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Fig.1 3D model of orebody and fault

1.1 HERE

K FH Barton #5145 12 (Q ) 70 28 7 2 % BEA 0 BL
FESR X S8l ) A7 BB 2 2H (B A ) LA bR 2L (PR )
2 i ML TRE M S A AT R T TR A AR R Y,
ARAT R 2 Bl A B G L L AR Ry ML
JEFR bR CSTH TR A BEBE A5 4 0 Al
(R PR B Q (EAEAS R SR K A ATl HEE
EHA 510 8.8 11778 Hih, #5950 m 890 m AI1830 m
B BRE A A AR R A AL e R T T 8
B 5350 0 11.17 F19.29, 5K T it G0 Ry — e 2 455
B 660 m 1610 m FP B B S A LR MR
2 ) A B AR 530 R 5.28 1551, AR T i
Gk — g, LR B AR T R B

2026 EF8 A H$ 34 E-F 4

913



914

B4t

®1 AFREQELIT

Table 1 Statistics of rock mass quality Q—value
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Table 2 Suggested values of mechanical parameters of rock mass
a4l o, /MPa GSI m, D E/GPa  FiRJic, /MPa  WNEEH S /() HURGREE/MPa  ARJBAE/GPa
APTES 693 70 20 0.6 47.1 3.09 44.51 0.25 18.18
R 85.03 75 24 0.6 62.8 4.00 49.46 0.39 29.09

1.3 HEER

B BOE R T B IS LA X AR 2 L AUR T
DX 35852 30 2= A A A1 B R BT A S A —
{14 Mo e S PR O, AL 75 SRy AR AE I L L A i LT
BT 0 Al 190 50 7 TR B 1 W J2 T 2L 4%, S 3
FE IR DL N8 2 i 7S o R SR B DR A7 2 3
- OF, e 53 S22 5 0 DX TR 52 BRI 5
QAR TH Jay it DI Bl 2R 55 R B R s @8 5 N
PR I A AR HA

2 HERAARE
21 MfEMRET

A BR 22 43 B 4k FLAC™ 2 ~7 4 [&] 3 T 5% 14
BUE AR, LIFRE N 610~950 m EE A0 1R /E

Vol. 34 No.4 Aug., 2026

R XSG S AR R R R B
DX A G R Y = A SRR i A4 200 m,
IO = A R 1305 m, Hb FA R B R 1590 m, FE
4 960.4 m, Fe K E A 1105 mo Hodr  F 82N
DX PR T2 e 3R 0, By N RSB 2 (LR
IR ENTENGE T

AR FHA UL 5 A9 Mohr—Coulomb 55 %8
AR R | A% 58 1) Mohr—Coulomb 3T 5 5 & 7 )
AR AR BY 1 A, B e AR DU DR 4 A b
RO LA R o FERSRLEE T2 oK Z J7 1 (v 5%, FERR
AR 4038 30 ST 29 R 1 2 % BR T b
Z A, HA T A3 B R O, B Rk 1 (v B8 2
U

R Ly S0 B 15 B i 1 g, B K 3R



X A W Z 50 B Be s i J SESR T Rt SR LT 5

%
(a) BIEEE (b) T L (o) TR
2 HRHERIRER

Fig.2 Typical ground pressure damage situation

375 18} LA NE=-SW [] 2 3=, £ 32 7K - 05 1, B K
Kb N T A BN 717 1.40~1.47 15 . B ek
SR SO N T, A PO [R] B S RO
PRSI 7 5 B S 2l 308 PR AR, VS I R 2 K
THEAL s i Tt S0 b 7 7, A6 R = vz gl
Pk A N SR I X Y Z 7 16 1% 3 B A i 1ot
zone initialize stress BT , 28 338 1 43 BT AR AGH5c 2
INwiIE7

