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To explore the coupling relationship between stress field adjustment and mining 
pressure in the sandstone roof at great depth under dewatering conditions, a me-
chanical linkage mathematical model based on elastic theory was constructed 
to estimate the stress adjustment in the dewatering area and its interaction with 
mining pressure. Additionally, the Sobol global sensitivity analysis method was 
introduced to evaluate the importance and interaction of various factors affecting 
the stress adjustment in the roof area. The study found that the main factors influ-
encing the vertical stress at point M, in order of significance, are the horizontal 
distance from point M to the dewatering outlet, the pressure head of the aquifer 
at the dewatering outlet, the permeability coefficient of the dewatering stratum, 
and the influence coefficient of dewatering; among these, a significant interaction 
exists between the horizontal distance from point M to the dewatering outlet and 
the pressure head of the aquifer at the dewatering outlet, while interactions among 
other parameters are less significant or negligible. 
Key words: mining pressure, dtress adjustment, mathematical model,  

sensitivity analysis, Sobol analysis

Introduction

With the increasing depth of mining resource extraction, the burial depth of mines 
is rising, and the stability of roof rock layers has become a key issue for mine safety [1, 2]. 
Especially under conditions of great burial depth, dewatering of groundwater can trigger the 
redistribution of the regional stress field [3], thereby affecting the evolution of mining pressure 
in the working face.

At present, extensive research has been conducted on the coupling relationship be-
tween stress field adjustment and mining pressure under deep burial roof dewatering conditions 
[4-6]. Song et al. [7] revealed the theoretical mechanism of groundwater inflow at the coal 
seam floor above a confined aquifer. Huang et al. [8] derived a transfer matrix in the trans-
form domain that describes the relationship between mining pressure and stress at any depth in 
multilayer rock formations. Shu et al. [9] demonstrated that dewatering causes heterogeneous 
damage to the physical and mechanical parameters of the aquifer, leading to local stress con-
centration in the coal seam. Tzampoglou et al. [10] analyzed the reduction in pore pressure and 
the corresponding increase in effective stress within the strata. Xu et al. [11] analyzed the load 
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transfer function of loose confined aquifers and the development characteristics of water-con-
ducting fractures in coal roof rock, as well as the mechanism of water inrush.However, most of 
the existing research focuses on the influence of single factors, such as changes in water pres-
sure or localized analysis of stress adjustment, lacking a systematic analysis of the interlinking 
mechanisms.

This paper aims to construct a linkage mechanism model of regional stress field ad-
justment of roof dewatering and ground pressure in the mining area under the condition of 
great burial depth, analyze the dynamic process of the influence of groundwater dewatering on 
ground pressure change and roof stability, and provide theoretical basis and technical support 
for the safe mining of deep mines.

Analysis of support pressure patterns under dewatering

The self-weight stress of the roof rock layers and groundwater pressure jointly act 
on the rock mass. When dewatering reduces the groundwater level, the rock layers previously 
supported by water pressure lose their support, leading to stress concentration phenomena. 
This adjustment of the stress field is not only evident in the dewatering area but also affects 

the stress distribution in surrounding regions, fig. 1. 
For simplification of calculations, the main impact 
area of dewatering is approximated as an isosceles 
trapezoid with the dewatering hole at the bottom 
center, a height equal to the aquifer height, h1i, a 
lower base, 2Rmax, and an upper base, Rmax. The coal 
seam roof belt is selected as the study subject. A 
cross-sectional diagram along the working face is 
drawn, assuming the rock mass is infinite and the 
ground is horizontal, with the origin O at the center 
of the dewatering hole. A corresponding mathemat-
ical model for stress transfer due to dewatering is 
established.

The rock structural damage caused by dewatering lead to a reduction in the support 
pressure on the overlying rock layers A and B in the main affected area of dewatering. Conse-
quently, the reactive support force on the overlying rock layers by the main affected area after 
dewatering is expressed:

1 2 2 3 3i i i i wk h h pσ γ γ= + − (1)
where σ1 is the adjust stress, k – the dewatering influence coefficient, γ2i, γ3i are the correspond-
ing rock bulk densities, h2i, h3i are the corresponding rock thickness, and pw – the water pressure 
reduction.

