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Table 1 Mechanical parameters of backfills
R B BRI/

HEC RED L V(AR JRA L

/% FE/MPa MPa
1 1:4 68 226 0.008214 0.6 342
2 1:4 70 2,65 0.007963 0.30 418
3 1:6 68 153 0.009011 0.5 208
4 1:6 70 1.68  0.008893 0.24 233
5 1:8 68 123 0.009280 0.22 161
6 1:8 70 133 0.009153  0.29 177
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Table 2 Calculated damage parameters of backfills with

different cement-sand ratios

WS
KL BRI %
A Tp
1:4 68 4.115 7.460x107 0.195 493
1:4 70 3.906 3.219%107 0.203 858
1:6 68 4.444 2.255x108 0.183 721
1:6 70 4.285 1.162x108 0.189 181
1:8 68 4.658 5.182x108 0.176 740
1:8 70 4.585 3.974x108 0.179 059
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Table 3 Specific energy analysis of rock mass and backfills with different cement-sand ratios and slurry concentrations

Ak . . i
FHRBEI L RE FEI AR B /% FEHUAR L RE UINGES/9e SR VLD
E,/GPa 0/MPa
1:4 68 0.011 1.74 I
1:4 70 0.012 2.00 =
1:6 68 0.008 1.29 =
9.26 10.709 8 0.006 193
1:6 70 0.009 1.40 s
1:8 68 0.005 0.79 w
1:8 70 0.006 0.92 w

Y 2% 3 AT 320 L KD Ll 124 Fl 106 1 se i
KRB RGO R R e P o T8 AR, R e/ e
JRRP LG 1:6, BE MR B 68 9% 1Y Fe AR R 25 X EFT 78
VKRS H R 106, B M BE hy 68 % R e it KD L
FURHRHRE

3 HEE

3.1 FHiEIEHZFSEHER
WA FRHEAR S HOR T Oy H S R TR

W) B (A ROK T % 4 R B AR A5 B B
ghiis ), BHAR LR 4,
3.2 HEERTRIER

HR 5230 m H B 19 SEBR A B0, B — A~ £ X AE N
WFFERT G, — R R R A 2B R )R ™ s RSF A TR
W P51 60 mo WA 43 B 44 m 50 m F156 m, i
B B FE A 16 m .18 m 20 m 122 m, ZEHH 12 F
FERITRE WS,

R4 WENMREGHZESH

Table 4 Mechanical parameters of ore rock and backfills

a2 A B/ (g-cm™) YU B/ MPa PP B/ MPa N J1/MPa PR Ff1/(°) P /G Pa HEL /N4
1 EHIES 2.20 1.80 3.20 0.32
2 FiR 2.51 62.50 2.32 11.53 33 5.80 0.28
3 AN 3.20 58.91 2.30 7.71 38 8.98 0.36
4 N 2.80 91.00 6.53 10.00 54 10.10 0.27
5 WA 3.96 227.00 3.50 4.00 65 9.26 0.23
6 FrIA 1.80 1.53 0.22 0.38 30 0.21 0.25
K5 RBEMBSEAE 3.3 HEEMERKSHT
Table 5 Schemes of stope structural parameters PR T 08, A B 7R 5 22 50 mx18 m ( Bp &)™ & J
e R 50 m B3 S 18 m) BRI A5 R F R0
1 2 3 4 5 6 7 8 9 1011 12 [N 7 4 AT AR AN A AR AL AR S IB M X A, e
FHKE/m 44 44 44 44 50 50 50 50 56 56 56 56 AT 7 2 i 45 R

KEEE/Mm 16 18 20 22 16 18 20 22 16 18 20 22

3.3.1 R/ NER S0
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Step 4 520 Model Perspective
08: 56: 23 Thu Oct 27 2016
Center: Rotation:
x: LSOOE+002  x: 40.000
21 9.000E+001  y: 0.000
z: LSO0E+002  z: 90.000
Dist: 9.195E+002  Mag: 1.95
Ang: 22.500

