom
center of the pile at node 4340 (Figure 16(c)) are basically
similar to those at the surface nodes 3859 (Figure 16(b)) and
4362 (Figure 16(e)), with a slight difference in the quantita-
tive values. Therefore, the research results show that the
smooth and efficient drainage facilities at the bottom of the
pile can effectively reduce the pore pressure of the concen-
trated tailings in its lower part, prevent the situation of excess
pore water pressure, and maximize the consolidation effect
of the pile.

According to the calculation results, it can be seen that
the pore water pressure calculation results of the scheme with
interlayer drainage pipe are lower than that of the scheme
without drainage pipes, indicating that the scheme with
drainage pipes can effectively reduce the excess pore water
pressure inside the pile. Therefore, it is recommended that in
the actual project, a drain pipe through to the surface should
be installed inside the pile to accelerate the drainage of the
pore water inside the CFT and then accelerate the consolida-
tion process of the pile.

4. Conclusions

In this study, to address the problem that the high water
content of the CFT is unfavorable for on-site storage and
strength growth, we carried out a consolidation test study
and a coupled seepage–stress field analysis and obtained the
following conclusions:

(1) The results of consolidation tests at different ages
show that the larger the age, the larger the overall
value of the compression coefficient, and the com-
pression coefficient and vertical pressure show a
power function increasing law; the larger the age,
the larger the compression modulus value overall,
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FIGURE 15: The extreme results of pore water pressure in the pile
with different permeability coefficients.
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and the compression modulus shows a power func-
tion decreasing relationship with the vertical pressure;
in general, the value of consolidation deformation of
CFT with added curing material is larger than that of
pure tailings, and there is a big difference between the
consolidation characteristics of the pure tailings and
that of the pure tailings.

(2) Numerical simulation results of the full cross-section
consolidation of the CFT pile show that the results of

the pore water pressure in the cross-section under the
surface drainage only and bottom drainage scheme
are higher than those of the scheme containing inter-
layer drainage. Upon completion of consolidation, the
pore water pressure cloud diagrams of the latter
showed the characteristics of fragmented aggregation
and discontinuity at the drains, indicating that the
solution with interlayer drains was superior to the
solution without interlayer drains.
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(3) As the permeability coefficient of the concentrated
tailings body increases, the pore water pressure at
the study point inside the pile gradually increases,
and the phenomenon of internal pore pressure accu-
mulation becomes serious; the pore water pressure
curve at the end of the simulation has a lower ten-
dency to converge. Therefore, it is recommended that
before the design of the internal structure of the pile,
full consideration should be given to the permeability
characteristics of the pile material and ultimately to
design drainage facilities that match the permeability
parameters of the pile.
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