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FOREWORD

The complex deformation and failure process of gassy coal and rock has chal-
lenged many researchers from engineering mechanics and materials science to de-
vote themselves to it. Coal and gas outbursts followed by the failure and fracture of
gassy coal and rock have been the major disasters in the world mining industry and
it has occurred in virtually all the major coal producing countries of the world. The
disastrous mine outburst has resulted in great loss of life in many countries and e-
ven today it is not well understood. Thus, as a theoretical foundation of the mecha-
nisms of coal and gas outbursts, this has forced mining leaders and researchers to
develop an understanding of the coupling mechanisms between gas flow and coal or
rock deformation during coal or rock failure process, and the mechanisms of coal
and gas outbursts and gas drainage, and furthermore, to adopt some safety proce-
dures to minimize the effect of outbursts or eliminate them completely. Therefore,
it is of great importance and significance to investigate the deformation and failure
process of gaseous coal and rock under a variety of conditions. Laboratorial tests
and in — situ observations have been an effective and direct ways of studying the
failure process of gaseous coal and rock, and these ways play a crucial role in the
study of material failure process. Nevertheless, the applications of these methods
in the study of gaseous coal and rock are limited because of safety. Analytical
method such as mathematics and engineering mechanics is also important in inves-
tigating the stress — strain relation and the induced acoustic emission by some sim-
plifications to materials. However, the mathematical and mechanical methods are
seemed to be weak in dealing with the complex interactions among micro — cracks

and the coupling interaction between gas flow and coal or rock deformation. As a
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result | numerical method, a most widely used and effective method, can serve as a
tool to study the failure process of gassy coal and rock. Based on the microscopic
structures and constitutive relation of coal and rock on a meso — level, the whole
failure process of coal and rock can be solved combined with computational me-
chanics and statistics. The combinations of damage mechanics and coal methane
seepage mechanics make it possible to numerically simulate the gas flow in the fail-
ure process of coal and rock. In addition, the quick development of computer
hardware and computational mechanics make it a powerful tool to investigate the
failure process of gassy coal and rock on a meso — level.

Therefore, in the book, firstly, the elastic damage constitutive law for ele-
ment on a meso — level was proposed considering the heterogeneity of coal and
rock,, meanwhile, considering the relationship equation between damage induced
gas permeability and stress and the time — dependent equation of creep damage e-
volution, the solid — gas coupling model ( RFPA®" — Flow) for gaseous coal and
rock was established, and the numerical FEM implementation for the model was al-
so given. Furthermore, the coupled model was also validated from two aspects of
the failure process of coal and rock and gas flow in the coal and rock. Secondly,
numerical tests on basic mechanical characteristics of gaseous coal and rock, such
as deformation and strength, heterogeneity, rheology and seepage, were conducted
using the RFPA*"~ Flow code, the effects of confining pressure, pore pressure,
unloading were respectively analyzed, moreover, the creep failure of gaseous coal
and rock under a constant long — term stress and the gas permeability evolution of
gaseous coal and rock under different stress were also numerically investigated.
Thirdly, the instantaneous outbursts induced by cross — cut driving and rise driving
and the delay outbursts induced by cross — cut driving were numerically performed,
respectively. Numerical results reproduced the whole process of micro — cracking,
propagation, coalescence and ejection of coal or rock. In addition, the associated
stress fields, displacement vectors, gas pressure and microseismicities during the

outbursts were clearly visualized. The gas flow process during gas drainage and the
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mechanism of gas drainage to prevent the outbursts were studied. In the end, com-
bined with the geological settings, numerical tests on gas drainage by relief pres-
sure from a long — distance and gas drainage by hydraulic fracturing were conduc-
ted to prevent the occurrence of coal and gas outbursts. It is shown that numerical
results well with the observations in the field.

The features of this book including; the understanding of the failure essence
of rock under the coupled flow, stress and damage is the macroscopic nonlinear
process of damage induced permeability evolution and in turn induced cracking,
the establishment of the coupled flow, stress and damage model and the develop-
ment of the RFPA —flow code. The RFPA —flow code can simulate the permeabili-
ty evolution and flow — stress interaction during the initiation, propagation and coa-
lescence of cracks in gaseous coal or rock under mining conditions , gain an insight
into the coupling mechanism of flow, stress and damage and the physical interpre-
tation of seepage parameters, and help to understand the instable failure and out-
burst of gaseous coal and rock under the flow, stress and damage coupling interac-
tion.

The study in the book are jointly sponsored by the National Natural Science
Foundation of China ( Project NO. 50504003, 40638040 and 50134040 ), the
Youth Project of the Educational Department of Liaoning Province ( Project NO.
051031) and Open Research Fund of the Key Laboratory of Rock and Soil Me-
chanics, Chinese Academy of Sciences ( Project NO. Z110603). Cordial thanks
to our research team of collaborators including Prof. Zhu Wancheng, Associate
Prof. Wang Shuhong, Zuo Yujun, Liang Zhengzhao, Dr. Li Lianchong, Dr. Zhang
Yongbin, Dr. Ma Tianhui and Tang Shibin some postgraduate students from Center
for Rock Instability & Seismicity Research and Center for Material Failure Model-
ing Research.

The edition of the book owes special debts to many people. We wish to ac-
knowledge the valuable advice and kind help of the following researchers:

Prof. Zhou Shining, Prof. Yu Qixiang, Prof. Lin Baiquan from China University of
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Mining and Technology; Dr. Liu J from the University of West Australia;
Prof. Song Zhenqi from Shandong University of Science and Technology; Prof. Xu
Xiaohe from Northeastern University; Prof. You Mingging, Prof. Li Huamin,
Prof. Zhang Zimin, Prof. Zhou Ying from Henan Polytechnical University;
Prof. Liang Bin, Prof. Wang Laigui from Liaoning Technical University, Prof. Zhao
Jian from Swiss Federal Institute of Technology in Lausanne during my academic
visist in EPFL. Besides, cordial thanks to Prof. Song Li, Teacher Chen Huiyuan
from University of Dalian. Senior Engineer Yan Aihua from Research Center of
State Administration of Work Safety.

Finally, it should be said that, although every care has been taken to avoid
errors, it would be oversanguine to hope that none had escaped detection; for any
suggestions that readers may make concerning needed corrections the author will be

grateful.
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