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FOREWORD

About 25% of the land area on the earth are permafrost. The permafrost area in
China occupies 22. 3% of its territory, and it ranks the third place in the world, only af-
ter Russia and Canada. The total area of frozen ground including permafrost and season-
ally frozen ground in China occupies about 75% of its territory. The existence and evo-
lution of frozen ground, as a type of land resources, low temperature environment and
construction material, give an important effect on the living environment, productive ac-
tivities and continuable development of human being. In order to utilize and reform fro-
zen ground so as to ensure the construction and safe operation of various types of engi-
neering facilities in cold regions, we must entirely investigate and understand the prop-
erties and features of {rozen ground, relationship between frozen ground and engineering
activities, and countermeasures for controlling and adjusting the change of frozen
ground under the effect of engineering activities. With the rapid development of engi-
neering construction in cold regions and application of artificially ground freezing tech-
niques in recent years, great progréss and a series of creative achievements of the re-
search on frozen soil mechanics have been obtained in China. Overall, the research on
frozen soil mechanics in China has caught up with or closed to the world level, and in
several aspects has reached the advanced world level.

Fracture mechanics of frozen soil is a new branch of frozen soil mechanics, which
applies the theory and method of fracture mechanics to investigate the mechanical behav-
iour of frozen soil. Its main contents and objective of study are to investigate the forma-
tion and development of fractures during stressed processes and the mechanism of failure
from the view-point of fracture mechanics, and to establish a complete new type of fail-
ure criterion of frozen soil, so as to enrich and develope the theory of frozen soil mechan-
ics and to provide new methods and bases for the design and construction of frozen soil
engineering and the evaluation and prevention of frost damage.

Fracture mechanics 1'«. a branch of science, which substantially investigates the rela-
tionship between the micro defects in material and the total mass of the material from
the view-point of mechanics. Its main difference from the general mechanics is that it
recognizes that there are macro defects (cracks of fissures)in material, and it supposes
that in the vast region of the material far from the tip of cracks is still the homogeneous
continuity. Its objectives of study are the stress field, displacement field and fracture
toughness of material in the limited region near the tip of a crack.

Griffith estblished the theory of fracture for brittle material, setting up the theoret-
ical basis of fracture mechanics. Irwin proposed the theory of stress intensity factor ac-

cording to the stress field at the tip of cracks, so that constructed the frame of the linear
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elastic fracture mechanics, and proposed the theory of small-scale yielding for elastic-
plastic material. Tada, Paris and Irwin compiled the first copy of the handbook of stress
intensity factor in 1973, which marked the linear elastic fracture mechanics tending to be
ripe. Since then, fracture mechanics has been widely used to analyze and evaluate the
fracture safety of various types of engineering structures and materials, and the scope of
its application also extended from metal to concrete, rock, compound material and ice.

Frozen soil is a multi-phase compound material composed of mineral particle, ice,
unfrozen water and air (including vapour), and there must exist lots of weakening
points on various kinds of bounding interfaces. Thus, there are plenty of micro cracks
and defects in frozen soil. That is to say, frozen soil is a type of material which original-
ly developed various kinds of micro cracks and defects. Therefore, applying the theory
of fracture mechanics to frozen soil more confirms to its original nature. It is a great de-
velopment to the basic theory of frozen soil mechanics from the view-point of the theory
of fracture mechanics to recognize frozen soil behaviour and to establish a new criterion
of failure for frozen soil. Thus, investigation on fracture mechanics of frozen soil pos-
sesses an importent theoretical sense.

Frozen soil, as a type of particular construction material, can be used as base or
subgrade of various kinds of engineering structures for bearing loads of the structure.
Meanwhile, frozen soil may cause frost damage of structure when it is used as low tem-
perature environmental condition. On the one hand, therefore, fracture mechanics of
frozen soil mainly studies the characteristic of fracture mechanics and the feature and cri-
terion of failure of the frozen soil when it is used as base of a structure or low tempera-
ture environmental condition. On the other hand, it also studies the problem of fracture
mechanics when taking the frozen soil, foundation and upper structure as a whole sys-
tem, such as the problems of frost uplift of pile foundation and stability of retaining
wall. As a result, we can evaluate and analyze the frost heaving damage of engineering
in cold regions by means of the fracture mechanics theory and provide the theoretical ba-
ses for designing the countermeasures of anti-frost heaving. This is the engineering ap-
plication sense of the frozen soil fracture mechanics.

