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Abstract

Cemented paste backfill (CPB), which is prepared by mixing tailings, binder and water, is widely used in underground
mines for waste management and ground control. Since the CPB is delivered into mined-out areas in the form of
fluid, a barricade needs to be constructed for retaining it during the process of its filling and hardening. Therefore, the
barricade should have enough mechanical stability to ensure the safety of the backfill operation. The behavior of CPB,
which is influenced by the thermal, hydraulic, mechanical and chemical (THMC) coupled processes, acts on the bar-
ricade and thus affects its mechanical response. In the present study, a numerical model is developed to predict and
analyze the barricade mechanical performance in response to the coupled THMC behavior of CPB. The validity of the
proposed model is then verified against two field case studies. Acceptable agreement between the model prediction
results and in situ monitoring data proves the capability of the developed model in simulating the barricade pres-
sure and displacement. Then, the validated model is used to investigate the effect of filling strategy on the barricade

various backfill conditions.

displacement. The obtained results can contribute to a better understanding of the barricade performance under
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1 Introduction

Recently, cemented paste backfill (CPB) technology has
become one of the most important and innovative tech-
nologies for sustainable mining and green mining. CPB
is a heterogeneous material composed by tailings (nor-
mally account for a mass concentration between 70 and
85%), binder and water (Pokharel and Fall 2013). This
technology is being widely and intensively employed in
numerous underground mines all over the world, due
to its irreplaceable safe, economic and environmental
benefits for the mining industry, such as ground sup-
port, improvement of ore production, and mine waste
management (Kesimal et al. 2003; Fall et al. 2005, 2008;
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Ercikdi et al. 2009; Fall and Pokharel 2010; Mahlaba et al.
2011).

Freshly prepared CPB materials are placed into under-
ground open stopes, and backfill barricades are built in
each of the access ways into the stopes prior to stope
filling, for retaining the fresh CPB slurries (Fall and
Pokharel 2010). The crucial function of the barricade is
to keep the fresh CPB in place to form the hardened CPB
structure, which can thereby provide support for adjacent
ore bodies and surrounding rocks. Therefore, the barri-
cade is required to possess enough strength and stabil-
ity to retain the CPB. Mining workers and engineers are
greatly concerned about the barricade stability, especially
during the inrush of the fresh CPB, which imposes lat-
eral pressure on the barricade, and the pressure increases
with the continuous filling of the CPB. In order to pre-
vent the possible failure of the barricade induced by the
excessive lateral pressure, an initial pouring is performed
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to form a plug, which is cured for a day or more and fol-
lowed by a final filling (Thompson et al. 2009). However,
this backfilling strategy delays the mining production.
The insufficient strength of the barricade leads to its fail-
ure, but excessive strength of the barricade results in the
increased mining operation costs. Hence, it is significant
to design a suitable strength for the barricade to satisfy
both the mechanical and economic requirements.

The lateral pressure of the placed CPB on the barri-
cade varies with the consolidation of the CPB, which is
controlled by complex thermal, hydraulic, mechanical
and chemical (THMC) processes that occur in the CPB
(Doherty 2015). Hydration of binder is a chemical reac-
tion and generates hydration products, contributing to
the consolidation of the CPB. With the hardening of the
CPB, its lateral pressure on the barricade gradually stops
to grow. The binder hydration process is exothermic and
can thereby release heat to cause the development of
thermal stress in the CPB. The process of binder hydra-
tion also consumes water, resulting in the evolution of
pore water pressure and thus variation of effective stress
in the CPB. Therefore, the mechanical response of the
barricade to the coupled THMC behavior of the CPB
should be assessed and discussed.

In-situ measurement is a direct and effective approach
to investigate the evolution of the barricade pressure. In
doing so, Belem et al. (2004) carried out a field measure-
ment to indicate the evolution of the barricade pressure
with the consolidation process of paste backfill at a gold
mine. Yumlu and Guresci (2007) used a field monitor-
ing program to investigate the pressure of paste backfill
on the bulkhead at Inmet’s Cayeli Mine. Thompson et al.
(2009, 2012) installed total earth pressure cells (TEPCs)
within the CPB and also on the barricade to investigate
their pressure evolutions. Their studies can contribute
to a better understanding of the correlation between the
backfill pressure and barricade pressure. Similar field
monitoring programs and methods were conducted by
Helinski et al. (2011) and Doherty et al. (2015). Although
in situ measurements can directly indicate the varying
patterns in the barricade pressure and thus provide bet-
ter understanding of the barricade behavior responding
to the CPB placement and consolidation. Nevertheless,
field tests affect normal production and increase operat-
ing costs.

