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Introduction

This book, building on the national and local key programs of science and
technology, specializes in application of the optical fiber sensing
technology in dam engineering. With its innovative thinking, substantial
content and evidently interdisciplinary studies, the book mainly presents the
distributed optical fiber sensing technology in monitoring of dam random
cracks, displacement of slab cracks and peripheral joints, temperature,
deflection and deep deformation of landslide.

This book can be used as a reference book to technicians and scientific
researchers who work in engineering of hydraulics, electric-power,
construction, road and bridge, oceanographic platform, tunnel and nuclear
power station etc., to teachers of umiversities and colleges, and to
undergraduates and postgraduates as well.



Foreword

The damage detection and early diagnosis in engineering structures is
one of the important measures to decrease disasters, especially in
great projects of dams and nuclear power stations, which involve
huge investments, enormous profits, and potential risks of disaster as
well. Therefore, safety monitoring becomes particularly important.

In dam safety monitoring, conventional techniques possessing
one-hundred-year history, more experience and a wide variety of
applications, is still the main equipment at the present time after
being equipped with current criterion. However, there exist some
defects, including poor durability, finite information, being easily
disturbed by intensive electromagnetic field, and having influence on
measured point, etc. For this reason, it is very necessary to exploit
high new techniques for dam safety monitoring. Nowadays in the
international competition of high new monitoring techniques, the
fiber optic sensing technology with its unique superiority plays a
leading role. Here, I am heartily pleased with that it is on this
international leading subject that Dr. Cai Desuo has been devoting
himself to researching with great courage and originality, and that he
has finally finished the book building on nearly eight-year studies of
field experiments on hydroelectric engineering. Taking a broad view
of the book, from the development of fiber optic crack meter for
measuring slab deflection and peripheral joints to the integration of
intelligent system, from random cracks detection to distributed fiber
optic temperature field sensing in dam concrete structure, from
applications of OTDR analytic software to wavelet analysis of fiber
optic sensing signal, from distributed fiber optic sensing technology
for deep deformation monitoring of landslide to fiber optic



gyroscopic method for slab deflection monitoring of concrete-faced
rockfill dam, can we find that everywhere it reveals author’s keen
thinking, broad vision, firm knowledge and spirit of bearing hardship.
Basing on Three Gorges Project, Qingjiang Geheyan engineering,
Gudongkou concrete-faced rockfill dam and Yutiao concrete-faced
rockfill dam, Dr. Cai has led the researching group to carry out
several exploratory and very hard field experiments and practicing
studies, which have made contribution to the field of dam safety
monitoring. This is the first book at home on fiber optic sensing
technology in dam engineering, and its publication will produce
driving force and profound influence on the innovation and
developments of safety monitoring technology in hydraulic and
hydroelectric projects.

Member of Chineses Academy of Engineering

1 ¢
Prof WangGuangyuan

26/10/2002,
Haerbin



Preface

[t is very important to enhance dam monitoring because dam engineering, a
not rigorous science, involves many random or uncertain factors in it or its
operating environment even though dam construction technology has
developed for several thousand years. The task of dam monitoring is to
keep informed of the dam’s condition, to detect and predict the unusual
phenomenon especially the hazard so as to ensure the dam safety. Therefore
the monitoring system must posses the property of forecasting all
engineering hazards without delay and omission.

However, of the conventional instrument which has one hundred year of
history, some basic defects remain. First, the dot measuring method offers a
lower information density. It fails to perform distributed monitoring of
seeping water, temperature, stress variation, crack and deflection,
neglecting some important information. Second, the electrical signal is
easily interfered by intensive electromagnetic field and influences therefore
the measuring accuracy. Third, it is not applicable to rough environment of
flammability, explosion hazard, high-temperature, and lightning stroke. Last,
it is not easy for remote measuring and surveillance. For this reason, to
exploit high new monitoring techniques is very necessary. As the rapid
advancing of optical fiber and its relative components, the optical fiber
sensing technology, with its unique superiority, is in the lead. This
technology posses the following advantages: first, the omission factor can
be lowed greatly by performing distributed measurement; second, for its
delicacy and softness the material performance and mechanical parameter
of the embodied part are not influenced, making the monitoring value
accurate; third, high sensitivity, electromagnetic resistance, and lightning
stroke resistance can be realized; last, sensing and information transmitting
can be incorporated to form a automatic remote measuring system.



