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In order to explore the variation law of mechanical properties of tailing sand of a metal ore in Hunan Province under the action of
moisture absorption and dehumidification circulation, based on the indoor triaxial test results of tailing sand, this paper introduces
the statistical damage theory, combined with the physical and mechanical properties of tailing sand, and studies the elastic-plastic
mechanical properties of tailing sand on the basis of the Lemaitre strain equivalent theory. Giving full consideration of the change of
tailing sand’s pore and volume in the deformation process, an improved statistical damage constitutive model is proposed; it can
reflect that the residual strength of tailings after the peak value still has bearing capacity under the action of dry wet circulation.
Compared with the results of indoor triaxial consolidation undrained test, this constitutive model is more reliable.

1. Introduction

Mineral resources are the material basis for human survival.
Many scholars at home and abroad have done a lot of
research on mining methods of mineral resources [1, 2].
According to the important premise of China’s economic
development, the development of mineral resources is grad-
ually increasing, which will produce a large number of tailing
waste. Most of the treatment methods of tailing waste are to
store them in the open-air tailing pond. In the open-air envi-
ronment, tailings are often exposed to wind, sunlight, rain,
and snow and are in repeated moisture absorption and dehu-
midification state. When tailings are in this environment for
a long time, its internal structure and mechanical properties
will change irreversibly, and the degree of mechanical charac-
teristic change gradually increases with the increase of the
number of moisture absorption and dehumidification
circulations [3].

In 1958, the Soviet plastic mechanics expert Kachanov
[4, 5] proposed the concept of “effective stress factor.” On
this basis, in 1963, the Soviet expert Rabotnov [6, 7] pro-

posed the concept of “damage factor.” Later, after unre-
mitting efforts of more and more scholars, in 1977,
Lemaitre [8], Chaboche [9], and others used the continu-
ous medium method, according to the irreversible thermo-
dynamic principles, and established the subject of damage
mechanics. Based on that, foreign scholars Frantziskonis
and Desai [10] proposed that the damaged material can
be abstracted into two parts: damaged and undamaged.
Xia et al. [11] proposed the expression of microunit
strength of soil structure contact surface based on the
Mohr-Coulomb yield criterion under plane strain condi-
tion and established a statistical damage softening consti-
tutive model of soil structure contact surface on the basis
of assuming that the microunit strength obeys Weibull
distribution. Based on the Mohr criterion and combined
with the theory of damage mechanics, Jiang et al. [12]
established a damage constitutive model of rock under tri-
axial compression; compared with the experimental results,
it was found that the simulation of stress-strain relation-
ship curve achieved good effect. Yin et al. [13] adopted
the Lade-Duncan and Drucker-Prager criteria to measure
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the microunit strength of rock and established a statistical
damage constitutive model of rock and modified the
model. Cao and Zhang [14] discussed the influence of
Weibull distribution parameters on the statistical constitu-
tive model of rock damage based on the Mohr-Coulomb
criterion and modified the model in combination with the
characteristics of triaxial stress-strain curve. Shen [15, 16]
optimized the original elastic-plastic damage model, proposed
a nonlinear mechanical damage model, and conducted
research and analysis for structural clay, which proved that
by the new nonlinear damage model the turning point of
compression curve and the peak point of shear curve can be
automatically calculated; thus, it will be more simple and
have more application prospects. Cheng et al. [17] studied
the damage problem of rock caused by internal water migra-
tion in freeze-thaw environment, and finally, the stress distri-
bution and migration path of pores were concluded. Yuan
et al. [18] established a damage constitutive model of rock
with correction coefficient by introducing the correction
coefficient.

Based on the indoor triaxial test results, fully considering
the changes of porosity and volume of tailing sand in the
deformation process, according to the physical properties of
tailings, the damage mechanics principle and Lemaitre strain
equivalent theory are introduced, the microunit strength
measurement method is established, and the damage model
of tailing sample considering the dry wet circulation is pro-
posed. It provides a new idea to explore the mechanical prop-
erties of tailing sand under the action of dry wet circulation.