The dewatering disturbance leads to varying settling rates among rock layers, causing de-
lamination and load transfer. The loads from rock layers A and B transfer to layers C and D, which in 
turn transfer their loads to layers E and F, eventually creating a stable structure. The transferred load, 
QAB, from layers A and B is evenly distributed to layers C and D as QA and QB. There are:
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where L1 is the corresponding length in the mechanical model, γw – the bulk density of water, 
and Ks – the rock permeability coefficient.

Figure 1. Analysis of the stress  
environment for roof support  
pressure after dewatering



You, S., et al.: Dewatering Stress Adjustment and Effect on Mining ... 
THERMAL SCIENCE: Year 2025, Vol. 29, No. 2A, pp. 1137-1143	 1139

The horizontal disturbance of the rock layers C and D due to dewatering is considered 
negligible. The load stress transferred, QA, from region A to region C is distributed in the form 
of a right triangle. The loads transferred from region C to both sides, denoted as QCE and QCG, 
can be represented:
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where Li is the corresponding length in the mechanical model.
After the load from rock layer C is transferred to rock layer E, the stress distribution 

is approximately an isosceles triangular distribution, which can be expressed:
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where, σCE s the transfer stress and β – the dewatering overburden movement angle.
Based on continuum mechanics and the laws of stress transfer, the distribution func-

tion, σw(xi), for the support pressure of the roof under dewatering is shown:
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where x1 is the distance from the stress point to the center of the dewatering roadway and γi – the 
the bulk density of the corresponding rock layer.

Dynamic model of stress adjustment and  
mining pressure interlinkage in dewatering areas

As the working face advances, the coal body in front of the mining area not only bears 
the load of the overlying rock layer, but also bears the load of the overlying rock layer in the 
goaf transmitted through the hanging roof effect of the broken zone rock layer. This synthetic 
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stress may increase the risk of rock burst. 
In order to analyze the interaction be-
tween precipitation stress adjustment and 
mining pressure, the roof belt is studied, 
as shown in fig. 2. Using elastic theory to 
analyze the stress of a semi-infinite body 
under the action of distributed force, the 
stress component of any point in the plane 
can be calculated:
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where x3 is the vertical distance from 
stress point M to the center of the dewatering area, H – the thickness of the roof, and q – the 
self-weight stress.

Equation (6) shows that the stress component at any point in the plane is inversely 
proportional to x3, meaning the further the point is from the upper distributed force, the less it 
is affected. When the horizontal distance between the point and the force reaches 3(a + b + H), 
the impact is reduced to 10–2. Therefore, beyond this range, the dehydration effect is ignored. 
When an aquifer lies above the coal seam, there are two typical scenarios: 
	– outside the dewatering range, affected by self-weight stress and advanced support pressure 

and 
	– within the dewatering range, affected by self-weight stress, dewatering, and advanced sup-

port pressure. The vertical stress, σ M, at point M in the coal seam can be approximated:
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where x3 is the vertical distance from stress point M to the center of the dewatering area and 
x – the horizontal distance.

Model validation and parameter sensitivity analysis

The interlinking dynamics model integrates stress adjustments in the dewatering area 
with changes in mining pressure for more accurate analysis. To explore its engineering applica-
bility, the 1303 working face of a kilometer-level coal mine in Shandong was selected for study. 
Calculations focused on the dewatering disturbance and excavation stress fields above the coal 
seam. According to the hydrogeological report, with a burial depth between 933 m and 1035 
m. The working face is 240 m long. The Lower Shih-box group aquifer, 25 m above the roof, is  
38 m thick with a confining pressure head of 8 MPa. Based on the rock mechanics parameters 
and strata information, substituting them into eqs. (1)-(7) yields a stress concentration of 2.03 
MPa near the cut-eye by the dewatering well due to dewatering, while the on-site monitoring 
result is 2.18 MPa, a difference of 6.88%. During the retreat mining process, when mining 
reaches 35 m away from the dewatering well, the support pressure at the working face peaks at 
a calculated value of 39.82 MPa, compared to the on-site monitoring result of 39.27 MPa, dif-
fering by only 1.38%. This fully demonstrates that the interlinking model has a high degree of 
congruence with on-site monitoring results and can effectively and accurately predict changes 
in mining pressure. Therefore, this interlinking dynamics model has high engineering applica-
bility in predicting mining pressure in deep buried roof dewatering areas.

