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*e settlement and deformation of an open-pit mine waste dump were investigated by using field monitoring and numerical
methods.*e creep parameters of fine soil sand in the dump fill were inverted using the steady Burgers creep model, and FLAC3D
software was used to simulate the dumping soil construction and development program. *e results show that the settlement
displacement of the dump increases with the time of dumping soil and tends to be stable after 4 years. In the creep attenuation
stage of the creep process, there is a big difference between the numerical calculation and the field monitoring results in the
inversion process of fine-grained soil sand parameters. In the steady-state creep stage, the numerical calculation is consistent with
the field monitoring value. *e height of the fill has an influence on the settlement of the fill body of the dump and the time to
reach the stability. *e higher the filling height is, the greater the postconstruction settlement will be, and the longer it will take to
reach stability. *e pushing position of the fill body has a great influence on the settlement displacement of the dump. *e time
and efficiency of soil discharge can be shortened by optimizing the safe distance between the filling body and the river. Based on
the numerical calculation results and the empirical settlement function, an analytical method for river channel location selection
of internal dump is proposed.

1. Introduction

*e waste dump site is an artificial accumulation body of
loose waste rock after open-pit mining [1, 2]. Open-pit mine
dump can be divided into internal waste dump and external
waste dump [3]. However, no matter in or out of the dump,
accidents such as landslides and mud-rock flows that lead to
human injury and property loss occur from time to time [4].
For example, from 1990 to 2000, under the influence of
rainfall, landslides totaling about 1.54×107m3 occurred in
the southern and western dumps of Yongping Copper Mine
in Jiangxi province, China (Figure 1(a)) [5]. In 2002, a total
amount of debris flow of 3.8×107m3 occurred in Nanfen
Iron mine, China, under the influence of rainfall
(Figure 1(b)), which caused great damage to the mine and

surrounding environment [6]. *erefore, as the acceptance
site for the loose body of waste rock and soil is removed from
open-pit mines, the slope stability of the dump has been
widely studied for a long time as a technical topic of safe
production in open-pit mines [7–11].

*e slope stability of open-pit mine has extremely
important influence on mining and surrounding envi-
ronment [12–18]. *e study on slope stability of open-pit
mine mainly includes the stability of working side slope
and dump slope [19, 20]. At present, many research studies
have been carried out on slope stability of open-pit mine
[21–23]. For example, Dick et al. [24] presented a newly
proposed early warning time-of-failure analysis procedure
for use in real-time with ground-based radar measure-
ments designed to be integrated in an open-pit mine’s
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trigger action response plan. Zhang et al. [25] investigated
the shape and formation of the west boundary of the
potential sliding block in an open-pit mine using the
microseismic technology, DInSAR technique, and the
numerical method. Liu et al. [26] investigated the dynamic
stability of a mining slope in an open-pit coal mine under
blasting load using numerical method and field monitoring
method. *erefore, numerical calculation and field mon-
itoring methods have become the common methods for the
study of slope stability; especially the combination of the
two can make the research results more reliable [27–29].
However, there are few systematic studies on the settlement
and deformation of the waste dump, especially on the
postconstruction settlement and deformation of the fill
bulk, and the corresponding calculation methods are not
mature. Generally, after the completion of the inner dump,
the site may be reutilized, and some buildings are built on
the upper part of the dump, so there are strict requirements
on the settlement deformation of the dump. For the inner
dump, the stope is close to the working area, and the filling
height is generally flush with the original landform. It is
very possible to place some engineering construction on the
inner dump. In addition, for open-pit mines with rivers
flowing through them, the need for mining will have a great
impact on the river course. *erefore, it is necessary to
divert the river according to the actual situation to ensure
the normal exploitation of open-pit mine. However, there
are few reports on the construction of river course on the
inner dump. It is one of the key technologies to realize the
river change project in this mine, especially to study the
settlement deformation law of the bulk particles in the
dump. *e control and calculation requirements of soil
settlement are extremely strict in the river dumping yard
conversion project. *erefore, it is of great practical sig-
nificance to study the settlement and deformation of the
dump and master the settlement law of the bulk material
and the safety and stability of the slope for the construction
of the river course in the dump.

In this work, in view of the river modification project in
Yuanbaoshan open-pit coal mine, the settlement and de-
formation regularity of the filling body of the internal dump
were studied by using field monitoring and numerical
methods. In the inversion of fine sand parameters, based on
the classic Burgers creep model, a creep model was estab-
lished for the soil filling process of the dump and the soil
settlement after completion. *e creep parameters of fine
sand were calculated by using steady Burgers creep model,
and the reliability of the inversion parameters was verified
with field monitoring data. *e finite-difference software
FLAC3D was used to conduct numerical analysis on the
filling process of fine-grained soil sand and sand gravel soil
of the dump fill body, and to explore the settlement and
deformation law of the dump body under the conditions of
different filling body propulsion positions, thus providing a
reliable basis for the deformation study of the dump body in
the open-pit mine. In addition, this work innovatively
constructs the river course in the inner dump and proposes
an analytical method for the location selection of the river
course in the inner dump.

