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Abstract: Due to the lack of effective monitoring tools for the slurry flow and strength development of high stage cemented backfill
in the metal mines, the conservative design of very high strength of in-situ backfill results in excessive filling costs. The self-designed
stress monitoring system were buried horizontally at four sublevels to monitor the temporal and spatial evolution three-dimensional
stresses during the full sequence period (filling, curing and bearing). The results indicated that the three-dimensional stresses
increased during filling and bearing period but tended to stable during the curing period. Meanwhile, the vertical stress was higher
than the horizontal stress at four sublevels. During the filling period, the 51%~65% of self-weight stress was transferred into
horizontal stress by the arching effect. The vertical stress and mining distance show a polynomial relationship during the bearing
stage. Combined with the second step mining operation process, the mechanism of arching effect and mining-induced stress-transfer
was revealed. Based on the double-arch coupling effect of stress transfer, the internal stress prediction model of high stage cemented

backfill in the stope was established, which can be used to accurately determine the required strength of backfill.

Keywords: mine backfill; cemented backfill; stress monitoring; double arch coupling; prediction model

1 Introduction

The cemented backfilling method has advantages
of improving the recovery rate of mine, reducing the
dilution rate, controlling the ground pressure, and reducing
the discharge of industrial solid waste, which cannot
be replaced by other mining methods*=31. The strength
of cemented backfill is the foundation and key of backfill
mining designtl. The strength design methods of cemented
backfill at home and abroad mainly include the empirical
method, mechanical model method and numerical analysis
method. The empirical method is based on the practical
experience of cemented filling in mines to select the
strength of cemented filling. Ben et al.®! used the
real-time monitoring of retaining wall pressure to obtain
the variation trend of retaining wall pressure during
the filling process, which can guide the strength design at
the bottom of mine backfill. Cai et al.’ presented an
empirical formula of semi-cubic parabola strength
design that is based on the statistics of strength design
values and filling height of 31 mines at home and abroad.
Based on the stress monitoring data of the stope backfill,
the physical simulation tests and finite element numerical
analysis, the strength of the cemented backfill of Anging
Copper Minell is determined. In the model method,
the mechanical model of backfill is established to
derive the required strength value of backfill. There
are some widely used models including the Terzaghi
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model, Thomas model and Mitchell model etc. In the
numerical analysis method, the finite element method,
boundary element method or other methods were applied
to analyze the contact of the surrounding rock at the
filling stope, the distribution of displacement and stress
in the surrounding rock and the backfill, so as to predict
the required strength of the backfill. Kandiah et al.l],
Li et al.l%%% and Liu et al.* studied the stress distri-
bution of the cemented backfill under exposure and
drainage conditions by numerical simulation methods,
and proposed the methods for calculation of backfill
strength.

At present, the high-stage cemented backfilling
method is applied in large domestic metal mines such as
Anging Copper Mine, Dongguashan Copper Mine and
Lilou Iron Mine, and the stage height exceeds 90 m[%l,
Due to the lack of effective monitoring methods and
theoretical basis for the internal stress of high- stage
cemented backfill, the strength and ratio parameters of
backfills selected by different mines are subjective,
resulting in a large cement—sand ratio and high filling
costs. Therefore, based on the engineering background
of Lilou Iron Mine, this paper uses a self-developed
stress monitoring system to monitor the real-time stress
of cemented backfill, and obtains the spatial and tem-
poral evolution of three-dimensional stress in the
backfill during the full sequence (i.e., filling phase,
curing phase, and bearing phase). By analyzing the
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arching effect of high-stage cemented backfill and the
transfer mechanism of mining stress, an internal stress
prediction model of cemented backfill is established,
and the model reliability is further verified.