K FH AR B 5T )5 A A0 W J2 B ARty I, 4K
it ARG AR T i X Sl IS T e 2 R 2 1 )
A, LA S T )20 SO BRI A NG 2R T

T 7 W R AR L5 B 55 A0 F 5 T AR TR e . 1%
TR RBCR AT T |, RO A R W2
X DX 5 RS T 3 B4R IR T (B JE kG A
LI DT 22 T 1) B U0 B Ak T PR A SRS 1 S AR I
The 2 W2 A sm Bk P ) % S 500
223, P SR Y B ) 25 S50 DA IR0 R Ak
1o A BT ZF FE AR GE— R F] Mohr-Coulomb £
T, 3300 TRE RUBERLALL 38 SO , AR RIE TSR0
{18 [F) T B 6% A 285048 7 W2 ) DX S8R 7 3 1) 2 L 4
TIRINE , B JC TG 40 220 e 722 T v % (R S8 24k
Ab PR DL S P T AR RUE T AR e i 59040

= WARFEN T
/Pa

-8.39E+05

=5.00E+06

1.00E+07

50E+07

2.00E+07

2.50E+07

-3.00E+07

F Wiz T o0EToy

—1.50E+07

ity Sl

Bt by \ —5.72E+07

F Wi)2
(a) =4 (b) A5 (c) Mo Sy 451
3 HEITERR
Fig. 3 Numerical calculation model
xR3 EARMEBEHESH
Table 3 Physical and mechanical parameters of rock layer
e HH/(KN-m™?)  IRFELE/GPa TR /GPa BUHisE /M Pa Fi % J1/MPa PR S/(°)

B 25.40 10.45 7.51 0.25 3.09 4451
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TR FT I A 17.35 0.25 0.14 0.14 0.33 30.11
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Fig.4 Mining—induced stress changes in fault—free area
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Fig.5 Mining—induced stress distribution nephogram in fault—free area

-7 6] 2R I N 4 [ 8T B N ER B WA A2 TR L X O
16 {57 B e KAEIE R 1711 em, Y 7 [ (3 8% fie K AR I
A 13.52 cms

(3) BB A DX 48 53 A

T W J2 DX 8 P IR A A 5 2 A A DL AN 8
HE 9 Frzs , PEANE 7R 10 AT 25 IR XU
I DX A3 A L . S DR IR AT R 56 1
B EE 1SS, 16~24 253K B 5 KR R 1A



X A W Z 50 B Be s i J SESR T Rt SR LT 5

—_
=}

fifs/cm
e
S

12 1+

10 T R - — 1 | -

‘2 4 6 8 1I012141I61I82‘O222‘42I6283O
TR
El6 TEIEXIBARMBEN
Fig. 6 Mining—induced displacement changes in fault—free

area

AN VEWAN YRS = o S IRV R R 27 N IR 1L 82D
R, R EAR AR THZ AL X5, 5 24 677 A Y B R
JEARARFN 135%10° m* . BEAN I i p S XA A 40)

AR BN AR TP R XA M, SR 5 7 AR A
BRI PR AT SR X 2], fie 28 BB PR IR 7 HCAE [l >R

Ehifs/m
I 1.93E-01

1.75E-01
1.50E-01
1.25E-01
1.00E-01
7.50E—-02
5.00E-02
2.50E-02
2.05E-03

(a) SO EIRG L

Y5l f3iA%/m
1.35E-01
1.25E-01
1.00E-01
7.50E-02
5.00E-02
2.50E-02
0.00E+00
~2.50E-02
—5.00E-02
-6.33E-02

() ZB30BEIRY 7 10 i ks

32 WREXEERBERIUE RS
(1) BE 1A HE 20 B
Wi JZ= S DX s ml SR ad e, B BT 1 g A

DX, HLAT AR IR £ £ [l R X H R

(4) Mo 35 AL A B

R IR EAR TR AL B BL =S i Jm 7885005 T R B
PRI AR A R E PR RO . AR T S
U2, Rz KRR [ B AR e RS 10 o e, SRz
DX TERR A% h T B BEROR, 22 R SR AL A
Pl AN AR B B0 T, TR A 1At B o, B2
R )P, BV A — I UE . B BE—I]
i 3L SR 25 X, TOURIS 7 4% 30 07 BE I, S 800 BE A
Fr s PEE SRR BE )R 23 X R 8l