2. Regional Overview

Yuanbaoshan open-pit coal mine is located in Chifeng City,
Inner Mongolia, with an average strike length of 4.68 km and
an average trend width of 2.6 km (Figure 2).*e terrain of the
mining area is tertiary basalt platform, the elevation range is
650–700m, and the surface elevation range is 470–490m.

*e surface water system has the Yingjin river, which
originates fromGuangtouMountain of QilaotuMountain in
Pingquan County, Hebei Province, with a total length of
421.8 km and a basin area of 33,067 km2.*emaximum peak
flow in the past years is 9840m3/s, and the minimum flow is
0m3/s. *e average annual runoff is 4.297×108m3, the
average annual runoff is 13.6m3/s, and the average annual
sand content is 47.5 kg/m3. Laoha River winds through the
east of the mine, with the nearest distance of 9 km to the east
of the open-pit mine, which is the groundwater discharge
area of the mine. *e landform of the mining area is hilly,
and the terrain is the highest in the basalt ridge in the
northwest of themining area, and the ridge runs northeast to
southwest, as shown in Figure 3. *e landform of Yuan-
baoshan open-pit mine is shown in Figure 4. *e slope rock
mass of open-pit mine is mainly composed of tertiary, Ju-
rassic, and quaternary strata. Lithology is mainly mudstone,
sandstone, coal, carbonaceous mudstone, glutenite, etc.
*rough detailed investigation, it can be seen that the south
side of the open-pit mine has developed a large number of
joints and a number of soft intercalations of mudstone,
among which the soft intercalations mainly include car-
bonaceous mudstone.

With the advance of the open stope, the working
boundary is gradually approaching Yingjin River. By the end
of 2011, the closest distance between the surface boundary of
the working wall and the southern boundary of Yingjin River
is less than 50m, which is less than the safe distance stip-
ulated in the design code, and the safety of stope is
threatened. Hence, it is necessary to divert the river. *e
width of the riverbed and embankment is about 270m
(Figure 5). In order to reduce land acquisition and cost, part
of the river is arranged on the internal dump, but the scope
of the dump occupied by the river is difficult to determine.
*e key problem of this work is how to determine the
construction scope of waste dump space occupied by river
course under the premise of river course safety.

3. Deformation Analysis of the West Dump
Using the Field Monitoring Method

To solve the adverse impact of Yingjinhe river on the future
mining process of coal mine, the mine is faced with the
problem of river course rerouting. Considering a variety of
factors comprehensively, the landfill body within the dump
site is selected as the river course rerouting scheme. How-
ever, the dump site will be faced with such engineering
problems as settlement deformation and river course oc-
cupation after completion. For this reason, the dump west of
Yuanbaoshan open-pit coal Mine was used as the test site,
and a monitoring point was installed on the top of the dump
using a total station as a monitoring means to analyze the
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changing law of the settlement amount of the dump fill with
elevation and time (Figure 6). *e settlement monitoring of
the west dump and the full consideration of the filling area
just completed by the dump can effectively reflect the set-
tlement amount of the actual dumping field after comple-
tion. *e west dump and the inner dump are in the same
geographical location, and the soil monitoring environment
of the two sites is similar.

Take the No. 1 measuring point (6-1 and 8-1) of the 6#
and 8# monitoring network as an example (Figure 7), the
monitoring period is from February 29, 2008, to January
27, 2015, and the settlement displacement variation of the
measured point is shown in Figure 8. Figure 8 shows that
the cumulative settlement displacements at the measuring
points 6-1 and 8-1 were 242.0 cm and 374.0 cm, respec-
tively, and the dumping height was 85.5 m and 132.4 m,
respectively. Figure 8 shows that the settlement dis-
placement rate of the measuring point increases rapidly in
0–1.6 years after soil discharge, decreases to a certain
extent in 1.6–3.7 years, and basically tends to be stable
after 4 years. In other words, the settlement displacement
of the dump gradually increases with the increase of
application, but its increase rate gradually decreases until
it tends to be stable. In the whole soil discharge cycle (3.5
years), the average pile speed of west dump is about 50m/
a. After the completion of the dumping, the bottom of the
dumping soil in the early stage gradually tends to be
stable, and the upper part of the fill soil in the dump shows
obvious creep settlement deformation, and the settlement
displacement after completion mainly concentrates in this
area. After the layered treatment of the fill body, the
settlement deformation of the dump mainly occurs in the
middle and upper part; that is, the layered position of the
dump is closely related to the postconstruction settlement
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[25]. However, in the process of soil discharge, due to the
influence of the discharge material on the upper layer
load, the soil layer in each row gradually shows creep
settlement. With the increase of construction time, the
settlement amount after construction decreases, and the
time required for the dump to stabilize is shorter. It can be