In comparison with in situ measurements, numeri-
cal modeling and simulation are more favorable in some
aspects, such as low operational cost, repeatability and
parametric analysis. Some models have been developed
to investigate the coupled behavior of the CPB, such as
the studies of Helinski et al. (2007), Wu et al. (2014), Cui
and Fall (2015), and Cui and Fall (2018). Besides, Qi and
Fourie (2019) conducted a numerical study to investigate
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the effect of the creep behavior of the rock mass on the
stress distribution in the backfilled stope. However,
these studies did not assess the effect of the CPB cou-
pled behavior on its retaining barricade. Therefore, Cui
and Fall (2017) used a more comprehensive model to
analyze the barricade pressure evolutions under various
backfill cases in the stope. In addition to the investigation
of the barricade pressure, this paper will further discuss
the deformation of the barricade, in response to the cou-
pled THMC behavior of the CPB. The importance of this
study lies in making a contribution to the optimal design
of barricade structures and reliable analysis of their sta-
bility. Therefore, the core objective of this paper is to
develop a numerical model considering the effect of the
coupled THMC processes in the CPB, and analyze the
evolutions in the barricade pressure and displacement.

2 Governing Equations of the Numerical Model

2.1 Equations for Binder Hydration

Binder hydration is a significant chemical reaction for
the consolidation of the CPB, since it can both gener-
ate hydration products and hydrating heat to increase
the strength and temperature of the CPB. The following
equation is used to describe the heat generation process
of binder hydration (De Schutter and Taerwe 1996):

pegaEa (11
qn ZQmax,Bl Sil’l(ﬂ,’o{)'gzg B3-a+g (T, Tc) (1)

where, g, denotes the specific heat generated by the
binder hydration per unit time; g,,,, represents the maxi-
mum value of g;, at 20 °C; j3;, B,, and B, are test constants;
a is the degree of binder hydration; E, is the apparent
activation energy and its value is dependent on T, (Jin
Sang and Kwang 2001); R is the universal gas constant; 7,
is the reference temperature; and T, is the temperature of
the CPB.

The binder hydration degree a can be expressed as fol-
lows (Kjellsen and Detwiler 1993; Schindler and Folliard
2005; Poole et al. 2007):

a = oy - exp [— <;>/] 2)

where, 7 and A are fitting parameters, a,, is the ultimate
binder hydration degree, and ¢, denotes the equivalent
age.

The ultimate binder hydration degree a,, can be further
written in the following form (Kjellsen et al. 1991):
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where, w/b is the ratio of water-to-binder, and pp, and
Psiag Tepresent the proportions of fly ash and blast fur-
nace slag in the binder, respectively.

The equivalent age ¢, can be expressed as:

£ E, 1 1
= [ ew [R' (n‘n)]”” @

The effect of binder hydration on the strength of the
CPB is discussed in the mechanical equations that will be
demonstrated in Sect. 2.4.

2.2 Thermal Equations

In addition to the heat of binder hydration, thermal con-
duction is another significant way that can change the
temperature of the CPB, so the following heat transfer
equation can be obtained:

oT
[(1—=¢)psCs + ¢PWCW]¥ -V (kquT) = mpqp

(5)
where, ¢ is the porosity of the CPB, p, and p,, are the solid
and water densities, C; and C,, are the solid and water
volumetric heat capacities, k,, is the equivalent thermal
conductivity of the CPB, and m,, is the binder content.

The CPB porosity ¢ varies with the evolution of binder
hydration degree (Abdul-Hussain and Fall 2011):

¢ = ¢o + wa (6)

where, ¢, is the initial porosity of the CPB, and w is a fit-
ting parameter.

The value of water density is dependent on temperature
(Cui and Fall 2015):

T, —273.15\ 0]
—273. 11

= 314.4+6856- |1—| —— """~ 7
Pw + ( 374.14 ) ] @

where, T, is the water temperature.

2.3 Hydraulic Equations

The following equation can be used to describe the fluid
flow in the CPB (Richards 1931; Krus et al. 1997; Taylor
et al. 1999; Mainguy et al. 2001; Poyet et al. 2011):

ad ky _
a*t('owqb)"’v : (PWI(MWPW) = Qu (8)

where, K is the intrinsic permeability of the CPB, 4, is
the dynamic viscosity of water, k, is the relative perme-
ability of the CPB to water, p,, is the pore water pressure,
and Q,, denotes the water drainage.

