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Preface 1

Preface

China has a vast extent of area but about three fourths of its
land is permanent and seasonal cold area which is mainly in the
west. The policy of the western development offers a good opportu-
nity for us to study on rock and soil engineering in cold region. The
Qinghai — Tibetan railway engineering, the West to East Gas Trans-
mission Project and the South to North Water Transfer Project are
huge construction projects during the development of China’ s
west. They also are huge projects which are involved with rock and
soil engineering in the special western area in the 21st century. Be-
cause under frost and thaw condition the change of frost and thaw
condition is an indispensable factor for the stability of rock mass, es-
pecially for soft rock mass.

The soft rock mass itself is a natural damage material and has
high water content. Some moisture is solidified when soft rock is
frozen, this will destroy the original damage balance of soft rock
mass and cause moisture transfer to the freezing region. Meanwhile,
the rock becomes a multi — phase damage material containing water,
ice and rock. Ice formation and propagation will change stress condi-
tion on frozen surface and immense freezing swollen force is e-
merged. The non — uniform freezing force and deformation have an
important role in the stability of rock engineering. Frost and thaw
cycles is caused by variations in temperature from day till night in
the North China. The freezing deformation exert a strong influence

on rock damage structure, but this formation can’ t fully recover, it
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not only aggravates a series of physical and mechanical alternate
changes, for instance, damage propagation, dwindle and swell and
split, but also worsens instability of geotechnical engineering and
frozen hazard. So, to research the damage mechanism of rock mass,
especially soft rock mass, frost thaw damage of moisture — heat
transfer in particular and analysis of its mechanics property is not
only good to study the theory of rock damage mechanics but also
contributes to the practical applications of geotechnical engineering.

Some researches have been done on the characteristics of rock
mass damage mechanics at home and abroad in recent years. But
most study on the rock mass damage focus on researching character-
istics of damage mechanics under exterior load nowadays, and the
study dealing with the damage propagation characteristics of rock
under natural conditions such as frost and thaw condition, tempera-
ture effect, frost and thaw cycle is rare; the study which touches on
rock, especially soft rock is rare; the study which refers to frost and
thaw is rare. In fact, the characteristics of soft rock damage me-
chanics under frost and thaw condition is a very complicated system
instead of a single mechanics system, therefore we must comprehen-
sively study it from moisture, heat and stress field. One hand it re-
quires us to use advanced experimental means, on the other hand,
we must set up suitable mathematical model in order to probe into
the problem of coupled moisture, heat and stress of soft rock mass
under frost and thaw conditions.

The contents of this book are part of research results in relation
to the projects sponsored by the National Natural Science Foundation
of China (Approval Number: 40372119, 10072047) and Excellent
Young Teacher Foundation of Education Department ( Approval
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Number ; 2091) and State key Laboratory of Frozen Soil Engineer-
ing Foundation (Approval Number: 200104), took charged by the
author We wish to take this opportunity to express our heartfelt
gratitude to the Committee of National Natural Science Foundation
of China and sponsors of projects.

This book contains 13 chapters. We make a general introduc-
tion in chapter 1. Chapter 2 briefly introduces the basic theory of
damage mechanics. Chapter 3 presents rock mass damage mechanics
and its actual research state at home and abroad. We recommend
various rock mass damage inspections in chapter 4, and our focus are
on the principle of CT scanning technology and CT analytical
method. In chapter 5 we simulate the influence of the day — and —
night freezing and thawing on the characteristics of rock mass and
study on the law of microscopic damage propagation characteristics
of rock by means of CT technology under the frost and thaw condi-
tions. Chapter 6 the effect of frost temperature on microscopic dam-
age propagation characteristics of rock is researched. In chapter 7 we
simulate the influence of seasonal frost and thaw action and different
freezing rate on characteristics of rock mass, study on the different
freezing rate effect on microscopic damage propagation characteris-
tics of rock mass. We present physical property and moisture — heat
parameters of soft rock mass in general project in Chapter 8. You
can learn elementary knowledge about moisture — heat transfer in-
cluding single temperature / moisture filed and coupled moisture —
heat from chapter 9. A common pattern of coupled moisture ~ heat
and a model of coupled moisture and heat are introduced in chapter
10. We carry out experiments of soft rock — typed material —~ the

concrete mortar and study on the effect of the gradient of tempera-
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ture on the moisture transfer and the influence of moisture migration
on temperature field and coupled moisture — heat in chapter 11.
Chapter 12 numerically simulates the temperature and moisture
fields coupling of the rock tunnel in cold region through the software
FEMLAB, the simulation was made in the Dabanshan tunnel. The
problem in the research of rock mass damage inspection, CT testing
technology and coupling moisture — heat is probed. At last, we indi-
cate the developmental trend in the field.

The CT testing was conducted in the State Key Laboratory of
Frozen Soil Engineering, Cold and Arid Regions Environmental and
Engineering Research Institute, Chinese Academy of Science. We
were supported by researcher Ma Wei and Lai Yuanming during the
experiment. Members of CT laboratory gave up their time — out to
help us with the experiment, for example, senior engineer Pu Yib-
in, engineer Liao Quanrong and so on. Experimentation of moisture
— heat transfer for the soft rock kind of material was carried out at
the key Laboratory of Road Bridge attached to Highway College of
Chang’ an University. Senior engineer Hou Zhongjie spent his re-
laxation time to do us a great favor. Senior engineer Xu Yanfeng and
Chen Xinnian with the Central Laboratory of Architecture and Civil
Engineering College, Xi’ an University of Science and Technology
contributed a lot of time to collecting and processing sample of rock,

and preparing experimental materials. We express our gratitude to

all of them.

My students Dr. Zhang Qnansheng, Master Zhou Chunhua
and Tian Yingguo participated directly in research efforts of the sub-
jects and made a great experimental contribution. Dr. Zhang Qnan-

sheng compiled the manuscript in spite of the intense heat of the
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summer. Master Tian Junfeng check the manuscript, Xi Jiami,
Zhang Huimei, Tang Liyun, Zhi Bin, Liu Hui and Liu Xinjun also
took part in the subject.

It is necessary to point out that the research of moisture trans-
fer and microscopic damage propagation characteristics of rock under
the frost and thaw condition is just started. We should continue to
conduct a lot of experiments to verify our ideas. The authors’ re-
search is just in its primary stage because of the constraint of both
time and money. Moreover, due to our limited experiences and
knowledge, there must be oversights and mistakes in the book. Any
comments both positive and negative will be much appreciated.
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