seen that the time or speed of soil discharge is directly
related to the settlement after work. Since it is difficult to
effectively protect the measuring points during the earth
dumping construction, this monitoring work only pre-
dicts the settlement based on the dumping speed and time
during the earth dumping construction, without con-
sidering the settlement during the earth dumping con-
struction, and the impact on the river after the completion
of the earth dumping should be fully considered. Hence,
the following is a further prediction analysis of the set-
tlement law of the dump.

4. Creep Characteristics Analysis of the
Inner Dump

4.1. Settlement Creep Model after Construction of the Dump
Fill Body. *e settlement of the dump was studied using
Burgers creep model. Assuming that the loading stress is the
weight of soil discharge in the vertical direction of the
overburden, and ignoring the influence of the weight of soil
filling in the i-th layer on this layer, according to the defi-
nition of the summation method of layers, the total set-
tlement S of the waste dump is the sum of the cumulative
settlement of each layer, as follows ([30–34]):

S � 
n

i�1
Si � 

n

i�1
εiHi, (1)
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Figure 5: Schematic diagram of river layout of inner dump.
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Figure 4: Schematic diagram of soil filling of the inner dump.
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where n is the number of layers of the dump. Hi is the height
of the each layer. εi is the strain of the each layer. S is the total
settlement displacement.

Assuming that the growth rate is uniform, and the fill
height increases in proportion with time (Figure 9(a)), the
increase rate of the fill is K0. When the height and time are
H0 and t0 respectively, the soil is stopped from being dis-
charged, and the changing relation of filling height is shown
in equation (2). *e bulk density of the discharge material is

c, and the overburden of each layer of the fill body satisfies
equation (3) [35].

H(t) �
K0t, 0≤ t< t0,

H0, t≥ t0,

⎧⎪⎨

⎪⎩
(2)

σi(t) �

0, t≤
iH0

nK0
 ,

K0ct −
icH0

n
,

iH0

nK0
< t≤ t0 ,

H0c −
icH0

n
, t> t0( ,

⎧⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎨

⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎩

(3)

where σi (t) is the function of the overburden increasing with
time in the first layer.

*e creep curve under constant stress can be divided into
three stages: slow creep, constant creep, and accelerated creep.
Accelerated creep is the process of rapid rock destruction. For
the dispersion in a dump, the accelerated creep stage is to
describe the instability process of the dump. Based on the
assumption that the dump is in a stable state, and the final
settlement is a constant value, the first two stages of Burgers
creep are analyzed with emphasis. *e creep model of Burgers
is shown in Figure 9(b).*e creep equation of Kelvin body and
Maxwell body is as follows [35]:

Elevation (m)
640

600

560

520

480

6-1 6-2

6-3

6-4
6-5 6-6 6-7

640

600

560

520

480

Elevation (m)

Silt Basalt

6-1
Monitoring pointsFine-grained earthy sand

(a)
Elevation (m)

640

600

560

520

480

6-1 6-2

6-3

6-4
6-5 6-6 6-7

640

600

560

520

480

Elevation (m)

Silt Basalt

6-1
Monitoring pointsFine-grained earthy sand

(b)

Figure 7: Section of monitoring network of west dump: (a) 6#; (b) 8#.
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where εki and εmi are the i-layer strain of the displacement of
the Kelvin and Maxwell in Burgers model. *e creep
equation of steady Burgers model is as follows:
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(5)

As the settlement of the dispersion in a dump is a gradual
process with a decreasing settlement rate, the settlement
displacement is approaching a certain value, and the set-
tlement rate of steady Burgers creep model remains un-
changed in the constant creep stage; hence, it is necessary to
modify the linear component of steady Burgers and intro-
duce a time-varying nonlinear component, namely, the
unsteady Burgers creep model. Given that the settlement of
the above dump finally converges to a constant, the viscosity
coefficients in the nonlinear Kelvin model and the nonlinear
Maxwell model are assumed as follows [36–45]:

η(t)k � A t −
iH0

nK0
  + R ,

η(t)m � B t −
iH0

nK0
  + R 

a

, a≠ 1, a≠ 2,

(6)

where η(t)k and η(t)m are the time-varying functions of
the viscosity coefficient in Kelvin body and Maxwell body,
respectively. A and B are the initial viscosity coefficient. R
is a time-dependent constant; a is a compendium
constant.
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*e Kelvin creep equation of the ith layer of dump soil is
as follows:

εki �
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iH0

nK0
 ,
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t −
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(7)

*eMaxwell creep equation of the ith layer of the vertical
filling dump is as follows:
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Figure 9: (a) Change of the filling height of the dump with time; (b) Burgers creep model.
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According to equations (6) and (7), the nonlinear
Burgers creep equation is as follows:
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(9)

According to equation (1), when time tends to infinity,
the total settlement amount of the dump is the cumulative
sum of each layered compressed settlement, and the total
settlement amount after construction is the final cumulative
total settlement of the dumping soil minus the settlement
amount when the dumping is completed, as follows:

S∞ � lim
t⟶∞



n

i�1
Si∞ � lim

t⟶∞


n

i�1
εiHi � lim

t⟶∞
Hi 

n

i�1
εi, (10)

where Spc∞, S∞, and St0 are, respectively, the total settlement
after work, the final cumulative settlement of the discharged
soil layer, and the settlement when the discharged soil is
completed. εt0i is the strain of the layer when the discharged
soil is completed.

4.2. Deformation Parameter Regularity Law of Dump Filling.
*eBurgers creep model in FLAC3Dwas used to analyze the
settlement and deformation of the fill body in the dump.
Based on the monitoring data of the settlement of the dump,
the creep parameters of fine-grained soil sand were obtained
and used in the calculation of creep settlement of the dump.
In order to verify the validity of the creep parameters, the
settlement data of measuring point 6-1 was taken as the
research object to obtain the creep parameters of fine soil
sand. Meanwhile, the creep parameters obtained were used
to further verify and analyze the creep characteristics of
measuring point 8-1. *e validity of creep parameters is
further verified by comparing the analysis results of mea-
suring point 8-1 with the settlement displacement moni-
tored on-site.

To simplify the 6# monitoring network profile ap-
propriately, the lower part of the discharged material is the
original layer composed of basalt, silty soil layer, and high
compactness. Only the settlement of the discharged ma-
terial is considered. Rigid treatment is also applied to the
original formation. *e simplified section of no. 6 mon-
itoring network is shown in Figure 10.*e dumping height
was divided into 10 layers on average, the dumping height
at the measuring point 6-1 was 85.5m, the dumping

velocity k0 was about 50m/a, and the bulk density of the
dumping material was 16.3 kN/m3. Based on the Burgers
creep model, the lower layer of the filling body will have
settlement displacement under the load of the material
discharging from above, including the compression set-
tlement (instantaneous elastic deformation and plastic
deformation) of the material during the discharging
process and the creep of the filling body after the dis-
charging. *e settlement deformation at the measuring
point 6-1 is postwork creep. Parameter inversion was
carried out using the steady Burgers model obtained in the
previous study.

According to equation (8), the settlement displacement
of each layer is superposition, and the settlement dis-
placement of the measured point 6-1 (Figure 8) is analyzed
by regression with the postwork settlement calculation
formula (t>T0). Cm and Em can be obtained further from the
settlement deformation of the dump fill (t�T0), and the
creep parameters of Burgers are shown in Table 1.*e fitting
curve of the creepmodel withmeasuring point 6-1 Burgers is
shown in Figure 11. *e horizontal axis and the vertical axis
are, respectively, the dumping time and the settlement
displacement of the measured point after completion; that is,
the postconstruction settlement monitoring began in 1.71
after dumping. Figure 11 shows that the fitting curve of
measuring point 6-1 in the west dump site is in good
agreement with the on-site monitoring data of measuring
point, and the fitting coefficient is as high as 0.982.*erefore,
the creep parameters obtained by inversion can better reflect
the creep process of measuring point 6-1.

In 2008, for open-pit coal mine based on the status quo of
the river across the stope, and in the future in the process of
mining, the river is bound to affect the direction of mining,
mine will sooner or later face reelection river, and the river
location choice is limited by a regional environment; consider
within the earth to fill body reelection scheme, for the channel
position is currently believed to be the best solution. *is
scheme also faces many technical problems, such as the
differential settlement of the dump after construction and the
range of the dump within the river occupation.*erefore, the
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leaders of the mine decided to take the newly completed west
dump as the test site and set several monitoring points at
different heights and positions on the top of the dump to
master the relationship between the postconstruction settle-
ment amount of the dump fill and time and height. *e
monitoring of deformation and settlement can not only
provide reference materials and empirical data for the design,
construction, and scientific research of the filling body in-
volved in the project of transforming the river, but also
provide a practical basis for slope stability of other dump sites
in the mine. Figure 3 shows the settlement monitoring points
on the top part of the west dump, with a total of 11 points. In
the settlement monitoring of the west dump site, the filling
area just completed is considered in the layout of monitoring
points, which can effectively reflect the settlement amount
after the completion of the actual dump site. Because the
filling body of the inner dump has not been backfilled, the
settlement monitoring data of the soil of the inner dump
cannot be obtained temporarily. Mine subsidence of soil
changes in factors, such as rain, heavy rain, or heavy rain,
within the west mine and mine, is in the same location, the
monitoring of soil environment was similar, or caused by