The intrinsic permeability of the CPB K can be calcu-
lated by (Ghirian and Fall 2013):
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K = K; - exp (XaY) 9)

where, K, is the hydraulic conductivity of the tailings
used, and X and Y are fitting parameters.

The relative permeability of the CPB to water k, can be
expressed by (Mualem 1976; van Genuchten 1980; Luck-

ner et al. 1989):
' {1 - ll ~ <9V _9r>l/m‘|m}2
05 — 6,

(10)
where, 6, is the volumetric water content, 6, and 6, are
respectively the saturated and residual water contents,
and m is the material parameter.

The residual water content 6, can be obtained by
(Abdul-Hussain and Fall 2011):

0, — 6,

k. =
=\ e o,

(11)

where, A and B are the fitting constants.
The dynamic viscosity of water u, is temperature
dependant (Thomas and Sansom 1995):

0.6612

Hw = (Tw o 229)1‘562

(11)

2.4 Mechanical Equations
The total pressure (p,) at any point of the CPB in the
depth of H can be expressed as follows:

pr = pcgH (12)

where, p, is the CPB density.
The effective pressure (p.q) in the CPB can be written
as follows:

Peff = Pt—¢Pw5ij (13)
where, §; is the Kroenecker’s delta: §;,=1; §,.;=0.
The horizontal pressure (p;) can be calculated by:
v
o= —— (pegH—ppwdij) (14)

1—v

where, v is the Poisson’s ratio, which can be further
expressed in the following form (Sayers and Grenfell
1993; Boumiz et al. 1996; Bittnar 2006; Galaa et al. 2011):

v =05"exp (ﬁa) —}—fzaf3 - exp (Ji;oth) (15)
The following equation is applied to calculate the dis-

placement induced by the hydro-mechanical coupling
effect (Zhang et al. 2012):
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V - (Vu)=0 pug Vpy
(16)
where, E is the elastic modulus, u« is the displacement

vector, and a,, is the Biot’s effective stress coefficient (Cui
and Fall 2017):

Veu +
2(14+v) 2(1+v)(1 — 2v)

E

=1- -
*b 3K,(1 — 2v)

(17)
where, K, is the bulk modulus of the tailings.

The elastic modulus E varies with the progress of
binder hydration (De Schutter and Taerwe 1996):

( a—ap >"
E=E,(——
Oy — Qo
where, E, is the elastic modulus when «a is equal to 1; a
is a certain value of the binder hydration degree, below
which no strength develops in the CPB; # is a fitting
constant.

The equations for binder hydration, thermal, hydraulic
and mechanical equations can be integrated together to
form a coupled numerical model, via the linkage of the
evolution of the binder hydration degree with time. Since
the degree of binder hydration also varies with tempera-
ture, the coupled model is dynamically dependent on
temperature and time.

(18)

3 Validation of the Developed Model

In order to validate the capability of the developed model
in predicting the barricade mechanical performance, two
sets of field monitoring data acquired from two different
mines were selected to compare with the model simula-
tion results. Table 1 lists the input parameters, bound-
ary conditions and initial values used for the model
validation.

3.1 Field Case 1

3.1.1 Overview of the Stope Conditions

Thompson et al. (2010) conducted a field monitoring
study at Cayeli Bakir Isletmeleri A.S. (CBI) mine, which
was an underground mine producing copper and zinc.
The total applied pressure and displacement data of the
barricade at Stope 685N20 of this mine were used for the
model validation. Table 2 summarizes some information
of the backfill conditions.

The construction information of the barricade can be
found in the referred study (Thompson et al. 2010). Fig-
ure 1 shows a three-dimensional (3D) mesh model of the
barricade at Stope 685N20, and Fig. 2 demonstrates a 3D
schematic diagram for the filling of Stope 685N20.

In order to monitor the stress and displacement
changes of the barricade, three total earth pressure cells
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Table 1 Input parameters, boundary conditions and initial
values used for validating the developed model.

