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Preface

Expansive soil is a natural, highly dispersive and plastic one, which contains mainly
clay minerals and is very sensitive to either a dry or wet environment. Its main features are:
1. It has a clay content( < 2u) of more than 30% of all fractions; 2. It contains clay minerals
such as illite, montmorillonite, kaolinite and their mixed—layer mincrals with a strong water
affinity; 3. When its moisture content increases(or decreases), its volume will expand(or
shrink), forming swelling pressure(or shrinking fissures); 4. As the moisture content of its
environment changes, its swelling and shrinkage will occur alternately, thus reducing its
strength; 5. It has a liquid limit of more than 40%; and 6. It is an overconsolidated clay.
The rock with the features of 2, 3 and 4 is called the expansive rock.

Expansive soil is widely distributed in the world and found in more than 40 countries
and regions. China is one of the countries with a large distribution of expansive soils, which
have successively been discovered in its more than 20 provinces and regions. It is mainly
lacustrine, residual, slopewash, alluvial and diluvial in origin.

Because of its wide distribution and serious harm, expansive soil has been thought of
as a geological hazard not to be ignored in the world. In the U.S.A , it is called the “hidden
hazard.” According to reports, the economic losses caused by expansive soils amount to $
2.3 billion per year, far more than the total losses caused by floods, earthquakes and
windstorms put together. In Japan expansive soil is called the “difficult soil” and the “prob-
lem soil,” for it often brings about foundation deformation, frost soil and the mud pumping
of many riadbeds, the heaving of tunnel archs and landslides of embankments, etc. Such
expansive soil hazards are found in many countries. It is estimated that the economic losscs
caused by it exceeds $ 5 billion annually in the world.

The hazards of expansive soil in China are also very serious. For example, to build the
Danjiangkou Reservoir, the city of Yun in Hubei province was moved to the second terrace
of the Han River. The new city of Yun was built in 1976. After six-years, because of lack of
knowledge of expansive soil, 90% of its houses, totalling a floor space of 0.3 million m?, be-
came deformed and cracked, and a floor space of more than 5,000m? of houses could not
be used, with immediat economic losses adding up to more than ¥ 20 million. According to
incomplete estimation, the houses destroyed by expansive soil amount to a floor space of 10
million m? per year in China. The hazards of expansive soil often occur along the railways
and highways. It is said the “there is no cut that will not cause slides” and “there is no em-
bankment that will not collpase” in regions of expansive soils. For example, when the
Zhangyu Railway was built, the cost per kilometer increased to ¥ 916.4 thousand due to
expansive soil, which not only undermines engiheering construction but causes collapses,
landslides, and debris flows in regions of expansive soils.
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In 1978, the Department of Earth Sciences of Nanjing University set up a task group
of expansive soil. Since then, a number of special topics, such as the forming conditions, the
pattern of development and the controlling measures of expansive soil hgzards, have been
studied. And not long after its formation, the task group received financial assistance from
the National Natural Sciences Foundation due to the theoretical and applicable value of its
work,

The book is a comprehensive and systematic summary based on the results of the re-
search conducted by the task group in the past decade, and stresses and introduces the fol-
lowing research achievements, i.e., achievements which have made breakthroughs:

A. The study of soil mass structures and the geologic origin of soils is the foundation of
modern soil engineering geology. With this in mind, the task group strengthened the study
of the geologic origins and macro—structures of expansive soil masses and made up for
what the geologic circles had long ignored in their research. Based on a great deal of re-
gional studies, it clarified the material sources, the forming and evolving conditions and the
geological structural characteristics of expansive soils in different areas, and this would be -
the basis of putting forward to corresponding controlling project for expansive soil hazards.
The systematic studies of expansive laterite in Guixian and Liuzhou showed that expansive
laterite is very complex in origin; it is not eluvial one coming from weathered carbonate
rock.

B. The researchers have realized the significance of mineral composition for controlling
the swelling and shrinkage of expansive soil. Therefore, this book introduces the applica-
tion of X—ray diffraction, infrared spectrum analyses, TEM, and chemical analyses in the
semiguantative analyses and examination of expansive soil’s mineral composition, thus as-
sessing correctly its effect of mineral composition on the swelling and shrinkage of soil and
putting right the wrong concept that morillonite is certainly the main element of strongly
expansive soils. The swelling and shrinkage of soil are not only related to its mineral com-
position, but also controlled by the dispersion of grains, the structure of soil mass, etc. For
example, strongly expansive soil in Ninming, Guangxi, is the naturally dispersed soil, and
its main clayey mineral is lillite, not montmorillonite.