2 The stress monitoring system of cemented
backfills in the stope

The stress monitoring system for cemented backfill
is mainly composed of three parts: stress monitoring,
data acquisition and data processing software, as shown
in Fig.1. The stress monitoring mainly adopts the self-
designed and assembled three-way stress monitoring
device, see Fig. 2. The measurement range of the VWE
vibrating wire stress sensor is -4 MPa with the measure-
ment accuracy of +0.1%, and the temperature range

is—20-+80 C.
& Data processing tool
% ______ % Data acquisition instrument
| | |
l““, ...... |“.‘, ...... l‘:s Stress monitoring tool

Fig.1 Stress monitoring system of backfill
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(a) Design schematic diagram  (b) Measurement system assembled on site

Fig.2 Design and assembly of stress monitoring system

The MCU-32 distributed data acquisition instrument
is used in the real-time stress monitoring of backfill and
can store monitoring data in large quantities. MCU-32
consists of one main controller and data acquisition
module, as shown in Fig. 3. According to the filling con-
ditions, the sampling interval of the MCU-32 is 20 min.

Main control - EY
module B ||
'
- I : I Acquisition
module
Terminals

Fig.3 MCU-32 distributed data acquisition instrument
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By analyzing the monitored internal stress of the backfill,
the variation trend of internal stress in the backfill can
be accurately obtained.

3 Full sequence workflow of cemented back-
fills in the stope

3.1 Full sequence workflow

Lilou iron mine adopts a high-stage cemented back-
filling method, with a stage height of 100 m, a sublevel
height of 25 m, both the widths of mine room and pillars
are 20 m, and the average horizontal thickness of ore
body is 50 m. After the first-step mining room is com-
pleted, the filling work starts. The full sequence process
of cemented backfill in the high-stage stope includes
the first-stage slurry filling, the middle-term static curing
and the latter bearing stage of cemented backfill, see
in Fig. 4.
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(b) Static curing phase
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(a) Slurry filling phase
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Pillar stoping —»\\

(c) Bearing stage
Fig.4 Full sequence workflow of cemented backfill
in the stope

3.2 Stope filling parameters and monitoring point
layout

Lilou iron mine adopts the unclassified tailing ce-
mented backfilling process. The aggregate is unclassified
tailings, the binder is cemented powder, and the backfill
slurry concentration is 71% to 72%. The stope #26-1
of first-step is selected as the test stope, where the —400
sublevel is the ore production level, and the —375, —350
and —325 sublevels are the rock drilling level. The ratio
parameters at 26-1% stope are adopted based on the
design requirements of 28 days compressive strength
R2s of the backfill. At the same time, a monitoring point
is arranged in each of four segmented horizontal access,
as shown in Fig.5.
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Fig.5 Ratio parameters of cemented backfill and
monitoring layout in the stope #26-1

4 Stress monitoring data analysis

4.1 Full sequence stress monitoring data

After the completion of the stope #26-1 in Lilou
iron mine, the installation and commissioning of mon-
itoring instruments were carried out at the design points
of the four sublevels at the stope. The test stope started
filling on April 7, 2018 and the stope filling was com-
pleted on July 11, The cemented backfill of stope was
cured for 3 months. The second-step of stope #24-6
started blasting stoping on October 15, and the blasting
stoping was completed on April 11, 2019 (i.e., the bearing
stage of cemented backfill at the stope). Through real-
time stress monitoring of cemented backfill in the high-
stage stope during the full sequence (i.e., filling phase,
curing phase and load-bearing phase), as shown in Fig. 6,
the temporal and spatial evolution of three-dimensional
stress in the cemented backfill can be obtained. Since
the test instrument was installed along the stope direction,
we set the vertical stress to o, , the transverse horizontal
stress to o, and the longitudinal horizontal stress to
oy, the compressive stress was set as "positive”, and
the tensile stress was set as "negative".
4.2 Stress evolution during the filling stage
4.2.1 Three-dimension

