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Based on the uniaxial rheological experiment data of iron ore rock mass and filling body in large-scale stope obtained by using the
rock servo controlling creep equipment, the characteristics of the creep curve were analyzed. *e creep models of iron ore and
filling body which can show the attenuation creep of rock were constructed. And a nonlinear creep model was obtained.
According to the rheological data of the iron ore and the filling body, the parameters of the new nonlinear creep model were
identified to obtain the material parameters of the creep model. *en, the creep model parameters were fitted and reduced to
calculate the reasonable exposure time of temporary goaf in the large-scale stope. *e results show that the reasonable exposure
time of stope is 520～ 650 days, and the reasonable exposure time of filling body is 410～ 520 days. *e model can well describe
the initial attenuation creep stage and steady creep stage in the creep curve, which proves the correctness and rationality of the
model. *e study provides a reference for mining design and safety production of similar mines with large-scale stope structure.

1. Introduction

In rock engineering, a large number of instability phe-
nomena are related to the creep characteristics of rock.
Rock creep is one of the important reasons for the de-
formation and instability of surrounding rock in rock
engineering [1–3]. *e rheological property of rock means
that the rock presents deformation, fluidity, failure, and
other properties with time under the conditions of ex-
ternal load and temperature, mainly presenting the
properties of creep, stress relaxation, elastic aftereffect,
strain rate effect, aging strength, rheological damage, and
fracture [4–6]. In the past few decades, many scholars
have carried out experiments on rock creep characteristics
and obtained the conclusion that the rock creep contin-
uously adjusts and recombines with time, resulting in rock
stress and strain which also continuously increase and
change with time [7–11].

In the process of ductile creep, the microcrack growth
with time is also one of the main reasons for the failure of
hard rock. In the process of brittle and ductile creep, rock
samples show different time-dependent crack growth pat-
terns in the microcosmic mechanism, leading to significant
differences in macroscopic deformation behavior [12, 13]. A
series of uniaxial compressive strength tests and multistage
creep tests are carried out on rock specimens under different
immersion conditions. *e results show that the peak
strength and elasticity modulus of red sandstone not only
decrease with water content but also decrease with im-
mersion time, which can be better expressed by the negative
exponential function. On the basis of studying the stress-
strain curve of rock, many creep models of rock have been
put forward by combining with various simple creep ele-
ments, such as Maxwell model, Bingham model, Burgers
model, generalized Kelvin model, and K-B model. But these
models cannot describe the whole process of rock creep very
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well, especially for the accelerated creep stage. Among these
models, the K-B model and Burgers model are widely used
and are improved to obtain good research results [13–18]. It
should be pointed out that, because of the test instrument,
the rock creep models under high temperature, high pres-
sure, and anisotropy are seldom discussed, which is also the
difficulty of rock creep research in the future.

In recent years, a large number of studies have been
carried out on the cemented filling body strength, filling
material proportion, backfill mechanical properties, and
stability analysis; for example, the factors affecting the
strength of tailings filling body are studied through different
proportion tests [19], the damage model of tailings filling
body is established through tests [20], and the mechanical
properties in the roof of tailings cemented filling body are
studied [21, 22]. However, there are few papers on the creep
research for the cemented filling body in large-scale stope
mined by the backfill mining method. *erefore, the
establishing creep model of filling body to determine the
reasonable exposure time of goaf is not only of theoretical
value but also of great necessity to calculate and analyze the
stability of filling body in engineering practice. In the whole
creep process of rocks and filling body, accelerated creep is
relatively difficult to simulate. *e current theoretical re-
search focuses mainly on simulating accelerated creep
characteristics. In this study, through a series of uniaxial
compression creep tests, an ideal nonlinear material element
which can simulate accelerated creep characteristics is
constructed and then combined with basic elements to
simulate the whole creep process.*e uniaxial creep tests are
carried out on the iron ore rock and filling body under the
loading conditions to study the deformation characteristics
of rock and filling body under different stress states. On the
basis of summarizing the damage research results of dif-
ferent materials, statistical damage is introduced into the
composite element model, and the corresponding creep
model is established. And the corresponding creep pa-
rameters are obtained by model parameter identification.
*en, the creep equation is used to predict the timeliness of
large-scale stope structure, and the reasonable stope expo-
sure time is discussed from the safety.

