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Preface

With the rapid development of national economy, the engineering blasting technology has played
an important role in the construction of modernization day by day; research on the blasting technology
has acquired encouraging achievements and in practice, numerous explosion workers have gained much
precious experience. In practice, people have realized that geological conditions of rock mass have
notable influence on the action process of blasting energy, the propagation characteristics of stress wave
and seismic wave and the destructive mechanism and the crushing effect of rock mass explosions.
During the research on blasting technology of joint crevice rock mass, people also have accumulated
much beneficial experience in practice. But up till now, monographs concerning this aspect have not
been published, exposition about the explosion of joint crevice rock mass has been limited and only
some fragmentary papers have been published.

Professor Zhang Zhicheng researched on the blasting technology of joint crevice rock mass
systematically, made experiments and application of engineering blast of different rock mass and
different kinds of explosions, and gained good explosive effects. The author summarized and compiled
this monograph basing on his long — time research, practice and teaching experience, using the
research data of his colleagues and foreigners of the same occupation for reference. The book talks quite
comprehensively and systematically about the engineering geological characteristics of rock mass, the
effect of rock mass dynamics, the blasting theory and technology of crevice rock mass, the crevice rock
mass and underground engineering, and so on.

Seen from arrangements of content and sections, the book has following characteristics:

1. Breaks through calculating principles and technology of the conventional design of homage,
deep holes in continuous rock mass, much blast of room and puts forward the quasi — fixed beam
bending technology, taking the anisotropy, discontinuous, and inelastic crevice rock mass as its rules.
So it enriches and perfects the blasting theory.

II. Based on the blasting theory of crevice rock mass, talks quite systematically of aspects
including mechanism analysis of crevice rock mass explosions, parametric designs, security calculation,
perforation and blasting operation, etc. III. Discusses the problem that engineering explosions are
controlled by engineering geological conditions in greater detail.

1V. Further elaborates on the relation between the free face and the explosive effect and provides
all — out bases for action mechanism and designs of numerous multi — layer and multi — row explosions.

V. Discusses the strength and rupture conditions of the joint plane, i.e. the structural plane, and
provides bases for choices of open — air and underground blasting methods, which will benefit the
stabilization of open — air side slopes and under — hole country rocks.

V1. Discusses effects of geological and terrain conditions of large — scale explosions upon blasting
shocks comprehensively.

VII. Discusses the application of computers to engineering explosion systematically.
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VIII. Probes extensively into the other problems about massive explosions too.
This is a monograph with application of theory to practice. It talks about joint crevice
blasting technology and provides data for crevice rock mass explosion, which will be bound
to benefit the reading public. Certainly, the issue of the book will act on many aspects such
as blasting practice, scientific research and teaching.
Entrusted by the author, Professor Zhang Zhicheng, I’ m very glad to recommend this book to
the reading public and to write the preface when it is published.

Wang Xugang
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Introduction

Engineering blast has been widely applied to metallurgy, coal, architectural materials, chemical
industry, nuclear industry, water conservancy and hydroelectricity, roads, railways, harbors,
agriculture, forests and national denseness engineering. The engineering blasting technology plays an
important role in the construction of national economy. Even in the next century, engineering
explosion is still an effective means of finishing mining huge solid minerals and fulfilling the task of
excavating cubic meter of earth and stones.

For many decades, the research work has acquired encouraging achievements in the blasting
theory, technology of controlling explosions, graduations of rock expandability, blasting
optimization, The blasting practice of heavy construction greatly promoted the development of this
item of technology. Especially after the reform and opening to the world, the blasting technology,
together with blasting equipment, mining technology, mine equipment, etc. supplemented each
other and developed competitively. The appearance of huge — size mine equipment required that the
process of mining and piercing achieve high intensity, high efficiency and high quality. And the
application of powerful dynamite with waterproof emulsion and the multistage detonators with high
precision and elementary errors improved the explosive effect. Their, explicit.