During the filling stage, the 26-1* stope was
continuously filled for 95 days. With the hydration
reaction of cementitious material, the backfill slurry
gradually consolidated from the liquid state into a
cemented backfill with certain strength and self-
supporting ability. It can be seen from Fig. 6 that the
three-dimensional stress of stope cemented backfill
reaches the peak values with the increase of the height
of backfill slurry, and then shows a stable and slightly
decreasing trend. The vertical stress is higher than the
horizontal stress, and the transverse horizontal stress is
higher than the longitudinal horizontal stress. Through
the analysis of three-dimensional stress at the four
sublevels monitoring points, it can be seen that the
vertical stress at the —400 sublevel reaches a peak
value of 0.90 MPa when the filling height is 69 m. The
new backfill slurry no longer shows an obvious impact
on the vertical stress of the backfill. The vertical stress
at the =375 sublevel reaches a peak value of 0.65 MPa
when the filling height is 74 m. The vertical stress at
the —350 sublevel reaches a peak value of 0.33 MPa

Published by Rock and Soil Mechanics, 2020
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Fig.6 Full sequence stress monitoring data of cemented
backfill

when the filling height is 78 m, while the vertical stress
at the —325 sublevel reaches a peak value of 0.16 MPa
when the filling height is 80 m.
4.2.2 Arching effect analysis

The three-dimensional peak stresses of the cemented
backfill in the stope #26-1 are provided in Table 1.
The vertical peak stresses of the cemented backfills at
four sublevels are 0.16, 0.33, 0.65, and 0.90 MPa, and
the gravity stresses are 0.46, 0.92, 1.38 and 1.84 MPa,
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respectively. It means that the vertical stress of cemented
backfill at the stope is less than the self-weight stress.
The main reason is that interfacial friction and cohesion
will be produced between the surrounding rocks and
the slurry during consolidation after the cemented
backfill slurry composed of unclassified tailings enters
the stope. Due to the dual effect of interfacial friction
and cohesion, the surrounding rock has a certain support
on the backfill, resulting in an arch structure in the
backfill (see Fig.7), which transfers the vertical stress
to horizontal stress of backfill. Under the effect of the
stope's lateral sidewall span, the self-weight stress of
cemented backfill mainly transfers to the transverse
horizontal direction, and the average lateral stress
coefficients of transverse horizontal and longitudinal
horizontal directions are 0.61 and 0.51, respectively.
According to the comparative analysis of vertical
stress and self-weight stress of the cemented backfill
at the stope #26-1, 51%—-65% of the self-weight stress
is transferred into horizontal stress through the arching
effect. The existence of arching effect greatly reduces
the vertical stress of backfill [16],

Table 1 Three-dimensional peak stresses during filling
period

Three dimensional peak stresses Horizontal lateral

F'”'n?r:e'ght /MPa pressure coefficient
o, o, o, o,lo, o, /o,
-325 0.16 0.10 0.08 0.63 0.50
-350 0.33 0.22 0.20 0.67 0.60
-375 0.65 0.36 0.28 0.55 0.43
—400 0.90 0.53 0.44 0.59 0.49

A-Length of stope; B-Width of stope; dh-Thin layer height of stope
Fig.7 Schematic diagram of arching effect of cemented
backfill

4.3 Stress evolution of the cemented backfill during
curing phase

The cemented backfill at the stope should be cured
for 3 months after the filling operation of stope #26-1
is completed, which aims to ensure that the strength of
backfill meets the design requirements. In the curing
stage of backfill, the three-dimensional stresses of the
cemented backfill at the stope shows a steady trend
with the increase of the curing age, in which the vertical
stress is higher than the horizontal stress, and the tran-
sverse horizontal stress is higher than the longitudinal
horizontal stress(see Fig.6). Table 2 presents that the
average lateral pressure coefficients of transverse
horizontal and longitudinal horizontal directions at the
four sublevel monitoring points are 0.72 and 0.58,

https://rocksoilmech.researchcommons.org/journal/vol41/iss11/5
DOI: 10.16285/j.rsm.2020.5585

respectively. It is mainly due to the completion of the
internal hydration reaction of cemented backfill at the
stope. During the static curing process, the vertical
stress of cemented backfill is further transferred to the
transverse horizontal direction affected by the arching
effect, causing a small decrease in the vertical stress.

