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PREFACE

1. Background and Objectives

The geologic environment and human constructions can closely affect each other, at both
urban and rural areas. However, such interactions may differ dramatically because of the impact
of different social and economic conditions. From 1950s to 1970s, China had been under the
planned economy. During that period, the level of science and technology, management, and
openness to the foreign world were relatively low. Due to these limitations, the development of
rural and urban constructions had been very slow. Most of the constructions were in small scales
and the levels of development and construction were relatively low. For example, most of the
highways constructed during that period were simply following the terrain. There were very few
long—span bridges and deep slope cutting roadbeds, and it was more obvious in the mountainous
areas where the terrain conditions were worse. Only very few high—rise buildings were built at
that time. In a summary, China had a slow economic development and a low industrial and agri-
cultural production rate during that period of time, thus the material flow was relatively slow
and in small volume, and the use and exploitation of natural resources were in a very low level.
As a consequence, human activities didn’t have great impact on both the geologic and biological
environment during that time.

However, in the last 30 years, China has been under economic reforming and has become
more and more open to the outside world, which has lead to a strong and booming economy. As
one impact of the economy development, the interactions between human activities and geologi-
cal environments have been stronger and stronger, including the usage of land and exploitation
of natural resources. Benefiting from its great geologic location, Guangdong has been the "van-
guard" province of the economic reforming because of its advantages in absorbing of advanced
foreign technology and foreign capitals. During this period, Guangdong has absorbed a lot of
labors from other provinces, including many high —tech professionals. Because of its already
dense population, urban construction and land use has become a more and more prominent
problem as how to accommodate the increasing needs of housing and industrial constructions. To
solve this problem, we need to enhance the economical ties between the plain areas and moun-
tainous area, between the Coastal areas and mainland area during this process, such as commu-
nication and material exchanges. In order to do that, more roads have been built and many
lands have been occupied, and even hillsides have been used for construction.

Traditional civil engineering projects or irrigation facilities are all land —based, such as

constructions of cities, villages, roads and bridges, factories and mines etc. Thus they are all af-




fected by geologic conditions. Such construction could be expansion, maintenance, or transfor-
mation of the existing buildings, or to start a new project at vacant land. Because of the close
relationship between construction and geologic condition, it is important to include the prospec-
tion of the geologic information as an essential and primary part of the whole plan. With such
prospection, the design could be improved to reduce the risk of accidents caused by the geologic
conditions and decrease the budget by rationally distributing the construction materials. It is im-
portant to understand that the budget should be saved by good designs and rationally distribut-
ing resources, not by cutting the fund for the geologic prospection.

Since 1990s, many high-rise buildings have been constructed in large and middle —sized
cities, with some of these buildings even have underground garages. The transportation network
has been much more complex, which includes many multi-level interchanges. Subways are now
important transportation tools in many big cities. Long bridges across rivers have been built to
shorten the transportation time. In the rural area, old mud-bricked houses have been replaced
by multistoried mansions. The small pathways have now become multi —lane highways. Even
many hillsides have been utilized for different projects. However, more geologic hazards have
occurred since then, such as collapse, landslide, debris flow, and Karst collapse. The main rea-
sons were lack of geologic knowledge during the designing process, wrong construction proce-
dures and methods, lack of awareness and prevention methods, and etc. In the last 20 years, hu-
man—induced geologic hazards have happened not only in mountainous area, but also in big and
middle—sized cities. These hazards have caused different levels of economic losses, and some of
them even have human losses. In Southern China, especially Guangdong province, seventy per-
cent of the geologic hazards are human-induced.

After the analysis of the causes of these hazards, it has been noticed that most of geologic
hazards are caused by the lack of geologic environment knowledge, wrong construction proce-
dures or methods, or lack of prevention. In Southern China, especially Guangdong province, hu-
man—induced geologic hazards account for more than 70% of all geologic hazards. With that in
mind, this book uses the "scientific concept of development" as the guideline and "people—ori-
ented approach” as the principle. It is strived to help monitoring and controlling geologic haz-
ards. On Nov. 24th, 2003, the State Council of P. R. China announced the NO. 394 decree,
Geologic Hazard Prevention Ordinance. In order to satisfy its first rule that is to prevent the ge-
ologic hazards, reduce and prevent the loss of life and property, and promote the sustainable e-
conomic and social development, it is very important for the related people, such as designer,
management and construction staff etc., to learn and master the basic knowledge of geologic en-
vironment and hazards Such knowledge could help reduce the possibilities of the geologic haz-
ards, especially those human—induced, which is the object and purpose of publishing this book.