2. Mining Conditions and Requirements of a
Large Iron Mine

An iron mine in Anhui Province, China, is located about
18 km in the south of Huaihe River. *e mining area is
basically flat. *e surface of the mining area is basically
farmland and is part of the residential buildings. In order to
safeguard the surface from collapse, strict protection is
needed. *e deposit is covered by Quaternary topsoil and
strongly weathered rock stratum; its average thickness is
120m, and the thickness of upper clay stratum is tens of
meters.*e integrity and stability of strongly weathered rock
are poor. *e occurrence of the ore body is steep, the local
structural fracture zone is developed, and the rock and ore
are stable. *e buried depth of the main ore body is less than
150～ 900m. *e ore body trend is nearly north-south and
inclines to west, with a dip angle of 68°～88°. *e thickness

of the ore body is 25.5～ 96.5m, the average thickness is
49.65m, the strike length is about 2000 m, and the average
geological grade is 30.69%.

*e required production scale of the mine is 7.5 million
t/a, the mining capacity of the stope is 2000 t/d, the ore
dilution rate is less than or equal to 10%, and the ore re-
covery rate is more than or equal to 90%. In order to protect
the earth’s surface and the structures and to achieve the
above technical and economic indicators, it is necessary to
adopt the open-stope and backfill mining method with large
structure parameter. According to research, the method is
divided into three parts: drilling in sublevel, ore drawing in
level, and filling in level. *e space is open during mining.
After mining, the ground pressure is controlled and man-
aged by the filling body and surrounding rock. *e stope is
vertical to the ore body trend, with a width of 40m, a length
of about 40–80m, and a height of 100m.*e stope is divided
into a room and pillar for mining. *e widths of the room
and pillar both are 20m.*ere is no pillar between the stope
and the stope. *e sublevel height is 25m, and the whole
stope is divided into 4 sublevels to drill the upward fan-
shaped medium-deep holes. *e mining method is shown in
Figure 1.

Because the room and pillar are open during mining, the
key to successfully realize the mining method is to ensure
that the stope does not collapse and large-scale displacement
before filling. *e demonstration work is carried out
through the creep principle and test.

3. Creep Experiment

*ere are many methods for rock creep experiment, and the
most common ones are uniaxial compression experiment,
triaxial compression experiment, and shear creep experi-
ment. In order to determine the creep parameters of iron ore
and filling body in the underground stope of an iron mine in
a short period of time through the test, so as to study the time
effect of rock stability, uniaxial compression creep experi-
ment is chosen for the study.

3.1.ExperimentObjectandUniaxialCompressionExperiment.
*e iron ore belongs to quartz specularite. *e filling body
has three kinds of cement-sand ratio of 1 : 4, 1 : 6, and 1 : 8.
Due to the long time of creep experiment, this study chooses
the quartz specularite and the filling body with cement-sand
ratio of 1 : 6 as the experiment objects.

Firstly, the conventional uniaxial compression experi-
ment is carried out on the specimens, and the experiment
results are shown in Table 1. Figure 2 shows the photos of
creep experiment specimens.

3.2. Creep Experiment Instrument and Loading Mode. *e
strengths of the two kinds of specimens in this creep ex-
periment are quite different. *e uniaxial compressive
strength of iron ore is relatively high, with an average value
of 163.59MPa, while that of the filling body is extremely low,
and the average uniaxial compressive strength of the filling
body with a cement-sand ratio of 1 : 6 is 3.34MPa in 28 d. So
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it is difficult to complete the test work on the same in-
strument for two kinds of specimens with great strength
difference. *erefore, high requirements are put forward for
the experiment instrument, and it is necessary to use dif-
ferent tonnage testing machine for testing.