C. Research on the relations between the microstructures and engineering geological
properties of soils incarnates the latest rescarch level in contemporay engineering geology.
The key to reaching this level is how to dewater and desiccate specimens. In 1985, the task
group assembled a freeze—vaccum—sublimation desiccator(FVSD), with which this problem
of preparing specimens was solved, and which filled the gaﬁ in China so as to enable China
to enter the world’s advanced ranks in the study of soil microstructures. In addition, some
chapters and sections of the book, concernied with the guiding principles of the study of soil
microstructures and their terminology, will have an important effect on the study of soil
microstructures across China. ]

D. The book presents an important discovci'y while studying the relations between the
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exchange cation and swelling—shrinkage of expansive soil. The authors discovered that the
swelling—shrinkage of expansive soil which contains exchange cation Mg®* is quite high in
content, and that of the expansive soil admixed with a certain amount of lime reduces. This
discovery has not only been supported by theory, but also applied successfully in practice.
For example, this method 'has been successfully applied in improving the expansive soil
roadbed in Pingdingshan and Tai’an. The result has been very good.

E. While the study was theorstical, it gave great attention to application. By using its
results many engineering problems have been solved and some economic and social benefits
made. For example, the project for treating the expansive soil roadbed of the high speed
circle of Ding Yuan Automobile Testing Field, a projecr proposed by the task group, not
only saved the investment of more than ¥ 1 million, but also guaranteed its engineering
quality. Work on application was only a beginning, and the basic theories and methods
provided in the book have laid the foundation for the next stage of work. | 7

F. The task goup proposes that the plasticity chart be used as a tool for distinguishing
expansive soils. A great deal of experimental data obtained across the country have proved
that the plasticity chart is a simple, accurate and feasible method for distinguishing expan-
sive soils. Distinguishing expansive soils correctly is a prerequisite to predicting and control-
ling expansive soil hazards. It is joyful to the authors that the method has been included in
the Standards of Soil Classification (GBJ 145-90), a code which has been in force since
August 1991. ,

In addition to my colleagues Qin Sujun, Bo Zunzhao, and Wu langzhou, Shi Bin,
Chou Xiaoqian, Liu Songyi, Wang Yongxin, Xieng Guancheng and Cheng Haodong, all of
them my graduate students, participated in the work of the task group. Under my guidance,
they focused on the group’s work in their master theses. Some chapters and sections of the
book are taken from their theses, therefore, the book is also the product of combining
teaching with scientific research.

The whole book consists of 8 chapters. Chapter 1 deals with the guiding principles of
the study, and its fundamental problems, research guideline and methods. Chapter 2 fo-
cuscs on the general engineering geological characteristics of expansive soils and gives a
brief introduction to the major subjects, viewpoints and methods in the studies of geologi-
cal origin, material composition and structures of expansive soils. Chater 3 is concerned
with regional research results, which form the basis of the study. The expansive soil areas
* studied include Ninming, Guixian, Liuzhou, Yun County, Pingdingshan, Hefei, etc. Chap-
ter 4 is devoted to several engineering cases on controlling expansive soil hazards. Chapter 5
expounds and discusses the compaction and lime effects of expansive soils and their mecha-
nisms. This work is only a beginning, and further work remains to be done. Chapter 6 deals
mainly with the theory and practice of distinguishing expansive soils by means of the plasti-
city chart. The mathematical methods of “Fuzzy” and the grey system theory are intro-
duced for determining the swelling—shrinkage grades of expansive soils. Chapter 7 presents
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the new techniques and methods used in the study, e.g., the principles, strurture and drying
effectiveness of the Freeze—Vacuum—Sublimation Desiccator(FVSD), a device which was
assembled by the task group itself, The DIPIX Image Processing System, the D / MAXM A
Auto Fabric Goniometer and the Filter Paper Method for determining the depth of the ac-
tive zone of expansive soils are also presented in this chapter. In order to grasp the pattern
of development and the swelling—shrinkage properties of expansive soil and provide the
corresponding measures for controlling its hazards, it is essential to do well in engineering
geological prospecting and investigation. Therefore, Chapter 8 discusses the basic
principles, main points and methods of engineering geological prospecting and investiga-
tion in the expansive soil areas. . '

The authors are grateful to their colleagues in Guanxi, Guanzhou, Hubei, Henan,
Anhui, etc. for the assistance they lent during their filed work. They also want to extend
special acknowledgement to Zhang Shixuan, Hou Shitao, Ren Renhu, Mao Yonggiang, Li
Shihong, Shiu Ding and Hung Yaosheng who gave the authors much support and help dur-
ing their ficld investigations and conducted a serics of sample tests in the labs.

Prof. Li Shenglin

July 1992
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