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Abstract: The presence of an overlying coal pillar (OCP) strongly influences the stress
distribution and deformation of the surrounding rock of the roadway and working face. In
this paper, the stress distribution characteristiwderthe coal pillar are analyzed through
numerical simulation using the FLAC3D program. Mualbal seam mining conditions at
Thong Nhat coal mine were selected as the technical foundation. Research results show that
the presence of coal pillars acts as ad®itb transfer loads from theaforock strata to the

floor, and therefore it forms a higdtress concentration zone with an oval shape under the
coal pillar. Caused by stress superposition, abutment stress distribution rules are affected by
the distance from the roadway or working facehe OCP. In the concentrated stress zone

of the OCP, the abutment pressure at the roof and floor of the roadway increases by 2 times
and puts the road into a dangerous deformation condition. Meanwhile, when the working
face approaches the OCP, the frabhtitment pressure value increasestiln®s,and the

range of the higlstress zone increases 2 times. Thus, the presence of OCP has changed the
stress distribution law in the direction of increasing the value and distribution range of the
maximum stress area, andffectsthe roadway and working face of the coal sdmaiow.

The research results of this article will be an important document as a basis for researching
technical solutions to meet the requirements for safe mining in underground coal mines.
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1. Introduction

In the realm of coal mining, particularly in mu##eam operations, the stress distribution
beneath coal pillars is a critici&ctor influencing mine stability. The coal pillars, acting as
primary support structures, bear the overburden pressure and redistribute stresses within the
seam. In multiseam mining, the interaction of stresses between seams adds complexity to
this distibution. The stress concentration around the pillars can lead to pillar failure and
ground control problems, posing significant safety risks. Therefore, understanding and
accurately predicting the stress distribution under these conditions is cruciafdoarsl
efficient mining operations
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In underground coal mining, the success of a mining enterprise is determined by many
factors. One of them is the stability of roadways and longwall faces. This task becomes even
more complicated when multioal seams mining. In the mining plan of underggoal
mines in Vietham, the mining order is carried out sequentially from the upper seam to the
lower seam. In this case, the longwall face or roadway in the lower coal seam isupldeed
the gob or coal pillar of the upper coal seam. Production peaatid theory have proven that
the coal pillar of the upper coal seam will become a place where stress from the roof rock
strata is concentrated, and this can increase abutment pressure to a seriously threatening level
to the safe production of coal minjs 2]. Studies on the influence and control of OCP on
roadway stability and the exploitation of the lower coal seam have been the focus of many
scientific works. Liu et al. combined theoretical analysis with field testing, allowing them to
detect abnormahagnitudes of abutment pressure when mining coal seadesthe OCP
[3]. The study{4] used numerical simulation and theoretical analysis to obtain the asymmetric
stress distribution law under the coal pillar. With this result, they research and design the
optimal location of the roadway to increase roadway control and labor SHfetgtudy| 5]
studied the stress distribution law in the upper coal pillar according to soil mechanics
principles and numerical analysis. They discovered an abnormal increase in the value stress
on the roof of the roadway and longwall face when their positionnger the stress
concentration zone of OCRia, Huang et alfocused on studying the influence of the OCP
on the cracking of hard strata, and the abutment pressdegthe coal pillar in case of dual
effect when multiseam mining i 8].