Figure 2. Dynamic model of dewatering  
and mining disturbance interlinkage  
for deeply buried roofs
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In the parameter sensitivity analysis, the horizontal distance, x, between point M and 
the dewatering outlet, the pressure head, pw, between the dewatering outlet and the aquifer, 
the dewatering influence coefficient, k, and the permeability coefficient, Ks, of the dewatering 
stratum are selected for sensitivity analysis. The calculations assume the horizontal distance, 
x1, from point M to the coal face is zero. The sensitivity ranking of all model parameters on the 
vertical stress at point M is, in order: x, pw, Ks, and k. The sensitivity of k is the smallest, and its 
main and total effects are almost negligible compared to the other three parameters. Therefore, 
the influence of k on the vertical stress at point M is disregarded. Setting the horizontal distance 
x1 to 0 and k to 0.5, the Sobol analysis is used to analyze the direct and indirect effects of the 
remaining three variables on the vertical stress at point M, as shown in fig. 3.

Figure 3. Sensitivity analysis of x, pw, and Ks; (a) main effect and total effect analysis and  
(b) bivariate interaction effect analysis

Figure 3 shows the main effects of x, pw, and Ks on the vertical stress at point M as 
0.582, 0.258, and 0.044, respectively. The horizontal distance, x, has the largest impact, signifi-
cantly affecting water pressure propagation and vertical stress. While the effect of pw is smaller, 
as the pressure head influences dewatering efficiency and the surrounding pressure. Although 
the effect of Ks is only 0.044, it still affects water flow through the rock layers and should not 
be ignored. The total effects of x, pw, and Ks on the vertical stress at point M are 0.695, 0.371, 
and 0.063, all greater than their corresponding main effects. This suggests that x not only has a 
direct effect on the vertical stress at point M but also produces an indirect effect through inter-
actions with pw and Ks. The total effects of pw and Ks also indicate the presence of interactions.
To further analyze the interactions between these parameters, the total effect of the bivariate 
combinations is used to measure the interaction between two variables. The total effects of the 
bivariate combinations x and pw, x and Ks, and pw and Ks are 0.1, 0.02, and 0. This indicates 
that there is a significant interaction between x and pw regarding the vertical stress response at 
point M, while the interactions between x and Ks and between pw and Ks are less significant or 
absent. Specifically, x and pw exhibit a relatively high total effect in their bivariate combination, 
this higher interaction effect could be because the water pressure changes are directly affected 
by both the pressure head and the distance to the dewatering outlet. The bivariate combination 
of x and Ks has a lower total effect, indicating that while the interaction between x and Ks does 
influence the output, this influence is relatively small. This suggests that the combined effect 
of the horizontal distance from the dewatering outlet and the permeability coefficient of the 
dewatering stratum on vertical stress is not very critical, or that the interaction between these 
two variables is relatively minor compared to their individual main effects. The total effect of 
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zero for the bivariate combination of pw and Ks indicates that there is no significant interaction 
between the pressure head at the dewatering outlet and the permeability coefficient of the de-
watering stratum in influencing vertical stress. This may imply that these two parameters have 
relatively independent effects on vertical stress. Therefore, when considering dewatering strat-
egies and strata management, special attention should be given to the joint adjustment of x and 
pw, as their interaction could lead to significant changes in vertical stress.

Conclusion

Given the effects of hydraulic pressure drop gradient, dewatering level, and rock stra-
ta permeability on deep sandstone roof, a mathematical model of the mining pressure adjusted 
with dewatering stress was established. The theoretical prediction results showed an error rate 
of 1.38% compared to on-site monitoring results. Model parameters ranked by sensitivity to 
vertical stress at point M are (from highest to lowest): x, pw, Ks, and k.
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Nomenclature
q 	 – self-weight stress, [MPa]
x 	 – horizontal distance, [m]

Greek symbols

β 	 – dewatering overburden  
movement angle, [°]

σc(x3) 	– stress at any point within the plane, [MPa]
σM(x) 	– vertical stress, [MPa]
σw(xi) 	– distribution function, [MPa]
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