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Synopsis

This book applies explosion dynamics to the systematic exposition of
the detonation pressure of explosives on various conditions of charge. It,
on the basis of the detonation principle, makes a thorough exposition of
the characteristics of the transformation of the explosion energy in the blast
hole, and an exposition of the mechanism of stress wave breaking rock as
well, which consummates and substantiates the theory of directional frac-
ture and crack-forming. This book analyzes and expounds the process and
law of the initiating, expanding, forking and arresting of the crack when
the dynamic load on the rock. It elaborates the characteristics, sphere of
application, design and calculation principle and the key points of the
technology about the technology of directional fracture controlled blasting.
It sums up the results of such tests and research as v-shape blasting,
joint-cutting cartridge bag blasting, accumulating cartridge bag blasting,
smooth-surface blasting and pre-split blasting. Furthermore, it takes spe-
cific applications as instances and lists some practical computer programs.

This book is designed for those research workers and engineers who
work on tock mass blasting, face stone exploitation, excavation, open-air
side slope blasting, oil production and waste and old hull and steelwork
dismantling. It can also be used for reference by teachers and students in

mining or building institute .



Foreword

The excavating industry is the foundation of the national economy, in
which blasting is the primary technology and main means to rupture rock.
With the fast development of our national economy, many new problems,
theories, methods and means, and technology emerge as the times require
in the field of blasting. Many works and documents on engineering blast-
ing came off the press recently, but this is the first time to publish a
works like Prof. Zhang Zhi-cheng’s. Professor Zhang combines the theory
of rock fracture mechanism with his over 40-yean’ s practice, teaching
and research experience and makes a systematic surmmary of the action
mechanism of rock fracture by dynamic and static stress and the technolo-
gy of directional fracture controlled blasting.

Directional Fracture controlled Blasting consists of 4 sections and 18
chapters. It includes analysis of the theories, results of blasting tests and
instances of application, in which the author expounds the methods de-
sign, the choice of parameters, the arrangement of blast hole, Change
blockage and the evaluation of the effect, This book embodies several fea-
tures as follows: (1)1t applies explosion dynamics to the systematic expo-
sition of the detonation pressure of explosives on various conditions of
charge, (2)1t, on the basis of the detonation principle, makes a thorough
exposition of the characteristics of the transformation of the explosion en-
ergy in the blast hole, and an exposition of the mechanism of stress wave
breaking rock as well, which consummates and substantiates the theory of
directional fracture and crack forming, (3) This book analyzes and ex-
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pounds the process and law of the initiating, expanding, forking and ar-
resting of the crack when the dynamic load cuts on the rock. (4)It makes
a comparatively thorough summary of the use of computer in engineering
blasting and a detailed introduction of methods and means to test the dam-
age of the rock causedby blasting. (5) This book elaborates all sorts of
practical technique about directional fracture controlled blasting such as,
v-shape blasting, joint-cutting cartridge bag blasting, accumulating car-
tridge bag blasting.

The author learned widely from others strong points. With his own
practice experience, he makes a systematic and profound exposition of ba-
sis mechanism of blasting reaction and the characteristics of rock-ruptur-
ing. This book is abundant, comprehensive, systematic in contents. It
combines practice with theory, teaching and research with application.
The publication of this book, we are sure, will help further the blasting
theories, develop the technique, innovate the methods and means and di-

rect us in engineering blasting so as to benefit the field for many years to

come .

The Academician of Chinese Academy of Engineering Sciences and
Professor of Research Institute of Railway Sciences

Feng Shu-yu

October 7th, 1997, Beijing



Preface

Excavating industry is the basis of national economy, while blasting
is the important process in excavating and the main approach in rock
breaking. Furthermore, it will play an absolutely leading role for a long
time. In order to carry out the excavating of various rocks, We must em-
phasize the blasting techniques, study the basic theory of blasting and de-
velop the blasting theory and techniques, thus the blasting industry can
keep steady development.

Blasting was regarded as only a technique to break rock by using ex-
plosive. Seldom did people male a further study of its principle and theo-
1y. It was in the early 1950’s that people began to realize that it was not
only a technique but also a complicated boundary science. During this
period, after W.]J. Durall giving the theory of reflected wave, people be-
gan to study the theory of rock breaking. Gradually, there were many
blasting theories, such as the spread and decrease of shock wave, etc.

The substance of rock cracking is the crack initiation, expansion and
crack. So fracture mechanism is the basis of blasting theory. It studies
the spread of siress wave and the deformation or damage to the rock medi-
um under the effect of impact load. It also studies the stress wave system,
the interaction between stress wave and crack, the spread of stress wave
and the effect of free-surface.

The denotation vapor after explosion changes into the energy for rock
cracking. So the explosion mechanics or detonation theory is one of the

research parts of basic blasting theory. Because the shock wave after ex-
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plosion is the resource or the precursor of stress wave, while detonation
wave is a main factor in rock breaking. Explosion mechanics is based on
the theory system of heat flow mechanics and thermochemistry. And it is
aimed to study the effective usage of explosive.

So a more accurate and practical blasting theory can be found if we
take the method of combining explosion mechanics and detonation theory .
Naturally a more advanced and specific blasting theory will take place of
the traditional one.

In accordance with technical effect requirements, exiractive engi-
neering nowadays can be divided into two cases. One is to make rocks
break into pieces, which can be fit for the loading requirement . The other
is that there is no obvious damage on the rock surface after explosion; that
the mineral rock is not damaged on fit for the requirement of blasting
forming. It’ s techniques includes v-shape blasting, accumulative car-
tridge bag blasting, joint-cutting blasting, smooth blasting, pre-splitting
blasting etc. These techniques are very much alike in the process of blast-
ing. They have the effect of directional fracture controlled blasting and the
purpose of the same engineering project.

These techniques have a basic theory on rock fracture mechanics.
Compared with the general blasting which is based on blasting cone, they
defer from purpose, mechanism of action, the charge structure, initiating
method and the kinds of explosive. So it becomes a branch of blasting
field ’ Directional Fracture Controlled Blasting’ .

There are some theoretical studies and experimental studies about the
techniques at home and abroad. Some techniques were popularized and
applied in 1960’ s or 1970’ s. Some techniques only explained the possi-
bility and practical applicability of cutting rock, and these techniques are
lack of system research or summary in the physical process of the detona-

.2 .