Table 2 Three-dimensional peak stresses during the curing
period

Horizontal lateral

Filling Three dimensional peak stresses/MPa pressure coefficient

depth/ m

A o, o, o,lo, o, /o,
-325 0.12 0.09 0.06 0.75 0.50
-350 0.30 0.23 0.21 0.77 0.70
=375 0.57 0.34 0.28 0.60 0.49
—-400 0.76 0.57 0.48 0.75 0.63

According to the test of unclassified tailings filling
ratio, when the slurry concentration is 70% and the curing
period is 28 days, the strength of cemented backfill with
three different ratios of cement-sand 1:10, 1:11, and
1:12, are 3.33, 2.78, 2.12 MPa, respectively, which meets
the design requirements of the strength at the backfill.
Because the curing period of cemented backfill at the
first-step mining stope of the —400 sublevel in Lilou
iron mine is long, resulting in the stoping lag of the
second-step pillar, which seriously affects the connecting
progress of two step stopes. Based on the evolution of
three-directional stresses during the curing period, the
required strength of cemented backfill at the four sub-
levels of the stope are 0.12, 0.30, 0.57 and 0.76 MPa,
respectively. They are significantly lower than the
strength of cemented backfill after 28 days of cured
period. Therefore, it is recommended that the second-
step pillar can be stoped after frist-step filling completion
and curing for 28 days.

4.4 Evolution of the stress during the bearing phase

With the curing of cemented backfill at the stope
#26-1 for 3 months, the blasting stoping was conducted
at the second-step pillar stope #24-6. The one-time
blasting technology at the medium-deep hole was used
at the end of high-stage stope to form a cutting borehole
and the cutting slot is regarded as the free surface to blast
row by row. When blasting occurs in the sublevel stoping,
the upper sublevel is ahead of the lower sublevel by one
step of collapse, forming a downward trapezoidal face.
It can be seen from Fig. 6 that the internal three-dimen-
sional stresses of cemented backfill in the stope
increases with the gradual stoping of two-step stope,
and the vertical stress is higher than the horizontal
stress. The three-dimensional peak stresses at the four
sub-monitoring points are shown in Table 3. The average
transverse horizontal and longitudinal horizontal stress
coefficients are 0.48 and 0.58, respectively.

Table 3 Three-dimensional peak stresses during bearing
period

Filling Three-dimensional peak stress/MPa Horizontal lateral stress

height/ m o, o o, lcdoemu?t/ o
z X, y X z y z

-325 0.93 0.42 0.47 0.45 0.51
-350 1.23 0.63 0.83 0.51 0.67
=375 1.57 0.65 0.91 0.41 0.58
—400 1.89 1.01 1.02 0.53 0.54
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It is shown from the evolution of three-dimensional
stresses during the bearing phase that the redistribution
of stress induced by second-step mining is in the
cemented backfill, pillar to be mined and surrounding
rock of the stope. However, it can be seen from Table
3 that the vertical stress of the cemented backfill in the
one-step stope is relatively small, indicating that the
bearing capacity of backfill can mainly limit the defor-
mation of surrounding rock in the stope and improve
the self-supporting capacity of surrounding rock. The
relationship between the vertical stress of first-step
cemented backfill and the stoping distance of second-
step pillar is shown in Fig. 8. The Origin data analysis
software is used to perform polynomial fitting on the
scatter plot. The fitting correlation coefficient R at the
-325, -350, —375 and —400 m sublevels are 0.77, 0.85,
0.95 and 0.94, respectively. The fitting effect is better
with the following fitting formula:

o -325 msublevel —— —325 m sublevel fitted curve
o =350 msublevel ---_350 m sublevel fitted curve
a 375 msublevel —— -375 m sublevel fitted curve

g 20+ v 400 msublevel - —400 m sublevel fitted curve

2 16} s, - A.»v“_ev

> l4p -

£ 12} 2 o~y v g

Eo10F 5 ThaTtsy g

S 08 2 5

8 06

2 04t .