Field case 1 Field case 2
Initial CPB temperature 29°C 25°C
Environment temperature 29°C 25°C
Density of CPB 2050 kg/m? 1900 kg/m?
Density of concrete 2500 kg/m? 2263 kg/m?
Young's modulus of concrete 30GPa 30 GPa
Poisson’s ratio of concrete 0.2 0.2
rmax 2.19W/kg 2.19W/kg
B, 26 26
B, 0.667 0.667
B; 30 30
a 0 0
T 06h 06h
A 30 30
X —8.173 —8.173
Y 4,035 4,035
A 1.31 131
B 7.54 7.54
fifs —02,-15000, —02,
7,—11,0.7 — 15,000, 7,
—11,07
n 22 22
Mechanical module for the barricade
Top surface Fixed Fixed
Lateral sides (contact with rock) Roller Roller
Lateral sides (contact with CPB) Free Free
Lateral sides (contact with air) Free Free
Bottom side Fixed Fixed
Volume force Gravity Gravity

The reference studies (De Schutter and Taerwe 1996; Thompson et al. 2009,
2010; Abdul-Hussain and Fall 2011; Ghirian and Fall 2013; Cui and Fall 2016).

Table 2 Information of the backfill conditions for field
case studies.

Field case 1 Field case 2
Binder content (%) 8.5(0-8m) 4(0-6m)

6.5 (8-15m) 2 (6-32m)
Filling rate (cm/h) 23 50
Filling strategy Continuous fill Continuous fill
Barricade size (m) 5.6 (height) 5.8 (height)

0.3 (thickness)
8.5 (extent)

0.3 (thickness)

The reference studies (Thompson et al. 2009, 2010).

(TEPCs) and six displacement sensors were installed on
the barricade for measuring the total applied horizontal
pressure and displacement of the barricade, as shown
in Fig. 3. The transducers D1, D3 and D5 sensors were
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Fig. 1 3D mesh model of the barricade (dimension in m).
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Fig. 2 3D schematic diagram for the filling of Stope 685N20
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Fig. 3 Arrangement and distribution of the TEPCs and sensors on the
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Fig. 4 Pressure (unit: kPa) distribution on the barricade after 24 h
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Fig. 5 Displacement (unit: mm) of the barricade after 24 h stope
filling.

placed at the height of 1.4 m, and D2, D4 and D6 were at
2.8 m, and the horizontal distance between the displace-
ment sensors was 1.25 m.

3.1.2 Model Simulation and Validation

Firstly, the 3D geometric model of the stope (includ-
ing the barricade) is imported into COMSOL (2015),
and then the barricade is divided with separate domain.
Secondly, the relevant equations, parameters and initial
values (as shown in Tables 1 and 2) are input, and the
boundary conditions are installed. Thirdly, the mesh-
ing for the geometric model is completed. Finally, the
transient calculation is conducted. During the post-pro-
cessing program, the distribution of pressure and dis-
placement on the barricade, and their evolutions at the
given points corresponding to the positions of field sen-
sors are investigated.

Figure 4 shows the pressure distribution on the bar-
ricade in the early age (24 h), and Fig. 5 displays the
displacement of the barricade after 24 h stope filling.
It can be observed from Fig. 4 that the pressure distri-
bution on the barricade follows the trend of increasing
gradually from the top to the bottom, and Fig. 5 indi-
cates that the maximum displacement of the barricade
appears at the center of the barricade. It can be inferred
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ricade is mainly affected by the filling of the CPB, which & 0 d |
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pressure onto the barricade in the form of fluid, and 0 1 2 3 4 5
pore water pressure is an integral part of the effective Tizwe ()
stress, so as to cause this distribution of the pressure. b
In addition, steel bars are embedded in the surrounding sol P
rock before casting concrete to construct the barricade. -~
Therefore, the barricade is fixed along its four edges, ] w0 p
and the maximum displacement is mainly distributed at £ 30 i
the center of the barricade. g <0 ,!

Figure 6 shows the deformation of the horizontal & 1o : 1
steel bar at the center of the barricade under pressure. Ob—e—e? | . s : J
It can be observed from this figure that when the bar- 0 ! 2 Time (d) 3 4 >
ricade is subjected to the pressure, the steel bar has the c
maximum displacement in the middle part. This can Fig. 7 Evolution of the simulated barricade pressure with time
demonstrate the phenomenon of stress concentration corresponding to the data of TEPC1 (a), TEPC2 (b) and TEPC3 (c).

at the center of the barricade.