2. Foundation of the Study

In the last 10 years, the authors have been supported by the several bureaus of Guangdong
Province, including Bureau of Science, Bureau of Water Resource, Bureau of Environmental

Protection, and Bureau of Transportation, and also the Bureau of Transportation of the Yunfu




City. With their support, we have successfully carried out several projects, including Stability
Analysis of the Red Weathered Crust Slope in Guangdong Province, Stability Analysis of Road
Cut Slopes on the National Road 324 in Yunfu City, Guangdong Province, Study of Soft Soil
Roadbed of the Guangzhou-Fushan Freeway, Stability Analysis of the Reconstruction of the
Temple Feilai of Qingyuan, Prevention of Geologic Hazards using Information Technology
(awarded as one of the One Hundred Technological Innovations of Guangdong 2KB07002S),
Impact of Economic Development on Water Environment in the Pearl River Delta Area, Re-
search on the Modern Information Technology for Water Environment Management. These pro-
jects provided us wonderful opportunities to study the human—induced geologic hazards around
Guangdong province, which include unstable slopes, Karst Collapse triggered by the resource
exploration, unstable urban or rural residences, landslides at riversides, floods due to river nar-
rowing and siltation, human—induced soil erosion and Benggang (Gully-slope collapse) hazard,
and etc. These studies provided us many precious materials for this book. The authors have also
gathered many other cases of Hong Kong, Taiwan, and other south—western provinces through
the academic exchanges and scientific investigations. Based on these materials, we compared
and categorized geologic hazards occurred in these different areas. This book is based on such
analyses.

3. Contents of the Book and Distinguishing Features

This book is divided into 10 chapters.

Chapter 1: Introduction to the geologic environment and geologic hazards. Based on the ob-
jectives and purposes of this book, different kinds of geomorphology and landscapes are intro-
duced and accompanied by pictures, including mountains, hills, rivers, lakes, and seashores.
Some basic concepts of geologic hazard prevention are introduced to help readers aware and un-
derstand these problems. The geologic environment conditions of Guangdong province are sum-
marized, including geomorphology, stratum, magmatic rock, and structure. Moreover, some basic
concepts of geologic hazards are introduced.

Chapter 2: Urban and rural construction and land use. It first outlines the different types of
land use and urban and rural construction, including those of cities, towns and mountain vil-
lages, roads, industrial buildings, tourism etc. This chapter also reflects that the trend for land
use demand has been continuously increasing while the available plains have been diminishing
in the last 20 years. In big cities, there has been a substantial increase of underground engi-
neering and slope use. In the rural area, more and more constructions have been carried out on
the slopes. Again, photographs are used to describe different types of construction and land-use
characteristics.

Chapter 3: Slopes and associated hazards. It introduces slopes from different perspectives.
Firstly, different slope types, which are classified by slope materials, relationship with the sur-
roundings and position, are introduced. Secondly, the characteristics of consequent and obse-
quent slope and consequent landslide are presented. Thirdly, all kinds of landslides which in-

clude landslides in Laterite, landslides in and collapse of fractured rock and rock, slope corro-




sion and Benggang (gully-slope collapse) hazard, and landslides in and collapse of river banks
and lake shore, are described by field photos. The shape features, geologic environment,
geotechnical structure ,material conditions, slope deformation failure and hazard occurrence rule
of each slope type are introduced. The basic principle and process of slope deformation failure
of each slope type is analyzed. Finally, influencing factors of slope stability and slope prevention
are introduced using illustrations and field photos.

Chapter 4: Debris flow development and hazards. It summarizes different types of debris
flows based on material characteristics and debris flow development condition and process, espe-
cially those happened in Southern and Southwestern China. Different prevention and mitigation
methods are introduced.

Chapter 5: Karst collapse. It outlines the different types of Karst collapse and its distribu-
tion in Guangdong province. Illustrations are used to help analyze the development of Karst
collapse while pictures are provided to explain different types and characteristics of Karst col-
lapse hazard and their casualties. Again, prevention methods related to hazards are provided.

Chapter 6: Features of urban and rural habitation on sloping ground and related hazards.
An overview of geomorphic and geologic features of urban and rural habitation is given. It ana-
lyzes the main reasons and mechanisms of the geologic hazards happened in these areas. Then it
discusses the precautions in site selection and the main methods to prevent such geologic prob-
lems.

Chapter 7: Effect of urbanization on hydrologic environment. It reflects the dramatic
changes happened in the past 20 years, which includes economic reform, urban and rural in-
dustry development, rapid population growth, agricultural production restructuring, and social
development. The hydrologic environment was greatly deteriorated because of the adoption of e-
conomic development model to expedite economic development with the sacrifice of the envi-
ronment. The industrial and agricultural production and daily life of the residents were affected
in various degrees by the adverse hydrologic environment. To meet the increasing needs of water
resources for residents’ daily life and industrial production, the groundwater resources in some
areas were indiscriminately and over—exhaustedly exploited. Suggestions were made on how to
speed up the process to improve poor hydrologic environment and management and exploitation
of groundwater resources, to enhance hydrologic environment monitoring, and to ensure a
healthy environment for future sustainable water resource use.