FBCE AL S 25 R M v, R iR H i
R 23 X TR e VR L B 3 A A R A 52
AR, 7= A R JE IR o Re2s XTI
PR F2 AL T4 B AR RS, S AR R R 5 4543
B DXHR 295 4 T8 o] [ 2B Jo IR IX A 22 il R =5
DX 14 500 BE AR SZ T A, ) — DA T R 1A
S BT UIVE I 5 AN [R5 5 B 1 i AR X 83 [l
AT W B A T S X A, RS TR e 2, B

XTI Hife/m
1.71E-01
1.50E-01
1.25E-01
1.00E-01
7.50E-02
5.00E~02
2.50E~02
0.00E+00
—2.50E-02
—5.00E-02
—7.50E-02
—0/43E-02

ZIF e fiifs/m
7.49E-01
0.00E+00
—1.00E-02
—2.00E-02
-3.00E-02
—-4.00E-02
—5.00E-02
—6.00E-02
-7.00E-02
—-7.38E-02

(d) FE30HERZIT1ahi RS
B7 ZHEREFRMABSHEE

Fig.7 Mining—induced displacement distribution nephogram in fault—free area

I3 (B NI D) AEAR AN IR 10 e , W2 DX e R B
Sz ) BN B AR T~ "4 AL B 1)
U 1877 1o DR = P e B A A%, S B D i BT

2026 EF8 A HF 34 E-F4H

917



918

B Pt

—?‘@Eﬂﬁ | |
R |

160 |

—
'S
<

—
]
=]

—
=3
(=}

E

BYNEIR/(<10° m?)
o ®
s 3

'
(=}

]
=]

L\ A i .
2 4 6 8 10 12 14 16 18 20 22 24 26 28 30
TEFRAHR

E8 FTHi=EXIEEHRIATN

Fig. 8 Plastic failure changes in fault—free area
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Fig. 11 Mining—induced stress distribution nephogram in fault area
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Fig. 13 Mining-induced displacement distribution nephogram in fault area
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Fig. 14 Plastic failure changes in fault area
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Fig. 15 Distribution of plastic failure nephogram in fault area

se/NEN ST : se/NER T
/Pa | /Pa

1.19E+05 i S 1.14E+05
0.00E+00 = -

-2.50E+06
—-5.00E+06
—7.50E+06
—1.00E+07
—1.25E+07
—1.50E+07
-1.75E+07 & i
—1.94E+07 —2.14E+07

(a) T 2 b5 N 34341 (b) B E MR e N R 153 A

YNV
/Pa

YNV
/Pa

2.30E+07 2 ATE+07
225E+07 225E+07
200E+07 2.00E+07
T.75E+07 T.75E+07
1.50E407 1.50E+07
125E407 125E+07
1.00E+07 1.00E+07
7.50E+06 7.50E+08
5.00E+06 5.00E+08
2.50E+06 2 50E+08
122E+04 9.19E+03
(c) B W2 e KRBT F353410 (d) BE R IR KBTI S350 A1

G HA/m G A/m
8.41E+02 121E+01
20002

. +02 +0]
0.00E+02 F00E103
5.00E+02 7.00E+02
4.00E+02 G00E302
3.00E+02 4-.0()E+0%
2.00E+02 3.00E+02
T.00E+02 200000
9.85E+04. 9.57E+04
(e) HUE Wi 2B AL o3 A (0 B W 2B RS 43 A

BAPEIX oA BIPEIX A3 A

TS i
SHHEREE g
WETH Y+ 205 LR Pl 0T
g P+t T +ik Jepi b
i B per L]
NEDI]
e " YL SR
BUFS 137 B URS ITA i

pUPR AL

() BOH I Z I LK A (h) BT W2 PRI A3 A
E16 EERNXTLL ST
Fig. 16 Comparative analysis of fault influence
B2 RS X — M A T RE A RS2 i, AT e DR A ] B B v v 1 28 1P DX
7 — M ERE A AZ S OE I B ARG E BB R RE TR 2, B o RAEBUR .

