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Foreword

Because of the high output and high efficiency compared with the slicing mining method,
the fully mechanized top-coal caving (FMTC) method is, at present, popular for thick coal
seams in China, and great technical and economic benefits have been obtained. FMTC for
thick coal seams differs from other mining methods for medium-thick seams not merely in that
mining thicknesses are increased, but more importantly in that the mining affects larger areas
and rock surrounding the face is characteristic of rock mechanic behavior of a larger space,
thus exhibiting three-dimensional characteristics. However, there has been a dispute on
whether or not to adopt FMTC for thick coal seams being threatened by coal and gas
outbursts. And mechanically, there have been different explanations to strata behaviors
tending to be eased whereas the deformation of roadway surrounding rock is intensified. All of
this demands new understanding and breakthrough in theoretical research on rock pressure
patterns of FMTC faces, and hence a new rock pressure theory.

The author of this literature, Prof. Xie Guangxiang, offers his discovery of the
mechanical existence of the macro stress shell (MSS) and its spatial distributional
configuration. Upon this basis, the author raises an original viewpoint that the FMTC helps
reduce the danger of dynamic disasters such as coal and gas outbursts. As a result of deep-
going, systematic investigations, the book presents the author’ s academic concept and
theoretical framework of the three-dimensional mechanical characteristics of FMTC
surrounding rock.

The literature elaborates on research fruits of three-dimensional mechanical
characteristics of FMTC surrounding rock, with the MSS in detail. A theory is put forward that
an MSS composed of high stress bundles exists in the surrounding rock of a longwall mining
face. The strata behavior of the face and its neighboring roadways is subject to the stress
shell and its changes, and off-balance of the shell can result in violent stress behaviors.
Rationally adjusting structure parameters of the working face, such as mining thickness, can
improve dynamic balance of the surrounding rock stress shell. It plays a positive role in
protecting the working face and reducing rock pressure influence. The author’s rock pressure
viewpoints and fundamental theory are subsequently verified by in-situ observations. They

are original and creative, hence a breakthrough in the field of FMTC rock pressure theory.
. 3 .



Based on his researches into the three-dimensional mechanical characteristics of FMTC
surrounding rock, Prof. Xie has demonstrated scientifically his viewpoint that top-coal caving
method for thick coal seams can mitigate the danger of coal and gas outburst in front of the
face and when a coal entry is being driven beside the goaf. Abundant researches and
practices have later been carried out by Prof. Xie, and the research fruit has been further
deepened and consummated. The colleagues in coal mining have a good opinion of the
theory. The theory has been proved in practice, thus establishing an important theoretical
basis for a successful popularization of the top-coal caving technology.

Another important result, the mechanism of coal pillar width of the three-dimensional
rock pressure fields on FMTC faces, is obtained in the literature. As the width of the coal
pillar for protecting an entry varies, the mechanical characteristics changes, not only in the
coal pillar but also in the coal mass of adjacent faces, resulting in re-distribution,
transformation and interaction, which in turn governs the mechanical behavior of entry
surrounding rock and hence entry maintenance. This research fruit is of an important guidance
for rational design of coal pillar width and entry maintenance.

In addition, the response to mining speed by the mechanical characteristics of FMTC
surrounding rock is deeply investigated. The results show that, with the increase of mining
speed, the extent of low stress district, that range of failure and displacement on FMTC faces
decrease and, as the abutment pressure peak approaches the face, the peak stress

increases. The research fruit provides a theoretical guidance for rock pressure control. It is

novel.

Wu Jian

July 16, 2007, in Beijing
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Preface

As is well known, coal is the prevailing energy source in China. The reserves of thick
coal seams compose approximately 44% of the total coal reserves and the coal thereof
produced accounts for approximately 45% of the total raw coal output. Characteristic of high
productivity, high efficiency, centralized production, and low cost of production, etc., the
fully mechanized top-coal caving (FMTC) has make this mining method become the chief
mining method for thick coal seams.

QOver the years, experts, scholars and engineers have conducted a huge amount of
research on FMTC faces technology and theory. Particularly, they have done massive fruitful
work in the domain of underground pressure as well as its control and achievements have
been obtained which play a positive role in the development of the FMTC technology. The
engineering practice urgently demands support from powerful basic theories of improved rock
mechanics for the rapid development, popularization and application of the technology. The
mechanical characteristics of surrounding rock, constitutionally a matter of three dimensions,
largely determine strata behaviors. Therefore, it is of great significance to have a good
mastery of the three-dimensional mechanical characteristics of FMTC surrounding rock. This
very book , on a large scale and from a macro point of view, researches on the three-
dimensional mechanical characteristics of the surrounding rock. And my studies show that
there is a micro stress shell (MSS) composed of high-stress bundies in the space of the face
surrounding rock. Based on the new findings and on the mechanical analysis of the MSS, the
three-dimensional mechanical characteristics of FMTC surrounding rock are revealed,
including the effects of mining thickness, the mechanism of pillar width, and the response to
mining speed. Also discovered is the mechanical nature that accounts for the tendency of the
strata behaviors of FMTC faces growing less violent and hence the working mechanism of the
technology favoring the reduction of dynamic hazards. The aim of the study is aiming at
enriching and improving the theory of underground pressure and its control.

Based on my doctoral dissertation “Study on the three dimensional mechanical
characteristics of a fully mechanized coal caving mining face and its gateways”, which is
supervised by Prof. Wu Jian, this book includes some results of my researches: “Study on

the effect of mining thickness and coal and gas burst of FMTC faces ” (No. 50674003)
. 3 .



sponsored by the National Natural Science Foundation Project, “Dynamic effect on the macro
stress shell and mining induced fracture of surrounding rock of FMTC faces "), a sub-project
of National Basic Research Program (973 Program, No. 2005cb221503) and “Study on the
dynamic hazard of rock and coal and the prediction technology influenced by deep mining
parameters”, a sub-project of National Key Technology R&D Program (No. 15th:
2006BAK03B06), which was awarded 1st Prize of Anhui Science and Technology in 2006.
My heartfelt gratitude first goes to my respected supervisor, Prof. Wu Jian. Special
thanks are given to Prof. Xu Bingye, Prof. Wang Jin’ an, Prof. Jiang Yaodong, Prof. Wang
Jiachen etc. for their zealous help and instructive inspiration. Great thanks are extended to
the Coal Mining Laboratory of China University of Mining & Technology (Beijing) , the Mining
Laboratory of Anhui University of Science & Technology, the engineers of Huainan-Huaibei
coal mines and the members of my research group for their industrious work and vigorous
support. Finally, | sincerely thank the authors as listed in the Bibliography and all domestic
and foreign scholars related. Although | have collected research materials conscientiously,
selected the contents carefully, and designed the hierarchy and structure elaborately during
the writing of the literature, errors and mistakes are unavoidable. The author earnestly

welcomes criticism and correction from readers as well as experts.

Xie Guangxiang

June 6, 2007, in Huainan
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