For the iron ore with high uniaxial compressive strength,
an Instron 1346 servo rigid material testing machine is used
for testing. For the filling samples with very low uniaxial
compressive strength, the Instron 1342 servo rigid material
testing machine is used for testing, with the maximum axial
pressure of 250 kN and the sensor of 10 kN, and its accuracy
can meet the observation value of 0.001mm. *e load
control mode is adopted in the test, the test data are recorded
automatically, and the test curve is drawn synchronously.

*e loading mode is the constant loading mode. A group
of specimens with the same rock are used to bear different

constant loads. Because of the different properties of the rock
specimens, the test results are discrete. However, the test
results are reliable and not affected by the loading state.
*erefore, the uniaxial creep experiment adopts constant
load mode.

4. Creep Experiment and the Model of Ore
and Rock

*e uniaxial creep experiment of iron ore is carried out by
using the Instron 1346 servo rigid material testing machine.
Before loading, the specimens are placed indoor for 20～ 30
days in the natural environment. *e temperature of the
experiment environment shall be controlled at 20°C± 2°C.
*e constant load mode is adopted. Due to the high strength
of iron ore, the loading rate is 90 kN/min, which is about

Table 1: Conventional experiment results of the specimens.

Specimens Instantaneous uniaxial compression strength, R (MPa) Axial ultimate strain, ε (%) Remarks
Iron ore 163.59 0.52 Quartz specularite
Filling body 3.34 0.58 Cement-sand ratio of 1 ∶ 6

(a) (b)

Figure 2: Specimens of creep experiment. (a) Iron ore specimens. (b) Filling body specimens.
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Figure 1: *e open-stope and backfill mining method.
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0.75MPa/s. *e axial displacement is recorded by using a
displacement extensometer with a gauge distance of 5mm.
*e control mode is load control. *e creep experiment of
iron ore is shown in Figure 3.

After loading the predetermined constant load, the strain
is read immediately as the initial strain value of the load.*e
strain values are recorded at the intervals of 5, 10, 15, and
30min in the first 1 h and then are recorded at intervals of
half an hour.

Under the action of constant load (81.80MPa) with a
stress level of 50% R, specimen Y2-6 does not damage in 192
hours. Specimen Y2-7 also is not damaged in 192 hours
under the action of constant load (98.15MPa) with the stress
level of 50% R. Under the action of constant load
(114.51MPa) of a stress level of 70% R, specimen Y2-8 is not
damaged in 192 hours but presents a sign of possible
damage. Under the action of constant load (130.87MPa)
with a stress level of 80% R, specimen Y2-9 gets damaged in
175 hours. *e creep of each test specimen is shown in
Table 2. *e test curve of the relationship between axial
strain and time of each test specimen is shown in Figure 4.

*e iron ore belongs to hard rock, its creep is relatively
small at low stress level, and its deformation tends to be stable
after a short period of initial creep. But at high stress level, the
creep is relatively obvious, which is also proved by this ex-
periment. In the experiment, due to a good control on the load,
the accelerated creep process is observed in two specimens
besides the attenuation creep process and steady creep process.

*e five element model used in rock mechanics is called
the B-K model, also known as the Bingham–Vogt model,

which is composed of a Bingham body and a Kelvin (Vogt)
body in series.

When σ < σs, the friction plate is a rigid body.*is model
has the same characteristics as the generalized Kelvin model.
*e constitutive equation and creep equation of the model
are as follows:

ηk

EB + EK

_σ + σ �
EBηk

EB + EK

_ε +
EBηk

EB + EK

ε, (1)
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− EK/ηK( )t
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When σ < σs, the creep of the B-Kmodel is in a stable creep.
According to formula (2), when t� 0, only the Bingham body
works, and when t⟶∞, the damper cylinder does not work,
which is equivalent to connecting the spring of the Bingham
body and Kelvin (Vogt) body in series.

