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Abstract

Faults are common geological structures in coal-bearing strata, and their dip angles critically influ-
ence stress transfer and plastic failure evolution in overburden strata induced by mining. Taking
the safe mining through a fault in a certain working face of a coal mine as the engineering back-
ground, this study established a three-dimensional mechanical model with an equivalent burial
depth of 200 m (overburden load of 5 MPa) using the FLAC3D finite-difference numerical simulation
software. By fixing the intersection point of the fault and the coal seam floor, the spatial coalescence
mechanism of the plastic zone in the goaf roof and the deflection pattern of principal stresses were
systematically investigated under four fault dip angles of 30°, 45°, 60°, and 75°. The results indicate
that the fault dip angle exhibits a significant nonlinear negative correlation with the development
of the plastic zone. For low- to moderate-angle faults (30° and 45°), mining-induced additional stresses
readily trigger shear slip along the fault plane, leading to macroscopic coalescence between the plastic
zone in the working face roof and the fault fracture zone, which easily induces step subsidence of
the roof. In contrast, for high-angle faults (60° and 75°), the normal “clamping” effect on the fault
plane is enhanced, restraining slip instability and relatively shrinking the extent of the roof plastic
zone, while the stress concentration coefficient at the fault floor end increases significantly. The
findings provide a theoretical basis for the rational design of safety coal pillars and differentiated
roof support in working faces adjacent to faults.
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Table 1. Formation parameters

=1 WESHK
HZE FEp (kgimd) EREE K (GPa) BIVIE G (GPa) WEEIEM ¢ () WE S C(MPa) WEEHES ¢ ()

JEAR 2600 6.0 4.0 35 4.0 2.0
= 1400 3.0 1.0 25 1.5 1.0
HEET 2500 4.5 25 30 25 15
AT 2650 7.0 45 38 5.0 3.0
T 2 2200 1.0 0.5 20 0.5 0.1
FLAC3D 6.00
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Zone Group
Default=coal_seam
Default=fault_zone
Default=floor_rock
Default=im_roof
Default=main_roof
Default=separation_layer

Figure 1. Model diagram
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Figure 2. Distribution of goaf and plastic zone in roof at a fault dip angle of 30°
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Figure 3. Distribution of goaf and plastic zone in roof at a 45° fault dip angle
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Figure 4. Distribution of goaf and plastic zone in roof under a 60° fault dip angle
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Figure 5. Distribution of goaf and plastic zone in roof at a fault dip angle of 75°
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