S g0l Direction of blasting stope

S ogoltYb——— ., o, 7,

= 0 5 10 15 20 25 30 35 40 45

Distance between the stope and the monitoring point /m

Fig.8 Variation of vertical peak stress
with the stoping distance

o, =

—2x1071* —0.006 7L +0.907 8 (325 m sublevel)
9x107°L* —0.033 1L +1.508 7 (350 m sublevel)

—3x107°1* - 0.032 2L +1.774 0 (— 375 m sublevel)
—8x101? +0.010 2L +1.786 6 (—400 m sublevel)

Y
where L is the distance between the mining face and
the monitoring point (m).

4.5 Full sequence stress evolution law analysis

Combined with the three-dimensional peak stress
data in Tables 1 to 3, the evolution of three-dimen-
sional peak stresses at the cemented backfill of the
26-1% stope during the full sequence (i.e., filling stage,
curing stage and bearing stage) is shown in Fig. 9.

(1) In terms of different sublevel heights of cemented
backfills in the stope, the three-dimensional stresses at
the four segments shows the same evolution trend during
the full sequence, indicating that the cemented backfills
of high-stage stope are integrated and stable, which have
the uniform stress distribution.

(2) The vertical stress is larger in the load-bearing
stage than that of the filling stage, followed by the
maintenance stage, indicating that the vertical stress of
cemented backfill in the stope are mainly divided into

Published by Rock and Soil Mechanics, 2020

two parts: the self-weight stress in the filling stage and
the mining stress in the load-bearing stage. Compared
with the filling stage, the vertical stress increments of
four sublevels in the load-bearing stage are 0.77, 0.90,
0.92, and 0.99 MPa, respectively. With the gradual
mining of second-step ore pillars during the load-bearing
stage, it shows that redistribution of ground stress in
the mining area occurs because of the roof exposure in
the second-step stope when the —325 sublevel stops.
Meantime, the vertical stress increase at the one-step
cemented backfill is the largest. Afterwards, the one-step
cemented backfill is gradually exposed when the mining
at the sublevels of —350, =375, and —400 m continues.
The vertical stress increment is very small in the self-
supporting passive support structure.

(3) The horizontal stress during the load-bearing stage
is larger than that of the curing stage, followed by the
filling stage, which indicates that the horizontal stress
of cemented backfill in the stope mainly stems from the
arching effect transfer of the vertical stress. The average
transverse horizontal pressure coefficients of three stages
are 0.61, 0.72, and 0.48, respectively, while the average
longitudinal horizontal pressure coefficients are 0.51,
0.58, and 0.58, respectively. In the filling and curing
stage, the transverse horizontal pressure coefficient of
cemented backfill in the stope is higher than that of the
longitudinal horizontal pressure coefficient, indicating
that the arching effect is affected by the size of stope
during the hydration and consolidation process of backfill,
and the vertical stress is mainly transferred to the trans-
verse horizontal stress. In the load-bearing stage, the
longitudinal horizontal lateral pressure coefficient of
the backfill is higher than that of the transverse
horizontal direction, indicating that the arching effect
is affected by the exposure of lateral sidewall at the
backfill during the two-step stoping process, and the
vertical stress is mainly transferred to the longitudinal
horizontal stress.

