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The application of the arch structure model focuses on the prediction and prevention of mining pressure and

surface subsidence, and there are relatively few means to actively regulate overburden arch.

underground coal mining  arch structure model  unconsolidated layer arch

1. Introduction

The structure model of overlying strata in mining fields can be used to describe strata movement and predict mine

disasters ; it is the foundation of safe mining in underground coal mines. The overburden structure theories

and hypotheses proposed for mine pressure and rock strata control mainly include: key strata theory ,

transfer rock beam hypothesis , masonry beam theory (articulated rock block hypothesis) , hypothesis of pre-

cracked beam , cantilever beam hypothesis , and the stress arch hypothesis . These theories and

hypotheses have been widely used and developed in coal mining. For example, the key strata theory has been

applied in working face periodic pressure and support resistance prediction , the development of water flowing

fracture zones , filling, mining, and surface subsidence , rockburst prevention and control , pressure

relief mining and gas extraction , water inrush prediction from the floor , and grouting in separated layers .

The transfer rock beam hypothesis has led to important achievements in the innovation of mining methods and

mining technologies, as well as the control practice of major accidents and disasters, such as the design of mining

methods without coal pillars, the calculation of support resistance, the prediction of three-zone height, the

prevention and control of rockburst, coal, and gas outburst, etc. . Masonry beam theory, preformed fracture

beam hypothesis and cantilever beam hypothesis all reveal the fracture and migration characteristics of

overburden rock above the working face with the beam model, and provide the prediction model of mining pressure

of the working face under specific geological conditions and mining parameters. The arch structure model, evolved

on the basis of the beam model, can not only analyze the near-field mine pressure law, but also explain the

characteristics of overburden and surface migration in the far field, which is widely used in the analysis of

overburden fracture migration in coal mining. For example, in the process of coal seam mining, due to the

existence of the stress arch, the adjacent coal seams will generate a stress increase zone and stress relief zone. If

the adjacent coal seam is in the stress relief zone, the gas seepage capacity of the coal seam will be greatly

improved, which is conducive to the gas drainage of the coal seam .

2. Construction of Arch Structure Model

2.1. Model of Unconsolidated Layer Arch Model
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The geological conditions of the thick unconsolidated layer are widely distributed in some mining areas in East

China and North China, such as Huainan, North Anhui, Huaibei, Yanzhou, Xinwen, Kailuan, and other mining

areas. The maximum thickness of the unconsolidated layer in 48 coal mines is 752 m, the minimum is 100 m, and

the average is 319 m. It is found, from this measurement, that in the mining of the shallow coal seam, the load of

the thick unconsolidated layer (mainly viscous unconsolidated layer) does not act on the main roof at once, and

there is an arch-bearing structure, as shown in Figure 1. Therefore, the load of the unconsolidated layer on

bedrock cannot be simply equal to the weight of the unconsolidated layer, and it is necessary to study the evolution

process of the unconsolidated layer arch model. At present, studies on the unconsolidated layer arch mainly focus

on the geological conditions of the shallow buried thick unconsolidated layer, and analyze the influence of the

unconsolidated layer arch on surface subsidence, fracture development, and the unconsolidated layer on bedrock

load .

Figure 1. Unconsolidated layer arch structure in mining overburden. l–Span of arch structure; h–height of arch

structure; H–burial depth of arch crown; ∑H–thickness of unconsolidated layer; ∑M–thickness of bedrock.

2.2. Arch Structure Model of Overlying Rock

Linear arch (beam arch)

Beam theory is widely used in the analysis of overburden fracture and migration in coal mining. It is believed that

once the flexural and tensile strength of the beam is exceeded, the yield failure will expand along the beam, and

the effective thickness of the beam will be reduced due to transverse fracturing, which is an important conclusion of

classical beam theory. However, the span of the arch structure formed during underground mining, surface

subsidence, and transverse beam fracture is much longer than that predicted by classical beam theory. This

behavior can be attributed to the formation of a linear arch in the beam, as a beam arch (or hinged arch). On the

basis of specific geometric structure, the principal stress traces in a thick rock layer show an arch distribution. As

shown in Figure 2, the resistance acting on both ends of the beam leads to the formation of stress arches in the

beam . In a given range of the thickness to span ratio, the beam arch can bear a higher load than that predicted
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by traditional beam theory. At present, the beam arch model is mainly applied to analyze the strong mining

pressure phenomenon caused by thick and hard roof structures.

Figure 2. Overburden arch structure based on beam arch structure.

Overburden arch (stress arch, fracture arch)

At present, the overburden arch (three-dimensional “shell”) model is mainly divided into the fracture arch and stress

arch models . The fracture arch is generally considered to be the top boundary of the overburden where

the fracture occurs, so it usually has no thickness; the stress arch refers to the arch stress zone formed by the

deflection of the overburden principal stress in the mining field, with a certain thickness , as shown in Figure 2.

The double-arch model of overburden in mining fields is the mechanical manifestation of rock mass self-bearing

characteristics and the compressive stress arch effect. Considering the traditional subzones of overburden in coal

mining (caving zone, fracturing zone, and bending zone), the fracture arch can be considered as the range of the

caving zone and fracturing zone, or as the boundary of the area where the caving zone and fracturing zone are

located.

The stress arch is generally located in the upper part of the fracture arch, and is the bearing structure of the whole

overburden. In fact, the stress arch is mainly caused by the stress relief of the fracture arch, which transfers the

[24][25][26][27]

[28]



Construction of Arch Structure Model | Encyclopedia.pub

https://encyclopedia.pub/entry/36504 4/6

original bearing stress to the upper rock layer, and then forms the stress increasing area. Therefore, the stress arch

has a certain thickness, which is the area enclosed by the stress in the overlying rock greater than the stress in the

original rock. In addition, the stress arch can also be considered as the “far-field arch”, which controls the migration

of the whole overburden and surface . As shown in Figure 3, compared with the inclined fracture arch and

stress arch of the working face (Figure 2), the near-field arch belongs to the evolution structure of an arch in the

direction of advance. The near-field arch is mainly formed by periodic fracture of the main roof, and moves forward

with the advance of the working face, accompanied by arch formation and arch breaking. The far-field arch is

generally composed of the key stratum. With the advance of the working face, the span of the far-field arch in the

direction of advance is constantly expanded, but the arch height is basically unchanged, and gradually evolves into

a flat-top arch.

Figure 3. Evolution characteristics of far- and near-field stress arch in overburden.
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