Chapter 8: River evolution and hydrologic effect due to urban and rural development. Be-
cause of resource exploration, land use, road construction, and some other human activities,
riverbeds have becoming higher and higher while waterways have been shrinking. As a conse-
quence, it will cause river siltation and narrowing. This will greatly impact the effectiveness of
flood prevention and increase the possibility of flooding not only in large and medium —sized
cities, but in mountain towns and villages as well. Points were made that during the process of
resource development, land use, and urban construction, enough attention should be made to

protect the ecological environment, so that the natural landscape of the river and the safety of
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river embankment can be ensured, and flooding and correlated hazards being prevented.

Chapter 9: Development of aggregate resource and its effect on the environment. With the
continuing development of construction market in the past 20 years, aggregate resource has be-
come indispensable construction material. However, with only profit in mind, many resources
were exploited without regulations and proper consideration for its impact on surrounding envi-
ronment, which can be easily witnessed because there were many these sites close to urban sub-
urbs and highways. Such kind exploration not only results in disharmony with the surrounding,
but also results in different geologic hazards such as erosion or even debris flow. This chapter
also introduces several mining protocols which have recovery in mind.

Chapter 10: Hazards in soft soil areas. It uses some road constructions in the Pearl River
Delta region as examples. Because of its unique characteristics, special attentions should be
paid both during the design and construction to gain good quality. Before a project starts, we
should identify the type, thickness and distribution of soft soil. Then special treatment should be
considered based on the type of projects.

Chapter 11: Protect the Earth and build a nice home. As the summary of this book, this
chapter points out that before an engineering construction starts, some work, including land use
zoning, assessment of the geologic environment, evaluation of geologic risk, and educating the
public on geologic hazard prevention and mitigation, should be performed in order to protect the
earth and build a nice home.

One of the characteristics of this book is that there is a summary of each chapter at the
very beginning. Inside each chapter, different illustrations are used to enhance the contents,
such as color pictures, profile charts, sketch maps, plain figures etc. Altogether there are more
than 500 color pictures and 70 illustrations inside this book. More than 80% of them are first—
hand materials collected by the authors during researches. Each of them has a short narrative so
that the reader can easily read and understand. This book introduces and explains the current
status and scenarios of civil constructions. It also describes its basic knowledge and research
methods and can be used as an introductory book for general public. This book is targeted to di-
rect the geologic hazard prevention and mitigation during urban and rural construction. The
book studies mainly the cases and the situation in Guangdong Province. Those in other
provinces and regions including Guangxi, Fujian, Sichuan, Yunnan, Hainan, Hong Kong and
Taiwan, are covered as well. It can be not only a good reference book for experts and profes-
sionals, but also an introductory book for the management officials, construction workers, college
students and others. We wish it could be a good book in helping the general public to under-
stand and master the knowledge of geologic hazard prevention and mitigation.

The authors greatly appreciate the financial support for many research projects from the
several bureaus of Guangdong Province, including Bureau of Science, Bureau of Water Re-
source, Bureau of Environmental Protection, and Bureau of Transportation Management, and also
the Bureau of Water Resource of Dongguan City, and the Bureau of Transportation of Yunfu
City. We would like to thank Dr. M.T. Lei of the Chinese Academy of Geological Science, Dr. S.




M. Yi of Bureau of Geology in Shenzhen, Staff in the Civil Engineering and Development De-
partment of the Government of the Hong Kong Special Administrative Region, Professor X.
Wang of Taiwan University, Dr. J.B. Zhang of Zhongshan University, who provided helpful ma-
terial. We would like to express our gratitude to Dr. Z.Y. Zhu of the Institute of Geochemistry
Chinese Academy of Sciences and Dr. C.S. Liang of the Institute of Geologic Surveying in
Guangdong who reviewed the book and gave us many useful suggestions. We greatly appreciate
Academician J.W. Guan of Chinese Academy of Engineering and Direct General X.P. of the In-
stitute of Geologic Surveying in Guangdong who wrote the preface of the book. Finally, many
thanks go to Ms. X.Du, the first author’s wife, for her support.

The foreword, Chapter 1-6 and 8 and 11 were written by Mr. R.H. Liu. Mr. GL. Tang au-
thored Chapter 9 and delineated all the illustrations. Ms. W. Lu and Mr. W.P. Liu completed
Chapter 7 and Chapter 10. Dr. N. Sun helped to organize the materials and translated corre-
sponding chapters into English. The book was revised by Mr. R.H. Liu finally. Special thanks to
Researcher Z.G. Huang, Researcher Q.Y. Yao, Senior Engineer Y.J. Fen,C.Y.Zhou Researcher
G.Q. Huang, Senior Engineer H.Z. Tan, Engineer X.C. Zhang, Associate Researcher W.G. Zhu,
and Dr. Q.Y. Tan for their contributions. We have strived to minimize the "bugs", however,
there may be still some. Please tell the authors if the readers find them.

All the photographs and illustrations used in this book, unless specifically annotated, are

first-hand materials gathered by the authors.
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