rainfall and soil consolidation settlement; on the west mine,
monitoring the settlement means to reflect on the monitoring
data. *erefore, taking the west dump as the test site can
reflect the settlement trend of the soil in the inner dump to
some extent.

Taking 8# monitoring network as the research object, the
corresponding numerical calculation model was established
by FLAC3D (Figure 12), and the creep parameters obtained
by inversion were used for numerical calculation. *e filling
body of the dump was loaded in layers with Burgers creep
model. *e comparison of numerical calculation and field
monitoring results is shown in Figure 13. Figure 13 shows
that the fitting degree of numerical calculation and moni-
toring results is poor; especially there is a big gap between
the numerical results and monitoring results in the atten-
uation creep stage. However, when entering the steady-state
creep stage (6.25 years later), the field monitoring results and
the numerical results are in good agreement, and the set-
tlement volume gradually tends to be stable. At this time, the
field monitoring value and the numerical calculation value
are about 3.71m and 3.83m, respectively, with an error of
about 0.12m. Although there is a certain difference in the
fitting degree between the numerical results and the actual
monitoring results in the process of soil discharge (atten-
uation creep stage), when the settlement volume tends to be
stable, the two results are basically the same, with an error of
only 4.3%. When the river is located in the upper part of the
dump, the settlement deformation caused by the dead
weight of the dump is the main factor affecting the river
safety. *erefore, the creep parameters obtained from the
on-site monitoring data of measuring point 6-1 were used to
invert and applied to the monitoring network of No. 8 to
further verify the reliability of the creep parameters obtained
by inversion. *is parameter can describe the creep process
of fine-grained soil sand.

4.3. Fill Profile and Creep Model Selection. *e settlement
deformation and difference settlement of the inner dump
after construction cannot be ignored; especially the distance
between the dump and the river is close, which requires that
the settlement deformation of the fill body of the dump after
completion should be controlled within a certain range. *e

85.5m
n = 10

6-1

Figure 10: Simplified calculation diagram of 6# monitoring network of west dump.

Table 1: Creep parameters of fine-grained soil sand inverted from monitoring point 6-1.

Ek (GPa) Em (MPa) ηk (GPa·d) ηm (GPa· d) ck cm
1.42 13.5 505.6 492.3 2.27×108 −0.12
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Figure 11: Fitting curve of measuring point 6-1 in west dump.
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plan of the south side of the open-pit mine is shown in
Figure 14(a). Section no. 26 of the South side is taken as an
example (Figure 14(b)). A numerical calculation model is
established by using FLAC3D to simulate the

postconstruction settlement deformation of the dump fill
body. *e section size of No. 26 section is 1000 × 400m
(length ×width). *e filling body was composed of fine clay
sand, and numerical calculation was carried out using
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8-1 monitoring point0.0000E + 00
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–2.5000E + 00
–2.7500E + 00
–3.0000E + 00
–3.2500E + 00
–3.5000E + 00
–3.7500E + 00
–3.9505E + 00

(b)

Figure 12: Calculation model and cloud map of monitoring network 8#: (a) calculation model; (b) settlement calculation cloud map.
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Figure 13: Comparison of observed value and numerical calculation value of monitoring point 8-1.
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Figure 14: (a) Plan of the south side slope; (b) formation and material distribution of 26# profile.

10 Advances in Civil Engineering



Burgers creep model. *e creep settlement equivalent
parameters of the fill were obtained by using Burgers creep
model to invert the monitoring data of the field measuring
points in No. 26 section. *e sand and gravel soil is the
dumping cushion, and its influence on the settlement and
deformation of the dump cannot be ignored. *e fingers-
hyperbolic mixed creep model based on the secondary
development of FLAC3D is used to simulate the sand and
gravel soil, and the laying thickness is 6m.