Plane Origin: Plane Orientation:
x: 0.000E+000 Dip: 47.000
y: 0.000E+000 DD: 270.000

z: 0.000E+000

Contour of SMin
Plane: on
Magfac=0.000E+000
Gradient Calculation
-3.110 6E+007 to —3.000 0E+007
=3.000 0E+007 to —2.500 0E+007
—=2.500 0E+007 to —2.000 0E+007
~2.000 0E+007 to ~1.500 0E+007
~1.500 0E+007 to ~1.000 0E+007
~1.000 0E+007 ta ~5.000 0E+006
~5.000 0E+006 to 0.000 0E+000
0.000 0E+000 to 4.770 8E+004
Interval=5.0E+006

Itasca Consulting Group, Inc.
Minneapolis, MN USA

B1 BEXRyEBERNMNEEANZE
Fig. 1  Contour diagram of minimum principal stress in the

stoping ore chamber
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Step 6 176 Model Perspective
09: 51: 08 Sat Oct 29 2016
Center: Rotation:
x: LS00E+002  x: 40.000
2 9.000E+001  y: 0.000
2: LSOOE+002  z: 90.000
Dist: 9.195E+002  Mag: 1.95
Ang: 22500

Plane Origin: Plane Normal:
x: 0.000E+000  x: ~7.314E-001
»: 0.000E+000  y: ~1.343E-016
2: 0.000E+000  z: 6.820E-001

Contour of SMin
Plane: on
Magfac=0.000E+000
Gradient Calculation
—3.452 8E+007 to -3.000 0E+007
-3.000 0E+007 to ~2.500 0E+007
-2.500 0E+007 to ~2.000 0E+007

-2.000 0E+007 to ~1.500 0E+007
~1.500 0E+007 to ~1.000 0E+007 )
~1.000 0E+007 to —5.000 0E+006.

—5.000 0E+006 to  0.000 0E+000
0.000 0E+000to  6.543 6E+005
Interval=5.0E+006

Itasca Consulting Group, Inc.
Minneapolis, MN USA

B2 EXRyHERNMNENENZE
Fig. 2 Contour diagram of minimum principal stress in the

stoping ore pillar
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Step 4 520 Model Perspective
08: 59: 25 Thu Oct 27 2016

Center: Rotation:
x: 1.500E+002 1 40.000
»: 9.000E+001 y: 0.000

z: 1.500E+002 2:90.000
Dist: 9.195E+002  Mag: 1.95
Ang: 22.500
Plane Origin: Plane Orientation:
x: 0.000E+000 Dip: 47.000
»: 0.000E+000 DD: 270.000
23 0.000E+000
Contour of SMax
Plane: on

Magfac=0.000E+000

Gradient Calculation
-5.811 8E+006 to —5.000 0E+006
-5.000 0E+006 to ~4.000 0E+006
-4.000 0E+006 to ~3.000 0E+006
~3.000 0E+006 to ~2.000 0E+006
—2.000 0E+006 to —1.000 OE+006
—1.000 0E+006 to  0.000 OE+000
0.000 0E+000 to 1000 0E+006
1.000 0E+006 to  1.777 4E+006

Interval=1.0E+006

Itasca Consulting Group, Inc.
Minneapolis, MN USA

3 —HRERERENHZE
Fig. 3 Contour diagram of maximum principal stress in

one-step stoping
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Step 6 176 Model Perspective
09: 07: 47 Thu Oct 27 2016
Center: Rotation:
x: LS00E+002  x: 40.000
»:9.000E+001  y: 0.000
2: LSO0E+002  z: 90.000
Dist: 9.195E+002  Mag: 1.95

Ang: 22.500
Plane Origin: Plane Orientation :
x: 0.000E+000 Dip: 47.000
y: 0.000E+000 DD: 270.000
3 0.000E+000
Contour of SMax
Plane: on