—— Filling stage
-—- Curing stage
— - Load-bearing stage
o —325msublevel
o —350 m sublevel
-375 m sublevel
o —400 m sublevel

Vertical stress /MPa

Fig.9 Evolution of three-dimensional peak stresses during
full sequence period

5 Prediction model of internal stress

In order to accurately determine the required strength
of cemented backfill in the high-stage stope, it is
urgent to establish a internal stress prediction model of
cemented backfill. According to the stress evolution
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law of in-situ cemented backfill during the full sequence,
the vertical stress of backfill mainly results from the
self-weight stress in the filling stage and the mining
stress in the load-bearing stage. The vertical stress
formula is given as follows:

(2)

where o, is the full sequence vertical stress of cemented
backfill(MPa); o, is the vertical stress in the cemented
filling stage(MPa); and o is the vertical stress incre-
ment in the load-bearing stage(MPa).

During the filling stage, the vertical stress of the
cemented backfill in the stope is lower than the self-
weight stress due to the arching effect of stope. Mc-
Carthy™, Aubertin et al.['® proposed the vertical stress
calculation formula based on the arching effect as

where B is the width of the stope (m); h is the filling
height (m); and Z is the location of the monitoring
point(m)and h=z.

After the high-stage stope is filled, the relationship
between the vertical stress of cemented backfill and the
self-weight stress can be calculated by the following
formula:

O, =0, t Oy

3

H
(02) e =7 (Hn, Z)—3(5+L) 4

where y is the unit weight of cemented backfill (kN/m?);
H,. is the total height of filled stope (m). z=0 and
z=H_ represent the bottom and top of the stope,
respectively.

Substituting Eq. (3) into Eq. (4) leads to

aa(h)=M{l—exp(—¥ﬂ (5)

3(B+L)

In the load-bearing stage, with the gradual mining
of the second-step pillar, the mining stress of the surr-
ounding rock at the pillar roof is redistributed to form
an arched pressure bearing zone. Because of the loss
of support, the arched overburden touches the cemented
backfill after sinking, making it remain in a load-bearing
state. When all second-step pillars are mined, each first-
step cemented backfill reaches the maximum compression
deformation. The pressure-bearing arches of the roofs
at two adjacent spaces gradually merge to form a large
pressure-bearing arch on the top of the entire mining
area. The backfill and the surrounding rock form a
mutually mechanical supporting™®, as shown in Fig. 10.
The upper stress reaches the balance, and the radius of
the plastic zone in the surrounding rock of roof can be
obtained by solving the Kastner equation:

1-sing

n _r | (R+ccoty)(-sing) [zne
P ccote

-

(6)
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where R, is the excavation radius(m); P, is the self-
weight stress at the excavation location(MPa); ¢ is
the internal frictional angle of the surrounding rock (° );
¢ is the cohesion of the surrounding rock(MPa); and
| is the span of the mining space (m).

b4

Plastic zone

Qo
[
[—
[—

o

Fig. 10 Bearing mechanism of cemented backfill

The top pressure concentration of cemented backfill
in the stope can be estimated by

Oy =}/1(Rp_§j

where o, is the top pressure concentration of the rock
in the plastic zone(MPa); and 7, is the unit weight of
the surrounding rock at the roof(kN/m3).

The above analysis suggests that the roof of the stope
cemented backfill is affected by the compression arch
of plastic zone, and the interior of cemented backfill is
also affected by the self-arching effect in the load-bearing
stage. The internal vertical stress of the cemented backfill
is affected by the double-arch coupling effect of stress
transfer. Substituting Eq. (7) into Eq. (3) yields

el 250

Therefore, the vertical stress of the stope cemented
backfill in full sequence is as follows:

o 5]

The roof surrounding rock of 26-1* stope is mus-
covite schist. According to the field stress measurement
results, the self-weight stress at the —300 sublevel is
10.9 MPa. The parameters of surrounding rock and
cemented backfill are given in Table 4. Figure 11 shows
the monitoring and model prediction results of the
vertical stress at four sublevels of cemented filling in
the stope. Based on the standard deviation analysis of
the sample data, the standard deviation of overall sample
is 0.0568. It shows that the overall discreteness of the
data samples between the two is small and the model
has a good prediction effect.