When σ ≥ σs, the performance of the B-K model is similar
to that of the Burgers model, but the difference is that the
stress overcoming the friction resistance σs in the model
should be removed in the B-K model. *erefore, by directly
substituting (σ− σs) for σ in the constitutive equation of the
Burgers model, the constitutive equation of the B-K model is
obtained as follows:
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Figure 3: Creep experiment of the iron ore.
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*e creep and unloading equations of the B-Kmodel can
be obtained from the creep and unloading equations of the
Kelvin body and Bingham body:

ε �
σc − σs

ηB

t +
σc

EB

+
σc

EK

1 − e
− EK/ηK( )t

 , (4)

ε �
tu

ηB

σc − σs(  +
σc

E
1 − e

− EK/ηK( )tu e−
EK/ηK( ) tu − t( ).

(5)

*e relaxation equation of the B-K model is too complex
to be listed here. From equation (4), when t� 0, only the
spring works, and ε0 � σc/EB. When t⟶∞, ε∞⟶∞, but
the change rate tends to be constant, and the creep belongs to
metastable creep. Similarly, the unloading equation of the
B-K model can be obtained by the unloading equation
superposition of the Maxwell body and Kelvin body. When
t⟶∞, ε⟶ (tu/ηM)σc, and some permanent deforma-
tion remains after unloading.

5. Creep Experiment and the Model of
Filling Body

*e uniaxial creep experiment of filling body is carried out
by using the Instron 1342 servo rigid material testing ma-
chine. Before loading, the specimens are placed in the indoor
for 20～ 30 days in the natural environment. *e

temperature of the experiment environment shall be con-
trolled at 20°C± 2°C.*e constant loadmode is adopted, and
the loading rate is 2 kN/min, which is about 0.015MPa/s.
*e axial displacement is recorded by using an LVDT dis-
placement sensor. *e control mode is load control. *e
creep experiment of filling body is shown in Figure 5.

After loading the predetermined constant load, the axial
displacement is read immediately as the initial displacement
value of the load. In the first 1 h, the axial displacement
values are recorded at the intervals of 5, 10, 15, and 30min
and then are recorded every half an hour.

Under the action of constant load (1.00MPa) with a
stress level of 30% R, specimen Yc6-7 is not damaged in 200
hours. Specimen Yc6-8 also is not damaged in 200 hours
under the action of constant load (1.34MPa) with a stress
level of 40% R. Under the action of constant load (1.67MPa)
with the stress level of 50% R, specimen Yc6-9 is not
damaged in 200 hours but presents a sign of possible
damage. Under the action of constant load (2.00MPa) with a
stress level of 60% R, specimen Yc6-10 gets damaged in 196
hours. *e creep of each test specimen is shown in Table 3.
*e test curve of the relationship between axial strain and
time of each specimen is shown in Figure 6.

*e strength of filling body is low, and its creep de-
formation is large. When the stress level is more than 50% R,
the creep is obvious, which experiences three stages: at-
tenuation creep, steady creep, and accelerated creep. *ere
are obvious signs before the material fracture. In the creep
curve, there is an upwarping section in rapid increase of
change rate.

*e Burgers model can well describe the creep curve with
initial creep and steady creep, and the model is simple and
practical, which has been widely used.*erefore, the Burgers
model is selected to describe the compression creep char-
acteristics of the filling body.

*e Burgers model is also called theM-Kmodel, which is
composed of aMaxwell body (M body) and a Kelvin body (K
body) in series.

*e constitutive equation and creep equation of the
Burgers model are as follows:
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According to equation (7), the creep equation of the
Burgers model can be obtained by the creep equation su-
perposition of the Maxwell body and Kelvin body. When

Table 2: Uniaxial creep statistics of the iron ore specimens.