Magfac=0.000E+000

Gradient Calculation
~6.070 0E+006 to ~6.000 0E+006
=6.000 OE+006 to —5.000 0E+006
—5.000 0E+006 to —4.000 0E+006
—4.000 0E+006 to —3.000 0E+006
-3.000 0E+006 to ~2.000 0E+006
~2.000 0E+006 to ~1.000 0E+006.
~1.000 0E+006 to 0.000 0E+000
0.000 0E+000 to  1.000 0E+006
1.000 0E+006 to  2.000 0E+006
2.000 0E+006 to  2.640 8E+006

Interval=1.0E+006

Itasca Consulting Group, Inc.
Minneapolis, MN USA

B4 ZPRERBEAENNZE
Fig. 4  Contour diagram of maximum principal stress in

two-step stoping
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Center:

x: 1.500E+002

¥ 9.000E4001 0000
z: 1.500E+002 z: 90.000

Dist: 9.195E+002  Mag: 1.95
ng: 22

Plane Origin: Plane Orientation :
x: 0.000E+000  Dip: 47.000

v: 0.000E+000  DD: 270.000

23 0.000E+000

Contour of Z-Displacement
Plane: on
Magfac=0.000E+000
~2.948 9E-002 to -2.500 0E-002
~2.500 0E-002 to -2.000 0E-002
—2.000 0E~002 to ~1.500 0E-002
~1.500 0E-002 to —1.000 0E-002
~1.000 0E-002 to -5.000 0E-003
~5.000 0E-003 to  0.000 0E+000
0.000 0E+000 to 5.000 0E-003
5.000 0E-003 to  1.000 0E-002 A 4 -
1.000 0E-002 to  1.500 0E-002 v
1500 0E-002 1o 1.786 0E-002

Interval=5.0E-003

Itasca Consulting Group, Inc.
Minneapolis, MN USA

Bs5 —$ROR:FAEMLERE

Fig. 5 Contour diagram of z-direction displacement in

one-step stoping
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Step 6 176 Model Perspective
09: 10: 31 Thu Oct 27 2016
Center:
x: 1.500E+002 :
2 9.000E+001  y: 0.000
Z2: 1.500E+002 2: 90.000
Dist: 9.195E+002 :

Plane Origin: Plane Orientation :
x: 0.000E+000 Dip: 47.000
v: 0.000E+000  DD: 270.000
Z: 0.000E+000

Contour of Z-Displacement
Plane: on
Magfac=0.000E+000

—8.488 9E-002 to -8.000 0E-002
~8.000 0E-002 to ~6.000 0E-002
~6.000 0E-002 to ~4.000 0E-002
—4.000 0E-002 to —2.000 0E-002
~2.000 0E-002 to 0.000 0E+000

0.000 0E+000 to 2.000 0E-002

2.000 0E-002 to 2.722 0E-002

Interval=2.0E-002

Itasca Consulting Group, Inc.
Minneapolis, MN USA

Bo ZHRER:AEMMB=E
Fig. 6  Contour diagram of z-direction displacement in

two-step stoping
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Step 5214 Model Perspective
11: 51: 57 Sat May 162015

Center: Rotation:
x: 9.805E+000 x: 60.000

V:38T3E4001 v 90.000

2: 4492E4001  z: 0.000

Dist: 1.510E+003  Mag: 4.7
Ang: 22.500

Plane Origin: Plane Normal:

x: 2800E+001  x: ~7.547E-001

v: 0.000E+000 ¥ 6.561E-001
2: =6.600E+001  z: 0.000E+000

Block State
Plane: on

None
shear-p

Itasca Consulting Group, Inc.
Minneapolis, MN USA

B7 —S$ROXRFEERZEE

Fig. 7  Contour diagram of plastic zone after one-step stoping
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Step § 394 Model Perspective
11:53: 15 Sat May 162015

Center: Rotation:

x: 1L484E+001 x: 60.000

¥: 3.000E+001 190,000

2: 5.500E+001 2: 0.000

Dist: 1.510E+003  Mag: 4.77
Ang: 22.500

Plane Origin: Plane Normal:

x: 2.800E+001 x: =7.547E-001
v: 0.000E+000 y: 6.561E-001
z: =6.600E+001 z: 0.000E+000
Block State