In the age of high science and technology, which brings about new changes with each passing
day, people are propelled forward to find out and bring forth — new ideas continuously. But in the
case of blast, its core aim is still to increase the blasting crushing quality. So what we should do is to
research new — type blasting equipment, to choose the explosion parameter correctly; to realize
optimization design; to improve management; to ensure the construction quality of perforating
explosions; to spread and apply or to research further on the controlling blasting technology; to
decrease the harmful effect of explosions; to purify and beautify the environment of the mining
areas.

Extensively speaking, there are two factors of controlling explosive effects of rock mass: one is
the dynamite energy, the other is the characteristic of rock mass. Generally speaking, the former
refers to the nature of dynamite, pore — net parameter, filling structure, filling quantity, the
method of ignition and the sequence of ignition; the latter includes the physical — mechanics nature of
rock mass, the distribution of joint crevices in rock mass, the size and number of free faces, etc. All
of them contain changeable and unchangeable factors inside, so this requires adjusting the changeable
factors based on the different unchangeable ones during the design and construction in practice. How
to combine the factors of two sides well to achieve the best explosive effect is the problem of blasting
technology.

During research and practice, we deeply realized that the development of the blasting
engineering technology built closer relation between engineering explosions and engineering geological
conditions. However, the research on how concrete blasting methods and geological conditions and
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the structural characteristics of rock mass actually influenced or controlled explosions and effects,
was quite little or was not taken seriously enough. We know that the problem of destruction and
stabilization of rock mass under the blasting action is the problem of dynamic destruction and
stabilization, is the problem of the interplay of stress wave stimulated by explosions and the structure
of rock mass. The stress wave causes structural deformation and destruction of rock mass and the
structure of rock mass and the structure of rock mass is also an important factor -of constraining
propagation of the stress wave. Therefore, we’ll research on the stress wave stimulated by dynamite
explosions; we’ll also resear:h on the controlling action of the structure of rock mass on explosions,
especially on the expression and influences of various structural planes of rock mass under the action
of dynamic loads on cheices of blasting methods and schemes, determination of parameter and
explosion engineering. :

In the past, many people researched this problem regarding it as the strength of rock materials,
which was indeed beyond the geological reality of rock mass. Through the long — time research and
practice, we found out that the effect, which the blasting quality of rock mass was controlled by the
structural characteristics of rock mass surpassed the effect of the dynamite nature on explosions.

Foreigners researched on the effects of the structural characteristics of rock mass on explosions
rather earlier. According to the incomplete statistics, Obvert in 40’ s,Duvell in 50’s, ASH in 60’s,
Lareson and Pagleise in 70’s, the University of Maryland in America in 1978,D.F. Singh and K.S.
Sarma in India in the early 80’s, etc. conducted experiment and research on it in greater detail. In
our China, Mr. Wang Hongqu, the Changjiang River Basin Planning Office, Railway Academy of
Sciences, Water Academy of Sciences, Metallurgical Ministry, scientific research institutions of Non
— ferrous Metal General Corporation, Xian University of Science and Engineering, Chongging
University. and Mr. He Enwei, etc. also did much work on the influences of rock mass structure on
explosive effects. All of them have realized that the nature of rock mass mechanics and the explosive
effects of rock mass are affected by the structure of rock mass, but they have not-mastered the effect
law of rock mass mechanics and the structural effect law of exploded rock mass completely. These
problems have not been universally agreed on. Combining with the predecessors’ research results, we
preliminarily made a conclusion and probed into the problems such as the engineering geological
characteristics of rock mass, the nature of rock mass and classification of explosions, the law of
sound wave propagating in the crevice rock mass, structural effects of exploded rock mass, free faces
and explosive effects, the broken rock mechanism of rock mass blast, rock dynamics, crevice rock
mass and underground engineering, the application of computers to engineering explosions, seismic
effects of crevice rock mass blast. We want to use the book only as a minnow thrown out to catch a
whale, and te provide it for the colleagues or people in the blasting circles to refer or to discuss.

This book can be applied to researchers, engineers and technicians werking in explosions and
can also be used as reference for the teachers and students of universities and colleges, majoring in
mining industry, geological examination and engineering architecture.