Specimens Stress level
(% R)

Creep stress
(MPa)

Predetermined load
(kN)

Initial strain
(%)

Final strain
(%)

Creep strain
(%)

Creep time
(h)

Y2-6 50 81.80 153.88 0.23 0.247 0.017 192
Y2-7 60 98.15 184.93 0.27 0.291 0.021 192
Y2-8 70 114.51 216.82 0.32 0.348 0.028 192
Y2-9 80 130.87 247.59 0.36 0.483 0.123 175
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Figure 4: Creep curve of the iron ore specimens.
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t� 0, only the spring works, and ε0 � σc/EB. When t⟶∞,
ε∞ approaches infinity, but its change rate tends to be
constant and the creep belongs to metastable creep.

6. Creep Model Parameters and Exposure
Time Calculation

*e creep constitutive equations of iron ore and backfill in
the following sections under uniaxial compression belong to
a nonlinear function. In order to determine the parameters
of the constitutive equations, the Marquardt method in the
least squares method is used to fit the parameters of the creep
model.

6.1. Fitting Value of Creep Parameters of Iron Ore. *e creep
constitutive model of iron ore uses the K-B model for fitting.
In the K-B model, there are 5 rheological parameters need to
be calculated, in which EB is the elastic modulus. When σ
acts on the specimen, the elastic deformation caused by EB is
completed in an instant. *erefore, when t� 0, the corre-
sponding ratio of σ to ε is equal to the EB value. *e initial

Table 3: Uniaxial creep statistics of the filling body specimens.

Specimens Stress level
(% R)

Creep stress
(MPa)

Predetermined load
(kN)

Initial strain
(%)

Final strain
(%)

Creep strain
(%)

Creep time
(h)

Yc6-7 30 1.00 2.285 0.16 0.191 0.031 200
Yc6-8 40 1.34 0.071 0.21 0.252 0.042 200
Yc6-9 50 1.67 3.799 0.27 0.321 0.051 200
Yc6-10 60 2.00 4.530 0.35 0.545 0.195 196
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Figure 6: Creep curve of the filling body specimens.

Figure 5: Creep experiment of the filling body.
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flow stress can be read directly from the creep curve. *e
parameters to be determined by the least squares method are
EK, ηB, and ηK.*e rheological parameters are related to the
stress level. It is necessary to fit the creep parameters under
different stress levels. During fitting the creep curves of
specimens Y2-6∼Y2-10, the correlation coefficients are 0.92,
0.90, 0.93, 0.91, and 0.92 respectively. Table 4 shows the
calculation results of creep parameters of iron ore.

6.2. Fitting Value of Creep Parameters of the Filling Body.
*e creep constitutive model of filling body adopts the
Burgers model for fitting. In the Burgers model, there are
four rheological parameters need to be calculated, in which
EB is the elastic modulus. When σ acts on the specimen, the
elastic deformation caused by EB is completed in an instant.
*erefore, when t� 0, the corresponding ratio of σ to ε is
equal to the EB value. Comparing the Burgers model with
the K-B model, it is found that the elastic modulus EB of the
two models is exactly the same. *e other three rheological
parameters (EK, ηB, and ηK) are needed to be determined by
the least squares method. *e rheological parameters are
related to the stress level. Similarly, it is necessary to fit the
creep parameters of filling body under different stress levels.
*e correlation coefficients of the creep curves of specimens
Yc6-7∼Yc6-11 are 0.95, 0.93, 0.93, 0.92, and 0.94, respec-
tively. Table 5 shows the calculation results of creep pa-
rameters of the filling body.

6.3. Recommended Creep Parameters. Because the time of
indoor creep experiment is limited, the creep parameters of
rock and filling body obtained by tests must have differences
with the real creep parameters of rock and backfill on-site.
*erefore, the fitting value of creep parameters of iron ore
and filling body should be modified. *e general method is
to make corresponding reduction through reference to
similar projects and combining with the engineering geo-
logical conditions or viscoelastic displacement inversion
results.