=

¥P)

(8

€D
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Table 4 Mechanical parameters of surrounding rock and
cemented backfill

Internal friction Compressive

Unit weight/  Cohesion/

Name L angle/ (°) strength/
(KN - m-3) MPa MPa
Muscovite schist 275 0.97 39 5.68
1:10 backfill 18.3 0.53 42 3.33
1:11 backfill 18.2 0.45 41 2.78
1:12 backfill 18.6 0.28 37 2.12
20r
18k —o— Monitoring values 1.89
K ' —o— Predicted values L7
S 16
S 14t
(2]
12
10} 102
0.93

0.8
10 20 30 40 50 60 70 80 90 100 110
Filling height /m
Fig.11 Comparative analysis of monitoring and prediction
data of vertical stress at stope #26-1

The methods for calculating the strength of cemented
backfills include Terzaghi model, Thomas model,
Mitchell model, Cai Sijing’s empirical function, Anging
cooper mine empirical function etc. Combined with
the prediction model established in this paper, these 6
kinds of theoretical method are used to calculate the
vertical stress at different filling heights of the cemented
backfill in the large and tall stope of Lilou iron mine,
and the results are presented in Fig.12. Among these
six theoretical methods, the calculation results of the
Terzaghi model, Thomas model and Mitchell model
are significantly lower than that of other theoretical
methods, which show a large difference with the field
monitoring results, indicating that these three theore-
tical models have certain limitations. The calculation
result based on the empirical formula of Anging Copper
Mine is lower than the in-site monitoring value because
the compressive stress of the backfill roof is not con-
sidered in the empirical function. The calculation result
of Cai Sijing's empirical formula is higher than the in-
site monitoring value. The main reason is that the
formula only considers the filling height, resulting in a
large strength design of the cemented backfill. Based

Filling height /m
0 10 20 30 40 50 60 70 80 90 100 110

00 " Terzaghi model

05 F \
Thomas model  wjtchell model

1o mpirical function of Anging

cooper mine

151 ~——"Prediction model in this paper

Stress /MPa

On-site monitoring value

2.0 |
0 Cai Sijing’s empirical function——=

25L
Fig. 12 Vertical stress distribution of cemented backfill by
six theoretical methods
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on the above analysis, the calculation on the internal
stress of the high-stage stope cemented backfill by the
prediction model developed in this paper show little
dispersion from the field monitoring values. Meanwhile,
the prediction model is simple and the parameters are
easy to be obtained, making it has a strong applicability.

6 Conclusions

(1) Based on the self-developed three-dimensional
stress monitoring system, the real-time stress monitoring
of cemented backfill at the 26-17 stope was carried out
with full sequence (filling phase, curing phase, and bearing
phase). The three-dimensional stresses at the four sub-
levels increase first and then stabilize in the filling stage.
The horizontal lateral pressure coefficient is 0.43-0.67
and the arching effect transfers 51%—-65% of the self-
weight stress into horizontal stress. In the curing stage,
the three-dimensional stresses at the four sublevels
show a steady trend with the horizontal lateral pressure
coefficient of 0.49-0.77 and the connection time of
two step stopes is 28d. In the load-bearing stage, the
three-dimensional stresses at the four sublevels show
an increase trend with the horizontal lateral pressure
coefficient of 0.41-0.67. The vertical stress and the
mining distance shows a polynomial distribution law.

(2) The vertical peak stress at the bearing stage is
larger than that of the filling stage, followed by the curing
stage, while the horizontal peak stress at the bearing
stage is larger than that of the curing stage, followed
by the filling stage. Combined with the second-step
mining operation process, the arching effect of cemented
backfill and the mining stress transfer mechanism is
revealed.

(3) Based on the double-arch coupling effect of stress
transfer, a internal stress prediction model of cemented
backfill in the high-stage stope is established. Compared
with the traditional strength theory model, the prediction
model is simple, accurate, and the parameters are easy
to be obtained, making it has a strong versatility.
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