As to the problems of present exploitation: of and excavation of cubic meter of earth and stones,
the concerned data indicate that the annual transport quantity in the word is about 500 billion tons,
and about 80 percent of which is the engineering quantity of open mining. Therefore, the blasting
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technology of crevice rock mass compiled in this book is -mainly about the open mining technology,
the underground room and heading advance. ‘ -

The whole book is divided. into fifteen chapters. The . fll'St two chapters introduces the
engineering geological characteristics of rock mass, the structural types and classifications of rock
mass, the characteristics and types of rock mass structural planes, the fractal of rock mass structural
planes and the engineering, geological classification of rock mass, the effect of strength signature of
rock mass on blast and its graduatiens. Chapter Three tells about the propagation laws of sound wave
in crevice rock mass, propagation characteristics of stress wave affected by rock mass structural
planes. Chapter Four is about structural effects of blasted rock mass and tells about the occurrence of
structural planes, effects and examples of blast controlled by formation numbers. Chapter Five tells
about rock dynamics, emphatically discussing the problems of room and deep — hole blasting
dynamics. Chapter Six expounds the mechanism of blast with free faces, the propagation laws and
effects of blasting stress wave. Chapter Seven tells about crevice rock mass and the breaking rock
mechanism of broad — pitch explosions, putting forward the breaking rock mechanism of quasi —
fixed beam bending. Chapter Eight, Nine and Ten introduce deep — hole stepped explosions, anther
cell blast, explosions of bar — type medical bundles, the parameter design and the primers
arrangement of crevice rock mass, the igniting sequence and examples. Chapter Eleven is about the
engineering technology of anther cell blast, which mainly includes loading, plugging, and the
igniting technology and the organizational management of explosions. Chapter Twelve is about the
crevice rock mass and underground engineering, stressing the rock mass graduations of underground
engineering, the strength and breaking conditions of joint rock mass structural planes, stability of
strctural planes and underground engineering, the pressure of wall rock, the loose fracture wall
rock, the construction of large — span lanes and its new methods, etc. Chapter Thirteen is the
application of computers to engineering explosions, discussing computer simulation of rock mass
blast, the optimization design of blast and the expert system, determination and predetermination of
rock mass blasting effects. Chapter Fourteen introduces the basic concept and propagation laws of
explosion earthquake, the signatures and channel effects of the explosion seismic wave in crevice rock
mass and the evaluation of explosion earthquake. Chapter Fifteen is about the explosive scale, mainly
talking about the deep — hole, large — region and multi —.row blast with elementary errors, the
deterministic principles and methods of deep — hole explosive scale, analyzing the problems and
reasons lying in slice blast of vertical, double — layer and multi — row anther cell and probing into the
principles of design and calculation.

Compilation of the book is shared by following authors: Chapter One, Hu Jian; Chapter Tweo
and Five, Xiao Zhengxue; Chapter Eleven, Lin Xiuying; Chapter Fourteen, Gao Xuebin; Charpter
Three, Four, Six, Seven, Eight, Nine, Ten, Eleven, Twelve and Fifteen, Zhang Zhicheng.

Senior engineer (corresponding to a professor), academician of Chinese Engineering Academy,
Wang Xuguang, who is the vice chairman of managing directors of Chinese Explosive Association and
the vice president of Beijing Mining and Metallurgica General Research Institution, wrote a preface
to the book. During the compilation, much warm — hearted help has been given by comrades in some
other institutions and units. The book quotes data of many experts such as Xian Xuefu, Wang Sijing,
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Feng Shuyu, Wang Hongqu, Gao Jinshi, Hou Yunjie, Lin Deyu, Qin Mingwu, Lin Yunmei, Bian
Kexin, Zheng Bingxu, Gao Tong, Tao Zhenyu, Liao Xiangkui, Wu Zijun, Huang Pingping, Han
Zirong, Lin Xuesheng,Zhu Ruigeng, Sun Qingyuan, Lei Jun, Weng Wenlong, Zou Dingxiang. Sincere
thanks go to them here.

Because there was a limit to the knowledge level of compilers and the mastered data, and because
many authors wrote this book separately, we could not avoid imperfection of the book though we
revised and corrected it unitedly. We hope enthusiastically that the readers will not spare their
comments if they find that the book is not systematic or all — out enough and that the book has some
personal prejudice and errors.

Zhang Zhicheng
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