2. Test Overview

The tailings used in this test were taken from a lead-zinc tail-
ing pond in Hunan Province. After several surveys, the sam-
pling point and sampling location are finally determined. The
tailings taken from the site are dried. The particle size distri-
bution obtained by screening method is shown in Table 1. It
shows that the tailings are poorly graded in Table 1. The
specimen used in the triaxial test is a cylinder with a diameter
of 39.1mm and a height of 80mm. The sample preparation is
carried out with the triaxial sample preparation device self-
made from acrylic tube. The sample is compacted in four
layers, and the intact sample is shown in Figure 1. The mois-
ture absorption process is simulated by adding water manu-
ally, and the dehumidification process is realized by drying
in an oven. The moisture content changes in the range of
1%-23% [3].

The fully automatic strain controlled triaxial apparatus
developed and designed by Nanjing TKA Technology Co.
Ltd. is used in the test, as shown in Figure 2. The equipment
loading system is controlled by Windows computer. There

are many test types, and the operator can choose according
to the test content and then input the corresponding test
parameters, such as test rate and confining pressure. The
equipment is mainly composed of main engine loading
frame, advanced pressure volume controller, and data acqui-
sition instrument. All the data in the test are collected by the
computer and stored automatically after the test.

3. Indoor Test Results and Analysis

It can be seen from Figure 3 that the peak strength of tailing
sand decreases gradually with the increase of the number of
moisture absorption and dehumidification circulations.
From the downward trend in the figure, the peak strength
decreases greatly from the zero cycle to the third cycle. The
peak strength of the sample is 389 kPa when the sample does
not undergo the moisture absorption and dehumidification
cycle; the peak strength decreases to 340 kPa after three cycles
and 322 kPa after six cycles. This may be due to the fact that
when the number of moisture absorption and dehumidifica-
tion cycles is small, some channels are formed in the process
of moisture absorption and dehumidification, and the peak
strength decreases greatly. When the number of cycles is
large, the change of these channels tends to be stable. There-
fore, the decrease of peak strength is gentle after three to six
cycles.

Table 1: Tailing particle group.

Particle composition parameters
Effective diameter
d10/mm

Median size
d30/mm

Constrained size
d60/mm

Coefficient of nonuniformity
Cu

Coefficient of curvature
Cc

0.0780 0.1620 0.2000 2.5320 1.6610

Figure 1: Complete preparation sample.

Figure 2: Fully automatic strain controlled triaxial apparatus.
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4. Preliminary Establishment of Tailing Sand
Damage Model

According to the principle of damage mechanics, the stress-
strain curve of tailings can be divided into five stages, as
shown in Figure 4. The first stage is O-A compaction stage.
In this stage, fine particles in tailings are gradually pressed
into the pores between coarse particles due to external load.
The second stage is A-B elastic deformation stage. In this
stage, with the increase of axial strain, the stress of tailing
sample presents a linear growth trend. The third stage is B-
C plastic deformation stage. In this stage, the B-point tailing
sample reaches the yield condition, and the stress increment
gradually decreases with the increase of strain. The original
arrangement and structure of particles in the tailing sample
will change, and the pores will gradually derive. The fourth
stage is the initial stage of C-D damage. The connection
between internal particles of the sample weakens, even grad-
ually breaks, and the particles begin to slide. It can be thought
that the tailing sample has been completely damaged at this
time. The fifth stage is the D-G post damage stage. In this
stage, the tailing pattern has been completely damaged. With
the increase of axial strain, some tailing particles are broken
and the sliding increases. The stress of the sample gradually
decreases with the increase of axial strain, showing the phe-
nomenon of strain softening, finally tending to stable and
reaching its residual strength.

In order to reflect the whole process of stress-strain
deformation of tailings, based on the above five stages of
stress-strain deformation of tailings, the constitutive model
of stress-strain deformation process of tailings is studied
and discussed.

Tailing is different from natural soil. As the broken geo-
technical material after beneficiation, its particle shape is
irregular and its particle hardness is relatively higher than
other soil mass. After the circulation action of moisture
absorption and dehumidification, the mechanical properties
of tailings will change greatly. Therefore, referring to many
research results, a damage model more suitable for tailings
is established. Finally, the following assumptions are put
forward:

(1) A large number of pores and microcracks will be gen-
erated in the tailings after the circulation action of
moisture absorption and dehumidification

(2) It is assumed that the tailing sample after the circula-
tion action of moisture absorption and dehumidifica-
tion is composed of three parts: the damaged part, the
undamaged part, and the pore. The total area is A,
and the corresponding areas of each part are A1, A2,
and A3

(3) Because the damage location in the tailing sample is
random, there is no damage crack in an isolated area,
so the strain in each part of tailings can be regarded as
equal

(4) Assuming that the stress of the tailings sample is σi,
the stress of the damaged part is σsi , then the undam-
aged part is σri , and the pore is unable to bear the
function, so its stress is zero

According to the above, the model was established as

σiA = σsiA1 + σi′A2, ð1Þ

A = A1 + A2 + A3, ð2Þ

A3 = nA, ð3Þ
where n represents porosity.

