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Abstract

This book, one of the Series of Safety and Disaster Prevention for Water
Works in China, mainly introduces the common geological defects of water works
and the general technologies for their remedial enforcement with application of the
“Integrity Theory’ based on the ‘Conceptional Reinforcement’ view.

The Book has eight chapters. Chapter 1 highlights the hazard mitigation
and enforcement measures for earthquake — induced dam/lake; Chapter 2 and
4 present the basic theory of geological defects and the mechanism of geolog-
ical hazard attacks; Chapter 3 expounds the geological defects and consequent
hazards to water works and how the investigations are conducted; Chapter 6, 7
and 8 cover the common reinforcement technologies with case studies for defect en-
forcement, including bolting, bolting with shotcrete, and grouting.

The book follows clearly established concepts and keeps abreast of latest
developments of applied technologies. It has been designed for the engineer-
ing practitioners engaged in design, construction, supervision, research and
management of water works, and also for those in other fields such as civil
engineering, metallurgy, mining, petro - chemical industry, highway
transportation, railway, bridge, water supply works, municipal construc-
tion, as well as for the teachers and students in secondary schools and colle-

ges of engineering.
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Authors’ Statement

“Water works” is defined as all kinds of structures con-
structed for the development, utilization, control, operation and
protection of water resources in rivers, lakes, and oceans and
underground water head.

Water works include water retaining structures, such as
sluice, dam, levee, seawall; water release structures, such as
spillway, spillway tunnel; water conveyance structures, such as
channel, conveyance tunnel, pipeline; river control structures,
such as groin, longitudinal dike; and special structures, such as
power house, ship lock, ship lift, breakwater, dock, fish way,
log chute, filter basin for water supply of hydropower station
and pumping station.

A common feature of water works is it has to endure all
kinds of actions, such as hydrostatic pressure, hydrodynamic
pressure, seepage pressure and current erosion.

According to the 2005 Statistic Bulletin about National Wa-
ter Resources Development, 39839 water gates has been con-
structed nationwide, including 405 large ones; 85108 dams and
reservoirs, including 470 large ones; levees of 277500 km; sea-
walls of more than 10000 km. All those constructed structures
have played an important role in the development of national e-
conomy, greatly contributing to the progress of water civiliza-
tion.

As more and more unfavorable factors appear in the founda-

tion of water works and structures gradually, including inherent



geological and structural defects, faulty designs, inappropriate
construction materials, low quality of construction, changes in
operation conditions, increased years of operation, problems in
operation management and earthquake, some hydraulic concrete
structures accounted for 30% ~40% of total amount of water
works have various damages at different level, which have seri-
ously affected normal operations, and threatened the safety of
people’s lives and properties. However, the Communist Party
and the Government have attached great importance to those sit-
uations.

It was emphasized on 2006 Central Working Conference for
Economy that we should concentrate ourselves to basically com-
plete the reconstruction of medium, large and important small
sick water works in 2 or 3 years’ time in order to avoid fatal
safety accidents with a firm hand, such as dam breach, ensuring
a balance between natural ecology and culture environment for a
harmonious and human oriented society.

The compiling of the Series of Safety and Disaster Preven-
tion for Water Works in China is a significant task closely follow-
ing the important strategy of the Central Government and the
State Council. Based on the summarized experiences drawn from
the risk removing and reinforcement of 3259 sick and risk water
works during the “Tenth Five” program, with the new view of
“Conceptional reinforcement”, through group discussions, sepa-
rated work and cooperation, we compiled the series of 8 vol-
umes, including the General of Water Works Safety and Damage
Prevention Technologies, Detection and Assessment of Water
Works Safety, Principles and Application of Water Works Esti-
mation, General Reinforcement Technology for Hydraulic struc-

tural Defects, Common Reinforcement Technologies for Geolog-



ical Defects of Water Works, Reinforcement Technologies by
Carbon Fiber for Sick and Risky Water Works, Crack Repairing
Technologies for Sick and Risky Water Works, and Maintenance
and Management of Sick Water Works.

In each volume, the authors respectively introduce risk re-
moving and reinforcement technology, including its develop-ment
history, current situation, technological foundation theory, cal-
culation formulas, construction flow, technics, safety, quality
test and assessment, materials and equipments during construc-
tion, as well as the methods of technical maintenance and scien-
tific management for sick water works. The corresponding terms
and symbols were listed at the beginning and typical application
cases of relevant works was listed at the end of each book., The
series is concise and easy to understand., At the same time, it
combines technology with practice and the feature of operation.
It can be regarded as a technical encyclopedia for the safety and
damage prevention of water works.

“Easy to construct but difficult to repair” is wisdom that our
ancestor summarized for us. The publication of the series is not
only beneficial for the risk removing and reinforcement construc-
tion of water works nationwide recently, but also provides a ris-
ing space in a forward-looking way for the development of con-
ception reinforcement.

Compilers
May 2007 in Wuhan
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Preface

While the human beings struggle for survival, development
and better life, their activities for these purposes have increas-
ingly imposed a kind of ‘stress’ on the nature, which is approac-
hing or even exceeding the allowed ‘strength’ of the geological
environment. Their impact on the geological environment is so
dramatic that they have resulted in worsened geological defects
and more frequent and intensive geological hazards. One example
of the intensified human activities is that the excavation and
backfill in engineering operations (including that of water
works) have outpaced the denudation and deposition in the geo-
logically evolving process.

