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Size Optimization and Stability Analysis on Water-Resistant Pillar of an Iron Mine in Luanzhou
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Abstract: In order to reasonably determine the thickness of the Quaternary water-resistant roof pillar and the width of water-
resistant pillar in the fault of an iron mine in Luanzhou, taking a mine using typical filling mining method in Luanzhou as the
engineering background, through theoretical analysis, based on the size optimization of the mine water-resistant pillar, the
stability of the optimized size was evaluated by the large-scale finite element numerical calculation model. The results show that
after the excavation and filling of the designed ore body, the influence area height under the maximum displacement does not
intrude the Quaternary lower weathered rock strata. The maximum and minimum principal stresses are compressive stress. and
there is no tensile stress area, which does not exceed the compressive strength of surrounding rocks and is close to the
compressive strength of weathered rock strata. Weathered rock does not produce plastic zone failure unit. The sensitive area of
the overall displacement of the fault and the pillar is distributed in the range of 0 ~30 m. The maximum and minimum principal
stresses of fault and pillar are compressive stress. and no tensile stress occurs. The compressive stress in the contact area
between the fault and the surrounding rock reaches the plastic strength, and the principal stress in the pillar area does not
exceed the strength of the pillar. The contact area between the fault and the pillar, the contact area between the fault and the
surrounding rock locally produces plastic zone, and the penetrating area is not formed. The ore body above —110 m level is set
as the roof pillar to meet the safety requirements of water-resistant mining in weathered rock strata. A 100 m water-resistant

pillar is left on the north side of the fault and a 60 m water-resistant pillar is left on the south side to meet the safety
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requirements of water-resistant mining. The research results can provide a reference for the design and evaluation of water-

resistant pillar in the process of underground mining in similar mines.

Key words: Underground mining, Water-resistant pillar, Size optimization, Stability analysis
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Table 1 Calculation of safety isolation layer thickness by

load transfer intersection line method
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Table 2 Calculation of safety isolation layer

thickness by K.B. Rubeznefta method

T l./m k /() h/m
1 4 2.0 30 6.93
2 4 2.0 35 5.71
3 4 3.0 30 10.39
4 4 3.0 35 8.57
) 15 2.0 30 25.98
6 15 2.0 35 21.42
7 15 3.0 30 38.97
8 15 3.0 35 32.13
9 25 2.0 30 43.30

10 25 2.0 35 35.70
11 25 3.0 30 64.95
12 25 3.0 35 53.56

F5 o v/(t/m®) ln/m k o,/MPa  h/m
1 3.37 4 2.0 0.40 1.83
2 3.37 4 2.0 0.87 1.01
3 3.37 4 3.0 0.40 2.75
1 3.37 4 3.0 0.87 1.52
5 3.37 15 2.0 0.40 12.41
6 3.37 15 2.0 0.87 5.78
7 3.37 15 3.0 0.40 18.61
8 3.37 15 3.0 0.87 8.68
9 3.37 25 2.0 0.40 31.26

10 3.37 25 2.0 0.87 14.42
11 3.37 25 3.0 0.40 46.89
12 3.37 25 3.0 0.87 21.63
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Table 3  Calculation of safety isolation layer

thickness by caving zone and water-conducting

fracture zone calculation method

¥ EM/m hm/m hq/m S/m h/m
1 4 4.12 15.03 15 34.15
2 10 6.42 24.83 15 46.25
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Fig.1 Three-dimensional entity and mesh model of rock-soil layers
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Table 4 Mechanical parameters of rock-soil

layers and filling body

AE/ rERGEE/ BRI/ WEEE M/

# (kN/m*) GPa TR H MPa (@)
EAUES 18.1 0.15 0.35 0.21 23
KAk )z 19.4 0.18 0.34 0.23 25

W 2 1k s 20.5 0.30 0.32 0.25 27
[ 33.7 8.00 0.24 4.02 38
FeRal 27.2 4.00 0.28 2.32 35

— A RFmAEE 182 0.52 0.31 0.45 28
—HRFEHE 175 0.16 0.33 0.17 24
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Fig.2 Vertical displacement cloud maps of rock

layers in a typical profile at S8 time step
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Fig.3 Principal stress cloud maps of rock layers in a typical profile at S8 time step
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Fig.4 Plastic zone distribution of weathered layers

and quaternary at S8 time step
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Fig.5 Displacement cloud maps of faults at S4 time step
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Fig.6 Displacement cloud maps of pillars at S4 time step
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Fig.7 Displacement cloud maps of faults at S8 time step
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Fig.8 Displacement cloud maps of pillars at S8 time step
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Fig.11 Plastic zone distribution of faults and pillars under different time steps
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