Numerical simulation was carried out for the filling
process of the dump filling body. *e specific steps are as
follows: (1) draw a typical section in AutoCAD, import the
model into RHINOCEROS, establish a false 3d model, and
divide grid nodes reasonably. (2) *e above model was
embedded into FLAC3D by Rhinoceros-FLAC3D. *e
numerical calculation model of No. 26 section in south side
slope is shown in Figure 15. In order to speed up the
completion of the platform at the top of the slope of the
dump and reduce the settlement deformation after com-
pletion of the dump, the entire process of soil discharge is
regarded as a process of uniform soil discharge. Fine soil
sand units are loaded 46 times at a loading speed of 2 times,
and the loading creep operation cycle is 40 days per time.*e
process of soil discharge is shown in Figure 16. In order to
further study the creep characteristics of the displacement
location of the fill body, a number of measuring points were
arranged on the top of the dump, with the measuring points
spaced at 20m apart. *e sloping top area was divided into
area A and area B, in which area A included measuring
points A1–A10. *e B region includes the measuring points
B1–B10. *e construction period of the inner dump is about
5 years.

4.4. Analysis of Postconstruction Settlement Characteristics of
the Fill. *e area with the greatest distance from the river
dumping volume is zone A. Hence, the settlement defor-
mation in this area has an important influence on the set-
tlement deformation after the river diversion. Taking five
measuring points (A2, 4, 6, 8, and 10) in area A as example,
the settlement and deformation rule of this area was studied.
*e postconstruction settlement displacement and settle-
ment deformation cloud charts of areas A and B are shown
in Figures 17 and 18. Figure 18(a) shows that the settlement
displacement of the measured point of the fill body increases
with the increase of the dumping time. When the dumping
time reaches a certain value, there is a certain stable value in
the settlement displacement area of different measuring
points of the filling body. However, the settlement dis-
placement at different measuring points takes different time
to reach the stable value. In addition, Figure 17(a) also shows
that when the dumping time is 600 days, the settlement
displacements of themeasuring points (A2, 4, 6, 8, and 10) in
area A are about 104%, 82%, 67%, 61%, and 60% of the final
settlement displacements, respectively. When the dumping
time is 1200 days, the settlement displacements of these
measuring points are about 96%, 95%, 88%, 87%, and 86% of
the final settlement displacements, respectively. Meanwhile,
Figure 17(a) shows that the postwork settlement

displacements of the five measuring points (A2, 4, 6, 8, and
10) in area A are different. It can be seen that the settlement
rate of each measuring point decreases in the same postwork
time; that is, the higher the filling height, the longer the time
to reach stability, the slower the settlement, and the higher
the postwork settlement.

Area B belongs to the reserved area to ensure the safety of
river dumping. Take five measuring points (B2, 4, 6, 8, and
10) in area B as an example to study the settlement and
deformation characteristics of this area. Figure 17(b) shows
that the settlement displacements at different measuring
points in area B increase with the increase of time, and when
the time reaches a certain value, the settlement displace-
ments also tend to a certain stable value. *e settlement and
deformation law of the filling body in areas A and B is
similar. *e higher the displacement height of the fill body,
and the longer the data needed for the settlement dis-
placement to reach the stable value, and the slower the
settlement deformation. In addition, taking the displace-
ment position pushed to the measuring point A6, A8, A10,
B2, B4, B6, B8, and B10 as an example, the influence of the
displacement position on the settlement in area A was
studied. *e variation characteristics of settlement dis-
placement at the measuring point along with the advance
position of dumping soil are shown in Figure 19. Figure 19
shows that the settlement displacement at each measuring
point tends to be stable when the dumping time is about 10
years. Taking measuring points (A2, 4, 6, 8, and 10) in area A
as an example, when the settlement displacement of each
measuring point tends to be stable, the observed values of
settlement displacement are 0.36, 0.68, 0.87, 0.94, 1.08, and
1.33m, respectively. Taking 80% of the settlement dis-
placement tending to be stable as the boundary point, the
influence of different pushing positions of the filling body on
the settlement deformation of the measured point of the
dump was studied. When the displacement position is the
measuring point in area A (A6, 8, and 10) and the measuring
point in area B (B2, 4, 6, 8, and 10), the settlement dis-
placement of the measuring point A2 in the filling body is
about 0.21, 0.36, 0.37, 0.33, 0.34, 0.34, 0.34, and 0.39m,
respectively. When the displacement position is A8 and A10,
the settlement displacement of A2 shows a rising trend, and
its settlement displacement exceeds 80% of the total set-
tlement displacement, which indicates that the postindus-
trial settlement of the measuring point A8 at the
displacement position has met the settlement deformation
requirements. Similarly, the postconstruction settlement of
the fill body has met the settlement and deformation re-
quirements when the dumping and pushing positions are
B2, B6, B8, and B10. *erefore, reasonable optimization of