In addition, there are some other notable projects sutfivastigation of strong strata
behaviors in the closdistance multiseam coal pillar mining][ this study delves into the
behaviors of strong strata in the context of cldstance multiseam coal pillar mining,
providing valuable insights into the dynamics of such environments. Coupling control on
pillar stress concentration and surface crankshiallow multiseam mining 10], it focuses
on the interplay between pillar stress concentration andcidracks in shallow mulseam
mining, offering a comprehensive understanding of the factors influencing these phenomena
when applying technical solutiomd coal mining and gas extraction without coal pillar in
multi-seam with low permeabilityl[]. These studies investigate the failure mechanisms of
gob-side roadways under the pressure of overlying coal pillars in multiseam mining, as well
as the design considerations for mgkiam mines intended for coal extractidr, [13].
Implementing a rational @b pillar design in multseam mining, and achieving the coupling
control of underground concentrated stress and surface fraciuljedn[ order to boost
underground coal production in India, supports are essential. Longwall mining, which
involves an array of chain pillars, isusedinmglte am | ongwal | mi ni ng p:¢
deepest coal mine. This method helps in maintaining &tdisg of the mine and ensures the
safety of the miners while maximizing the extraction of cag].[In the researchl[)], the
authors first obtained the rock by using a coal mine with rsaltim mining in Datong as a
case study. Then, based on the geological conditions, we proceeded with the physical
analysis. This approach allows us to understand the complexities ofseauiti mining and
provides valuable insights for improving mining efficiency and safety. The next steps of the
study would likely involve further analysis and testing based on these physical conditions.
The extensive and interconnected movements of +sefth goaf have exacerbated issues
when the longwall is mined under the edge of mining panels and remnant pillars within the
mine. This situation presents significant challenges in maintaining the stability of the mine
and ensuring the safety of the minetaiiderscores the need for careful planning and robust
support structures in musieam mining operations. Further research and development are
required to mitigate these issues and enhance the efficiency and safety of longwall mining
under such complex aditions [L7]. The study{ 18] aims to understand the dynamics of coal
pillar positions and their impact on the stability and safety of mining operations. It provides
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valuable insights into the optimal positioning of coal pillars to prevent potential hazards and
improve the efficiency of mukseam mining operations. Further details would likely involve
the specific methodologies used and the findings from the Research.

The studies related to the coal pillars mentioned above focus on the instability of coal
pillars and the law of stress propagation through the coal pillar to the floor. However, in small
slope angles areas of the coal seam, OCP may be perpendiculdotmthall face and the
lower roadway. In this case, studies on the stress distribution characteristics in the OCP that
affect the roadway and longwall face under are not much. The resonance effect of stress in
the OCP and the abutment stress in front ofahgwall face is very complicatedio clarify
this issue, the article takes the mining conditions at coal seams 4C and 3C in the Thong Nhat
coal mine as the research object.

2. Materials and Methods

The technical foundation for thetudyis mining conditions at 4C and 3C coal seams in
the Thong Nhat coal mine, Quang Ninh region, Vietham. Coal seam 3C is located under and
the distance between the two seams is 7.5 m. Coal seam 4C was mined first, in which a 25
m-wide coal pillar was left in the gob. The roadway and longwall faces at coal seam 3C are
perpendicular to theoal pillar of seam 4CThe relationship of theoal pillar at seam 4C
with the roadway and longwall face at seam 3C is presented in FigQoallseams 4C and
3C are in depth 313 m and 320r§ respectively. They have a slope angle of 70 and a
thickness of 3m and 4.5 m, respectively. The surrounding rocks are respectively layers of
claystone, siltstone, and sandstone. See Figuren2dpiof the research area atihtigraphic
columns in the study area. For the physical and mechanical properties of surrounding rocks,
see Table 1.

Figure 1. Threedimensional diagram of the relative position of the OCP with roadways and longwall faces

Table 1.Properties of rockand coal in the study area

Tensile Bulk Shear . . . Friction .
Poissoris  Cohesion Density
Type rock  strength modulus modulus ratio (MPa) angle (kg/m?)
(MPa) (GPa) (GPa) (deg.) 9
Fine 175 8.120 3.642 0.30 315 38 2840
sandstone
Sandstone 1.63 7.451 3.240 0.31 321 34 2775
Mudstone 0.98 2.342 0.950 0.32 2.16 30 2556
Siltstone 1.25 1.826 0.609 0.34 1.83 26 2250

Coal 0.5 0.755 0.486 0.26 1.45 19 1460