This book includes seven chapters. The first chapter briefly introduces some basic
concepts of frozen soil, such as frost heave, frost heaving forces and frost heaving theo-
ry, and also introduces the status and prospects of research on frozen soil mechanics.
The second and third chapters arc the basic knowledge of the book. The second chapter
recounts the basic knowledge of fracture mechanics, mainly recounting the theory of lin-
ear elastic fracture and the K criterion and briefly introducing the theory of elastic-plas-
tic fracture. The third chapter is the basic knowledge of frozen soil fracture mechanics,
briefly introducing the main research achievements of the strength behaviour of frozen

soil and mainly discussing the applicable conditions of fracture mechanics and fracture
Vi



criterion for frozen soil. On the basis of discussing the characteristic of brittle failure of
frozen soil and the applicable condition of linear elastic fracture, chapter 4 and 5 mainly
introduce the test results on the various kinds of fracture toughnesses of frozen soil of
Ki» K. and K. on interface and the test results of the conpound type fracture of type
I and [I. Not only the values of fracture toughness, but also the relations between K.
as well as K. and temperature, water content as well as loading rate were given in the
two chapters. Chapter 4 and 5 also introduced the dimension effect of K and the test
methods for fracture toughness of frozen soil. Chapter 6, from the view-point of micro-
cosmic, describes the evolution mechanism of micro cracks and the processes of fracture
failure of frozen soil. The last chapter, chapter 7 describes the application of frozen soil
fracture mechanics to engineering, including how to simplify the frozen soil engineering
problem to fracture mechanical model, and the methods and procedure of using fracture
mechanics to evaluate the problem of frost damage of engineering. Several typical case
histories of the application of frozen soil fracture mechanics are also given in this chap-
ter.

This book mainly describes the problem of linear elastic fracture and brittle failure
of frozen soil. On the basis of detailed describing the conditions and characteristic of
brittle failure of frozen soil, the authors discussed the testing of fracture toughness of
frozen soil, established the fracture-mechanical criterion of strength failure for frozen
soil, and in more detail introduced the aplication of frozen soil fracture mechanics to en-
gineering.

Publishing of this book and research on this subject was supported by the State Key
Laboratory of Frozen Soil Engineering (SKLLFSE), Cold and Arid Regions Environmen-
tal and Engineering Research Institute (CAREERI), Chinese Academy of Sciences
(CAS). Particular thanks are given to Chief of SKILLFSE, Director of CAREERI and
President of the Lanzhou Branch of CAS, Academician Cheng Guodong for his kindly
writing of the preface of this book, and to the former Director of SKLFSE, Professor
Wu Ziwang for taking long-term and special care of this research subject. Thanks are al-
so given to Deputy Directors of SKLLFSE, Professor Xu Xiaozu and Professor Ma Wei
for their support to this study.

Many colleagues had taken part in this research work. They are Professor He Ping,
Senior Engineers Zhang Jiayi, Pen Wanwei and Pu Yibin, Professor Wang Jiachen, En-
gineer Chang Xiaoxiao, Associate Professor Zhang Jianming, Senior Engineer Zhu Guo-
cai, Professor Shen Zhongyan and Mrs Zhang Shunying, Pan Fengzhen and Yang Shu-
guang from SKLFSE; Professor Yang Haitian, Associate Professor Zhang Xiaopeng,
Senior Engineers Sun Xiutang and Li Guangwei, Engineers L.iu Weibo and Ping Xuegao,
Mr. Li Lun and Drs Liu Zengli, Li Nanshen and Liang Chenji from the Department of
Engineering Mechanics of Dalian University of Technology. The authors acknowlege all
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of them very much. Particular thanks are due to Dr. Liu Zengli for taking part in all of
the experiments and for his contribution to publishing of this book.

The authors would like to express their thanks to all colleagues of the Instrument
Preparing Group, Refrigeration Group and other groups of SKLFSE for providing the
necessary test conditions and all supports; and to the editors of Editorial Department of

CAREERI for compiling, composing and drawing original etc.

Writers
September, 2001
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