2026 EF8 A H$ 34 E-F 4

921



922

B4t

*4 BRAUBEWMAERF HENESRSIT
Table 4 Statistics of maximum displacement and
the distance from the corresponding position
to the F, fault

FF, W02 fiE/em (R ZiE bR
#/m 72 Y 87)2 K#/%
12.19 10.51 4.2 150.24
18.85 11.88 5.45 117.98
41.24 10.81 6.21 74.07
73.02 10.07 6.62 52.11
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Study on Ground Pressure Behavior of Stage Open Stoping with Subsequent
Backfilling Under Fault Influence

LIU Qiang"?, LI Yanan™*, QIN Xiushan"?, LI Yihao**, CAO Cong"?
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Abstract: The method of large-diameter deep-hole stage open stoping followed by backfilling demonstrates
high efficiency in the extraction of thick and extensive ore bodies. However, the presence of a significant fault
within the mining area can result in a coupling effect between the fault and mining-induced stress, potentially
triggering fault activation. This activation leads to complex ground pressure behavior, complicating the accurate
delineation of the fault’s influence range using traditional empirical methods and posing significant challenges
to the stability control of the stope. To address this issue, this study utilizes the porphyry ore section of Shanxi
Zijin Mining as a case study. A three-dimensional refined numerical model is developed, incorporating the
orebody, Fa fault, backfill, and surrounding rock. This model systematically examines the influence mechanism
of the fault on stress evolution, displacement response, and plastic zone propagation throughout the entire
mining process. Furthermore, the study proposes a quantitative method for defining the fault’ s influence range.
Utilizing the Barton rock mass quality Q-value classification and the Hoek-Brown criterion, the mechanical
parameters of the orebody and surrounding rock were determined. The model employs the Mohr-Coulomb
elastic-plastic constitutive law to simulate a two-level, interval mining sequence, facilitating a comparative
analysis between two distinct stages: mining in fault-free areas and mining in fault-affected areas. By comparing
the computational outcomes of models with and without the fault, the relative displacement growth rate method
was introduced to quantitatively ascertain the influence distance of the F4 fault. The findings indicate that during
mining in fault-free areas, the maximum shear stress in the surrounding rock adjacent to the goaf reaches

67.35 MPa, with a maximum displacement of 19.26 cm. The plastic zone is predominantly characterized by

Vol. 34 No.4 Aug., 2026



X A W Z 50 B Be s i J SESR T Rt SR LT 5

shear failure, exhibiting a maximum yield volume of 135%10* m3. The roof of the goaf is primarily subjected to
tensile stress, while the tunnel sides display a partitioned failure pattern of tension and shear. Under the
influence of the fault, the maximum shear stress escalates to 100.75 MPa, marking an increase of 49.6%.
Concurrently, the maximum displacement ascends to 47.12 cm, and the maximum yield volume of the plastic
zone expands to 226x10° m*. Both shear and tensile failures are observed, leading to a significant enlargement
of the plastic zone and pronounced asymmetric deformation in proximity to the fault. Through a comparative
analysis of models with and without the fault, and utilizing the relative growth rate curve of displacement with a
100% change rate as a reference, the maximum influence distance of the F4 fault is determined to be 28.5 m.
Within this range, the deformation of the surrounding rock is substantially governed by the fault. In response to
the fault-affected zone, systematic control measures are proposed, including the reinforcement of support
structures, optimization of stope structural parameters, and enhancement of backfill strength within the fault-
impacted area. The findings of this research offer a quantitative foundation and engineering strategy for the safe
and efficient implementation of the stage open stoping with subsequent backfilling method under fault
conditions.

Key words: stage open stoping with subsequent backfilling; faul; rock mass quality; ground pressure behavior;

numerical simulation
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