Figure 15: Numerical calculation model of 26# profile on the south
side slope.
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the safe distance between the filling body of the internal
dump and the river is an effective way to shorten the
dumping time and accelerate the realization of the internal
dumping. Under the condition of ensuring the stability of
the filled soil slope, when the maximum locations of the
waste dump occupied by the river and river embankment

construction are the monitoring points A2, A4, A6, A7, A8,
and A10, respectively, it is suggested that the monitoring
points A8, B2, B6, B8, and B10 shall be themonitoring points
for soil discharge and propulsion. *e corresponding dis-
tances from O are 230, 310, 390, 430, 470, and 470m,
respectively.
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Figure 16: Backfill sequence grouping diagram of the dump: (a) the backfill sequence; (b) drainage and propulsion sequence.
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5. Selection of River Channel Reconstruction
Scope above the Fill Body of the Inner Dump

*e main construction task of the river reform project is to
change the current river course of Yingjin River from the
mining scope of Yuanbaoshan open-pit coal mine without
affecting the safety of the river, so as to ensure the mining of
the open-pit coal mine. Strict control of soil settlement at the

bottom of the river course is the key to the river reform.
However, different dumping heights will result in different
settlement after construction; hence, it is particularly im-
portant to select an appropriate scope for river course
construction. Based on certain assumptions, the formula of
settlement amount changing with time after completion of
soil filling in the dump [36] is

w(t) �
cK
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2
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c
2
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 e
− ct

. (11)

*e main parameters to be determined in the empirical
function are the increase rate K0, sink rate coefficient c, bulk
density, and final compression modulus Ess. *e bulk density
of fine-grained sand is 16.3 kN/m3. *e final compression
modulus Ess � 0.035MPa, and the increase rate K0 is
0.0656m/d. *e settlement velocity coefficient C corresponds
to the fill height H0, as shown in Table 2 and Figure 20.

*e nonworking steps of section No. 26 are simplified
(Figure 21) and regarded as the linear slope surface. As-
suming that the original river geomorphology and filling
boundary are changed as the origin of coordinates, any point
Bi in area B (or area A) is selected, and its distance from the
origin is x, then the filling height at Bi point can be rep-
resented by the distance x from the origin. *e calculation
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Figure 17: Postconstruction creep settlement of the monitoring point of the filling body: (a) A zone; (b) B zone.
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Figure 18: Postconstruction settlement cloud maps of fill body: (a) A zone; (b) B zone.
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formula of postconstruction settlement at any position on
the top of the dump fill body is as follows:

w(t, x) � 0.516x
0.962

e
− 0.808x0.519

+ 0.413x
1.482

− 0.516x
0.962

  × 1 − e
− 10.51t·x−0.481

  × 10− 3
. (12)

In order to compare the error of empirical function
calculation value and numerical calculation value, the creep
curves of empirical function calculation value and numerical
calculation value of five monitoring points (A2, A6, A10, B2,
and B6) are listed as shown in Figure 22. *e absolute errors
of their empirical function values and numerical values are
9.85%, 3.44%, 15.96%, 10.8%, and 8.18%, respectively. *e
creep law of each monitoring point is determined by the
empirical function calculation, although there are errors in
the numerical calculation to some extent, the settlement
deformation of the filling body in the actual dump site is
affected by many factors, and this method can be used to
roughly estimate the settlement deformation of the filling
body, which has certain guiding significance for the

implementation of the river reform project. Moreover,
Figure 23 shows that the filling period of the filling body is 5
years, and the filling location is different for different
construction times. Moreover, with the advancement of
different filling locations, the settlement amount after the
work at the same location keeps increasing and finally
converges to a certain value. From the settlement curve form
during the construction period, the value of tm has a direct
impact on the settlement of the overburden soil under the
river and is also related to the structural safety of riverbed
protection.

According to the “Design code for rolled earth-rock
dam, China” (SL274-2001), the settlement of dam body and
embankment foundation is required, and the construction of
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Figure 19: Postconstruction creep settlement diagram of different monitoring points.

Table 2: *e maximum position of the settlement standard and the corresponding filling propulsion position.

Intersection point no. Maximum position of standard settlement (m) Position of fill propulsion (m) Time
x1 84 94 Construction period (1 year)
x2 145.6 188 Construction period (2 year)
x3 208.7 282 Construction period (3 year)
x4 274 376 Construction period (4 year)
x5 340.9 470 Construction period (5 year)
x6 374.6 470 Intermission period (0.5 year)
x7 407.2 470 Intermission period (1 year)
x8 442.4 470 Intermission period (1.5 year)
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river course on the inner dump is the first time at home and
abroad. At present, there is no clear stipulation on the
settlement standard of river course and river lift on the
internal dump fill body. *is work refers to the settlement
standard of earth and rockfill dam, and the settlement

amount after construction should not be more than 1% of
the dam height. Soil discharge height H0 � 0.268x, according
to the requirements of the code: M(x)≤ 0.00268x. M(x)
represents the residual settlement at different positions as
the filling position advances. Figure 24 shows that the curve