For the selection of damage variable, according to the
definition, D = A2/ðA1 + A2Þ, and then, according to equa-
tions (1), (2) and (3), the following results can be obtained:

σi = 1 − nð Þ σir 1 −Dð Þ + σi
sD½ �: ð4Þ

Equation (4) is the tailing damage model established in
this paper. A large number of research results show that the
plastic deformation of geotechnical materials is accompanied
by damage, and the greater the damage variableD, the greater
the plastic deformation of geotechnical materials. The analy-
sis shows that when the tailings are completely damaged, i.e.,
D = 1, equation (4) can be written as σ = σs

ið1 − nÞ, and the
residual strength after complete damage of tailings is σs

i .
According to the stress-strain curve of tailing samples, the
value will not change when the tailing stress reaches the
residual stress.

5. Establishment of Damage Constitutive
Relation of Tailing Sand

Hereby, σi′and σsi are the stress values on the micro level, and
‘n’ is the physical quantity gradually changing with the defor-
mation of tailing sample, which cannot be directly measured
by test. Therefore, it needs to be expressed by the quantity
that can be measured under macro conditions.

A large number of studies have proved that the stress-
strain relationship obeys the generalized Hooke’s law when
there is no damage and failure of geotechnical materials. So
there are
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Figure 3: Peak strength of tailing sand under different numbers of
moisture absorption and dehumidification cycles.
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σ1′ = E′ε1′ + μ′ σ2′ + σ3′
� �

σ1′ = E′ε1′ + μ′ σ2′ + σ3′
� �

, ð5Þ

where E′ is the elastic modulus when there is no damage and
μ′ is Poisson’s ratio when there is no damage.

For the tailing sand, the relationship between the elastic
modulus, Poisson’s ratio, and the value of tailing samples
without damage is as follows:

E = 1 − nð ÞE′E = 1 − nð ÞE′,
μ = μ′:

ð6Þ

According to reference [19], the following results can be
obtained:

n = 1 − 1 − n0ð Þ 1 −Dð Þ + P23σ3
P24ε1 + 1 + −P24ε1 + P21/ε1ð Þ − P22 − 1ð ÞD , ð7Þ

where

P21 = P23P25, ð8Þ

P22 = P23P26, ð9Þ

P23 =
2 1 − μ − 2μ2
� �

E′
, ð10Þ

P24 = 2μ − 1, ð11Þ

P25 =
1 + μð Þσ2

c cot φ
3 1 + tan αð ÞE′
h i , ð12Þ

P26 =
c cot φ + 2 sin αð Þ
sin α 1 + tan αð Þ½ � : ð13Þ

The values of c and φ here are the cohesion and internal
friction angle of tailing samples at yield.

Considering that the damaged part and the undamaged
part are a whole and the damaged part is completely random,
so

εi = εi′= εi′′, ð14Þ

where εi, εi′, εi′′ði = 1, 2, 3Þ refer to the macroscopic strain of
tailing sample and the undamaged part, as well as the micro
strain value of the damaged part.

The purpose of this paper is to investigate the damage
process of tailings under triaxial loading, so σ2 = σ3.
Substituting equation (13) into (5), the following results can
be obtained:

σ1′ = E′ε1 + 2μ′σ3′ , ð15Þ

σ3′ = E′ε3 + μ′ σ1′ + σ2′
� �

: ð16Þ

For the volume strain of tailings after loading, there is

V1 = 1 + ε1ð Þ 1 + ε2ð Þ 1 + ε3ð Þdxdydz: ð17Þ

By simplifying the above formula, the following results
can be obtained:

εV = ε1 + ε2 + ε3: ð18Þ

According to the relation equation of porosity in refer-
ence [15], the following results can be obtained:

n = n0 − εVð Þ
1 − εVð Þ : ð19Þ
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Figure 4: Stress-strain curve of tailings under confining pressure of 100 kPa.
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Substituting equation (17) into (18), together with ε2 = ε3
, the relational expression of ε1 and ε3 can be obtained:

n − n0
n − 1 = ε1 + 2ε3: ð20Þ

By simplifying the above formula, the following results
can be obtained:

ε1 =
n − n0
n − 1 − 2ε3: ð21Þ

By equations (14) and (15), there is

σ3′ =
E′

1 − 2μ′2 − μ′
ε3 +

Eμ′
1 − 2μ′2 − μ′

ε1, ð22Þ

σ1′ =
E′ 1 − μ′
� �

1 − 2μ′2 − μ′
ε1 +

2μ′E′
1 − 2μ′2 − μ′

ε3:
ð23Þ

For the determination of the yield surface of tailings,
firstly, the yield condition reaches the stress condition when
the tailing sample initially reaches the plastic state. According
to a large number of experiments, this paper selects M-C
strength criterion as the yield criterion of tailings.

σs
1 =

1 + sin φsð Þσs3 + 2cs cos φs

1 − sin φs
: ð24Þ

The values of cs and φs here are the cohesion and internal
friction angle of residual stress after tailing samples are
damaged.

Substituting equation (23) into (4), the following results
can be obtained:

σ3 = 1 − nð Þ σ3′ 1 −Dð Þ + σs3D
h i

: ð25Þ

By simplifying the above formula, the following results
can be obtained:

σs
3 =

1
1 − nð ÞDσ3 −

1 −D
D

σ3′: ð26Þ

Substituting equation (21) into (25) and then into (23),
the following results can be obtained:

σs
1 =

M
1 − nð ÞDσ3 −MNPε3 − μ′MNPε1 +Q, ð27Þ

where

M = 1 + sin φs

1 − sin φs
, ð28Þ

N = E′
1 − 2μ′2 − μ′

, ð29Þ

P = 1 −D
D

, ð30Þ

Q = 2cs cos φs

1 − sin φs
: ð31Þ

Substituting equations (22) and (26) into (4), the follow-
ing results can be obtained:

σ1 = 1 − nð Þ 1 −Dð ÞN 1 − 2μ′
1 − sin φs

 !
ε1 + 2μ′ −M

� �
ε3

" #

+Mσ3 + 1 − nð ÞQD:
ð32Þ

Equation (32) is the damage model of tailings established
in this paper.

The key to establish the evolution model of tailings by
using statistical damage theory is to determine the microunit
strength of tailings. Cao et al. [20] established a measurement
method of rock microunit strength on the basis of the
Drucker-Prager material yield criterion. This method can
comprehensively reflect the influence of stress state on
microunit strength, but the disadvantage is that it cannot
reflect the influence of damage threshold on damage mea-
surement. Therefore, this paper uses the relevant methods
proposed in reference [21]; thus, the measurement method
of microunit strength of tailings can be obtained:

F = σ1′ −
1 + sin φ

1 − sin φ
σ3′ −

2cs cos φ
1 − sin φ

: ð33Þ

By simplifying the above formula, the following results
can be obtained:

F = σ1′ −Mσ3′ −Q: ð34Þ

Substituting equations (21) and (22) into (34), the follow-
ing results can be obtained:

F =N 1 − μ′ −Mμ′
� �

ε1 + 2μ′ −M
� �

ε3
h i

−Q: ð35Þ

Equation (35) is the microunit strength measurement
method established in this chapter. Based on the idea of
references [12, 21], assuming that the microunit strength of
tailings conforms to Weibull distribution, the statistical
evolution model of tailing damage can be obtained as

D =
1 − exp −

F
F0

� �m� 	
, F ≥ 0,

0, F < 0,

8><
>: ð36Þ

where m and F0 are Weibull distribution parameters of tail-
ing microunit strength. The model also reflects the influence
of damage threshold on the evolution of the model. Only
when the threshold is exceeded, the tailings will be damaged.