Statistics show: the annual consumption of mineral re-
sources al] over the world is some 50 billion tons; whereas the
materials of the lithosphere re-generated annually at the central
ridges of the oceans amount to about 30 billion tons; every year
the rivers transport materials of 16. 5 billion tons; the site areas
of various artificial constructions including water works covered
over 15 percent of the Earth’s terrestrial surface; the man-made
structures (including dams) have risen 300 to 400 meters above
the ground; and the underground structures, i. e. oil wells and
mining tunnels, have gone to a depth of thousands of meters. All
these demonstrate that the outer crust of the Earth today is a
highly altered one as compared to what it was when the Earth
came into being 4. 6 billion years ago.

It becomes imperative to investigate deep into the mecha-



nism of interaction between the human activities for building va-
rious works (including water works) and the geological environ-
ment in search of countermeasures. Not only the studies shall
cover the potential impacts of proposed or planned works, but
also emphasis be put on the impacts of the operations and reme-
dies of existing works on geological environment and consequent-
ly on the development of geological defects with prediction of
such development tendency and provision of technical solutions.
The aim is to secure the normal operation of all the works (inclu-
ding water works) in safe and stable conditions, and moreover,
to get the geological environment on the track of benign develop-
ment without inducing emerging geological hazards, leading to
the ultimate goal of achieving sustainability.

China is a nation that has ever since been seriously impacted
by various forms of natural hazards, especially the geological
hazard, earthquake and flooding. On the other hand, China has
never given up its painstaking efforts in preventing, mitigating
and fighting against them. In some sense, the continuation and
development of the Chinese civilization have resulted from such
hazard and disaster alleviating efforts over thousands of years,

As an ancient Chinese saying goes, “Trials and tribulations
serve only to revitalize a nation”. It can be paraphrased that les-
sons learned from the past can serve to improve ourselves in sim-
ilar undertakings for today and tomorrow.

From the technical perspective, geological defect and hazard
constitute a cause-and-effect relationship to some extent, just as
existence of ‘faults’ and occurrence of ‘earthquakes’ are twin
factors. It is universally recognized that man-made works (inclu-
ding water works) tend to deteriorate due to altered geological

environment and structural weaknesses present in the rock-mass,



such as folds, faults, joints, fissures, fragmented zones, and
argillized intercalation. In consequence, great varieties of haz-
ards and disasters take place, including collapse, landslide, deb-
ris flow, ground cracking, ground settlement/subsidence, rock,
water, mud and gas bursting in tunnels, soil freezing and tha-
wing, adverse geothermal activity, volcanic activity and earth-
quake, soil erosion, desertification, land swampization, salinization,
sand liquefaction, soil swelling, and collapse of wetted loess.

In response, people have realized to protect the environment
in the process of exploiting natural resources and have in the
process developed systematic approaches to reinforcing the geo-
logical defects, in order to prevent existing defects from worse-
ning and to minimize the damages out of geological, earthquake
and flooding hazards.

The reinforcement technology for geological defects in water
works, according to past experience, can generally fall into two
categories: one is the reinforcement of geological defects at the
foundation or slope of structures built on ground surface, such as
sluice gate, dam, dike, seawall, spillway, diversion and dis-
charge channels, etc. the other is the reinforcement of geological
defects found in underground structures, i. e. the surrounding
rock (soil) masses of underground powerhouse and hydraulic
tunnels, etc. The technical methodologies for reinforcement of
the two categories both aim at ensuring the overall stability of
the water works with the geological defects subjected to hydrau-
lic loads, which means the safe operation of the water works un-
der static and dynamic (seismic) loads must be guaranteed with-
out occurrence of such significant induced disasters as dam or
embankment breaching.

We have to be aware of the fact that human beings are in



most of the time on the weaker side in the battle of fighting a-
gainst the natural hazard and disaster. To win the battle remains
a dream, but light has been shed by improving and innovating
technologies for reinforcing damaged water works as a matter of
urgency.

On May 12, 2008, a devastating earthquake measuring 8 on
Richter scale hit Wenchuan region in Sichuan Province of China.
The Zipingpu Dam, located 17km from the epicenter, was not
subjected to sliding failure at its foundation, demonstrating for
another time the effectiveness and reliability of consolidation and
curtain grouting.

This intensive earthquake has caused numerous geological
hazards including rock avalanches, landslides and debris flows,
whose occurrences were facilitated by the existing geological de-
fects, mainly the Longmenshan Fault that extends about 250km
from Wenchuan to Beichuan. The induced hazards were mainly
the dams and lakes formed by the materials sliding into the river
courses, imposing severe threats on safety of millions of people
and their properties downstream.

The Wenchuan Earthquake has claimed varying degrees of e-
mergency conditions to 2473 reservoirs nationwide, of which 69
ones are at breaching risk, 331 ones at high risk, and 2073 ones
at lower risk levels. With the Sichuan province, there are 1803
reservoirs at risk as a result of this earthquake, accounting for
73% of the total ill-conditioned reservoirs in China and 27 % of
the province’s existing number of reservoirs. 822 hydropower
stations nationwide have suffered damages due to this earthquake
with total installed capacity of 6910 MW, of which 481 hydro-
power stations (5550 MW) are located in Sichuan. The 9 hydro-

power stations, i. e, Yingxiuwan Hydropower Station, on the