When studying for a doctorate in Chengdu Science and Technology
University in 1992, [ was influenced by Professor Liu Haowu, my advisor,
and his research on optical fiber sensing technology. In 1996, I set up the
laboratory of optical fiber sensing technology and at the same time entered
into the postdoctoral program of Harbin Institute of Technelogy to make the
monograph of application of the optical fiver sensing technology in dam
Engineering. Great achievements have been witnessed in this field by some
developed countries, and many optical fiber sensor systems have been
applicable to replace the conventional sensor. Much work has also been
carried out for a few years by many departments at home, but much results
are just in a developing stage. In this case, with the superiority of Yicang
hydroelectric town, I building on the hydroelectric engineering, focus on
the studies of optical fiber sensing technology to make the test results
applicable as soon as possible and to overcome the actual construction
problems. This book has summed up the exploratory practice of nearly
eight years, and is to be supplied to technicians and readers as a reference
for promoting together the theory, method and instrument of dam
moaitoring.

In this book, chapter 1 discusses the risk awareness of the dam, dam
accidents and conventional monitoring techniques; chapter 2 makes a
researching overview of the present condition of the optical fiber sensing
technology including structure damage evaluation, cracks, stress variation,
temperature, bending and displacement etc.; chapter3 introduces the basic
principles of the optical fiber sensor; chapter 4 puts forward the small scale
model distributed optical fiber sensing for random cracks monitoring based
on the RCC arch dam plane and monolithic plaster model; chapter 5
introduces the developmeats of optical fiber crack meter and relative
intelligent system according to measuring slab cracks and peripheral joints
in concrete-faced rockfill dams; chapter 6 discusses the light intensity



attenuation equation and rating equation of the optical fiber crack meter;
chapter 7 introduces the field experiment researches on distributed optical
fiber sensing technology for dam crack monitoring including the Three
Gorges Project, Gudonglou Concrete-faced Rockfill Dam, and Yutiao
Concrete-faced Rockfill Dam; chapter 8 analyses the optical fiber sensing
signal by using wavelet analysis; chapter 9 introduces partly the results of
monitoring concrete temperature field of monolith 14 in the left bank
factory of the Three Gorges Projects by using distributed optical fiber
temperature sensing system, which is firstly introduced from abroad,;
chapter 10 studies the fiber optic gyroscopic method for slab deflection
monitoring of the high concrete-faced rockfill dam; chapter 11 puts forward
the linear and spiral distributed optical fiber sensor for deep deformation
monitoring of landslide. In addition, I also provide appendices A and B for
engineering technicians and readers, introducing briefly the fundamental
knowledge of optics and the basic properties of optical fiber.

This book is the result of the great effort of both my colleagues and mine,
mainly including He Xinji, Cai Shuende, Zhang Cunji, Liao Naigao, Cai
Yonggiang and my postgraduates.

This research is interdisciplinary with substantial content, wide range and
much profundity. Here, [ want to express my sincere gratitude to my
collaborators, Gulin Laser Research Institute, Hubei Huazhong Precision
Instrumeat Factory, China Aerospace Science & Industry Crop. Shanghai
Optical Fiber Center, Hydroelectric Institute of Sichuan University, and
Yichang Telecommunication Bureau Engineering Center for their
substantive support. This book is also based on the ten national and local
projects directed by me, of National Natural Science Foundation, key
programs of the State Power Corporation, key state construction projects in
the Ninth Five-Year Plans of the State Science Commission and key
projects of Science and Technology Research of State Education Ministry.



Therefore 1 gratefully acknowledge assistance and encouragement from the
National Natural Science Foundation, the State Power Corporation, State
Education Ministry, China Three Gorges Project Corporation, Three Gorges
University , Hubei Qingjiang Hydroelectric Developing Co. Ltd., Gezhouba
Project Hydroelectric Group Corp., Water Resources Department of
Guangxi Zhuang Autonomous Region, and Guangxi Hydraulic and Electric
Polytechnic. The Provincial Key Subjects of Hydraulic Structure
Engineering of Three Gorges University for their Financial aid in
publishing this book. Besides, I am grateful to my wife, Ms. Liu Xiuzhen,
for her understanding, solicitude and selfless devotion to my work..

The optical fiber sensing technology deals with such a wide range of
disciplines that some inaccuracies and deficiencies are unavoidable in this
book. I would welcome critical comments from experts and readers for its

improvement.

Dr. Cai Desuo

October 16", 2002

No.11-16,Yuanhu Rd. Nanning, Guangxi, P.R.China, 530023
Fax: 00 86 771 5622454

E-mail: gxcds@ 163.net
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