Plane: on

None

shear-n shear—p

shear-n shear-p tension-p
shear—p

shear-p tension-p

Itasca Consulting Group, Inc.
Minneapolis, MN USA
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Fig. 8 Contour diagram of plastic zone after two-step stoping
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Table 6 Calculation results of one-step stoping
WIS I KRR J1/MPa S KL J1/MPa RV i /mm TR A TY/%10%m? PRl e KA R 71 /MPa
1 27.99 1.30 23.22 0.043 1.69
2 29.62 1.33 24.36 0.028 1.65
3 32.33 1.79 26.87 0.058 2.76
4 33.45 2.22 28.82 2.647 2.77
5 30.08 1.60 25.28 0.036 1.58
6 31.06 1.78 27.22 0 1.72
7 33.23 2.05 31.76 0.006 1.74
8 35.68 2.49 35.04 0.019 2.82
9 34.27 2.74 26.01 1.847 2.57
10 36.73 2.81 27.97 0.028 2.60
11 39.55 3.29 31.90 3.029 3.58
12 41.16 3.53 36.58 0.837 3.28
x1 ZHRERITEER
Table 7 Calculation results of two-step stoping
FEE RIERLSIMPa IRRRI JI/MPa ORI R/mm BERABYX10°m®  FERUARCRAIR )/MPa YR AR )/MPa
1 28.25 2.53 27.17 2.139 0.06 5.55
2 29.75 2.54 28.67 2.074 0.09 2.00
3 30.97 2.57 29.60 51.73 0.15 1.29
4 31.52 2.60 31.44 47.83 0.15 2.79
5 32.34 2.53 35.94 1.421 0.10 2.34
6 34.49 2.64 84.95 2.396 0.13 2.64
7 35.84 2.72 88.41 33.38 0.22 3.62
8 37.77 2.87 95.47 20.84 0.24 4.04
9 36.31 2.96 88.49 7.93 0.13 4.38
10 38.33 3.14 93.43 61.75 0.18 4.29
11 41.65 3.59 102.93 77.74 0.27 3.40
12 44.57 3.99 113.58 109.28 0.34 4.98
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Numerical simulation study on stope structure parameters based on energy matching

Song Xianliang'**
(1. State Key Laboratory of Comprehensive Utilization of Low-grade Refractory Gold Ores;
2. Zijin Mining Group Co., Ltd.; 3. Zijin (Changsha) Engineering Technology Co., Ltd.)

Abstract: The key to safe, economical, and efficient production by the cut and fill stoping lies in selecting appro-
priate backfill proportions mass ratios and stope structure parameters. With a mine using the delayed filling method
during open stoping as the engineering background, Chinese and international research on backfill proportions and
stope structure parameter optimization was investigated, and 4 types of fill mass with cement-sand ratios of 1:4 and 1:6
and slurry concentrations of 68 % and 70 % were determined to meet the filling requirements through damage theory
and energy matching analysis between the backfill and rock mass. In view of costs, a cement-sand ratio of 1:6 and a
slurry concentration of 68 % were identified as the optimal ratio. On this basis, Flac™ software was used to numerically
simulate the selected stope structure parameters. Factors such as maximum principal stress, minimum principal stress,
displacement, and plastic zone were analyzed. Four suitable stope structure parameter schemes were obtained: 44
m (length) and 16 m (width); 44 m (length) and 18 m (width); 50 m (length) and 16 m (width); 50 m (length) and
18 m (width). The scheme with the highest production capacity, i.e., a stope length of 50 m and a width of 18 m, was
selected as the optimal stope structure parameter for the mine. The research results will provide an effective reference
for subsequent mine production, helping the mine safely, efficiently, and economically recover ore resources. Mean-
while, the research methodology and findings hold significant guiding value for similar mines.

Keywords: damage theory; energy matching; backfill proportions; Flac™; stope structure parameter; numerical

simulation



