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Abstract

In the practice of water inrush prevention and control in deep mining, the key water-repellent
layer with different height-span ratio of coal floor and the water pulling force acting on the wa-
ter-repellent layer are important factors to determine whether water inrush can be carried out. In
this paper, the thickness and span ratio of the key layer of the water barrier are simulated as the
height-to-span ratio of the beam. According to the mechanical characteristics of the fixed beam
under different height-span ratios, two solutions of elastic mechanics and material mechanics are
used to solve the key points of the fixed beam, to solve the stress of the two calculation results and
FLAC3D simulation results, to explore whether the shallow beam theory is suitable for the stress
analysis of the key layer, and apply it to the application of the actual water-resistant key layer. The
results show that when the height span ratio is less than 0.2 for shallow beams, the normal stress
error of elastic mechanics solution is about 11%~20%, and the normal stress error of material
mechanics solution is 20%~30%. Comparatively, the elastic mechanics solution is more accurate,
and the elastic mechanics solution of shallow beam theory is more suitable for key layers. When
the height-span ratio is more than 0.2, the error of elastic mechanical solution appears “jump”
phenomenon, and the error of material mechanical solution also increases gradually, and the wa-
ter-proof key layer is no longer suitable for the shallow beam theory of both. The maximum error
of shear stress solution is less than 11.5%, which is in line with engineering accuracy. To sum up,
it is recommended to adopt the shallow beam theory of elastic mechanics solution for stress anal-
ysis of fixed beams in key layers under the condition that the height-span ratio is less than 0.2. The
research results have important theoretical guiding significance for deep high-supported water
mining safety and mine water inrush monitoring and imminent prediction.
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Figure 1. Plane model of fixed beam at both ends
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Figure 2. Stress model of simulated beam in water-proof key layer
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Figure 4. Change with z when x = 15 m
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Figure 5. Change with z when x = 15 m
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Figure 7. Change with z when x = 15 m
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Figure 8. Change with z whenx =15 m
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Figure 9. Change with z whenx =0 m
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Figure 10. Change with z when x =15 m
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Table 1. Comparative analysis of tensile stress of two mechanical solutions under different height-span ratios
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Table 2. Comparative analysis of elastic and material mechanical shear stress solutions under different height-span ratios
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