For further analyzing the evolutions of the barricade
pressure and displacement, the monitoring points cor-
responding to the field measurement are arranged
on the barricade geometric model, and the transient
change data of the barricade pressure and displace-
ment are recorded and displayed. Figure 7 illustrates
the simulation results of the barricade pressure evolu-
tion versus time. It can be noticed from this figure that
in the initial stage of the stope filling, the barricade
pressure follows a continuous rise until it reaches the
first peak value. The predicted barricade pressure cor-
responding to the data of TEPCI reaches the first peak
value of 45.5 kPa in about 0.8 d, while that of TEPC2
reaches 34.6 kPa in about 1.0 d, and that of TEPC3
reaches 35.3 kPa in about 1.1 d. The rise of the bar-
ricade pressure in this stage can be attributed to the
continuous pouring of the CPB slurry. The CPB slurry
mainly poses pore water pressure on the barricade and
causes an obvious increase in the pressure of TEPCI.
After a short period of time, the barricade pressure
slightly decreases. This is because of the barricade

water drainage. The pressure growth indicated by
TEPC3 is the most obvious. After reaching the second
peak of 54.5 kPa, the total stress gradually decreases to
the value of 49.8 kPa, while the pressures of TEPC1 and
TEPC2 reduce from 48.6 kPa and 36.1 kPa to 35.2 kPa
and 32.8 kPa, respectively. The reason is attributed to
the fact that with the consolidation process of CPB,
arching of pressure within the CPB occurs, reducing
the effect of the CPB self weight on the barricade pres-
sure. In addition, the influence of pore water pressure
on the total stress further reduces with the progress of
the barricade water drainage and the water consump-
tion induced by the binder hydration. These facts result
in the decrease of the barricade pressure in the later
period of the monitoring course.

Figure 8 demonstrates the barricade displacement
evolution versus time predicted by the developed
model, corresponding to the data collected from the
displacement sensors in the filed measurement. From
Fig. 8 it can be seen that the barricade displacement
increases with time. Figures 7 and 8 indicate that there
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Fig. 8 Evolution of the simulated barricade displacement with time corresponding to the data of D1 (a), D2 (b), D3 (c), D4 (d), D5 (e) and D6 (f).

is a positive correlation between the evolutions of the
barricade pressure and displacement versus time.

The barricade pressure and displacement predicted by
the model simulation are compared with the field mon-
itoring data, for verifying the validity of the developed
model. The comparison between the simulation results
and measured data of the barricade pressure is dem-
onstrated in Fig. 9. It can be seen from this figure that
the developed model can accurately capture the evolu-
tion of the total stress on the barricade, and the change
range and trend of the simulation results coincide with
the measured data in favorable consistency. It can also
be observed that regardless of the predicting or moni-
toring outcomes, with the filling of the CPB, the bar-
ricade pressure increases sharply in the early age. After
a slight decrease in the barricade pressure, it rises again
until a constant value is maintained. The comparison
results prove the capability of the developed model in

predicting the barricade pressure evolution, which also
reflects the state of the CPB and its THMC behavior.

Figure 10 illustrates the comparison between the
simulated and measured barricade displacement. The
model simulation results of the barricade displacement
and the correspondingly monitored data are in satis-
factory consistency, except for some misfits that are in
an acceptable range. The contrast results further verify
the validity of the developed model in simulating the
mechanical response of the barricade to the coupled
processes that occur in the placed CPB.

Figure 11 shows the comparison of the maximum
barricade displacement between the predicted and
measured outcomes. It is noticed from this figure that
due to the fixed four edges of the barricade, the maxi-
mum displacements at D2, D4 and D6 are greater
than that at D1, D3 and D5. It can also be seen that
the model prediction results agree well with the field
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Page 8 of 14

monitoring data, verifying the effectiveness of the sim-
ulation results.

3.2 Field Case 2

Thompson et al. (2009) carried out another field moni-
toring program at 67-SL1 test stope of Kidd Mine. The
pressure data collected by the sensors of C1-C4 (as
shown in Fig. 12) and the barricade displacement data of
B1-B3 (Fig. 12) were selected for comparing with the pre-
dicted results. Some information about the 67-SL1 stope
fill conditions can be found in Table 2. Detailed informa-
tion of the barricade and binder used can be identified in
the referred study (Thompson et al. 2009).

The stress distribution in the test stope after different
filling time is shown in Fig. 13. In the early filling age
(3 days), due to the settlement of the CPB, the stress is
mainly distributed at the bottom of the stope. In the late
filling period (6 d), the stress is uniformly distributed
within the stope. The stress distribution near the barri-
cade is scattered, which may be caused by the pressure
arching effect.

For further validating the availability of the developed
model, the simulation results are compared with the cor-
respondingly measured data from Kidd Mine, in terms
of the pressure development as shown in Fig. 14 and dis-
placement evolution in Fig. 15.

From Fig. 14 it can be observed that the predicted pres-
sure development in the stope agrees well with the meas-
ured data, in terms of the evolutional trend and peak
value. The misfits between the simulation and measure-
ment are acceptable, with all the deviations less than 5%.
The favorable consistency indicates the availability of the
developed model in predicting the stress development in
the CPB.