Considering the difference between the on-site rock
mass and the indoor rock specimens, referring to the re-
search results of similar projects at home and abroad, and
combined with the engineering geological conditions of the
iron ore and the filling body in the mine, the fitting values of
creep parameters in Tables 4 and 5 are reduced. As the joint
fissures in iron ore are relatively developed, the reduction
coefficient for the iron ore is selected as 0.7. For the filling
body, the development degree of the joint fissures is rela-
tively low, and the reduction coefficient is selected as 0.8.*e
creep parameters of on-site iron ore body and filling body
after modification are shown in Tables 6 and 7, respectively.

6.4. Reasonable Exposure Time of Large-Scale Stope Structure.
On the basis of the indoor uniaxial compression creep ex-
periment, the creep models of iron ore (quartz specularite)
and filling body with a cement-sand ratio of 1 : 6 are
established by analyzing the characteristics of the creep
curve. *en, the model parameters are fitted by the least
squares method, and the corresponding creep parameters
are obtained. *en, the fitting value of creep parameters is
modified for the engineering application. So the creep
equation can be used to calculate the stability time of iron
ore and filling body. *is stability time is considered as
reasonable exposure time.

*e reasonable exposure time for the iron ore and the
filling body with the cement-sand ratio of 1 : 6 is from the
start of stope blasting to the end of roof-contacted filling.*e
initial setting time of the filling slurry is about 6–10 hours,
and the final setting time is about 2 days. During this time,
the filling body gradually develops strength and supports the
roof of the stope. Because the solidification time of filling
slurry is relatively short, it can be neglected in this study.

*e results of the uniaxial compression creep tests are
obtained as follows: the ratio of axial ultimate strain to
conventional ultimate strain is 93%∼ 95% in the case of
creep failure of iron ore and is 94%∼ 96% in the case of creep
failure of the filling body.

*e creep deformation of iron ore and filling body is
related to the stress level. *e finite element numerical
simulation shows that the stress level of iron ore is generally
lower than 100.0MPa, namely, lower than 60% of the
uniaxial compressive strength of iron ore. And the stress
level of filling body is generally lower than 2.0MPa, namely,
lower than 60% of the uniaxial compressive strength of
filling body.

*e axial ultimate strain is 0.49 in the creep failure of
iron ore, and the ratio of the axial ultimate strain to the
conventional ultimate strain is about 94%.*e axial ultimate
strain is 0.55 in the creep failure of filling body, and the ratio
of the axial ultimate strain to the conventional ultimate
strain is 95%.*e stress level is 50% R∼ 60% R. According to
formulas (2) and (7), the stability time of iron ore and filling
body is calculated, respectively.

6.4.1. Stability Time of Iron Ore. *e equation is established
according to the parameters in Table 6 and the relevant
initial values. When the stress level is 50% R, the equation is
as follows:

0.49 �
1

24.90
+

1
16.32

  × 81.8 −
81.8
16.32

e
− (16.32/1329.16)t

. (8)

When the stress level is 60% R, the equation is as follows:

Table 4: Calculation values of creep parameters of the iron ore.

Specimens Creep stress σ (MPa) Σs (MPa) EB (GPa) EK (GPa) ηK (GPa.d) ηB (GPa.d)
Y2-6 81.80 — 35.57 23.32 1898.80 —
Y2-7 98.15 — 36.35 34.52 3839.21 —
Y2-8 114.51 — 35.78 39.74 6766.93 —
Y2-9 130.87 118.19 35.36 50.34 12765.45 6154.82
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0.49 �
1

25.45
+

1
24.16

  × 98.15 −
98.15
24.16

e
− (24.16/2687.45)t

.

(9)

*e stability time of iron ore is calculated as 658.6 days
through solving equation (8) and as 527.8 days through
solving equation (9). So it is suggested that the reasonable
exposure time of iron ore in the stope is 520～ 650 days.

