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Optimization and Application of Vertical Isolation Columns in the Deep Mining of Gently Inclined Thick Ore Bodies
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Abstract: To investigate the effect of vertical isolation columns on the stability of surrounding rock during the deep mining of
gently inclined thick ore bodies, a numerical simulation method was used to compare and analyze the settlement, stress, and
plastic zone changes of surrounding rocks under four different schemes for a deep mining project of an iron mine in Shandong.
The optimization ratio of vertical isolation columns per unit volume was proposed, and the scheme was optimized on this basis.
The results indicate that the volume and position of vertical isolation columns in the deep mining process of gently inclined thick
ore bodies have a decisive impact on their optimization effect. The optimal scheme is to leave a vertical isolation column with a
width of 20 m and a thickness of 41 m on the 87 vertical survey line where the settlement peak is generated (Scheme 4), which
generates the maximum unit volume optimization ratio of settlement peak, stress peak, and plastic zone. Compared to Scheme
2, Scheme 4 can ensure the stability of the surrounding rocks more effectively. Compared to Scheme 3, Scheme 4 can extract an
additional 461 700 tons of iron ore and 272 403 tons of refined iron ore powder, increasing the net profit of the enterprise by

about 54.48 million yuan and increasing the net profit income by about 11.20%. The research results can provide some reference
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for the optimization and application of vertical isolation column retention schemes in similar mines.

Key words: Gently inclined thick ore body, Vertical isolation column, Deep mining, Unit volume optimization ratio,

Numerical simulation
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deep artificial columns
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Table 1 Physical-mechanical parameters
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Table 2 Vertical separation column retention program
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Fig.3 Column retention of the ore body model
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mine room in the excavation area
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Fig.6 Displacement simulation results of profile A
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Oy S Mo P A% D S T R R M) AR )48 Ak
AR 1000 m® B4 3 B S A AT 7 A 5 D8 Ak L 4]
MAERAE LR AR IC AR LE 3, 7 58 2 BT & 4 TR
Wl B D73 1 WAL A B AL LE R IL K 4, i3k 4
R T A BT K B T 4 8 SR AR A
ORI R T 3 IRZ T % 2 /. 25 T7 AL
PRERAL Ak L 3 3 W] e L BRd 3 (R 194 P A7 't L )
G ERias E IR iR AN (i S
A B B 1AL TF R 00T 7 AR 0 R e (R A B 50 3
PR AL — 37 ) o R ) L TS A A A 1]
HE A 0N B DR

x4 MBEERFEINBCERALILEE

Table 4 Optimization ratio of per unit volume of

peak settlement to scheme 1 %
3 A #4) T T2 PIE ER
A T 11.35 11.67 15.33
B ) i 9.59 17.85 22.30

2.2 BERK
2.2.1  BPEX AT

VRERH™ R TF 42 05 2R 3 N B4 38 P DX Pl R AR BR AT
R P IR B DL ok G o SR AT LA R
. AR BRI R SE UG A T K B ] X
SPATINEL 9 K 10 FroR . H AT, PR IX 32 A A



22 H ok B 5 A

2025,45(5)

TETFZ XA R B b SR PSR SN oA B
B I Y B DX, S X o o PR 2R B R A R
o RS BT U) - SR PLIR (A 3 R A BT )
IR o 7 R g TR X 428 DA™ % v 38 8y S A X J e
SN B AT SR T S DX b RIS A

None

shear-n shear-p

shear-n shear-p tension-p
shear-p

shear-p tension-p
tension-n tension-p
tension-p

(a) FE1

None

shear-n shear-p

shear-n shear-p tension-|
shear-p

shear-p tension-p

tension-n tension-p
tension-p

(b) FE2

None

shear-n shear-p

shear-n shear-p tension-|

shear-p

shear-p tension-p
tension-n tension-p

tension-p

(c) FE3

None

shear-n shear-p
shear-n shear-p tension-p
shear-p

shear-p tension-p
tension-n shear-p tension-p|
tension-n tension-p
tension-p

(d) HF4
B9 AFEEMREMER

Fig.9 Simulation results of plastic zone in profile A
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Fig.10 Simulation results of plastic zone in profile B
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Table 5 Plastic zone volume for each scheme and
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Table 6 Optimization ratio of per unit volume of

plastic zone to scheme 1 %
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Fig.12  Stress simulation results of profile A
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Fig.13 Stress simulation results of profile B
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Table 7 Optimized ratio of per unit volume of
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Fig.15 Schematic diagram of vertical isolation artificial

pillar arrangement in deep mining areas
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Table 8 Technical and economic indicators for each program
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g A t % : 5

FE1 5217 480 — — — —
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FE4 5217480 4585680 87.89 2705551.2  59.00
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