0
2

4

6

8

10

30 60
Filling height (m)

Si
nk

in
g 

sp
ee

d 
co

ef
fic

ie
nt

 c 
va

lu
e

90 120 150

Sinking speed coefficient c value
Regression

Model 
Equation
Plot
c1
c2
Reduced Chi-Sqr
R-Square (COD)
Adj. R-Square

Allometric1
y = c1 ∗ x^c2

B
10.5121
–0.4807
0.36919
0.83846
0.82949

Figure 20: Relationship between subsidence velocity coefficient and fill height.

Origin Bi B10O

H

x

(0, 0) 15
º

Figure 21: *e geometric relationship between the fill height of section 26# and the propulsion position.

0
0.0

0.5

1.0

1.5

2.0

Se
ttl

em
en

t a
�e

r c
on

str
uc

tio
n 

(m
)

2.5

3.0

1 2 3

Creep time a�er work (day)

4 5 6 7 8

Numerical calculation of A2 monitoring point
Empirical calculation of A2 monitoring point

Numerical calculation of A6 monitoring point

Numerical calculation of B2 monitoring point
Empirical calculation of B2 monitoring point

Numerical calculation of B6 monitoring point
Empirical calculation of B6 monitoring point

Numerical calculation of A10 monitoring point

Empirical calculation of A6 monitoring point

Empirical calculation of A10 monitoring point

Figure 22: Comparison of numerical calculation and empirical function calculation.

Advances in Civil Engineering 15



of residual settlement intersects with the standard settlement
value in different construction periods and intervals. *is
indicates that, during each construction period and interval,
it corresponds to the maximum settlement value of the soil
mass measured by the normative safety standard of the fill
body, and the intersection point is, respectively, expressed as

x1∼x8. According to this standard, the maximum position of
the platform at the top of the filling body occupied by the
river can be obtained during the construction period and the
interval. *e corresponding relationship between the
maximum position of the standard settlement and the po-
sition of the filling propulsion is shown in Table 2. From the
perspective of standard settlement, when the advance po-
sition of dumping soil is 376m, the construction of river
course begins, and the residual settlement of the river course
and the soil at the bottom of the river bank is within the
scope of the standard, which indicates that it is feasible to put
all the river courses on the internal dump site.

6. Conclusions

Numerical calculation and field monitoring methods are
used to study the deformation law of dump and the opti-
mization method of overlying river parameters in a open-pit
coal mine. Some conclusions can be drawn as follows:

(1) *e Burgers creep model was applied to the high fill
body in a waste dump, and the vertical direction of the
dump was stratified. *e constitutive equation suitable
for the settlement of the dump was put forward. Set-
tlement monitoring analysis of the west dump shows
that the height of measuring points 6-1 and 8-1 is
85.5m and 132.4m, respectively, and the final settle-
ment after construction is 2.42m and 3.74m, respec-
tively. Within 0–1.6 years after soil discharge, the
settlement displacement rate of the measuring point
increases rapidly; within 1.6–3.7 years, the settlement
displacement rate decreases to a certain extent; but after
4 years of soil discharge, the settlement displacement
rate basically tends to be stable.

(2) Based on the field monitoring and numerical calcula-
tion results, there is a big difference between the nu-
merical results and the field monitoring results in the
attenuation creep stage of the creep process in the
inversion process of fine-grained soil sand parameters.
In the steady-state creep stage, the numerical calculation
is consistent with the field monitoring results, and the
settlement displacement tends to be stable with time
increasing. When the dumping time is 7.96 years, the
numerical calculation and field monitoring of the set-
tlement displacement of themeasuring point are 3.84m
and 3.68m, respectively, with a small error between the
numerical calculation and monitoring results.

(3) *e numerical calculation results of section No. 26
show that the higher the fill height, the longer the
stabilization time, and the higher the settlement after
construction. Based on the analysis of the influence of
the position of filling and pushing on the settlement in
area A, it is an effective way to shorten the time of
discharging and accelerate the realization of dis-
charging. Under the condition of ensuring the stability
of the filled soil slope, when the maximum positions
occupied by the river course and river bank con-
struction aremeasuring points A2, A4, A6, A7, A8, and
A10, respectively, it is suggested that the locations of
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soil dumping and pushing are measuring points A8,
B2, B6, B8, B10, and B10, respectively. Moreover,
according to the numerical calculation results of each
observation point and the empirical settlement func-
tion, the relation formula between the maximum
position of the top platform and the time of soil filling is
established, and an analysis method for the location
selection of the river is proposed.
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