*e strength of quartz specularite in this mine is lower
than that of magnetite in other mines. If the exposure time is
determined based on the quartz specularite in the mining
area, the magnetite in other mines will be more stable in the
same exposure time.

6.4.2. Stability Time of the Filling Body. *e equation is
established according to the parameters in Table 7 and the
relevant initial values. When the stress level is 50% R, the
equation is as follows:

0.55 �
1.67
0.5

+
1.67
57.94

t +
1.67
6.23

1 − e
− (6.23/0.31)t

 . (10)

When the stress level is 60% R, the equation is as follows:

0.55 �
2.00
0.46

+
2.00
71.60

t +
2.00
8.98

1 − e
− (8.98/0.48)t

 . (11)

*e stability time of filling body with the cement-sand
ratio of 1 : 6 is calculated as 523.2 days through solving
equation (10) and as 417.5 days through solving equation
(11). So it is suggested that the reasonable exposure time of
filling body in the stope is 410～ 520 days.

*ere are three different cement-sand ratios for the
filling slurry, including 1 : 4, 1 : 6, and 1 : 8. Among them, the
filling body with the cement-sand ratio of 1 : 6 is widely used,
with a reasonable strength, and its research results provide a
good reference for the filling body with other two kinds of
cement-sand ratio.

7. Conclusion

(1) Uniaxial compression creep tests are carried out on
iron ore and filling body, respectively.*e creep time
of iron ore is 795 hours and that of filling body is 889
hours. *e total time of two kinds of samples is 1684
hours.

(2) *rough the analysis on the characteristics of creep
curves, the creep models of rocks (quartz specularite)
and filling body with a cement-sand ratio of 1 : 6 in
the large-scale stope are established, respectively.*e
parameters of the models are fitted by the least
squares method to obtain the corresponding creep
parameters. *en, the fitting value of creep param-
eters is modified for the engineering application.
According to the stress environment of iron ore and
filling body, the creep equations are used to calculate
the stability time of iron ore and filling body. *e
reasonable exposure time of large-scale stope is
determined from the aspect of safety.

(3) *e stability time of quartz specularite at the stress
level of 50% R～ 60% R (R is the uniaxial com-
pressive strength) is 527.8～ 658.6 days, so it is

Table 5: Calculation results of creep parameters of the filling body.

Specimens Creep stress σ (MPa) EB (GPa) EK (GPa) ηK (GPa.d) ηB (GPa.d)
Yc6-7 1.00 0.63 1.57 0.068 29.57
Yc6-8 1.34 0.64 3.06 0.14 56.83
Yc6-9 1.67 0.62 7.79 0.39 72.42
Yc6-10 2.00 0.57 11.23 0.60 89.50

Table 6: Recommended creep parameters of iron ore.

Specimens Stress level (% R) Σs (MPa) EB (GPa) EK (GPa) ηK (GPa.d) ηB (GPa.d)
Y2-6 50 — 24.90 16.32 1329.16 —
Y2-7 60 — 25.45 24.16 2687.45 —
Y2-8 70 — 25.05 27.82 4736.85 —
Y2-9 80 82.73 24.75 35.24 8935.82 4308.37

Table 7: Recommended creep parameters of the filling body.

Specimens Stress level (% R) EB (GPa) EK (GPa) ηK (GPa.d) ηB (GPa.d)
Yc6-7 30 0.50 1.26 0.054 23.66
Yc6-8 40 0.51 2.45 0.11 45.46
Yc6-9 50 0.50 6.23 0.31 57.94
Yc6-10 60 0.46 8.98 0.48 71.60
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suggested that the reasonable exposure time of the
large-scale stope is 520～ 650 days.*e stability time
of the filling body with the cement-sand ratio of 1 : 6
at the stress level of 50% R～ 60% R is 417.5～ 523.2
days, so it is suggested that the reasonable exposure
time of the filling body is 410～ 520 days.
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