Substituting equation (35) into (32), the damage consti-
tutive model of tailings in triaxial test can be obtained.
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For the two model parameters m and F0, the determina-
tion of their values is the key to the establishment of the
tailing constitutive model. Therefore, in this chapter, the
stress and strain values corresponding to the peak points
of the stress-strain curve of tailings under different confin-
ing pressures are set as σss and εss; then, equation (31) can
be derived as

dσ1
dε1






σ1=σss,ε1=εss

= 0: ð37Þ

Equations (36) and (26) are combined and solved to get
the following results:

m = −
Kss

1 Fss
L1K

ss
2 1 −Dssð Þ ln 1 −Dssð Þ , ð38Þ

F0 =
Fss

−ln 1 −Dssð Þ½ �1/m
, ð39Þ

where

Kss
1 = −μ′N 1 −Dssð Þ,

Fss = L1εss − k0,

Kss
2 =Q + 3 μ′ − 1

2

� �
Nεss,

Dss =
σss − 1 − 2μ′N

� �
εss −Mσ3

Q + 1 − 2μ′N
� �

εss
:

ð40Þ

The parameters m and F0 of the statistical damage con-
stitutive model of tailings can be determined by equations
(37) and (38). However, σss and εss represent only the stress
and strain values corresponding to the peak value under a
certain confining pressure, so in order to establish the dam-
age constitutive model of tailings under different confining
pressures, it is necessary to determine the calculation
method of σss and εss. Thus, the method of reference [20]
is used hereby to calculate σss and εss by the following
formula:

σss =
2cf cos φf + 1 + sin φf

� �
σ3

1 − sin φf
,

εss = b + aσ3,

ð41Þ

where a, b are constants and φf and cf are the internal fric-
tion angle and cohesion corresponding to the peak stress of
tailings.

6. Model Validation

After the indoor consolidated undrained triaxial test of
tailing samples was done, according to the stress-strain curve,
the relevant mechanical parameters are E = 78:46 and μ =
0:258 and the internal friction angle and cohesion at the peak

point are 39.1° and 25.5 kPa. The internal friction angle and
cohesion at yield are 24.72° and 25.5 kPa. The cohesion and
internal friction angle of residual stress are 36.67 kPa and
15.95°, respectively. By substituting these parameters into
the damage constitutive model of tailings established before,
the stress-strain theoretical curve under this condition can be
obtained, which is compared with the previous test curve, as
shown in Figure 5. The fitting curve of damage constitutive
model is in good agreement with the stress-strain curve of
indoor tailing samples.

7. Conclusion

Based on the indoor triaxial consolidation undrained test
results of tailing sand, the internal structure changes of tail-
ing sand after repeated moisture absorption and dehumidifi-
cation cycles are studied, and the statistical damage model is
established in accordance with the statistical damage theory.

On the basis of the Lemaitre strain equivalent theory and
considering the influence of pore and volume change on tail-
ings in shear test, a statistical damage constitutive model
which can reflect the stress-strain process of tailings is estab-
lished. The model can reflect the characteristics of bearing
capacity of tailings after damage.

In this paper, the principle of damage mechanics is intro-
duced. According to the stress-strain curve obtained from the
triaxial shear test of tailings, the loading deformation process
of tailings can be divided into (1) elastic deformation stage,
(2) plastic deformation stage, (3) gradual damage stage, and
(4) post damage stage.

The model established in this paper can reflect the vol-
ume deformation process of tailings after triaxial test, with
good fit. Fewer parameters are required, which is conducive
to engineering application.

Data Availability

The data that support the findings of this study are available
from the corresponding author upon reasonable request.

0 5 10 15 20
–100

0

100

200

300

400

D
ev

ia
to

ric
 st

re
ss

Axial strain (%)

Test curve
Fitted curve

Figure 5: Comparison of theoretical and experimental curves.

6 Geofluids



Conflicts of Interest

The authors declare no conflicts of interest.

Acknowledgments

This study was supported by the Graduate Scientific Research
Innovation Project (CX20200919). Thanks are due to Heng-
yang City Province Engineering Technology Research Center
for Disaster Prediction and Control on Mining Geotechnical
Engineering for providing experimental platform support.

References

[1] Z. Song and H. Konietzky, “A particle-based numerical inves-
tigation on longwall top coal caving mining,” Arabian Journal
of Geosciences, vol. 12, no. 18, p. 556, 2019.

[2] Z. Song, H. Konietzky, and M. Herbst, “Drawing mechanism
of fractured top coal in longwall top coal caving,” International
Journal of Rock Mechanics and Mining Sciences, vol. 130,
article 104329, 2020.

[3] Y. H. Guo, Y. K. Tian, L. L. Wu et al., “Mechanical properties
of tailings under different confining pressures under dry and
wet cycling,” Nonferrous Metal Engineering, vol. 10, no. 4,
pp. 87–93, 2020.

[4] L. M. Kachanov, “Rupture time under creep conditions,” Inter-
national Journal of Fracture, vol. 97, no. 1/4, pp. 11–18, 1999.