Figure 15 illustrates the comparison of the barricade
displacement evolutions between the simulation and
in situ measurement. It is seen from this figure that the
simulation results and measured data are basically in
agreement, except for some incongruence in terms of the
results from B3, which may be due to the varied bound-
ary conditions in the field. The comparison outcomes
prove the validity of the developed model in simulating
the barricade displacement.

4 Model Application

The model validation results indicate that the developed
model can well predict the pressure and displacement of
the backfill barricade in response to the coupled THMC
behavior of the CPB. In this section, the developed model
is employed to analyze an important engineering prob-
lem in practice: effect of filling strategy on the barricade
performance.
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A parametric study based on the 685N20 stope is car-
ried out to reveal the impact of various backfill condi-
tions on the barricade mechanical behavior. Since the
barricade pressure and displacement have a positive cor-
relation, the displacement of the barricade can accurately
reflect the barricade pressure. Therefore, the maximum
displacement of the barricade is investigated in the fol-
lowing parametric research.

The continuous filling (at the filling rate of 17 cm/h,
23 cm/h and 35 cm/h) and discontinuous filling (at
the filling rate of 29 cm/h during 0-24 h, 29-48 h and
53-120 h, and the rest period is 24—29 h and 48-53 h)
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strategies are selected to conduct this simulation. The
maximum barricade displacement collected at the moni-
toring point of D4 (as shown in Fig. 3) with different fill-
ing conditions is investigated, as illustrated in Fig. 16. It
can be clearly observed that the maximum barricade
displacement increases with the filling rate of the CPB,
and the discontinuous filling method can slow down the
development of the barricade displacement during the
rest period.

The results revealed by Fig. 16 indicate that, the
change of the filling rate can significantly affect the bar-
ricade displacement. It can be noticed that the filling
method also affects the barricade displacement, and the
rest period can slow down the increasement of the bar-
ricade displacement at a relatively high filling rate. The
model simulation results contribute to important practi-
cal implication: when a high filling rate is applied, a rest
period can be properly arranged to reduce the increase
in the barricade displacement; while if the backfilling is
at a low rate, the resting period can be decreased or even
canceled. A reasonable arrangement of the filling rate
and filling strategy can provide well economic benefits in
accordance with the barricade stability.

5 Conclusions

In this paper, a numerical model is developed to charac-
terize and describe the mechanical response of the bar-
ricade to the coupled THMC behavior of in situ CPB.
The developed model considers the binder hydration
process, thermal process of heat generation and conduc-
tion, hydraulic process of pore water pressure evolution
and water drainage, and mechanical process of stress and
displacement development. The monitoring data from
two field case studies are employed to compare with the
corresponding results predicted by the model simulation.
On the basis of the obtained results, the following con-
clusions can be drawn:

i. Satisfactory agreements are found between the
model prediction results and in situ monitoring
data, verifying the validity and capability of the
developed model in analyzing the barricade stress
and displacement.

iil. The barricade pressure is significantly affected by
the coupled THMC processes that occur in the
CPB, and it also varies with the consolidation pro-
cess of the CPB. In the early stage of backfilling, the
placed CPB applies pressure on the barricade in the
form of fluid, and the barricade pressure is relative
to the temperature, pore water pressure, weight
of CPB and binder hydration. However, when the
placed CPB is hardened and self-supporting, no
pressure is applied on the barricade.
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ili. There is a positive correlation between the dis- Although this paper develops a numerical model to
placement and pressure of the barricade. In the analyze the mechanical response of the barricade to the
early stage of the rapid pressure rise induced by coupled behavior of the CPB in the stope, the applica-
the pouring of the fresh CPB, the barricade dis- tion of the model is limited. For instance, the effect of
placement also increases obviously. The barricade  stope size and geometry on the barricade performance
displacement stabilizes as the pressure tends to be  is not discussed. Therefore, a future study is going to
stable. investigate the barricade behavior, in consideration of

iv. Conspicuous displacement is found distributing in  the interaction between the CPB and stope. In addition,
the central area of the barricade. Hence, the center ~ the model simulation work is expected to be extended
of the barricade can be reinforced accordingly to  to the design of stable and cost-effective barricade
improve the barricade stability. structure.

v. The barricade pressure and displacement are
observably affected by the filling rate and backfill
strategy, so the filling rate and rest period can be
scheduled to maintain the barricade stability.
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