[5] L. M. Kachanov and D. Krajcinovic, “Introduction to contin-
uum damage mechanics,” Journal of Applied Mechanics,
vol. 54, no. 2, p. 481, 1987.

[6] Y. N. Rabotnov, “On the equation of state of creep,” Various
Titles labelled Volumes A to S, vol. 178, no. 31, pp. 117–122,
1963.

[7] Y. N. Rabotnov, “Progress in applied mechanics,”Mechanics of
Surface Structures, vol. 6, 1987.

[8] J. Lemaitre, “How to use damage mechanics,” Nuclear
Engineering & Design, vol. 80, no. 2, pp. 233–245, 1984.

[9] J. L. Chaboche, “Continuous damage mechanics — a tool to
describe phenomena before crack initiation,” Nuclear
Engineering and Design, vol. 64, no. 2, pp. 233–247, 1981.

[10] G. N. Frantziskonis and C. S. Desai, “Analysis of a strain
softening constitutive model,” Mathematical & Computer
Modelling, vol. 10, no. 10, p. 795, 1987.

[11] C. H. Xia, G. Q. Zhou, and X. Y. Shang, “Softening constitutive
model of soil-structure contact surface based on Weibull
distribution,” Journal of China University of Mining and
Technology, vol. 36, no. 6, pp. 734–747, 2007.

[12] W. Jiang, J. Deng, and Q. C. Si, “Constitutive model of rock
damage and its modification based on Mohr criterion,”
Journal of Hebei University of Engineering (Natural Science
Edition), vol. 27, no. 2, pp. 30–37, 2010.

[13] J. Yin, G. C. Jiang, and N. L. Hu, “Comparison and correction
of constitutive models of rock statistical damage based on dif-
ferent criteria,” Mining Research and Development, vol. 35,
no. 12, pp. 101–105, 2015.

[14] W. G. Cao and S. Zhang, “Study on statistical analysis method
of rock damage based onMohr-Coulomb criterion,” Journal of
Hunan University (Natural Science Edition), vol. 32, no. 1,
pp. 43–47, 2005.

[15] Z. J. Shen, “Nonlinear damage mechanics model of structural
clay,” Water Conservancy and Water Transport Science
Research, no. 3, pp. 247–255, 1993.

[16] Z. J. Shen, “Elastic-plastic damage model of structural clay,”
Journal of Geotechnical Engineering, vol. 15, no. 3, pp. 21–28,
1993.

[17] H. Cheng, H. Q. Chen, G. Y. Cao, C. X. Rong, Z. S. Yao, and
H. B. Cai, “Damage mechanism and experimental verification
of freezing-thawing water transfer in porous rocks,” Journal of
Rock Mechanics and Engineering, vol. 39, pp. 1–11, 2020.

[18] C. Yuan, H. M. Zhang, X. Z. Meng, G. S. Yang, and L. Y. Wu,
“Study on constitutive relation of rock based on correction
coefficient,” Coal Science and Technology, vol. 47, no. 9,
pp. 177–182, 2019.

[19] W. G. Cao, H. Zhao, Y. J. Zhang, and L. Zhang, “Constitutive
model and parameter determination method of rock strain soft
hardening damage considering volume change,” Rock and Soil
Mechanics, vol. 32, no. 3, pp. 647–654, 2011.

[20] W. G. Cao, X. Li, and F. Liu, “Study on constitutive model of
strain softening damage in fractured rock mass,” Journal of
Rock Mechanics and Engineering, vol. 12, pp. 2488–2494, 2007.

[21] W. G. Cao, H. Zhao, L. Zhang, and Y. J. Zhang, “Statistical
softening constitutive model of rock damage considering the
influence of damage threshold and its parameter determina-
tion method,” Journal of Rock Mechanics and Engineering,
vol. 27, no. 6, pp. 1148–1154, 2008.

7Geofluids


	Study on Statistical Damage Theory Model of Tailings in a Metal Ore under the Action of Moisture Absorption and Dehumidification Circulation
	1. Introduction
	2. Test Overview
	3. Indoor Test Results and Analysis
	4. Preliminary Establishment of Tailing Sand Damage Model
	5. Establishment of Damage Constitutive Relation of Tailing Sand
	6. Model Validation
	7. Conclusion
	Data Availability
	Conflicts of Interest
	Acknowledgments

